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“ Sometimes the prize is not worth the costs. The means by which we 

  achieve victory are as important as the victory itself. ” 

- Brandon Sanderson, The Way of Kings
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Summary 

Reverse genetics (RG) is one of the most powerful tools for the study of viral 

replication, pathogenesis and for the generation of rationally designed vaccine 

candidates. The main bottleneck in rotavirus (RV) research has been the lack of a 

robust, traceable, helper-virus independent RV RG system (Desselberger, 2014). The 

first viral RG system was developed in 1976 to rescue the dsDNA virus, λ-phage, from 

cultured monkey kidney cells . In 1981 the first RNA virus, poliovirus, was rescued 

from cell culture through the transfection of viral genome transcripts generated in vitro 

from cDNA plasmids. In 2006, 25 years later, the first RV RG system was developed 

. It was a helper-virus based system that relied on the segmented genome of the RV 

to undergo reassortment during co-infection and depended on a selection system for 

the isolation of recombinant viral progeny. In 2017, 41 years since the development of 

the first viral RG system, a Japanese group (Kanai et al., 2017) published the first, 

plasmid only, helper-virus independent, pT7_SA11-L2 RV RG system. The 

pT7_SA11-L2 RG system, and its subsequent adaptations and optimizations (Komoto 

et al., 2018; Komoto et al., 2019), has opened up a new era of targeted, rationally 

guided RV research opportunities. 

The main goal of this project was to establish a plasmid-based, helper-virus 

independent RV RG system at the NWU. To accomplish this, the project had three 

main objectives, namely: 1) To obtain and implement the Japanese pT7_SA11-L2 RV 

RG system, and to optimize it through the incorporation of insights gained from the 

bluetongue virus (BTV) and African horsesickness virus (AHSV) RG systems. 2) To 

finalize and implement the locally developed, consensus sequence-based 

pSmart_SA11-N5 RV RG system with all the optimizations used during the pT7_SA11-

L2 RV RG systems implementation, and 3) to perform a comparative analysis of the 

pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems and their various optimizations 

throughout the project via TCID50 assay. The original pT7_SA11-L2 RV RG system 

was obtained from AddGene and implemented at the NWU with initial difficulty. 

Several aspects of the BTV and AHSV RG systems were incorporated into the original 

pT7_SA11-L2 RG system. 
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These optimizations included: 1) The design and implementation of alternative 

capping and fusion enzyme expression plasmids, phCMVdream_VV_D1R, 

phCMVdream_VV_D12L and phCMVdream_p10_FAST. 2) Exchanging the 

transfection and co-seeding cell-lines from BHK-T7 and MA104 cells to BSR-T5/7 and 

ST cells respectively. 3) Using 3x more capping enzyme expression plasmids and the 

adaptation of an equi-molar transfection mixture approach. These optimizations 

significantly increased the pT7_SA11-L2 RV RG systems’ repeatability and increased 

viral yield 10-fold from 2.15x102 TCID50/ml to 2.15x103 TCID50/ml. Rescue of the 

recombinant SA11-L2 strain from the pT7_SA11-L2 RG system was verified through 

dsRNA extraction, cDNA synthesis and whole viral genome sequencing. 

I finalized the locally developed pSmart_SA11-N5 RV RG system, as only 8 of the 11 

SA11-N5 cDNA transcription plasmids were successfully sub-cloned by previous 

students. The three remaining transcription plasmids for GS8, GS9 and GS11 were 

sub-cloned using In-Fusion HD seamless cloning and were sequence-verified through 

next-generation sequencing (NGS). The full pSmart_SA11-N5 RV RG system was 

then successfully implemented with all the optimizations used in the pT7_SA11-L2 RV 

RG system. Recombinant SA11-N5 was rescued from the pSmart_SA11-N5 RG 

system, as verified by genome segment-specific, one-step RT-PCR and sequencing 

of GS4 (VP4). 

Both the pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems were then further 

optimized by replacing the vaccinia virus (VV) capping enzyme expression plasmids 

with the phCMVdream_C3P3 construct that expressed an African swine fever virus 

(ASFV) capping enzyme fused to a viral T7-RNA polymerase through a serine-glycine 

linker . This increased the viral titers of both systems 100-fold with the pT7_SA11-L2 

RG system going from 2.15x103 TCID50/ml to 1.0x105 TCID50/ml, and the 

pSmart_SA11-N5 RG system going from 2.15x104 TCID50/ml to 3.16x106 TCID50/ml. 

The final optimization in this project entailed a 3x increase of the (GS8) NSP2 and 

(GS11) NSP5 transcription plasmids of both the pT7_SA11-L2 and pSmart_SA11-N5 

RV RG system to increase viroplasm formation. This increased viral yield another 100-

fold in both systems with pT7_SA11-L2 reaching 3.16x107 TCID50/ml, and the 

pSmart_SA11-N5 RG system reaching 1.7x108 TCID50/ml. 
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To conclude: The initial rescue efficiency of both RV RG systems was very low and 

not suitable for research purposes. The titer of the rescued virus from the pT7_SA11-

L2 RG system was only 2.15x102 TCID50/ml and from the pSmart_SA11-N5 RG 

system only 2.15x104 TCID50/ml. After optimization, both systems are now ready for 

robust experimentation. The pT7_SA11-L2 RG system now reaches viral titers of 

3.16x107 TCID50/ml, with the pSmart_SA11-N5 RG system reaching 1.7x108 

TCID50/ml. The pSmart_SA11-N5 RG system consistently yielded higher viral titers, 

thus was more efficient, than the pT7_SA11-L2 RG system in every comparable 

experiment. This was most likely due to the reduction in plasmid backbone size, with 

pSmart (~2010bp) being roughly 1070bp smaller than the pCAG (~3080bp) backbone 

used in the pT7_SA11-L2 RG system. This decreased overall plasmid load of the 

pSmart_SA11-N5 RG system by up to 11770bp when compared to the pT7_SA11-L2 

RG system, and significantly increased transfection efficiency. Both the pT7_SA11-L2 

and pSmart_SA11-N5 RV RG systems can now be used to further RV research and 

development goals, such as the elucidation of the many unclear aspects of RV 

replication, pathogenesis and correlates of protection, as well as providing a platform 

for the generation of rationally designed, next-generation, regionally specific, safe RV 

vaccine candidates. 

Keywords 

Rotavirus (RV); reverse genetics (RG); rotavirus SA11 strain; consensus sequence; 

In-Fusion HD cloning; seamless cloning; transfection; viral rescue; Immuno-

fluorescent staining; Immuno-fluorescent monolayer assay (IFMA); TCID50; 

TCID50/ml; viral titer; plasmid only reverse genetics; pSmart; phCMVdream; BHK-T7; 

BSR-T5/7; MA104; ST; cell culture monolayers. 
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Opsomming 

Tru-genetika (TG) is een van die kragtigste instrumente vir die studie van virale 

replikasie, patogenese en vir die generering van rasioneel ontwerpte entstofkandidate. 

Tot onlangs was die grootste knelpunt in rotavirus (RV) navorsing tot onlangs was die 

gebrek aan 'n herhaalbare, naspeurbare, helper-virus-onafhanklike RV TG stelsel 

(Desselberger, 2014). Die eerste virale TG stelsel is in 1976 ontwikkel om die ddDNS-

virus, faag-λ, van gekweekte aapnierselle te herwin (Goff & Berg, 1976). In 1981 is die 

eerste RNS-virus, poliovirus, uit selkultuur herwin deur die transfeksie van 

virusgenoomtranskripte wat in vitro gegenereer is vanaf kDNS-plasmiede. In 2006, 25 

jaar later, is die eerste rotavirus (RV) TG stelsel ontwikkel (Komoto & Taniguchi, 2006). 

Dit was 'n helper-virus-gebaseerde stelsel wat berus het op die gesegmenteerde 

genoom van RV om tydens ko-infeksie te herrangskik, en afhanklik was van 'n 

seleksiestelsel vir die isolasie van rekombinante virus nageslagte. In 2017, 41 jaar 

sedert die ontwikkeling van die eerste virale TG stelsel, het 'n Japanese groep (Kanai 

et al., 2017) die eerste, uitsluitlike plasmied, helper-virus-onafhanklike, pT7_SA11-L2 

RV TG stelsel, gepubliseer. Die pT7_SA11-L2 TG stelsel, en die daaropvolgende 

aanpassings en optimaliserings (Komoto et al., 2018; Komoto et al., 2019), het 'n nuwe 

era geopen vir geteikende, rasioneel geleide RV-navorsingsgeleenthede. 

Die hoofdoel van hierdie projek was om 'n plasmied-gebaseerde, helper-virus-

onafhanklike, RV TG stelsel aan die NWU te vestig. Om dit te bereik, het die projek 

drie hoofdoelwitte gehad, naamlik: 1) Om die Japannese pT7_SA11-L2 RV TG stelsel 

te bekom, te implementeer, en om dit te optimaliseer deur die inkorporering van insigte 

wat verkry is uit die TG stelsels van bloutong virus (BTV) en die Afrika perdesiekte 

virus (APS). 2) Om die plaaslik ontwikkelde, konsensus-volgorde-gebaseerde 

pSmart_SA11-N5 RV RG-stelsel te finaliseer en te implementeer met al die 

optimaliserings wat tydens die implementering van pT7_SA11-L2 TV RG-stelsels 

gebruik is, en 3) om ‘n vergelykende analise van die pSmart_SA11-N5 en pT7_SA11-

L2 RV TG stelsels uit te voer met hul verskillende optimaliserings gedurende die projek 

deur die 50% selkultuur infektiewe doses (SKID50) meeting. Die oorspronklike 

pT7_SA11-L2 RV TG stelsel is van AddGene verkry en met aanvanklike probleme by 

die NWU geïmplementeer. Verskeie aspekte van die BTV en APS TG stelsels is in die 

oorspronklike pT7_SA11-L2 TG stelsel geïnkorporeer. Hierdie optimaliserings het die 
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volgende ingesluit: 1) Die ontwerp en implementering van alternatiewe 

uitdrukkingsplasmiede, phCMVdream_VV_D1R, phCMVdream_VV_D12L en 

phCMVdream_p10_FAST. 2) Die uitruiling van die verskeie transfeksie en medesaai 

sel-lyne van BHK-T7 en MA104 na BSR-T5 / 7 en ST selle. 3) Die gebruik van 3x meer 

5`-afrondings ensiem uitdrukkingsplasmiede en die aanpassing van 'n gelyk-molêre 

transfeksiemengsel benadering. Hierdie optimaliserings het die herhaalbaarheid van 

die pT7_SA11-L2 RV TG stelsels aansienlik verhoog en die virale opbrengs tienvoudig 

verhoog van 2,15x102 SKID50/ml tot 2,15x103 SKID50/ml. Die herwinning van die 

rekombinante SA11-L2 stam uit die pT7_SA11-L2 TG stelsel is bevestig deur ddRNS-

ekstraksie, kDNS-sintese en die volledige virale genoomvolgorde bepaling. 

Ek het die plaaslik ontwikkelde pSmart_SA11-N5 RV TG stelsel gefinaliseer, 

aangesien slegs 8 van die 11 SA11-N5 kDNS-transkripsieplasmiede suksesvol deur 

vorige studente gesubkloneer was. Die drie oorblywende transkripsieplasmiede vir 

GS8, GS9 en GS11 is gesubkloneer deur gebruik te maak van In-Fusion HD naatlose 

klonering, en is deur die volgende generasie volgordebepaling (NGS) geverifieer. Die 

volledige pSmart_SA11-N5 RV TG stelsel is toe suksesvol geïmplementeer met al die 

optimaliserings wat in die pT7_SA11-L2 RV TG stelsel gebruik is. Rekombinante 

SA11-N5 is herwin uit die pSmart_SA11-N5 TG stelsel, soos bevestig deur genome 

segment-spesifieke, een-stap TT-PKR en volgordebepaling van GS4 (VP4). Beide die 

pSmart_SA11-N5- en pT7_SA11-L2 RV TG stelsels is daarna verder geoptimaliseer 

deur die 5`-afrondings ensiem plasmiede van die vaccinia virus (VV) te vervang met 

die phCMVdream_C3P3-konstruk wat 'n Afrika-varkkoorsvirus (ASFV) afrondings 

ensiem uitdruk wat saamgesmelt is met ŉ virale T7-RNA-polimerase deur 'n serien-

glisien-skakelaar (Eaton et al., 2017). Dit verhoog die virale titers van albei stelsels 

100-voudig met die pT7_SA11-L2 TG stelsel wat van 2.15x103 SKID50/ml na 1.0x105

SKID50/ml gegaan het, en die pSmart_SA11-N5 TG stelsel wat van 2.15x104

SKID50/ml na 3.16x106 SKID50/ml gegaan het. Die finale optimalisering in hierdie

projek het 'n 3x toename in die (GS8) NSP2 en (GS11) NSP5 transkripsie plasmiede

van beide die pT7_SA11-L2 en pSmart_SA11-N5 RV RG-stelsel behels om die

vorming van die viroplasma te verhoog. Hierdie verhoogde virale opbrengs is 100-keer

meer in albei stelsels, met die pT7_SA11-L2 wat 3,16x107 SKID50/ml bereik het, en

die pSmart_SA11-N5 TG stelsel wat 1,7x108 SKID50/ml bereik het.
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Om af te sluit: Die aanvanklike herwinning doeltreffendheid van beide RV TG stelsels 

was baie laag en was nie geskik vir navorsingsdoeleindes nie. Die titer van die 

herwinde virus vanaf die pT7_SA11-L2 RG-stelsel was slegs 2,15x102 SKID50/ml en 

van die pSmart_SA11-N5 TG stelsel slegs 2,15x104 SKID50/ml. Na optimalisering is 

albei stelsels nou gereed vir eksperimentering. Die pT7_SA11-L2 TG stelsel bereik 

nou virale titers van 3.16x107 SKID50/ml, met die pSmart_SA11-N5 TG stelsel wat 

1.7x108 SKID50/ml bereik. Die pSmart_SA11-N5 TG stelsel het deurgaans hoër virale 

titers gelewer, wat dus meer doeltreffend was as die pT7_SA11-L2 TG stelsel in elke 

vergelykbare eksperiment. Dit was waarskynlik te danke aan die vermindering in die 

grootte van die plasmied-ruggraat, met pSmart (~2010bp) wat ongeveer 1070bp 

kleiner was as die pCAG (~3080bp) ruggraat wat in die pT7_SA11-L2 TG stelsel 

gebruik is. Dit het die totale plasmied-lading van die pSmart_SA11-N5 TG stelsel met 

tot 11770bp verminder het, in vergelyking met die pT7_SA11-L2 TG stelsel, wat die 

transfeksie-doeltreffendheid aansienlik verhoog het. Beide die pT7_SA11-L2 en 

pSmart_SA11-N5 RV TG stelsels kan nou gebruik word om RV-navorsing en 

ontwikkelingsdoelwitte te bevorder, soos die opklaring van die vele onduidelike 

aspekte van RV-replikasie, patogenese en merkers van beskerming, sowel as om 'n 

platform te bied vir die ontwikkeling van rasioneel ontwerpte, volgende generasie, 

streekspesifieke, veilige RV-entstofkandidate. 

Sleutelwoorde 

Rotavirus (RV); tru-genetika (TG); rotavirus SA11 stam; consensusvolgorde; In-

Fusion HD klonering; naatlose cloning; transfeksie; virale herwinning; Immuno-

fluoressensie kleuring; Immuno-fluoressensie monolaag prosedure (IFMP); selkultuur 

infektiewe doses (SKID50); SKID50/ml; virale titer; uitsluitlik plasmied gebaseerde tru-

genetika; pSmart; phCMVdream; BHK-T7; BSR-T5/7; MA104; ST; selkultuur 

monolaag. 



14 

List of abbreviations 

[DNA] : Concentration of DNA 
aa : Amino acid 
AGE : Agarose gel electrophoresis 
AHSV : African horsesickness virus 
ASFV : African swine fever virus 
BHK : Baby hamster kidney cells 
bp : Base pair (nucleic acids) 
BTV : Bluetongue virus 
C3P3 : Chimeric cytoplasmic capping-prone phage polymerase 
CPE : Cytopathogenic effect  
CAF : Stellenbosch University’s Central Analytical Facilities 
DLP : Double layered particle 
DMEM : Dulbecco's Modified Eagle Medium 
DNA : Deoxyribonucleic acid 
dNTP : Deoxyribonucleotide triphosphate 
EDTA : Ethylenediamine tetra-acetic acid 
Em : Emission range  
EtBr : Ethidium bromide 
EtOH : Ethanol or Ethel alcohol 
Ex : Excitation range 
FAST : Fusion-associated small transmembrane 
FBS : Fetal bovine serum 
GS : Genome segment 
HDV : Hepatitis Delta virus 
IFMA : Immuno-fluorescent monolayer assay 
IgG : Immunoglobulin G 
IVIS : In Vivo Imaging System 
kDa : Kilodaltons 
LB : Lysogeny broth, or Luria broth or Luria-Bertani broth 
LPS : Lipopolysaccharides 
MA104 : African green monkey kidney cells 
MCS : Multiple cloning site 
MEM : Minimal essential medium 
MMOH : Methyl mercury hydroxide 
MW : Molecular weight 
NBV : Nelson-bay virus 
NEAA : Non-essential amino acid 
NGS : Next generation sequencing 
NICD : National Institute for Communal Diseases 
NSP : Non-structural protein (virology) 
NWU : North-West University  
OD : Optical density 
ORF : Open reading frame 
PAGE : Polyacrylamide gel electrophoresis 
PBS : Phosphate buffered saline  
PCR : Polymerase chain reaction 
RG : Reverse genetic or reverse genetics 



15 

RNA : Ribonucleic acid 
RNP : Ribonucleoprotein complex 
RSA : South Africa 
RV : Rotavirus 
SA11 : Simian agent 11 (RV) 
SDS : Sodium dodecyl sulphate 
SG : Sub-group (taxonomy) 
SLP : Single layered particle 
ST : Swine testes cells 
SNP : Single nucleotide polymorphism 
SUV : Sub-unit vaccine 
TAE : Tris-base, acetic acid and EDTA (buffer) 
TBE : Tris-base, boric acid and EDTA (buffer) 
TCID50 : 50% of the Tissue culture infective dose 
TLP : Triple layered particle 
U.K. : United Kingdom  
USA : United States of America  
UTR : untranslated region 
VLP : Virus like particle 
VP : Viral protein (structural protein) (virology) 
VV : Vaccinia virus 
w/v : weight to volume (buffer preparation) 
WT : Wild type (virology)  



16 

List of figures 

Figure 1: Illustration of RG strategies for +sense RNA viruses. 28 

Figure 2: Illustration of the most common viral genome configurations in chronological 

rescue order, including methods and challenges associated with each. 27 

Figure 3: Illustration of the development and optimization of the influenza RG systems. 

30 

Figure 4: The rotavirus dsRNA genome segments resolved by SDS-PAGE along with 

encoded protein products. 36 

Figure 5: 3D graphic representation of the rotavirus virion and particle architecture. 

Figure 6: Graphic representation of the rotavirus life-cycle. 39 

Figure 7: Model showing the rearrangement of VP4 during trypsin cleavage and cell 

entry. 40 

Figure 8: Illustration of NSP4 mediated DLP binding and ER penetration during outer 

capsid coating pathway. 45 

Figure 9: Schematic depiction of the innate immune response and the NSP1 mediated 

anti-interferon response. 47 

Figure 10: Illustration of reovirus RG setup and rational. 51 

Figure 11: Illustration of the construction and execution of the BTV plasmid only RG 

system. 54 

Figure 12: Illustration of the construction and execution of the AHSV plasmid only RG 

system. 55 

Figure 13: Graphic representation of various helper-virus based RV RG selection 

systems. 59 

Figure 14: Illustration of the simplified helper-virus based RV RG system. 58 

Figure 15: Illustration of the basic rescue procedure of the pT7_SA11-L2 RV RG 

system. 63 

38 



17 

Figure 16: Illustration of the simplified rescue protocol for the KU-SA11 chimera RV 

RG system. 65 

Figure 17: Illustration of the Komoto-optimized pT7_SA11-L2 RV RG system rescue 

procedure. 64 

Figure 18: Diagram depicting the simplified rescue protocol used throughout this 

project for both the pT7_SA11-L2 and pSmart_SA11-N5 RV RG systems 83 

Figure 19: Agarose gel of pT7_SA11-L2 RV RG plasmid set. 89 

Figure 20: IFMA of equi-ug (A), equi-molar (B) transfections of the original pT7_SA11-

L2 RV RG system and infection with SA11-N2 (C). 92 

Figure 21: IFMA of equi-molar (A), equi-ug (B) transfection of the pT7_SA11-L2 

system using phCMVdream based capping and FAST plasmids and infection with 

SA11-N2 (C). 94 

Figure 22: IFMA of equi-molar transfections of the pT7_SA11-L2 system using ST cells 

for co-seeding and propagation and varying the ratio of capping plasmids to rescue 

plasmids 96 

Figure 23: IFMA of equi-molar transfections of the pT7_SA11-L2 system into BSR-

T5/7 cells, using ST cells for co-seeding and propagation. 98 

Figure 24: Agarose gels of temperature gradient PCR amplicons from pAlpha (A), 

pBeta (lanes 2-5, B and C), pDelta (lanes 7-18, B) and pGamma (lanes 7-18, C). 115 

Figure 25: Agarose gel of plasmids extracted following In-Fusion HD cloning colony 

selection. 118 

Figure 26: Agarose gels of endotoxin-free plasmid extractions of pSmart_SA11-N5 RV 

RG plasmids. (A & B) 121 

Figure 27: IFMA of equi-molar transfection of pSmart_SA11-N5 RG system in BSR-

T5/7 cells with the pDream_VV_capping plasmids, co-seeded and propagated with ST 

cells. 123 

Figure 28: TCID50 comparison of original pT7_SA11-L2, optimized pT7_SA11-L2 and 

original pSmart_SA11-N5 RV RG systems 126 



18 

Figure 29: IFMA results of pSmart_SA11-N5 RV RG systems using (A) VV capping 

plasmids, (B) the ASFV capping plasmid and (C) the C3P3 capping-polymerase 

construct. 128 

Figure 30: TCID50 comparison of pT7_SA11-L2 and pSmart_SA11-N5 RV RG 

systems utilizing various capping constructs. 130 

Figure 31: Agarose gel of RV dsRNA. 132 

Figure 32: Agarose gel of primer ligated and non-ligated RV dsRNA. 132 

Figure 33: NGS reads of GS8 (NSP2) from rescued SA11-L2 and SA11-N2 cDNA 

mapped against GS8 (NSP2) of SA11-L2 (LC333809) and SA11-N2 (JN827252) 

reference genomes. 133 

Figure 34: Agarose gel visualizing the 11 segments of the RV SA11-N5 genome 

adjacent the primer ligated dsRNA of SA11-N5. 134 

Figure 35: RNA-PAGE gel of dsRNA extracted from MA104 cells infected with SA11-

N2 WT (2) and ST cells infected with P1 stock from the optimized pSmart_SA11-N5 

RG system, next to their sequence independent primer ligated dsRNA genome 

segments. 135 

Figure 36: Agarose gel of GS4 specific cDNA synthesis for (2) SA11-L2 and (3) SA11-

N5 rescued virus. 137 

Figure 37: Sanger sequencing alignments of GS4(VP4) cDNA from recovered SA11-

N5 aligned against both SA11-N5 and SA11-L2 GS4(VP4) reference sequences. 138 

Figure 38: IFMA of the optimized pT7_SA11-L2 RV RG system using (A), an equi-

molar approach with 3x phCMVdream_C3P3 expression plasmid, compared to (B), an 

equi-ug approach using 3x NSP2 and NSP5 transcription plasmids and 3x 

phCMVdream_C3P3 expression plasmid. Transfected into BSR-T5/7 cells and co-

seeded and propagated in ST cells. 139 

Figure 39: IFMA of the optimized pSmart_SA11-N5 RV RG system using (A), an equi-

molar approach with 3x phCMVdream_C3P3 expression plasmid, compared to (B), an 

equi-ug approach using 3x NSP2 and NSP5 transcription plasmids and 3x 

phCMVdream_C3P3 expression plasmid. 141 



Figure 40: TCID50 comparison of both equi-molar and equi-ug approaches of the 

pT7_SA11-L2 and pSmart_SA11-N5 RV RG systems, with the equi-ug approach 

using 3x NSP2 and NSP5 transcription plasmids. 144 

Figure 41: TCID50 evaluation of each of the various pT7_SA11-L2 and pSmart_SA11-N5 

RV RG systems throughout their implementation and optimization processes. 147 

Figure 42: Plasmid maps of the phCMVdream expression plasmids for A: the VV D1R 

capping enzyme subunit, B: the VV D12L capping enzyme subunit, C: the ASFV 

capping enzyme and D: the ASFV capping enzyme fused to a viral T7-RNA 

polymerase through a serine-glycine linker (C3P3 construct). 171 

Figure 43: Map of phCMVdream_p10_FAST NBV fusion protein expression plasmid. 

172 

Figure 44: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: GS1(VP1), 

B: GS2(VP2), C: GS3(VP3) and D: GS4(VP4). 173 

Figure 45: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: 

GS5(NSP1), B: GS6(VP6), C: GS7(NSP3) and D: GS8(NSP2). 174 

Figure 46: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: GS9(VP7), 

B: GS10 (NSP4) and C: GS11(NSP5/6). 175 

Figure 47: Plasmid maps of the pCAG expression plasmids for A: the VV D1R capping 

enzyme subunit, B: the VV D12L capping enzyme subunit and C: the NBV fusion 

protein. 176 

Figure 48: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks 

obtained from the optimized pT7_SA11-L2 RV RG system mapped against the RV 

SA11-L2 reference genome (LC333802-LC333812) for A: GS5(NSP1), B: GS6(VP6) 

and C: GS7(NSP3). 177 

Figure 49: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks 

obtained from the optimized pT7_SA11-L2 RV RG system mapped against the RV 

SA11-L2 reference genome (LC333802-LC333812) for A: GS1(VP1), B: GS2(VP2), 

C: GS3(VP3) and D: GS4(VP4). 177 

Figure 50: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks 

obtained from the optimized pT7_SA11-L2 RV RG system mapped against the RV 

19 



20 

SA11-L2 reference genome (LC333802-LC333812) for A: GS8(NSP2), B: GS9(VP7), 

C: GS10(NSP4) and D: GS11(NSP5/6). 178 

Figure 51: Plasmid maps of the four, consensus sequence based SA11-N5 

transcription plasmids designed by Dr. Wentzel. A: pAlpha, harbouring GS1(VP1), 

GS8(NSP2) and GS11(NSP5/6). B: pBeta, harbouring GS2(VP2 and GS3(VP3). C: 

pDelta, harbouring GS7(NSP3), GS10(NSP4) and GS9(VP7). D: pGamma, 

harbouring GS4(VP4), GS6(VP6) and GS5(NSP1). 179 

Figure 52: Maps of the SA11-N5 consensus sequence based pSmart transcription 

plasmids for A: GS1(VP1), B: GS2(VP2), C: GS3(VP3) and D: GS4(VP4). 180 

Figure 53: Maps of the SA11-N5 consensus sequence based pSmart transcription 

plasmids for A: GS5(NSP1), B: GS6(VP6), C: GS7(NSP3) and D: GS8(NSP2). 181 

Figure 54: Maps of the SA11-N5 consensus sequence based pSmart transcription 

plasmids for A: GS9(VP7), B: GS10(NSP4) and C: GS11(NSP5/6). 182 

Figure 55: NGS reads of pSmart_SA11-N5 RV RG transcription plasmids mapped 

against the RV SA11-N5 reference genome and in silico pSmart_SA11-N5 RG 

constructs for A: GS1(VP1), B: GS2(VP2), C: GS3(VP3), D: GS4(VP4), E: 

GS5(NSP1), F: GS6(VP6) and G: GS7(NSP3). 183 

Figure 56: NGS reads of pSmart_SA11-N5 RV RG transcription plasmids mapped 

against the RV SA11-N5 reference genome and in silico pSmart_SA11-N5 RG 

constructs for A: GS8(NSP2), B: GS9(VP7), C: GS10(NSP4) and D: GS11(NSP5/6).

184 



21 

List of tables 

Table 1: Classification of dsRNA viruses within the Reoviridae family 32 

Table 2: Whole-genome genotype constellation of selected prototype RV strains 33 

Table 3: The rotavirus genome segments, encoded proteins and their known functions

35 

Table 4: Variations between the 5'- and 3'-terminal end sequence of selected rotavirus 

strains of the different serogroups 37 

Table 5: Composition of complete media for each selected cell-line 78 

Table 6: Composition of 100x NEAA 78 

Table 7: Composition of 1% Anti-Anti 78 

Table 8: Calculations for the preparation of equi-ug and equi-molar transfection 

mixtures 81 

Table 9: Calculations for the preparation of equi-ug and equi-molar pT7_SA11-L2 RV 

RG transfection mixtures 91 

Table 10: Construction of equi-molar transfection mixtures with increased ratios of 

capping enzyme encoding plasmids 96 

Table 11: Preparation of resolving and stacking gel for RNA-PAGE 106 

Table 12: Optimal annealing temperature and primers for pSmart, SA11-N5 In-Fusion 

reaction 114 

Table 13: Composition of equi-ug and equi-molar transfection mixtures 123 

Table 14: TCID50 calculation table for original pSmart_SA11-N5 RV RG system 125 

125 Table 15: TCID50 calculation table for optimized pT7_SA11-L2 RV RG system 

Table 16: TCID50 calculation table for original pT7_SA11-L2 RV RG system 125 

Table 17: TCID50 calculation table for original pSmart_SA11-N5 RV RG system 128 

Table 18: TCID50 calculation table for pSmart_SA11-N5 RV RG system with C3P3

129 



22 

Table 19: Summary of optimizations made to the original pT7_SA11-L2 RV RG system 

as compared to our pSmart_SA11-N5 RV RG system 140 

Table 20: TCID50 calculation table for optimized equi-molar pT7_SA11-L2 RV RG 

system with 3x phCMVdream_C3P3 expression plasmid. 143 

Table 21: TCID50 calculation table for optimized, equi-molar pSmart_SA11-N5 RV RG 

system with 3x phCMVdream_C3P3 expression plasmid. 143 

Table 22: TCID50 calculation table for equi-ug pT7_SA11-L2 RV RG system with 3x 

NSP2 and NSP5 transcription plasmids and 3x phCMVdream_C3P3 expression 

plasmid. 143 

Table 23: TCID50 calculation table for equi-ug pSmart_SA11-N5 RV RG system with 

3x NSP2 and NSP5 transcription plasmids and 3x phCMVdream_C3P3 expression 

144 

185 

186 

plasmid. 

Table 24: Construction of dilution series for TCID50 assay 

Table 25: Depiction of TCID50 result annotation 

Table 26: Calculation of TCID50 187 



23 

List of equations 

Equation 1: Calculation of the volume of plasmid (ul) required to yield a specific amount 

of DNA (ug) 82 

Equation 2: Calculation of the volume of plasmid (ul) required to yield a specific amount 

82 of DNA (mol) 

Equation 3: Calculation of relative TCID50/ml from 96-well IFMA results 113 



24 

Chapter 1 

Literature review 

1.1 Background 

Genetic research is at its very core the study of the correlation between an organism’s 

genotype and its phenotype. It reveals the genes, or gene sequences, that produce 

specific enzymes or regulate various pathways, which in turn influence everything from 

cell differentiation during embryonic development to the metabolism and the immune 

response of the final organism. From beginning to end the genetic code inscribes an 

organism’s life story, and we as geneticists aim to not only understand this story but 

also to understand how it is written, how it is read and how we can guide it to our 

advantage. This project utilized one of the most powerful tools in genetic research, 

namely reverse genetics (RG), as we implemented several RG systems for the 

generation and study of recombinant rotaviruses (RV). 

One of the most definitive ways to study the role of specific genes or genetic elements 

in a viral genome is to modify its sequence and then generate infectious viruses 

through the process of RG. This can also be defined as the rescue of recombinant 

viruses from cell-culture based on modified transcripts or cDNA sequences . RG 

enables the targeted study of genetic changes in various viral genomes and can 

provide critical insights into viral replication, host range and the mechanisms that 

determine pathogenesis and virulence (Conradie et al., 2016; Kanai et al., 2017). This 

information is essential in the rationally guided combat of viral diseases, especially in 

terms of the highly adaptive and divergent RNA viruses, of which many are dangerous 

human pathogens. The impact of RNA virus RG systems on efforts to design effective 

and safe viral therapeutics and rationally guided vaccines is already enormous and 

will be even more significant in future. 

For RVs, the lack of a robust and helper-virus independent RG system has until 

recently been the main bottleneck in progressive research and has left many elements 

of this virus’s lifecycle and pathogenesis subject to speculation. 
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The recently developed, plasmid-only, pT7_SA11-L2 RV RG system (Sen et al., 2009) 

has opened up new avenues in research and promises to answer some of the most 

burning questions pertaining to RV replication, genome packaging, correlates of 

protection and virus-host interactions. However, to date mixed results have been 

obtained in regards to the recreation of the originally published RV RG results at 

various institutions (Potgieter, A.C. Deltamune. Personal communication). This clearly 

illustrated the need for further development and optimization of the initial Japanese 

pT7_SA11-L2 RV RG system. 

The plasmid-only pT7_SA11-L2 RG system does not require the use of a helper-virus 

and is thus independent of any recombinant virus selection system, which has 

historically been one of the main limitations of RV RG systems. Kanai and associates 

recovered RV SA11-L2 after transfection of baby hamster kidney cells (BHK) 

constitutively expressing a viral T7-RNA polymerase (BHK-T7) with 11 RV cDNA 

transcription plasmids and expression plasmids encoding the fusion-associated small 

transmembrane (FAST) protein from the Nelson-bay virus (NBV), and the two subunits 

of the vaccinia virus (VV) capping enzyme. The system was made available to the 

scientific community through the AddGene service and was purchased and 

implemented at various institutions, including the NWU. 

Although the initial pT7_SA11-L2 RV RG system was quite difficult to repeat, its impact 

was clearly evident as publications on the various applications and optimizations of 

the system became available shortly after its release. Komoto and associates 

investigated RV replication using the pT7_SA11-L2 RV RG system and found that 

NSP6 was not necessary for propagation in cell culture (Dormitzer et al., 2004; 

Kobayashi et al., 2007; McClain et al., 2010; Patton, 2012; Pretorius et al., 2015), and 

then further improved on the initial pT7_SA11-L2 RV RG system by reducing the 

plasmid backbone size and increasing the ratios of viroplasm encoding gene 

sequences GS8 (NSP2) and GS11 (NSP5), threefold. 

This increased the system’s efficiency considerably and facilitated viral rescued 

without the use of the NBV FAST protein or the VV capping enzyme originally included 

in the pT7_SA11-L2 RV RG system. 
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At the NWU we have been working on the development of a helper-virus independent 

RV RG system for several years. My project entailed the implementation of the initial 

Japanese pT7_SA11-L2 RV RG system and the finalization and implementation of our 

own, locally developed, consensus sequence-based, plasmid only pSmart_SA11-N5 

RV RG system. This will be followed by a comparative analysis between the Japanese 

and locally developed RV RG systems, as well as the rationally guided optimization of 

both. The optimizations considered in this project were based on the already 

established dsRNA virus RG systems of African horsesickness virus (AHSV) and 

bluetongue virus (BTV) . 

1.2 Introduction to reverse genetics (RG) 

Conventional genetic research (forward genetics), describes the process by which a 

variation in the phenotype of an organism, be it naturally occurring or induced through 

mutagenesis, is correlated to a specific gene sequence. The process moves from the 

identification of a divergent, hereditary, phenotypic characteristic to the identification 

and isolation of the corresponding allele (through genome mapping) and finishes with 

DNA extraction, sequencing and mapping of the divergent gene against a normal or 

wild-type (WT) gene sequence. In essence, the researcher already knows the nature 

of the mutation, as it is observed, and therefore seeks the origin thereof. Although this 

system can be used for gene function assays and has been used therefor in the past, 

it is often difficult to precisely define a correlation between a specific gene and the 

observed mutant phenotype due to the massive interplay of various genes and 

regulatory elements in the presentation of a specific phenotypic characteristic . This 

approach is also limited to non-lethal mutations that are hereditary and phenotypically 

visible, requiring the generation of bi-allelic mutants which is a lengthy and expensive 

procedure.  This concept is however turned around with RG as it moves from the 

genetic sequence through to the phenotypic trait, a seemingly semantic shift, but a 

fundamentally different approach. The main purpose of RG is therefore not to identify 

a gene responsible for a variant trait, but to elucidate the function of a specific gene, 

or genetic sequence, through guided mutagenesis followed by observation of the 

corresponding mutant phenotype. 
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The use of RG more narrowly defines the specific function of the modified gene and 

directly correlates gene sequence to gene function through phenotypic evaluation. 

Currently, the majority of gene function assays are based on the rationally guided 

knock-out of specific genomic sequences through various means. These approaches 

have been used in various models, ranging from mouse  to zebrafish , fruit flies  and 

even various single-celled organisms (Argmann et al., 2006; Bridgen, 2013; Goff & 

Berg, 1976; Racaniello & Baltimore, 1981). In terms of virology, RG is defined as the 

recovery, or rescue, of infectious viruses from cloned cDNA or mRNA that has been 

engineered to carry specific mutations or extra-genomic sequences (Baric & Sims, 

2007; Sambrook & Russell, 2001; Wienholds et al., 2002). 

Due to the diverse nature of viruses in terms of the replication cycle, genomic structure 

and host vectors, RG systems have to be adapted to the specific nature of the viral 

genome and correspondingly have very divergent techniques and strategies. Figure 1 

illustrates and very briefly summarizes the basic variations of viral RG systems based 

on the most common viral genome configurations. The recovery of a dsDNA virus, for 

example, is more straightforward than that of a segmented dsRNA virus. The first 

published viral RG system was used to recover the dsDNA viruses, λ-phage, from 

Figure 1: Illustration of the most common viral genome configurations in chronological rescue order, 
including methods and challenges associated with each. Image taken from Bridgen (2013) with permission.
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monkey kidney cells (Kao & Lee, 2013; van Gennip et al., 2012). In this instance, the 

dsDNA used for transfection was deemed infectious as it was capable of producing 

infection viable viruses directly after transfection with no further adaptation or 

modification necessary. RNA viruses, however, require a bit more engineering to 

successfully rescue (Figure 2). 

The first RNA virus to be rescued from a RG system was the poliomyelitis virus 

(poliovirus) in 1981. The positive-sense (+)RNA poliovirus was rescued by cloning a 

cDNA copy of the viral genome into the pBR322 plasmid, which was then used to 

generate transcripts that were transfected into cultured mammalian cells . The system 

was further developed to incorporate the SP6 polymerase promoter into the cDNA 

plasmid as a transcription regulatory factor. These transcription plasmids were then 

used to generate in vitro transcripts of the viral genome, which were then transfected 

into HeLa 3 cells to recover infectious recombinant poliovirus (Bhadauria et al., 2009; 

Dickson, 2000). These strategies relied on the fact that the poliovirus has a (+)RNA 

genome which is deemed infectious once introduced into cells. Figure 2 illustrates the 

three main methods of rescuing (+)RNA viruses from cell-culture. 1) Transfection of 

Figure 2: Illustration of RG strategies for +sense RNA viruses. A: Transfection of extracted wild-type viral 
transcripts into cells. B: Transfection of plasmids carrying cDNA copies of viral transcripts. C: in vitro transcription of 
cDNA followed by transfection
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viral mRNA derived from transcriptionally active viral particles. 2) Transfection of cDNA 

carrying plasmids under the regulation of specific RNA-polymerase promoters into 

cells that express said RNA-polymerases. 3) Transfection of in vitro generated 

transcripts from cDNA carrying plasmids. Each of these strategies generates positive-

sense transcripts that mimic viral mRNAs and thus initiate viral replication. 

In terms of negative-sense (-)RNA viruses, a lot of genetic engineering is required 

before a viable RG system can be implemented. The best example of this is most 

certainly the RG systems developed for influenza virus, as these systems had to cope 

with the fragility of ssRNA, the (-)sense nature of the viral genome and the need for 

ribonucleoprotein complexes (RNPs) formation before any virus could be rescued. The 

RNPs could be formed in vitro by adding viral genomic RNA to purified nucleoproteins 

and polymerase . Only through the formation of these complexes could the viral 

genome be stably carried into receptive cells and readily have available the various 

transcription and regulatory factors required for expression and replication. The 

influenza virus RG system is one of the most well-known and widespread viral RG 

systems to date and is used annually across the globe for the generation of rationally 

designed seasonal vaccines. The development of this system also closely mirrors the 

basic steps in the development and optimization of most viral RG systems, moving 

from a helper-virus based system to a solely plasmid-based system and finally to the 

incorporation of various genomic elements into a single plasmid. 

Although not all viral RG systems follow this trajectory, the themes that guide its 

development and optimization are shared throughout viral RG. As illustrated by Figure 

3, the first stage in the influenza RG system was based on the transfection of RNPs 

along with a cDNA transcription plasmid (carrying a cDNA copy of a single genome 

segment) into cultured eukaryotic cells. These cells were then later infected with a 

helper-virus (influenza A). This system relies on the propensity of the influenza virus 

to undergo reassortment, a process by which viral genome segments can be 

exchanged between related strains if co-infection occurs. Taking advantage of this 

naturally occurring phenomenon the RG system introduces numerous copies of a 

specific recombinant viral genome segment which will be incorporated into the 

genome of some of the viral progeny. This yields a viral population that is a mixture of 

unaltered helper-virus and recombinant influenza virus carrying the gene of interest. 
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The unaltered helper virus is then removed from the population through some or other 

selection system, yielding mostly recombinant virus. This is the first stage of the 

influenza RG system as the selection of unaltered helper virus is never 100% efficient 

and only single gene segment reassortment can be achieved. Over many years this 

system was redesigned, further developed and optimized (Matthijnssens et al., 2008) 

as illustrated in Figure 3. A solely plasmid-based system comprising of 12 rescue 

plasmids was successfully implemented and quickly replaced by one comprising of 

only 8 (Braks et al., 2006; Chinnery et al., 2004). This trend continued until a 5 plasmid 

system was developed . Currently, the majority of the commercial influenza A RG 

systems comprise of a highly optimized single vector system that is annually used 

around the globe to generate rationally designed, seasonal influenza vaccines (Luytjes 

et al., 1989). 

Figure 3: Illustration of the development and optimization of the influenza RG systems. 1: Helper-virus 
based system where a single genome segment is exchanged. Most commonly an outer capsid protein 
associated with a cellular or humoral immune response. 2: Plasmid-based system that entails several 
expression plasmids encoding the various viral replication elements and transcription plasmids that produces 
precise viral mRNAs for viral genome packaging. 3: Plasmid-based system that consists solely of transcription 
plasmids each with various regulatory elements associated with viral replication. 4: The incorporation of various 
viral genome segments into single plasmids along with their various regulatory elements. 5: Single plasmid 
system that encodes the entire viral genome as well as all the regulatory factors required for its expression, 
translation and packaging. Image adapted from Bio-engineered 4:1; 9-14; January/February (2013) with 
permission. 
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Although not precisely, most RG systems follow a similar development approach as 

the influenza virus RG system, moving from a single substitution helper-virus based 

system to more advanced transcript-based and plasmid-based systems which are 

then optimized and fine-tuned over time. The ability to engineer recombinant viruses 

makes it possible to study the biology of the virus and also to generate rationally 

designed vaccine candidates.  

1.3 Rotavirus 

1.3.1 Rotavirus classification 

When viewed under an electron microscope the rotavirus particle has a distinct wheel-

and-spoke like structure, hence the use of the name “rota”, Latin for “wheel” . 

Taxonomically, rotaviruses belong to the genus Rotavirus which in turn belongs to the 

Reoviridae family which comprises of two subfamilies (Sedoreovirinae and 

Spinareovirinae) and a total of 15 genera (Table 1). This family is characterised by 

viruses with genomes consisting of 9 to 12 linear segments of dsRNA (Jansen et al., 

1997; Maclean et al., 2017). 

Historically RV classification was based on the use of monoclonal antibodies to identify 

the presence or lack of specific VP6 epitopes. More recently however rotaviruses were 

divided into eight serogroups (A through H) based on the amino-acid (aa) sequence 

and immunogenic properties of their structural protein VP6 . Group A rotaviruses are 

the major cause of diarrhoea in humans, with groups B and C contributing to a lesser 

extent.  
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RVs were also classified through RNA electrophoretic separation profiles (based on 

GS11). This technique divided RV into sub-groups (SG) namely SGI, SGII, SGI and II 

or non-SGI and II (Bridgen & Elliott, 1996). Additionally, RNA-RNA hybridization 

studies group RVs into various genogroups represented by the Wa, DS-1 and Au-1 

prototype strains (Table 2). The Wa strain is the prototype of the Wa-like genogroup 

which contains SGII rotaviruses with a long electropherotype whilst the DS-1-like 

genogroup is represented by the prototype RV DS-1 strain which is classified in SGI, 

with a characteristic short electropherotype. The AU-1 strain is the prototype of AU-1-

like strains which have a long electropherotype and are also placed into SGI (Ebihara 

et al., 2005). 

The great diversity observed among the RVs is thought to arise from the segmented 

nature of the viruses’ genome and its propensity to undergo reassortment (Yu et al., 

2019). This makes classification difficult as zoonosis and reassortment frequently lead 

to novel strains. 

To not only classify each specific strain fully, but also illustrate its genetic relationship 

to other strains, a full genome-based classification system was developed (Fodor et 

al., 1999; Kaplan et al., 1985). Sequence identity cut-off limits are used when 

comparing the sequences of each individual genome segment of a specific strain 

according to the following annotation: Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx which 

respectively represents the genotype for genome segments encoding VP7-VP4-VP6-

Table 2: Whole-genome genotype constellation of selected prototype RV strains 

Reassortants are visualised by a non-homogenous constellation colour. *The colour scheme is used to enhance 
the visualisation of certain patterns or genome segment constellations. Green, red, and orange depict the human 
strains (Hu) Wa-like, DS-1-like, and AU-like genome segments, respectively. Yellow, blue, and purple respectively 
indicate the avian (Av) PO-13-like rotavirus genome segments; some typical porcine (Po) VP4, VP7, and VP6 
genotypes; and the SA-11-like genome segments. Table taken from (Nakagomi et al., 1985)(Kaplan et al., 1985; 
Racaniello & Baltimore, 1981) with permission. 
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VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6. The capital letters in the genotype 

were derived from the function associated with the protein i.e., glycoprotein, protease-

sensitive, inner capsid, RNA-dependent RNA polymerase, core, methyltransferase, 

interferon antagonist, NTPase, translation enhancer, enterotoxin and phosphoprotein 

(Table 3). As of April 2011 27 G, 35 P, 16 I, 9 R, 9 C, 8 M, 16 A, 9 N, 12 T, 14 E and 

11 H genotypes varieties are known and this number is expected to rise as more 

whole-genome sequencing projects are undertaken globally (Neumann et al., 2005). 

The outer most layer of the RV TLP comprises of the protease-sensitive VP4 and the 

glycoprotein VP7 which are also commonly used to classify various RV into G- and P-

serotypes. Historically this was done using neutralizing antibodies against various VP4 

and VP7s, however, this approach is limited due to the lack of a wide range of 

antibodies and various other technical difficulties . More recently, RT-PCR and 

sequencing have been used to determine the P and G genotypes based on genome 

sequence correlations (Attoui et al., 2011). 

Current nomenclature dictates that as much information about the strain as possible 

is included in its identification. The Rotavirus Classification Working Group 

recommends that strains be named using a notation that states the RV group, species 

of origin, country of identification, common name, year of identification and G- and P-

types (Mertens, 2004). For instance, the strain used in this project (simian agent 11, 

SA11) originally isolated in 1958 is named: RVA/Simian-tc/ZAF/SA11-H96/1958-

N5/G3P5B[2].  
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1.3.2 Rotavirus genome structure and protein-coding assignment 

The RV genome consists of 11 segments of dsRNA that range from 667bp to 3302bp 

in size, based of RV SA11 (Estes & Cohen, 1989; Ramig, 1997), which encode 6 

structural and 6 nonstructural proteins (Table 3). Each genome segment (GS) is 

monocistronic (encodes a single protein) except for GS11 which is polycistronic and 

encodes NSP5 and NSP6 in two overlapping out of frame ORFs (Mitchell & Both, 

1988). The viral dsRNA genomes can be extracted and fully visualized through 

polyacrylamide gel electrophoresis (PAGE) to produce a separation profile that is 

unique to specific RV strains (Figure 4).  

The structure of each of the 11 dsRNA genome segments has a similar design starting 

with a 5`-m7GpppG(m) cap (Imai et al., 1983; Pizarro et al., 1991) followed by the 5`-

UTR (untranslated region) leading into the ORF and finally culminating in the UTR-3` 

of that segment (Patton, 1995). These UTRs vary in length and consensus-sequence 

and range from 9 to 49bp for the 5`- regions and 17 to 182bp for the -3` regions. Highly 

conserved, group-specific terminal sequences are present among the various 

serogroups, A through H, (Matthijnssens et al., 2012), Table 4. 

Figure 4: The rotavirus dsRNA genome segments resolved by SDS-PAGE along with encoded protein 
products. Image taken from Patton (2012) with permission. 
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Table 4: Variations between the 5'- and 3'-terminal end sequence of selected rotavirus strains of 
the different serogroups 

Group Strain 5'-terminal sequence 3'-terminal sequence 

A SA11 5'-GGC(A/U)7- -AUGUGACC-3’ *

B IDIR 5'-GGCC/U- -ACCC-3'

C Bristol 5'-GGCC(A/U)7- -GGCU-3'

D HS-58 5'-GG(U)5(A)3- -GACC-3

H ADRV-N 5'-GGCACU- -ACCCC-3'

(Matthijnssens et al., 2008b), *(Trojnar et al., 2010) 

With reference to RV_SA11, each of the genome segments contain a 5`-GGC(A/U)7-

and a 3`-AUGUGACC conserved terminal region (Chizhikov & Patton, 2000; Imai et 

al., 1983; Patton, 1995; Tortorici et al., 2006; Trojnar et al., 2010; Wentz et al., 1996). 

This characteristic of conserved 5` and 3` UTR sequences are observed among all RV 

strains although slight variations occur following the second G of the 5`-GGN 

sequence. These conserved regions are thought to play a critical role in genome 

packaging. For this reason, any RV RG system should be designed to generate very 

precise 5`- and -3` transcript termini to facilitate viral rescue.  

1.3.3 Rotavirus particle structure 

The mature RV particle, or virion, comprises of a triple-layered, non-enveloped, 

icosahedral capsid which encases the 11 dsRNA segments of the viral genome 

(Figure 5, A). Due to its structural properties, the mature virion is also referred to as 

the triple-layered particle or TLP and has a diameter of about 80 nm (Ludert et al., 

1986; McClain et al., 2010). The interior of the capsid is comprised of mainly 60 

VP2 dimers in a T = 2 icosahedral symmetry, where five dimers arrange in a fivefold 

axis to form a decamer which in turn is arranged into a uniform viral core particle of 

12 decamers (thus 120 VP2 molecules in total). Small pores along the fivefold axis 

are left after core particle assembly to allow transcription of the viral genome by 

VP1 (viral RNA-dependent RNA polymerase) and VP3 (viral methyltransferase) 

(Desselberger, 2014; Matthijnssens et al., 2008a). 
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VP1 and VP3, which together form the viral genome replication complex, are the 

remainder of the internal structure of the core particle and are arranged around the 

pores of the fivefold axis (Desselberger, 2014; Jere et al., 2014; Kushnir et al., 2012; 

Liu et al., 2013; Pesavento et al., 2006).  The viral core is encased by VP6 in the form 

of 260 trimers arranged in a T= 13 icosahedral symmetry. VP6 forms the middle 

layer of the tVLP and interacts with the VP2 dimers as well as the outer layer VP7 

and VP4 trimers. The outermost layer of the mature viral capsid is comprised of 260 

VP7 trimers associated with 60 spikes of VP4 trimers in icosahedral symmetry. The 

virion also contains 132 channels along the fivefold axis used during viral genome 

transcription (capped mRNA exits through these channels and enters the cytoplasm 

without exposing the dsRNA genome to the intracellular environment). 

1.3.4 Rotavirus replication and life-cycle 

Rotavirus is transmitted mainly through the faecal-oral pathway with villus cells of the 

small intestine being the primary target for infection. The replication cycle of RV 

(Figure 6) is a complex set of steps that can be summarised as attachment, entry and 

uncoating, viral genome transcription and translation, viroplasm formation, DLP 

Figure 5: 3D graphic representation of the rotavirus virion and particle architecture. A: Cut-away model of a 
rotavirus triple-layered particle. The inner layer is composed of the structural protein VP2 (blue), the middle layer is 
composed of VP6 (green) and the outer layer is made up of VP4 (red) and VP7 (yellow-orange). B: Schematic 
illustration of rotavirus structure from cryoEM reconstruction, and the location of the structural protein components. 
Figure adapted from (Greenberg et al., 1983), with permission. 
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formation, TLP formation and maturation and finally release of fully matured viral 

particles (Desselberger et al., 2009; Estes et al., 1979a; Flewett & Woode, 1978a).  

Figure 6: Graphic representation of the rotavirus life-cycle. A: Attachment of rotavirus to cell surface through 
sialo acid receptor mediated binding of VP8 (proteolytically cleaved subunit of VP4). B: Interaction of various integrin 
ligand motifs in VP5 and VP7 with integrins α2β1, ανβ3 and αxβ2 facilitating viral attachment and initiation of viral 
entry through endocytosis. Interactions with heat shock protein 70 also illustrated. C: Viral entry via endocytosis and 
formation of endosome. During this step the viral particle also undergoes uncoating and sheds the outer VP4 and 
VP7 layer exposing the transcriptionally active DLP to the cytoplasm. D: Transcription of the viral genome. F: 
Translation of the viral mRNA resulting in viral protein synthesis leading to the formation of the viroplasm. The precise 
mechanisms regulating viroplasm formation are still unclear, however it is well known that GS8 (NSP2) and GS11 
(NSP5) are key components in its formation. E: Transcription of viral mRNA for incorporation into newly formed 
replication intermediary. G: Recruitment of lipid droplets for the formation of the viroplasm. NSP2, 5 and 6 are strongly 
associated with the formation of the viroplasm along with the structural units of the newly formed DLP namely VP1, 
2, 3 and 6. H: Formation of the replication intermediary during which one of each of the 11 genome segments are 
encased in the core particle in association with VP1, VP3 and VP2. I: Attachment of VP6 to the core particle and the 
synthesis of dsRNA within the core particle through the activity of VP1. J: Transferral of newly formed DLP to ER for 
attachment of outer layer of VP7 and VP4. K: During initial uncoating and later maturation of the TLP, Ca2+ ion 
concentrations play a critical role in the stabilization of VP7 trimers. Low concentrations of Ca2+ (such as those found 
in the endosome) destabilize VP7 trimers and initiate uncoating. Increased concentrations of Ca2+ (facilitated through 
NSP4 activity) are required for proper coting of the DLP and maturation of the TLP. L: Maturation of TLP following 
the disassociation of the envelope and non-vesicle transport of virions to cell surface for viral budding or shedding. 
This process is independent of the Golgi apparatus and is not fully understood as of yet. M: final release of matured 
viral particles through cell lysis or viral budding. Matured TLPs are now deemed infectious and spread to adjacent 
cells. Image taken from (Gouvea et al., 1990; Komoto et al., 2017; Matthijnssens et al., 2011; Matthijnssens et al., 
2008b; Pesavento et al., 2006) with permission. 
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As illustrated by Figure 6, many of the key mechanisms regulating RV replication are 

still unknown. The elucidation of these mechanisms and their interactions is one of the 

most anticipated outcomes of a robust, traceable, helper-virus independent RV RG 

system. For a complete list of possible RV RG outputs see Section 1.4.3.4. 

1.3.4.1 Viral attachment and cell entry 

Viral attachment is mainly mediated through VP4 (Ludert et al., 1996a), although 

integrin ligand motifs in VP7 also contribute to stable binding and have been correlated 

to the initiation of endocytosis (Coulson et al., 1997; Gutierrez et al., 2010). The VP4 

(GS4) spike is proteolytically cleaved into the two sub-units, VP5 and VP8 (Arias et 

al., 1996; Espejo et al., 1981; Estes et al., 1981) which increases infectivity and might 

be essential for the propagation of some RV strains (Figure 7). 

Figure 7: Model showing the rearrangement of VP4 during trypsin cleavage and cell entry. A: Non-cleaved 
(brown line) state with possible, flexible, free play indicated by wavy lines. B: Trypsin cleaved state. C: Folded-back 
state which exposes the hydrophobic regions during membrane penetration. D: Colour coded, linear VP4 indicating 
the location of amino acid regions in VP5* and VP8*. The head region is coloured in yellow (the VP8* core), notched 
at the sialoside-binding cleft. The body includes the red domain (VP5* antigenic region) and the orange cap (the 
potential membrane interaction loop), the purple appendage, and part of the grey and cyan tubes. The stalk is the 
lower part of the cyan tubes and the foot is shown in green. Image taken from (Matthijnssens et al., 2008a)(Neumann 
et al., 2005) with permission 
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The VP5 and VP8 subunits remain in a non-covalent association with the viral particle 

(Ludert et al., 1996b; Trask et al., 2012), with VP8 interacting with sialic acids on 

various cellular glycans and VP5 (alongside VP7) acting as co-receptors following 

initial viral attachment (Ciarlet & Estes, 1999; Haselhorst et al., 2011; Haselhorst et 

al., 2009). As illustrated in Figure 7, the dissociation of VP8 following trypsin cleavage 

allows the trimeric coiled chains to zip together, resulting in the body folding back to 

expose hydrophobic regions within VP5 (Dormitzer et al., 2004; Trask et al., 2012; 

Yoder et al., 2009). 

These regions, especially aa139, are responsible for permeabilisation of the cell 

membrane (Kim et al., 2010) and facilitate viral entry. Mutations in this region (V139D) 

reduced infectivity 10 000-fold (Kim et al., 2010) and truncations (385–404) abolishes 

membrane permeability altogether (Dowling et al., 2000).  

Integrins α2β1 and α4β1 are associated with viral attachment and integrin ανβ3 with 

viral entry (Ciarlet et al., 2002; Guerrero et al., 2000; Hewish et al., 2000; Londrigan 

et al., 2000). When blocking integrin ανβ3 with monoclonal antibodies in MA104 cell-

cultures RV infection was inhibited (Guerrero et al., 2000), indicating that integrin ανβ3 

plays a crucial role in viral entry. Integrin α2β1, however, was later found to be non-

essential for attachment, although it does promote cell entry. RV has also been shown 

to interact with heat shock protein 70 (Lopez & Arias, 2004). Following viral entry, low 

Ca2+ levels in the endosome and cytoplasm cause destabilization of the VP7 trimers 

coating the TLP, resulting in the solubilisation and uncoating of the VP7 and VP4 outer 

layer, and exposure of the transcriptionally active DLP to the cytoplasm (Charpilienne 

et al., 2002; Estes et al., 1979b; Ruiz et al., 2007; Ruiz et al., 1996; Ruiz et al., 2000; 

Ruiz et al., 2005). 

1.3.4.2 Viral genome transcription and translation 

During viral entry, the outer most layer of the TLP (VP 4 & VP7) is shed due to low 

Ca2+ concentrations within the endosome. This results in the exposure of the 

transcriptionally active DLP to the cytoplasm (Bican et al., 1982). During this process 

it is thought that conformational changes within the DLP activate VP1 and VP3, 

initiating viral genome transcription (Dowling et al., 2000; Gilbert et al., 2001; Ruiz et 
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al., 2000). The activation is thought to be mediated by VP6 through its interactions 

with the inner core (VP2) and outer capsid protein VP4 as it detaches. This is 

supported by the fact that VP2 core particles (lacking VP6) are not transcriptionally 

active (Sandino et al., 1986). VP1 uses the negative strand of the dsRNA genome as 

template to synthesise, non-polyadenylated plus-sense (+)ssRNA which is then 

capped by VP3 before being transferred to the cytoplasm (Guglielmi et al., 2010; 

Patton, 1986). 

This is a rapid process as transcripts are detectable 1hour post-infection (hpi) (Patton 

et al., 2004). These (+)ssRNAs serve as both mRNA for viral protein synthesis and as 

template for dsRNA synthesis within the viroplasm (Chen et al., 1994). Transcripts are 

not synthesized in equi-molar amounts as experiments with RNA interference have 

shown that smaller genome segments are synthesised more rapidly and at higher 

amounts than the larger ones (Ayala-Breton et al., 2009). At 12 hpi the relative number 

of GS10 (NSP4, 751bp) transcripts is roughly 4.5 and 2 times greater than those of 

GS1 (VP1, 3302bp) and GS6 (VP6, 1356bp) respectively (Stacy-Phipps & Patton, 

1987). 

NSP3 has been shown to bind to the 3'-terminal end of RV transcripts and interact with 

eukaryotic initiation factor 2-α (eIF2-α) (Piron et al., 1999; Piron et al., 1998) in a similar 

way to how poly-A binding protein (PABP) binds to native poly-A mRNA tails. This is 

thought to result in circularisation of the RV transcripts, leading to enhanced 

expression of these transcripts over native mRNAs (Vende et al., 2000). NSP3 has 

also been shown to suppress or completely silence the expression of various host cell 

proteins (Montero et al., 2006) further aiding in the selective expression of RV 

transcripts. 

1.3.4.3 Viroplasm formation and DLP assembly 

The viroplasm is an electron-dense, membrane-free, cytoplasmic inclusion that is 

formed by NSP2 and NSP5 (Contin et al., 2010; Fabbretti et al., 1999), within which (-

)ssRNA synthesis, viral genome replication and packaging occurs. Viral intermediaries 

(DLPs) are formed within the viroplasm. Multiple viroplasms can form during early 

infection, which usually merges together to form larger structures during later stages 
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of infection. Besides NSP2 and NSP5, viroplasms are also strongly associated with 

VP1, VP3, VP2 and VP6 (structural components of DLPs). Viral (+)ssRNA segments 

are also present in high concentrations (Eichwald et al., 2004). Cellular tubulin is 

sequestered to the viroplasm during its formation, through unknown means, where it 

is depolymerised by NSP2. This provides structure and also aids in the evasion of the 

host-cells antiviral mechanisms (Martin et al., 2010). 

The viroplasm co-localizes with cytoplasmic lipids and lipid droplets, as well as the 

lipid droplet-associated proteins perilipin A and ADRP, which are thought to recruit 

droplets to the viroplasm during its formation. Currently, it is thought that these lipid-

droplets are essential for the formation of the viroplasm and the production of 

infectious viral particles (Cheung et al., 2010). Genomic dsRNA can be detected 2 to 

4 hpi (Patton et al., 2004) within the viroplasm in equi-molar amounts (Ayala-Breton et 

al., 2009), despite the various genome segments size variations and cytoplasmic 

expression levels. It is postulated that (+)ssRNA is used as template for (-)ssRNA 

synthesis and dsRNA genome packaging. It is not clear if these (+)ssRNAs are 

incorporated into the viroplasm during its formation, or recruited and shuttled into it 

after its completion (Carreno-Torres et al., 2010; Silvestri et al., 2004). The -UGUG-3` 

terminal sequence is essential for viral genome replication (Patton et al., 1996; Trojnar 

et al., 2010) and is selectively recognised by VP1 (Lu et al., 2008) for packaging and 

dsRNA synthesis. The exact mechanism regulating the recruitment and packaging of 

(+)ssRNA into the DLP is not currently understood. 

One packaging model, based on the observed equi-molar ratios of genome segments 

in mature virions, suggests a process during which each individual (+)ssRNA GS forms 

a hybridization complex with another in a sequential manner until all 11 GSs are 

associated with one another through RNA-RNA interactions. This complex is then 

bound to free VP1, which is known to have a high affinity for (+)ssRNA, to form a 

ssRNA-polymerase complex (McDonald & Patton, 2011). Following this, VP2 then 

binds to the ssRNA-polymerase complex, simultaneously forming the structural units 

for the SLP (core particle) and inducing a conformational change in VP1 which induces 

(-)ssRNA synthesis and genome replication (Patton et al., 1997). This model is based 

on that of the packaging model observed in influenza (Hutchinson et al., 2010). Many 

alternative packaging models are also proposed, however to date no concrete 

evidence has been found definitively identifying one as correct. 
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Whether or not genome packaging takes place before or after DLP completion, the 

stages of the DLP auto-assembly are as follows, the VP1_VP3 polymerase complex 

binds to VP2 pentamers before the VP2 pentamers coalesce into a SLP (or core 

particle). The SLP is then coated by VP6 trimers to form the completed DLP viral 

intermediary. This process culminates in the transport of the DLP to the ER where 

NSP4 mediated coating of VP4 and VP7 takes place. The mechanism of transport 

between the viroplasm and ER is not fully understood, but it is clear that NSP4 plays 

a decisive role in its execution. 

1.3.4.4 TLP formation and virion maturation 

Viral maturation occurs in the ER and entails the coating of the DLP with VP4 (spikes) 

and VP7 to form a complete TLP. This process appears to be directly regulated by 

NSP4 (Hu et al., 2012), as experiments wherein NSP4 was silenced through siRNAs 

in MA014 cells, the viral yield decreased with roughly 75% (Lopez et al., 2005). NSP4 

is a multi-functional, regulatory protein and exists in various forms in and around the 

infected cell. The majority of intracellular NSP4 is accumulated within the ER, with 

extracellular and cytoplasmic NSP4 also being present, but in lower concentrations. 

Trans-membrane intracellular NSP4 (iNSP4) is known to bind both DLPs budded from 

the viroplasm and VP4, in a chaperone-like manner (Trask et al., 2012). 

While the precise mechanism of DLP release from the viroplasm is unknown, it is 

evident that NSP4 recruits DLPs into the outer-capsid-assembly pathway (Au et al., 

1989; Berkova et al., 2006; Trask et al., 2012) whereby it mediates the binding of VP4 

trimers onto the DLP (Figure 8). During this stage, the trans-membrane NSP4 is bound 

to both the DLP and VP4 and causes a deformation in the ER that results in 

encapsulation of the DLP and the formation of a VP7 containing envelope. The VP7 

trimers comprising the envelope bind to the DLP and lock VP4 in place (Trask et al., 

2012). NSP4 also regulates the high Ca2+ concentration within the ER required for the 

formation of stable VP7 trimers and the proper coating of the DLP (Kuum et al., 2012; 

Ruiz et al., 2000; Waldron et al., 1994). 
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After the enveloped TLP has bound both VP4 and VP7, the envelope is lost through 

unknown means and the mature TLP is released at the apical surface of the now 

polarised cells before cell lysis (Cuadras et al., 2006). 

1.3.5 Rotavirus pathogenesis and vaccines 

1.3.5.1 Burden of disease 

Rotavirus was first described in the early 1940s as an “agent” causing “epidemic 

diarrhoea” in calves and infantile mice (Kraft, 1957; Light & Hodes, 1943). Its 

importance as a human pathogen was first identified in 1973 when RV particles were 

found in the duodenal mucosa (following electron microscopic examination) of nine 

infants presenting with severe diarrhoea (Bishop et al., 1973; Davidson et al., 1975). 

Viral particles similar to those described by Bishop and Davidson were subsequently 

identified and associated with individuals suffering from gastroenteritis (Flewett et al., 

1973; Flewett & Woode, 1978b). 

Today RV is considered one of the major causes of severe gastroenteritis in both 

humans and animals and is responsible for roughly 125,000 deaths annually of 

children under the age of 5 (Clark et al., 2017; WHO, 2016).  

Figure 8: Illustration of NSP4 mediated DLP binding and ER penetration during outer capsid coating pathway. 
NSP4 binding to both VP4 and the DLP causes ER membrane deformation and entry into the ER. During this stage 
VP4 associates with the DLP and a temporary envelope containing VP7 is formed. VP7 binds to the DLP, locking 
VP4 in place and the envelope is lost through unknown means. Figure taken from Trask et al., 2012b with permission.



46 

Although RV infections are ubiquitously spread across the globe, life-threatening 

dehydration due to diarrhoea mainly occurs in developing countries such as those in 

Africa and Asia, which contribute to upwards of 50% of the global mortality rate. RV 

also threatens food-stock security as it is a zoonotic virus capable of infecting rodents, 

several bird species and livestock. 

As mentioned in Section 1.3.4, the target of rotavirus infection is the villus cells of the 

small intestine and is spread through the faecal-oral pathway. On a systemic level, 

following RV infection, necrosis of the epithelial cells of the small intestine is induced 

leading to villous atrophy (Desselberger et al., 2009; Johnson et al., 1986; Ramig, 

2004). This is followed by enterocyte atrophy which in turn causes a loss of intestinal 

enzymes, low absorption capacity and increased osmotic pressure (Desselberger et 

al., 2009). In addition to this damage to the endothelial cells result in crypt cells 

becoming hyperplasic which is also commonly accompanied by increased fluid 

secretion (Ramig, 2004), resulting in gastroenteritis and dehydration due to diarrhoea. 

On a cellular level NSP4 (RV GS10) acts as an enterotoxin that disrupts the cellular 

electrolyte balance by directly simulating the enteric nervous system, leading to an 

intracellular increase of Ca2+ levels (Ball et al., 1996; Dong et al., 1997; Lundgren et 

al., 2000; Ramig, 2004). Other major contributors to cellular toxicity and viral 

pathogenesis are VP4, VP3, NSP1 and NSP2 (Desselberger et al., 2009). 

1.3.5.2 Immune response 

Rotavirus infections can elicit both an innate immune response and a cellular immune 

response depending on the specific strain and host cell type (Frias et al., 2012; Sen 

et al., 2011). In most cases, the innate immune response is the first line of defence 

against initial infection (García-Sastre & Biron, 2006) and comprises of various pattern 

recognition receptors (PRRs) (Levy et al., 2011) and the production and secretion of 

cytokines such as type I (IFN-β) and type III interferon (IFN-λ) (Deal et al., 2010; Frias 

et al., 2012; Pott et al., 2011; Sen et al., 2011). The activation of the innate immune 

response initiates a cascade of cellular signals that ultimately establishes an anti-viral 

state within the cell and induces the activation of the cellular immune response (Angel 

et al., 2012; Pott et al., 2011; Pott et al., 2012). The primary function of PRRs is the 
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detection of viral pathogen-associated molecular patterns (PAMPs) (Levy et al., 2011), 

and include membrane-bound Toll-like receptors (TLRs), cytoplasmic retinoic acid-

inducible gene I-like receptors (RLRs) and the cytoplasmic nucleotide oligomerisation 

domain (NOD)-like receptors (Akira et al., 2006; Mogensen, 2009). One of the most 

common and strongly immunogenic PAMPs is dsRNA (Thompson & Locarnini, 2007), 

and various other viral replication intermediates. For this reason, RV has evolved 

various strategies to evade the innate immune response, some of which include the 

formation of the viroplasm, the transcriptionally active DLPs (no dsRNA exposed to 

cytoplasm) and the NSP1 mediated anti-interferon response, Figure 9, (Arnold & 

Patton, 2011; Barro & Patton, 2007; Sen et al., 2009). 

The cellular immune response induced by RV infections is well documented in rat, 

rabbit, pig and mouse models (Conner et al., 1993; Franco & Greenberg, 1997; 

Knipping et al., 2011; Yuan et al., 1998) with the focus being on B-cell and T-cell 

activation as well as the production of various rotavirus-specific antibodies. When 

Figure 9: Schematic depiction of the innate immune response and the NSP1 mediated anti-interferon 
response. During initial infection IFN regulatory factor 3 (IRF3) or NF-κB is activated by the stimulation of various 
PRRs, MDA5 or RIG-I and PKRs by virus-specific ligands. The IFN regulatory factors then translocate to the nucleus 
and activate interferon stimulated genes (ISG) through the production of IFN. NSP1 inhibits IRF3 (Bridgen & Elliott, 
1996; Falcone et al., 1999; Gentsch et al., 1992)(Komoto & Taniguchi, 2006)(Luytjes et al., 1989; Neumann & 
Kawaoka, 2001; Neumann et al., 1999), and in so doing circumvents the establishment of an anti-viral state. Figure 
from (Angel et al., 2012) with permission.
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infecting adult mice with the virus, no diarrheal symptoms develop, however viral 

shedding is observed. This viral shedding required IgA and IgG-producing B 

lymphocytes to clear (Franco & Greenberg, 1999). Viral clearance is observed in T-

cell deficient mice (Franco & Greenberg, 1995; Franco & Greenberg, 1997), however, 

the process is very slow, indicating that the initial response to RV infection is based 

on B-cell activation and is T-cell independent (Blutt et al., 2002). In gnotobiotic piglets, 

the use of milk supplemented with anti-RV (human Wa strain) IgY antibodies (raised 

in chickens) passively increased rates of protection against Wa strains in a dose-

dependent manner (Vega et al., 2012). Similarly, anti-VP6 antibodies (raised in llamas) 

provided broad neutralising activity in vitro and provided protection against diarrhoea 

in mice models (Garaicoechea et al., 2008). 

Although extensive animal model studies have been performed, their findings do not 

necessarily translate well to humans where initial RV infection elicits the production of 

intestinal and systemic antibodies which protect against severe diarrhoea upon re-

infection (Davidson et al., 1983; Velázquez et al., 1996; Ward & Bernstein, 1994). The 

majority of human infections result in protection levels against re-infection of roughly 

40%, 75% against any diarrhoea and 88% against severe diarrhoea (Gladstone et al., 

2011; Velázquez et al., 1996). The precise correlates of protection are not currently 

known. However intestinal IgA antibodies against the outer capsid proteins VP4 and 

VP7 seem to provide neutralising protection (Desselberger & Huppertz, 2011; 

Desselberger et al., 2009; Franco et al., 2006; Franco & Greenberg, 1999). This theory 

is supported by the findings of Blutt et al. (2012) where mice lacking mucosal IgA did 

not develop protective immunity against repeat infections (Blutt et al., 2012), and 

refuted by Angel et al. (2012), as it has been shown that rotavirus-specific IgA 

antibodies are not optimal correlates of protection following vaccination of children in 

developing countries (Angel et al., 2012). 

1.3.5.3 Live-attenuated vaccines 

The first two widely used commercial RV vaccines are, RotaTeq® (Merck) a 

pentavalent (G1, G2, G3, G4, G6: P[5], P[8]) live attenuated human-bovine reassortant 

vaccine, and Rotarix™ (GlaxoSmithKline), a live attenuated vaccine derived from a 



49 

human G1P[8] RV isolate (Vesikari et al., 2006). The efficacy of an immune response 

to these vaccines are suboptimal in children in Africa and other developing countries 

(Clarke & Desselberger, 2015; Desselberger, 2014; Madhi et al., 2010; Ruiz-Palacios 

et al., 2006; WHO, 2016; Zaman et al., 2010). Various reasons have been postulated 

for the reduced vaccine efficacy in these regions including interference of RV-specific 

antibodies acquired via breastfeeding, co-administration of the oral polio vaccine, 

malnutrition and co-infections such as HIV. It has also been speculated that the 

vaccines have a lower efficacy against the specific RV strains circulating in Africa and 

Asia, which are considerably more diverse than that of the other regions and countries. 

To devise suitable approaches towards local strain-based vaccine development it is 

important to gain a better understanding of the replication cycle of RVs and the extent 

of structural compatibility of proteins of various strains. Reverse genetics (RG) has 

been very useful to study this in many other viruses. 

1.3.5.4 Sub-unit and VLP vaccines 

Virus-like particles (VLPs) are comprised of several of the structural components of a 

virus without any of the viral genome, thus making the VLP immunogenic but 

eliminating the risk of reassortment and viral replication. This allows the VLP to elicit 

a humoral and cellular immune response without the risk of infection. However, VLPs 

are non-replicating meaning that repeated dosages of the antigen are required to elicit 

long term immunity. As a result of this, many studies have indicated that VLPs can be 

used as an immune booster that can provide extended immunity to that of the existing 

vaccines, in essence making VLPs complementary to attenuated vaccines instead of 

an alternative thereof (Jere et al. 2014; Shoja et al. 2013; Li et al. 2014; Petitpas et al. 

1998; Azevedo et al., 2010). 

1.3.6 Rotavirus SA11 

Simian agent 11 (SA11), was first isolated by Dr Hubert Malherbe in 1958 from a rectal 

swab of an overtly healthy vervet monkey (Cercopithecus aethiops pygerythrus) at the 

National Institute of Virology (Johannesburg, South Africa). SA11 is the first rotavirus 

ever described (Malherbe & Harwin, 1963; Malherbe & Strickland-Cholmley, 1967). 
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SA11 was selected for this project as it propagates very well in cell culture, has never 

caused any form of diarrhoea (or any other RV associated pathology) and is 

universally viewed as a prototype strain for RV research pertaining to viral replication 

and genome segment function (Estes et al., 1979b; Matthijnssens et al., 2010; Small 

et al., 2007). The specific strain selected for this project is RVA/Simian-tc/ZAF/SA11-

H96/1958-N5/G3P5B[2]. Its genotype is G3-P[2]-I2-R2-C5-M5-A5-N5-T5-E2-H5 

(Mlera et al., 2013) 

1.4 Overview of RG systems for the Reoviridae family 

1.4.1 Reovirus RG 

The first member of the Reoviridae family to be rescued from a RG system was 

reovirus (Roner et al., 1990). The reovirus RG system entailed the transfection of 

either ssRNA, dsRNA or a mixture of the two in association with a reticulocyte lysate 

in which ssRNA or dsRNA had been translated. Reovirus strain ST3 was selected for 

this experiment and transfections were done in murine fibroblast cells (L929). After 

transfection, a helper-virus (reovirus ST2 which propagated much slower than the ST3 

strain) was used to infect the L929 cells and viruses were harvested after 24 to 48 

hours. The recovered viruses were then passaged and as expected the ST3 strain 

formed plaques after roughly 5 days whereas the helper-virus ST2 strain only formed 

plaques after 12 days. This early system was helper-virus based and required a 

selection system and had very low efficiency, roughly 4% of transfected cells yielded 

recombinant virus (Roner et al., 1990). This system was however used to incorporate 

on cDNA level a CAT reporter gene into the viral genome (Roner & Joklik, 2001). 
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As with most RG systems various attempts were made to either increase the sensitivity 

of the selection system or to entirely remove it through the development of a plasmid-

based system. This was achieved in 2007 when plasmids carrying viral cDNA were 

constructed for each of the viral genome segments flanked by a T7 polymerase 

promoter at the 5` end and a hepatitis D virus (HDV) ribozyme (Rib) at the 3'-end 

(Kobayashi et al., 2007). The use of the T7 promoter and the HDV Rib ensured that 

the mRNA transcripts of the plasmids carrying viral cDNA produced exact 5`- and 3` 

termini mimicking that of the actual viral transcripts. The viral rescue was achieved 

through transfection of plasmids into L929 cells followed by infection with a 

recombinant vaccinia virus (rDIs-T7pol) which provided the T7 polymerase for 

transcription and capping of reovirus transcripts. Recombinant reovirus was recovered 

after 5 days. The system was later optimized by incorporating multiple genome 

segments into single plasmids (Figure 10). 

Although reovirus rescue has been achieved, the RG system has of yet not been 

widely applied for research or commercial purposes, indicating that it is technically 

difficult and requires optimization or further development. Boehme and associates 

Figure 10: Illustration of reovirus RG setup and rational. A: Illustration of the layout of the cDNA carried in the 
transfection plasmid. Reovirus cDNA (in black) is flanked by the T7 polymerase promoter (in yellow) on the 5` end 
and by the HDV rib (in white) at the 3` end. B: Illustration of the 10 cDNA carrying plasmids representing the total 
viral genome being transfected into L929 cells expressing the T7 polymerase (derived from infection with recombinant 
VV-helper-virus), yielding recombinant reovirus. C: illustration of the improved reovirus RG system where multiple 
genome segments are carried in single plasmids. Image taken from (Matthijnssens et al., 2008c) with permission.
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attempted to implement and recreate the system in 2011 and failed to rescue. 

According to the author, technical problems such as plasmid purity and concentration, 

transfection efficiency and T7 polymerase activity are most likely the cause of their 

failure, however, the occurrence of lethal mutations within the system cannot be ruled 

out (Boehme et al., 2011). This illustrates the difficulty in the rescue of members of the 

Reoviridae family and underlies most of the technical challenges that RG systems for 

this family present. 

1.4.2 Orbivirus RG 

Another very important genus in the Reoviridae family that has been rescued with 

various RG system is the Orbiviruses, of which bluetongue virus (BTV) and African 

horsesickness virus (AHSV) will be discussed here. These RG systems also played a 

significant role in this project as the strategies used during their implementation and 

optimization were also used during the implementation and optimization of both the 

Japanese pT7_SA11-L2 RV RG system and the locally developed pSmart_SA11-N5 

RV RG system. Both the BTV and AHSV RG systems followed a similar development 

and optimization approach, starting with transfections of viral-core-derived transcripts, 

then moving on to run-off transcripts synthesised from cDNA plasmids, to expression 

plasmids along with run-off transcripts and culminating in the development of plasmid-

only RG systems. The research findings and applications of both BTV and AHSV RG 

systems have been very important and have led to the elucidation of several key viral 

replication and virulence factors and will have an economic impact in terms of the 

development of various, rationally designed, recombinant vaccine candidates. 
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1.4.2.1 BTV RG development and overview 

BTV was first rescued in 2007 through the transfection of (+)ssRNA derived from 

transcriptionally active viral core particles (Boyce & Roy, 2007). This initial rescue 

proved that BTV can be produced from transfections of viral (+)ssRNA transcripts 

alone, and laid the foundations for rapid development and optimization of various BTV 

RG systems. In 2008 Boyce and associates rescued recombinant BTV containing both 

genome segments from serotype 1 and serotype 9 through transfection of core derived 

(+)ssRNA of both serotypes into BSR cells. This not only illustrated the capacity for 

recombinant viral engineering but also suggested that a similar approach could be 

used for the development of multi-serotype vaccine candidates. In the same year, 

transcription plasmids were constructed with cDNA copies of the entire viral genome 

under the control of a T7 viral RNA polymerase promoter (Boyce et al., 2008a). 

These plasmids were then used to generate in vitro transcripts, using a T7 viral RNA 

polymerase, which was used to successfully rescue recombinant BTV. This laid the 

foundations for further work in the field and resulted in the rescue of both virulent and 

non-virulent field strains of BTV (van Gennip et al., 2012b). It was also reported that 

BTV can be rescued from in vitro reconstituted BTV sub-cores in a cell-free reverse 

genetics system (Lourenco & Roy, 2011). Further optimizations to the BTV RG system 

included the use of a two-step transfection protocol which entailed the transfection of 

expression plasmids, which express the viral replication complex (VP1 and NS2, and 

VP3 if the transcripts were not capped prior to transfection), followed by transfection 

of the 10 capped genome transcripts 18 hours later. 

The initial transfection allows protein expression and initiates viral production and the 

second transfection is thought to provide transcripts for viral packaging and maturation 

(Boyce et al., 2008b; Matsuo et al., 2010; van Gennip et al., 2012a). Following the 

success of the BTV transcript-based RG systems, a plasmid only RG approach was 

developed. This was achieved through the construction of transcription plasmids that 

flanked cDNA copies of the BTV genome segments with a 5`- T7 viral polymerase 

promoter and a 3`- HDV ribozyme (Figure 11). 
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The plasmid only BTV RG system comprised of 10 transcription cassettes (similar to 

those used in the in vitro transcription model), each representing a single viral genome 

segment, and were transfected into BSR cells expressing the viral T7 polymerase. 

Recombinant BTV virus was rescued after 3-5 days from this system. 

1.4.2.2 AHSV RG development and overview 

AHSV was first rescued in 2010 through the transfection of (+)ssRNA derived from 

transcriptionally active viral core particles (Matsuo et al., 2010) similar to that of the 

first BTV RG system. This was also quickly followed by the construction of transcription 

plasmids carrying cDNA copies of the 10 AHSV genome segments under the control 

of a T7-RNA polymerase promoter. Similar to the progression of the BTV RG systems, 

these transcription cassettes were used for the in vitro synthesis of run-off transcripts 

that were capped and transfected into BSR cells. Within the AHSV RG system, the 

two-step transfection approach significantly increased viral yield. 

Figure 11: Illustration of the construction and execution of the BTV plasmid only RG system. The 10 
transcription plasmids (left) were designed by incorporating a cDNA copy of each viral genome segment into the 
pRG15 plasmid (right) flanked by a 5`- T7 promoter and a 3`- HDV ribozyme. The plasmids are pooled and 
transfected into BSR-T7 cells. Recombinant virus is rescued after 3-5 days incubation. Image taken from  with 
permission. 
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It was also shown that although AHSV could be rescued from non-capped transcripts, 

the viral yield was significantly increased once the transcripts were capped (Conradie 

et al., 2016; van de Water et al., 2015). This was one of the optimizations used during 

the implementation of the Japanese pT7_SA11-L2 RV RG and locally developed 

pSmart_SA11-N5 RV RG systems. Another key element of the BTV and AHSV RG 

systems that were incorporated into this project was the use of equi-molar amounts of 

transfection plasmids. AHSV RG systems also moved to a more plasmid-based 

approach over time. This started with the transfection of expression plasmids encoding 

the viral replication complex (VP1, VP3 and NS2, as well as VP4, VP6 and VP7 if 

transcripts were not capped prior to transfection), followed by the transfection of the 

10 capped genome transcripts 18 hours later. Over time this model developed into a 

plasmid only version where expression plasmids were transfected first followed by 

transcription plasmids 18 hours later (Conradie et al., 2016; van de Water et al., 2015; 

van Rijn et al., 2016). These transcription plasmids were designed similarly to those 

used in the BTV plasmid only RG system and entailed the cDNA copy of the AHSV 

genome segment being flanked by a 5`- viral T7 RNA polymerase promoter and a -3` 

HDV ribozyme, ensuring precise 5`- and -3` transcript termini (Figure 12). 

Figure 12: Illustration of the construction and execution of the AHSV plasmid only RG system. The 10 
transcription plasmids (left) were designed by incorporating a cDNA copy of each viral genome segment into the 
pJAD1 and pJAD2 plasmids (right) flanked by a 5`- T7 promoter and a 3`- HDV ribozyme. The plasmids are pooled 
and transfected into BSR-T7 cells. Recombinant virus is rescued after 3-5 days incubation. Image taken from  with 
permission 
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1.4.2.3 Orbivirus RG findings and applications 

Both the AHSV and BTV RG systems have significant commercial applications. The 

most important research findings thus far are the elucidation of the function of NS3 

and NS4 in both BTV and AHSV, the generation of Disabled Infectious Single 

Cycle/Cell (DISC) and Disabled Infectious Single Animal (DISA) vaccine candidates 

for both BTV and AHSV, the generation of multi-serotype (transcapsidation) vaccine 

candidates and the development of diagnostic strategies for the detection of variations 

between WT BTV and AHSV infection and the immune response to their respective 

recombinant vaccines.  

For both AHSV and BTV the non-structural proteins NS3 and NS4 have long been 

suspected to be associated with virulence, however, their precise functions remained 

unknown until the development of the AHSV and BTV RG systems. It has now been 

shown that NS3 is required for viral egress from insect cells (during the midge vector 

part of the viral life cycle) and is cytotoxic in mammalian cells. NS3 also suppresses 

the interferon response in mammalian cells and is a key target in the development of 

DISA vaccines. DISA vaccines are rationally attenuated, recombinant vaccines that 

lack the NS3 genome segment and as such cannot be spread from mammalian hosts 

via insect vectors, as viral egress is inhibited (Feenstra et al., 2014; Feenstra et al., 

2015; Ruiz et al., 2007; van de Water et al., 2015; van Rijn et al., 2017; van Rijn et al., 

2018a; van Rijn et al., 2018b). 

NS4 has also been shown to interfere with the mammalian immune response and is a 

very important virulence factor. Recombinant BTV and AHSV lacking NS4 have been 

shown to elicit a strong immune response without the development of severe disease 

symptoms. Additionally, DISC vaccines are recombinant BTV and AHSV strains that 

lack the essential VP6 genome segment and can thus not replicate within the host. 

DISC vaccines are viewed as save vaccines that can elicit an immune response but 

cannot replicate within the host. DISC vaccines are produced by using a RG system 

that lacks the VP6 genome segment (that also contains the NS4 ORF), transfected 

into specialized cell-lines that express the required VP6 protein. This produces a 

recombinant infectious virus that cannot replicate (van Gennip et al., 2012a; van Rijn 

et al., 2016). 
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BTV and AHSV RG systems have also been used to generate multi-serotype vaccines 

by using a universal core particle and exchanging the VP2 from different serotypes. 

For AHSV all 9 serotypes can be rescued with a single universal core, whereas BTV 

requires the use of two core particles to facilitate the expression of every serotype 

(Conradie et al., 2016; Potgieter et al., 2003; van de Water et al., 2015). Another very 

important research output and practical application of the BTV and AHSV RG systems 

was the development of diagnostic tests to distinguish between the presence of WT 

virus and vaccine virus in the blood and bodily fluids. In summary, the development of 

RG systems for BTV and AHSV have already provided much insight into viral 

replication, virus-host cell interactions and the correlation between protein structure 

and serotype-specific immunogenicity (Bishop, 2016). It can be safely assumed that 

the optimization of a robust helper-virus independent RV RG system will do the same. 

1.4.3 Rotavirus RG 

1.4.3.1 Helper-virus based RV RGs 

The first RV RG systems (Figure 13) was mainly based on the ability of the viral 

genome segments to undergo reassortment (Komoto & Taniguchi, 2006). These early 

RG systems for RV primarily focused on single-segment replacement methods relying 

on infection of an appropriate cell-line with a helper virus that carries a specific 

selection property and the transfection of a plasmid carrying a cDNA copy of the 

recombinant genome segment. These systems mainly utilized RV SA11 as backbone 

due to its non-pathogenic nature, or RRV due to the wide range of temperature-

sensitive mutants that are available (Johne et al., 2015; Mansell et al., 1994; Ramig & 

Gombold, 1991; Trask et al., 2010). The majority of the early studies also focused on 

the exchange of the outer capsid protein VP4 as it elicits neutralizing antibodies. For 

RV RGs the efficiency of recovery is almost entirely dependent on the strength of the 

selection system used to isolate the single-segment recombinant RV from the 

unmodified helper virus population (Trask et al., 2013). 
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As previously mentioned, the RV RG system relies on the T7-mediated transcription 

of cDNA containing plasmids followed by either antibody-, short interfering RNA 

(siRNA)- or temperature-sensitive mutation-based selection systems (Figure 14) for 

the selection of reassortants (Komoto & Taniguchi, 2006; Trask et al., 2010). A recent 

adaptation of the temperature-sensitive selection technique was published by Johne 

et al. (2015) and entails the plasmid-based replacement of RNA genome segment 4 

of the SA11 strain with that of an avian RV strain. The technique requires the 

transfection of a plasmid carrying the cDNA RV genome segment 4 (of the avian strain) 

into BSR-T5/7 cells. The BSR-T5/7 cells were selected due to their relative ease of 

transfection and their expression of the T7 polymerase (required for the expression of 

the previously mentioned recombinant plasmid under the regulation of the T7 

promoter). The transfected cells were then infected with a temperature-sensitive RV 

SA11 strain (tsSA11) and allowed to proliferate. Rescued viruses (a mixture of 

reassortants and the original tsSA11) were then transferred to MA104 cells for 

temperature selection and recovery since reassorted viruses would be more 

temperature tolerant than the original unmodified tsSA11 helper virus (Johne et al., 

2015). 

Figure 13: Illustration of the simplified helper-virus based RV RG system. The system entails the transfection 
of COS-7 cells with a transcription plasmid containing the selected recombinant RV cDNA genome segment under 
the regulation of a 5`-T7 promoter. The cells are then infected with a recombinant VV expressing the T7 RNA 
polymerase. This is then followed by infection of the cells with the helper virus. Following incubation and 
reassortment, recombinant viruses are screened and propagated further. Image taken from (Ramig, 1997) with 
permission. 
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1.4.3.2 Transcript-based RV RGs 

Before the advent of any helper-virus based RV RG systems, an attempt was made 

at rescuing recombinant RV based on the initial approaches of the BTV and AHSV RG 

systems, namely the generation of transcripts from viral cores (Chen et al., 1999; 

Patton, 1986; Patton & Chen, 1999; Stacy-Phipps & Patton, 1987; van Rijn et al., 

2016). It was shown that RV transcripts can be synthesised in vitro if isolated RV 

particles are un-coated (outer capsid proteins VP4 and VP7 are removed) to expose 

the DLP. Early work was aimed at isolation of these transcripts followed by transfection 

into appropriate cells along with a transcript of a recombinant RV genome segment. 

This recombinant GS contained specific restriction sites not present in the core-

derived transcripts, which allowed for screening of recombinant RV after reassortment. 

Figure 14: Graphic representation of various helper-virus based RV RG selection systems. A: RNAi selection 
system. During this type of selection, the helper virus contains an antagonist sequence in the gene of interest that is 
not present in the recombinant version. Following reassortment, the viral population is passaged and treated with 
interfering RNA specific to the unaltered helper-virus, thus selecting for recombinant strains. B: Temperature 
selection system. During this type of selection, the helper-virus selected contains mutations that inhibit its growth at 
39°C. Following reassortment the viral population is passaged and grown at the higher temperature, thus selecting 
recombinant viruses. Image taken from  with permission. 
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This approach did yield successful reassortment, however, the technique was not fully 

implemented due to limitations in the screening process and the lack of an adequate 

selection system. The premise of the transcript based model remained a viable RV 

RG model, however, and was later attempted at various institutions (Potgieter, A.C. 

Deltamune. Personal communication), including the NWU. The development and 

implementation of a robust RV RG system have long been a goal of our research 

group at the NWU. In the past several attempts have been made to generate both a 

transcript based and plasmid-based RG system, and although significant insights have 

been gained through this process, no fully functional RV RG was obtained. 

These systems were based on the work of Dr L. Mlera (Mlera, 2012), and Dr JF. 

Wentzel (Wentzel, 2014). In his PhD, Dr Mlera performed whole genome amplification 

and 454 pyrosequencing of the prototype DS1-like RV strain and derived the 

consensus sequence thereof. Dr Mlera did the same for the African SA11 strain, which 

is used throughout this project, and performed a molecular clock phylogenetic analysis 

thereon. Dr Mlera not only determined the SA11 consensus sequence but also 

characterized the sample obtained from the Diarrhoeal Pathogens Research Unit 

(DPRU), University of Limpopo (Pretoria, South Africa) and determined that the SA11 

was the product of a mixed infection of the SA11-N5 and a bovine “O-agent” RV strains 

(Mlera et al., 2013). Over time, and consecutive passages, the O-agent reassorted 

with the SA11-N5 strain to produce a small population of SA11-N2 reassortants. The 

SA11-N2 strain outcompeted the predominant SA11-N5 strain over time as evaluated 

by various whole genome sequencing experiments on the viral culture. Dr Mlera also 

designed a transcript based RV RG system that relied on the transfection of in vitro 

generated transcripts. Although the system could not rescue recombinant virus, it did 

illustrate the innate immune response elicited by RV transcripts, which heavily 

impacted later work on RV RG at the NWU. 

For his PhD, Dr Wentzel developed a more plasmid-based approach to the RV RG 

system, designing four multi-genome segment encoding plasmids: 1) pAlpha held GS1 

(VP1), GS8 (NSP2) and GS11 (NSP5/6), 2) pBeta held GS2 (VP2) and GS3 (VP3), 3) 

pDelta (held GS7 (NSP3), GS10 (NSP4) and GS9 (VP7), and finally, 4) pGamma held 

GS4 (VP4), GS6 (VP6) and GS5 (NSP1), Figure 51. These transcription plasmids 

(Appendix C) carried the consensus sequence cDNA of the SA11-N5 genome 

segments each flanked by a 5`- viral T7-RNA polymerase promoter and a -3` HDV 
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ribozyme. He used these plasmids to generate viral mRNA with exact 5`- and -3` 

termini which would be used in conjunction with several expression plasmids to 

attempt RV rescue. The four transcription plasmids were used for the construction of 

the pSmart_SA11-N5 RV RG rescue plasmid set by L. Geldenhuys and myself. 

The expression plasmids encoded the ORFs of the viral replication complex (VP1, 

VP2, VP3, VP6, NSP2 and NSP5), codon-optimized for expression in MA104 cells. 

Similar to the AHSV RG system, these expression plasmids would be transfected first 

to initiate the formation of the viroplasm and viral replication complexes, followed by a 

later transfection of the viral mRNA transcripts for viral genome packaging and 

replication. Although many valuable insights were gain from Dr Wentzel’s project, a 

coding error in his initial plasmid constructs resulted in the formation of incorrect non-

coding regions in the viral mRNAs 5`- termini, which made viral genome packaging 

impossible. The 5`-GGGN sequence, although very beneficial for transcription, could 

not be packaged, and resulted in failed viral rescue and propagation. Later attempts 

at the NWU were aimed at correcting the 5`- sequence to the consensus 5`-GGN 

version and reattempting the transcription model approach (Section 3.1). He did, 

however, show that viral mRNA can be transfected into cells and could be expressed 

to generate viral proteins and that precise 5`- and 3`- termini are essential for viral 

genome packaging and viral replication (Wentzel, 2014). 

1.4.3.3 Plasmid-based RV RGs 

The long-awaited goal of a true selection-free, RV RG system which we and others 

globally worked towards has recently been achieved. The lack thereof was the main 

bottleneck of major progress in important basic and applied research on rotaviruses 

the past two decades. During early 2017, a Japanese group published their results 

that they succeeded in developing a plasmid-based reverse genetics system that is 

free from helper viruses and independent of any selection for the rotavirus simian 

agent 11, strain L2 (Kanai et al., 2017). Their success was based on a very similar 

approach that our research group at the NWU were following for SA11-N5, but they 

incorporated two additional enzymes which significantly increased the efficiency of 

rescue. This is undoubtedly the most significant breakthrough in the field in the past 
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few decades. Although the introduction of the commercial vaccines, RotaTeq and 

Rotarix, in 2006 has reduced RV infections and mortality rates globally, their efficiency 

in developing countries such as South Africa has been shown to be much lower than 

countries such as Europe and USA (Madhi et al., 2010). It is postulated that 

reassortment and interspecies transmission (zoonosis) along with the differences in 

the circulating field strains of Africa in comparison to that in Europe and America might 

explain the reduced efficiency of the vaccine. It is for this reason that the advent of the 

plasmid only RG system is so important. This could allow the generation of rationally 

designed, regionally specific RV vaccine candidates and answer some of the most 

burning questions pertaining to RV replication and pathogenesis. 

The first fully plasmid-based RV RG system (pT7_SA11-L2) is illustrated in Figure 15 

below. The system comprises of 14 plasmids, 11 of which carry cDNA copies of the 

RV genome segments, 2 of which encode the VV capping enzyme sub-units and the 

last encoding the NBV FAST protein (Section 2.1). The 11 cDNA RV genome 

segments are carried in transcription plasmids designed to flank each GS with a 5`- 

viral T7-promoter, and a 3`-HDV ribozyme. These additions to the GS ensured precise 

transcription and the generation of exact 5`- and 3`- ends, something that is known to 

be essential for viral genome packaging and replication. For rescue, the plasmids are 

extracted and mixed together in equi-ug amounts and transfected into BHK-T7 cells. 

The transfected cells are then incubated and co-seeded with MA104 cells to facilitate 

an increase in titer for any rescued virus. The co-seeded culture is incubated until CPE 

is visible, after which the culture is lysed and passaged for visualization. The initial 

pT7_SA11-L2 RV RG system was made available to the scientific community through 

the AddGene service and was acquired and implemented at various institutions across 

the globe. This system was then further developed through the incorporation of an 

eGFP flag system for quick visualization of viral rescue (Kanai et al., 2017). 

Shortly after the publication of the Kanai RV RG system another Japanese (Komoto 

et al., 2017) group adapted the model and published their findings pertaining to the 

replication of RV in cell culture. This was one of the first practical applications of the 

plasmid only RV RG system and illustrated its potential for furthering RV research. 

Their findings suggested that NSP6 is non-essential for RV replication in cell culture.  



63 

Later the same group further developed the initial pT7_SA11-L2 RV RG system by 

reducing the size of the plasmid backbone and increasing the relative amounts of 

viroplasm forming genome segments NSP2 and NSP5. The primary co-seeding and 

propagation cell lines were also changed from MA104 to CV1 cells (Figure 16). These 

adaptations significantly improved viral recovery and also showed that the VV capping 

enzyme and NBV FAST protein was non-essential for viral rescue (Komoto et al., 

2018). Later the same group used the optimized system to incorporate a full-length 

GFP reporter into the ORF of the NSP1 gene segment (Komoto et al., 2018). The 

NSP1 protein was supplied in these experiments through the incorporation of a NSP1 

expression plasmid containing only the NSP1 ORF (no UTRs).  

Figure 15: Illustration of the basic rescue procedure of the pT7_SA11-L2 RV RG system. Equi-ug amounts of 
the 14 rescue plasmids are mixed together and transfected into BHK cells expressing the viral T7 RNA polymerase. 
NSB FAST protein expression results in cellular fusion. Cell lysates are passaged after which rescued virus is 
visualized. Image adapted from (Matthijnssens et al., 2011) with permission. 



64 

The main focuses of the major research entities using RV RG currently are the 

elucidation of viral packaging and pathogenesis mechanisms as well as the 

development of human chimeric strains. To date no published human chimaera 

system has been developed that utilizes the SA11 DLP, however, there are several 

successful recombinations with the SA11 TLP that carries a single VP4 or VP7 

reassortment. The Komoto research group also developed a human-SA11 hybrid 

(Komoto et al., 2019) that had a KU TLP with a SA11 VP4 (Figure 17). 

Figure 16: Illustration of the Komoto-optimized pT7_SA11-L2 RV RG system rescue procedure. Equi-ug 
amounts of the 11 rescue plasmids (with 3x more NSP2 and NSP5) are mixed together and transfected into BHK 
cells expressing the viral T7 RNA polymerase. Cell lysates are passaged onto CV-1 cells, after which rescued virus 
is visualized. Image adapted from (Matthijnssens et al., 2012) with permission. 
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1.4.3.4 Anticipated outcomes of a fully established, traceable, helper-virus 
independent RV RG system 

The major bottleneck in terms of RV genetic research has untill recently been the lack 

of a robust, traceable, helper-virus independent RG system. Although RV has been 

extensively studied in vitro, many elements pertaining to its replication cycle are still 

unclear. It is the general consensus that a robust, helper-virus independent RG system 

for RV will aid in the elucidation of several key mechanisms that initiate, regulate and 

guide interactions between the virus and the host cell (Desselberger, 2014). The 

following is a list of subjects proposed by Desselberger in 2014 that are of particular 

note in terms of RV research, and questions that can potentially be answered through 

the guided application of the newly developed plasmid-only RV RG systems: 

• The precise structure, orientation and interaction of dsRNA within the RV

core particle, with a specific focus on RNA-RNA interactions and the

interactions between dsRNA and VP2.

Figure 17: Illustration of the simplified rescue protocol for the KU-SA11 chimera RV RG system. Equi-ug 
amounts of the 10 KU rescue plasmids (with 3x more NSP2 and NSP5) are mixed together with an equi-ug amount 
of the SA11-VP4 rescue plasmid, and transfected into BHK cells expressing the viral T7 RNA polymerase. Cell 
lysates are passaged onto CV-1 cells, after which rescued virus is visualized. Image adapted from (Komoto et al., 
2019) with permission. 
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• Identification and characterization of the different receptors for various RV

strains, as well as the mechanisms used by various strains during infection

that add to strain specificity.

• The precise mechanism used during viroplasm formation for lipid droplet

recruitment as well as the regulatory elements thereof.

• The regulatory mechanisms controlling assortment and reassortment, as

well as the elements that limit reassortment of the 11 dsRNA segments

during viral replication.

• Details pertaining to RNA-RNA interactions during viral genome packaging

as well as RNA-protein interactions.

• Details pertaining to the formation and loss of the temporary enveloped RV

particles in the ER during viral maturation, with a specific focus on the

mechanisms involved in signalling and transportation.

• Development of intestinal organoid cell cultures to study and evaluate RV

replication in a more native/natural environment.

• The elements that determine RV pathogenicity and virulence, with a specific

focus on acquired mutations that increase or decrease host range and

disease progression.

• Elucidation of the molecular basis that determines host range and more

specifically organ- or cell-specific viral replication.

• The exact role that the various immune responses (innate, cellular and

humoral) play in establishing protection against RV infection and disease.

• Elucidation of the precise correlates of protection against RV infection and

disease.

• The factors determining and regulating the spread of RV through various

communities and populations.

• The reasons for the apparent decreased efficiency of commercial RV

vaccines in developing countries and areas of low socioeconomic status.

• The potential impact of universal mass vaccination against RV disease on

the evolution and diversification of RV strains.

• The potential for the development of rationally attenuated or non-living RV

vaccine candidates.
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• The identification of various stages during viral replication that can be

targeted by viral therapeutics, as well as the identification of various small

molecules that can act as antiviral agents.

1.5 Problem identification 

Rotavirus reverse genetics offers a powerful new way to research RV replication and 

pathogenesis, the applications of which can be significant and far-reaching. The first 

workable RV RG is now available, but its effectiveness and robustness still needs to 

be improved. 

1.6 Aims and Objectives 

This project entails the finalization, implementation and optimization of a plasmid-only 

pSmart_SA11-N5 RV RG system based on the Kanai (2017) plasmid-only pT7_SA11-

L2 RV RG system but with several key adaptations. 

Elements unique to this system include but are not limited to, the use of rotavirus-

SA11 consensus sequence genome segments, codon optimization for increased 

expression in cell culture and the incorporation of various elements of both the BTV 

and AHSV RG systems (van Gennip et al., 2012a; van Rijn et al., 2016) such as 

increased amounts of capping enzymes and the use of equi-molar transfection 

mixtures 

This pSmart_SA11-N5 RV RG platform will be established alongside that of the initial 

pT7_SA11-L2 RV RG system and compared throughout the development and 

implementation process (allowing a comparative analysis of both techniques). 
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The primary objectives of the project were: 

1) To acquire and implement the Japanese, plasmid-only, pT7_SA11-L2 RV RG

system at the NWU, and to increase the efficiency thereof through the

incorporation of insights from the AHSV and BTV RG systems.

2) To finalize plasmid construction and implement the locally designed, plasmid-

only, consensus sequence-based, pSmart_SA11-N5 RV RG system with all

optimizations used throughout the implementation and optimization of the

Japanese SA11-L2 RV RG system.

3) To compare the various optimizations of the Japanese pT7_SA11-L2 and

locally developed pSmart_SA11-N5 RV RG systems throughout the project via

TCID50 assay.
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Chapter 2 

Local implementation and optimization of plasmid only 
pT7_SA11-L2 RV RG system 

2.1 Introduction 

The pT7_SA11-L2 RV RG system was developed in 2017 by a Japanese group (Kanai 

et al., 2017), and made available to the scientific community through the AddGene 

service. The system, comprising of 14 plasmids, was acquired by various institutions 

across the globe, including the NWU. In this chapter I will be presenting my findings in 

terms of the implementation and rationally guided optimization of the pT7_SA11-L2 

RV RG system, outlining the approaches utilized and the rationale behind each. 

Initial attempts to implement the Japanese pT7_SA11-L2 RV RG system to obtain the 

results originally published by the group proved to be more difficult than anticipated. 

Although rescue was possible, repeatability was a major concern. Through 

communication with other institutions that were also in the process of implementing 

the system, it became apparent that we were not the only group that was struggling to 

implement the original pT7_SA11-L2 RV RG system (Prof. A.C. Potgieter, Deltamune, 

personal communication). This illustrated the need for further development and 

optimization of the Japanese, plasmid-based RV RG approach. 

My approach was to improve the system through the incorporation of techniques and 

strategies relating to two other dsRNA RG systems, namely the AHSV and BTV RG 

systems (Section 1.4). I also designed and incorporated several alternative expression 

plasmids encoding different capping and fusion proteins into the system, and 

incorporated newly published findings pertaining to this RG system throughout its 

implementation (Komoto et al., 2018). This accumulative approach was successful 

and allowed me to significantly optimize both the repeatability and overall efficiency of 

the system in terms of the rescued virus yield.  
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I used the implementation and optimization of the pT7_SA11-L2 RG system for testing 

and to familiarize myself fully with the techniques involved in the RG system, for the 

later implementation of our own locally developed, consensus sequence-based, 

pSmart_SA11-N5 RV RG system and preformed comparative analyses throughout the 

entire process (Chapter 3). 

2.2 Materials and Methods 

2.2.1 Transformation of chemically competent cells 

The protocol used for the transformation of chemically competent cells during this 

project is based on the original calcium-based DNA transformation protocol published 

in 1970 (Mandel & Higa, 1970). The underlying biochemical principles of the technique 

rely on the treatment of bacterial cells with calcium ions (Ca2+) to neutralise charges 

on the cell surface, eliminating electrostatic repulsion and allowing binding of foreign 

DNA to the cell membrane. The cell-DNA mixture is then exposed to an increase in 

temperature that facilitates the formation of pores in the cell membrane and creates a 

pressure differential that results in the cell taking up foreign DNA in its immediate 

surroundings. The temperature is then lowered so that the cell membranes can 

stabilize and the cells are incubated in media that is selective for transformed cells 

(Sambrook & Russell, 2001). 

For this project, chemically competent DH5α (Novagen, Merck Biosciences, 

Darmstadt, Germany) and Stellar cells (Takara Bio, Separations, Johannesburg, RSA) 

were purchased and transformed using the heat-shock protocol. Cells were thawed 

on wet ice for roughly 15min after which 50ul was transferred to a pre-chilled 15ml 

round bottom Falcon tube. Between 1ng and 100ng of plasmid DNA was added to the 

cells keeping the volume of DNA less than 5% of the volume of the cells. The cells 

and DNA were gently mixed through swirling and incubated on ice for 30min. This was 

followed by heat shock for 45sec in a pre-heated water bath at 42°C. Directly after 

heat shock, the cells were incubated on ice for 2min after which 950ul of pre-warmed 

recovery medium was added. 



71 

The transformation mixture was then incubated for 60min at 37°C in a shaking 

incubator at 250rpm. Finally, 50ul of the transformation mixture was spread out onto 

pre-warmed nutrient agar plates containing the appropriate antibiotic selection and 

incubated at 37°C overnight. 

2.2.2 Preparation of bacterial glycerol stocks 

The preparation of glycerol stocks allows the long-term storage of bacterial samples 

at extremely low temperatures (-80°C). The biochemical principles that underlie this 

practice is called cryo-protection and is based on glycerol’s membrane permeability 

and its ability to prevent cell shrinkage, prevent ice crystal formation and its ability to 

regulate isotonic pressure (Sambrook & Russell, 2001). For this project glycerol stocks 

were prepared from overnight bacterial cultures to which glycerol was added to a final 

concentration of 15%. The samples were then labelled, frozen and stored at -80°C. 

2.2.3 Colony selection and master-plate preparation 

Following transformation and plating, bacterial colonies were evaluated, isolated and 

transferred to a master-plate for further use. The basic premise of plating is that the 

bacterial culture is diluted and spread over a large surface area to isolate individual 

bacterial cells (Sambrook & Russell, 2001). During overnight incubation, these 

individual cells will replicate and form mono-clonal colonies that can be propagated for 

further use. During colony selection, it is important to identify and avoid non-desirable 

colonies such as satellite colonies, colonies arising from clumps of cells or cells that 

were not properly separate during plating. Once a properly isolated monoclonal colony 

was selected it was aseptically transferred to a pre-labelled agar master-plate 

containing the appropriate antibiotic selection for the desired experiment. The plate 

was then incubated overnight and then stored at 4°C until needed. 
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2.2.4 Miniprep plasmid extraction 

In this project, the QIAprep Spin Miniprep kit (Qiagen, Whitehead Scientific, 

Johannesburg, RSA) was used for all plasmid extractions except for when endotoxin-

free plasmid extraction was specifically required. The kit is designed for the small-

scale isolation of plasmid DNA from bacterial cultures using a simple bind-wash-elute 

method. The biochemical principles underlying this technique are the alkaline 

denaturing of high molecular weight chromosomal DNA (Birnboim & Doly, 1979) and 

the binding of DNA to a silica membrane in the presence of a high salt concentration 

(Sambrook & Russell, 2001). Very briefly, the technique takes advantage of the very 

narrow range of pH (between 12.0 and 12.5) where chromosomal DNA is denatured 

but closed-circular plasmid DNA remains double-stranded (ds). This high pH is 

achieved through the addition of NaOH and is neutralised through the addition of 

sodium acetate. During neutralization the chromosomal DNA partially re-natures and 

forms an insoluble clot along with various proteins while the plasmid DNA remains in 

suspension. The insoluble genomic DNA and proteins are then separated from the 

plasmid DNA through centrifugation and the plasmid DNA (present in the supernatant) 

is then bound to a silica membrane in the presence of a high salinity solution. The 

membrane is then washed with 70% ethanol through centrifugation and the plasmid 

DNA is eluted with a low salinity solution such as molecular grade water or elution 

buffer. Directly prior to the use of this kit the LyseBlue reagent was added to Buffer P1 

along with an RNase-A solution (1:1000 ratio). Buffer P1 was correspondingly labelled 

and stored at 4°C as per the manufacturers’ protocol. LyseBlue is a colour indicator 

that will visualize optimal mixing and pH during the procedure. Additionally, 220μl of 

100% ethanol was added to Buffer PE and correspondingly labelled. Extraction was 

performed as per the manufacturers’ guidelines. 

Overnight bacterial cultures of 5ml LB in a 15ml Falcon tube, were pelleted at room 

temperature through centrifugation at 6000g for 5 minutes. The supernatant was 

carefully decanted, and the pellet was dried for roughly 10min by leaving the tubes 

upside down on a paper towel. After drying, the pellet was re-suspended in 250ul 

buffer P1 (containing EDTA, Tris, RNase-A and glucose) and homogenised through 

pipetting. 
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The EDTA serves to chelate divalent cations such as magnesium (Mg2+) and calcium 

(Ca2+) that are required by DNases to function. In doing so the EDTA not only prevents 

damage to plasmids but also helps to destabilise the cell walls of the bacteria aiding 

in lysis. RNase-A degrades any RNAs released after cell lysis, a necessary step as 

RNA will also bind to the silica membrane and contaminate the extracted plasmids 

after elution. Glucose functions as an osmotic pressure buffer and increases the 

overall plasmid yield. 

The homogenate was then moved to a sterile 2ml microcentrifuge tube and 250ul of 

chilled Buffer P2 was added and thoroughly mixed by inverting the tube six times. The 

reaction should turn blue due to the LyseBlue reagent indicating a pH of between 12.0 

and 12.5. If no colour change was observed additional NaOH was added until a colour 

change was clearly visible. Buffer P2 is the lysis buffer and contains sodium hydroxide 

(NaOH) and sodium dodecyl sulphate (SDS). 

The SDS will solubilise the cell membrane while the NaOH breaks down the cell wall 

and causes denaturing of proteins and genomic DNA. The lysis reaction should not 

exceed 5 minutes. Following lysis, 350ul of neutralizing buffer N3 was added to the 

solution and mixed through inverting the tube six times. Buffer N3 contains potassium 

acetate (CH3COOK) which decreases the alkalinity of the solution and turns it from 

blue to clear (colour-less or a milky opaque). The solution was then centrifuged at 16 

000g for 10 minutes to pellet the insoluble genomic DNA-protein complex along with 

cellular debris and other insoluble components. The supernatant was then carefully 

transferred to a QIAprep 2.0 spin column through pipetting and centrifuged at 13 000g 

for 60sec, after which the flow-through was discarded. 

The membrane was then washed by adding 750ul PE buffer and centrifuged again for 

60 seconds. If it was suspected that the sample might have a very high salt content, 

this washing buffer was incubated on the membrane at room temperature for 5min 

before centrifugation. Following the wash step, the flow-through was discarded and 

the membrane was again centrifuged without the addition of any buffers for 60sec to 

remove any residual buffer from the membrane and prepare it for elution. The QIAprep 

spin column was then transferred to a sterile 1.5ml Low-Bind micro-centrifuge tube 

and the plasmid DNA was eluted from the membrane by adding 50ul of preheated 

(75°C) nuclease-free H2O (Ion torrent nuclease-free H2O, ThermoFisher), allowed to 
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incubate for 60 seconds and then centrifuged at 13 000g for 60sec. The flow-through 

(containing the DNA) was collected, evaluated through AGE (Section 2.2.7) and 

quantified through spectrophotometry (Section 2.2.6). All centrifugation steps were 

carried out in an Eppendorf 2J20 bench centrifuge. 

 

2.2.5 Endotoxin-free maxiprep plasmid extraction 
 

The most common and commercially available bacterial cells used for transformations 

are gram-negative bacilli such as E. coli. This is due to the nature and structure of their 

thin, double-layered, cell walls that lack the thick peptidoglycan layer more commonly 

associated with gram-positive bacteria. The thick peptidoglycan layer makes 

transformation much more difficult. However, gram-negative bacteria have an 

abundance of highly variable cell membrane components known as 

lipopolysaccharides (LPS). LPSs are molecules that contain various hydrophobic, 

hydrophilic, and charged regions and are biologically active as cell membrane 

receptors, structural components and even facilitate intracellular communication. Due 

to the unique composition of LPSs, they can have various unanticipated and unwanted 

interactions with other molecules. It is for this reason that LPSs are also known as 

endotoxins and are known to dramatically reduce transfection efficiency and increase 

cellular toxicity (Butash et al., 2000). Especially when transfecting DNA into 

mammalian cells the levels of endotoxins must be reduced as far as possible. 

Therefore, all plasmids and DNA constructs that would be transfected in this project 

were first purified with the EndoFree® Plasmid Maxi kit (Qiagen, Whitehead Scientific). 

The kit is based on the same biochemical principles as that of the miniprep kits 

(Section 2.2.4) but with the addition of a wash step designed to specifically remove 

LPSs from the sample. Endotoxin-free plasmid extraction was performed as per the 

manufacturer’s guidelines from an overnight bacterial culture of 100ml which was 

separated into two 50ml Falcon tubes and pelleted through centrifugation at 6000g for 

15-30 minutes at 4ºC. The supernatant was decanted and both pellets were each 

resuspended in 2ml of buffer P1. The re-suspended pellets were homogenized 

through pipetting and added together. Additional buffer P1 was added to the 

suspension to a final volume of 10ml. 
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After re-suspension, 10ml of lysis buffer P2 was added and mixed by inverting the tube 

6 times during which the suspension should turn blue due to the LyseBlue reagent. 

The lysis reaction was incubated at room temperature for 5min after which 10ml of 

chilled Buffer P3 (neutralizing buffer) was added and mixed through inverting the tube 

six times. During this step, the suspension should change colour from blue to clear 

(transparent with a milky/opaque cloud suspended within). The suspension was then 

transferred to a provided QAI-filter cartridge and incubated for 10 minutes at room 

temperature.  

The cell lysate was filtered into the 50ml Falcon collection tube after which 2.5ml ER 

Buffer was added and incubated on ice for 30min. The ER buffer is designed to remove 

endotoxins (LPSs) from the sample through the formation of various binding 

complexes and as a result, will change the filtrate from clear to slightly opaque over 

time. During this incubation, a QAI-tip column was equilibrated with 10ml of QBT 

buffer. The buffer was added to the column and allowed to empty by means of gravity 

flow. Following the 30min filtrate incubation and the column equilibration, the filtrate 

was added to the column and allowed to enter the resin by means of gravity flow. The 

flow-through was discarded and the column was washed with 60ml of QC buffer (done 

in two sessions as the column can only hold 30ml at a time). 

The QAI-tip column was then moved to a 50ml endotoxin-free tube for elution. DNA 

was eluted by adding 15ml of QN buffer to the column and allowed to drain by means 

of gravity flow. The DNA was precipitated by the addition of 10.5ml of isopropanol and 

incubated for 10min. The DNA was pelleted through centrifugation at 15 000g for 

30min, the supernatant was carefully removed and the pellet was washed with 5ml of 

a 70% endotoxin-free ethanol solution. 

The sample was again centrifuged for 30min at 15 000g after which the ethanol was 

carefully removed and the pellet was air-dried for 5-10min. Finally, the dried pellet was 

dissolved in 100ul endotoxin-free TE buffer or nuclease-free H2O (Ion Torrent 

nuclease-free H2O, ThermoFisher). The plasmid DNA was evaluated through AGE 

(Section 2.2.7) and quantified through spectrophotometry (Section 2.2.6). 
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2.2.6 Spectrophotometric evaluation of nucleic acids 

All spectrophotometric evaluations of nucleic acids were performed using a NanoDrop 

One (Thermo Scientific, Waltham, MA, USA) in accordance with the manufacturer’s 

guidelines. The NanoDrop was cleaned with molecular grade water before and after 

each sample read and was calibrated and blanked using the same buffer the sample 

was suspended in. The concentration of DNA samples was measured at 260nm and 

RNA samples at 280nm. The purity of DNA samples were determined by the OD260/280 

nm values, with pure DNA expected to have a ratio of 1.8. Any OD260/280 ratios lower 

than 1.8 were taken as indicative of protein contamination and ratios higher than 2.0 

of RNA contamination. Sample volumes of 1ul were used for each evaluation. 

2.2.7 Agarose gel electrophoresis (AGE) 

The primary analysis of all nucleic acids was performed through separation and 

visualization via agarose gel electrophoresis (AGE). Standard 1% (w/v) agarose gels 

were used with 0.5ug/ml ethidium bromide (EtBr) as intercalating and visualization 

agent. Gels were prepared by adding agar powder to either a 1x TAE buffer (Tris-

acetate and EDTA) or a 0.5x TBE buffer (Tris base, boric acid and EDTA). An agarose 

gel concentration of 1% was used as it is the optimal concentration to study DNA 

fragments varying in size from 250bp to 12000bp (Sambrook & Russell, 2001). TAE 

based gels were used for higher resolution of larger nucleic acids, whereas TBE based 

gels provided better ionic strength and buffering capacity in addition to the increased 

resolution of smaller nucleic acids. The agarose was dissolved in the selected buffer 

through heating and cooled to about 45°C before adding the EtBr and casting the gel 

into a 10cm x 7cm x 1cm casting tray, yielding a gel of roughly 10cm x 7cm x 0.7cm. 

The gels were then left to cool to room temperature for about an hour before being 

cured at 4°C for 30min. All gels were freshly prepared directly prior to each AGE step. 

The gels were electrophoresed at between 10 and 15 volts per cm of gel (70V - 100V) 

for roughly an hour or until samples were sufficiently separated. 
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All AGE steps were performed in a BioRad system and voltage was kept constant 

throughout the electrophoresis process. The gels were then visualised under 

fluorescent light in a ChemiDoc™ MP Imaging System from Bio-Rad laboratories. All 

gels and accompanying buffers were made in accordance with standard molecular 

procedures (Sambrook & Russell, 2001). All nucleic acid samples were mixed in a 5:1 

(nucleic acid: loading dye) ratio with a 6x mass ruler DNA loading dye prior to being 

loaded into the wells. Each AGE step also included a gene ruler sample (GeneRuler™ 

1kb DNA Ladder) that acted as an internal standard and DNA fragment size reference. 

2.2.8 Cell-cultures 

In this project baby hamster kidney cells constitutively expressing the T7-RNA 

polymerase (BHK-T7 and BSR-T5/7) were selected as transfection cell-lines and 

African green monkey kidney (MA104) and swine testes (ST) cells were selected for 

co-seeding and propagation cell-lines. Although RV does not propagate well in either 

BHK-T7 or BSR-T5/7 cell-lines, these cells transfect much more efficiently than MA104 

and ST cells. RV can, however, propagate well in both MA104 (Desselberger, 2017; 

Estes et al., 1979a; Gutierrez et al., 2010; Londrigan et al., 2000; Teimoori et al., 2014) 

and ST (Welter et al., 1991) cells with MA104 cells being the industry standard (Estes 

et al., 1979a) for RV propagation. 

Complete media, for the growth of each cell-line except ST cells (Table 5), consists of 

Dulbecco's Modified Eagle Medium (DMEM, Gibco) supplemented with the following 

to a final concentration of 5% fetal bovine serum (FBS, Gibco), 100 units/mL penicillin, 

100 µg/mL streptomycin and 0.25 µg/mL amphotericin B (Anti-Anti, Gibco) and 1% 

(v/v) non-essential amino acids (1mM of each amino acid) (NEAA, Gibco). Incomplete 

media, or splitting media, is the same as complete media but without any FBS. Table 

6 and Table 7 show the composition of the NEAA and Anti-Anti respectively. 

BHK-T7 cells were grown in complete media supplemented with hygromycin (Gibco, 

Thermo scientific, MA, USA) to a final concentration of 600µg/ml, every third passage 

to ensure T7-RNA polymerase expression. BSR-T5/7 cells were grown in complete 

media supplemented with geneticin (Gibco) to a final concentration of 1mg/ml, with 

each passage to ensure T7-RNA polymerase expression. 
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MA104 cells were grown in complete media. ST cells were grown in minimal essential 

medium (MEM) supplemented with 10% FBS, 100 units/mL penicillin, 100 µg/mL 

streptomycin, 0.25 µg/mL amphotericin B, 1% (v/v) sodium pyruvate (1mM) (Gibco) 

and 1% (v/v) non-essential amino acids (NEAA). All cell cultures were incubated at 

37°C in a humidified incubator with 5% CO2.  

 

 

The BHK-T7 and BSR-T5/7 cells were grown in 25cm2 tissue culture flasks (Nunc, 

Thermo Scientific, MA, USA) to roughly 95% confluence before being split 1:5 for 

further propagation. MA104 and ST cell-lines were split 1:3 for propagation. However 

MA104 cells reached confluence faster (2-3 days) than ST cells (3-5 days). MA104 

cells were split once monolayers reached roughly 95% confluency, whereas ST cells 

were split upon reaching 80% confluency. If ST cells were grown past 80% confluency, 

their trypsinization efficiency dramatically reduced. 

All cell lines were split according to the following procedure. Upon reaching the desired 

confluence the media was removed and the monolayers were washed twice with 1% 

sterile phosphate-buffered saline (PBS, Gibco) solution at room temperature. The 

monolayers were then treated with room temperature 0.05% trypsin EDTA (Gibco) and 

incubated in a humidified incubator at 37°C until the cells started to detach, at which 

Table 5: Composition of complete media for each selected cell-line 

Cell-line DMEM MEM FBS Anti-Anti S. Pyruvate NEAA 
BHK-T7  N/A 5% 1% N/A 1% (optional) 
BSR-T5/7  N/A 5% 1% N/A 1% (optional)  
MA104  N/A 5% 1% N/A 1% 
ST N/A  10% 1% 1% 1% 

       
Table 6: Composition of 100x NEAA  Table 7: Composition of 1% Anti-Anti 
Amino-acid mg/L mM  Penicillin 100 units/mL 
Glycine 750.0 10.0  Streptomycin 100 µg/mL  
L-Alanine 890.0 10.0  Amphotericin B 0.25 µg/mL 
L-Asparagine 1320.0 10.0  Final concentration in complete media 
L-Aspartic acid 1330.0 10.0     
L-Glutamic Acid 1470.0 10.0     
L-Proline 1150.0 10.0     
L-Serine 1050.0 10.0     
Each diluted to 0.1mM in complete media     
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point any residual trypsin was removed and the cells were manually re-suspended in 

100% fetal bovine serum (FBS) through pipetting. The re-suspended cells were then 

aliquoted into new flasks containing the appropriate volume of media (without FBS). 

Trypsin incubation times for BHK-T7 cells ranged from 2-3min and BSR-T5/7 cells 

ranging from 1.5-2min. MA104 cells required a consistent 4 min incubation and ST 

cells ranged from 4-12min. The ST cells seemed to become more resilient to the 

trypsin treatment with increasing confluence, with a roughly 75% confluent culture 

requiring 4 min of trypsin incubation to start to detach and a 95% confluent culture 

requiring up to 12min. 100% confluent ST monolayers could not be fully detached 

without damaging the cells even with extended incubation times. 

2.2.9 Plasmid design 

The following five expression plasmids were designed in silico using the SnapGene 

gene editing and visualization software: 1) phCMVdream_VV_D1R, 2) 

phCMVdream_VV_D12L, 3) phCMVdream_p10_FAST, 4) phCMVdream_ASFV and 

5) phCMVdream_C3P3. Refer to Appendix A for plasmid maps (Figure 42 and Figure

43) and sequences. The vector selected for each of these constructs is the

phCMVdream plasmid (2558 bp) and is based on the pSmart plasmid. This backbone

was selected due to its successful use in the development and optimization of

bluetongue virus (BTV) (van Gennip et al., 2012a; van Rijn et al., 2016) and African

horsesickness virus (AHSV) (van de Water et al., 2015; van Rijn et al., 2016) RG

systems as well as its relatively small size. Each of the constructs were designed by

using the ORF of the gene of interest and placing it in the multiple cloning site (MCS)

of the pdCMVdream plasmid under the CMV promoter.

The construct designs were then sent through to GenScript for Cricetinae (hamster 

embryonic cell) codon optimization and synthesis. The vaccinia virus (VV) capping 

enzyme has two subunits encoded by ORFs, D1R and D12L. The coding regions of 

these two subunits were obtained from GenBank (NC006998.1) and used to construct 

phCMVdream_VV_D1R and phCMVdream_VV_D12L (Figure 42) respectively. The 

Nelson bay orthoreovirus (NBV) p10 fusion-associated small transmembrane (FAST) 

protein-coding region (GenBank no. AB908284) was used to design the 
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phCMVdream_p10_FAST plasmid (Figure 43). The phCMVdream_ASFV capping 

plasmid (Figure 42) was designed to carry the coding region of the African swine fever 

virus (ASFV) capping enzyme (GenBank no. NP868R). This sequence was also used 

to design the phCMVdream_C3P3 construct (Eaton et al., 2017) which contained both 

the ORFs of the ASFV capping enzyme and a synthetic viral T7-RNA polymerase 

(GenBank no. KY446063.1) fused together through a serine-glycine linker (Figure 42). 

2.2.10 Preparation of transfection mixtures 

For the various plasmid-only RV RG systems in this project multiple transcription 

plasmids along with expression plasmids encoding the various capping and FAST 

proteins needed to be transfected into cells in very specific ratios. These plasmids 

were prepared through Endotoxin-free MaxiPreps (Section 2.2.5) and mixed together 

to form either a 1) equi-ug or 2) equi-molar transfection mixture. In both scenarios, the 

concentration of the final transfection mixture was determined through 

spectrophotometry (Section 2.2.6) to calculate what volume of the transfection mixture 

will be used during each transfection (Equation 1 and Equation 2). Optimal transfection 

and rescue efficiency required 30ug of total DNA per 25cm2 transfection reaction. An 

equi-ug transfection mixture means that an equal amount (in terms of ug weight) of 

each plasmid is mixed together. This does not, however, result in an equal number of 

each plasmid being present in the mixture. Due to the large distribution of RV genome 

segment sizes (from GS1: 3302bp to GS11: 667bp), the plasmids vary largely in size. 

This type of transfection mixture contains more copies of the smaller plasmids than 

that of the larger ones, roughly 5 times more GS11 (NSP5/6) than GS1 (VP1). 

For calculation purposes, the specific amount of plasmid selected in this instance is 

quite arbitrary as long as it remains the same for each plasmid (p = 10ug was selected 

for this project) (see equation 1 and Table 8 for details). It is also important to mention 

that this equi-ug ratio was not applied to the p10 FAST plasmids. Adding too much of 

the FAST coding plasmid will result in massive cellular trans-membrane fusion after 

transfection and will negatively impact viral rescue. 
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An equi-molar transfection mixture is prepared by calculating the molecular weight 

(MW) of each plasmid and correlating it to its concentration. An equal molar amount 

of each plasmid is then mixed together to ensure that the mix contains the DNA 

equivalent of one copy of each genome segment, similar to that of a natural virion. 

This results in larger plasmids contributing more than smaller plasmids to the overall 

weight (in ug) of the DNA in the mixture. This was however not applied to the FAST 

plasmid as a mere 40ng per 25cm2 reaction was necessary and too much of it will 

cause the reverse genetic system to fail. The MW of each plasmid was calculated 

based on its sequence in silico using DNAMAN gene editing and visualization software 

and shown in Table 8. Table 8 illustrates the steps involved in the construction of either 

an equi-ug or equi-molar transfection mixture based on the implementation of the 

unaltered pT7_SA11-L2 RV RG system. The equations that were used are annotated 

as equation 1 and equation 2. The Table was constructed in Excel and used to 

determine the amounts (ul) of each plasmid required based on their concentration. In 

the table the labels p=10ug and p=1x10-9 mol refer to the amounts selected for this 

first experiment with p=10ug referring to 10ug of each plasmid involved in the mix and 

p=1x10-9 mol referring to 1x10-9 mol of each plasmid in the mix. These were arbitrary 

amounts selected solely to ensure equal amounts of each plasmid. 

Table 8: Calculations for the preparation of equi-ug and equi-molar transfection mixtures 
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Equation 1: Calculation of the volume of plasmid (ul) required to yield a specific amount 
of DNA (ug)

Equation 2: Calculation of the volume of plasmid (ul) required to yield a specific amount 
of DNA (mol)
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2.2.11 Rescue protocol 

All transfections were performed in 25cm2 tissue culture flasks (Nunc, Thermo 

Scientific, MA, USA) on either BHK-T7 or BSR-T5/7 cell monolayers of roughly 80% 

confluence. This was done due to the fact that optimal transfection requires actively 

growing monolayers that are between 75% and 85% confluent. Monolayers that have 

reached 100% confluence reduce metabolic activity and have a lower overall 

transfection efficiency and viral yield. Once the desired cell-line reached 80% 

confluence the growth media was removed and the monolayer was washed with 5ml 

of sterile, room temperature, 1x PBS. This was done to remove excess FBS and 

residual antibiotics that might interact with the transfection reagent and adversely 

influence transfection efficiency. The monolayer was then covered in 1.5ml OptiMEM 

(Gibco) containing no antibiotics or FBS. The monolayer was then transfected with the 

desired transfection plasmid mix (Figure 18) using TransIT-LT transfection reagent. 

transfection of DNA and proteins into a variety of commercial and primary cell-lines. 

The reagent is well known for its low toxicity and high transfection efficiency and was 
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Figure 18: Diagram depicting the simplified rescue protocol used throughout this project for both the 
pT7_SA11-L2 and pSmart_SA11-N5 RV RG systems
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used for all transfections in this project. Although the transfection reagent is tolerant 

to FBS, it is inhibited by various antibiotics and is thus used in conjunction with un-

supplemented Opti-MEM throughout the transfection process. All transfections were 

carried out in accordance with the manufacturers’ guidelines and followed the same 

basic protocol. 

The selected transfection plasmids were freshly mixed as described in Table 8, and 

its concentration measured through spectrophotometry (Section 2.2.6). Dilute 30ug of 

the plasmid mixture in 500ul of un-supplemented Opti-MEM in a 5ml round bottom 

polystyrene tube and mix gently through pipetting. Next, gently mix the TransIT-LT 

reagent through flicking the tube and then transfer 90ul of the reagent to the diluted 

DNA tube being careful not to let the reagent touch the sides of the tube. Optimal 

results were obtained by using 3ul of transfection reagent per ug of DNA. Introduce 

the reagent directly into the 500ul of diluted DNA and mix through pipetting. Let the 

transfection mix incubate at room temperature for 15-30min so that the DNA-lipid 

complex can form. 

During this incubation, the growth media was removed from the BHK-T7 or BRS5-T7 

monolayers and replaced with Opti-MEM. The transfection complex was not incubated 

for more than 30 minutes. The total volume of the transfection complex was added 

drop-wise to the prepared monolayers making sure that the complex directly interacts 

with the cells. The cells were then incubated with the transfection complex for 12-16 

hours at 37°C in a humidified CO2 (5%) incubator, where-after the transfection 

complex was removed and replaced with complete media for a further 12-16 hour 

incubation. It was found that even though the TransIT-LT transfection reagent has low 

toxicity, the 16-hour incubation did damage a significant portion of the cells and better 

results were obtained when this damage was counteracted with the second 12-16 hour 

incubation in complete media. 

Following this recovery incubation, the co-seeding cells (MA104 or ST cells were 

grown to confluence beforehand) were prepared and introduced to the transfected 

monolayer. The co-seeding cells were washed twice with 1% PBS and treated with 

0.05% trypsin EDTA (as per splitting procedure). The cells were then re-suspended in 

500ul of FBS and added directly to the transfected monolayer in complete media. The 

co-seeded culture was then incubated for 1-3 hours to facilitate attachment of the co-
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seeding cells. After attachment the complete media was removed and labelled as co-

seeding supernatant, it was replaced with maintenance media, growth media lacking 

FBS and supplemented with either 0.5 ug/ml (for MA104 cells), or 0.3 µg/ml (for ST 

cells) porcine trypsin (catalogue no. T0303-1G, Merck) and incubated for 2-3 days or 

until CPE is clearly visible. The addition of MA104 or ST cells was designed to 

significantly increase the viral titer as both these cell-lines are known to propagate 

rotavirus very well. 

The rescue protocol was concluded by viral harvest, passaged on either MA104 or ST 

monolayers and viral visualization through an immuno-fluorescent monolayer assay 

(IFMA), as depicted in Appendix D. 

2.2.12 Immuno-fluorescent monolayer assay (IFMA) 

Initial verification and visualization of viral recovery were done through an immuno-

fluorescent monolayer assay, IFMA (Bishop, 2016; van Gennip et al., 2012). The 

primary antibody used was either a polyclonal rabbit anti-RV VP2/6 DLP IgG (serum 

generously provided by Prof. A.C. Potgieter, Deltamune, RSA), a polyclonal rabbit 

anti-RV NSP4 IgG or a polyclonal rabbit anti-RV VP7 peptide IgG (provided by Prof. 

A.C. Potgieter, Deltamune, RSA, in association with Prof. H.G. O'Neill, University of

the Free State, RSA). The secondary antibody used was a fluorescently labelled

(Alexa Fluor 488) goat anti-rabbit IgG conjugate (ThermoFisher).

The basic premise of this technique is that during the organic solvent fixing step the 

cell monolayer is fixed to the bottom of the flask and all proteins including any viral 

particles are precipitated. This step also enhances membrane permeability and allows 

the primary antibodies to interact with the precipitated proteins. The primary antibody 

is then introduced to the monolayer and binds to specific antigenic epitopes on any 

viral particles present. All excessive antibody is washed off and the secondary 

antibody is introduced. The second antibody binds specifically to the constant region 

(long-chain end) of the rabbit antibodies and is conjugated with an Alexa Fluor® 488 

fluorescent complex. 
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This fluorescent complex has an excitation range of Ex: 495nm and emission range of 

Em: 519nm. Finally, the excess conjugate was washed off and the monolayer viewed 

under a fluorescent microscope (conjugate will emit green light). IFMA was performed 

on cell-culture monolayers that had presented with cytopathogenic effects (CPE) 

indicating viral growth. The cells were fixed by removal of any media and addition of 

5mL of ice-cold fixing solution (1:1 methanol: acetone) followed by incubation at -20°C 

for 30min. The media removed in this step was labelled and stored at 4°C. If the IFMA 

results indicated viral rescue, this media was used as primary viral stock (P1 stock) or 

used for dsRNA (viral genome) extraction. The fixed cells were washed with washing 

buffer (1x PBS with 0.05% Tween-20), after which the blocking buffer (1x PBS, 0.05% 

Tween-20 and 1% (w/v) tryptone) was added and incubated at 37°C for 60 min. 

Organic solvent fixation, such as methanol/acetone, does not require a 

permeabilisation step as it is capable of removing lipids from the cell membranes, 

dehydrating the cells and causing precipitation of proteins in the cellular structure 

(Jamur & Oliver, 2010a; Jamur & Oliver, 2010b). 

The blocking buffer prevents unspecific binding of the various antibodies through the 

coating of the exposed areas of the tissue flask with tryptone. The blocking buffer was 

then replaced with the primary antibody solution (serum-containing above-mentioned 

rabbit anti-RV IgG diluted 1:2000 in blocking buffer) and allowed to incubate for 60min 

at 37°C. After this incubation, the primary antibody solution was removed and the fixed 

cells were washed three times with washing buffer. The secondary antibody solution 

(anti-rabbit goat IgG conjugated diluted 1:2000 in blocking buffer) was then added and 

incubated for 60min at 37°C followed by two washes with 1x PBS. The cells were then 

immediately viewed under a fluorescent microscope (Nikon eclipse TE2000-S, Nikon 

Instruments Inc. Melville, NY, USA) and photos were taken. 

2.2.13 Viral propagation 

After obtaining the primary viral stock (P1 stock), propagation of the virus is required 

for dsRNA extraction, TCID(50) assays or serial passaging. For each of these, the viral 

stock must first be activated and then used to infect new cells. As described in Section 

1.3.4, rotavirus outer capsid protein VP4 must first be proteolytically cleaved into VP5 



87 

and VP8 before it can interact with cell receptors and initiate infection. The cleavage 

of the VP4 spike is referred to as activating the virus and is achieved through the 

addition of porcine trypsin (Merck) to a final concentration of 10ug/ml, and incubation 

of the P1 stock at 37°C for 30min. Viral propagation was carried out in either MA104 

or ST cells grown in 75cm2 tissue culture flasks at 90% confluence. The growth media 

was removed and the monolayer washed with 1x sterile PBS to remove FBS. 

To 1ml inoculum 1ml of growth media without any antibiotics or FBS was added and 

poured over the monolayer and incubated for one hour at 37°C with slight agitation. 

The inoculum was removed after 60min and fresh propagation media is added to the 

cells. Propagation media simply referrers to the cells’ standard growth media without 

any FBS and with the addition of porcine trypsin to a final concentration of 0.3ug/ml. 

Monolayers were then incubated at 37°C in a humidified, 5% CO2 incubator for 3-5 

days or until CPE developed to more than 75%. At this stage, the cells were either 

harvested or the supernatant was removed and stored as a viral stock (Pn+1) 

whereafter the CPE presenting cells were fixed for IFMA (Section 2.2.12). When 

harvesting viruses from CPE presenting cultures, the cells must first be detached from 

the tissue culture flask through scraping or pipetting. The entire content of the flask is 

then transferred to a centrifugation tube and homogenised through pipetting. From 

here on two distinct options were considered, namely the preparation of a supernatant 

stock or a whole lysate stock. In general supernatant, stocks were preferred as cellular 

debris can contain various cytotoxic components which could interfere with infection. 

However, in this project, the initial passage (from P0 stock to P1 for IFMA) was done 

using a whole-cell lysate. For a supernatant stock, the homogenised cell suspension 

was centrifuged to pellet out all intact cells and cellular debris after which the stock 

was activated. 

Whole lysate stocks were simply activated directly after homogenization. After 

activation, the standard viral propagation protocol was followed. 
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2.2.14 Sequencing 

All transcription plasmids used throughout this project were sent for sequence 

verification via Sanger sequencing at Stellenbosch University’s Central Analytical 

Facility (CAF), DNA Sequencing Unit, using the standard T7 promoter forward- and 

T7 terminator reverse-sequencing primers (supplied by CAF sequencing unit). The 

standard miniprep plasmid extraction protocol was followed for samples sent for 

Sanger sequencing. 

Plasmids used for transfection and cDNA derived from rescued viral genomes were 

sent for next-generation sequencing (NGS). Plasmids sent for NGS were extracted 

and purified using the endotoxin-free maxiprep protocol. All NGS was done by Dr 

Arshad Ismail at the National Institute for Communal Diseases (NICD) with the Illumina 

MySeq instrument. Sequence analyses were performed with the use of the CLC 

Genomic workbench software. 
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2.3 Results and Discussion 

2.3.1 Plasmid extraction and sequence verification of the pT7_SA11-L2 RV RG 
system 

This step of the project entailed the extraction of the Japanese pT7_SA11-L2 RV RG 

plasmid set from bacterial cultures and validation of their sequences through NGS. 

The plasmids arrived in the form of 14 bacterial stab cultures each harbouring a single 

plasmid. The cultures were received from AddGene and immediately used to inoculate 

14 overnight cultures for endotoxin-free plasmid extraction to be transfection ready 

(Section 2.2.5), glycerol stock preparation (Section 2.2.2) and sequencing (Section 

2.2.14). The overnight cultures comprised of 100ml standard LB medium (Melford 

Laboratories Ltd. Bildeston Road, Suffolk, U.K) supplemented with carbenicillin 

(Melford, U.K) to a final concentration of 100µg/ml, and were inoculated with one of 

the 14 bacterial stab cultures. Following the 16hour incubation at 37°C with shaking at 

250rpm, plasmids were extracted and a 2ul sample of each was visualised through 

AGE (Section 2.2.7), Figure 19. 

 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19 

10000 bp 
6000 bp 

3000 bp 

1000 bp 

pT7_SA11-L2 RV RG plasmid set phCMVdream aid 
 

pCAG aid plasmids 

Ladder (bp) 

Figure 19: Agarose gel of pT7_SA11-L2 RV RG plasmid set. Lane 1 & 19: dsDNA ladder (O’GeneRuler 1 kb DNA 
Ladder, ThermoFisher). Lanes 2 to 12: pT7 plasmids carrying the RV_SA11-L2 genome segments cDNA in order 
(from GS1 in lane 2 through to GS11 in lane 12). Lane 16: pCAG_FAST plasmid. Lanes 17 & 18: the pCAG 
expression plasmids encoding the two subunits of the VV capping enzyme. Lanes 13 & 15: the two 
phCMVdream_VV-capping expression plasmids. Lane 14: phCMVdream_FAST expression plasmid. 
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Plasmid extractions yielded concentrations between 200ng/ul and 700ng/ul (Table 9), 

and as a result slightly distorted the gel, as evident by the bowing and slight smudging 

of the plasmids in the gel. This AGE was however purely to confirm and visualize 

plasmid extraction. Final confirmation would be done through sequence verification. 

Aliquots of the 11 pT7_SA11-L2 cDNA transcription plasmids were pooled and sent 

for NGS, which was much more affordable than sequencing each plasmid alone. 

Pooling the plasmids allowed single reaction sequencing of the entire plasmid set but 

had the disadvantage of not correlating the backbone sequence to each individual RV 

genome segment sequence (see Appendix B for sequence alignments and NGS reads 

mapped to reference genomes). The sequences of the 11 RV genome segments 

could, however, be fully verified, as well as the consensus sequence of the pT7 

plasmid backbone. Only the 5`- and -3` flanking regions between the plasmid 

backbone and the individual genome segments could not be directly verified. The NGS 

reads were mapped against the SA11-L2 reference genome (LC333802 - LC333812) 

and the in silico constructs for each plasmid. 

The consensus sequence (cs) obtained from the NGS as compared to the SA11-L2 

reference genome showed no mutations or sequence errors. The backbone cs also 

aligned perfectly. Based on these results the plasmid sequences were deemed correct 

and ready for use in the implementation of the pT7_SA11-L2 RV RG system. 

2.3.2 Implementation of the original, equi-ug pT7_SA11-L2 RV RG system and 
comparison to an equi-molar approach 

This experiment entailed the implementation of the exact pT7_SA11-L2 RV RG 

system as described by Kanai (2017) alongside an equi-molar variation thereof. This 

was done in an attempt to recreate the original RV rescue results (Kanai et al., 2017) 

and to test if the system could be improved using the equi-molar approach as used in 

the AHSV and BTV RG systems (Section 1.4.2). The exact experimental approach as 

used by Kanai (2017) was followed with the only modification being the use of 25cm2 

tissue culture flasks for transfections instead of the 96-well plates used during the 

original experiment. 
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In short, the 14 rescue plasmids were extracted, purified and mixed together to form 

both an equi-ug and equi-molar, endotoxin-free, transfection mixture (Section 2.2.10) 

as shown in Table 9. For each of the systems a negative control was also constructed 

following the same procedure as the original but without the inclusion of an essential 

component, the plasmid encoding the viral RNA-dependent RNA-polymerase (GS1, 

VP1). Following this, the transfection protocol (Section 2.2.11) was followed for each 

system and its corresponding negative control, and rescue was verified through IFMA 

(Section 2.2.12). In addition to this SA11-N2 (our WT) was passaged on MA104 cells 

and visualized through IFMA as a positive control for the IFMA. 

Table 9: Calculations for the preparation of equi-ug and equi-molar pT7_SA11-L2 RV RG 
transfection mixtures 

Equi-ug Equi-molar 

Plasmid name plasmid 
size (bp) 

Plasmid 
weight (kDa) 

Working 
stock (ng/ul) 

Plasmid 
required (ul) 

Plasmid 
required (ul) 

pT7-VP1SA11 6387 3930,31 2064 4,8 1,9 

pT7-VP2SA11 5777 3554,32 1950 5,1 1,8 

pT7-VP3SA11 5675 3491,35 1274 7,8 2,7 

pT7-VP4SA11 5447 3350,98 2103 4,8 1,6 

pT7-VP6SA11 4441 2730,98 2603 3,8 1,0 

pT7-VP7SA11 4147 2549,74 740 13,5 3,4 

pT7-NSP1SA11 4695 2887,43 1075 9,3 2,7 

pT7-NSP2SA11 4144 2576,21 2241 4,5 1,1 

pT7-NSP3SA11 4190 2547,87 2089 4,8 1,2 

pT7-NSP4SA11 3836 2358,08 987 10,1 2,4 

pT7-NSP5-6SA11 3751 2305,68 2040 4,9 1,1 

pCAG-FAST 6012 3907,3 720 13,9 5,4 

pCAG-D1R 8258 5084,84 2574 3,9 2,0 

pCAG-D12L 6586 4054,97 2301 4,3 1,8 

Total 95,6 30,3 

p=10ug stock p=1x10-9 mol stock 

Total DNA per 
transfection (ug) 

Equi-ug 
mixture 
(ng/ul) 

Equi-molar 
mixture 
(ng/ul) 

Volume equi-
ug mixture / 
transfection 

(ul) 

Volume equi-
molar mixture 
/ transfection 

(ul) 

30 1125 1409 26,67 21,29 
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The experiment was carried out several times with every attempt yielding very few, 

and very faint fluorescent foci, indicative of low viral titer, or weak viral growth. Viral 

rescue, as evaluated by IFMA of the P1 passage at 5 to 7 days post-infection, could 

only be visually confirmed once with the original equi-ug pT7_SA11-L2 system (Figure 

20, A) and twice with the equi-molar approach (Figure 20, B). IFMA results of the WT 

SA11 infection (Figure 20, C) serves as an example of high levels of infection in MA104 

cells compared to the viral rescue. For each reiteration of the experiment the negative 

controls never showed fluorescence following IFMA, the results of which are not 

shown. The system was also tried at various other institutions globally, and similar 

difficulties were experienced (personal communication). Since no significant 

differences could be seen between the equi-ug and equi-molar approaches it was 

arbitrarily decided to use the equi-molar approach for follow-up experiments as it was 

considered the standard approach in both the AHSV and BTV RG systems. 

When compared to the RG systems for AHSV and BTV RG, the reasons for the low 

efficacy of the pT7_SA11-L2 RV RG system could include a large number of plasmid 

(14 plasmids ranging from 6387bp to 3751bp) that needed to be transfected into a 

single cell and the total plasmid load. To address this it was decided to 1) Reduce the 

A B C

Figure 20: IFMA of equi-ug (A), equi-molar (B) transfections of the original pT7_SA11-L2 RV RG system and 
infection with SA11-N2 (C). IFMAs were done on MA104 monolayers following the final 7 day incubation step (no 
CPE was visible for A and B). 400x magnification 
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plasmid load with roughly 3000bp by replacing the pCAG backbone (~3080bp) with 

the phCMVdream backbone (~2010bp) for the two capping enzyme and fusion protein 

expression plasmids. 2) Replace the VV capping enzyme with a single subunit capping 

enzyme, such as the ASFV capping enzyme (which is a key element of the BTV RG 

system), and 3) Codon optimize each of the aid plasmids for expression in BSR-T5/7 

cells. These optimizations were investigated in follow-up experiments. 

2.3.3 Replacement of pCAG capping and fusion expression plasmids with 
Cricetinae codon-optimized phCMVdream versions 

This experiment entailed the exchange of the original pT7 capping and FAST plasmids 

with plasmids of our own design, phCMVdream_VV_D1R, phCMVdream_D12L and 

phCMVdream_p10-FAST (Figure 42 and Figure 43, Appendix A). The reasoning 

behind this was that although the pT7_SA11-L2 rescue plasmids were producing exact 

mRNA copies of the viral genome, these RNAs might not have been properly capped 

and thus were not being translated efficiently. The VV capping enzyme subunits (D1R 

and D12L) used in our plasmids were codon-optimized for expression in BSR-T5/7 

cells (Chinese hamster ovary, Cricetinae, codon optimization) and were carried in the 

much smaller phCMVdream plasmids backbone. In theory, the smaller backbone 

would result in more copies of the plasmids being transfected into cells and the codon 

optimizations would lead to increased expression of the capping and fusion enzymes 

which in turn would increase capping efficiency and trans-membrane fusion. Similar 

to the previous experiment both an equi-ug and equi-molar transfection mixture was 

prepared, but this time with the phCMVdream based capping and FAST plasmids. For 

each version of the system a negative control was included (not adding VP1 coding 

plasmid). The standard rescue protocol (Section 2.2.11) was followed and viral 

recovery was confirmed through IFMA (Figure 21). 
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In both the equi-molar and equi-ug systems cellular fusion was visibly increased, 

however, only a slight increase in efficiency was visible as indicated by fluorescent 

response following IFMA (Figure 21). Repeatability remained a major concern with 

multiple rescue attempts confirmed through IFMA, but no consecutive rescues 

obtained from P1 passages. 

Following the transfection and co-seeding steps of the rescue protocol (Section 

2.2.11), both systems’ monolayers were monitored and various signs of viral 

propagation were observed during each reiteration of the experiment. These possible 

viral indicators however rarely translated into positive IFMA results, implying that: 1) 

The signs of viral propagation were the result of plasmid carry-over, meaning viral 

proteins were being expressed, but no actual rescued virus was present to propagate. 

2) The recombinant virus is being rescued but not propagating efficiently enough in

MA104 cells, thus making visualization through IFMA difficult. 3) The signs of viral

propagation were the result of trypsin toxicity and/or the carry-over of cytotoxic

elements from the P1 stock.

A B C

Figure 21: IFMA of equi-molar (A), equi-ug (B) transfection of the pT7_SA11-L2 system using phCMVdream based 
capping and FAST plasmids and infection with SA11-N2 (C). IFMAs were done on MA104 monolayers following a 7 day 
incubation with the P1 stock recovered from the co-seeded culture. No CPE was visible for A or B. 400x magnification. 
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Due to the nature of the rescue protocol, it was difficult to eliminate carry-over of 

plasmids and cytotoxic elements from the transfected culture to the propagation 

monolayer. For this reason, it was decided that the focus of the next experiments 

would be to ensure viral replication before P1 passage instead of trying to reduce 

carry-over and cellular toxicity. It was decided to change the co-seeding and 

propagation cell-line from MA104 to ST cells, which are known to be capable of 

propagating RV at lower (non-toxic) trypsin levels and to be highly susceptible to RV 

infection (Estes et al., 1979; Welter et al., 1991). 

As with the previous experiment, no significant difference in visual viral yield was 

observed between the equi-molar and equi-ug approaches. It was thus decided that 

all follow-up experiments would only be based on an equi-molar approach as it more 

closely represents natural viral infection (Section 2.2.10). 

2.3.4 Use of ST cells for co-seeding and as propagation cell line instead of 
MA104s 

This experiment entailed the use of ST cells as co-seeding and propagation cell-line 

along with the increase of the relative amounts of plasmids encoding the sub-units of 

the VV capping enzyme. The reasoning behind the use of ST cells was based on the 

ability of ST cells to propagate RV at lower trypsin concentrations (possibly reducing 

toxicity) and the high susceptibility of ST cells to RV infection (Welter et al., 1991). 

Additionally, concerns were raised about the high passage number of our MA104 cells 

and their continued susceptibility to RV infection. MA104 cells are the industry 

standard for RV propagation (Estes et al., 1979; Gutierrez et al., 2010; Londrigan et 

al., 2000; Teimoori et al., 2014) as they are a simian cell line and SA11 is also a simian 

virus. However, at Deltamune ST cells are also used for propagating non-porcine 

viruses (including SA11) and seem to be more susceptible to RV infection than MA104 

cells (Potgieter, A.C. Deltamune, Personal communication). It should be noted that 

SA11 reaches much higher viral titers when passaged on MA104 cells than in ST cells. 

For this experimental approach it was decided that during the initial infection, following 

co-seeding, susceptibility to infection was more important than generating very high 

viral titers. 
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The suggested increase of the capping enzymes was based on experience with the 

AHSV RG system where increased capping of the viral transcripts directly resulted in 

increased viral yield. Based on these factors two equi-molar transfection mixtures were 

prepared, one containing the standard 1:1 ratio of phCMVdream based capping 

plasmids to pT7_SA11-L2 rescue plasmids, and the other containing three times as 

much (1:3 ratio), see Table 10 below for precise composition. Negative controls for 

each of the systems were constructed (lacking the VP1 transcription plasmid) followed 

by standard rescue protocol (Section 2.2.11), and verification of viral recovery through 

IFMA (Section 2.2.12). 

Table 10: Construction of equi-molar transfection mixtures with increased ratios 
of capping enzyme encoding plasmids 

1:1 Ratio 1:3 Ratio Total DNA 
Rescue plasmids 25.8ug 20.2ug 30ug 
Capping plasmids 4.2ug 9.8ug 30ug 

A B

Figure 22: IFMA of equi-molar transfections of the pT7_SA11-L2 system using ST cells for co-seeding and 
propagation and varying the ratio of capping plasmids to rescue plasmids (A) 1:1 and (B) 1:3. IFMAs were 
done on CPE presenting ST cells 3-5 days after P1 passage. 400x magnification. 
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The results of the IFMA (Figure 22) clearly show high levels of viral infection and 

indicate definitive viral rescue. There was a clear distinction between infected cells 

and back-ground fluorescent interference. Although the majority of ST cells were 

infected, some cells remain un-infected and non-fluorescent. Repeatability 

dramatically increased with viral rescue visually confirmed 4 out of 5 times via IFMA. 

It is noteworthy that the ST cells did not survive as well as MA104 in the presence of 

the propagation media. This is most likely due to the presence of porcine trypsin in the 

propagation media, a protease required for RV propagation that is toxic to ST cells 

even at levels that are considered non-toxic to MA104 cells (0.3ug/ml). Additionally, 

the use of ST cells instead of MA104 cells reduced incubation times to see CPE, from 

7 days to between 3-5 days. CPE was also clearly visible in ST monolayers whereas 

MA104 monolayers did not present with clear CPE even after 7 days. This apparent 

discrepancy in CPE is thought to be due to the increased susceptibility of ST cells to 

infection as compared to MA104 cells. It was thus decided that ST cells would form 

the bases for further experiments with MA104 cells only being used for serial passages 

and TCID50 assays. 

Visual IFMA evaluation of the results also suggested a slight increase in efficiency for 

the system that provided more capping enzyme, further supporting the notion that the 

capping of the RV mRNA transcripts is essential for viral rescue. Another hypothesis 

for improving the efficiency of translation, and by extension viral rescue, was to use a 

more stringent selection system for the regulation of viral T7-RNA polymerase 

expression. This would not only increase the amount of T7-RNA polymerase available 

in each cell but also increase the number of cells actively expressing the enzyme. 

2.3.5 Replacing BHK-T7 cells with BSR-T5/7 cells as transfection cell-line 

In BHK-T7 cells hygromycin is used for the selection of the plasmid carrying the T7-

RNA polymerase (Ito et al., 2003). Due to its toxicity, hygromycin pressure is only 

applied to the cells every third passage. In contrast, BSR-T5/7 cells have a different 

T7-RNA polymerase expression plasmid that requires geneticin selection, which can 

be applied continuously (Liu et al., 2005). 
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This experiment entailed the exchange of the initial transfection cell-line (BHK-T7) with 

BSR-T5/7 cells that more stringently selects for the expression of the viral T7-RNA 

polymerase. The hypothesis was that more stringent T7-RNA polymerase selection 

would increase the number of cells expressing the viral T7-RNA polymerase, which in 

turn would increase transcription of the rescue plasmids, providing more mRNA for 

translation and increasing overall rescue efficiency. The exact same experimental 

approach as the previous experiment (Section 2.3.4) was followed with the exception 

of BSR-T5/7 cells being used as primary transfection cell-line.  

The combination of increased T7-RNA polymerase expression and the increased 

amounts of capping and fusion plasmids yielded a repeatable and consistent viral 

rescue system (Figure 23). Not only did this configuration of the RG system 

dramatically increase repeatability (rescue confirmed 5 out of 5 times), but it also 

increased viral titer as evidenced by the advanced CPE visible after only three to four 

days (whereas the unmodified system showed no CPE after 7 days). From this point 

forward the final incubation step, visual CPE formation was reduced to between 3 to 

5 days. 

Figure 23: IFMA of equi-molar transfections of the pT7_SA11-L2 system into BSR-T5/7 cells, using ST cells 
for co-seeding and propagation. IFMAs were done on CPE presenting ST cells 3-5 days after P1 passage. 400x 
magnification. 
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2.4 Summary 

The pT7_SA11-L2 RV RG system was made available to the scientific community 

through the AddGene service in 2017. The system was acquired by the NWU and was 

implemented with initial difficulty. Communication with various other groups also using 

the original system proved that the initial system required further development and 

optimization. The system proved to be very hard to consistently repeat and viral yields 

were very low (roughly 2x102 TCID50/ml, see Chapter 3, Section 3.3.5). Based on the 

strategies used during the implementation and optimization of the BTV and AHSV RG 

systems, it was decided to incorporate the following modifications to the initial 

pT7_SA11-L2 RV RG system. 

1) Using equi-molar transfection mixtures instead of equi-ug mixtures. This was the

standard approach in both the AHSV and BTV RG systems and more closely

replicated the actual conditions during viral infection and replication.

2) Reducing the plasmid load with roughly 3000bp by exchanging the two pCAG

capping and pCAG FAST expression plasmids (3010bp backbone) with phCMVdream

versions (2080bp backbone) I designed.

3) The phCMVdream capping and FAST plasmids were also codon-optimized for

expression in hamster cells (primary transfection cell-lines) which in theory would

increase capping and fusion efficiency.

4) Using ST cells instead of MA104 cells for co-seeding and propagation cell-line. Not

only did this significantly increase repeatability of the pT7_SA11-L2 RV RG system,

but also reduced reporting time with 2-3 days.

5) Increasing the ratio of capping to rescue plasmids from 1:1 to 3:1. In the AHSV RG

system, the increase in capping efficiency directly resulted in increased viral yield.

6) Using BSR-T5/7 cells instead of BHK-T7 cells as primary transfection cell-line. This

increased the availability of the viral T7-RNA polymerase and increased the number

of cells actively expressing the enzyme.

Through the incorporation of these modifications, I was able to greatly improve both 

the overall repeatability of the pT7_SA11-L2 system and its efficiency as evaluated 
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through relative viral yield. The optimized pT7_SA11-L2 system served to fully 

familiarize me with the basic methods involved in viral rescue and as a useful reference 

for the implementation of our own consensus sequence-based, plasmid only 

pSmart_SA11-N5 RV RG system (Chapter 3). Following the implementation of the 

NWU developed pSmart_SA11-N5 RV RG system, side-by-side comparisons were 

done with the pT7_SA11-L2 system also incorporating all the optimizations 

implemented in order to perform a comparative analysis between the different RG 

systems. 

Evaluation of viral titers, sequencing results and comparative analysis of the 

pT7_SA11-L2 RV RG system is presented and discussed in Chapter 3 as it pertains 

to the implementation and evaluation of the locally developed, pSmart_SA11-N5 RV 

RG system. 
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Chapter 3 

Implementation, optimization and comparative analysis of 
our pSmart_SA11-N5 RV RG system against the Japanese 

pT7_SA11-L2 RV RG system 

3.1 Introduction 

As mentioned in Section 1.4.3.2, the development and implementation of a robust RV 

RG system have long been a goal of our research group at the NWU. Before the 2017 

publication of the Japanese pT7_SA11-L2 RG system, the NWU research group was 

in the process of developing our own RV RG systems based on the work of Dr L. Mlera 

(Mlera, 2012), and Dr JF. Wentzel (Wentzel, 2014). This chapter entails the finalization 

and implementation of the locally developed, consensus sequence-based, plasmid 

only pSmart_SA11-N5 RV RG system as well as the comparative analysis of it to the 

Japanese pT7_SA11-L2 RV RG system. Further improvements and optimizations 

were introduced to both systems and again compared via TCID50 assay. 

Following the work of Dr Wentzel (2014), another member of the NWU research group, 

L. Geldenhuys, focused on the construction of a fully plasmid-based RV RG system

that would not rely on in vitro transcription, but rather on the transfection of

transcription plasmids alone. Geldenhuys amplified the 11, consensus sequence,

genome segments of RV SA11-N5 from the plasmids designed by Dr Wentzel (Figure

51, Appendix C) using the primers listed in Table 12. Each of these cDNA amplicons

was then sub-cloned into the pSmart backbone, through the use of In-Fusion and fast

cloning techniques, to generate the basis of the pSmart_SA11-N5 RV RG system. The

primers used by Geldenhuys were also designed to correct the 5`-GGGN sequence

that inhibited viral genome packaging in the Dr Wentzel transcription-based RV RG

system. The plasmid only approach followed by Geldenhuys was also heavily

influenced by the techniques and strategies used during the development of the AHSV

and BTV RG systems.
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The pSmart backbone used throughout this project was obtained from Prof. A.C. 

Potgieter (Deltamune, RSA) where it was being used as the backbone for the plasmid 

only AHSV RG system (van Rijn, et al., 2016). Each of the pSmart_SA11-N5 

constructs was designed to carry a single genome segment flanked by a 5`- T7-RNA 

polymerase promoter and a 3`- HDV ribozyme for the generation of precise viral 

transcript termini following transfection. Geldenhuys correctly generated and 

sequence-verified 8 of the 11 pSmart_SA11-N5 RV RG constructs during her MSc, 

with only GS3 (VP3), GS9 (VP7) and GS11 (NSP5/6) not being finalized. The final part 

of Geldenhuys’s MSc and the initial part of my MSc overlapped, with the main goal of 

both being the implementation of a plasmid only RV RG system. As a result of this, 

many of the primers and constructs used during Geldenhuys’s MSc are also used in 

mine. 

Upon the publication of the pT7_SA11-L2 RV RG system in 2017 the focus of our 

research group at the NWU temporarily shifted from further fine-tuning the 

pSmart_SA11-N5 RV RG system to the implementation of the Japanese pT7_SA11-

L2 RV RG system (Chapter 2). Upon successfully rescuing recombinant RV from the 

optimized pT7_SA11-L2 RV RG system, the focus again shifted to the finalization of 

the pSmart_SA11-N5 RV RG system and its implementation with the newly discovered 

optimizations (Section 2.4) in mind. This was initiated through the correction of the last 

three pSmart_SA11-N5 plasmids (GS3, GS9 and GS11) through In-Fusion HD 

cloning. Additionally, the phCMVdream capping and fusion encoding plasmids 

designed for the optimization of the Japanese pT7_SA11-L2 RV RG system (Figure 

42 and Figure 43, Appendix A) were also incorporated into the pSmart_SA11-N5 RV 

RG system. 
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3.2 Materials and methods 

3.2.1 dsRNA extraction 

The protocol for dsRNA extraction and sequence-independent primer ligation was 

basically the same as that described by Potgieter and associates (Potgieter et al., 

2009). Following IFMA confirmation of viral rescue, the corresponding P1 stock was 

used to infect confluent monolayers of MA104 or ST cells in a 75cm2 tissue culture 

flask for viral propagation (Section 2.2.13). After infection the monolayer was 

incubated at 37°C in a humidified, 5% CO2 incubator for 3-5 days or until CPE 

progressed to more than 75%, at which stage the cells were harvested. All remaining 

cells were detached from the bottom of the tissue culture flask through scraping or 

pipetting and the total content of the flask was emptied into a 15ml Falcon tube. The 

cells were pelleted through centrifugation at room temperature for 10min at 2500 x g. 

The supernatant was decanted into a new 15ml Flacon tube, labelled as the P2 viral 

stock and stored at 4°C. The pellet was then used for Tri-reagent mediated viral 

dsRNA genome extraction. 

TRIzol, also known as Tri-reagent, is a monophasic solution of phenol and 

guanidinium isothiocyanate that is commercially available for the solubilisation, 

extraction and deproteinizing of RNA (Rio et al., 2010). The reagent maintains RNA 

integrity during tissue homogenizing whilst simultaneously solubilizing biological 

material and denaturing proteins. It is especially useful in protecting RNAs from 

endogenous RNases during cell breakdown and homogenizing. It is used in 

conjunction with chloroform to preform organic-phase:aqueous-phase extraction 

during which proteins are extracted to the organic phase, DNA resolves at the 

interface, and RNA remains in the aqueous phase. 

For RNA extraction the cell-pellet was re-suspended in 750μL TRIzol® (Invitrogen, 

Carlsbad, California, USA), followed by the addition of 200μL chloroform. The sample 

was vortexed and incubated at room temperature for 5min, after which the sample was 

centrifuged for 15 - 30min at 16 000g at 4°C. The aqueous phase containing the RNA 

was carefully removed, after which an equivalent volume of isopropanol was added to 

it, thoroughly mixed and allowed to stand for 5-10min to facilitate RNA precipitation. 
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RNA is pelleted through centrifugation at 16 000g for 15-30min followed by removal of 

supernatant and drying of the pellet through another 10min centrifugation at 16 000g. 

Any remaining supernatant was carefully removed via pipetting and the pellet was air-

dried for 5min. The RNA pellet was then dissolved in 100µl elution buffer (EB; Qiagen) 

for 15-30min at room temperature with intermittent mixing. 

ssRNA was precipitated by adding lithium chloride (LiCl) to a final concentration of 2M 

to the sample, followed by overnight incubation at 4°C. ssRNA was pelleted through 

centrifugation at 16 000g at 4°C for 15 - 30min, after which the supernatant containing 

the dsRNA was moved to a new sterile PCR tube. The dsRNA could not be visualised 

through AGE at this stage as the LiCl in the sample distorts the gel and results in 

smears during separation. Before being visualized and used for sequence-

independent primer ligation and cDNA synthesis the dsRNA was first purified using 

the MEGAclear™ kit (Invitrogen). 

Before first use of the kit 20ml of 100% ethanol was added to the washing buffer and 

correspondingly labelled. The LiCl containing dsRNA sample was brought up to 100ul 

with elution buffer and transferred to a sterile, low-bind 1,5ml Eppendorf micro-

centrifuge tube. Following this, 350μl of the provided binding solution concentrate was 

added and mixed through pipetting after which 250μl of 100% ethanol was added and 

again thoroughly mixed through pipetting. The solution was then transferred to the 

provided binding column which in turn was then placed into a 2ml collection tube. The 

sample was centrifuged at 13 000rpm for 60 seconds during which the RNA was 

bound to the membrane. The flow-through was discarded and the membrane was 

washed twice with 500ul of washing solution through centrifugation for 60 seconds, 

after which the flow-through was discarded. The sample was centrifuged again without 

the addition of any buffers for 60 seconds to remove any residual buffers from the 

membrane and to prepare it for elution.  

RNA was eluted from the membrane by adding 30ul of 95°C nuclease-free H2O to the 

column and incubating it for 5min after which it was centrifuged for 60 seconds at 

13 000rmp. This elution step was repeated twice yielding 60ul of purified dsRNA of 

which 3ul was used for visualization through AGE (Section 2.2.7). 
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The purity and concentration of the dsRNA were determined by spectrophotometry 

(Section 2.2.6). All centrifugation steps were performed in an Eppendorf 2J20 bench 

centrifuge. 

 

3.2.2 Polyacrylamide gel electrophoresis (PAGE) 
 

For higher resolution evaluation of dsRNA, either from viral genome extraction or from 

various dsRNA ligation reactions, RNA-PAGE was used instead of the standard AGE 

approach. Although reducing PAGE techniques (such as sodium dodecyl sulphate 

polyacrylamide gel electrophoresis, SDS-PAGE) is traditionally used for the 

separation of proteins, the technique can be applied to the separation of nucleic acids, 

especially RNA. The basic principles of AGE and PAGE are the same with charged 

molecules moving through a matrix with various pores. The larger the molecule, the 

more resistance is provided by the matrix and the less it moves, correspondingly the 

smaller the molecule the less resistance is experienced and the further along with the 

gel it moves, thus causing separation. In RNA-PAGE the pores are formed by cross-

linking various polyacrylamide chains together using bifunctional agents such as N, 

N`-methylene-bis-acrylamide. The concentrations and ratios of these base reagents 

determine the density of the gel and the pore size. 

For this experiment, the separation of dsRNA was done with a 5% stacking, and 12% 

resolving gel at 130V. The standard Laemmli (1970) method, as described in 

Sambrook and Russell (2001), was used to construct and run the PAGE gel. The 

resolving gel was prepared first (Table 11) and cast into an assembled 0.75mm Bio-

Rad Mini Protean gel casting apparatus (BIORAD). The gel was then covered with 

H2O-saturated isobutanol to prevent the diffusion of O2 into the gel (which would inhibit 

polymerization) and allowed to fully polymerize at room temperature for 30-60 min. 

Following this, the H2O-saturated isobutanol is removed and the top of the gel is 

washed with deionized H2O to remove any unpolymerized acrylamide. Any remaining 

H2O is removed with Whattman filter paper, and the stacking gel is prepared (Table 

11) and cast onto the resolving gel.  
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Table 11: Preparation of resolving and stacking gel for RNA-PAGE 

The acrylamide mixture and Ammonium persulfate (APS) reagents were obtained from Sigma, whilst 
the tetramethylethylenediamine (TEMED) was obtained from Merck. 

The comb is inserted into the electrophoresis apparatus directly after the stacking gel 

has been cast, making sure not to trap any air bubbles, and left to fully polymerize at 

room temperature for 30-60min. After polymerization has occurred, the comb was 

gently removed and the wells are washed with deionized H2O. The gel was then 

mounted into a Bio-Rad electrophoresis apparatus and place into the running tank 

filled with TGS buffer (25 mM Tris, 250 mM Glycine, 0.1% (m/v) SDS, pH 8.3). 

Samples were electrophoresed at 130V for 60min after which gels were fixed and 

stained. 

3.2.3 Silver staining 

Silver staining of RNA-PAGE gels was selected for this project as the technique is 

more sensitive to low concentration nucleic acids than conventional ethidium bromide 

(EtBr) staining methods, and could more clearly visualize experiments with low RNA 

yields (such as ligation reactions and RNA purification steps). The Silver Stain Plus 

(Bio-Rad) staining kit was used throughout the project. This kit is based on the original 

Gottlieb and Chavko method (Gottlieb & Chavko, 1987), and entails the fixation of the 

RNA, followed by staining through the use of carrier-complex chemistry, and finally 

development of the stain and stopping of the resolving (visualization) reaction. 

Following electrophoresis, gels were fixed by submersion in the fixing solution (50% 

v/v reaction grade methanol, 10% v/v glacial acetic acid, 10% v/v Silver Stain Plus 

12% Resolving gel 5% Stacking Gel 
Stock reagent Volume (ml) Final 

concentration Volume (ml) Final 
concentration 

40% Acrylamide mix 4.5 12% 0.75 5% 
1.5 M Tris (pH 8.8) 3.8 0.38 M N/A N/A 
1.0 M Tris (pH 6.8) N/A N/A 0.75 0.125 M 
10% SDS 0.15 0.1% 0.06 0.1% 
10% APS 0.15 0.1% 0.06 0.1% 
TEMED 0.006 0.04 % 0.006 0.1% 
H2O 6.4 ml - 4.35 - 

Total 15 ml - 6 ml -
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fixative enhancer concentrate, and 30% v/v deionized distilled water). For two 

standard RNA-PAGE mini gels, 400ml of this solution was sufficient. Gels were 

submerged and incubated at room temperature with slight agitation for 20min, after 

which the fixing solution was removed and the gels were rinsed twice with 400ml of 

deionized water for a further 20min. 

Preparation of the staining and developing reagents took place no more than 5min 

before staining and all staining steps took place in a pre-prepared glass staining 

vessel. The staining reaction mixture was prepared by adding 5ml of each of the 

following Silver Stain Plus reagents to 35ml of deionized water directly prior to each 

reaction; silver complex solution, reduction moderator solution and image developing 

reagent. To this mixture directly before use 50ml of Silver Stain Plus, development 

accelerator solution was added, mixed well through swirling and added to the fixed 

gels. Gels were incubated at room temperature for 20min with slight agitation. 

The staining and development reactions took place simultaneously and were stopped 

after 20min with a 5% acetic acid incubation step. The staining and development 

reaction solution was removed from the gel and 400ml of the stopping solution (5% 

glacial acetic acid v/v in deionized distilled water) was added. This reaction was 

incubated at room temperature for 15min with slight agitation. Finally, the stopping 

solution was rinsed off with 400ml of high purity water for 5min and the gels were 

photographed. 

 

3.2.4 Sequence-independent cDNA synthesis and genome amplification 
 

For sequence-independent cDNA synthesis and viral genome amplification and 

sequencing, 12µl of the MEGAclear purified dsRNA (Section 2.2.14) was used in the 

PC3-T7 oligonucleotide ligation reaction (Potgieter et al., 2009). The ligation reaction 

contained the following: 300ng PC3-T7 loop oligonucleotide (5'-p–

GGATCCCGGGAATTCGGTAATACGACTCACTATATTTTTATAGTGAGTCGTATTA

–OH-3', TIB MOLBIOL, Berlin, Germany), 12µl purified dsRNA, 50 mM HEPES/NaOH 

(pH 8.8; Sigma), 18mM MgCl2, (Sigma, St. Louis, Missouri, United States), 0.01% 

bovine serum albumin (BSA; TaKaRa, Kusatsu, Shiga Prefecture, Japan), 1 mM ATP 

(Roche, Basel, Switzerland), 3 mM DTT (Roche), 10% DMSO (Sigma), 20% PEG6000 
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(Calbiochem, Sigma), and 30 U T4 RNA ligase (TaKaRa). The reaction was thoroughly 

mixed and incubated at 37°C overnight. The ligated RNA was then purified using the 

MEGAclear kit and yielded 30µl purified PC3-T7 loop-ligated dsRNA which was used 

for cDNA synthesis. 

Directly prior to cDNA synthesis 15ul of the PC3-T7 loop-ligated dsRNA was 

denatured through the addition of 1ul methyl mercury hydroxide (MMOH; Alfa Aesar, 

Haverhill, Massachusetts, USA) to a final concentration of 30mM, and incubation at 

room temperature for 30min in a fume hood. This denaturing step was directly followed 

by a reverse transcription reaction that contained: 1mM dNTPs, 1X Transcriptor High 

Fidelity buffer (Roche), 30mM 2-mercaptoethanol, 0.5U RNase inhibitor (Roche) and 

10U Transcriptor High Fidelity Reverse Transcriptase (Roche). The reaction was 

mixed well and incubated for 45min at 42°C, immediately followed by a 15min 

incubation at 55°C. During the initial 42°C incubation, the mercaptoethanol reduced 

the methyl mercury hydroxide and allowed the reverse transcriptase to synthesise 

cDNA from ssRNA. The final 55°C incubation step de-activated the reverse 

transcriptase and prepared the sample for the next step. 

The excess dsRNA was removed through the addition of 1M NaOH to the sample to 

a final concentration of 0.1 M, followed by incubation at 65°C for 30min. This was 

followed by addition of 1M HCl to a final concentration of 0.1 M and 1 M Tris/HCl (pH 

7.5) to a final concentration of 0.1 M, and incubation at 65°C for 60min. The viral 

genomic cDNA was then amplified through polymerase chain reaction (PCR) using 

the PC2 primer (5'-p–CCGAATTCCCGGGATCC-3' from TIB MOLBIOL). The PCR 

reaction mixture contained: 5ul TaKaRa Ex Taq 10x reaction buffer, 4ul 25mM 

TaKaRa Ultrapure dNTPs, 1ul PC2 primer (50pmol/ul), 0.6ul TaKaRa Ex-Taq High 

Fidelity DNA polymerase (5 units/μl) and 10ul of the cDNA synthesised in the previous 

step. The reaction was brought to a final volume of 50ul with nuclease-free H2O and 

placed in a thermocycler (T100 Thermal Cycler, Biorad, California, USA). All TaKaRa 

products were purchased from Clontech (Clontech, TaKaRa, Kusatsu, Shiga 

Prefecture, Japan). 

PCR conditions were as follows: initial incubation at 72oC for 1 minute to fill in cDNA 

ends to ensure amplification of the entire cDNA segment. This was followed by the 

initial denaturation at 94oC for 2 minutes followed by 25 - 30 cycles of denaturation at 
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94oC for 30 seconds, annealing at 65oC for 30 seconds and extension at 72oC for 

4 minutes. Lastly, the final elongation step was 72°C for 5min and then storage at 4°C 

until retrieved. The PCR product was then analysed through AGE (Section 2.2.7) 

before being sent through for NGS (Section 2.2.14). 

 

3.2.5 Genome segment-specific cDNA synthesis using SuperScript One-step 
RT-PCR kit 

 

Genome segment-specific (gs-specific) cDNA synthesis and PCR amplification were 

done in one step with the SuperScript III One-step RT-PCR Platinum kit (Invitrogen, 

Carlsbad, California, USA) using gs-specific primers. The kit was optimized for the 

amplification of RNA fragments between 200 and 4500bp from a starting concentration 

of as little as 0.1pg. The One-step reaction mixture was set up on ice in a PCR tube 

and contained:  25ul of the 2x reaction buffer, 1ul of both the sense and anti-sense 

primers (0.2 uM), 10ul of purified template RNA (between 0.2ug and 1ug) and 2ul of 

the SuperScript RT: Platinum Tac enzyme mix. The reaction volume was adjusted to 

50ul using nuclease-free H2O and placed into a thermocycler. 

The cycling conditions were as follows: 1 cycle of cDNA synthesis and pre-

denaturation for 30min at 50°C followed by 2min at 94°C. Next, 40 cycles of denaturing 

at 94°C for 30 seconds followed by annealing at 60°C for 30 seconds and extension 

at 68°C for 4min. The last step was 1 cycle at 68°C for 10min for the final extension. 

The PCR product was then analysed through AGE (Section 2.2.7) and sent for NGS 

(Section 2.2.14). 

 

3.2.6 Gel extraction and PCR clean-up 
 

All gel extraction steps in this project were performed using the MiniElute® Gel 

extraction kit (Qiagen, Whitehead Scientific). Gel extraction was only required for 

procedures involving In-Fusion®HD cloning reactions. Before the first use of the kit 

24ml of 100% pure ethanol was added to the EP buffer and correspondingly labelled. 

Following AGE (Section 2.2.7) the gel is viewed on a Dark reader and the desired 
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band is excised from the gel using a sterile scalpel blade and placed in a pre-weighed 

2ml RNase, DNase free micro-centrifuge tube. It is important that the gel not be 

exposed to the high-intensity light that visualizers such as the ChemiDoc use as these 

wavelengths will damage the DNA during visualization. During excision of the desired 

band, it is also important to remove as much as possible of the agarose gel from the 

sample as the reaction volume for the following steps is based on the weight of the gel 

fragment.  

QC buffer is added to the fragment to a volume three times more than its weight (3ul 

of buffer per ug of gel). The sample is then incubated in a heating block at 50°C for an 

hour (extended incubations have been correlated with increased yield) with vortexing 

every 10-15min to ensure complete homogenization. The QC buffer is a chaotropic 

salt buffer that aids in the breakdown of the agarose gel and provides the high salinity 

environment that is required for binding of the DNA to the silica membrane. The QC 

buffer also contains a pH indicator that will change from orange to violet if the pH is 

too high. Optimal pH for binding of the DNA to the membrane is 7.5. 

After the gel fragment is completely dissolved a volume of isopropanol is added to the 

mixture equal to the weight of the gel and mixed thoroughly. The entire sample volume 

is then transferred to a MiniElute column which in turn is placed in a collection tube. 

The sample is then centrifuged for 60 seconds to bind the DNA to the membrane. The 

flow-through is discarded and an additional 500ul of QC buffer is added to the column 

and again centrifuged for 30 seconds to remove any traces of the agarose gel. After 

this, the sample is washed with 750ul of PE buffer and gain centrifuged for 30 seconds. 

The flow-through is discarded and the column is again centrifuged without the addition 

of any buffers to remove any residual buffers from the membrane and prepare it for 

elution. 

Finally, the column is moved to a new sterile low-bind micro-centrifuge tube and the 

DNA is eluted with 30ul of pre-heated nuclease-free water. The 75°C water is placed 

on the membrane and incubated for 60 seconds after which it is centrifuged at 11 000g 

for one minute. The extracted DNA was evaluated through AGE (Section 2.2.7) and 

quantified through spectrophotometry (Section 2.2.6). All centrifugation steps were 

carried out in an Eppendorf 2J20 bench centrifuge. 
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All PCR clean-up steps in this project were performed using the MiniElute® PCR 

clean-up kit (Qiagen, Whitehead Scientific). This kit is designed for the purification of 

PCR products ranging from 70bp to 4000bp. The kit removes extraneous nucleotides, 

primers and polymerases from the sample and is based on the same principles than 

that of gel extraction. The procedure is however only recommended for PCR products 

that show a clear/well-defined band with very little to no background or non-specific 

amplification. If the sample meets these requirements its volume is adjusted to 100ul 

with nuclease-free water and 300ul of QC buffer is added to it and mixed through light 

vortexing. The rest of the procedure is the same as that for gel extraction. 

 

3.2.7 In-Fusion® HD cloning 
 

In-Fusion® HD cloning is a commercial cloning system based on the FastCloning 

protocol (Li et al., 2011). In-Fusion can be described as a directional, ligation-

independent cloning method that allows fast, single-tube cloning with high cloning 

accuracy. The system requires the linearization of both the insert and backbone 

through either restriction enzymes digest or through PCR amplification using primers 

designed to have overlapping complementary regions. In this project, PCR was 

selected for the linearization of both the inserts and plasmid backbone.  

All In-Fusion cloning reactions were set-up in accordance with the manufacturer’s 

(Clontech, Takara) specifications and only PCR linearized and gel-extracted 

amplicons were used to reduce the likelihood of off-target results. The standard In-

Fusion reaction contains 200ng of insert DNA, 100ng of backbone DNA and 2ul of the 

5x In-Fusion HD enzyme premix. The reaction volume is then adjusted to 10ul using 

nuclease-free water and mixed through pipetting. 

The reaction mixture is incubated in a thermocycler (T100 Thermal Cycler, Biorad, 

California, USA) at 50°C for 15min and then placed on ice until the transformation 

step. Extended incubation times will not increase efficiency and could, in fact, lead to 

a reduction in overall yield. After the 15min incubation the inserts and backbones 

should be hybridised and in the form of closed, circular plasmids with nicks in the 

phosphate backbone. The In-Fusion HD enzyme premix contains 3`-exonucleases 

that digest the PCR products yielding long single-stranded regions that can hybridise 
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with their complementary sequences. Upon transformation, the nicks in the plasmid 

backbone are repaired by the bacterial cells in the presence of selective pressure. 

Provided with the In-Fusion HD cloning kit are chemically competent Stellar cells which 

were meant to be used after In-Fusion. Optimal transformation efficiency requires the 

use of 5ul of the In-Fusion reaction along with 50ul of the Stellar cells. Standard 

transformation protocol is followed with the Stellar cells instead of DH5α (Section 

2.2.1). 

 

3.2.8 TCID50 assay 
 

The purpose of the TCID50 assay is to determine the infective dose at which 50% of 

the cell-culture would die. This is achieved through serial dilution of the selected viral 

stock and passage onto prepared cell monolayers in a 96-well plate. The viral stock is 

incubated to facilitate viral attachment and then replaced with propagation media 

(Sections 2.2.8 and 2.2.13). The 96-well plate is then incubated for a set time after 

which viral propagation is visualized through IFMA. 

For further detail and illustrations of the equations used see Appendix D. For each 

TCID(50) MA104 cells were grown in a 96-well plate (LabTec, Nunc, Thermo scientific) 

to roughly 85% confluence. The viral stock in question was then diluted in serial 10-

fold dilutions from 100 through to 10-7. The growth media of the MA104 cells was 

removed and the serial dilution of the viral stock was used to infect the cells with each 

dilution being represented by 6 adjacent wells.  

After an hour incubation, the viral dilution was removed and 100ul of propagation 

media was added to each well.  

The 96-well plate was incubated for 5 days and viral propagation was investigated 

through IFMA (Section 2.2.12). The relative viral titers were expressed as 50% of the 

tissue culture infective dose (TCID50) as per methods described by Reed and Muench 

(REED & MUENCH, 1938). 
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Equation 3: Calculation of relative TCID50/ml from 96-well IFMA results 
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3.3 Results and Discussion 

3.3.1 PCR amplification of SA11-N5 genome segments for pSmart In-Fusion 

As mentioned in the introduction, my MSc overlapped with the last part of that of L. 

Geldenhuys resulting in us working in parallel to generate a complete set of 

pSmart_SA11-N5 RV RG rescue plasmids. To familiarize myself with the techniques 

involved in In-Fusion sub-cloning, and to serve as a control for the work done by 

Geldenhuys, I decided to generate my own complete set of pSmart_SA11-N5 RV RG 

rescue plasmids. The first step of this process was the amplification of the 11 SA11-

N5 genome segments from the consensus sequences, cDNA transcription plasmids 

designed by Dr Wentzel (Figure 51, Appendix C). The primers designed by 

Geldenhuys for this purpose had a wide range of proposed annealing temperatures 

and several of the primer pairs had very different annealing temperatures. For this 

reason, I decided to first perform a temperature gradient PCR amplification (Figure 24) 

of each of the 11 SA11-N5 genome segments using the primers listed in Table 12. 

The temperatures selected were 53.4, 58.3, 63.7 and 68.0°C, based on the average 

annealing temperatures proposed for the primers, and 50°C selected for amplification 

of the pSmart backbone. 

SA11-N5 
GS

Amplicon 
size (bp)

Forword primer Reverse primer
optimal 
annealing 
temp. (°C)

GS1 3334 5’-TAATACGACTCACTATAGGCTATTAAAGCTG-3’ 5’-GGGACCATGCCGGCCGGTCACATCTAAGCG-3’ 63,7
GS2 2687 5’-TAATACGACTCACTATAGGCTATTAAAGGCTC-3’ 5’-GGGACCATGCCGGCCGGTCATATCTCCAC-3’ 58,3
GS3 2585 5’-TAATACGACTCACTATAGGCTATTAAAGCAG-3’ 5’-GGGACCATGCCGGCCGGTCACATCATGACTAG-3’ 53,4
GS4 2356 5’-TAATACGACTCACTATAGGCTATAAAATGGC-3’ 5’-GGGACCATGCCGGCCGGTCACATCCTCTAG-3’ 68,0
GS5 1608 5’-TAATACGACTCACTATAGGCTTTTTTTTTGAAAAG-3’ 5’-GGGACCATGCCGGCCGGTCACATCCTCTAG-3’ 58,3
GS6 1350 5’-TAATACGACTCACTATAGGCTTTTAAACGAAG-3’ 5’-GGGACCATGCCGGCCGGTCACATCCTCTCAC-3’ 63,7
GS7 1099 5’-TAATACGACTCACTATAGGCATTTAATGC-3’ 5’-GGGACCATGCCGGCCGGCCACATAACGCCC-3’ 58,3
GS8 1053 5’-TAATACGACTCACTATAGGCTTTTAAAGCG-3’ 5’-GGGACCATGCCGGCCGGTCACATAAGCGC-3’ 58,3
GS9 1057 5’-TAATACGACTCACTATAGGCTTTAAAAAGAG-3’ 5’-GGGACCATGCCGGCCGGTCACATCATACAATTC-3’ 58,3
GS10 745 5’-TAATACGACTCACTATAGGCTTTTAAAAGTTC-3’ 5’-GGGACCATGCCGGCCGGTCACATTAAGACC-3’ 58,3
GS11 660 5’-TAATACGACTCACTATAGCTTTTAAAGCGC-3’ 5’-GGGACCATGCCGGCCGGTCACAAAACGGGAG-3’ 63,7
pSmart 2018 5’-GGCCGGCATGGTCCCAGCCTCCTCGC-3’ 5’-TATAGTGAGTCGTATTAGATATC-3’ 50,0

Table 12: Optimal annealing temperature and primers for pSmart, SA11-N5 In-Fusion 
reaction 
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SA11-GS1(VP1) SA11-GS11(NSP5/6) SA11-GS8(NSP2)

Annealing 
temperature 
 

(°C) 

1   2      3      4   5    6   7   8      9  10     11    12    13    14    15

6000 bp 
Ladder (bp) 

3000 bp 

1000 bp 

(A) 

1    2     3     4     5    6     7    8    9    10   11  12   13  14   15  16   17  18   19

(B)
 

Annealing 
temperature 
 

(°C) 

Ladder (bp) 

3000 bp 

1000 bp 

6000 bp 

SA11-GS3(VP3) SA11-GS10(NSP4) SA11-GS9(VP7) SA11-GS7(NSP3) 

1    2     3     4     5    6     7    8    9    10   11  12   13  14   15  16   17  18   19

(C) 

Annealing 
temperature 
 

(°C) 

Ladder (bp) 

3000 bp 

1000 bp 

6000 bp 

SA11-GS2(VP2) SA11-GS4(VP4) SA11-GS6(VP6) SA11-GS5(NSP1) 

Figure 24: Agarose gels of temperature gradient PCR amplicons from pAlpha (A), pBeta (lanes 2-5, B and C), 
pDelta (lanes 7-18, B) and pGamma (lanes 7-18, C). A) Lanes 1 & 15: Ladder, 2-5: GS1 (VP1), 6-9: GS11 
(NSP5/6), 10-14: GS8 (NSP2). B) Lanes 1, 6 & 19: Ladder, 2-5: GS3 (VP3), 7-10: GS10 (NSP4), 11-14: GS9 (VP7), 
15-18: GS7 (NSP3). C) Lanes 1, 6 & 19: Ladder, 2-5: GS2 (VP2), 7-10: GS4 (VP4), 11-14: GS6 (VP6), 15-18: GS5 
(NSP1).
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Figure 24 illustrates the agarose gels of the temperature gradient PCR amplicons from 

the SA11-N5 cDNA genome segment carrying pAlpha (A), pBeta (lanes 2-5 in B and 

C), pDelta (lanes 7-18, B) and pGamma (lanes 7-18, C) plasmids. Optimal annealing 

temperatures (Table 12) were determined as the temperature at which both the 

highest amplicon yield was generated and the lowest amount of non-specific 

amplification was detected. Faint non-specific amplification can be seen in every 

reaction (Figure 24, A-C C) irrelevant of annealing temperature, indicating consistent 

and conserved interactions between the genome segment-specific primers and the 

pAlpha, pBeta, pDelta and pGamma plasmid backbones. This hypothesis is further 

supported by the fact that the majority of the non-specific amplification is consistent 

across each reaction and of a similar size (roughly 6000bp). Considering the variations 

in the pAlpha, pBeta, pDelta and pGamma plasmids, as well as that of the genome 

segment-specific primers, the non-specific binding must have occurred in conserved 

regions shared by each of the cDNA carrying plasmids (ergo the backbone) and in 

conserved regions shared by each of the primers (In-Fusion specific tails required for 

pSmart hybridization during sub-cloning). This is a necessary design flaw that is 

required for later In-Fusion sub-cloning and cannot be removed. This also accounts 

for the wide range in annealing temperatures amongst the In-Fusion primers and also 

necessitates agarose gel extraction and purification of the specific SA11-N5 genome 

segment amplicons prior to In-Fusion. 

As expected, the lower the annealing temperature, the higher the yield of the genome 

segment amplicons, and the higher the non-specific amplification. Correspondingly 

less amplification was observed as the annealing temperature increases. This was 

true for each genome segment amplification, except for GS2, GS3, GS4 and GS8, 

which each show slight irregularities. For GS2 (VP2), Figure 24, C (lanes 2-5): Very 

low amplification was observed even at the lowest annealing temperatures. This is 

most likely due to the significant differences in melting point between the forward (59.2 

°C) and reverse (64.1 °C) primers. Additionally, the low yield could be contributed to 

primer decay, however, each of the In-Fusion primer sets was ordered at the same 

time and kept under the same conditions, and no other primer set shows this kind of 

discrepancy. For GS3 (VP3), Figure 24, B (lanes 2-5): No distinctive difference was 

observed between the various annealing temperatures, indicating a high level of 

specificity and low efficient annealing temperature. 
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For GS4 (VP4), Figure 24, C (lanes 7-10): Unexpectedly high levels of non-specific 

amplification present at lower temperatures, with only the highest (68.0 °C) indicating 

a decrease. The non-specific amplicon at roughly 4000bp is most likely due to off-

target binding of the GS4 In-Fusion primer in addition to the expected background 

amplification at roughly 6000bp. This off-target binding was eliminated at 68.0°C. For 

GS8 (NSP2), Figure 24, A (lanes 10-13): Unintentional amplification of GS11 (NSP5/6) 

present at lower temperatures (53.4 and 58.3°C). This is most likely due to off-target 

binding of the GS8 In-Fusion primers to the NSP5/6 genome segment at low 

temperatures. This off-target binding was eliminated at 63.7°C. Overall the 

amplifications were successful and the optimal annealing temperatures were recorded 

in Table 12. 

3.3.2 Completion of the GS8 (NSP2), GS9 (VP7) and GS11 (NSP5/6) 
pSmart_SA11-N5 RV RG plasmids through In-Fusion HD cloning 

As mentioned in the introduction this part of my MSc overlapped with that of L. 

Geldenhuys’s MSc as we were working in parallel to complete the pSmart_SA11-N5 

RV RG plasmid set. At this stage I have already amplified, gel extracted and purified 

each of the SA11-N5 consensus sequence genome segments in preparation for In-

Fusion HD cloning. During this stage of my MSc however, the sequencing results of 

the pSmart_SA11-N5 RV RG rescue plasmids constructed by Geldenhuys were 

returned. The sequencing results indicated that Geldenhuys successfully sub-cloned 

SA11-N5 GS1 through GS7, and GS10 into the pSmart backbone with only GS8, GS9 

and GS11 containing incorrect sequences. As a result of this, it was decided that my 

efforts should be focused on the finalization of these three constructs instead of the 

construction (and sequence verification) of my own entire pSmart_SA11-N5 RV RG 

plasmid set. This experiment, therefore, entails the correction of the 5`-GGG-, and -

CC-3` ends of the pSmart_SA11_GS11 (NSP5/6) construct, as well as the

reconstruction of the pSmart_SA11_GS8 (NSP2) and pSmart_SA11_GS9 (VP7),

constructs using the In-Fusion HD cloning technique (Section 3.2.5).
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For GS11 (NSP5/6) new In-Fusion seamless cloning primers were designed to amplify 

the GS from the pAlpha (Figure 51) plasmid whilst also correcting the 5`- and -3` 

termini (Table 12). For GS8 (NSP2) and GS9 (VP7), the standard In-Fusion primers 

designed by L. Geldenhuys was used for amplification. In all three instances, the 

pSmart backbone was amplified using the corresponding In-Fusion primers and each 

amplicon was visualized through AGE (using a Dark reader) and gel extracted before 

In-Fusion. Following the standard In-Fusion protocol (Section 3.2.5) overnight plates 

were evaluated for colony formation and five random colonies were selected (Section 

2.2.3) for propagation and endotoxin-free plasmid extraction (Section 2.2.4). 

 

 

Figure 25 shows the agarose gel of the extracted plasmids from the selected In-Fusion 

reaction colonies. Based purely on the electrophoretic patterns of the supercoiled 

plasmid bands 4 distinct groups can be identified. Group I contains the bands present 

in lanes 2, 5-7, 9, 11 and 14-16, each appearing to be of the same size and having a 

similar electrophoretic pattern, suggesting a similar composition. As lanes 2-6, 7-11 

and 12-16, represent three distinct In-Fusion reactions, the only explanation of group 

I plasmids being similar is that group I represents the empty pSmart backbone 

resulting from the linearized backbone closing onto itself without incorporating any of 

the amplified SA11-N5 genome segments during In-Fusion. 

SA11-GS8 
(NSP2) In-

 

SA11-GS9 
(VP7) In-Fusion 

SA11-GS11 
(NSP5/6) In-

 

   1      2     3     4      5     6     7      8     9    10   11    12   13    14    15   16   17 
 Ladder (bp) 

3000 

1000 

6000 

Figure 25: Agarose gel of plasmids extracted following In-Fusion HD cloning colony selection. Lanes 1 & 
17: Ladder. Colonies selected from In-Fusion reactions for GS8: lanes 2-6, GS9: lanes 7-11 and GS11: lanes 12-
16. 
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The bands present in lanes 3 and 4 are similar and form group II. Lanes 8 and 10 

together from group III and group IV is represented by the plasmids present in lanes 

12 and 13. Again based purely on the electrophoretic patterns of these plasmids it was 

determined that group II represented plasmids that potentially incorporated GS8 

(NSP2) into the pSmart backbone, group III represented the incorporation of GS9 

(VP7) and group IV represented the incorporation of GS11 (NSP5/6). Comparison of 

the relative positions of groups II, III and IV to one another and to group I further 

supported this hypothesis as group II is the largest and contains the largest of the 

inserts, GS8 (NSP2). Correspondingly group III is slightly lower as it contains GS9 

(VP7), and group IV is the lowest (except for group I that is presumed to be the empty 

backbone) and contains the smallest insert, GS11 (NSP5/6). The colonies that 

represented groups II, III and IV were cultured overnight for endotoxin-free plasmid 

extraction (to be transfection ready), glycerol stock preparation and plasmid sequence 

verification.  

The apparent low efficiency of this experiment (9 out of 15 reactions returning an 

empty plasmid backbone) can be attributed to parental plasmid carry-over, non-

optimal In-Fusion ratios or non-representative colony selection. Parental plasmid 

carry-over refers to the presence of template plasmid (used during PCR linearization 

in preparation for In-Fusion) in the In-Fusion reaction. The template plasmid would 

then be transfected along with the In-Fusion products and could outcompete the In-

Fusion product over the incubation period. This can be addressed through the 

incorporation of a DpnI restriction enzyme digestion step before the In-Fusion reaction 

to eliminate the methylated parental plasmids from the reaction. Non-optimal In-Fusion 

ratios refers to the ratio of the vector (backbone) to insert during the In-Fusion reaction. 

This ratio is based on the relative molar amounts of both the vector and inserts and is 

influenced by GC-content, bp length and the hybridization regions in both the vector 

and insert (Section 3.2.6). These ratios can be experimentally optimized for each 

reaction, however, this would have been an unnecessary expenditure during this 

experiment and was thus not attempted. 

Finally, the apparent low efficiency of the experiment could have been due to the 

random selection of colonies that did not fully represent the total experimental results. 

Due to time and financial restraints, not all of the resulting In-Fusion colonies were 

tested and only 5 colonies were selected for evaluation. 
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3.3.3 NGS sequence verification of our pSmart_SA11-N5 RV RG plasmid set 

This step of the project entailed the endotoxin-free extraction of the locally developed, 

pSmart_SA11-N5 RV RG plasmid set followed by sequence verification through NGS 

(Section 2.2.14). Eight of the 11 pSmart_SA11-N5 rescue plasmids (GS1 through 

GS7, and GS10) were designed by L. Geldenhuys and stored as bacterial glycerol 

stocks. Three separate glycerol stock samples were selected for each of these eight 

constructs and used to inoculate 24 overnight cultures for endotoxin-free plasmid 

extraction (for NGS and to be transfection ready). I was in the process of constructing 

the remaining three plasmids (GS8, GS9 and GS11), and used the overnight cultures 

described in Section 3.3.2 for endotoxin-free plasmid extractions of the selected 

(group II, III and IV) In-Fusion colonies. 

The overnight cultures comprised of 100ml standard LB medium (Melford Laboratories 

Ltd. Bildeston Road, Suffolk, U.K) supplemented with carbenicillin (Melford, U.K) to a 

final concentration of 100µg/ml, and incubated at 37°C with shaking at 250rpm for 

16hours. Plasmids were extracted (Section 2.2.5), concentration determined (Table 

13) through NanoDrop spectrophotometry (Section 2.2.6) and a 2ul sample of each

was visualised through AGE (Section 2.2.7). The plasmid extracts yielded between

630.3ng/ul and 2314.4ng/ul and had acceptable OD260/280 readings (between 1.7 and

1.9).

Figure 26 illustrates the agarose gels of the endotoxin-free plasmid extractions from 

the glycerol stocks of the eight pSmart_SA11-N5 RV RG constructs designed by 

Geldenhuys. The gels showed very clear bands representing the various 

configurations that plasmids can take (relaxed, supercoiled, etc.) and had homologues 

electrophoretic separation profiles for each of the selected glycerol stocks, except for 

lane 2 in gel B, which showed an unexpectedly high electrophorotype. Even though 

this divergent electrophoretic separation profile does not definitively confirm a plasmid 

miss-match, the sample represented in lane 2, gel B was excluded from further testing. 

Endotoxin-free plasmid extractions were also made from the overnight cultures 

obtained from the GS8 (NSP2), GS9 (VP7) and GS11 (NSP5/6) In-Fusion HD cloning 

colonies discussed in Section 3.3.2 and illustrated in Figure 26. 
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Following plasmid extraction and visualization, a 30ul sample of 100ng/ul was 

prepared from one of each of the 11 endotoxin-free plasmid extractions (eight from the 

Geldenhuys glycerol stocks, and three from the In-Fusion HD cloning experiment) and 

sent for individual NGS (Section 2.2.14). Although this approach was much more 

expensive than the mixed sample approach used during the NGS of the Japanese 

pT7_SA11-L2 RV RG plasmid set, it would allow a much more comprehensive 

analysis of the pSmart_SA11-N5 RG transcription plasmids. This individual plasmid 

sequencing approach allowed the precise evaluation of the 5`- and -3` termini of each 

individual plasmid (Section 1.4.3.3). The sequencing results were analysed on CLC-

Bio workbench and fully annotated (Appendix C). Sample reads were mapped against 

in silico constructs and the consensus sequence was extracted and again aligned with 

the in silico plasmid references. 

1    2    3    4     5    6    7    8    9   10  11  12  13  14  15  16  17 
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(bp) 
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GS10 

pSmart_SA11 
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pSmart_SA11 
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pSmart_SA11 
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Figure 26: Agarose gels of endotoxin-free plasmid extractions of pSmart_SA11-N5 RV RG plasmids. (A & B) 
Lane 17: Ladder. Lanes 4,8,12 & 16 : Empty. (A) Lanes 1-3: pSmart_SA11_GS4 (VP4). Lanes 5-7: 
pSmart_SA11_GS1 (VP1). Lanes 9-11: pSmart_SA11_GS2 (VP2). Lanes 13-15: pSmart_SA11_GS3 (VP3). (B) 
Lanes 1-3: pSmart_SA11_GS5 (NSP1). Lanes 5-7: pSmart_SA11_ GS10 (NSP4). Lanes 9-10: pSmart_SA11_GS6 
(VP6). Lanes 13-15: pSmart_SA11_GS7 (NSP3). 
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No statistically relevant deviations were obtained from the mapping and the consensus 

sequence of each of the plasmids aligned perfectly against the in silico plasmids 

constructs (Appendix C). 

3.3.4 Implementation of pSmart_SA11-N5 RV RG system 

This experiment entailed the implementation of our full, locally developed, consensus 

sequence-based, plasmid only pSmart_SA11-N5 RV RG system. This experiment 

followed the initial optimization of the pT7_SA11-L2 system (Section 2.3.5) and the 

finalization and sequence verification of the corrected pSmart_SA11-N5 RG 

constructs (Sections 3.3.2 and 3.3.3). The exact same plasmid preparation (Section 

2.2.10) and transfection (Section 2.2.11) protocols used in the pT7_SA11-L2 

optimized system were followed. 

This system comprised of the 11 pSmart_SA11-N5 RG transcription plasmids, 

harbouring the 11 RV cDNA genome segments, as well as the two phCMVdream_VV 

capping enzyme expression plasmids and the phCMVdream_p10_FAST expression 

plasmid, for a total of 14 plasmids. The plasmids were each extracted and purified 

(Section 2.2.5) and then mixed together in equi-molar ratios with 3x higher relative 

amounts of the capping enzyme expression plasmids, the precise composition is 

annotated in Table 13 below. The negative control used in this experiment was an 

exact copy of the pSmart_SA11-N5 system but without the incorporation of the viral 

RNA-dependent-RNA-polymerase, GS1 (VP1), transcription plasmid. The rescue was 

confirmed through IFMA (Section 2.2.12). As illustrated in Figure 27, recombinant RV 

was indeed recovered from the system. Rescue from this system proved to be much 

easier and more reliable due to the implementation of the various optimizations tested 

and verified with the pT7_SA11-L2 system. The system seemed to be quite efficient 

as evaluated through visual indications of high viral titer. Upon confirmation of viral 

rescue, a comparative analysis between this system and the optimized pT7_SA11-L2 

RG system was preformed through TCID50 assay (Section 3.3.5), and the supernatant 

saved from the IFMA culture was propagated on MA104 cells for viral genome 

extraction (Section 3.2.1). 
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Table 13: Composition of equi-ug and equi-molar transfection mixtures 

Equi-ug Equi-molar 

Plasmid name Plasmid 
size (bp) 

Plasmid 
weight (kDa) 

Working stock 
(ng/ul) 

Plasmid 
required (ul) 

Plasmid 
required (ul) 

pSmart_SA11_GS1 (VP1) 5320 3930,31 1146,9 8,7 3,4 
pSmart_SA11_GS2 (VP2) 4712 3554,32 1329,7 7,5 2,7 

pSmart_SA11_GS3 (VP3) 4609 3491,35 1198,8 8,3 2,9 

pSmart_SA11_GS4 (VP4) 4380 3350,98 1050,9 9,5 3,2 

pSmart_SA11_GS5 (NSP1) 3632 2887,43 630,3 15,9 4,6 

pSmart_SA11_GS6 (VP6) 3372 2730,98 2314,4 4,3 1,2 

pSmart_SA11_GS7 (NSP3) 3123 2547,87 852 11,7 3,0 

pSmart_SA11_GS8 (NSP2) 3125 2576,21 713,8 14,0 3,6 

pSmart_SA11_GS9 (VP7) 3096 2549,74 1286,9 7,8 2,0 

pSmart_SA11_GS10 (NSP4) 2769 2358,08 750 13,3 3,1 

pSmart_SA11_GS11 (NSP5/6) 2684 2305,68 658,9 15,2 3,5 

phCMVdream_p10_FATS 2843 3700,00 519,9 19,2 7,1 

phCMVdream_VV_D1R 5090 3138,19 1352 7,4 2,3 

phCMVdream_VV_D12L 3419 2107,88 1054 9,5 2,0 

Total 152,4 44,6 

p=10ug stock p=1x10-9 mol 
stock 

Total DNA per transformation 
(ug) 

Equi-ug 
mixture 
(ng/ul) 

Equi-molar 
mixture 
(ng/ul) 

Volume equi-ug 
mixture / 
transformation (ul) 

Volume equi-
molar mixture / 
transformation (ul) 

30 1125 1409 26,67 21,29 

Figure 27: IFMA of equi-molar transfection of pSmart_SA11-N5 RG system in BSR-T5/7 cells with the 
pDream_VV_capping plasmids, co-seeded and propagated with ST cells. IFMAs done on CPE presenting cells 
3 days after P1 passage. 400x magnification. 
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The incubation time between the initial passage and IFMA was shortened from roughly 

5 days to 3, due to the excessive CPE formed in the pT7_SA11-L2 experiment where 

BSR-T5/7 cells were used as primary transfection cell line (Section 2.3.5). In that 

experiment, the advanced CPE made IFMA visualization of initial infection and 

propagation difficult.  

3.3.5 TCID50 comparison of basic pSmart_SA11-N5, original pT7_SA11-L2 and 
optimized pT7_SA11-L2 RV RG systems 

In this experiment, the relative viral titer of each of the selected RV RG systems was 

evaluated through TCID50 assay directly after confirmation of viral rescue via IFMA. 

As stated in Section 2.2.12, the supernatant of a CPE presenting culture is stored as 

a P1 viral stock prior to IFMA. These P1 stocks were then used for the construction of 

a dilution series as described in Section 3.2.6. MA104 cells were seeded into a 96-

well plate for the TCID50, infected with the viral dilution series (see Appendix D for a 

more detailed description of the preparation process) and incubated for 3 to 5 days. 

Following this incubation viral propagation was evaluated via IFMA and annotated in 

a calculation table such as Table 14, Table 15, and Table 16 below. Any fluorescent 

signal obtained from a well was viewed as viral propagation and annotated as “+”. 

Correspondingly if no fluorescent signal was found in a well it was deemed virus free 

and annotated as “-“. Calculations of TCID50 and TCID50/ml were done in Excel using 

the equations annotated in Equation 1. The relative TCID50/ml obtained were used to 

construct Figure 28, a bar chart used for visual analysis and comparison of the various 

RG systems.  



125 

0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 7 0 100 1,E+00

10-1 + + + - 3 1 3 1 75 1,E-01

10-2 - - - - 0 4 0 5 0 1,E-02

10-3 - - - - 0 4 0 9 0 1,E-03

10-4 - - - - 0 4 0 13 0 1,E-04

10-5 - - - - 0 4 0 17 0 1,E-05

10-6 - - - - 0 4 0 21 0 1,E-06

10-7 - - - - 0 4 0 25 0 1,E-07

10-8 - - - - 0 4 0 29 0 1,E-08

10-9 - - - - 0 4 0 33 0 1,E-09

TCID50

TCID50/ml

Ʃno. Infected 
wells (lowest to 
highest dilution)

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

2,15E+02

Jap_Ori
Origional pT7_SA11-L2 equi-ug set No. 

infected 
wells

No. non-
infected 

wells

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results Dilution 

factor

2,15E+01

Table 16: TCID50 calculation table for original pT7_SA11-L2 RV RG system 

0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 11 0 100 1,E+00

10-1 + + + + 4 0 7 0 100 1,E-01

10-2 + - + + 3 1 3 1 75 1,E-02

10-3 - - - - 0 4 0 5 0 1,E-03

10-4 - - - - 0 4 0 9 0 1,E-04

10-5 - - - - 0 4 0 13 0 1,E-05

10-6 - - - - 0 4 0 17 0 1,E-06

10-7 - - - - 0 4 0 21 0 1,E-07

10-8 - - - - 0 4 0 25 0 1,E-08

10-9 - - - - 0 4 0 29 0 1,E-09

TCID50

TCID50/ml

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results Dilution 

factor

2,15E+02

2,15E+03

Jap_NWU-
opti

pT7_SA11-L2 with NWU capping & 
FAST equi-molar set No. 

infected 
wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

0,1

Dilution 1 2 3 4 5 6
100 + + + + 4 0 15 0 100 1,E+00

10-1 + + + + 4 0 11 0 100 1,E-01

10-2 + + + + 4 0 7 0 100 1,E-02

10-3 + - + + 3 1 3 1 75 1,E-03

10-4 - - - - 0 4 0 5 0 1,E-04

10-5 - - - - 0 4 0 9 0 1,E-05

10-6 - - - - 0 4 0 13 0 1,E-06

10-7 - - - - 0 4 0 17 0 1,E-07

10-8 - - - - 0 4 0 21 0 1,E-08

10-9 - - - - 0 4 0 25 0 1,E-09

TCID50

TCID50/ml

NWU_Ori
Full pSmart_SA11-N5 equi-molar set No. 

infected 
wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

2,15E+04

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results Dilution 

factor

2,15E+03

Table 15: TCID50 calculation table for original pSmart_SA11-N5 RV RG system 

Table 14: TCID50 calculation table for optimized pT7_SA11-L2 RV RG system
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The results annotated in Table 14 were obtained from the optimized pT7_SA11-L2 RV 

RG system (Section 2.3.5). This was compared to the original (unmodified) 

pT7_SA11-L2 RG system (Section 2.3.2, Table 16) and to the NWU developed 

pSmart_SA11-N5 RV RG system (Section 3.3.4, Table 14) under the same conditions 

(using the same 96well plate). For each RG system, the P1 stock (saved prior to IFMA 

confirmation of rescue) was used for the construction of the dilution series (Section 

3.2.7). Standard IFMA was used for visualization of viral propagation. 

As illustrated by Figure 28, the original pT7_SA11-L2 RG system (blue) yielded a viral 

titer of 2.15x102 TCID50/ml. This is very low yield and might not be representative of a 

fully functional RG system, however, these results were obtained from the use of the 

P1 stock of the only rescue attempt that yielded a visible fluorescent response (Section 

2.3.2). During the implementation of the original pT7_SA11-L2 system, several 

attempts at rescue were made with only one yielding a positive result. It was concluded 

that the system required further optimization and thus no further rescue attempts were 

made. The TCID50 results of this experiment were included to evaluate the relative 

increase in rescue efficiency resulting from the implementation of the various 

optimizations discussed in Chapter 2. As expected the optimized pT7_SA11-L2 RV 

RG system (grey) performed better than the original, reaching a viral titer of 2.15x103 

TCID50/ml, a 10-fold increase. Although this is still a relatively low yield, it is indicative 

that the optimizations implemented, based on experience with the BTV and AHSV RG 

systems did, in fact, increase repeatability and overall viral yield. 
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Figure 28: TCID50 comparison of original pT7_SA11-L2, optimized pT7_SA11-L2 and original pSmart_SA11-
N5 RV RG systems
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Finally, the two pT7_SA11-L2 systems were compared with the locally developed, 

pSmart_SA11-N5 system (orange). Viral titers of approximately 2.15x104 TCID50/ml 

were obtained from the pSmart system, again increasing the yield 10-fold as compared 

with the optimized pT7_SA11-L2 system and a 100-fold (two log rise) increase when 

compared to the unmodified pT7_SA11-L2 system. This increase might be due to the 

reduced backbone size and increased transfection efficiency of the pSmart_SA11-N5 

RG system as compared to the optimized pT7_SA11-L2 RG system (Section 3.3.9). 

3.3.6 Incorporation of ASFV capping constructs and TCID50 comparison of 
pSmart_SA11-N5 and pT7_SA11-L2 RG systems 

This experiment entails the exchange of the VV capping subunits (D1R & D12L) 

carried in the phCMVdream plasmid with the single subunit African swine-fever virus 

(ASFV) capping enzyme alone (phCMVdream_ASFV, Figure 42, Appendix A), and 

fused to a viral T7-polymerase through a serine-glycine linker (phCMVdream_C3P3, 

Figure 42, Appendix A). This was done to reduce the plasmid load being transfected 

and also to increase the transcription and capping efficiency of the system. Standard 

rescue protocol (Section 2.2.11) was followed with the addition of negative controls 

(plasmid mixtures lacking VP1 representation) and rescue was confirmed through 

IFMA (Section 2.2.12). Initial experiments with the exchange of the VV capping 

plasmids with the pDream_ASFV capping plasmid (not fused with the viral T7-

polymerase) did not yield any significant improvements, with IFMA results of the VV 

based and ASFV based RG systems being visually identical (Figure 29, A & B). The 

incorporation of the C3P3 construct, however, yielded much higher viral titers as 

evaluated in terms of the progression of CPE over a set time of 3 days. As illustrated 

by Figure 29 (C), not only was rescue consistent but CPE progressed to more than 

60% within only 3 days indicating an increased viral load and therefore increased viral 

titer. 
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Confirmation of viral rescue was also done through dsRNA extraction and 

visualization, the results of which are discussed in Section 3.3.7. The dsRNA was then 

converted to cDNA and sent for sequence verification at the NICD through NGS, 

results of which are discussed in Section 3.3.7. Following the rescue of the 

pSmart_SA11-N5 RG system with the C3P3 construct, the same was done with the 

pT7_SA11-L2 RG system, yielding similar results. To compare these systems a 

TCID50 assay was constructed for each under the same conditions and annotated in 

the tables below. 

A B C 

Figure 29: IFMA results of pSmart_SA11-N5 RV RG systems using (A) VV capping plasmids, (B) the ASFV capping 
plasmid and (C) the C3P3 capping-polymerase construct. Transfected into BSR-T5/7 cells and co-seeded and 
propagated in ST cells. IFMAs done on CPE presenting cells 3 days after P1 passage. 400x magnification 

0,1

Dilution 1 2 3 4 5 6

10
0 + + + + 4 0 15 0 100 1,E+00

10
‐1 + + + + 4 0 11 0 100 1,E‐01

10
‐2 + + + + 4 0 7 0 100 1,E‐02

10
‐3 + ‐ + + 3 1 3 1 75 1,E‐03

10
‐4 ‐ ‐ ‐ ‐ 0 4 0 5 0 1,E‐04

10
‐5 ‐ ‐ ‐ ‐ 0 4 0 9 0 1,E‐05

10
‐6 ‐ ‐ ‐ ‐ 0 4 0 13 0 1,E‐06

10
‐7 ‐ ‐ ‐ ‐ 0 4 0 17 0 1,E‐07

10
‐8 ‐ ‐ ‐ ‐ 0 4 0 21 0 1,E‐08

10
‐9 ‐ ‐ ‐ ‐ 0 4 0 25 0 1,E‐09

TCID50

TCID50/ml

ƩNo. Non‐
infected wells 
(highest to 

lowest dilution)

2,15E+03

2,15E+04

% of ƩNo. infected 
wells /  ƩNo. Non‐
infected wells

Dilution 
factor

NWU_Ori
Full pSmart_SA11‐N5 equi‐molar set No. 

infected 
wells

No. non‐
infected 
wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

IFMA results

Table 17: TCID50 calculation table for original pSmart_SA11-N5 RV RG system 
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0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 16 0 100 1,E+00

10-1 + + + + 4 0 12 0 100 1,E-01

10-2 + + + + 4 0 8 0 100 1,E-02

10-3 + + + - 3 1 4 1 80 1,E-03

10-4 - + - - 1 3 1 4 20 1,E-04

10-5 - - - - 0 4 0 8 0 1,E-05

10-6 - - - - 0 4 0 12 0 1,E-06

10-7 - - - - 0 4 0 16 0 1,E-07

10-8 - - - - 0 4 0 20 0 1,E-08

10-9 - - - - 0 4 0 24 0 1,E-09

TCID50

TCID50/ml
3,16E+04

3,16E+05

Dilution 
factor

NWU_ASF
V

pSmart_SA11-N5 with 3x ASFV-
capping and NWU-FAST, equi-molar No. 

infected 
wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results

0,1

Dilution 1 2 3 4 5 6
100 + + + + 4 0 20 0 100 1,E+00

10-1 + + + + 4 0 16 0 100 1,E-01

10-2 + + + + 4 0 12 0 100 1,E-02

10-3 + + + + 4 0 8 0 100 1,E-03

10-4 + + + - 3 1 4 1 80 1,E-04

10-5 + - - - 1 3 1 4 20 1,E-05

10-6 - - - - 0 4 0 8 0 1,E-06

10-7 - - - - 0 4 0 12 0 1,E-07

10-8 - - - - 0 4 0 16 0 1,E-08

10-9 - - - - 0 4 0 20 0 1,E-09

TCID50

TCID50/ml

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

3,16E+05

3,16E+06

IFMA results Dilution 
factor

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells

NWU_C3P3
pSmart_SA11-N5 with 3x C3P3-

capping and NWU-FAST, equi-molar No. 
infected 

wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

Table 19: TCID50 calculation table for pSmart_SA11-N5 RV RG system with C3P3 

0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 18 0 100 1,E+00

10-1 + + + + 4 0 14 0 100 1,E-01

10-2 + + + + 4 0 10 0 100 1,E-02

10-3 + + + + 4 0 6 0 100 1,E-03

10-4 + + - - 2 2 2 2 50 1,E-04

10-5 - - - - 0 4 0 6 0 1,E-05

10-6 - - - - 0 4 0 10 0 1,E-06

10-7 - - - - 0 4 0 14 0 1,E-07

10-8 - - - - 0 4 0 18 0 1,E-08

10-9 - - - - 0 4 0 22 0 1,E-09

TCID50

TCID50/ml

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

1,00E+04

1,00E+05

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
Dilution 

factor

Jap_C3P3
pT7_SA11-L2 with 3x C3P3-capping 

and NWU-FAST, equi-molar set No. 
infected 

wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

IFMA results

Table 20: TCID50 calculation table for pT7_SA11-L2 RV RG system with C3P3 

Table 18: TCID50 calculation table for pSmart_SA11-N5 RV RG system with ASFV capping plasmid 
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The results annotated in Table 17were obtained from the original pSmart_SA11-N5 

RV RG system (Section 3.3.4) and was included to evaluate the efficacy of the ASFV 

and C3P3 constructs on base-line pSmart_SA11-N5 RG rescue. This was compared 

to the pSmart_SA11-N5 RG system utilizing the ASFV capping plasmid (Table 18), 

the pSmart_SA11-N5 RG system utilizing the C3P3 construct (Table 19) and the 

optimized pT7_SA11-L2 RG system utilizing the C3P3 construct (Table 20), under the 

same conditions (using the same 96 well plate). For each RG system, the P1 stock 

(saved directly prior to IFMA confirmation of rescue) was used for the construction of 

the dilution series (Section 3.2.7). Standard IFMA was used for visualization of viral 

propagation. 

As illustrated by Figure 30, the original pSmart_SA11-N5 RG system (blue) yielded a 

viral titer of 2.15x104 TCID50/ml, and served as the benchmark against which the 

performance of the different RG systems including the various capping constructs 

would be measured. Contrary to the visual evaluation (where no significant difference 

was evident), the pSmart_SA11-N5 RG system utilizing the ASFV capping plasmid 

(orange) did perform better than the benchmark, reaching a viral titer of 3.16x105 

TCID50/ml, a roughly 10-fold increase.  
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capping and NWU-FAST, equi-
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Figure 30: TCID50 comparison of pT7_SA11-L2 and pSmart_SA11-N5 RV RG systems utilizing various 
capping constructs.
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The pSmart_SA11-N5 RG system utilizing the C3P3 construct (grey) performed even 

better with a viral titer of 3.16x106 TCID50/ml. And finally, the optimized pT7_SA11-L2 

RG system unitizing the C3P3 construct (yellow) reached a viral titer of 1.0x105 

TCID50/ml, not as high as the pSmart_SA11-N5 RG system using the 

phCMVdream_C3P3 construct, but significantly higher than the pT7_SA11-L2 RG 

system that utilized the VV capping plasmids (~2.15x103 TCID50/ml, Section 3.3.5). 

These results indicate that the capping of viral transcripts and the abundance of the 

viral T7 polymerase play a decisive role in the efficacy of a RV RG system. 

3.3.7 dsRNA extraction, cDNA synthesis and viral genome sequencing for 
both optimized pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems 

Although IFMA confirmed viral recovery and propagation, viral genome extraction and 

sequencing was required for definitive confirmation of rescue of recombinant RV 

strains. The dsRNA extraction protocol (Section 3.2.1) was followed after successful 

viral rescue and dsRNA was visualised through AGE (Section 2.2.7) and RNA-PAGE 

(Section 3.2.2). Both rescued SA11-L2 and SA11-N5, as well as a SA11-N2 WT 

control, were propagated (Section 2.2.13) for dsRNA extraction followed by cDNA 

synthesis. 

Because the optimized pT7_SA11-L2 RG system (Section 2.3.5) was fully 

implemented and SA11-L2 was rescued first (before the finalization of the 

pSmart_SA11-N5 RG system, Section 3.3.4), the dsRNA of rescued SA11-L2 was 

isolated and compared to that of our WT SA11-N5 first. This was done to familiarize 

myself with the techniques involved in dsRNA extraction and cDNA synthesis and to 

definitively prove that recombinant SA11-L2 was rescued from the optimized 

pT7_SA11-L2 RG system. Figure 31 illustrates dsRNA isolated from both our SA11-

N2 WT RV and the recovered SA11-L2 RV from the optimized pT7_SA11-L2 RG 

system. The electrophoresis pattern of both samples correlates to the expected 

pattern for RV. The size of the dsRNA genome segments ranged from 3302bp (GS1, 

VP1) to 667bp (GS11, NSP5/6). 
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Following dsRNA extraction and visualization, sequence-independent primer ligation 

(Section 3.2.4) was performed and visualised through AGE (Figure 32). The ligation 

of the sequencing primers was visible as a very slight increase in genome segment 

size, which corresponds to the size of the ligated primers (2x 55bp). The increase is a 

bit more apparent for the smaller genome segments than the largest ones. 

1 2 3 

6000 bp 

dsDNA 
Ladder (bp) 

 

3000 bp 

1000 bp 

750 bp 

500 bp 

GS size and protein 
coding assignment 
 
GS1(VP1) 3302bp 
GS2(VP2) 2690bp 
GS3(VP3) 2591bp 
GS4(VP4) 2362bp 

GS5(NSP1) 1611bp 
GS6(VP6) 1356bp 
GS7(NSP3) 1105bp 
GS8(NSP2) 1059bp 
GS9(VP7) 1062bp 
GS10(NSP4) 751bp 
GS11(NSP5/6) 667bp 

Figure 31: Agarose gel of RV dsRNA. Lane 1: dsDNA Ladder. Lane 2: dsRNA extracted from MA104 cells infected 
with RV SA11-N2. Lane 3: dsRNA extracted from ST cells infected with P1 stock of optimized pT7_SA11-L2 RV RG 
system. 
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GS1(VP1) 3302bp 
GS2(VP2) 2690bp 
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GS10(NSP4) 751bp 
GS11(NSP5/6) 667bp 

Figure 32: Agarose gel of primer ligated and non-ligated RV dsRNA. Lane 1: dsDNA Ladder. Lane 2: dsRNA 
extracted from MA104 cells infected with RV SA11-N2. Lane 3: Sequence independent primer ligated dsRNA of 
SA11-N2. Lane 4: dsRNA extracted from ST cells infected with P1 stock of optimized pT7_SA11-L2 RV RG system. 
Lane 5: Sequence independent primer ligated dsRNA of SA11-L2.  
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The oligo-ligated dsRNA was used for cDNA synthesis (Section 3.2.4). The cDNA was 

then purified (Section 3.2.6) and PCR amplified for sequencing. The resulting NGS 

reads were mapped against both the RV SA11-L2 reference genome (LC333802-

LC333812) and the RV SA11-N2 reference genome (JN827244-JN827250 and 

JN827252- JN827255). The same was done with dsRNA extracted from the RV SA11-

N2 and compared to that of the pT7_SA11-L2 RG system. For all mapped reads and 

sequence alignments of each of the 11 GS, see Appendix B. The results for GS8 

(NSP2) are shown in Figure 33, as it most clearly illustrates the differences between 

the SA11-L2 and SA11-N2 genotypes. The sequences of GS8 for the SA11-L2 and 

SA11-N2 references only share a 79.79% identity and therefor best visually illustrate 

the corresponding strains without showing the actual sequences (available in 

Appendix B). 

As illustrated by Figure 33 (A & B), the virus recovered from the optimized pT7_SA11-

L2 RG system is clearly RV SA11-L2 and not the WT RV SA11-N2, as (A) mapped 

perfectly to the SA11-L2 reference sequence, whilst (B) could not. 

Figure 33: NGS reads of GS8 (NSP2) from rescued SA11-L2 and SA11-N2 cDNA mapped against GS8 (NSP2) 
of SA11-L2 (LC333809) and SA11-N2 (JN827252) reference genomes. cDNA of SA11-L2 (from optimized 
pT7_SA11-L2 RG system) mapped against, GS8 of the SA11-L2 reference genome (LC333809), and B: GS8 of the 
SA11-N2 reference genome (JN827252). C: cDNA of SA11-N5 (WT control) mapped against, GS8 of the SA11-L2 
reference genome, and D: GS8 of the SA11-N2 reference genome. Mismatches illustrated by blue, red, yellow and 
green verticle lines (in B & C). A & B mapped without incongruities. 
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Correspondingly the WT reads did not map against the SA11-L2 reference genome 

Figure 33 (C) but did map perfectly against the SA11-N2 reference genome Figure 33 

(D). This along with the sequence alignments in Appendix B definitively confirm the 

rescue of the intended RV SA11-L2 strain from the optimized pT7_SA11-L2 RG 

system and eliminates the possibility that results could arise from SA11-N2 WT cross-

contamination. This same process was followed for the dsRNA extraction, cDNA 

synthesis and NGS whole-genome sequencing for the RV SA11-N5 rescued from the 

optimized pSmart_SA11-N5 RG system (Section 3.3.6). Figure 34 (Lane 2) depicts 

the agarose gel of the dsRNA extracted from ST cells infected with the P1 stock of the 

optimized pSmart_SA11-N5 RG system. The electrophoretic separation pattern is that 

expected of RV SA11. Figure 34 (Lane 3) shows the corresponding sequence-

independent primer ligated dsRNA of the rescued SA11-N5 genome. 

dsRNA was successfully isolated from ST cells infected with the P1 stock of the 

optimized pSmart_SA11-N5 RG system (Figure 34), confirming viral prop agation. Due 

to the very slight increase in the corresponding primer ligated dsRNA (Figure 34, Lane 

3), especially visible for the smallest genome segments, it was assumed that the 

sequence-independent primer ligation step (Section 3.2.4) was successful. The primer 

ligated dsRNA from this experiment could however not be converted to cDNA (Section 
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Figure 34: Agarose gel visualizing the 11 segments of the RV SA11-N5 genome adjacent the primer ligated 
dsRNA of SA11-N5. Lane 1: dsDNA Ladder. Lane 2: dsRNA extracted from ST cells infected with P1 stock of 
optimized pSmart_SA11-N5 RV RG system. Lane 3: sequence independent primer ligated dsRNA from SA11-N5.  
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3.2.4) as was done for the pT7_SA11-L2 RG system. I then repeated the experiment 

with both the dsRNA from the pSmart_SA11-N5 RG system and that of the pT7_SA11-

L2 RG system as control. I then separated the extracted and primer ligated dsRNA 

from both the recovered SA11-L2 (Figure 35, lanes 2 and 3) and SA11-N5 (Figure 35, 

lanes 4 and 5) on a RNA-PAGE gel which was visualized through silver staining which 

is more sensitive than EtBr staining, to verify if primer ligation had occurred. 

Based on the results obtained from the RNA-PAGE it was concluded that the primer 

ligation step prior to the reverse transcriptase reaction was not successful. The primary 

goal of the whole genome amplification and NGS steps in this project was to verify the 

identity of the recovered virus and definitively indicate that the intended recombinant 

virus was rescued from the specific RG system, and that recovered virus was not the 

result of cross-contamination from another strain. This was achieved for the SA11-L2 

strain through sequence-independent primer ligation, whole genome amplification and 

NGS. 

Figure 35: RNA-PAGE gel of dsRNA extracted from MA104 cells infected with SA11-N2 WT (2) and ST cells 
infected with P1 stock from the optimized pSmart_SA11-N5 RG system, next to their sequence independent 
primer ligated dsRNA genome segments. Lane 5: dsDNA Ladder. Lane 1: dsRNA extracted from MA104 cells 
infected with SA11-N2 WT. Lane 2: sequence independent primer ligated dsRNA from SA11-N2 WT. Lane 3: dsRNA 
extracted from ST cells infected with P1 stock of optimized pSmart_SA11-N5 RV RG system. Lane 4: sequence 
independent primer ligated dsRNA from SA11-N5. 
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This entire process was however not strictly required for definitive verification of rescue 

and viral identification. Only a single genome segment that is distinct enough to 

distinguish between the SA11-L2 and SA11-N5 strains was required. During the 

implementation and optimization of the pT7_SA11-L2 RG system, our in-house SA11-

N2 WT was used as a control, and as such the virus recovered from the pT7_SA11-

L2 RG system needed to be distinguished from that of the SA11-N2 WT. During the 

implementation and optimization of the pSmart_SA11-N5 RG system, the pT7_SA11-

L2 RG system served as control and no SA11-N2 WT was ever used. For this reason, 

the recovered virus from the pSmart_SA11-N5 RG system needed to be distinguished 

from that of the SA11-L2 strain. 

Due to time constraints at this stage of the project, it was decided that instead of 

troubleshooting and re-optimizing the entire sequence-independent primer ligation 

and cDNA synthesis workflow for the pSmart_SA11-N5 RG system, a genome 

segment-specific approach would be followed to isolate, reverse transcribe and PCR 

amplify a single GS which would then be sent for sequencing. GS4 (VP4) was selected 

for this purpose and GS4 specific primers were designed that would amplify both the 

SA11-L2 GS4 and the SA11-N5 GS4. The primer set: Forward, 5`-

GGCTATAAAATGGCTTCGC-3`, and Reverse, 5`-GCCGCTGAAATATCATCAAA 

ATTCATACC-3` was designed to amplify a variable region that could be used to 

distinguish between the SA11-L2 and SA11-N5 RV strains.  

Standard SuperScript III One-step RT-PCR Platinum kit (Invitrogen) protocol (Section 

3.2.5) was followed for the GS4 (VP4) cDNA and PCR amplification steps, results of 

which are illustrated inFigure 36. Both the recovered SA11-L2 (Figure 36, lane 2) and 

SA11-N5 (Figure 36, lane 3) dsRNA (GS4, VP4) was successfully reverse transcribed 

and PCR amplified. The resulting amplicons were of the expected size (1926bp), were 

purified (Section 3.2.6) and were sent for Sanger sequencing (Section 2.2.14). 
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Figure 37 illustrates the GS4 (VP4) cDNA sequences of SA11-N5 aligned to both the 

SA11-N5 (1st row) and SA11-L2 (2nd row) GS4 (VP4) reference sequences. The 

highlighted nucleotides represent the 6 nucleic acid sequence differences used for 

differentiation of the SA11-N5 and SA11-L2 GS4 sequences. These are 194 (A to G), 

224 (T to C), 318 (G to A), 478 (T to C), 569 (G to C) and 1004 (C to A) with the first 

being the SA11-N5 consensus sequence and the second being the SA11-L2 variation. 

Of the 6 selected sequence differences, 5 correlated to the SA11-N5 reference 

(highlighted in green) and one correlated to the SA11-L2 reference (highlighted in red). 

Based on these findings it was confirmed that the rescued virus from the 

pSmart_SA11-N5 RG system was indeed the intended SA11-N5, even though a single 

SNP (224: T to C) resembled the SA11-L2 strain. This can be further validated with 

additional genome segment-specific amplifications, however, for the purposes of this 

MSc, this confirmation was deemed sufficient and additional genome segment-specific 

amplifications were not attempted. Additionally, the 224 T in the SA11-N5 reference is 

based on the consensus sequence and might not be retained in the actual viral 

genome during rescue and passage, and might be a naturally occurring mutation. This 

will have to be confirmed through NGS. 

2000 

    1  2     3        4 

6000 

dsDNA 
Ladder (bp) 

3000 

1000 

1500 

Figure 36: Agarose gel of GS4 specific cDNA synthesis for (2) SA11-L2 and (3) SA11-N5 rescued virus. Lanes 
1 & 4: dsDNA Ladder. Lanes 2 & 3: SuperScript One-step RT-PCR product from dsRNA extracted from ST cells 
infected with (2) P1 stock from the optimized pT7_SA11-L2 RG system, and (3) P1 stock from the optimized 
pSmart_SA11-N5 RG system, using GS4 specific primers. 
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3.3.8 Effect of a 3x increase of NSP2 and NSP5 transcription plasmids on both 
optimized pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems 

This experiment was based on the 2018 Komoto publication that indicated that 

recovery of recombinant RV from the pT7_SA11-L2 system could be greatly improved 

by increasing the number of transcription plasmids encoding the genome segments 

responsible for viroplasm formation, GS8 (NSP2) and GS11 (NSP5). In addition to 

this, I wanted to compare the relative efficiency of the equi-molar based system that 

we were using against the equi-ug based system that Komoto and associates were 

using. The optimised pT7_SA11-L2 system comprised of the standard 11 pT7_SA11-

L2 rescue plasmids in equi-molar amounts along with our pDream_p10_FAST 

expression plasmid, and 3x molar amounts of the phCMVdream_C3P3 expression 

plasmid. In parallel, an equi-ug mixture was prepared that simply mixed equivalent 

amounts of each of the plasmids of the system with the addition of 3x the relative 

amounts of NSP2 and NSP5 transcription plasmids and 3x the relative amount of the 

phCMVdream_C3P3 expression plasmid. Standard rescue protocol was followed for 

both systems with the inclusion of negative controls for each (lacking VP1 

representation). BSR-T5/7 cells were used as primary transfection cell-line and ST 

cells for co-seeding and propagation cell-lines. 

Figure 37: Sanger sequencing alignments of GS4(VP4) cDNA from recovered SA11-N5 aligned against both 
SA11-N5 and SA11-L2 GS4(VP4) reference sequences. Figure depicts 100pb segments of the full alignment that 
contain the conserved sequence variations used to distinguish between SA11-N5 and SA11-L2. These are: 194 (A 
to G), 224 (T to C), 318 (G to A), 478 (T to C), 569 (G to C) and 1004 (C to A). Of the 6 selected nucleic acid sequence 
differences, 5 correlated to the SA11-N5 reference (highlighted in green) and one correlated to the SA11-L2 reference 
(highlighted in red). 
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Confirmation of rescue and visual comparison was done through IFMA (Figure 38). 

With both approaches, it was possible to consistently rescue recombinant RV. 

However, the equi-ug approach consistently formed more CPE than the equi-molar 

approach. A visual comparison was done following each IFMA with the assumption 

that greater CPE represents higher viral titer and thus represents the more efficient 

system. This was a qualitative evaluation and not a quantitative one. The exact relative 

efficiencies of the two different approaches were determined through TCID50 

comparison (Section 3.3.9). These results were unexpected because the experiments 

described in Section 2.3.2 and Section 2.3.3 indicated either a negligible difference 

between the equi-molar and equi-ug approaches or a slight increase of efficiency for 

the equi-molar approach. 

This difference could be due to the very nature of the equi-ug approach, which has 

more copies of the relatively small NSP2 and NSP5 transcription plasmids, than the 

equi-molar approach. This suggests that it might be possible to overcome the 

difference in efficiency between the equi-ug and equi-molar systems by increasing the 

NSP2 and NSP5 transcription plasmids in the equi-molar system even more. 

A B 

Figure 38: IFMA of the optimized pT7_SA11-L2 RV RG system using (A), an equi-molar approach with 3x 
phCMVdream_C3P3 expression plasmid, compared to (B), an equi-ug approach using 3x NSP2 and NSP5 
transcription plasmids and 3x phCMVdream_C3P3 expression plasmid. Transfected into BSR-T5/7 cells and 
co-seeded and propagated in ST cells. IFMAs were done on CPE presenting cells 3 days after P1 passage. 400x 
magnification. 
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The reason my initial experiments did not indicate a significant difference between the 

two approaches might be due to the overall low efficiency of both the equi-molar and 

equi-ug systems at that stage. To accurately monitor the effects of our optimizations 

to the initial system would have required each experiment to have both the equi-molar 

and equi-ug versions with their respective negative controls and each of the specific 

optimizations. This duel approach was not followed due to financial and time 

constraints and that is why, based on early experiments, the equi-molar approach was 

selected for further investigation. It is however noteworthy that both the equi-molar 

and equi-ug systems containing the various optimizations incorporated from the AHSV 

and BTV RG systems, resulted in the reliable rescue of the virus, illustrating that the 

optimizations were indeed effective and improved the recovery capacity of the initial 

pT7_SA11-l2 RG system significantly. Table 20 summarises the various adaptations 

and optimizations made to the optimized pT7_SA11-L2 RV RG system as compared 

to the original unmodified system and our locally developed pSmart_SA11-N5 RV RG 

system. 

Table 20: Summary of optimizations made to the original pT7_SA11-L2 RV RG system as 
compared to our pSmart_SA11-N5 RV RG system 

RV RG system pT7_SA11-L2 
(Original) 

pT7_SA11-L2  
(NWU adapted) 

pT7_SA11-L2  
(NWU optimized) 

pSmart_SA11-N5 
(NWU optimised) 

Transfected cells BHK-T7 BSR-T5/7 BSR-T5/7 BSR-T5/7 
Co-seeding cells MA104 ST ST ST 
Capping enzyme VV (D1R & D12L) VV (D1R & D12L) C3P3 C3P3 
Additional T7pol No No Yes Yes 
SA11 strain L2 L2 L2 N5 
Detection system IVIS IFMA IFMA IFMA 
Ribozyme Genomic HDV Genomic HDV Anti-genomic HDV Anti-genomic HDV 
Backbone pT7 (~3080bp) pT7 (~3080bp) pT7 (~3080bp) pSmart (~2010bp) 
Plasmid mix Equi-µg Equi-molar & -µg Equi- µg Equi-µg 
Capping : cDNA 1:1 2:1 3:1 3:1 
Fusion protein NBV p10 FAST NBV p10 FAST NBV p10 FAST NBV p10 FAST 
Additional NSP2/5 No No Yes Yes 
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The exact same approach used for the evaluation of the pT7_SA11-L2 RV RG 

systems was also applied to the NWU developed pSmart_SA11-N5 RV RG system, 

with one being the optimized equi-molar (Figure 39, A) and the other being an equi-ug 

(Figure 39, B) version with 3x more NSP2, NSP5 transcription plasmids and 3x more 

phCMVdream_C3P3 expression plasmid. Following IFMA confirmation of viral rescue, 

a TCID50 comparison was performed on each of the RG versions as described in 

Sections 3.3.5 and 3.2.8. As with the results of the pT7_SA11-L2 experiment, both the 

equi-molar and equi-ug systems repeatedly and consistently rescued, with the equi-

ug version consistently outperforming the equi-molar one in terms of relative viral titer, 

evaluated visually following IFMA. Precise comparison of relative viral titers was done 

through TCID50 assay and annotated in Section 3.3.9, Tables 22 - 25. 

A B

Figure 39: IFMA of the optimized pSmart_SA11-N5 RV RG system using (A), an equi-molar approach with 3x 
phCMVdream_C3P3 expression plasmid, compared to (B), an equi-ug approach using 3x NSP2 and NSP5 
transcription plasmids and 3x phCMVdream_C3P3 expression plasmid. Transfected into BSR-T5/7 cells and 
co-seeded and propagated in ST cells. IFMA was done on CPE presenting cells 3 days after P1 passage. 400x 
magnification 
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3.3.9 TCID50 evaluation of optimized pSmart_SA11-N5 and pT7_SA11-L2 RG 
systems using an equi-molar approach as compared to an equi-ug 
approach with 3x more NSP2 and NSP5 transcription plasmids 

In this experiment, the impact of increasing the relative amounts of viroplasm forming 

GS8 (NSP2) and GS11 (NSP5) transcription plasmids on viral titer was evaluated 

through TCID50 assays. As stated in Section 2.2.12, the supernatant of a CPE 

presenting culture is stored as a P1 viral stock prior to IFMA. The P1 stocks of the 

various RG systems described in Section 3.3.8, were used for the construction of 

several dilution series as described in Section 3.2.8. MA104 cells were seeded into a 

96-well plate for the TCID50, infected with the viral dilution series and incubated for 3

to 5 days. Following this incubation viral propagation was evaluated via IFMA. Any

fluorescent signal obtained from a well was viewed as viral propagation and annotated

as “+”. Correspondingly if no fluorescent signal was found in a well it was deemed

virus free and annotated as “-“. Calculations of TCID50 and TCID50/ml were done in

Excel using the equations annotated in Equation 2.

Results shown in Table 21 were obtained from the optimized, equi-molar 

pSmart_SA11-N5 RV RG system (Section 3.3.6), and were included to be compared 

to the optimized, equi-molar pT7_SA11-L2 RG system that utilized the 

phCMVdream_C3P3 construct (Table 22). These two equi-molar RG systems were 

used as a benchmark to evaluate the efficiency of the equi-ug RG systems that 

increased the amount of NSP2 and NSP3 transcription plasmids (Table 23). This was 

compared to the equi-ug pSmart_SA11-N5 RG system with 3x NSP2 and NSP5 

transcription plasmids (Table 24) and the equi-ug pT7_SA11-L2 RG system with 3x 

NSP2 and NSP5 transcription plasmids (Table 24), under the same conditions (using 

the same 96 well plate). 
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Table 21: TCID50 calculation table for optimized, equi-molar pSmart_SA11-N5 RV RG system with 
3x phCMVdream_C3P3 expression plasmid. 

0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 20 0 100 1,E+00

10-1 + + + + 4 0 16 0 100 1,E-01

10-2 + + + + 4 0 12 0 100 1,E-02

10-3 + + + + 4 0 8 0 100 1,E-03

10-4 + + + - 3 1 4 1 80 1,E-04

10-5 + - - - 1 3 1 4 20 1,E-05

10-6 - - - - 0 4 0 8 0 1,E-06

10-7 - - - - 0 4 0 12 0 1,E-07

10-8 - - - - 0 4 0 16 0 1,E-08

10-9 - - - - 0 4 0 20 0 1,E-09

TCID50

TCID50/ml
3,16E+05

3,16E+06

Dilution 
factor

NWU_C3P3
pSmart_SA11-N5 with 3x C3P3-

capping and NWU-FAST, equi-molar No. 
infected 

wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results

Table 23: TCID50 calculation table for optimized equi-molar pT7_SA11-L2 RV RG system with 
3x phCMVdream_C3P3 expression plasmid. 

0,1

Dilution 1 2 3 4 5 6

100 + + + + 4 0 18 0 100 1,E+00

10-1 + + + + 4 0 14 0 100 1,E-01

10-2 + + + + 4 0 10 0 100 1,E-02

10-3 + + + + 4 0 6 0 100 1,E-03

10-4 + + - - 2 2 2 2 50 1,E-04

10-5 - - - - 0 4 0 6 0 1,E-05

10-6 - - - - 0 4 0 10 0 1,E-06

10-7 - - - - 0 4 0 14 0 1,E-07

10-8 - - - - 0 4 0 18 0 1,E-08

10-9 - - - - 0 4 0 22 0 1,E-09

TCID50

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

1,00E+04

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
Dilution 

factor

Jap_C3P3
pT7_SA11-L2 with 3x C3P3-capping 

and NWU-FAST, equi-molar set No. 
infected 

wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

IFMA results

TCID50/ml 1,00E+05

Table 22: TCID50 calculation table for equi-ug pT7_SA11-L2 RV RG system with 3x NSP2 and 
NSP5 transcription plasmids and 3x phCMVdream_C3P3 expression plasmid. 

0,1

Dilution 1 2 3 4 5 6
100 + + + + 4 0 24 0 100 1,E+00

10-1 + + + + 4 0 20 0 100 1,E-01

10-2 + + + + 4 0 16 0 100 1,E-02

10-3 + + + + 4 0 12 0 100 1,E-03

10-4 + + + + 4 0 8 0 100 1,E-04

10-5 + + + - 3 1 4 1 80 1,E-05

10-6 - - + - 1 3 1 4 20 1,E-06

10-7 - - - - 0 4 0 8 0 1,E-07

10-8 - - - - 0 4 0 12 0 1,E-08

10-9 - - - - 0 4 0 16 0 1,E-09

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

IFMA results

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
Dilution 

factor

Jap_3x 
NSP2/5

pT7_SA11-L2 origional with 3x NSP2/5, 
equi-ug set No. 

infected 
wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

TCID50 3,16E+06 TCID50/ml 3,16E+07
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As illustrated by Figure 40, the optimized, equi-molar pT7_SA11-L2 RG system (blue) 

yielded a titer of 1.0x105 TCID50/ml, and the optimized, equi-molar pSmart_SA11-N5 

RG system (orange) yielded a titer of 3.16x106 TCID50/ml. This comparison not only 

provided a benchmark against which the performance of the equi-ug RG systems with 

increased NSP2 and NSP5 constructs would be measured but also confirms that the 

pSmart_SA11-N5 RG system is more efficient than the pT7_SA11-L2 RG system in 

every comparable experiment thus far. 

Table 24: TCID50 calculation table for equi-ug pSmart_SA11-N5 RV RG system with 3x NSP2 and NSP5 
transcription plasmids and 3x phCMVdream_C3P3 expression plasmid. 

0,1

Dilution 1 2 3 4 5 6
100 + + + + 4 0 27 0 100 1,E+00

10-1 + + + + 4 0 23 0 100 1,E-01

10-2 + + + + 4 0 19 0 100 1,E-02

10-3 + + + + 4 0 15 0 100 1,E-03

10-4 + + + + 4 0 11 0 100 1,E-04

10-5 + + + + 4 0 7 0 100 1,E-05

10-6 - + + - 2 2 3 2 60 1,E-06

10-7 - + - - 1 3 1 5 17 1,E-07

10-8 - - - - 0 4 0 9 0 1,E-08

10-9 - - - - 0 4 0 13 0 1,E-09

TCID50 1,70E+07

ƩNo. Non-
infected wells 

(highest to 
lowest dilution)

Dilution 
factor

NWU_3x 
NSP2/5

pSmart_SA11-N5 with 3x C3P3-
capping and 3x NSP2/5, equi-ug No. 

infected 
wells

No. non-
infected 

wells

Ʃno. Infected 
wells (lowest to 
highest dilution)

% of ƩNo. infected 
wells /  ƩNo. Non-

infected wells
IFMA results

TCID50/ml 1,70E+08

1,00E+05

3,16E+06

3,16E+07
1,70E+08

1,00E+00

1,00E+01

1,00E+02

1,00E+03

1,00E+04

1,00E+05

1,00E+06

1,00E+07

1,00E+08

1,00E+09

TC
ID

50
/m

l

TCID50 evaluation of various equi-molar and equi-ug RV RG 
systems

pT7_SA11-L2 with 3x C3P3-capping
and NWU-FAST, equi-molar set

pSmart_SA11-N5 with 3x C3P3-
capping and NWU-FAST, equi-molar
set

pT7_SA11-L2 origional with 3x
NSP2/5, equi-ug set

pSmart_SA11-N5 with 3x C3P3-
capping and 3x NSP2/5, equi-ug

Figure 40: TCID50 comparison of both equi-molar and equi-ug approaches of the pT7_SA11-L2 and 
pSmart_SA11-N5 RV RG systems, with the equi-ug approach using 3x NSP2 and NSP5 transcription 
plasmids.
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The equi-ug pT7_SA11-L2 RG system with 3x NSP2 and NSP5 transcription plasmids 

(grey) reached a viral titer of 3.17x107 TCID50/ml, a 10-fold increase of that of the 

optimized, equi-molar pSmart_SA11-N5 RG system, and a 100-fold (two logs higher) 

increase of that of the optimized, equi-molar pT7_SA11-L2 RG system. This 

substantial increase in efficiency clearly highlights the importance of the viroplasm 

forming GS8 (NSP2) and GS11 (NSP5) during viral replication (Desselberger, 2014; 

Desselberger, 2017; Desselberger, 2019; Estes & Cohen, 1989). 

As mentioned previously, initial experiments where the equi-molar and equi-ug 

approaches were compared through IFMA, did not indicate a significant difference 

between the two systems and suggested (based purely on visual evaluation) that the 

equi-molar approach might be slightly more efficient. This is in sharp contrast to the 

findings of this experiment. If we, however, take into consideration the substantial 

effect of the increased viroplasm forming GSs had on rescue, we can infer that the 

equi-ug approach only outperformed the equi-molar approach because it would 

provide even more copies of the relatively small GS8 (NSP2) and GS11 (NSP5) 

transcription plasmids than the equi-molar approach. This notion is further supported 

by the equi-ug pSmart_SA11-N5 RG system reaching the highest viral titer of 1.7x108 

TCID50/ml. In this experiment, the reduced size of the pSmart plasmid backbone would 

further increase the number of small plasmids represented in an equi-ug transfection 

mixture and therefor would further support the formation of the viroplasm. 

This comparison also illustrates that the pSmart_SA11-N5 RG system consistently 

outperforms the pT7_SA11-L2 RG system in every comparable experiment. This 

again (as stated in Section 3.3.5) can most likely be attributed to the smaller plasmid 

backbone size of the pSmart_SA11-N5 RG system (~2010bp) as compared to that of 

the pT7_SA11-L2 RG system (~3080bp). The smaller backbone allowed higher 

transfection efficiency and decreases plasmid load by roughly 11700bp, resulting in 

higher transcription levels and an increase in over-all rescue efficiency. 
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3.4 Summary 

The NWU research team has long been working towards a robust, helper-virus 

independent RV RG system. Work towards this goal was primarily based on the work 

done by Dr L. Mlera and Dr J.F. Wentzel who determined the SA11-N5 consensus 

sequence and generated several transcription plasmids carrying the SA11-N5 cDNA 

genome segments respectively. Prior to the start of this project, the bases of the 

pSmart_SA11-N5 RV RG system was already being worked on by various members 

of the NWU research team, with L. Geldenhuys generating 8 of the 11 SA11-N5 cDNA 

rescue plasmids by the end of 2017. I took over the project and constructed the 

remaining 3 SA11-N5 cDNA rescue plasmids (GS8: NSP2, GS9: VP7 and GS11: 

NSP5/6) in addition to the various capping and fusion expression plasmids used with 

both the pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems. 

The various optimizations used during the implementation of the Japanese pT7_SA11-

L2 RV RG system (Section 2.4) were also incorporated into the pSmart_SA11-N5 RV 

RG system, which was successfully implemented and used for the rescue of 

recombinant RV SA11-N5 (Section 3.3.7). The pSmart_SA11-N5 RG system was 

compared to the pT7_SA11-L2 RG system at various stages during the optimization 

process and consistently outperformed the pT7_SA11-L2 RG system in comparable 

experiments (Figure 41). The original pSmart_SA11-N5 RG system was further 

optimized through the incorporation of the single-subunit capping enzyme expression 

plasmid, phCMVdream_ASFV and phCMVdream_C3P3 (Section 3.3.6) and the 3x 

increase of the viroplasm forming NSP2 and NSP5 transcription plasmids (Section 

3.3.8). Each of these optimizations increased the relative viral titer obtained from the 

system roughly 10-fold (on average) and were also incorporated into the pT7_SA11-

L2 system and again compared to the pSmart_SA11-N5 system via TCID50 assay 

(Figure 41). 
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As illustrated in Figure 41, the initial (unmodified) Japanese pT7_SA11-L2 RV RG 

system was successfully implemented at the NWU and was used to rescue 

recombinant RV SA11-L2. Consistently rescuing from the initial system proved very 

difficult and the only IFMA confirmed rescue only yielded a viral titer of 2.15x102 

TCID50/ml (blue). The initial pT7_SA11-L2 RG system was then optimized through the 

incorporation of various insights gained from the BTV and AHSV RG systems to form 

the optimized pT7_SA11-L2 RG system, which yielded a viral titer of 2.15x103 

TCID50/ml (orange). This 10-fold increase indicated successful optimization and 

concluded the first objective of this project.  

The locally developed pSmart_SA11-N5 RV RG system was then finalized and 

implemented with all the optimizations used during the pT7_SA11-L2 optimization 

process, including the use of the phCMVdream capping and fusion expression 

plasmids I designed as well as the use of BSR-T5/7 cells for transfections and ST cells 

for co-seeding and propagation cells. The full pSmart_SA11-N5 RG system yielded a 

viral titer of 2.15x104 TCID50/ml (grey), a 10-fold increase from the optimized 

pT7_SA11-L2 RG system and a 100-fold increase from the initial pT7_SA11-L2 RG 

system. This completed the second objective of this project and established two 

working, plasmid-based RV RG systems at the NWU. 
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TCID50 evaluation of the various pT7_SA11-L2 and pSmart_SA11-N5 
RV RG systems implemented at the NWU

Origional pT7_SA11-L2 equi-ug set

pT7_SA11-L2 with NWU capping & FAST equi-
molar set
Full pSmart_SA11-N5 equi-molar set

pT7_SA11-L2 with 3x C3P3-capping and NWU-
FAST, equi-molar set
pSmart_SA11-N5 with 3x C3P3-capping and
NWU-FAST, equi-molar set
pT7_SA11-L2 origional with 3x NSP2/5, equi-ug
set
pSmart_SA11-N5 with 3x C3P3-capping and 3x
NSP2/5, equi-ug set

Figure 41: TCID50 evaluation of each of the various pT7_SA11-L2 and pSmart_SA11-N5 RV RG systems 
throughout their implementation and optimization processes.
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Further optimizations to both the pT7_SA11-L2 and pSmart_SA11-N5 RG systems 

included the use of the phCMVdream_C3P3 construct that expressed the ASFV 

capping enzyme linked to a viral T7-RNA polymerase. This construct replaced the 

phCMVdream_VV_D1R and phCMVdream_VV_D12L VV capping enzyme 

expression plasmids in both systems. This yielded a viral titer of 1.00x105 TCID50/ml 

(gold) for the pT7_SA11-L2C3P3 RG system and a viral titer of 3.16x106 TCID50/ml 

(yellow) for the pSmart_SA11-N5C3P3 RG system. The pT7_SA11-L2C3P3 RG system 

showed a 100-fold increase in viral yield as compared to the optimized pT7_SA11-L2 

RG system, as did the pSmart_SA11-N5C3P3 RG system when compared to the initial 

pSmart_SA11-N5 RG system. This substantial increase illustrates the importance of 

adequate viral transcript capping and the availability of viral T7-polymerase during the 

viral rescue. 

Finally, the importance of the viroplasm forming GS8 (NSP2) and GS11 (NSP5) 

transcription plasmids was evaluated through the 3x increase of said plasmids in both 

the pT7_SA11-L2C3P3 and pSmart_SA11-N5C3P3 RV RG systems. The equi-ug 

pT7_SA11-L23xNSP2/5 RG system reached a viral titer of 3.16x107 TCID50/ml (green), 

another 100-fold increase over the equi-molar pT7_SA11-L2C3P3 RG system, and the 

pSmart_SA11-N53xNSP2/5 RG system reached a viral titer of 1.7x108 TCID50/ml 

(purple), also a 100-fold increase over the equi-molar pSmart_SA11-N5C3P3 RG 

system. This illustrated the profound impact the early formation of the viroplasm can 

have on viral rescue, and also re-affirmed that the pSmart_SA11-N5 RG system 

outperforms the pT7_SA11-L2 RG system in every comparable experiment. This 

increase in efficiency is most likely due to the smaller pSmart backbone (~2010bp) 

used in the pSmart_SA11-N5 RG system than that used by the pT7_SA11-L2 RG 

system (~3080bp). Considering the 11 RV cDNA transcription plasmids and the 

various capping and fusion expression plasmids, the pSmart_SA11-N5 RG system 

reduces plasmid load by up to 14000bp. The final comparative analysis between the 

pT7_SA11-L2 and pSmart_SA11-N5 RG systems also completed the final objective 

of the project and thus finalized the experimental components of my MSc. 
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Chapter 4 

Concluding remarks and future prospects 

The long-awaited goal of a true selection free RV RG system was first reported in 2017 

and was made available to the scientific community through the AddGene service. 

This Japanese developed pT7_SA11-L2 RV RG system was acquired by various 

institutions, including our research team at the NWU, but could not immediately be 

implemented robustly. This notwithstanding still represented a major breakthrough in 

RV research and is sure to significantly impact our understanding of RV replication, 

the biological mechanisms used by the virus, its pathogenesis and correlates of 

protection, and could provide systems for the identification of targets for viral 

therapeutics and act as a platform for the generation of novel, rationally designed RV 

vaccine candidates. 

During this project, several plasmid-based RV RG systems were implemented and 

rationally optimized to form a platform from which future RV research can be initiated. 

The pT7_SA11-L2 RV RG system was implemented at the NWU with initial difficulty 

and was optimized through the incorporation of insights gained for the BTV and AHSV 

RG systems. These optimizations included 1) The design and implementation of 

alternative capping and fusion enzyme expression plasmids, phCMVdream_VV_D1R, 

phCMVdream_VV_D12L and phCMVdream_p10_FAST. 2) Exchanging the 

transfection and co-seeding cell-lines from BHK-T7 and MA104 cells to BSR-T5/7 and 

ST cells respectively. 3) Using 3x more capping enzyme expression plasmids and the 

adaptation of an equi-molar transfection mixture approach. These optimizations 

significantly increased the pT7_SA11-L2 RV RG systems’ repeatability and increased 

viral yield 10-fold from 2.15x102 TCID50/ml, to 2.15x103 TCID50/ml. Rescue of the 

recombinant SA11-L2 strain from the pT7_SA11-L2 RG system was verified through 

dsRNA extraction, cDNA synthesis and whole viral genome sequencing. 

The pSmart_SA11-N5 RV RG plasmid set was already partially completed by another 

member of the NWU RV research team (L. Geldenhuys) with only three constructs not 

being completed, GS8(NSP2), GS9(VP7) and GS11(NSP5/6). These three constructs 

were finalized by me and sub-cloned into the pSmart plasmid backbone using In-

Fusion HD seamless cloning. 
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The strategies used during the implementation and optimization of the Japanese 

pT7_SA11-L2 RV RG system were then applied to the implementation of the full, 

locally developed, consensus sequence-based pSmart_SA11-N5 RV RG system. 

Rescue of recombinant SA11-N5 was verified by genome segment-specific, one-step 

RT-PCR and sequencing of GS4 (VP4). Comparative TCID50 analysis was performed 

on both systems and their respective optimizations throughout the project and the 

pSmart_SA11-N5 RV RG system outperformed the pT7_SA11-L2 RV RG system in 

terms of repeatability and overall viral yield in each comparable experiment. 

Further optimizations were made to both the pT7_SA11-L2 and pSmart_SA11-N5 RV 

RG systems through the incorporation of the phCMVdream_C3P3 construct that 

expressed the ASFV capping enzyme fused to a viral T7-RNA polymerase through a 

serine-glycine linker. Additionally, the relative amounts of the GS8(NSP2) and 

GS11(NSP5) transcription plasmids were increased three-fold to produce more 

viroplasm. Both these two final optimizations significantly increased viral recovery, 

each yielding a roughly 100-fold increase. All the various optimizations and 

adaptations performed in this project thus culminated in an increase of efficiency of 

viral rescue from 2.15x102 TCID50/ml to viral titers of 1.7x108 TCID50/ml. The project 

initially set out to establish a robust and helper-virus independent, plasmid-based RV 

RG system at the NWU, and although this process was arduous, it has been achieved 

and will form an integral part of many future RV research projects at the NWU and its 

collaborators in South Africa and elsewhere. 

The implementation and optimization of the two RV RG systems described in this 

project are needed for a wide range of RV research projects at the NWU and 

elsewhere. The transcription plasmids that make up each of the pT7_SA11-L2 RG and 

pSmart_SA11-N5 RG systems, were transformed into DH5α cells (New England 

Biolabs, NEB, Massachusetts, USA) and stored as glycerol stocks at                     -

80°C, as is standard protocol. Samples of these glycerol stocks (in DH5α cells) were 

shared with the University of the Free State (UFS) and another MSc student in our 

research group. As per standard protocol, these glycerol stocks were cultured for 

plasmid extraction and sequence verification. However, the sequencing results of the 

pSmart_SA11-N5 RG plasmid set indicated several mutations, rearrangements and 

large scale scrambling in the GS2(VP2), GS9(VP7), GS8(NSP2) and GS10(NSP4) 

transcription plasmids. 
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These findings were also confirmed by UFS, but the sequence variants obtained from 

their samples, differed from ours, indicating instability of the pSmart_SA11-N5 RV RG 

plasmids in DH5α cells. This hypothesis was further supported by the culturing of 

various pSmart_SA11-N5 RG plasmid glycerol stocks which were plasmid extracted 

and sent for sequencing, the results of which returned different mutations than those 

initially observed, indicating mutagenesis during glycerol stock culturing. The 

instability of the pSmart_SA11-N5 RV RG plasmids is currently being addressed 

through the testing of different bacterial hosts, such as JM109 (Zymo, Inqaba Biotec), 

Epi400 (Lucigen, Wisconsin,.USA) and NEB10β (NEB). Preliminary results indicate 

that the pSmart_SA11-N5 RV RG transcription plasmids that were not stable in DH5α 

cells are indeed stable in JM109, NEB10β or Epi400 cells. No investigation into the 

stability of the pT7_SA11-L2 RV RG plasmids has been done as of yet. 

The plasmid-based RV RG systems implementation and optimization during this 

project are not stand-alone projects and will form part of many other RV research 

projects at the NWU in the future, once the plasmid stability issue has been resolved. 

Some of the future development proposals include the incorporation of fluorescent 

markers into both the established RV RG systems to facilitate the real-time evaluation 

of rescue progression and to eliminate IFMA confirmation of viral rescue (reducing 

time between transfection and confirmation of viral rescue). Another common use of 

a well-established RG system is the generation of rationally designed chimeric viruses. 

At the NWU, this work will be based on the RG strategies used for the generation of 

multi-strain BTV and AHSV vaccine candidates (transcapsidation). Furthermore, RV 

strains can undergo reassortment during co-infection, however, the genetic and 

biochemical determinants permitting or restricting this is not understood. As such the 

RV RG systems optimized in this project will be used to investigate the determinants 

of reassortment in SA11. 
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Results obtained during this MSc were presented at various national and international 

symposiums and meetings pertaining to dsRNA viruses and reverse genetics. The 

following is a list of symposiums, conferences and seminars where elements of this 

project where presented, as well as the format in which it was presented: 

1. MGJ Huyzers, AC Potgieter, AA van Dijk. Local implementation and

optimization of rotavirus reverse genetics systems. SASBMB-FASBMB

conference, Potchefstroom, South Africa, 8 - 11 July 2018. (Oral and Poster

presentation)

2. MGJ Huyzers, AC Potgieter, AA van Dijk. Local implementation and

optimization of rotavirus reverse genetics systems. 13th international dsRNA

virus symposium, Houffalize, Belgium, 24 - 28 September 2018. (Shotgun oral

presentation and Poster)

3. MGJ Huyzers, AC Potgieter, AA van Dijk. Rotavirus reverse genetics,

optimizations and future development potential. 12th African Rotavirus

Symposium, Johannesburg, South Africa, 30 July - 1 August 2019. (Oral and

Poster presentation)

4. MGJ Huyzers, AC Potgieter, AA van Dijk. Rotavirus reverse genetics, local

implementation and optimizations. 1st Annual AfRota meeting, BFR, Berlin, 20 -

22 September 2018. (Oral presentation and progress report).

5. MGJ Huyzers, AC Potgieter, AA van Dijk. Rotavirus reverse genetics, local

implementation and optimizations. 2nd Annual AfRota meeting, UFS, South

Africa, 09 - 11 September 2019. (Oral presentation and progress report).
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Appendix A 
 

Plasmid maps of the phCMVdream constructs designed for, and 
implemented in both the pT7_SA11-L2 and pSmart_SA11-N5 RV RG 
systems. 
 

 

Figure 42: Plasmid maps of the phCMVdream expression plasmids for A: the VV D1R capping enzyme 
subunit, B: the VV D12L capping enzyme subunit, C: the ASFV capping enzyme and D: the ASFV capping 
enzyme fused to a viral T7-RNA polymerase through a serine-glycine linker (C3P3 construct). Images 
displayed show the short-hand annotations used during the early development and implantation of the project, ergo 
the phCMVdream plasmids are annotated as phDream. Plasmid maps were constructed using SnapGene software. 

(A) (B) 

(C) (D) 
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Figure 43: Map of phCMVdream_p10_FAST NBV 
fusion protein expression plasmid. Image shows 
the short-hand annotations used during the early 
development and implantation of the project, ergo 
the phCMVdream plasmid is annotated as 
phDream. Plasmid map was constructed using 
SnapGene software. 
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Appendix B 
 

Plasmid maps of the Japanese pT7_SA11-L2 RV RG transcription 
plasmids along with NGS reads of the dsRNA extracted from cell 
cultures infected with the P1 viral stocks obtained from the 
pT7_SA11-L2 RG system, mapped against the RV SA11-L2 reference 
genome (LC333802 - LC3338012). 
 

 

(A) (B) 

(C) (D) 

Figure 44: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: GS1(VP1), B: GS2(VP2), C: 
GS3(VP3) and D: GS4(VP4). Plasmid maps were constructed using SnapGene software. 
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Figure 45: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: GS5(NSP1), B: GS6(VP6), C: 
GS7(NSP3) and D: GS8(NSP2). Plasmid maps were constructed using SnapGene software. 
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Figure 46: Plasmid maps of the pT7_SA11-L2 transcription plasmids for A: GS9(VP7), B: GS10 (NSP4) and 
C: GS11(NSP5/6). Plasmid maps were constructed using SnapGene software. 
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As stated in Section 3.3.7, dsRNA was extracted from cultured cells that were infected 

with P1 stocks of the optimized pT7_SA11-L2 RV RG system. The dsRNA was purified 

(Section 3.2.1) and used for sequence-independent primer ligation (Section 3.2.4). 

The oligo-ligated RNA was then converted to cDNA and PCR amplified for NGS. 

Figure 48, Figure 49 and Figure 50 are the visual illustrations of the NGS reads of the 

rescued SA11-L2 as mapped against the SA11-L2 reference genome (GenBank no: 

LC333802-LC333812). 

(A) (B) 

(C) 

Figure 47: Plasmid maps of the pCAG expression plasmids for A: the VV D1R capping enzyme subunit, B: 
the VV D12L capping enzyme subunit and C: the NBV fusion protein. Plasmid maps were constructed using 
SnapGene software. 
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(D) 

(A) 
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(C) 

Figure 49: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks obtained 
from the optimized pT7_SA11-L2 RV RG system mapped against the RV SA11-L2 reference 
genome (LC333802-LC333812) for A: GS1(VP1), B: GS2(VP2), C: GS3(VP3) and D: GS4(VP4). 
NGS reads compiled and mapped against SA11-L2 reference genome on CLC-Bio software and 
aligned on BioEdit software. 

Figure 48: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks obtained 
from the optimized pT7_SA11-L2 RV RG system mapped against the RV SA11-L2 reference 
genome (LC333802-LC333812) for A: GS5(NSP1), B: GS6(VP6) and C: GS7(NSP3). NGS reads 
compiled and mapped against SA11-L2 reference genome on CLC-Bio software and aligned on BioEdit 
software. 
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See Supplementary Documentation for full consensus sequence alignments 

  

(A) 

(B) 

(C) 

(D) 

Figure 50: NGS reads of dsRNA extracted from cell cultures infected with P1 stocks obtained 
from the optimized pT7_SA11-L2 RV RG system mapped against the RV SA11-L2 reference 
genome (LC333802-LC333812) for A: GS8(NSP2), B: GS9(VP7), C: GS10(NSP4) and D: 
GS11(NSP5/6). NGS reads compiled and mapped against SA11-L2 reference genome on CLC-Bio 
software and aligned on BioEdit software. 
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Appendix C 

Plasmid maps of the four SA11 consensus sequence-based 
transcription plasmids designed by Dr Wentzel. 

(A) (B) 

(C) (D) 

Figure 51: Plasmid maps of the four, consensus sequence based SA11-N5 transcription plasmids 
designed by Dr. Wentzel. A: pAlpha, harbouring GS1(VP1), GS8(NSP2) and GS11(NSP5/6). B: 
pBeta, harbouring GS2(VP2 and GS3(VP3). C: pDelta, harbouring GS7(NSP3), GS10(NSP4) and 
GS9(VP7). D: pGamma, harbouring GS4(VP4), GS6(VP6) and GS5(NSP1). Plasmid maps were 
constructed using SnapGene software. 



180 

Maps of the pSmart transcription plasmids that make up the 
pSmart_SA11-N5 RV RG system. 

(A) (B) 

(C) (D) 

Figure 52: Maps of the SA11-N5 consensus sequence based pSmart transcription plasmids for A: 
GS1(VP1), B: GS2(VP2), C: GS3(VP3) and D: GS4(VP4). Plasmid maps were constructed using 
SnapGene software. 
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Figure 53: Maps of the SA11-N5 consensus sequence based pSmart transcription plasmids for A: 
GS5(NSP1), B: GS6(VP6), C: GS7(NSP3) and D: GS8(NSP2). Plasmid maps were constructed using 
SnapGene software. 
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Figure 54: Maps of the SA11-N5 consensus sequence based pSmart transcription plasmids for A: 
GS9(VP7), B: GS10(NSP4) and C: GS11(NSP5/6). Plasmid maps were constructed using SnapGene 
software. 
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Figure 55: NGS reads of pSmart_SA11-N5 RV RG transcription plasmids mapped against the RV 
SA11-N5 reference genome and in silico pSmart_SA11-N5 RG constructs for A: GS1(VP1), B: 
GS2(VP2), C: GS3(VP3), D: GS4(VP4), E: GS5(NSP1), F: GS6(VP6) and G: GS7(NSP3). NGS reads 
compiled and mapped against SA11-N5 reference genome (JN827244-JN827250 and JN827252- 
JN827255) on CLC-Bio software and aligned on BioEdit software. 
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See Supplementary Documentation for full consensus sequence alignments 
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Figure 56: NGS reads of pSmart_SA11-N5 RV RG transcription plasmids mapped against the RV 
SA11-N5 reference genome and in silico pSmart_SA11-N5 RG constructs for A: GS8(NSP2), B: 
GS9(VP7), C: GS10(NSP4) and D: GS11(NSP5/6). NGS reads compiled and mapped against SA11-
N5 reference genome (JN827244-JN827250 and JN827252- JN827255) on CLC-Bio software and 
aligned on BioEdit software. 
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Appendix D 

TCID50 extended description and calculation illustration. 

The TCID50 begins with the preparation of the dilution media. 1x MEM is 

supplemented with 1% (v/v) NEAA, 1mg/ml porcine trypsin and 100 units/mL penicillin, 

100 µg/mL streptomycin and 0.25 µg/mL amphotericin B (Anti-anti Gibco). This dilution 

media is then used to construct the serial dilution series of the isolated viral culture as 

per Table 25 below. The initial dilution (100) is merely 500µl of activated viral inoculum. 

From this 50µl is transferred to 450µl of dilution media to create the second dilution 

(10-1). The second dilution is mixed very well and then a new tip is used to transfer 

50µl of it to a new 450µl of dilution media, thus forming the third dilution (10-2). This 

process is repeated, using a new tip each time, until the dilution factor is 10-7. 

Table 25: Construction of dilution series for TCID50 assay 

Dilution Cell 
control 100 10-1 10-2 10-3 10-4 10-5 10-6 10-7

Volume 
MEM (µl) 500 0 450 450 450 450 450 450 450 

Volume 
virus (µl) 0 500 50 50 50 50 50 50 50 

When transferring the viral serial dilution to a 96-well plate, ensure that each dilution 

is represented by four consecutive wells. Thus wells A1 through to A4 will each receive 

100µl of the 100 dilutions while wells B1 through to B4 each receive 100µl of the 10-1 

dilution. This quadruplicate layout is required for the calculation of the 50% extinction 

coefficient and the TCID50. Once each dilution has been transferred to the 96-well 

plate the plate is incubated for 60min while MA104 or ST cells are prepared. A roughly 

90% confluent 25cm2 tissue culture flask of either cell-line will provide enough cells to 

seed the entire 96-well plate. The monolayer of cells has its growth media removed 

and is washed twice with 1x PBS. The cells are treated with 0.05% trypsin EDTA and 

incubated at 37°C until the cells start to detach. The trypsin is removed and the cells 

are then re-suspended in 500µl of 100% FBS and added to 9.5ml room-temperature 

growth media (lacking FBS). This yields 10ml of re-suspended MA104 or ST cells that 
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are of appropriate density to seed the entire 96-well plate. 100µl of this cell suspension 

is then added to each of the wells of the 96-well viral dilution. This results in each well-

containing 200µl of media in which there is activated virus, 0.5µg/ml porcine trypsin 

and roughly 0.1x106 cells. 

The seeded 96-well plate is then incubated at 37°C for 3-5 days or until CPE is clearly 

visible, after which an IFMA is performed on the plate to visualise any viral activity. 

Any fluorescence detectable in a well is deemed sufficient indication of viral infection 

and propagation and that well is then annotated as positive. If no fluorescence is visible 

the well is annotated as negative. This is a slight deviation of the standard TCID(50) 

protocol which relied on plaque formation and cell death to visualise viral activity. In 

this case, we visualise the virus not by evaluating cell viability but by directly 

illuminating the virus. It is assumed that if a viral focus is formed that is visually 

fluorescent the cells in that well, given enough time, would all be infected and would 

perish. From this annotation, the basic calculations of TCID50 can be done (Barrett et 

al., 1996; LaBarre & Lowy, 2001; Smith et al., 1996; Wang et al., 2018). Table 26 

below illustrates the annotation style and will be used to explain the calculation of the 

TCID(50) and viral titer. 

Table 26: Depiction of TCID50 result annotation 

Dilution 
factor Viral culture A Viral culture B 

0 ++ ++ ++ ++ +++ +++ +++ +++ 
10-1 + + + + +++ ++ ++ +++ 
10-2 + + - - ++ + + ++ 
10-3 - - - - + - + + 
10-4 - - - - - - - + 
10-5 - - - - - - - - 
10-6 - - - - - - - - 
10-7 - - - - - - - - 

As illustrated in Table 26 above each dilution is represented by 4 wells and fluorescent 

activity is annotated as “+” whereas the lack of fluorescence is annotated as “-“. To 

calculate the TCID50 a table is constructed that summarises the dilution factor and 

correlates it with the number of wells that are either infected or non-infected. The sum 

total of infected wells is then calculated from the lowest dilution to highest. This is then 
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followed by the sum total of non-infected wells calculated from highest to lowest 

dilution. Finally, the percentage of infected wells as measured against the total number 

of wells is calculated. Table 27 below illustrates this calculation for the example 

used in Table 26 above.  

Table 27: Calculation of TCID50 

Viral culture 

Dilution 

No. 
infected 
wells 

No. non-
infected 
wells 

ƩNo. 
infected 
wells 
(lowest to 
highest 
dilution) 

ƩNo. non-
infected 
wells 
(highest to 
lowest 
dilution) 

% of ƩNo. 
infected 
wells / 
ƩTotal no. 
wells A 10-1 4 0 6 0 100 

10-2 2 2 2 2 50 
10-3 0 4 0 4 0 B 10-1 4 0 12 0 100 
10-2 4 0 8 0 100 
10-3 3 1 4 1 80 
10-4 1 3 1 4 20 
10-5 0 4 0 8 0 

From Table 27 above we can see that the TCID50 (or the dilution at which half of the 

wells died as a result of viral activity) for viral culture A is precisely 10-2, however, the 

value for viral culture B lies somewhere between 10-3 and 10-4. Using the calculations 

described in Reed and Muench (1938) the TCID50/ml for viral culture A is 5x102 and 

viral culture B is 1.58x104 (REED & MUENCH, 1938). 

Supplementary Documentation 

Sequence alignments for the dsRNA extracted from cell cultures infected with P1 

stocks of the pT7_SA11-L2 RV RG system, and the pSmart_SA11-N5 RV RG 

transcription plasmids. 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
1
(
V
P
1
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
C
T
G
T
A
C
A
A
T
 
G
G
G
G
A
A
G
T
A
C
 
A
A
T
C
T
A
A
T
C
T
 
T
G
T
C
A
G
A
A
T
A
 
T
C
T
A
T
C
A
T
T
T
 
A
T
A
T
A
T
A
A
T
T
 
C
A
C
A
A
T
C
T
G
C
 
A
G
T
T
C
A
A
A
T
T
 
C
C
A
A
T
A
T
A
T
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
C
T
G
T
A
C
A
A
T
 
G
G
G
G
A
A
G
T
A
C
 
A
A
T
C
T
A
A
T
C
T
 
T
G
T
C
A
G
A
A
T
A
 
T
C
T
A
T
C
A
T
T
T
 
A
T
A
T
A
T
A
A
T
T
 
C
A
C
A
A
T
C
T
G
C
 
A
G
T
T
C
A
A
A
T
T
 
C
C
A
A
T
A
T
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
C
T
C
T
T
C
C
A
A
 
C
A
G
T
G
A
A
T
T
A
 
G
A
A
A
A
T
A
G
A
T
 
G
T
A
T
T
G
A
A
T
T
 
T
C
A
T
T
C
C
A
A
G
 
T
G
T
T
T
A
G
A
G
A
 
A
C
T
C
A
A
A
G
A
A
 
T
G
G
G
T
T
A
T
C
G
 
T
T
A
A
G
A
A
A
G
T
 
T
G
T
T
T
G
T
T
G
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
C
T
C
T
T
C
C
A
A
 
C
A
G
T
G
A
A
T
T
A
 
G
A
A
A
A
T
A
G
A
T
 
G
T
A
T
T
G
A
A
T
T
 
T
C
A
T
T
C
C
A
A
G
 
T
G
T
T
T
A
G
A
G
A
 
A
C
T
C
A
A
A
G
A
A
 
T
G
G
G
T
T
A
T
C
G
 
T
T
A
A
G
A
A
A
G
T
 
T
G
T
T
T
G
T
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
A
T
A
A
T
G
A
T
 
G
T
C
A
T
A
G
A
A
A
 
A
T
G
C
C
A
C
A
T
T
 
A
C
T
G
T
C
A
A
T
A
 
C
T
A
T
C
A
T
A
T
T
 
C
T
T
A
C
G
A
C
A
A
 
G
T
A
T
A
A
C
G
C
T
 
G
T
T
G
A
A
A
G
A
A
 
A
A
T
T
G
G
T
G
A
A
 
G
T
A
T
G
C
G
A
A
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
T
A
T
A
A
T
G
A
T
 
G
T
C
A
T
A
G
A
A
A
 
A
T
G
C
C
A
C
A
T
T
 
A
C
T
G
T
C
A
A
T
A
 
C
T
A
T
C
A
T
A
T
T
 
C
T
T
A
C
G
A
C
A
A
 
G
T
A
T
A
A
C
G
C
T
 
G
T
T
G
A
A
A
G
A
A
 
A
A
T
T
G
G
T
G
A
A
 
G
T
A
T
G
C
G
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
G
C
A
A
A
C
C
A
T
 
T
G
G
A
G
G
C
A
G
A
 
C
T
T
A
A
C
A
G
T
G
 
A
A
T
G
A
A
T
T
G
G
 
A
T
T
A
T
G
A
G
A
A
 
C
A
A
T
A
A
A
A
T
A
 
A
C
A
T
C
T
G
A
A
T
 
T
A
T
T
T
C
C
A
A
C
 
A
G
C
G
G
A
G
G
A
A
 
T
A
T
A
C
G
G
A
C
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
G
C
A
A
A
C
C
A
T
 
T
G
G
A
G
G
C
A
G
A
 
C
T
T
A
A
C
A
G
T
G
 
A
A
T
G
A
A
T
T
G
G
 
A
T
T
A
T
G
A
G
A
A
 
C
A
A
T
A
A
A
A
T
A
 
A
C
A
T
C
T
G
A
A
T
 
T
A
T
T
T
C
C
A
A
C
 
A
G
C
G
G
A
G
G
A
A
 
T
A
T
A
C
G
G
A
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
C
T
A
A
T
G
G
A
 
T
C
C
A
G
C
A
A
T
T
 
T
T
A
A
C
T
T
C
G
C
 
T
A
T
C
A
T
C
A
A
A
 
T
T
T
A
A
A
T
G
C
A
 
G
T
C
A
T
G
T
T
C
T
 
G
G
T
T
G
G
A
A
A
A
 
A
C
A
T
G
A
A
A
A
T
 
G
A
T
G
T
C
G
C
T
G
 
A
A
A
A
A
C
T
T
A
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
C
T
A
A
T
G
G
A
 
T
C
C
A
G
C
A
A
T
T
 
T
T
A
A
C
T
T
C
G
C
 
T
A
T
C
A
T
C
A
A
A
 
T
T
T
A
A
A
T
G
C
A
 
G
T
C
A
T
G
T
T
C
T
 
G
G
T
T
G
G
A
A
A
A
 
A
C
A
T
G
A
A
A
A
T
 
G
A
T
G
T
C
G
C
T
G
 
A
A
A
A
A
C
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
T
T
T
A
T
A
A
A
 
A
G
G
A
G
A
T
T
A
G
 
A
C
C
T
A
T
T
C
A
C
 
C
A
T
A
G
T
A
G
C
C
 
T
C
A
A
C
G
A
T
A
A
 
A
T
A
A
A
T
A
T
G
G
 
C
G
T
A
C
C
A
A
G
G
 
C
A
T
A
A
C
G
C
A
A
 
A
G
T
A
C
A
G
A
T
A
 
T
G
A
A
T
A
C
G
A
C
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
G
T
T
T
A
T
A
A
A
 
A
G
G
A
G
A
T
T
A
G
 
A
C
C
T
A
T
T
C
A
C
 
C
A
T
A
G
T
A
G
C
C
 
T
C
A
A
C
G
A
T
A
A
 
A
T
A
A
A
T
A
T
G
G
 
C
G
T
A
C
C
A
A
G
G
 
C
A
T
A
A
C
G
C
A
A
 
A
G
T
A
C
A
G
A
T
A
 
T
G
A
A
T
A
C
G
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
T
A
A
T
G
A
A
A
G
 
A
T
A
A
A
C
C
G
T
A
 
C
T
A
C
T
T
A
G
T
G
 
A
C
A
T
G
G
G
C
A
A
 
A
T
T
C
T
T
C
A
A
T
 
T
G
A
A
A
T
G
T
T
A
 
A
T
G
T
C
A
G
T
T
T
 
T
C
T
C
T
C
A
T
G
A
 
C
G
A
C
T
A
T
T
T
G
 
A
T
A
G
C
A
A
A
A
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
T
A
A
T
G
A
A
A
G
 
A
T
A
A
A
C
C
G
T
A
 
C
T
A
C
T
T
A
G
T
G
 
A
C
A
T
G
G
G
C
A
A
 
A
T
T
C
T
T
C
A
A
T
 
T
G
A
A
A
T
G
T
T
A
 
A
T
G
T
C
A
G
T
T
T
 
T
C
T
C
T
C
A
T
G
A
 
C
G
A
C
T
A
T
T
T
G
 
A
T
A
G
C
A
A
A
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
T
T
A
A
T
A
G
T
 
G
T
T
A
T
C
A
T
A
T
 
T
C
T
A
A
T
A
G
A
T
 
C
T
A
C
T
C
T
A
G
C
 
A
A
A
G
T
T
A
G
T
G
 
T
C
A
T
C
A
C
C
A
A
 
T
G
T
C
G
A
T
T
T
T
 
G
G
T
A
G
C
C
T
T
G
 
G
T
G
G
A
T
A
T
T
A
 
A
T
G
G
A
A
C
A
T
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
G
T
T
A
A
T
A
G
T
 
G
T
T
A
T
C
A
T
A
T
 
T
C
T
A
A
T
A
G
A
T
 
C
T
A
C
T
C
T
A
G
C
 
A
A
A
G
T
T
A
G
T
G
 
T
C
A
T
C
A
C
C
A
A
 
T
G
T
C
G
A
T
T
T
T
 
G
G
T
A
G
C
C
T
T
G
 
G
T
G
G
A
T
A
T
T
A
 
A
T
G
G
A
A
C
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
A
T
T
A
C
A
A
A
T
 
G
A
A
G
A
A
T
T
A
G
 
A
A
T
T
G
G
A
A
T
T
 
T
T
C
A
A
A
T
A
A
A
 
T
A
T
G
T
A
C
G
A
G
 
C
A
A
T
A
G
T
T
C
C
 
G
G
A
T
C
A
A
A
C
A
 
T
T
T
G
A
C
G
A
A
T
 
T
A
A
A
T
C
A
A
A
T
 
G
C
T
T
G
A
C
A
A
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
T
A
T
T
A
C
A
A
A
T
 
G
A
A
G
A
A
T
T
A
G
 
A
A
T
T
G
G
A
A
T
T
 
T
T
C
A
A
A
T
A
A
A
 
T
A
T
G
T
A
C
G
A
G
 
C
A
A
T
A
G
T
T
C
C
 
G
G
A
T
C
A
A
A
C
A
 
T
T
T
G
A
C
G
A
A
T
 
T
A
A
A
T
C
A
A
A
T
 
G
C
T
T
G
A
C
A
A
T
 

188 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
G
A
G
G
A
A
A
G
 
C
T
G
G
A
T
T
A
G
T
 
T
G
A
C
A
T
A
C
C
T
 
A
A
G
A
T
G
A
T
A
C
 
A
G
G
A
C
T
G
G
T
T
 
A
G
T
T
G
A
T
C
G
T
 
T
C
T
A
T
C
G
A
A
A
 
A
A
T
T
T
C
C
A
T
T
 
A
A
T
G
G
C
T
A
A
G
 
A
T
A
T
A
T
T
C
A
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
T
G
A
G
G
A
A
A
G
 
C
T
G
G
A
T
T
A
G
T
 
T
G
A
C
A
T
A
C
C
T
 
A
A
G
A
T
G
A
T
A
C
 
A
G
G
A
C
T
G
G
T
T
 
A
G
T
T
G
A
T
C
G
T
 
T
C
T
A
T
C
G
A
A
A
 
A
A
T
T
T
C
C
A
T
T
 
A
A
T
G
G
C
T
A
A
G
 
A
T
A
T
A
T
T
C
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
G
T
C
G
T
T
T
C
A
 
T
G
T
T
G
G
A
T
T
T
 
A
G
A
A
A
G
C
A
A
A
 
A
A
A
T
G
C
T
A
G
A
 
T
G
C
T
G
C
G
C
T
G
 
G
A
T
C
A
A
T
T
G
A
 
A
A
A
C
T
G
A
G
T
A
 
T
A
C
A
G
A
A
A
A
T
 
G
T
G
G
A
C
G
A
T
G
 
A
A
A
T
G
T
A
T
C
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
G
T
C
G
T
T
T
C
A
 
T
G
T
T
G
G
A
T
T
T
 
A
G
A
A
A
G
C
A
A
A
 
A
A
A
T
G
C
T
A
G
A
 
T
G
C
T
G
C
G
C
T
G
 
G
A
T
C
A
A
T
T
G
A
 
A
A
A
C
T
G
A
G
T
A
 
T
A
C
A
G
A
A
A
A
T
 
G
T
G
G
A
C
G
A
T
G
 
A
A
A
T
G
T
A
T
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
G
A
A
T
A
T
A
C
A
 
A
T
G
T
T
A
A
T
A
A
 
G
A
G
A
T
G
A
A
G
T
 
A
G
T
T
A
A
A
A
T
G
 
C
T
T
G
A
A
G
A
A
C
 
C
A
G
T
T
A
A
A
C
A
 
T
G
A
T
G
A
T
C
A
C
 
T
T
G
C
T
A
C
G
A
G
 
A
T
T
C
T
G
A
G
T
T
 
A
G
C
T
G
G
T
T
T
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
G
A
A
T
A
T
A
C
A
 
A
T
G
T
T
A
A
T
A
A
 
G
A
G
A
T
G
A
A
G
T
 
A
G
T
T
A
A
A
A
T
G
 
C
T
T
G
A
A
G
A
A
C
 
C
A
G
T
T
A
A
A
C
A
 
T
G
A
T
G
A
T
C
A
C
 
T
T
G
C
T
A
C
G
A
G
 
A
T
T
C
T
G
A
G
T
T
 
A
G
C
T
G
G
T
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
T
A
T
C
A
A
T
G
T
 
C
G
T
C
A
G
C
A
T
C
 
G
A
A
T
G
G
T
G
A
G
 
T
C
A
A
G
G
C
A
G
C
 
T
A
A
A
G
T
T
T
G
G
 
T
A
G
G
A
A
A
A
C
A
 
A
T
T
T
T
T
T
C
A
A
 
C
T
A
A
A
A
A
G
A
A
 
T
A
T
G
C
A
T
G
T
C
 
A
T
G
G
A
T
G
A
T
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
T
A
T
C
A
A
T
G
T
 
C
G
T
C
A
G
C
A
T
C
 
G
A
A
T
G
G
T
G
A
G
 
T
C
A
A
G
G
C
A
G
C
 
T
A
A
A
G
T
T
T
G
G
 
T
A
G
G
A
A
A
A
C
A
 
A
T
T
T
T
T
T
C
A
A
 
C
T
A
A
A
A
A
G
A
A
 
T
A
T
G
C
A
T
G
T
C
 
A
T
G
G
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
G
G
C
T
A
A
C
G
A
 
A
A
G
A
T
A
C
A
C
G
 
C
C
T
G
G
T
A
T
A
A
 
T
A
C
C
A
C
C
A
G
T
 
G
A
A
T
G
T
T
G
A
T
 
A
A
A
C
C
A
A
T
A
C
 
C
A
T
T
A
G
G
A
A
G
 
A
A
G
A
G
A
T
G
T
T
 
C
C
A
G
G
A
A
G
A
A
 
G
G
A
C
T
A
G
A
A
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
T
G
G
C
T
A
A
C
G
A
 
A
A
G
A
T
A
C
A
C
G
 
C
C
T
G
G
T
A
T
A
A
 
T
A
C
C
A
C
C
A
G
T
 
G
A
A
T
G
T
T
G
A
T
 
A
A
A
C
C
A
A
T
A
C
 
C
A
T
T
A
G
G
A
A
G
 
A
A
G
A
G
A
T
G
T
T
 
C
C
A
G
G
A
A
G
A
A
 
G
G
A
C
T
A
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
T
A
T
T
C
A
T
T
 
C
T
G
C
C
A
T
A
C
G
 
A
A
T
A
T
T
T
C
A
T
 
A
G
C
A
C
A
G
C
A
C
 
G
C
T
G
T
A
G
T
T
G
 
A
A
A
A
A
A
T
G
T
T
 
G
A
T
T
T
A
C
G
C
A
 
A
A
A
C
A
T
A
C
G
A
 
G
A
G
A
A
T
A
C
G
C
 
T
G
A
A
T
T
T
T
A
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
A
T
A
T
T
C
A
T
T
 
C
T
G
C
C
A
T
A
C
G
 
A
A
T
A
T
T
T
C
A
T
 
A
G
C
A
C
A
G
C
A
C
 
G
C
T
G
T
A
G
T
T
G
 
A
A
A
A
A
A
T
G
T
T
 
G
A
T
T
T
A
C
G
C
A
 
A
A
A
C
A
T
A
C
G
A
 
G
A
G
A
A
T
A
C
G
C
 
T
G
A
A
T
T
T
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0
 
 
 
 
 
 
 
1
5
2
0
 
 
 
 
 
 
 
1
5
3
0
 
 
 
 
 
 
 
1
5
4
0
 
 
 
 
 
 
 
1
5
5
0
 
 
 
 
 
 
 
1
5
6
0
 
 
 
 
 
 
 
1
5
7
0
 
 
 
 
 
 
 
1
5
8
0
 
 
 
 
 
 
 
1
5
9
0

1
6
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
C
A
C
A
A
T
C
A
A
 
A
C
C
A
A
T
T
A
T
T
 
G
T
C
A
T
A
C
G
G
C
 
G
A
T
G
T
A
A
C
G
C
 
G
T
T
T
T
T
T
G
T
C
 
T
A
A
T
A
A
C
A
C
A
 
A
T
G
G
T
C
T
T
G
T
 
A
T
A
C
G
G
A
T
G
T
 
A
T
C
T
C
A
G
T
G
G
 
G
A
T
T
C
G
T
C
T
C
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
T
C
A
C
A
A
T
C
A
A
 
A
C
C
A
A
T
T
A
T
T
 
G
T
C
A
T
A
C
G
G
C
 
G
A
T
G
T
A
A
C
G
C
 
G
T
T
T
T
T
T
G
T
C
 
T
A
A
T
A
A
C
A
C
A
 
A
T
G
G
T
C
T
T
G
T
 
A
T
A
C
G
G
A
T
G
T
 
A
T
C
T
C
A
G
T
G
G
 
G
A
T
T
C
G
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0
 
 
 
 
 
 
 
1
6
9
0

1
7
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
C
A
T
A
A
T
A
C
 
A
C
A
G
C
C
A
T
T
T
 
A
G
G
A
A
A
G
G
A
A
 
T
A
A
T
A
A
T
G
G
G
 
A
C
T
G
G
A
C
A
T
A
 
T
T
A
G
C
T
A
A
C
A
 
T
G
A
C
T
A
A
T
G
A
 
T
G
C
T
A
A
A
G
T
T
 
C
T
T
C
A
G
A
C
A
T
 
T
A
A
A
C
T
T
A
T
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
G
C
A
T
A
A
T
A
C
 
A
C
A
G
C
C
A
T
T
T
 
A
G
G
A
A
A
G
G
A
A
 
T
A
A
T
A
A
T
G
G
G
 
A
C
T
G
G
A
C
A
T
A
 
T
T
A
G
C
T
A
A
C
A
 
T
G
A
C
T
A
A
T
G
A
 
T
G
C
T
A
A
A
G
T
T
 
C
T
T
C
A
G
A
C
A
T
 
T
A
A
A
C
T
T
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0
 
 
 
 
 
 
 
1
7
9
0

1
8
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
A
A
C
A
A
A
C
A
 
C
A
A
A
T
C
A
A
T
C
 
T
C
A
T
G
G
A
T
T
C
 
A
T
A
C
G
T
T
C
A
A
 
A
T
A
C
C
A
G
A
T
G
 
G
C
A
A
C
G
T
C
A
T
 
T
A
A
G
A
A
A
A
T
A
 
C
A
A
T
A
C
G
G
G
G
 
C
A
G
T
A
G
C
A
T
C
 
A
G
G
A
G
A
G
A
A
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
A
A
C
A
A
A
C
A
 
C
A
A
A
T
C
A
A
T
C
 
T
C
A
T
G
G
A
T
T
C
 
A
T
A
C
G
T
T
C
A
A
 
A
T
A
C
C
A
G
A
T
G
 
G
C
A
A
C
G
T
C
A
T
 
T
A
A
G
A
A
A
A
T
A
 
C
A
A
T
A
C
G
G
G
G
 
C
A
G
T
A
G
C
A
T
C
 
A
G
G
A
G
A
G
A
A
A
 

189 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0
 
 
 
 
 
 
 
1
8
9
0

1
9
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
A
A
C
G
A
A
A
G
 
C
A
G
C
A
A
A
T
T
C
 
A
A
T
A
G
C
A
A
A
T
 
T
T
G
G
C
A
C
T
G
A
 
T
T
A
A
A
A
C
G
G
T
 
T
T
T
G
T
C
A
C
G
T
 
A
T
T
T
C
T
A
A
C
A
 
A
A
C
A
T
T
C
A
T
T
 
C
G
C
A
A
C
A
A
A
A
 
A
T
A
A
T
A
A
G
A
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
A
A
C
G
A
A
A
G
 
C
A
G
C
A
A
A
T
T
C
 
A
A
T
A
G
C
A
A
A
T
 
T
T
G
G
C
A
C
T
G
A
 
T
T
A
A
A
A
C
G
G
T
 
T
T
T
G
T
C
A
C
G
T
 
A
T
T
T
C
T
A
A
C
A
 
A
A
C
A
T
T
C
A
T
T
 
C
G
C
A
A
C
A
A
A
A
 
A
T
A
A
T
A
A
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0
 
 
 
 
 
 
 
1
9
9
0

2
0
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
G
A
T
G
G
A
G
A
 
T
G
A
T
A
A
C
T
A
T
 
G
C
G
G
T
G
C
T
A
C
 
A
A
T
T
T
A
A
T
A
C
 
A
G
A
G
G
T
G
A
C
T
 
A
A
G
C
A
G
A
T
G
A
 
T
C
C
A
A
G
A
C
G
T
 
A
T
C
G
A
A
C
G
A
T
 
G
T
A
A
G
A
G
A
A
A
 
C
T
T
A
T
G
C
A
C
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
T
T
G
A
T
G
G
A
G
A
 
T
G
A
T
A
A
C
T
A
T
 
G
C
G
G
T
G
C
T
A
C
 
A
A
T
T
T
A
A
T
A
C
 
A
G
A
G
G
T
G
A
C
T
 
A
A
G
C
A
G
A
T
G
A
 
T
C
C
A
A
G
A
C
G
T
 
A
T
C
G
A
A
C
G
A
T
 
G
T
A
A
G
A
G
A
A
A
 
C
T
T
A
T
G
C
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0
 
 
 
 
 
 
 
2
0
9
0

2
1
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
T
G
A
A
T
G
C
T
 
A
A
A
G
T
T
A
A
A
G
 
C
T
C
T
G
G
T
A
T
C
 
C
A
C
A
G
T
A
G
G
A
 
A
T
A
G
A
A
A
T
T
G
 
C
T
A
A
A
A
G
G
T
A
 
C
A
T
T
G
C
A
G
G
T
 
G
G
A
A
A
A
A
T
A
T
 
T
T
T
T
T
C
G
A
G
C
 
T
G
G
A
A
T
A
A
A
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
T
G
A
A
T
G
C
T
 
A
A
A
G
T
T
A
A
A
G
 
C
T
C
T
G
G
T
A
T
C
 
C
A
C
A
G
T
A
G
G
A
 
A
T
A
G
A
A
A
T
T
G
 
C
T
A
A
A
A
G
G
T
A
 
C
A
T
T
G
C
A
G
G
T
 
G
G
A
A
A
A
A
T
A
T
 
T
T
T
T
T
C
G
A
G
C
 
T
G
G
A
A
T
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0
 
 
 
 
 
 
 
2
1
9
0

2
2
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
T
A
C
T
T
A
A
T
A
 
A
T
G
A
A
A
A
G
A
G
 
A
G
G
G
C
A
G
A
G
T
 
A
C
G
C
A
G
T
G
G
G
 
A
T
C
A
A
G
C
A
G
C
 
A
A
T
T
T
T
A
T
A
T
 
T
C
A
A
A
T
T
A
T
A
 
T
T
G
T
A
A
A
T
A
G
 
A
C
T
T
A
G
A
G
G
A
 
T
T
T
G
A
A
A
C
T
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
T
A
C
T
T
A
A
T
A
 
A
T
G
A
A
A
A
G
A
G
 
A
G
G
G
C
A
G
A
G
T
 
A
C
G
C
A
G
T
G
G
G
 
A
T
C
A
A
G
C
A
G
C
 
A
A
T
T
T
T
A
T
A
T
 
T
C
A
A
A
T
T
A
T
A
 
T
T
G
T
A
A
A
T
A
G
 
A
C
T
T
A
G
A
G
G
A
 
T
T
T
G
A
A
A
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0
 
 
 
 
 
 
 
2
2
9
0

2
3
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
A
G
G
G
A
G
T
T
 
T
A
T
T
T
T
A
A
C
T
 
A
A
G
A
T
A
A
T
G
C
 
A
G
A
T
G
A
C
G
T
C
 
A
G
T
C
G
C
A
A
T
T
 
A
C
T
G
G
A
T
C
A
T
 
T
A
A
G
A
C
T
A
T
T
 
T
C
C
T
T
C
T
G
A
A
 
C
G
C
G
T
A
T
T
A
A
 
C
T
A
C
G
A
A
T
T
C
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
T
A
G
G
G
A
G
T
T
 
T
A
T
T
T
T
A
A
C
T
 
A
A
G
A
T
A
A
T
G
C
 
A
G
A
T
G
A
C
G
T
C
 
A
G
T
C
G
C
A
A
T
T
 
A
C
T
G
G
A
T
C
A
T
 
T
A
A
G
A
C
T
A
T
T
 
T
C
C
T
T
C
T
G
A
A
 
C
G
C
G
T
A
T
T
A
A
 
C
T
A
C
G
A
A
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0
 
 
 
 
 
 
 
2
3
9
0

2
4
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
C
A
T
T
T
A
A
A
 
G
T
A
T
T
T
G
A
C
T
 
C
G
G
A
G
G
A
T
T
T
 
T
A
T
T
A
T
A
G
A
G
 
T
A
C
G
G
A
A
C
G
A
 
C
T
G
A
T
G
A
C
G
A
 
A
G
T
A
T
A
T
A
T
A
 
C
A
A
A
G
A
G
C
G
T
 
T
C
A
T
G
T
C
T
T
T
 
A
T
C
A
A
G
T
C
A
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
A
C
A
T
T
T
A
A
A
 
G
T
A
T
T
T
G
A
C
T
 
C
G
G
A
G
G
A
T
T
T
 
T
A
T
T
A
T
A
G
A
G
 
T
A
C
G
G
A
A
C
G
A
 
C
T
G
A
T
G
A
C
G
A
 
A
G
T
A
T
A
T
A
T
A
 
C
A
A
A
G
A
G
C
G
T
 
T
C
A
T
G
T
C
T
T
T
 
A
T
C
A
A
G
T
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0
 
 
 
 
 
 
 
2
4
9
0

2
5
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
A
T
C
A
G
G
A
A
 
T
A
G
C
C
G
A
T
G
A
 
G
A
T
A
G
C
G
G
C
A
 
T
C
A
T
C
A
A
C
A
T
 
T
T
A
A
A
A
A
T
T
A
 
C
G
T
C
A
C
G
A
G
A
 
C
T
A
T
C
T
G
A
A
C
 
A
G
T
T
A
T
T
A
T
T
 
T
T
C
A
A
A
G
A
A
T
 
A
A
T
A
T
A
G
T
G
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
A
A
T
C
A
G
G
A
A
 
T
A
G
C
C
G
A
T
G
A
 
G
A
T
A
G
C
G
G
C
A
 
T
C
A
T
C
A
A
C
A
T
 
T
T
A
A
A
A
A
T
T
A
 
C
G
T
C
A
C
G
A
G
A
 
C
T
A
T
C
T
G
A
A
C
 
A
G
T
T
A
T
T
A
T
T
 
T
T
C
A
A
A
G
A
A
T
 
A
A
T
A
T
A
G
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0
 
 
 
 
 
 
 
2
5
9
0

2
6
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
C
A
G
A
G
G
A
A
T
 
A
G
C
T
T
T
G
A
C
T
 
G
A
A
A
A
A
G
C
G
A
 
A
A
T
T
G
A
A
T
T
C
 
A
T
A
C
G
C
T
C
C
A
 
A
T
A
T
C
G
C
T
T
G
 
A
G
A
A
A
A
G
A
C
G
 
T
G
C
A
C
A
G
A
T
A
 
T
C
A
G
C
T
T
T
A
T
 
T
G
A
C
T
A
T
G
T
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
C
A
G
A
G
G
A
A
T
 
A
G
C
T
T
T
G
A
C
T
 
G
A
A
A
A
A
G
C
G
A
 
A
A
T
T
G
A
A
T
T
C
 
A
T
A
C
G
C
T
C
C
A
 
A
T
A
T
C
G
C
T
T
G
 
A
G
A
A
A
A
G
A
C
G
 
T
G
C
A
C
A
G
A
T
A
 
T
C
A
G
C
T
T
T
A
T
 
T
G
A
C
T
A
T
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0
 
 
 
 
 
 
 
2
6
9
0

2
7
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
C
A
G
A
A
A
C
C
G
 
G
T
C
A
C
C
T
T
C
A
 
A
A
T
C
A
A
G
T
A
A
 
A
A
T
A
A
C
A
A
T
A
 
A
A
T
G
A
C
A
T
A
C
 
T
C
A
G
A
G
A
T
A
T
 
A
A
A
A
C
C
A
T
T
T
 
T
T
T
A
C
A
G
T
A
A
 
G
T
G
A
T
G
C
A
C
A
 
C
T
T
A
C
C
T
A
T
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
G
C
A
G
A
A
A
C
C
G
 
G
T
C
A
C
C
T
T
C
A
 
A
A
T
C
A
A
G
T
A
A
 
A
A
T
A
A
C
A
A
T
A
 
A
A
T
G
A
C
A
T
A
C
 
T
C
A
G
A
G
A
T
A
T
 
A
A
A
A
C
C
A
T
T
T
 
T
T
T
A
C
A
G
T
A
A
 
G
T
G
A
T
G
C
A
C
A
 
C
T
T
A
C
C
T
A
T
A
 

190 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0
 
 
 
 
 
 
 
2
7
9
0

2
8
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
A
T
A
C
C
A
A
A
 
A
A
T
T
T
A
T
G
C
C
 
A
A
C
T
T
T
G
C
C
A
 
G
A
T
A
A
C
G
T
A
C
 
A
G
T
A
T
A
T
A
A
T
 
T
C
A
A
T
G
T
A
T
A
 
G
G
A
T
C
C
A
G
A
A
 
C
T
T
A
T
C
A
A
A
T
 
T
G
A
A
G
A
T
G
A
C
 
G
G
T
T
C
G
A
A
G
T
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
A
T
A
C
C
A
A
A
 
A
A
T
T
T
A
T
G
C
C
 
A
A
C
T
T
T
G
C
C
A
 
G
A
T
A
A
C
G
T
A
C
 
A
G
T
A
T
A
T
A
A
T
 
T
C
A
A
T
G
T
A
T
A
 
G
G
A
T
C
C
A
G
A
A
 
C
T
T
A
T
C
A
A
A
T
 
T
G
A
A
G
A
T
G
A
C
 
G
G
T
T
C
G
A
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0
 
 
 
 
 
 
 
2
8
9
0

2
9
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
G
C
C
A
T
A
T
C
 
T
A
G
A
C
T
A
A
T
A
 
T
C
A
A
A
G
T
A
T
T
 
C
A
G
T
T
T
A
T
A
A
 
G
C
C
A
T
C
A
A
T
T
 
G
A
A
G
A
A
T
T
G
T
 
A
T
A
A
A
G
T
G
A
T
 
T
T
C
A
T
T
G
C
A
T
 
G
A
A
A
A
C
G
A
A
A
 
T
A
C
A
A
T
T
A
T
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
A
G
C
C
A
T
A
T
C
 
T
A
G
A
C
T
A
A
T
A
 
T
C
A
A
A
G
T
A
T
T
 
C
A
G
T
T
T
A
T
A
A
 
G
C
C
A
T
C
A
A
T
T
 
G
A
A
G
A
A
T
T
G
T
 
A
T
A
A
A
G
T
G
A
T
 
T
T
C
A
T
T
G
C
A
T
 
G
A
A
A
A
C
G
A
A
A
 
T
A
C
A
A
T
T
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0
 
 
 
 
 
 
 
2
9
9
0

3
0
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
C
T
G
A
T
T
T
C
A
 
T
T
A
G
G
A
A
T
A
C
 
C
G
A
A
A
A
T
A
G
A
 
C
G
C
T
G
A
C
A
C
G
 
T
A
T
G
T
T
G
G
A
T
 
C
A
A
A
G
A
T
T
T
A
 
T
T
C
T
C
A
A
G
A
T
 
A
A
G
T
A
T
A
G
A
A
 
T
A
C
T
A
G
A
A
T
C
 
A
T
A
C
G
T
G
T
A
C
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
T
C
T
G
A
T
T
T
C
A
 
T
T
A
G
G
A
A
T
A
C
 
C
G
A
A
A
A
T
A
G
A
 
C
G
C
T
G
A
C
A
C
G
 
T
A
T
G
T
T
G
G
A
T
 
C
A
A
A
G
A
T
T
T
A
 
T
T
C
T
C
A
A
G
A
T
 
A
A
G
T
A
T
A
G
A
A
 
T
A
C
T
A
G
A
A
T
C
 
A
T
A
C
G
T
G
T
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0
 
 
 
 
 
 
 
3
0
9
0

3
1
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
T
T
T
A
T
T
G
T
 
C
C
A
T
T
A
A
T
T
A
 
T
G
G
A
T
G
C
T
A
T
 
C
A
A
T
T
A
T
T
T
G
 
A
T
T
T
C
A
A
T
T
C
 
A
C
C
G
G
A
C
T
T
G
 
G
A
G
A
A
G
C
T
G
A
 
T
A
A
G
A
A
T
A
C
C
 
A
T
T
T
A
A
G
G
G
A
 
A
A
A
A
T
A
C
C
A
G
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
A
T
T
T
A
T
T
G
T
 
C
C
A
T
T
A
A
T
T
A
 
T
G
G
A
T
G
C
T
A
T
 
C
A
A
T
T
A
T
T
T
G
 
A
T
T
T
C
A
A
T
T
C
 
A
C
C
G
G
A
C
T
T
G
 
G
A
G
A
A
G
C
T
G
A
 
T
A
A
G
A
A
T
A
C
C
 
A
T
T
T
A
A
G
G
G
A
 
A
A
A
A
T
A
C
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0
 
 
 
 
 
 
 
3
1
9
0

3
2
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
T
G
T
T
A
C
A
T
T
 
C
A
T
A
T
T
A
C
A
C
 
T
T
A
T
A
T
G
C
A
A
 
A
G
C
T
A
G
A
A
G
T
 
T
A
T
A
A
A
C
T
A
C
 
G
C
T
A
T
A
A
A
A
A
 
A
T
G
G
T
T
C
A
T
G
 
G
A
T
A
A
G
C
C
T
A
 
T
T
T
T
G
C
A
A
T
T
 
A
C
C
C
T
A
A
A
T
C
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
T
G
T
T
A
C
A
T
T
 
C
A
T
A
T
T
A
C
A
C
 
T
T
A
T
A
T
G
C
A
A
 
A
G
C
T
A
G
A
A
G
T
 
T
A
T
A
A
A
C
T
A
C
 
G
C
T
A
T
A
A
A
A
A
 
A
T
G
G
T
T
C
A
T
G
 
G
A
T
A
A
G
C
C
T
A
 
T
T
T
T
G
C
A
A
T
T
 
A
C
C
C
T
A
A
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0
 
 
 
 
 
 
 
3
2
9
0

3
3
0
0

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
A
A
A
T
G
A
T
A
 
A
A
A
T
T
A
T
G
G
A
 
A
G
A
A
G
A
T
G
T
G
 
G
A
A
C
A
T
C
A
C
G
 
T
C
A
T
T
A
C
G
T
T
 
C
G
C
C
G
T
A
C
A
C
 
T
A
A
C
G
C
G
A
A
C
 
T
T
C
T
T
T
C
A
A
G
 
A
T
T
A
G
A
A
C
G
C
 
T
T
A
G
A
T
G
T
G
A
 

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
A
G
A
A
A
T
G
A
T
A
 
A
A
A
T
T
A
T
G
G
A
 
A
G
A
A
G
A
T
G
T
G
 
G
A
A
C
A
T
C
A
C
G
 
T
C
A
T
T
A
C
G
T
T
 
C
G
C
C
G
T
A
C
A
C
 
T
A
A
C
G
C
G
A
A
C
 
T
T
C
T
T
T
C
A
A
G
 
A
T
T
A
G
A
A
C
G
C
 
T
T
A
G
A
T
G
T
G
A
 

.
.

SA
11
-L
2_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
C

SA
11
-L
2_
GS
1(
VP
1)
 N
GS
 c
s

 
 
 
C
C

191 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
2
(
V
P
2
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
G
C
T
C
A
A
T
G
G
 
C
G
T
A
T
C
G
A
A
A
 
A
C
G
T
G
G
A
G
C
G
 
C
G
T
C
G
T
G
A
G
A
 
C
G
A
A
T
C
T
A
A
A
 
A
C
A
A
G
A
T
G
A
A
 
C
G
A
A
T
G
C
A
A
G
 
A
A
A
A
A
G
A
A
G
A
 
T
A
G
C
A
A
G
A
A
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
G
C
T
C
A
A
T
G
G
 
C
G
T
A
T
C
G
A
A
A
 
A
C
G
T
G
G
A
G
C
G
 
C
G
T
C
G
T
G
A
G
A
 
C
G
A
A
T
C
T
A
A
A
 
A
C
A
A
G
A
T
G
A
A
 
C
G
A
A
T
G
C
A
A
G
 
A
A
A
A
A
G
A
A
G
A
 
T
A
G
C
A
A
G
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
T
A
A
T
A
A
T
G
 
A
C
A
G
T
C
C
T
A
A
 
A
T
C
A
C
A
A
T
T
A
 
T
C
A
G
A
A
A
A
A
G
 
T
A
T
T
A
T
C
T
A
A
 
G
A
A
A
G
A
A
G
A
G
 
A
T
A
A
T
T
A
C
A
G
 
A
T
A
A
T
C
A
A
G
A
 
A
G
A
A
G
T
T
A
A
G
 
A
T
A
T
C
T
G
A
T
G
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
T
T
A
A
T
A
A
T
G
 
A
C
A
G
T
C
C
T
A
A
 
A
T
C
A
C
A
A
T
T
A
 
T
C
A
G
A
A
A
A
A
G
 
T
A
T
T
A
T
C
T
A
A
 
G
A
A
A
G
A
A
G
A
G
 
A
T
A
A
T
T
A
C
A
G
 
A
T
A
A
T
C
A
A
G
A
 
A
G
A
A
G
T
T
A
A
G
 
A
T
A
T
C
T
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
G
T
A
A
A
A
A
A
 
A
T
C
T
A
A
T
A
A
A
 
G
A
A
G
A
A
T
C
G
A
 
A
A
C
A
G
T
T
G
T
T
 
A
G
A
A
G
T
A
C
T
T
 
A
A
A
A
C
A
A
A
A
G
 
A
G
G
A
A
C
A
T
C
A
 
A
A
A
A
G
A
A
G
T
T
 
C
A
G
T
A
T
G
A
A
A
 
T
A
T
T
A
C
A
A
A
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
G
G
T
A
A
A
A
A
A
 
A
T
C
T
A
A
T
A
A
A
 
G
A
A
G
A
A
T
C
G
A
 
A
A
C
A
G
T
T
G
T
T
 
A
G
A
A
G
T
A
C
T
T
 
A
A
A
A
C
A
A
A
A
G
 
A
G
G
A
A
C
A
T
C
A
 
A
A
A
A
G
A
A
G
T
T
 
C
A
G
T
A
T
G
A
A
A
 
T
A
T
T
A
C
A
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
C
T
A
T
C
C
C
T
 
A
C
A
T
T
T
G
A
A
C
 
C
A
A
A
A
G
A
G
T
C
 
A
A
T
A
C
T
C
A
A
A
 
A
A
A
T
T
A
G
A
A
G
 
A
C
A
T
A
A
A
A
C
C
 
A
G
A
A
C
A
A
G
C
A
 
A
A
G
A
A
A
C
A
A
A
 
C
T
A
A
A
C
T
G
T
T
 
T
C
G
A
A
T
A
T
T
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
A
C
T
A
T
C
C
C
T
 
A
C
A
T
T
T
G
A
A
C
 
C
A
A
A
A
G
A
G
T
C
 
A
A
T
A
C
T
C
A
A
A
 
A
A
A
T
T
A
G
A
A
G
 
A
C
A
T
A
A
A
A
C
C
 
A
G
A
A
C
A
A
G
C
A
 
A
A
G
A
A
A
C
A
A
A
 
C
T
A
A
A
C
T
G
T
T
 
T
C
G
A
A
T
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
A
C
C
G
A
A
A
C
 
A
A
T
T
G
C
C
T
A
T
 
T
T
A
T
A
G
A
G
C
T
 
A
A
T
G
G
A
G
A
A
A
 
G
A
G
A
G
C
T
T
C
G
 
T
A
A
T
A
G
A
T
G
G
 
T
A
T
T
G
G
A
A
A
T
 
T
G
A
A
A
C
G
A
G
A
 
T
A
C
T
C
T
T
C
C
T
 
G
A
T
G
G
A
G
A
T
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
A
A
C
C
G
A
A
A
C
 
A
A
T
T
G
C
C
T
A
T
 
T
T
A
T
A
G
A
G
C
T
 
A
A
T
G
G
A
G
A
A
A
 
G
A
G
A
G
C
T
T
C
G
 
T
A
A
T
A
G
A
T
G
G
 
T
A
T
T
G
G
A
A
A
T
 
T
G
A
A
A
C
G
A
G
A
 
T
A
C
T
C
T
T
C
C
T
 
G
A
T
G
G
A
G
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
G
A
T
G
T
T
A
G
 
A
G
A
G
T
A
T
T
T
T
 
T
T
A
A
A
T
T
T
A
T
 
A
T
G
A
T
C
A
A
G
T
 
A
T
T
A
A
T
G
G
A
A
 
A
T
G
C
C
G
G
A
T
T
 
A
T
C
T
A
T
T
A
C
T
 
T
A
A
A
G
A
T
A
T
G
 
G
C
T
G
T
A
G
A
G
A
 
A
T
A
A
A
A
A
T
T
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
T
G
A
T
G
T
T
A
G
 
A
G
A
G
T
A
T
T
T
T
 
T
T
A
A
A
T
T
T
A
T
 
A
T
G
A
T
C
A
A
G
T
 
A
T
T
A
A
T
G
G
A
A
 
A
T
G
C
C
G
G
A
T
T
 
A
T
C
T
A
T
T
A
C
T
 
T
A
A
A
G
A
T
A
T
G
 
G
C
T
G
T
A
G
A
G
A
 
A
T
A
A
A
A
A
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
G
G
G
A
T
G
C
T
 
G
G
C
A
A
A
G
T
A
G
 
T
T
G
A
T
T
C
T
G
A
 
A
A
C
A
G
C
C
G
C
A
 
A
T
A
T
G
C
G
A
T
G
 
C
T
A
T
T
T
T
T
C
A
 
A
G
A
T
G
A
A
G
A
A
 
A
C
C
G
A
A
G
G
T
G
 
C
A
G
T
A
A
G
A
A
G
 
A
T
T
C
A
T
A
G
C
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
A
G
G
G
A
T
G
C
T
 
G
G
C
A
A
A
G
T
A
G
 
T
T
G
A
T
T
C
T
G
A
 
A
A
C
A
G
C
C
G
C
A
 
A
T
A
T
G
C
G
A
T
G
 
C
T
A
T
T
T
T
T
C
A
 
A
G
A
T
G
A
A
G
A
A
 
A
C
C
G
A
A
G
G
T
G
 
C
A
G
T
A
A
G
A
A
G
 
A
T
T
C
A
T
A
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
G
A
T
G
A
G
A
C
 
A
A
C
G
A
G
T
T
C
A
 
A
G
C
T
G
A
T
C
G
A
 
A
A
T
G
T
A
G
T
C
A
 
A
T
T
A
T
C
C
A
T
C
 
T
A
T
A
T
T
G
C
A
T
 
C
C
A
A
T
T
G
A
C
C
 
A
T
G
C
G
T
T
T
A
A
 
C
G
A
A
T
A
C
T
T
C
 
T
T
A
C
A
A
C
A
T
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
A
G
A
T
G
A
G
A
C
 
A
A
C
G
A
G
T
T
C
A
 
A
G
C
T
G
A
T
C
G
A
 
A
A
T
G
T
A
G
T
C
A
 
A
T
T
A
T
C
C
A
T
C
 
T
A
T
A
T
T
G
C
A
T
 
C
C
A
A
T
T
G
A
C
C
 
A
T
G
C
G
T
T
T
A
A
 
C
G
A
A
T
A
C
T
T
C
 
T
T
A
C
A
A
C
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
T
T
G
G
T
A
G
A
 
A
C
C
A
T
T
A
A
A
T
 
A
A
T
G
A
T
A
T
C
A
 
T
T
T
T
C
A
A
T
T
A
 
C
A
T
A
C
C
A
G
A
G
 
A
G
A
A
T
A
A
G
A
A
 
A
T
G
A
T
G
T
C
A
A
 
C
T
A
T
A
T
A
T
T
A
 
A
A
T
A
T
G
G
A
C
A
 
G
G
A
A
T
T
T
A
C
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
G
T
T
G
G
T
A
G
A
 
A
C
C
A
T
T
A
A
A
T
 
A
A
T
G
A
T
A
T
C
A
 
T
T
T
T
C
A
A
T
T
A
 
C
A
T
A
C
C
A
G
A
G
 
A
G
A
A
T
A
A
G
A
A
 
A
T
G
A
T
G
T
C
A
A
 
C
T
A
T
A
T
A
T
T
A
 
A
A
T
A
T
G
G
A
C
A
 
G
G
A
A
T
T
T
A
C
C
 

192 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
T
C
T
A
C
T
G
C
T
 
A
G
A
T
A
T
A
T
C
A
 
G
A
C
C
A
A
A
C
T
T
 
G
C
T
A
C
A
A
G
A
T
 
A
G
G
T
T
A
A
A
T
T
 
T
A
C
A
T
G
A
T
A
A
 
T
T
T
T
G
A
G
T
C
A
 
C
T
C
T
G
G
G
A
T
A
 
C
T
A
T
A
A
C
T
A
C
 
A
T
C
T
A
A
T
T
A
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
T
C
T
A
C
T
G
C
T
 
A
G
A
T
A
T
A
T
C
A
 
G
A
C
C
A
A
A
C
T
T
 
G
C
T
A
C
A
A
G
A
T
 
A
G
G
T
T
A
A
A
T
T
 
T
A
C
A
T
G
A
T
A
A
 
T
T
T
T
G
A
G
T
C
A
 
C
T
C
T
G
G
G
A
T
A
 
C
T
A
T
A
A
C
T
A
C
 
A
T
C
T
A
A
T
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
T
T
T
A
G
C
A
A
 
G
A
T
C
T
G
T
G
G
T
 
G
C
C
A
G
A
C
C
T
A
 
A
A
A
G
A
A
T
T
A
G
 
T
A
T
C
T
A
C
T
G
A
 
G
G
C
A
C
A
A
A
T
C
 
C
A
G
A
A
A
A
T
G
T
 
C
A
C
A
A
G
A
T
T
T
 
G
C
A
A
T
T
G
G
A
A
 
G
C
T
T
T
G
A
C
A
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
T
T
T
T
A
G
C
A
A
 
G
A
T
C
T
G
T
G
G
T
 
G
C
C
A
G
A
C
C
T
A
 
A
A
A
G
A
A
T
T
A
G
 
T
A
T
C
T
A
C
T
G
A
 
G
G
C
A
C
A
A
A
T
C
 
C
A
G
A
A
A
A
T
G
T
 
C
A
C
A
A
G
A
T
T
T
 
G
C
A
A
T
T
G
G
A
A
 
G
C
T
T
T
G
A
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
C
A
A
T
C
A
G
A
 
G
A
C
T
C
A
G
T
T
T
 
T
T
A
A
C
A
G
G
T
A
 
T
A
A
A
C
T
C
A
C
A
 
A
G
C
C
G
C
T
A
A
T
 
G
A
T
T
G
T
T
T
T
A
 
A
A
A
C
T
T
T
G
A
T
 
T
G
C
T
G
C
T
A
T
G
 
T
T
G
A
G
T
C
A
G
A
 
G
A
A
C
C
A
T
G
T
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
T
A
C
A
A
T
C
A
G
A
 
G
A
C
T
C
A
G
T
T
T
 
T
T
A
A
C
A
G
G
T
A
 
T
A
A
A
C
T
C
A
C
A
 
A
G
C
C
G
C
T
A
A
T
 
G
A
T
T
G
T
T
T
T
A
 
A
A
A
C
T
T
T
G
A
T
 
T
G
C
T
G
C
T
A
T
G
 
T
T
G
A
G
T
C
A
G
A
 
G
A
A
C
C
A
T
G
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
T
A
G
A
T
T
T
C
 
G
T
A
A
C
G
A
C
A
A
 
A
T
T
A
C
A
T
G
T
C
 
A
C
T
T
A
T
T
T
C
A
 
G
G
C
A
T
G
T
G
G
T
 
T
A
C
T
C
A
C
T
G
T
 
G
A
T
T
C
C
A
A
A
T
 
G
A
T
A
T
G
T
T
T
A
 
T
A
A
G
A
G
A
A
T
C
 
A
T
T
A
G
T
A
G
C
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
T
T
A
G
A
T
T
T
C
 
G
T
A
A
C
G
A
C
A
A
 
A
T
T
A
C
A
T
G
T
C
 
A
C
T
T
A
T
T
T
C
A
 
G
G
C
A
T
G
T
G
G
T
 
T
A
C
T
C
A
C
T
G
T
 
G
A
T
T
C
C
A
A
A
T
 
G
A
T
A
T
G
T
T
T
A
 
T
A
A
G
A
G
A
A
T
C
 
A
T
T
A
G
T
A
G
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
G
T
C
A
A
C
T
A
G
 
C
C
A
T
A
A
T
A
A
A
 
T
A
C
C
A
T
T
G
T
T
 
T
A
T
C
C
G
G
C
A
T
 
T
C
G
G
A
A
T
G
C
A
 
A
A
G
A
A
T
G
C
A
T
 
T
A
T
A
G
G
A
A
T
G
 
G
T
G
A
T
C
C
A
C
A
 
G
A
C
T
C
C
C
T
T
T
 
C
A
A
A
T
T
G
C
A
G
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
T
G
T
C
A
A
C
T
A
G
 
C
C
A
T
A
A
T
A
A
A
 
T
A
C
C
A
T
T
G
T
T
 
T
A
T
C
C
G
G
C
A
T
 
T
C
G
G
A
A
T
G
C
A
 
A
A
G
A
A
T
G
C
A
T
 
T
A
T
A
G
G
A
A
T
G
 
G
T
G
A
T
C
C
A
C
A
 
G
A
C
T
C
C
C
T
T
T
 
C
A
A
A
T
T
G
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
C
A
A
C
A
G
A
T
 
T
C
A
A
A
A
T
T
T
T
 
C
A
G
G
T
A
G
C
T
A
 
A
T
T
G
G
T
T
A
C
A
 
T
T
T
T
G
T
T
A
A
T
 
T
A
T
A
A
T
C
A
G
T
 
T
T
A
G
A
C
A
A
G
T
 
A
G
T
G
A
T
T
G
A
T
 
G
G
A
G
T
G
T
T
A
A
 
A
T
C
A
A
G
T
C
T
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
G
C
A
A
C
A
G
A
T
 
T
C
A
A
A
A
T
T
T
T
 
C
A
G
G
T
A
G
C
T
A
 
A
T
T
G
G
T
T
A
C
A
 
T
T
T
T
G
T
T
A
A
T
 
T
A
T
A
A
T
C
A
G
T
 
T
T
A
G
A
C
A
A
G
T
 
A
G
T
G
A
T
T
G
A
T
 
G
G
A
G
T
G
T
T
A
A
 
A
T
C
A
A
G
T
C
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0
 
 
 
 
 
 
 
1
5
2
0
 
 
 
 
 
 
 
1
5
3
0
 
 
 
 
 
 
 
1
5
4
0
 
 
 
 
 
 
 
1
5
5
0
 
 
 
 
 
 
 
1
5
6
0
 
 
 
 
 
 
 
1
5
7
0
 
 
 
 
 
 
 
1
5
8
0
 
 
 
 
 
 
 
1
5
9
0

1
6
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
A
T
G
A
T
A
A
T
 
A
T
A
A
G
A
A
A
T
G
 
G
T
C
A
T
G
T
A
G
T
 
C
A
A
C
C
A
A
T
T
A
 
A
T
G
G
A
A
G
C
T
C
 
T
G
A
T
G
C
A
A
T
T
 
A
T
C
T
A
G
A
C
A
A
 
C
A
G
T
T
T
C
C
C
A
 
C
A
A
T
G
C
C
A
G
T
 
T
G
A
T
T
A
T
A
A
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
A
A
T
G
A
T
A
A
T
 
A
T
A
A
G
A
A
A
T
G
 
G
T
C
A
T
G
T
A
G
T
 
C
A
A
C
C
A
A
T
T
A
 
A
T
G
G
A
A
G
C
T
C
 
T
G
A
T
G
C
A
A
T
T
 
A
T
C
T
A
G
A
C
A
A
 
C
A
G
T
T
T
C
C
C
A
 
C
A
A
T
G
C
C
A
G
T
 
T
G
A
T
T
A
T
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0
 
 
 
 
 
 
 
1
6
9
0

1
7
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
A
T
C
T
A
T
A
C
 
A
G
A
G
A
G
G
A
A
T
 
T
T
T
G
C
T
G
C
T
T
 
T
C
T
A
A
C
A
G
A
C
 
T
T
G
G
T
C
A
G
C
T
 
T
G
T
C
G
A
T
T
T
A
 
A
C
A
A
G
A
T
T
G
T
 
T
A
T
C
A
T
A
C
A
A
 
T
T
A
T
G
A
G
A
C
A
 
T
T
A
A
T
G
G
C
A
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
G
A
T
C
T
A
T
A
C
 
A
G
A
G
A
G
G
A
A
T
 
T
T
T
G
C
T
G
C
T
T
 
T
C
T
A
A
C
A
G
A
C
 
T
T
G
G
T
C
A
G
C
T
 
T
G
T
C
G
A
T
T
T
A
 
A
C
A
A
G
A
T
T
G
T
 
T
A
T
C
A
T
A
C
A
A
 
T
T
A
T
G
A
G
A
C
A
 
T
T
A
A
T
G
G
C
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0
 
 
 
 
 
 
 
1
7
9
0

1
8
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
C
A
T
A
A
C
A
A
T
 
G
A
A
T
A
T
G
C
A
G
 
C
A
T
G
T
T
C
A
A
A
 
C
A
T
T
A
A
C
A
A
C
 
T
G
A
A
A
A
A
T
T
G
 
C
A
A
T
T
A
A
C
A
T
 
C
A
G
T
A
A
C
A
T
C
 
A
T
T
A
T
G
T
A
T
G
 
C
T
A
A
T
T
G
G
A
A
 
A
T
G
C
T
A
C
G
G
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
C
A
T
A
A
C
A
A
T
 
G
A
A
T
A
T
G
C
A
G
 
C
A
T
G
T
T
C
A
A
A
 
C
A
T
T
A
A
C
A
A
C
 
T
G
A
A
A
A
A
T
T
G
 
C
A
A
T
T
A
A
C
A
T
 
C
A
G
T
A
A
C
A
T
C
 
A
T
T
A
T
G
T
A
T
G
 
C
T
A
A
T
T
G
G
A
A
 
A
T
G
C
T
A
C
G
G
T
 

193 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0
 
 
 
 
 
 
 
1
8
9
0

1
9
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
T
A
C
C
G
A
G
T
 
C
C
G
C
A
A
A
C
A
T
 
T
G
T
T
C
C
A
T
T
A
 
C
T
A
T
A
A
T
G
T
G
 
A
A
T
G
T
C
A
A
T
T
 
T
T
C
A
T
T
C
A
A
A
 
T
T
A
T
A
A
T
G
A
A
 
A
G
A
A
T
T
A
A
T
G
 
A
C
G
C
A
G
T
T
G
C
 
A
A
T
T
A
T
A
A
C
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
T
A
T
A
C
C
G
A
G
T
 
C
C
G
C
A
A
A
C
A
T
 
T
G
T
T
C
C
A
T
T
A
 
C
T
A
T
A
A
T
G
T
G
 
A
A
T
G
T
C
A
A
T
T
 
T
T
C
A
T
T
C
A
A
A
 
T
T
A
T
A
A
T
G
A
A
 
A
G
A
A
T
T
A
A
T
G
 
A
C
G
C
A
G
T
T
G
C
 
A
A
T
T
A
T
A
A
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0
 
 
 
 
 
 
 
1
9
9
0

2
0
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
C
G
G
C
A
A
A
T
A
 
G
A
T
T
A
A
A
T
T
T
 
A
T
A
T
C
A
A
A
A
G
 
A
A
A
A
T
G
A
A
A
T
 
C
A
A
T
A
G
T
T
G
A
 
G
G
A
C
T
T
T
C
T
G
 
A
A
A
A
G
A
T
T
A
C
 
A
G
A
T
A
T
T
T
G
A
 
T
G
T
T
G
C
G
A
G
A
 
G
T
A
C
C
A
G
A
T
G
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
G
C
G
G
C
A
A
A
T
A
 
G
A
T
T
A
A
A
T
T
T
 
A
T
A
T
C
A
A
A
A
G
 
A
A
A
A
T
G
A
A
A
T
 
C
A
A
T
A
G
T
T
G
A
 
G
G
A
C
T
T
T
C
T
G
 
A
A
A
A
G
A
T
T
A
C
 
A
G
A
T
A
T
T
T
G
A
 
T
G
T
T
G
C
G
A
G
A
 
G
T
A
C
C
A
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0
 
 
 
 
 
 
 
2
0
9
0

2
1
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
C
C
A
A
A
T
G
T
A
 
T
A
G
A
T
T
G
A
G
A
 
G
A
T
A
G
A
T
T
A
A
 
G
A
C
T
A
T
T
A
C
C
 
A
G
T
T
G
A
A
A
T
A
 
A
G
A
A
G
A
T
T
A
G
 
A
T
A
T
T
T
T
T
A
A
 
T
T
T
G
A
T
A
G
C
A
 
A
T
G
A
A
T
A
T
G
G
 
A
A
C
A
G
A
T
T
G
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
C
C
A
A
A
T
G
T
A
 
T
A
G
A
T
T
G
A
G
A
 
G
A
T
A
G
A
T
T
A
A
 
G
A
C
T
A
T
T
A
C
C
 
A
G
T
T
G
A
A
A
T
A
 
A
G
A
A
G
A
T
T
A
G
 
A
T
A
T
T
T
T
T
A
A
 
T
T
T
G
A
T
A
G
C
A
 
A
T
G
A
A
T
A
T
G
G
 
A
A
C
A
G
A
T
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0
 
 
 
 
 
 
 
2
1
9
0

2
2
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
C
G
T
G
C
A
T
C
A
 
G
A
T
A
A
A
A
T
T
G
 
C
A
C
A
A
G
G
A
G
T
 
T
A
T
A
A
T
A
G
C
A
 
T
A
C
C
G
A
G
A
T
A
 
T
G
C
A
G
T
T
A
G
A
 
A
C
G
A
G
A
T
G
A
G
 
A
T
G
T
A
T
G
G
T
T
 
A
C
G
T
C
A
A
T
A
T
 
T
G
C
C
A
G
A
A
A
C
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
C
G
T
G
C
A
T
C
A
 
G
A
T
A
A
A
A
T
T
G
 
C
A
C
A
A
G
G
A
G
T
 
T
A
T
A
A
T
A
G
C
A
 
T
A
C
C
G
A
G
A
T
A
 
T
G
C
A
G
T
T
A
G
A
 
A
C
G
A
G
A
T
G
A
G
 
A
T
G
T
A
T
G
G
T
T
 
A
C
G
T
C
A
A
T
A
T
 
T
G
C
C
A
G
A
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0
 
 
 
 
 
 
 
2
2
9
0

2
3
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
T
G
G
A
C
G
G
A
T
 
T
T
C
A
A
C
A
A
A
T
 
A
A
A
T
C
T
T
G
A
A
 
G
A
A
T
T
G
A
T
G
A
 
G
A
T
C
A
G
G
A
G
A
 
T
T
A
T
G
C
T
C
A
A
 
A
T
T
A
C
T
A
A
C
A
 
T
G
C
T
A
C
T
T
A
A
 
T
A
A
T
C
A
A
C
C
A
 
G
T
A
G
C
T
T
T
A
G
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
T
T
G
G
A
C
G
G
A
T
 
T
T
C
A
A
C
A
A
A
T
 
A
A
A
T
C
T
T
G
A
A
 
G
A
A
T
T
G
A
T
G
A
 
G
A
T
C
A
G
G
A
G
A
 
T
T
A
T
G
C
T
C
A
A
 
A
T
T
A
C
T
A
A
C
A
 
T
G
C
T
A
C
T
T
A
A
 
T
A
A
T
C
A
A
C
C
A
 
G
T
A
G
C
T
T
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0
 
 
 
 
 
 
 
2
3
9
0

2
4
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
T
G
G
A
G
C
G
C
T
 
A
C
C
A
T
T
T
A
T
A
 
A
C
G
G
A
T
T
C
A
T
 
C
A
G
T
G
A
T
T
T
C
 
G
T
T
A
A
T
A
G
C
T
 
A
A
A
C
T
A
G
A
T
G
 
C
A
A
C
C
G
T
T
T
T
 
T
G
C
A
C
A
G
A
T
T
 
G
T
C
A
A
A
C
T
T
A
 
G
A
A
A
G
G
T
C
G
A
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
T
T
G
G
A
G
C
G
C
T
 
A
C
C
A
T
T
T
A
T
A
 
A
C
G
G
A
T
T
C
A
T
 
C
A
G
T
G
A
T
T
T
C
 
G
T
T
A
A
T
A
G
C
T
 
A
A
A
C
T
A
G
A
T
G
 
C
A
A
C
C
G
T
T
T
T
 
T
G
C
A
C
A
G
A
T
T
 
G
T
C
A
A
A
C
T
T
A
 
G
A
A
A
G
G
T
C
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0
 
 
 
 
 
 
 
2
4
9
0

2
5
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
A
C
G
T
T
A
A
A
A
 
C
C
C
A
T
C
C
T
A
T
 
A
T
A
A
G
A
T
A
A
A
 
T
T
C
A
G
A
T
T
C
T
 
A
A
T
G
A
C
T
T
T
T
 
A
T
T
T
G
G
T
G
G
C
 
T
A
A
T
T
A
T
G
A
T
 
T
G
G
A
T
T
C
C
T
A
 
C
A
T
C
T
A
C
T
A
C
 
A
A
A
A
G
T
G
T
A
T
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
C
A
C
G
T
T
A
A
A
A
 
C
C
C
A
T
C
C
T
A
T
 
A
T
A
A
G
A
T
A
A
A
 
T
T
C
A
G
A
T
T
C
T
 
A
A
T
G
A
C
T
T
T
T
 
A
T
T
T
G
G
T
G
G
C
 
T
A
A
T
T
A
T
G
A
T
 
T
G
G
A
T
T
C
C
T
A
 
C
A
T
C
T
A
C
T
A
C
 
A
A
A
A
G
T
G
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0
 
 
 
 
 
 
 
2
5
9
0

2
6
0
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
A
C
A
A
G
T
T
C
 
C
A
C
A
A
C
A
A
T
T
 
T
G
A
T
T
T
T
A
G
A
 
G
C
G
T
C
A
A
T
G
C
 
A
T
A
T
G
T
T
A
A
C
 
G
T
C
T
A
A
C
C
T
A
 
A
C
A
T
T
T
A
C
C
G
 
T
A
T
A
T
T
C
A
G
A
 
T
T
T
G
C
T
T
G
C
G
 
T
T
C
G
T
T
T
C
A
G
 

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
A
A
A
C
A
A
G
T
T
C
 
C
A
C
A
A
C
A
A
T
T
 
T
G
A
T
T
T
T
A
G
A
 
G
C
G
T
C
A
A
T
G
C
 
A
T
A
T
G
T
T
A
A
C
 
G
T
C
T
A
A
C
C
T
A
 
A
C
A
T
T
T
A
C
C
G
 
T
A
T
A
T
T
C
A
G
A
 
T
T
T
G
C
T
T
G
C
G
 
T
T
C
G
T
T
T
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0
 
 
 
 
 
 
 
2
6
9
0

SA
11
-L
2_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
T
G
A
T
A
C
T
G
T
 
T
G
A
A
C
C
A
A
T
T
 
A
A
T
G
C
T
G
T
T
G
 
C
T
T
T
T
G
A
T
A
A
 
T
A
T
G
C
G
C
A
T
C
 
A
T
G
A
A
C
G
A
A
C
 
T
G
T
A
A
A
C
G
C
C
 
A
A
C
C
C
C
A
T
T
G
 
T
G
G
A
G
A
T
A
T
G
 
A
C
C

SA
11
-L
2_
GS
2(
VP
2)
 N
GS
 c
s

 
 
 
C
T
G
A
T
A
C
T
G
T
 
T
G
A
A
C
C
A
A
T
T
 
A
A
T
G
C
T
G
T
T
G
 
C
T
T
T
T
G
A
T
A
A
 
T
A
T
G
C
G
C
A
T
C
 
A
T
G
A
A
C
G
A
A
C
 
T
G
T
A
A
A
C
G
C
C
 
A
A
C
C
C
C
A
T
T
G
 
T
G
G
A
G
A
T
A
T
G
 
A
C
C

194 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
3
(
V
P
3
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
C
A
G
T
A
C
C
A
G
 
T
A
G
T
G
T
G
T
T
T
 
T
A
C
C
T
C
T
G
A
T
 
G
G
T
G
T
A
A
A
C
A
 
T
G
A
A
A
G
T
A
C
T
 
A
G
C
T
T
T
A
A
G
A
 
C
A
C
A
G
T
G
T
G
G
 
C
T
C
A
A
G
T
G
T
A
 
T
G
C
A
G
A
C
A
C
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
G
G
C
T
A
T
T
A
A
A
 
G
C
A
G
T
A
C
C
A
G
 
T
A
G
T
G
T
G
T
T
T
 
T
A
C
C
T
C
T
G
A
T
 
G
G
T
G
T
A
A
A
C
A
 
T
G
A
A
A
G
T
A
C
T
 
A
G
C
T
T
T
A
A
G
A
 
C
A
C
A
G
T
G
T
G
G
 
C
T
C
A
A
G
T
G
T
A
 
T
G
C
A
G
A
C
A
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
A
G
T
C
T
A
C
G
 
T
T
C
A
T
G
A
T
G
A
 
T
A
C
A
A
A
A
G
A
T
 
A
G
T
T
A
T
G
A
A
A
 
A
C
G
C
T
T
T
T
T
T
 
A
A
T
C
T
C
T
A
A
T
 
C
T
T
A
C
G
A
C
C
C
 
A
T
A
A
T
A
T
T
T
T
 
A
T
A
C
T
T
A
A
A
T
 
T
A
T
A
G
C
A
T
T
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
C
A
A
G
T
C
T
A
C
G
 
T
T
C
A
T
G
A
T
G
A
 
T
A
C
A
A
A
A
G
A
T
 
A
G
T
T
A
T
G
A
A
A
 
A
C
G
C
T
T
T
T
T
T
 
A
A
T
C
T
C
T
A
A
T
 
C
T
T
A
C
G
A
C
C
C
 
A
T
A
A
T
A
T
T
T
T
 
A
T
A
C
T
T
A
A
A
T
 
T
A
T
A
G
C
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
A
C
A
T
T
A
G
A
 
A
A
T
A
T
T
A
A
A
T
 
A
A
G
T
C
A
G
G
A
A
 
T
A
G
C
T
G
C
A
A
T
 
T
G
C
T
T
T
A
C
A
A
 
T
C
A
C
T
T
G
A
A
G
 
A
A
T
T
A
T
T
C
A
C
 
A
T
T
A
A
T
A
A
G
G
 
T
G
T
A
A
T
T
T
C
A
 
C
T
T
A
T
G
A
T
T
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
A
A
C
A
T
T
A
G
A
 
A
A
T
A
T
T
A
A
A
T
 
A
A
G
T
C
A
G
G
A
A
 
T
A
G
C
T
G
C
A
A
T
 
T
G
C
T
T
T
A
C
A
A
 
T
C
A
C
T
T
G
A
A
G
 
A
A
T
T
A
T
T
C
A
C
 
A
T
T
A
A
T
A
A
G
G
 
T
G
T
A
A
T
T
T
C
A
 
C
T
T
A
T
G
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
G
A
A
C
T
T
G
A
T
 
A
T
A
A
T
A
T
A
T
T
 
T
A
C
A
T
G
A
T
T
A
 
T
T
C
A
T
A
T
T
A
T
 
A
C
C
A
A
T
A
A
T
G
 
A
A
A
T
T
A
G
A
A
C
 
A
G
A
C
C
A
A
C
A
T
 
T
G
G
A
T
A
A
C
A
A
 
A
A
A
C
A
A
A
T
A
T
 
T
G
A
A
G
A
A
T
A
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
G
A
A
C
T
T
G
A
T
 
A
T
A
A
T
A
T
A
T
T
 
T
A
C
A
T
G
A
T
T
A
 
T
T
C
A
T
A
T
T
A
T
 
A
C
C
A
A
T
A
A
T
G
 
A
A
A
T
T
A
G
A
A
C
 
A
G
A
C
C
A
A
C
A
T
 
T
G
G
A
T
A
A
C
A
A
 
A
A
A
C
A
A
A
T
A
T
 
T
G
A
A
G
A
A
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
T
A
C
T
A
C
C
T
G
 
G
A
T
G
G
A
A
A
T
T
 
A
A
C
A
T
A
T
G
T
T
 
G
G
T
T
A
T
A
A
T
G
 
G
A
A
G
T
G
A
A
A
C
 
T
A
G
A
G
G
A
C
A
T
 
T
A
T
A
A
C
T
T
T
T
 
C
A
T
T
T
A
A
A
T
G
 
T
C
A
A
A
A
C
G
C
T
 
G
C
A
A
C
A
G
A
T
G
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
T
A
C
T
A
C
C
T
G
 
G
A
T
G
G
A
A
A
T
T
 
A
A
C
A
T
A
T
G
T
T
 
G
G
T
T
A
T
A
A
T
G
 
G
A
A
G
T
G
A
A
A
C
 
T
A
G
A
G
G
A
C
A
T
 
T
A
T
A
A
C
T
T
T
T
 
C
A
T
T
T
A
A
A
T
G
 
T
C
A
A
A
A
C
G
C
T
 
G
C
A
A
C
A
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
G
A
T
C
T
A
A
T
 
A
A
T
T
G
A
A
T
A
C
 
A
T
T
T
A
T
T
C
A
G
 
A
A
G
C
G
T
T
G
G
A
 
C
T
T
C
C
A
A
A
A
T
 
T
T
T
A
T
G
T
T
A
A
 
A
A
A
A
G
A
T
A
A
A
 
G
G
A
A
A
G
A
A
T
G
 
A
C
T
A
C
A
T
C
G
T
 
T
G
C
C
T
A
T
A
G
C
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
T
G
A
T
C
T
A
A
T
 
A
A
T
T
G
A
A
T
A
C
 
A
T
T
T
A
T
T
C
A
G
 
A
A
G
C
G
T
T
G
G
A
 
C
T
T
C
C
A
A
A
A
T
 
T
T
T
A
T
G
T
T
A
A
 
A
A
A
A
G
A
T
A
A
A
 
G
G
A
A
A
G
A
A
T
G
 
A
C
T
A
C
A
T
C
G
T
 
T
G
C
C
T
A
T
A
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
A
G
A
T
T
A
T
C
T
 
A
A
C
A
G
A
G
T
A
T
 
T
T
A
G
G
G
A
T
A
A
 
G
T
T
A
T
T
C
C
C
A
 
T
C
A
T
T
A
T
T
G
A
 
A
A
G
A
A
C
A
T
A
A
 
G
A
A
T
G
T
A
G
T
G
 
A
A
C
G
T
T
G
G
T
C
 
C
G
C
G
T
A
A
T
G
A
 
A
T
C
T
A
T
G
T
T
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
A
G
A
T
T
A
T
C
T
 
A
A
C
A
G
A
G
T
A
T
 
T
T
A
G
G
G
A
T
A
A
 
G
T
T
A
T
T
C
C
C
A
 
T
C
A
T
T
A
T
T
G
A
 
A
A
G
A
A
C
A
T
A
A
 
G
A
A
T
G
T
A
G
T
G
 
A
A
C
G
T
T
G
G
T
C
 
C
G
C
G
T
A
A
T
G
A
 
A
T
C
T
A
T
G
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
C
A
T
T
T
T
T
A
A
 
A
T
T
A
T
C
C
A
A
C
 
T
A
T
A
A
A
A
C
A
A
 
T
T
T
T
C
A
A
A
T
G
 
G
T
G
C
G
T
A
T
T
T
 
A
G
T
A
A
A
A
G
A
T
 
A
C
T
A
T
A
A
A
A
T
 
T
A
A
A
A
C
A
A
G
A
 
A
C
G
A
T
G
G
T
T
A
 
G
G
T
A
A
A
A
G
G
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
C
A
T
T
T
T
T
A
A
 
A
T
T
A
T
C
C
A
A
C
 
T
A
T
A
A
A
A
C
A
A
 
T
T
T
T
C
A
A
A
T
G
 
G
T
G
C
G
T
A
T
T
T
 
A
G
T
A
A
A
A
G
A
T
 
A
C
T
A
T
A
A
A
A
T
 
T
A
A
A
A
C
A
A
G
A
 
A
C
G
A
T
G
G
T
T
A
 
G
G
T
A
A
A
A
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
A
T
C
T
C
A
G
T
T
 
T
G
A
T
A
T
T
G
G
T
 
C
A
G
T
A
T
A
A
A
A
 
A
T
A
T
G
C
T
G
A
A
 
T
G
T
T
C
T
T
A
C
A
 
G
C
A
A
T
T
T
A
T
T
 
A
T
T
A
C
T
A
T
A
A
 
T
T
T
A
T
A
T
A
A
A
 
A
G
T
A
A
A
C
C
A
A
 
T
T
A
T
A
T
A
T
A
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
A
T
C
T
C
A
G
T
T
 
T
G
A
T
A
T
T
G
G
T
 
C
A
G
T
A
T
A
A
A
A
 
A
T
A
T
G
C
T
G
A
A
 
T
G
T
T
C
T
T
A
C
A
 
G
C
A
A
T
T
T
A
T
T
 
A
T
T
A
C
T
A
T
A
A
 
T
T
T
A
T
A
T
A
A
A
 
A
G
T
A
A
A
C
C
A
A
 
T
T
A
T
A
T
A
T
A
T
 

195 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
A
T
C
G
G
A
T
C
T
 
G
C
T
C
C
A
T
C
T
T
 
A
T
T
G
G
A
T
A
T
A
 
T
G
A
C
G
T
T
A
G
G
 
C
A
T
T
A
T
T
C
C
G
 
A
T
T
T
T
T
T
C
T
T
 
T
G
A
A
A
C
T
T
G
G
 
G
A
T
C
C
A
T
T
G
G
 
A
C
A
C
A
C
C
A
T
A
 
T
T
C
A
T
C
A
A
T
C
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
G
A
T
C
G
G
A
T
C
T
 
G
C
T
C
C
A
T
C
T
T
 
A
T
T
G
G
A
T
A
T
A
 
T
G
A
C
G
T
T
A
G
G
 
C
A
T
T
A
T
T
C
C
G
 
A
T
T
T
T
T
T
C
T
T
 
T
G
A
A
A
C
T
T
G
G
 
G
A
T
C
C
A
T
T
G
G
 
A
C
A
C
A
C
C
A
T
A
 
T
T
C
A
T
C
A
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
T
C
A
C
A
A
A
G
 
A
A
T
T
A
T
T
T
T
T
 
T
A
T
A
A
A
T
G
A
T
 
G
T
G
A
A
G
A
A
A
C
 
T
G
A
A
G
G
A
T
A
A
 
C
T
C
A
A
T
A
T
T
G
 
T
A
T
A
T
T
G
A
T
A
 
T
A
A
G
A
A
C
C
G
A
 
T
A
G
G
G
G
C
A
A
T
 
G
C
T
G
A
T
T
G
G
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
C
A
T
C
A
C
A
A
A
G
 
A
A
T
T
A
T
T
T
T
T
 
T
A
T
A
A
A
T
G
A
T
 
G
T
G
A
A
G
A
A
A
C
 
T
G
A
A
G
G
A
T
A
A
 
C
T
C
A
A
T
A
T
T
G
 
T
A
T
A
T
T
G
A
T
A
 
T
A
A
G
A
A
C
C
G
A
 
T
A
G
G
G
G
C
A
A
T
 
G
C
T
G
A
T
T
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
A
A
A
T
G
G
A
G
 
A
A
A
G
A
C
A
G
T
A
 
G
A
A
G
A
A
C
A
A
A
 
C
T
A
T
T
A
A
T
A
A
 
T
T
T
G
G
A
C
A
T
A
 
G
C
T
T
A
T
G
A
A
T
 
A
T
T
T
A
C
G
A
A
C
 
G
G
G
T
A
A
A
G
C
G
 
A
A
G
G
T
G
T
G
T
T
 
G
T
G
T
T
A
A
G
A
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
A
A
A
A
T
G
G
A
G
 
A
A
A
G
A
C
A
G
T
A
 
G
A
A
G
A
A
C
A
A
A
 
C
T
A
T
T
A
A
T
A
A
 
T
T
T
G
G
A
C
A
T
A
 
G
C
T
T
A
T
G
A
A
T
 
A
T
T
T
A
C
G
A
A
C
 
G
G
G
T
A
A
A
G
C
G
 
A
A
G
G
T
G
T
G
T
T
 
G
T
G
T
T
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
C
T
A
T
G
 
G
A
T
T
T
G
G
A
A
C
 
T
G
C
C
A
A
T
T
T
C
 
A
G
C
T
A
A
A
T
T
A
 
C
T
G
C
A
C
C
A
C
C
 
C
A
A
C
T
A
C
G
G
A
 
A
A
T
A
A
G
A
T
C
A
 
G
A
A
T
T
T
T
A
T
T
 
T
A
T
T
A
C
T
A
G
A
 
T
A
C
T
T
G
G
G
A
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
G
A
C
A
G
C
T
A
T
G
 
G
A
T
T
T
G
G
A
A
C
 
T
G
C
C
A
A
T
T
T
C
 
A
G
C
T
A
A
A
T
T
A
 
C
T
G
C
A
C
C
A
C
C
 
C
A
A
C
T
A
C
G
G
A
 
A
A
T
A
A
G
A
T
C
A
 
G
A
A
T
T
T
T
A
T
T
 
T
A
T
T
A
C
T
A
G
A
 
T
A
C
T
T
G
G
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
T
A
A
C
T
A
A
C
A
 
T
T
A
G
G
A
G
G
T
T
 
C
A
T
T
C
C
T
A
A
A
 
G
G
C
G
T
G
T
T
A
T
 
A
T
T
C
A
T
T
T
A
T
 
A
A
A
C
A
A
T
A
T
A
 
A
T
A
A
C
T
G
A
A
A
 
A
T
G
T
G
T
T
T
A
T
 
T
C
A
A
C
A
A
C
C
A
 
T
T
T
A
A
A
G
T
A
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
T
A
A
C
T
A
A
C
A
 
T
T
A
G
G
A
G
G
T
T
 
C
A
T
T
C
C
T
A
A
A
 
G
G
C
G
T
G
T
T
A
T
 
A
T
T
C
A
T
T
T
A
T
 
A
A
A
C
A
A
T
A
T
A
 
A
T
A
A
C
T
G
A
A
A
 
A
T
G
T
G
T
T
T
A
T
 
T
C
A
A
C
A
A
C
C
A
 
T
T
T
A
A
A
G
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
G
T
A
C
T
G
A
A
 
T
G
A
T
A
G
T
T
A
T
 
A
T
T
G
T
A
G
C
G
T
 
T
A
T
A
T
G
C
A
T
T
 
A
T
C
A
A
A
T
G
A
T
 
T
T
T
A
A
T
A
A
T
A
 
G
A
T
C
A
G
A
A
G
T
 
A
A
T
T
A
A
A
T
T
A
 
A
T
T
A
A
T
A
A
T
C
 
A
G
A
A
A
C
A
A
T
C
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
A
G
T
A
C
T
G
A
A
 
T
G
A
T
A
G
T
T
A
T
 
A
T
T
G
T
A
G
C
G
T
 
T
A
T
A
T
G
C
A
T
T
 
A
T
C
A
A
A
T
G
A
T
 
T
T
T
A
A
T
A
A
T
A
 
G
A
T
C
A
G
A
A
G
T
 
A
A
T
T
A
A
A
T
T
A
 
A
T
T
A
A
T
A
A
T
C
 
A
G
A
A
A
C
A
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0
 
 
 
 
 
 
 
1
5
2
0
 
 
 
 
 
 
 
1
5
3
0
 
 
 
 
 
 
 
1
5
4
0
 
 
 
 
 
 
 
1
5
5
0
 
 
 
 
 
 
 
1
5
6
0
 
 
 
 
 
 
 
1
5
7
0
 
 
 
 
 
 
 
1
5
8
0
 
 
 
 
 
 
 
1
5
9
0

1
6
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
A
C
T
 
G
T
T
A
G
A
A
T
A
A
 
A
T
A
A
T
A
C
G
T
T
 
T
A
A
G
G
A
T
G
A
A
 
C
C
A
A
A
A
G
T
T
G
 
G
G
T
T
C
A
A
A
A
A
 
T
A
T
C
T
A
T
G
A
T
 
T
G
G
A
C
C
T
T
T
C
 
T
T
C
C
A
A
C
C
G
A
 
C
T
T
T
G
A
T
A
C
C
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
C
T
A
A
T
A
A
C
T
 
G
T
T
A
G
A
A
T
A
A
 
A
T
A
A
T
A
C
G
T
T
 
T
A
A
G
G
A
T
G
A
A
 
C
C
A
A
A
A
G
T
T
G
 
G
G
T
T
C
A
A
A
A
A
 
T
A
T
C
T
A
T
G
A
T
 
T
G
G
A
C
C
T
T
T
C
 
T
T
C
C
A
A
C
C
G
A
 
C
T
T
T
G
A
T
A
C
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0
 
 
 
 
 
 
 
1
6
9
0

1
7
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
A
G
A
A
G
C
T
A
 
T
A
A
T
T
A
C
T
T
C
 
A
T
A
C
G
A
C
G
G
T
 
T
G
T
T
T
A
G
G
A
C
 
T
C
T
T
T
G
G
T
T
T
 
G
T
C
T
A
T
A
T
C
G
 
T
T
A
G
C
A
T
C
A
A
 
A
A
C
C
A
A
C
A
G
G
 
G
A
A
T
A
A
T
C
A
T
 
T
T
A
T
T
C
A
T
T
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
A
A
G
A
A
G
C
T
A
 
T
A
A
T
T
A
C
T
T
C
 
A
T
A
C
G
A
C
G
G
T
 
T
G
T
T
T
A
G
G
A
C
 
T
C
T
T
T
G
G
T
T
T
 
G
T
C
T
A
T
A
T
C
G
 
T
T
A
G
C
A
T
C
A
A
 
A
A
C
C
A
A
C
A
G
G
 
G
A
A
T
A
A
T
C
A
T
 
T
T
A
T
T
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0
 
 
 
 
 
 
 
1
7
9
0

1
8
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
A
A
G
T
G
G
T
A
C
 
A
G
A
T
A
A
G
T
A
T
 
T
A
T
A
A
A
T
T
G
G
 
A
T
C
A
A
T
T
T
G
C
 
T
A
A
T
C
A
C
A
C
C
 
A
G
T
A
T
A
T
C
G
A
 
G
A
A
G
A
T
C
A
C
A
 
C
C
A
A
A
T
T
A
G
G
 
T
T
T
T
C
G
G
A
A
T
 
C
T
G
C
T
A
C
T
T
C
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
A
A
G
T
G
G
T
A
C
 
A
G
A
T
A
A
G
T
A
T
 
T
A
T
A
A
A
T
T
G
G
 
A
T
C
A
A
T
T
T
G
C
 
T
A
A
T
C
A
C
A
C
C
 
A
G
T
A
T
A
T
C
G
A
 
G
A
A
G
A
T
C
A
C
A
 
C
C
A
A
A
T
T
A
G
G
 
T
T
T
T
C
G
G
A
A
T
 
C
T
G
C
T
A
C
T
T
C
 

196 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0
 
 
 
 
 
 
 
1
8
9
0

1
9
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
A
T
T
C
A
G
G
T
 
T
A
T
A
T
A
T
T
T
A
 
G
A
G
A
T
T
T
G
T
C
 
C
A
A
T
A
A
T
A
A
T
 
T
T
T
A
A
T
C
T
A
A
 
T
T
G
G
T
A
C
T
A
A
 
T
A
T
A
G
A
G
A
A
T
 
T
C
A
G
T
A
T
C
A
G
 
G
T
C
A
T
G
T
A
T
A
 
T
A
A
T
G
C
T
T
T
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
T
A
T
T
C
A
G
G
T
 
T
A
T
A
T
A
T
T
T
A
 
G
A
G
A
T
T
T
G
T
C
 
C
A
A
T
A
A
T
A
A
T
 
T
T
T
A
A
T
C
T
A
A
 
T
T
G
G
T
A
C
T
A
A
 
T
A
T
A
G
A
G
A
A
T
 
T
C
A
G
T
A
T
C
A
G
 
G
T
C
A
T
G
T
A
T
A
 
T
A
A
T
G
C
T
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0
 
 
 
 
 
 
 
1
9
9
0

2
0
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
T
T
A
T
T
A
T
A
 
G
A
T
A
T
A
A
T
T
A
 
T
T
C
A
T
T
T
G
A
T
 
C
T
T
A
A
A
C
G
C
T
 
G
G
A
T
T
T
A
T
T
T
 
A
C
A
T
T
C
T
A
T
A
 
G
A
T
A
A
A
G
T
T
G
 
A
T
A
T
A
G
A
A
G
G
 
A
G
G
A
A
A
G
T
A
T
 
T
A
T
G
A
A
C
A
C
G
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
T
T
T
A
T
T
A
T
A
 
G
A
T
A
T
A
A
T
T
A
 
T
T
C
A
T
T
T
G
A
T
 
C
T
T
A
A
A
C
G
C
T
 
G
G
A
T
T
T
A
T
T
T
 
A
C
A
T
T
C
T
A
T
A
 
G
A
T
A
A
A
G
T
T
G
 
A
T
A
T
A
G
A
A
G
G
 
A
G
G
A
A
A
G
T
A
T
 
T
A
T
G
A
A
C
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0
 
 
 
 
 
 
 
2
0
9
0

2
1
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
C
C
A
A
T
A
G
A
 
A
T
T
A
A
T
T
T
A
T
 
G
C
A
T
G
T
A
G
A
T
 
C
A
G
C
A
A
A
A
G
A
 
A
T
T
T
G
C
T
A
C
A
 
T
T
G
C
A
G
G
A
T
G
 
A
C
T
T
A
A
C
T
G
T
 
A
T
T
G
A
G
A
T
A
T
 
T
C
A
A
A
C
G
A
A
A
 
T
A
G
A
G
A
A
T
T
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
C
A
C
C
A
A
T
A
G
A
 
A
T
T
A
A
T
T
T
A
T
 
G
C
A
T
G
T
A
G
A
T
 
C
A
G
C
A
A
A
A
G
A
 
A
T
T
T
G
C
T
A
C
A
 
T
T
G
C
A
G
G
A
T
G
 
A
C
T
T
A
A
C
T
G
T
 
A
T
T
G
A
G
A
T
A
T
 
T
C
A
A
A
C
G
A
A
A
 
T
A
G
A
G
A
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0
 
 
 
 
 
 
 
2
1
9
0

2
2
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
A
T
T
A
A
T
A
C
A
 
G
T
A
T
A
T
A
G
T
A
 
T
A
A
C
A
T
A
C
G
C
 
T
G
A
T
G
A
T
C
C
G
 
A
A
T
T
A
C
T
T
T
A
 
T
C
G
G
A
A
T
A
C
A
 
A
T
T
T
A
G
A
A
A
T
 
A
T
A
C
C
A
T
A
T
A
 
A
A
T
A
T
G
A
T
G
T
 
T
A
A
A
A
T
A
C
C
G
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
A
T
T
A
A
T
A
C
A
 
G
T
A
T
A
T
A
G
T
A
 
T
A
A
C
A
T
A
C
G
C
 
T
G
A
T
G
A
T
C
C
G
 
A
A
T
T
A
C
T
T
T
A
 
T
C
G
G
A
A
T
A
C
A
 
A
T
T
T
A
G
A
A
A
T
 
A
T
A
C
C
A
T
A
T
A
 
A
A
T
A
T
G
A
T
G
T
 
T
A
A
A
A
T
A
C
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0
 
 
 
 
 
 
 
2
2
9
0

2
3
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
T
T
T
A
A
C
C
T
 
T
C
G
G
A
G
T
A
T
T
 
A
C
A
T
A
T
T
T
C
T
 
G
A
T
A
A
C
A
T
G
G
 
T
G
C
C
A
G
A
C
G
T
 
G
A
T
T
G
A
C
A
T
A
 
C
T
A
A
A
G
A
T
A
A
 
T
G
A
A
G
A
A
T
G
A
 
A
T
T
A
T
T
T
A
A
A
 
A
T
G
G
A
T
A
T
T
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
C
A
T
T
T
A
A
C
C
T
 
T
C
G
G
A
G
T
A
T
T
 
A
C
A
T
A
T
T
T
C
T
 
G
A
T
A
A
C
A
T
G
G
 
T
G
C
C
A
G
A
C
G
T
 
G
A
T
T
G
A
C
A
T
A
 
C
T
A
A
A
G
A
T
A
A
 
T
G
A
A
G
A
A
T
G
A
 
A
T
T
A
T
T
T
A
A
A
 
A
T
G
G
A
T
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0
 
 
 
 
 
 
 
2
3
9
0

2
4
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
G
A
C
C
A
G
T
T
A
 
T
A
C
A
T
A
T
A
T
G
 
T
T
A
T
C
A
G
A
T
G
 
G
A
A
T
C
T
A
C
G
T
 
A
G
C
A
A
A
T
G
T
T
 
A
G
T
G
G
A
G
T
A
T
 
T
A
T
C
T
A
C
A
T
A
 
C
T
T
T
A
A
A
A
T
C
 
T
A
T
A
A
C
G
T
A
T
 
T
T
T
A
T
A
A
A
A
A
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
C
G
A
C
C
A
G
T
T
A
 
T
A
C
A
T
A
T
A
T
G
 
T
T
A
T
C
A
G
A
T
G
 
G
A
A
T
C
T
A
C
G
T
 
A
G
C
A
A
A
T
G
T
T
 
A
G
T
G
G
A
G
T
A
T
 
T
A
T
C
T
A
C
A
T
A
 
C
T
T
T
A
A
A
A
T
C
 
T
A
T
A
A
C
G
T
A
T
 
T
T
T
A
T
A
A
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0
 
 
 
 
 
 
 
2
4
9
0

2
5
0
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
C
A
A
A
T
A
A
C
T
 
T
T
T
G
G
C
C
A
A
T
 
C
C
A
G
A
A
T
G
T
T
 
T
A
T
T
C
C
G
C
A
C
 
A
T
A
A
C
A
T
T
A
A
 
G
C
T
T
C
A
A
T
A
A
 
C
A
T
G
A
G
A
A
C
A
 
G
T
A
A
G
G
A
T
A
G
 
A
G
A
C
T
A
C
T
A
A
 
A
T
T
A
C
A
A
A
T
T
 

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
T
C
A
A
A
T
A
A
C
T
 
T
T
T
G
G
C
C
A
A
T
 
C
C
A
G
A
A
T
G
T
T
 
T
A
T
T
C
C
G
C
A
C
 
A
T
A
A
C
A
T
T
A
A
 
G
C
T
T
C
A
A
T
A
A
 
C
A
T
G
A
G
A
A
C
A
 
G
T
A
A
G
G
A
T
A
G
 
A
G
A
C
T
A
C
T
A
A
 
A
T
T
A
C
A
A
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0
 
 
 
 
 
 
 
2
5
9
0

SA
11
-L
2_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
A
T
C
C
A
T
T
T
 
A
T
T
T
A
A
G
A
A
A
 
G
A
T
T
A
A
G
G
G
T
 
G
A
T
A
C
A
G
T
G
T
 
T
T
G
A
T
A
T
G
G
T
 
T
G
A
G
T
G
A
G
C
T
 
A
A
A
A
A
C
T
T
A
A
 
C
A
C
A
C
T
A
G
T
C
 
A
T
G
A
T
G
T
G
A
C
 
C

SA
11
-L
2_
GS
3(
VP
3)
 N
GS
 c
s

 
 
 
A
A
A
T
C
C
A
T
T
T
 
A
T
T
T
A
A
G
A
A
A
 
G
A
T
T
A
A
G
G
G
T
 
G
A
T
A
C
A
G
T
G
T
 
T
T
G
A
T
A
T
G
G
T
 
T
G
A
G
T
G
A
G
C
T
 
A
A
A
A
A
C
T
T
A
A
 
C
A
C
A
C
T
A
G
T
C
 
A
T
G
A
T
G
T
G
A
C
 
C

197 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
4
(
V
P
4
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
G
C
T
A
T
A
A
A
A
 
T
G
G
C
T
T
C
G
C
T
 
C
A
T
T
T
A
T
A
G
A
 
C
A
A
T
T
G
C
T
C
A
 
C
G
A
A
T
T
C
T
T
A
 
T
A
C
A
G
T
A
G
A
T
 
T
T
A
T
C
C
G
A
T
G
 
A
G
A
T
A
C
A
A
G
A
 
G
A
T
T
G
G
A
T
C
A
 
A
C
T
A
A
A
T
C
A
C
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
G
C
T
A
T
A
A
A
A
 
T
G
G
C
T
T
C
G
C
T
 
C
A
T
T
T
A
T
A
G
A
 
C
A
A
T
T
G
C
T
C
A
 
C
G
A
A
T
T
C
T
T
A
 
T
A
C
A
G
T
A
G
A
T
 
T
T
A
T
C
C
G
A
T
G
 
A
G
A
T
A
C
A
A
G
A
 
G
A
T
T
G
G
A
T
C
A
 
A
C
T
A
A
A
T
C
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
A
A
T
G
T
C
A
C
 
A
A
T
T
A
A
T
C
C
T
 
G
G
A
C
C
A
T
T
T
G
 
C
G
C
A
A
A
C
A
G
G
 
T
T
A
T
G
C
T
C
C
A
 
G
T
T
A
A
C
T
G
G
G
 
G
A
C
C
T
G
G
A
G
A
 
A
A
T
T
A
A
T
G
A
T
 
T
C
T
A
C
G
A
C
A
G
 
T
T
G
G
A
C
C
A
T
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
A
A
A
T
G
T
C
A
C
 
A
A
T
T
A
A
T
C
C
T
 
G
G
A
C
C
A
T
T
T
G
 
C
G
C
A
A
A
C
A
G
G
 
T
T
A
T
G
C
T
C
C
A
 
G
T
T
A
A
C
T
G
G
G
 
G
A
C
C
T
G
G
A
G
A
 
A
A
T
T
A
A
T
G
A
T
 
T
C
T
A
C
G
A
C
A
G
 
T
T
G
G
A
C
C
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
C
T
G
G
A
T
G
G
G
 
C
C
T
T
A
T
C
A
A
C
 
C
A
A
C
G
A
C
A
T
T
 
C
A
A
T
C
C
A
C
C
A
 
G
T
C
G
A
T
T
A
T
T
 
G
G
A
T
G
T
T
A
C
T
 
G
G
C
T
C
C
A
A
C
G
 
A
C
A
C
C
T
G
G
C
G
 
T
A
A
T
T
G
T
T
G
A
 
A
G
G
T
A
C
A
A
A
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
C
T
G
G
A
T
G
G
G
 
C
C
T
T
A
T
C
A
A
C
 
C
A
A
C
G
A
C
A
T
T
 
C
A
A
T
C
C
A
C
C
A
 
G
T
C
G
A
T
T
A
T
T
 
G
G
A
T
G
T
T
A
C
T
 
G
G
C
T
C
C
A
A
C
G
 
A
C
A
C
C
T
G
G
C
G
 
T
A
A
T
T
G
T
T
G
A
 
A
G
G
T
A
C
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
T
A
C
A
G
A
T
A
 
G
A
T
G
G
T
T
A
G
C
 
C
A
C
A
A
T
T
T
T
A
 
A
T
C
G
A
G
C
C
A
A
 
A
T
G
T
T
C
A
G
T
C
 
T
G
A
A
A
A
T
A
G
A
 
A
C
T
T
A
C
A
C
T
A
 
T
A
T
T
T
G
G
T
A
T
 
T
C
A
A
G
A
A
C
A
A
 
T
T
A
A
C
G
G
T
A
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
A
T
A
C
A
G
A
T
A
 
G
A
T
G
G
T
T
A
G
C
 
C
A
C
A
A
T
T
T
T
A
 
A
T
C
G
A
G
C
C
A
A
 
A
T
G
T
T
C
A
G
T
C
 
T
G
A
A
A
A
T
A
G
A
 
A
C
T
T
A
C
A
C
T
A
 
T
A
T
T
T
G
G
T
A
T
 
T
C
A
A
G
A
A
C
A
A
 
T
T
A
A
C
G
G
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
C
C
A
A
T
A
C
T
T
C
 
A
C
A
A
G
A
C
C
A
G
 
T
G
G
A
A
A
T
T
T
A
 
T
T
G
A
T
G
T
C
G
T
 
A
A
A
A
A
C
A
A
C
T
 
G
C
A
A
A
T
G
G
A
A
 
G
T
A
T
A
G
G
A
C
A
 
A
T
A
T
G
G
A
C
C
A
 
T
T
A
C
T
A
T
C
C
A
 
G
T
C
C
G
A
A
A
T
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
C
C
A
A
T
A
C
T
T
C
 
A
C
A
A
G
A
C
C
A
G
 
T
G
G
A
A
A
T
T
T
A
 
T
T
G
A
T
G
T
C
G
T
 
A
A
A
A
A
C
A
A
C
T
 
G
C
A
A
A
T
G
G
A
A
 
G
T
A
T
A
G
G
A
C
A
 
A
T
A
T
G
G
A
C
C
A
 
T
T
A
C
T
A
T
C
C
A
 
G
T
C
C
G
A
A
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
C
A
G
T
T
 
A
T
G
A
A
G
C
A
T
A
 
A
T
G
A
A
A
A
A
T
T
 
A
T
A
T
A
C
A
T
A
T
 
G
A
A
G
G
A
C
A
G
A
 
C
A
C
C
T
A
A
C
G
C
 
T
A
G
G
A
C
A
G
C
A
 
C
A
T
T
A
T
T
C
A
A
 
C
A
A
C
G
A
A
T
T
A
 
T
G
A
T
T
C
T
G
T
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
T
A
T
G
C
A
G
T
T
 
A
T
G
A
A
G
C
A
T
A
 
A
T
G
A
A
A
A
A
T
T
 
A
T
A
T
A
C
A
T
A
T
 
G
A
A
G
G
A
C
A
G
A
 
C
A
C
C
T
A
A
C
G
C
 
T
A
G
G
A
C
A
G
C
A
 
C
A
T
T
A
T
T
C
A
A
 
C
A
A
C
G
A
A
T
T
A
 
T
G
A
T
T
C
T
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
C
A
T
G
A
C
T
G
 
C
T
T
T
T
T
G
T
G
A
 
C
T
T
T
T
A
T
A
T
A
 
A
T
T
C
C
T
A
G
A
T
 
C
T
G
A
A
G
A
G
T
C
 
T
A
A
A
T
G
T
A
C
G
 
G
A
A
T
A
C
A
T
T
A
 
A
T
A
A
T
G
G
A
T
T
 
A
C
C
A
C
C
A
A
T
A
 
C
A
A
A
A
T
A
C
T
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
A
C
A
T
G
A
C
T
G
 
C
T
T
T
T
T
G
T
G
A
 
C
T
T
T
T
A
T
A
T
A
 
A
T
T
C
C
T
A
G
A
T
 
C
T
G
A
A
G
A
G
T
C
 
T
A
A
A
T
G
T
A
C
G
 
G
A
A
T
A
C
A
T
T
A
 
A
T
A
A
T
G
G
A
T
T
 
A
C
C
A
C
C
A
A
T
A
 
C
A
A
A
A
T
A
C
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
A
A
A
T
G
T
T
G
T
 
A
C
C
A
T
T
A
T
C
G
 
T
T
G
A
C
T
G
C
T
A
 
G
A
G
A
T
G
T
A
A
T
 
A
C
A
C
T
A
T
A
G
A
 
G
C
T
C
A
A
G
C
T
A
 
A
T
G
A
A
G
A
T
A
T
 
T
G
T
G
A
T
A
T
C
C
 
A
A
G
A
C
A
T
C
A
T
 
T
A
T
G
G
A
A
A
G
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
A
A
A
T
G
T
T
G
T
 
A
C
C
A
T
T
A
T
C
G
 
T
T
G
A
C
T
G
C
T
A
 
G
A
G
A
T
G
T
A
A
T
 
A
C
A
C
T
A
T
A
G
A
 
G
C
T
C
A
A
G
C
T
A
 
A
T
G
A
A
G
A
T
A
T
 
T
G
T
G
A
T
A
T
C
C
 
A
A
G
A
C
A
T
C
A
T
 
T
A
T
G
G
A
A
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
T
G
C
A
A
T
A
T
 
A
A
T
A
G
A
G
A
T
A
 
T
A
A
C
T
A
T
T
A
G
 
A
T
T
T
A
A
A
T
T
T
 
G
C
A
A
A
T
A
C
A
A
 
T
T
A
T
A
A
A
A
T
C
 
A
G
G
A
G
G
G
C
T
G
 
G
G
A
T
A
T
A
A
G
T
 
G
G
T
C
A
G
A
A
A
T
 
A
T
C
A
T
T
T
A
A
G
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
A
T
G
C
A
A
T
A
T
 
A
A
T
A
G
A
G
A
T
A
 
T
A
A
C
T
A
T
T
A
G
 
A
T
T
T
A
A
A
T
T
T
 
G
C
A
A
A
T
A
C
A
A
 
T
T
A
T
A
A
A
A
T
C
 
A
G
G
A
G
G
G
C
T
G
 
G
G
A
T
A
T
A
A
G
T
 
G
G
T
C
A
G
A
A
A
T
 
A
T
C
A
T
T
T
A
A
G
 

198 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
C
C
A
G
C
G
A
A
T
T
 
A
T
C
A
A
T
A
C
A
C
 
A
T
A
T
A
C
T
C
G
T
 
G
A
T
G
G
T
G
A
A
G
 
A
A
G
T
T
A
C
C
G
C
 
A
C
A
T
A
C
T
A
C
T
 
T
G
T
T
C
A
G
T
G
A
 
A
T
G
G
C
G
T
T
A
A
 
T
G
A
C
T
T
C
A
G
T
 
T
T
T
A
A
T
G
G
A
G
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
C
C
A
G
C
G
A
A
T
T
 
A
T
C
A
A
T
A
C
A
C
 
A
T
A
T
A
C
T
C
G
T
 
G
A
T
G
G
T
G
A
A
G
 
A
A
G
T
T
A
C
C
G
C
 
A
C
A
T
A
C
T
A
C
T
 
T
G
T
T
C
A
G
T
G
A
 
A
T
G
G
C
G
T
T
A
A
 
T
G
A
C
T
T
C
A
G
T
 
T
T
T
A
A
T
G
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
A
T
A
T
T
T
A
C
C
 
A
A
C
T
G
A
T
T
T
T
 
G
T
T
G
T
A
T
C
T
A
 
A
A
T
T
T
G
A
A
G
T
 
A
A
T
T
A
A
A
G
A
G
 
A
A
T
T
C
A
T
A
C
G
 
T
C
T
A
T
A
T
C
G
A
 
T
T
A
C
T
G
G
G
A
T
 
G
A
T
T
C
A
C
A
A
G
 
C
A
T
T
T
C
G
T
A
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
A
T
A
T
T
T
A
C
C
 
A
A
C
T
G
A
T
T
T
T
 
G
T
T
G
T
A
T
C
T
A
 
A
A
T
T
T
G
A
A
G
T
 
A
A
T
T
A
A
A
G
A
G
 
A
A
T
T
C
A
T
A
C
G
 
T
C
T
A
T
A
T
C
G
A
 
T
T
A
C
T
G
G
G
A
T
 
G
A
T
T
C
A
C
A
A
G
 
C
A
T
T
T
C
G
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
C
G
T
G
G
T
G
T
A
T
 
G
T
C
C
G
A
T
C
G
T
 
T
A
G
C
A
G
C
A
A
A
 
C
T
T
G
A
A
T
T
C
A
 
G
T
T
A
T
G
T
G
T
A
 
C
T
G
G
A
G
G
C
A
G
 
C
T
A
T
A
A
T
T
T
T
 
A
G
T
C
T
A
C
C
A
G
 
T
T
G
G
A
C
A
A
T
G
 
G
C
C
T
G
T
T
T
T
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
C
G
T
G
G
T
G
T
A
T
 
G
T
C
C
G
A
T
C
G
T
 
T
A
G
C
A
G
C
A
A
A
 
C
T
T
G
A
A
T
T
C
A
 
G
T
T
A
T
G
T
G
T
A
 
C
T
G
G
A
G
G
C
A
G
 
C
T
A
T
A
A
T
T
T
T
 
A
G
T
C
T
A
C
C
A
G
 
T
T
G
G
A
C
A
A
T
G
 
G
C
C
T
G
T
T
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
C
T
G
G
G
G
G
A
G
 
C
A
G
T
T
T
C
T
T
T
 
A
C
A
T
T
C
A
G
C
T
 
G
G
T
G
T
A
A
C
A
C
 
T
A
T
C
T
A
C
T
C
A
 
A
T
T
T
A
C
A
G
A
T
 
T
T
C
G
T
A
T
C
A
T
 
T
A
A
A
T
T
C
A
T
T
 
A
A
G
A
T
T
T
A
G
A
 
T
T
T
A
G
A
C
T
A
G
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
C
T
G
G
G
G
G
A
G
 
C
A
G
T
T
T
C
T
T
T
 
A
C
A
T
T
C
A
G
C
T
 
G
G
T
G
T
A
A
C
A
C
 
T
A
T
C
T
A
C
T
C
A
 
A
T
T
T
A
C
A
G
A
T
 
T
T
C
G
T
A
T
C
A
T
 
T
A
A
A
T
T
C
A
T
T
 
A
A
G
A
T
T
T
A
G
A
 
T
T
T
A
G
A
C
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
C
T
G
T
C
G
A
A
G
A
 
A
C
C
A
C
A
C
T
T
T
 
A
A
A
C
T
G
A
C
T
A
 
G
A
A
C
T
A
G
A
T
T
 
A
G
A
T
A
G
A
T
T
G
 
T
A
T
G
G
T
C
T
G
C
 
C
T
G
C
T
G
C
A
G
A
 
T
C
C
A
A
A
T
A
A
T
 
G
G
T
A
A
A
G
A
A
T
 
A
T
T
A
T
G
A
A
A
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
C
T
G
T
C
G
A
A
G
A
 
A
C
C
A
C
A
C
T
T
T
 
A
A
A
C
T
G
A
C
T
A
 
G
A
A
C
T
A
G
A
T
T
 
A
G
A
T
A
G
A
T
T
G
 
T
A
T
G
G
T
C
T
G
C
 
C
T
G
C
T
G
C
A
G
A
 
T
C
C
A
A
A
T
A
A
T
 
G
G
T
A
A
A
G
A
A
T
 
A
T
T
A
T
G
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
T
G
C
T
G
G
A
C
G
A
 
T
T
T
T
C
A
C
T
T
A
 
T
A
T
C
A
T
T
A
G
T
 
G
C
C
A
T
C
A
A
A
T
 
G
A
T
G
A
C
T
A
T
C
 
A
G
A
C
T
C
C
T
A
T
 
A
G
C
A
A
A
C
T
C
A
 
G
T
T
A
C
T
G
T
A
C
 
G
A
C
A
A
G
A
T
T
T
 
A
G
A
A
A
G
G
C
A
G
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
T
G
C
T
G
G
A
C
G
A
 
T
T
T
T
C
A
C
T
T
A
 
T
A
T
C
A
T
T
A
G
T
 
G
C
C
A
T
C
A
A
A
T
 
G
A
T
G
A
C
T
A
T
C
 
A
G
A
C
T
C
C
T
A
T
 
A
G
C
A
A
A
C
T
C
A
 
G
T
T
A
C
T
G
T
A
C
 
G
A
C
A
A
G
A
T
T
T
 
A
G
A
A
A
G
G
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0
 
 
 
 
 
 
 
1
5
2
0
 
 
 
 
 
 
 
1
5
3
0
 
 
 
 
 
 
 
1
5
4
0
 
 
 
 
 
 
 
1
5
5
0
 
 
 
 
 
 
 
1
5
6
0
 
 
 
 
 
 
 
1
5
7
0
 
 
 
 
 
 
 
1
5
8
0
 
 
 
 
 
 
 
1
5
9
0

1
6
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
T
T
A
G
G
A
G
A
A
C
 
T
A
A
G
A
G
A
A
G
A
 
G
T
T
T
A
A
C
G
C
T
 
T
T
G
T
C
T
C
A
A
G
 
A
A
A
T
T
G
C
A
A
T
 
G
T
C
G
C
A
G
T
T
A
 
A
T
C
G
A
T
T
T
A
G
 
C
G
C
T
T
C
T
A
C
C
 
A
T
T
A
G
A
T
A
T
G
 
T
T
C
T
C
A
A
T
G
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
T
T
A
G
G
A
G
A
A
C
 
T
A
A
G
A
G
A
A
G
A
 
G
T
T
T
A
A
C
G
C
T
 
T
T
G
T
C
T
C
A
A
G
 
A
A
A
T
T
G
C
A
A
T
 
G
T
C
G
C
A
G
T
T
A
 
A
T
C
G
A
T
T
T
A
G
 
C
G
C
T
T
C
T
A
C
C
 
A
T
T
A
G
A
T
A
T
G
 
T
T
C
T
C
A
A
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0
 
 
 
 
 
 
 
1
6
9
0

1
7
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
T
T
T
C
T
G
G
C
A
T
 
T
A
A
A
A
G
T
A
C
T
 
A
T
T
G
A
T
G
C
T
G
 
C
A
A
A
A
T
C
A
A
T
 
G
G
C
T
A
C
T
A
A
T
 
G
T
T
A
T
G
A
A
A
A
 
A
A
T
T
C
A
A
A
A
A
 
G
T
C
A
G
G
A
T
T
A
 
G
C
G
A
A
T
T
C
A
G
 
T
T
T
C
A
A
C
A
C
T
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
T
T
T
C
T
G
G
C
A
T
 
T
A
A
A
A
G
T
A
C
T
 
A
T
T
G
A
T
G
C
T
G
 
C
A
A
A
A
T
C
A
A
T
 
G
G
C
T
A
C
T
A
A
T
 
G
T
T
A
T
G
A
A
A
A
 
A
A
T
T
C
A
A
A
A
A
 
G
T
C
A
G
G
A
T
T
A
 
G
C
G
A
A
T
T
C
A
G
 
T
T
T
C
A
A
C
A
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0
 
 
 
 
 
 
 
1
7
9
0

1
8
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
T
C
T
 
T
T
A
T
C
A
G
A
C
G
 
C
A
G
C
A
T
C
A
T
C
 
A
A
T
A
T
C
A
A
G
A
 
G
G
T
T
C
A
T
C
T
A
 
T
A
C
G
T
T
C
G
A
T
 
T
G
G
A
T
C
T
T
C
A
 
G
C
A
T
C
A
G
C
A
T
 
G
G
A
C
G
G
A
T
G
T
 
A
T
C
A
A
C
A
C
A
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
A
C
A
G
A
T
T
C
T
 
T
T
A
T
C
A
G
A
C
G
 
C
A
G
C
A
T
C
A
T
C
 
A
A
T
A
T
C
A
A
G
A
 
G
G
T
T
C
A
T
C
T
A
 
T
A
C
G
T
T
C
G
A
T
 
T
G
G
A
T
C
T
T
C
A
 
G
C
A
T
C
A
G
C
A
T
 
G
G
A
C
G
G
A
T
G
T
 
A
T
C
A
A
C
A
C
A
A
 

199 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0
 
 
 
 
 
 
 
1
8
9
0

1
9
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
T
A
A
C
T
G
A
T
A
 
T
A
T
C
G
T
C
A
T
C
 
A
G
T
A
A
G
T
T
C
A
 
G
T
T
T
C
G
A
C
A
C
 
A
A
A
C
G
T
C
A
A
C
 
T
A
T
C
A
G
T
A
G
A
 
A
G
A
T
T
G
A
G
A
C
 
T
A
A
A
G
G
A
A
A
T
 
G
G
C
A
A
C
A
C
A
A
 
A
C
T
G
A
G
G
G
T
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
T
A
A
C
T
G
A
T
A
 
T
A
T
C
G
T
C
A
T
C
 
A
G
T
A
A
G
T
T
C
A
 
G
T
T
T
C
G
A
C
A
C
 
A
A
A
C
G
T
C
A
A
C
 
T
A
T
C
A
G
T
A
G
A
 
A
G
A
T
T
G
A
G
A
C
 
T
A
A
A
G
G
A
A
A
T
 
G
G
C
A
A
C
A
C
A
A
 
A
C
T
G
A
G
G
G
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0
 
 
 
 
 
 
 
1
9
9
0

2
0
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
T
G
A
A
T
T
T
T
G
A
 
T
G
A
T
A
T
A
T
C
A
 
G
C
G
G
C
T
G
T
T
T
 
T
G
A
A
G
A
C
T
A
A
 
G
A
T
A
G
A
T
A
A
A
 
T
C
G
A
C
T
C
A
A
A
 
T
A
T
C
A
C
C
A
A
A
 
C
A
C
A
A
T
A
C
C
T
 
G
A
C
A
T
T
G
T
T
A
 
C
T
G
A
A
G
C
A
T
C
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
T
G
A
A
T
T
T
T
G
A
 
T
G
A
T
A
T
A
T
C
A
 
G
C
G
G
C
T
G
T
T
T
 
T
G
A
A
G
A
C
T
A
A
 
G
A
T
A
G
A
T
A
A
A
 
T
C
G
A
C
T
C
A
A
A
 
T
A
T
C
A
C
C
A
A
A
 
C
A
C
A
A
T
A
C
C
T
 
G
A
C
A
T
T
G
T
T
A
 
C
T
G
A
A
G
C
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0
 
 
 
 
 
 
 
2
0
9
0

2
1
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
G
G
A
A
A
A
A
T
T
C
 
A
T
A
C
C
A
A
A
T
A
 
G
G
G
C
T
T
A
C
C
G
 
C
G
T
T
A
T
A
A
A
C
 
A
A
C
G
A
T
G
A
T
G
 
T
G
T
T
T
G
A
A
G
C
 
T
G
G
A
A
T
T
G
A
T
 
G
G
G
A
A
A
T
T
T
T
 
T
T
G
C
T
T
A
T
A
A
 
A
G
T
G
G
A
T
A
C
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
G
G
A
A
A
A
A
T
T
C
 
A
T
A
C
C
A
A
A
T
A
 
G
G
G
C
T
T
A
C
C
G
 
C
G
T
T
A
T
A
A
A
C
 
A
A
C
G
A
T
G
A
T
G
 
T
G
T
T
T
G
A
A
G
C
 
T
G
G
A
A
T
T
G
A
T
 
G
G
G
A
A
A
T
T
T
T
 
T
T
G
C
T
T
A
T
A
A
 
A
G
T
G
G
A
T
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0
 
 
 
 
 
 
 
2
1
9
0

2
2
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
T
T
T
G
A
G
G
A
A
A
 
T
A
C
C
A
T
T
T
G
A
 
T
G
T
A
C
A
A
A
A
A
 
T
T
C
G
C
T
G
A
C
T
 
T
A
G
T
T
A
C
A
G
A
 
T
T
C
T
C
C
A
G
T
A
 
A
T
A
T
C
C
G
C
T
A
 
T
A
A
T
T
G
A
T
T
T
 
T
A
A
A
A
C
A
C
T
T
 
A
A
A
A
A
T
T
T
G
A
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
T
T
T
G
A
G
G
A
A
A
 
T
A
C
C
A
T
T
T
G
A
 
T
G
T
A
C
A
A
A
A
A
 
T
T
C
G
C
T
G
A
C
T
 
T
A
G
T
T
A
C
A
G
A
 
T
T
C
T
C
C
A
G
T
A
 
A
T
A
T
C
C
G
C
T
A
 
T
A
A
T
T
G
A
T
T
T
 
T
A
A
A
A
C
A
C
T
T
 
A
A
A
A
A
T
T
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0
 
 
 
 
 
 
 
2
2
9
0

2
3
0
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
C
G
A
T
A
A
T
T
A
 
C
G
G
C
A
T
T
A
C
T
 
A
A
G
C
A
A
C
A
A
G
 
C
A
T
T
T
A
A
T
C
T
 
T
T
T
A
A
G
A
T
C
T
 
G
A
C
C
C
A
A
G
A
G
 
T
T
T
T
A
C
G
T
G
A
 
A
T
T
C
A
T
T
A
A
T
 
C
A
G
G
A
C
A
A
T
C
 
C
T
A
T
A
A
T
T
A
G
 

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
C
G
A
T
A
A
T
T
A
 
C
G
G
C
A
T
T
A
C
T
 
A
A
G
C
A
A
C
A
A
G
 
C
A
T
T
T
A
A
T
C
T
 
T
T
T
A
A
G
A
T
C
T
 
G
A
C
C
C
A
A
G
A
G
 
T
T
T
T
A
C
G
T
G
A
 
A
T
T
C
A
T
T
A
A
T
 
C
A
G
G
A
C
A
A
T
C
 
C
T
A
T
A
A
T
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.

2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0

SA
11
-L
2_
GS
3(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
A
T
A
G
A
A
T
T
 
G
A
A
C
A
A
C
T
G
A
 
T
T
A
T
G
C
A
A
T
G
 
C
A
G
G
T
T
G
T
G
A
 
G
T
A
A
T
T
T
C
T
A
 
G
A
G
G
A
T
G
T
G
A
 
C
C

SA
11
-L
2_
GS
4(
VP
4)
 N
GS
 c
s

 
 
 
A
A
A
T
A
G
A
A
T
T
 
G
A
A
C
A
A
C
T
G
A
 
T
T
A
T
G
C
A
A
T
G
 
C
A
G
G
T
T
G
T
G
A
 
G
T
A
A
T
T
T
C
T
A
 
G
A
G
G
A
T
G
T
G
A
 
C
C

200 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
5
(
N
S
P
1
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

9
0

 
1
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
G
G
C
T
T
T
T
T
T
T
 
T
G
A
A
A
A
G
T
C
T
 
T
G
T
G
T
T
A
G
C
C
 
A
T
G
G
C
T
A
C
T
T
 
T
T
A
A
A
G
A
T
G
C
 
A
T
G
C
T
T
T
C
A
T
 
T
A
T
C
G
T
A
G
A
T
 
T
A
A
C
T
G
C
T
T
T
 
A
A
A
T
C
G
G
A
G
A
 
T
T
A
T
G
C
A
A
C
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
G
G
C
T
T
T
T
T
T
T
 
T
G
A
A
A
A
G
T
C
T
 
T
G
T
G
T
T
A
G
C
C
 
A
T
G
G
C
T
A
C
T
T
 
T
T
A
A
A
G
A
T
G
C
 
A
T
G
C
T
T
T
C
A
T
 
T
A
T
C
G
T
A
G
A
T
 
T
A
A
C
T
G
C
T
T
T
 
A
A
A
T
C
G
G
A
G
A
 
T
T
A
T
G
C
A
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
T
T
G
G
T
G
C
A
A
A
 
T
T
C
T
A
T
T
T
G
G
 
A
T
G
C
C
A
G
T
T
C
 
C
T
G
A
T
G
C
G
A
A
 
A
A
T
T
A
A
G
G
G
G
 
T
G
G
T
G
T
T
T
A
G
 
A
A
T
G
T
T
G
T
C
A
 
A
A
T
A
G
C
T
G
A
T
 
T
T
A
A
C
C
C
A
T
T
 
G
T
T
A
T
G
G
T
T
G
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
T
T
G
G
T
G
C
A
A
A
 
T
T
C
T
A
T
T
T
G
G
 
A
T
G
C
C
A
G
T
T
C
 
C
T
G
A
T
G
C
G
A
A
 
A
A
T
T
A
A
G
G
G
G
 
T
G
G
T
G
T
T
T
A
G
 
A
A
T
G
T
T
G
T
C
A
 
A
A
T
A
G
C
T
G
A
T
 
T
T
A
A
C
C
C
A
T
T
 
G
T
T
A
T
G
G
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
C
T
C
A
T
T
G
C
C
G
 
C
A
T
G
T
T
T
G
C
A
 
A
A
T
G
G
T
G
T
G
T
 
T
C
A
G
A
A
C
A
G
A
 
A
G
A
T
G
C
T
T
C
C
 
T
T
G
A
C
A
A
T
G
A
 
A
C
C
T
C
A
T
T
T
G
 
C
T
T
A
A
G
C
T
T
A
 
G
A
A
C
T
G
T
G
A
A
 
A
C
A
T
C
C
A
A
T
T
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
C
T
C
A
T
T
G
C
C
G
 
C
A
T
G
T
T
T
G
C
A
 
A
A
T
G
G
T
G
T
G
T
 
T
C
A
G
A
A
C
A
G
A
 
A
G
A
T
G
C
T
T
C
C
 
T
T
G
A
C
A
A
T
G
A
 
A
C
C
T
C
A
T
T
T
G
 
C
T
T
A
A
G
C
T
T
A
 
G
A
A
C
T
G
T
G
A
A
 
A
C
A
T
C
C
A
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
C
C
A
A
A
G
A
C
A
 
A
A
T
T
A
C
A
G
T
G
 
T
A
T
C
A
T
A
G
A
C
 
T
T
G
T
A
C
A
A
T
A
 
T
A
A
T
A
T
T
T
C
C
 
A
A
T
T
A
A
T
G
A
T
 
A
A
A
G
T
A
A
T
T
A
 
G
A
A
A
A
T
T
T
G
A
 
A
A
G
A
A
T
G
A
T
A
 
A
A
G
C
A
A
A
G
A
G
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
C
C
A
A
A
G
A
C
A
 
A
A
T
T
A
C
A
G
T
G
 
T
A
T
C
A
T
A
G
A
C
 
T
T
G
T
A
C
A
A
T
A
 
T
A
A
T
A
T
T
T
C
C
 
A
A
T
T
A
A
T
G
A
T
 
A
A
A
G
T
A
A
T
T
A
 
G
A
A
A
A
T
T
T
G
A
 
A
A
G
A
A
T
G
A
T
A
 
A
A
G
C
A
A
A
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
A
T
G
T
A
G
G
A
A
 
T
C
A
A
T
A
T
A
A
A
 
A
T
T
G
A
A
T
G
G
T
 
A
T
A
A
T
C
A
T
T
T
 
G
C
T
G
C
T
C
C
C
A
 
A
T
T
A
C
A
T
T
A
A
 
A
T
G
C
T
G
C
T
G
C
 
A
T
T
T
A
A
G
T
T
T
 
G
A
T
G
A
A
A
A
T
A
 
A
T
C
T
T
T
A
T
T
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
A
T
G
T
A
G
G
A
A
 
T
C
A
A
T
A
T
A
A
A
 
A
T
T
G
A
A
T
G
G
T
 
A
T
A
A
T
C
A
T
T
T
 
G
C
T
G
C
T
C
C
C
A
 
A
T
T
A
C
A
T
T
A
A
 
A
T
G
C
T
G
C
T
G
C
 
A
T
T
T
A
A
G
T
T
T
 
G
A
T
G
A
A
A
A
T
A
 
A
T
C
T
T
T
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
T
G
T
T
T
T
T
G
G
G
 
T
T
A
T
A
T
G
A
G
A
 
A
A
T
C
A
G
T
C
A
G
 
T
G
A
T
A
T
A
T
A
T
 
G
C
T
C
C
A
T
A
T
A
 
G
A
A
T
T
G
T
T
A
A
 
C
T
T
T
A
T
A
A
A
T
 
G
A
A
T
T
T
G
A
T
A
 
A
A
T
T
A
T
T
G
C
T
 
T
G
A
T
C
A
T
A
T
T
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
T
G
T
T
T
T
T
G
G
G
 
T
T
A
T
A
T
G
A
G
A
 
A
A
T
C
A
G
T
C
A
G
 
T
G
A
T
A
T
A
T
A
T
 
G
C
T
C
C
A
T
A
T
A
 
G
A
A
T
T
G
T
T
A
A
 
C
T
T
T
A
T
A
A
A
T
 
G
A
A
T
T
T
G
A
T
A
 
A
A
T
T
A
T
T
G
C
T
 
T
G
A
T
C
A
T
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
A
C
T
T
T
A
C
A
A
 
G
A
A
T
G
T
C
C
A
A
 
T
C
T
A
C
C
A
A
T
A
 
G
A
G
T
T
G
A
G
A
A
 
A
C
C
A
T
T
A
C
G
C
 
A
A
A
G
A
A
A
T
A
C
 
T
T
C
C
A
A
T
T
A
T
 
C
A
A
G
A
C
T
G
C
C
 
A
T
C
A
T
C
A
A
A
A
 
C
T
A
A
A
G
C
A
A
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
A
C
T
T
T
A
C
A
A
 
G
A
A
T
G
T
C
C
A
A
 
T
C
T
A
C
C
A
A
T
A
 
G
A
G
T
T
G
A
G
A
A
 
A
C
C
A
T
T
A
C
G
C
 
A
A
A
G
A
A
A
T
A
C
 
T
T
C
C
A
A
T
T
A
T
 
C
A
A
G
A
C
T
G
C
C
 
A
T
C
A
T
C
A
A
A
A
 
C
T
A
A
A
G
C
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
T
T
T
A
C
T
T
T
T
C
 
A
G
A
T
T
T
T
A
C
T
 
A
A
A
G
A
A
A
C
T
G
 
T
G
A
T
T
T
T
T
A
A
 
T
A
C
T
T
A
T
A
C
A
 
A
A
A
A
C
G
C
C
A
G
 
G
A
A
G
A
T
C
A
A
T
 
A
T
A
C
A
G
A
A
A
T
 
G
T
A
A
C
T
G
A
A
T
 
T
T
A
A
T
T
G
G
A
G
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
T
T
T
A
C
T
T
T
T
C
 
A
G
A
T
T
T
T
A
C
T
 
A
A
A
G
A
A
A
C
T
G
 
T
G
A
T
T
T
T
T
A
A
 
T
A
C
T
T
A
T
A
C
A
 
A
A
A
A
C
G
C
C
A
G
 
G
A
A
G
A
T
C
A
A
T
 
A
T
A
C
A
G
A
A
A
T
 
G
T
A
A
C
T
G
A
A
T
 
T
T
A
A
T
T
G
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
G
A
T
G
A
A
T
T
G
 
G
A
G
C
T
T
T
A
T
T
 
C
T
G
A
T
T
T
A
A
A
 
A
A
A
T
G
A
T
A
A
G
 
A
A
T
A
A
A
T
T
A
A
 
T
T
G
C
T
G
C
A
A
T
 
G
A
T
G
A
C
G
A
G
T
 
A
A
G
T
A
T
A
C
T
C
 
G
G
T
T
C
T
A
T
G
C
 
T
C
A
T
G
A
T
A
A
T
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
G
A
T
G
A
A
T
T
G
 
G
A
G
C
T
T
T
A
T
T
 
C
T
G
A
T
T
T
A
A
A
 
A
A
A
T
G
A
T
A
A
G
 
A
A
T
A
A
A
T
T
A
A
 
T
T
G
C
T
G
C
A
A
T
 
G
A
T
G
A
C
G
A
G
T
 
A
A
G
T
A
T
A
C
T
C
 
G
G
T
T
C
T
A
T
G
C
 
T
C
A
T
G
A
T
A
A
T
 

201 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
A
T
T
T
T
G
G
A
A
 
G
G
T
T
G
A
A
A
A
T
 
G
A
C
A
A
T
A
T
T
T
 
G
A
G
T
T
G
G
G
A
C
 
A
T
C
A
T
T
G
T
C
A
 
G
C
C
T
A
A
C
T
A
C
 
G
T
G
G
C
A
T
C
T
A
 
A
T
C
A
C
C
C
A
G
G
 
C
A
A
T
G
C
T
T
C
C
 
G
A
T
A
T
C
C
A
G
T
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
A
T
T
T
T
G
G
A
A
 
G
G
T
T
G
A
A
A
A
T
 
G
A
C
A
A
T
A
T
T
T
 
G
G
G
T
T
G
G
G
A
C
 
A
T
C
A
T
T
G
T
C
A
 
G
C
C
T
A
A
C
T
A
C
 
G
T
G
G
C
A
T
C
T
A
 
A
T
C
A
C
C
C
A
G
G
 
C
A
A
T
G
C
T
T
C
C
 
G
A
T
A
T
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
C
T
G
T
A
A
A
T
G
 
G
T
G
T
A
A
T
A
T
A
 
A
A
A
T
A
T
T
T
T
C
 
T
T
A
G
T
A
A
A
A
T
 
T
G
A
T
T
G
G
C
G
G
 
A
T
T
C
G
T
G
A
T
A
 
T
G
T
A
T
A
A
T
T
T
 
A
T
T
G
A
T
G
G
A
A
 
T
T
T
A
T
T
A
A
G
G
 
A
T
T
G
T
T
A
T
A
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
C
T
G
T
A
A
A
T
G
 
G
T
G
T
A
A
T
A
T
A
 
A
A
A
T
A
T
T
T
T
C
 
T
T
A
G
T
A
A
A
A
T
 
T
G
A
T
T
G
G
C
G
G
 
A
T
T
C
G
T
G
A
T
A
 
T
G
T
A
T
A
A
T
T
T
 
A
T
T
G
A
T
G
G
A
A
 
T
T
T
A
T
T
A
A
G
G
 
A
T
T
G
T
T
A
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
A
G
T
A
A
T
G
T
T
 
A
A
C
G
T
T
G
G
A
C
 
A
T
T
G
T
A
G
T
T
C
 
T
G
T
T
G
A
A
A
A
C
 
A
T
A
T
A
T
C
C
T
T
 
T
A
A
T
T
A
A
A
A
G
 
A
T
T
A
A
T
T
T
G
G
 
A
G
T
T
T
G
T
T
T
A
 
C
T
A
A
T
C
A
C
A
T
 
G
G
A
T
C
A
A
A
C
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
A
G
T
A
A
T
G
T
T
 
A
A
C
G
T
T
G
G
A
C
 
A
T
T
G
T
A
G
T
T
C
 
T
G
T
T
G
A
A
A
A
C
 
A
T
A
T
A
T
C
C
T
T
 
T
A
A
T
T
A
A
A
A
G
 
A
T
T
A
A
T
T
T
G
G
 
A
G
T
T
T
G
T
T
T
A
 
C
T
A
A
T
C
A
C
A
T
 
G
G
A
T
C
A
A
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
T
T
G
A
A
G
A
A
G
 
T
G
T
T
T
A
A
T
C
A
 
C
A
T
G
T
C
G
C
C
A
 
G
T
G
T
C
A
G
T
T
G
 
A
A
G
G
T
A
C
G
A
A
 
T
G
T
C
A
T
C
A
T
G
 
T
T
G
A
T
T
C
T
T
G
 
G
A
T
T
G
A
A
T
A
T
 
T
A
G
T
T
T
G
T
A
T
 
A
A
T
G
A
A
A
T
T
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
T
T
G
A
A
G
A
A
G
 
T
G
T
T
T
A
A
T
C
A
 
C
A
T
G
T
C
G
C
C
A
 
G
T
G
T
C
A
G
T
T
G
 
A
A
G
G
T
A
C
G
A
A
 
T
G
T
C
A
T
C
A
T
G
 
T
T
G
A
T
T
C
T
T
G
 
G
A
T
T
G
A
A
T
A
T
 
T
A
G
T
T
T
G
T
A
T
 
A
A
T
G
A
A
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
G
C
G
C
A
C
T
T
T
 
G
A
A
T
G
T
A
G
A
T
 
A
G
C
A
T
A
C
C
A
A
 
T
G
G
T
A
C
T
T
A
A
 
T
T
T
A
A
A
T
G
A
A
 
T
T
C
A
G
T
A
G
T
A
 
T
A
G
T
T
A
A
A
T
C
 
A
A
T
T
A
G
C
A
G
T
 
A
A
A
T
G
G
T
A
T
A
 
A
T
G
T
T
G
A
T
G
A
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
G
C
G
C
A
C
T
T
T
 
G
A
A
T
G
T
A
G
A
T
 
A
G
C
A
T
A
C
C
A
A
 
T
G
G
T
A
C
T
T
A
A
 
T
T
T
A
A
A
T
G
A
A
 
T
T
C
A
G
T
A
G
T
A
 
T
A
G
T
T
A
A
A
T
C
 
A
A
T
T
A
G
C
A
G
T
 
A
A
A
T
G
G
T
A
T
A
 
A
T
G
T
T
G
A
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
T
T
G
G
A
T
A
A
A
 
T
T
G
C
C
A
A
T
G
T
 
C
A
A
T
A
A
A
A
T
C
 
A
A
C
G
G
A
G
G
A
A
 
C
T
G
A
T
T
G
A
A
A
 
T
G
A
A
G
A
A
T
T
C
 
T
G
G
A
A
C
T
T
T
A
 
A
C
T
G
A
A
G
A
A
T
 
T
T
G
A
G
C
T
A
C
T
 
G
A
T
C
T
C
C
A
A
C
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
T
T
G
G
A
T
A
A
A
 
T
T
G
C
C
A
A
T
G
T
 
C
A
A
T
A
A
A
A
T
C
 
A
A
C
G
G
A
G
G
A
A
 
C
T
G
A
T
T
G
A
A
A
 
T
G
A
A
G
A
A
T
T
C
 
T
G
G
A
A
C
T
T
T
A
 
A
C
T
G
A
A
G
A
A
T
 
T
T
G
A
G
C
T
A
C
T
 
G
A
T
C
T
C
C
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0
 
 
 
 
 
 
 
1
5
2
0
 
 
 
 
 
 
 
1
5
3
0
 
 
 
 
 
 
 
1
5
4
0
 
 
 
 
 
 
 
1
5
5
0
 
 
 
 
 
 
 
1
5
6
0
 
 
 
 
 
 
 
1
5
7
0
 
 
 
 
 
 
 
1
5
8
0
 
 
 
 
 
 
 
1
5
9
0

1
6
0
0

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
T
C
A
G
A
A
G
A
T
G
 
A
C
A
A
T
G
A
G
T
G
 
A
A
A
T
T
A
T
G
T
C
 
A
C
T
A
T
C
T
A
A
T
 
T
A
T
A
C
A
G
T
A
T
 
T
T
A
G
C
C
A
T
C
A
 
C
A
A
G
A
C
C
G
T
C
 
C
A
G
A
C
T
A
G
A
G
 
T
A
G
C
G
C
C
T
A
G
 
C
T
G
G
C
A
A
A
A
T
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
T
C
A
G
A
A
G
A
T
G
 
A
C
A
A
T
G
A
G
T
G
 
A
A
A
T
T
A
T
G
T
C
 
A
C
T
A
T
C
T
A
A
T
 
T
A
T
A
C
A
G
T
A
T
 
T
T
A
G
C
C
A
T
C
A
 
C
A
A
G
A
C
C
G
T
C
 
C
A
G
A
C
T
A
G
A
G
 
T
A
G
C
G
C
C
T
A
G
 
C
T
G
G
C
A
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 

SA
11
-L
2_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
A
C
T
G
T
G
A
A
C
C
 

SA
11
-L
2_
GS
5(
NS
P1
) 
NG
S 
cs

 
 
 
A
C
T
G
T
G
A
A
C
C
 

202 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
6
(
V
P
6
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
G
G
C
T
T
T
T
A
A
A
 
C
G
A
A
G
T
C
T
T
C
 
A
A
C
A
T
G
G
A
T
G
 
T
C
C
T
A
T
A
C
T
C
 
T
T
T
G
T
C
A
A
A
G
 
A
C
T
C
T
T
A
A
A
G
 
A
C
G
C
T
A
G
A
G
A
 
C
A
A
A
A
T
T
G
T
C
 
G
A
A
G
G
C
A
C
A
T
 
T
G
T
A
T
T
C
T
A
A
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
G
G
C
T
T
T
T
A
A
A
 
C
G
A
A
G
T
C
T
T
C
 
A
A
C
A
T
G
G
A
T
G
 
T
C
C
T
A
T
A
C
T
C
 
T
T
T
G
T
C
A
A
A
G
 
A
C
T
C
T
T
A
A
A
G
 
A
C
G
C
T
A
G
A
G
A
 
C
A
A
A
A
T
T
G
T
C
 
G
A
A
G
G
C
A
C
A
T
 
T
G
T
A
T
T
C
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
C
G
T
G
A
G
T
G
A
T
 
C
T
A
A
T
T
C
A
A
C
 
A
A
T
T
T
A
A
T
C
A
 
A
A
T
G
A
T
A
A
T
T
 
A
C
T
A
T
G
A
A
T
G
 
G
A
A
A
T
G
A
A
T
T
 
T
C
A
A
A
C
T
G
G
A
 
G
G
A
A
T
C
G
G
T
A
 
A
T
T
T
G
C
C
A
A
T
 
T
A
G
A
A
A
C
T
G
G
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
C
G
T
G
A
G
T
G
A
T
 
C
T
A
A
T
T
C
A
A
C
 
A
A
T
T
T
A
A
T
C
A
 
A
A
T
G
A
T
A
A
T
T
 
A
C
T
A
T
G
A
A
T
G
 
G
A
A
A
T
G
A
A
T
T
 
T
C
A
A
A
C
T
G
G
A
 
G
G
A
A
T
C
G
G
T
A
 
A
T
T
T
G
C
C
A
A
T
 
T
A
G
A
A
A
C
T
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
A
T
T
T
T
A
A
T
T
 
T
C
G
G
G
T
T
A
C
T
 
T
G
G
A
A
C
A
A
C
T
 
T
T
G
C
T
G
A
A
C
T
 
T
A
G
A
C
G
C
T
A
A
 
T
T
A
T
G
T
T
G
A
A
 
A
C
G
G
C
A
A
G
A
A
 
A
T
A
C
A
A
T
T
G
A
 
T
T
A
T
T
T
C
G
T
G
 
G
A
T
T
T
T
G
T
A
G
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
A
T
T
T
T
A
A
T
T
 
T
C
G
G
G
T
T
A
C
T
 
T
G
G
A
A
C
A
A
C
T
 
T
T
G
C
T
G
A
A
C
T
 
T
A
G
A
C
G
C
T
A
A
 
T
T
A
T
G
T
T
G
A
A
 
A
C
G
G
C
A
A
G
A
A
 
A
T
A
C
A
A
T
T
G
A
 
T
T
A
T
T
T
C
G
T
G
 
G
A
T
T
T
T
G
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
C
A
A
T
G
T
A
T
G
 
C
A
T
G
G
A
T
G
A
G
 
A
T
G
G
T
T
A
G
A
G
 
A
A
T
C
A
C
A
A
A
G
 
G
A
A
C
G
G
A
A
T
T
 
G
C
A
C
C
T
C
A
A
T
 
C
A
G
A
C
T
C
G
C
T
 
A
A
G
A
A
A
G
C
T
G
 
T
C
A
G
C
C
A
T
T
A
 
A
A
T
T
C
A
A
A
A
G
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
C
A
A
T
G
T
A
T
G
 
C
A
T
G
G
A
T
G
A
G
 
A
T
G
G
T
T
A
G
A
G
 
A
A
T
C
A
C
A
A
A
G
 
G
A
A
C
G
G
A
A
T
T
 
G
C
A
C
C
T
C
A
A
T
 
C
A
G
A
C
T
C
G
C
T
 
A
A
G
A
A
A
G
C
T
G
 
T
C
A
G
C
C
A
T
T
A
 
A
A
T
T
C
A
A
A
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
A
T
A
A
A
T
T
T
T
 
G
A
T
A
A
T
T
C
G
T
 
C
G
G
A
A
T
A
C
A
T
 
A
G
A
A
A
A
C
T
G
G
 
A
A
T
T
T
G
C
A
A
A
 
A
T
A
G
A
A
G
A
C
A
 
G
A
G
G
A
C
A
G
G
T
 
T
T
C
A
C
T
T
T
T
C
 
A
T
A
A
A
C
C
A
A
A
 
C
A
T
T
T
T
T
C
C
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
A
T
A
A
A
T
T
T
T
 
G
A
T
A
A
T
T
C
G
T
 
C
G
G
A
A
T
A
C
A
T
 
A
G
A
A
A
A
C
T
G
G
 
A
A
T
T
T
G
C
A
A
A
 
A
T
A
G
A
A
G
A
C
A
 
G
A
G
G
A
C
A
G
G
T
 
T
T
C
A
C
T
T
T
T
C
 
A
T
A
A
A
C
C
A
A
A
 
C
A
T
T
T
T
T
C
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
A
T
T
C
A
G
C
A
T
 
C
A
T
T
T
A
C
A
C
T
 
A
A
A
T
A
G
A
T
C
A
 
C
A
A
C
C
C
G
C
T
C
 
A
T
G
A
T
A
A
T
T
T
 
G
A
T
G
G
G
C
A
C
A
 
A
T
G
T
G
G
T
T
A
A
 
A
C
G
C
A
G
G
A
T
C
 
G
G
A
A
A
T
T
C
A
A
 
G
T
C
G
C
T
G
G
A
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
T
A
T
T
C
A
G
C
A
T
 
C
A
T
T
T
A
C
A
C
T
 
A
A
A
T
A
G
A
T
C
A
 
C
A
A
C
C
C
G
C
T
C
 
A
T
G
A
T
A
A
T
T
T
 
G
A
T
G
G
G
C
A
C
A
 
A
T
G
T
G
G
T
T
A
A
 
A
C
G
C
A
G
G
A
T
C
 
G
G
A
A
A
T
T
C
A
A
 
G
T
C
G
C
T
G
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
T
G
A
C
T
A
C
T
C
 
A
T
G
T
G
C
T
A
T
T
 
A
A
C
G
C
A
C
C
A
G
 
C
C
A
A
T
A
T
A
C
A
 
A
C
A
A
T
T
T
G
A
G
 
C
A
T
A
T
T
G
T
G
C
 
C
A
C
T
C
C
G
A
A
G
 
A
G
T
G
T
T
A
A
C
T
 
A
C
A
G
C
T
A
C
G
A
 
T
A
A
C
T
C
T
T
C
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
T
T
G
A
C
T
A
C
T
C
 
A
T
G
T
G
C
T
A
T
T
 
A
A
C
G
C
A
C
C
A
G
 
C
C
A
A
T
A
T
A
C
A
 
A
C
A
A
T
T
T
G
A
G
 
C
A
T
A
T
T
G
T
G
C
 
C
A
C
T
C
C
G
A
A
G
 
A
G
T
G
T
T
A
A
C
T
 
A
C
A
G
C
T
A
C
G
A
 
T
A
A
C
T
C
T
T
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
C
C
A
G
A
C
G
C
G
 
G
A
A
A
G
G
T
T
T
A
 
G
T
T
T
T
C
C
A
A
G
 
A
G
T
G
A
T
C
A
A
T
 
T
C
A
G
C
T
G
A
C
G
 
G
G
G
C
A
A
C
T
A
C
 
A
T
G
G
T
T
T
T
T
C
 
A
A
C
C
C
A
G
T
G
A
 
T
T
C
T
C
A
G
G
C
C
 
G
A
A
T
A
A
C
G
T
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
C
C
A
G
A
C
G
C
G
 
G
A
A
A
G
G
T
T
T
A
 
G
T
T
T
T
C
C
A
A
G
 
A
G
T
G
A
T
C
A
A
T
 
T
C
A
G
C
T
G
A
C
G
 
G
G
G
C
A
A
C
T
A
C
 
A
T
G
G
T
T
T
T
T
C
 
A
A
C
C
C
A
G
T
G
A
 
T
T
C
T
C
A
G
G
C
C
 
G
A
A
T
A
A
C
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
G
A
A
G
T
G
G
A
G
T
 
T
T
C
T
A
T
T
G
A
A
 
T
G
G
A
C
A
G
A
T
A
 
A
T
A
A
A
C
A
C
T
T
 
A
T
C
A
A
G
C
A
A
G
 
A
T
T
T
G
G
A
A
C
T
 
A
T
C
G
T
A
G
C
T
A
 
G
A
A
A
T
T
T
T
G
A
 
T
A
C
T
A
T
T
A
G
A
 
C
T
A
T
C
A
T
T
C
C
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
G
A
A
G
T
G
G
A
G
T
 
T
T
C
T
A
T
T
G
A
A
 
T
G
G
A
C
A
G
A
T
A
 
A
T
A
A
A
C
A
C
T
T
 
A
T
C
A
A
G
C
A
A
G
 
A
T
T
T
G
G
A
A
C
T
 
A
T
C
G
T
A
G
C
T
A
 
G
A
A
A
T
T
T
T
G
A
 
T
A
C
T
A
T
T
A
G
A
 
C
T
A
T
C
A
T
T
C
C
 

203 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
G
T
T
A
A
T
G
A
G
 
A
C
C
A
C
C
A
A
A
C
 
A
T
G
A
C
A
C
C
A
G
 
C
A
G
T
A
G
C
A
G
T
 
A
C
T
A
T
T
C
C
C
G
 
A
A
T
G
C
A
C
A
G
C
 
C
A
T
T
C
G
A
A
C
A
 
T
C
A
T
G
C
A
A
C
A
 
G
T
G
G
G
A
T
T
G
A
 
C
A
C
T
T
A
G
A
A
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
G
T
T
A
A
T
G
A
G
 
A
C
C
A
C
C
A
A
A
C
 
A
T
G
A
C
A
C
C
A
G
 
C
A
G
T
A
G
C
A
G
T
 
A
C
T
A
T
T
C
C
C
G
 
A
A
T
G
C
A
C
A
G
C
 
C
A
T
T
C
G
A
A
C
A
 
T
C
A
T
G
C
A
A
C
A
 
G
T
G
G
G
A
T
T
G
A
 
C
A
C
T
T
A
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
G
A
G
T
C
T
G
C
A
 
G
T
T
T
G
T
G
A
G
T
 
C
T
G
T
A
C
T
C
G
C
 
C
G
A
T
G
C
A
A
G
T
 
G
A
A
A
C
T
C
T
A
T
 
T
A
G
C
A
A
A
T
G
T
 
A
A
C
A
T
C
C
G
T
T
 
A
G
G
C
A
A
G
A
G
T
 
A
C
G
C
A
A
T
A
C
C
 
A
G
T
T
G
G
A
C
C
A
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
T
G
A
G
T
C
T
G
C
A
 
G
T
T
T
G
T
G
A
G
T
 
C
T
G
T
A
C
T
C
G
C
 
C
G
A
T
G
C
A
A
G
T
 
G
A
A
A
C
T
C
T
A
T
 
T
A
G
C
A
A
A
T
G
T
 
A
A
C
A
T
C
C
G
T
T
 
A
G
G
C
A
A
G
A
G
T
 
A
C
G
C
A
A
T
A
C
C
 
A
G
T
T
G
G
A
C
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
G
T
C
T
T
T
C
C
A
C
 
C
A
G
G
T
A
T
G
A
A
 
C
T
G
G
A
C
T
G
A
T
 
T
T
A
A
T
C
A
C
C
A
 
A
T
T
A
T
T
C
A
C
C
 
G
T
C
T
A
G
G
G
A
G
 
G
A
C
A
A
T
T
T
G
C
 
A
A
C
G
C
G
T
A
T
T
 
T
A
C
A
G
T
G
G
C
T
 
T
C
C
A
T
T
A
G
A
A
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
G
T
C
T
T
T
C
C
A
C
 
C
A
G
G
T
A
T
G
A
A
 
C
T
G
G
A
C
T
G
A
T
 
T
T
A
A
T
C
A
C
C
A
 
A
T
T
A
T
T
C
A
C
C
 
G
T
C
T
A
G
G
G
A
G
 
G
A
C
A
A
T
T
T
G
C
 
A
A
C
G
C
G
T
A
T
T
 
T
A
C
A
G
T
G
G
C
T
 
T
C
C
A
T
T
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
G
C
A
T
G
C
T
C
A
T
 
T
A
A
A
T
G
A
G
G
A
 
C
C
A
A
G
C
T
A
A
C
 
A
A
C
T
T
G
G
T
A
T
 
C
C
A
A
C
T
T
T
G
G
 
T
G
A
G
T
A
T
G
T
A
 
G
C
T
A
T
A
T
C
A
A
 
G
C
T
G
T
T
T
G
A
A
 
C
T
C
T
G
T
A
A
G
T
 
A
A
G
G
A
T
G
C
G
T
 

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
G
C
A
T
G
C
T
C
A
T
 
T
A
A
A
T
G
A
G
G
A
 
C
C
A
A
G
C
T
A
A
C
 
A
A
C
T
T
G
G
T
A
T
 
C
C
A
A
C
T
T
T
G
G
 
T
G
A
G
T
A
T
G
T
A
 
G
C
T
A
T
A
T
C
A
A
 
G
C
T
G
T
T
T
G
A
A
 
C
T
C
T
G
T
A
A
G
T
 
A
A
G
G
A
T
G
C
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0

SA
11
-L
2_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
T
A
C
G
C
A
T
T
C
 
G
C
T
A
C
A
C
A
G
A
 
G
T
A
A
T
C
A
C
T
C
 
A
G
A
T
G
G
T
A
T
A
 
G
T
G
A
G
A
G
G
A
T
 
G
T
G
A
C
C

SA
11
-L
2_
GS
6(
VP
6)
 N
GS
 c
s

 
 
 
A
T
A
C
G
C
A
T
T
C
 
G
C
T
A
C
A
C
A
G
A
 
G
T
A
A
T
C
A
C
T
C
 
A
G
A
T
G
G
T
A
T
A
 
G
T
G
A
G
A
G
G
A
T
 
G
T
G
A
C
C

204 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
7
(
N
S
P
3
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

9
0

 
1
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
G
G
C
A
T
T
T
A
A
T
 
G
C
T
T
T
T
C
A
G
T
 
G
G
T
T
G
A
T
G
C
T
 
C
A
A
G
A
T
G
G
A
G
 
T
C
T
A
C
G
C
A
A
C
 
A
G
A
T
G
G
C
C
G
T
 
C
T
C
A
A
T
T
A
T
T
 
A
A
C
T
C
T
T
C
T
T
 
T
T
G
A
A
G
C
T
G
C
 
A
G
T
T
G
T
A
G
C
T
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
G
G
C
A
T
T
T
A
A
T
 
G
C
T
T
T
T
C
A
G
T
 
G
G
T
T
G
A
T
G
C
T
 
C
A
A
G
A
T
G
G
A
G
 
T
C
T
A
C
G
C
A
A
C
 
A
G
A
T
G
G
C
C
G
T
 
C
T
C
A
A
T
T
A
T
T
 
A
A
C
T
C
T
T
C
T
T
 
T
T
G
A
A
G
C
T
G
C
 
A
G
T
T
G
T
A
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
G
C
A
A
C
C
T
C
A
G
 
C
T
C
T
T
G
A
G
A
A
 
T
A
T
G
G
G
A
A
T
A
 
G
A
A
T
A
T
G
A
T
T
 
A
T
C
A
G
G
A
T
A
T
 
A
T
A
T
T
C
T
A
G
A
 
G
T
A
A
A
G
A
A
T
A
 
A
A
T
T
T
G
A
T
T
T
 
T
G
T
G
A
T
G
G
A
C
 
G
A
T
T
C
T
G
G
T
G
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
G
C
A
A
C
C
T
C
A
G
 
C
T
C
T
T
G
A
G
A
A
 
T
A
T
G
G
G
A
A
T
A
 
G
A
A
T
A
T
G
A
T
T
 
A
T
C
A
G
G
A
T
A
T
 
A
T
A
T
T
C
T
A
G
A
 
G
T
A
A
A
G
A
A
T
A
 
A
A
T
T
T
G
A
T
T
T
 
T
G
T
G
A
T
G
G
A
C
 
G
A
T
T
C
T
G
G
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
T
A
A
A
A
A
T
A
A
 
T
C
T
G
A
T
T
G
G
T
 
A
A
A
G
C
A
A
T
A
A
 
C
T
A
T
T
G
A
T
C
A
 
A
G
C
T
T
T
G
A
A
T
 
A
A
T
A
A
A
T
T
T
G
 
G
A
T
C
T
G
C
T
A
T
 
A
A
G
A
A
A
T
A
G
A
 
A
A
C
T
G
G
C
T
T
G
 
C
T
G
A
T
A
C
T
T
C
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
T
A
A
A
A
A
T
A
A
 
T
C
T
G
A
T
T
G
G
T
 
A
A
A
G
C
A
A
T
A
A
 
C
T
A
T
T
G
A
T
C
A
 
A
G
C
T
T
T
G
A
A
T
 
A
A
T
A
A
A
T
T
T
G
 
G
A
T
C
T
G
C
T
A
T
 
A
A
G
A
A
A
T
A
G
A
 
A
A
C
T
G
G
C
T
T
G
 
C
T
G
A
T
A
C
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
A
G
A
G
C
A
G
C
T
 
A
A
A
T
T
A
G
A
T
G
 
A
G
G
A
T
G
T
A
A
A
 
C
A
A
A
C
T
A
A
G
A
 
A
T
G
A
T
G
T
T
A
T
 
C
A
T
C
A
A
A
A
G
G
 
A
A
T
T
G
A
T
C
A
A
 
A
A
A
A
T
G
A
G
A
G
 
T
T
T
T
A
A
A
C
G
C
 
A
T
G
C
T
T
C
A
G
T
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
A
G
A
G
C
A
G
C
T
 
A
A
A
T
T
A
G
A
T
G
 
A
G
G
A
T
G
T
A
A
A
 
C
A
A
A
C
T
A
A
G
A
 
A
T
G
A
T
G
T
T
A
T
 
C
A
T
C
A
A
A
A
G
G
 
A
A
T
T
G
A
T
C
A
A
 
A
A
A
A
T
G
A
G
A
G
 
T
T
T
T
A
A
A
C
G
C
 
A
T
G
C
T
T
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
G
T
A
A
A
A
A
G
A
A
 
T
A
C
C
T
G
G
A
A
A
 
A
T
C
A
T
C
A
T
C
T
 
A
T
T
A
T
T
A
A
A
T
 
G
C
A
C
A
A
A
A
T
T
 
G
A
T
G
C
G
T
G
A
T
 
A
A
A
T
T
G
G
A
A
C
 
G
T
G
G
T
G
A
A
G
T
 
T
G
A
A
G
T
G
G
A
T
 
G
A
T
T
C
A
T
T
T
G
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
G
T
A
A
A
A
A
G
A
A
 
T
A
C
C
T
G
G
A
A
A
 
A
T
C
A
T
C
A
T
C
T
 
A
T
T
A
T
T
A
A
A
T
 
G
C
A
C
A
A
A
A
T
T
 
G
A
T
G
C
G
T
G
A
T
 
A
A
A
T
T
G
G
A
A
C
 
G
T
G
G
T
G
A
A
G
T
 
T
G
A
A
G
T
G
G
A
T
 
G
A
T
T
C
A
T
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
G
G
A
T
G
A
A
A
A
 
A
A
T
G
G
A
A
G
T
G
 
G
A
T
A
C
C
A
T
T
G
 
A
C
T
G
G
A
A
A
T
C
 
G
C
G
C
T
A
T
G
A
G
 
C
A
A
T
T
G
G
A
G
C
 
A
A
A
G
G
T
T
T
G
A
 
A
T
C
A
T
T
G
A
A
A
 
T
C
C
A
G
G
G
T
A
A
 
A
T
G
A
A
A
A
A
T
A
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
G
G
A
T
G
A
A
A
A
 
A
A
T
G
G
A
A
G
T
G
 
G
A
T
A
C
C
A
T
T
G
 
A
C
T
G
G
A
A
A
T
C
 
G
C
G
C
T
A
T
G
A
G
 
C
A
A
T
T
G
G
A
G
C
 
A
A
A
G
G
T
T
T
G
A
 
A
T
C
A
T
T
G
A
A
A
 
T
C
C
A
G
G
G
T
A
A
 
A
T
G
A
A
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
A
A
T
A
A
T
T
G
G
 
G
T
G
T
T
G
A
A
A
G
 
C
A
A
G
A
A
A
A
A
T
 
G
A
A
T
G
A
A
A
A
T
 
A
T
G
C
A
T
T
C
T
C
 
T
T
C
A
A
A
A
T
G
T
 
C
A
T
C
T
C
T
C
A
A
 
C
A
G
C
A
A
G
C
A
C
 
A
T
A
T
A
G
C
T
G
A
 
G
C
T
T
C
A
A
G
T
G
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
A
A
T
A
A
T
T
G
G
 
G
T
G
T
T
G
A
A
A
G
 
C
A
A
G
A
A
A
A
A
T
 
G
A
A
T
G
A
A
A
A
T
 
A
T
G
C
A
T
T
C
T
C
 
T
T
C
A
A
A
A
T
G
T
 
C
A
T
C
T
C
T
C
A
A
 
C
A
G
C
A
A
G
C
A
C
 
A
T
A
T
A
G
C
T
G
A
 
G
C
T
T
C
A
A
G
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
A
C
A
A
T
A
A
T
A
 
A
A
C
T
A
G
A
A
C
G
 
T
G
A
T
T
T
G
C
A
A
 
A
A
T
A
A
A
A
T
T
G
 
G
A
T
C
C
C
T
T
A
C
 
T
T
C
T
T
C
G
A
T
T
 
G
A
A
T
G
G
T
A
T
T
 
T
A
A
G
A
T
C
A
A
T
 
G
G
A
A
T
T
A
G
A
C
 
C
C
T
G
A
A
A
T
A
A
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
A
C
A
A
T
A
A
T
A
 
A
A
C
T
A
G
A
A
C
G
 
T
G
A
T
T
T
G
C
A
A
 
A
A
T
A
A
A
A
T
T
G
 
G
A
T
C
C
C
T
T
A
C
 
T
T
C
T
T
C
G
A
T
T
 
G
A
A
T
G
G
T
A
T
T
 
T
A
A
G
A
T
C
A
A
T
 
G
G
A
A
T
T
A
G
A
C
 
C
C
T
G
A
A
A
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
A
G
G
C
A
G
A
C
A
T
 
T
G
A
A
C
A
G
C
A
A
 
A
T
T
A
A
C
T
C
A
A
 
T
T
G
A
T
G
C
G
A
T
 
A
A
A
T
C
C
A
T
T
G
 
C
A
C
G
C
T
T
T
T
G
 
A
T
G
A
C
T
T
A
G
A
 
A
T
C
A
G
T
A
A
T
A
 
C
G
T
A
A
T
T
T
G
A
 
T
A
T
C
T
G
A
T
T
A
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
A
G
G
C
A
G
A
C
A
T
 
T
G
A
A
C
A
G
C
A
A
 
A
T
T
A
A
C
T
C
A
A
 
T
T
G
A
T
G
C
G
A
T
 
A
A
A
T
C
C
A
T
T
G
 
C
A
C
G
C
T
T
T
T
G
 
A
T
G
A
C
T
T
A
G
A
 
A
T
C
A
G
T
A
A
T
A
 
C
G
T
A
A
T
T
T
G
A
 
T
A
T
C
T
G
A
T
T
A
 

205 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
G
A
C
A
A
A
T
T
A
 
T
T
C
C
T
T
A
T
G
T
 
T
C
A
A
A
G
G
A
T
T
 
A
A
T
A
C
A
G
A
G
A
 
T
G
T
A
A
T
T
A
T
C
 
A
A
T
A
T
T
C
A
T
T
 
T
G
G
T
T
G
C
G
A
A
 
T
A
A
C
C
A
T
T
T
T
 
G
A
T
A
C
A
T
G
T
T
 
G
A
A
C
A
A
T
C
A
A
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
G
A
C
A
A
A
T
T
A
 
T
T
C
C
T
T
A
T
G
T
 
T
C
A
A
A
G
G
A
T
T
 
A
A
T
A
C
A
G
A
G
A
 
T
G
T
A
A
T
T
A
T
C
 
A
A
T
A
T
T
C
A
T
T
 
T
G
G
T
T
G
C
G
A
A
 
T
A
A
C
C
A
T
T
T
T
 
G
A
T
A
C
A
T
G
T
T
 
G
A
A
C
A
A
T
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
A
T
A
C
A
G
T
G
T
T
 
A
G
T
A
T
G
T
T
G
T
 
C
A
T
C
T
A
T
G
C
A
 
T
A
A
C
C
C
T
C
T
A
 
T
G
A
G
C
A
C
A
A
T
 
A
G
T
T
A
A
A
A
G
C
 
T
A
A
C
A
C
T
G
T
C
 
A
A
A
A
A
C
C
T
A
A
 
A
T
G
G
C
T
A
T
A
G
 
G
G
G
C
G
T
T
A
T
G
 

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
A
T
A
C
A
G
T
G
T
T
 
A
G
T
A
T
G
T
T
G
T
 
C
A
T
C
T
A
T
G
C
A
 
T
A
A
C
C
C
T
C
T
A
 
T
G
A
G
C
A
C
A
A
T
 
A
G
T
T
A
A
A
A
G
C
 
T
A
A
C
A
C
T
G
T
C
 
A
A
A
A
A
C
C
T
A
A
 
A
T
G
G
C
T
A
T
A
G
 
G
G
G
C
G
T
T
A
T
G
 

.
.
.
.
|

SA
11
-L
2_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
T
G
G
C
C

SA
11
-L
2_
GS
7(
NS
P3
) 
NG
S 
cs

 
 
 
T
G
G
C
C

206 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
8
(
N
S
P
2
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

9
0

 
1
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
G
G
C
T
T
T
T
A
A
A
 
G
C
G
T
C
T
C
A
G
T
 
C
G
C
C
G
T
T
T
G
A
 
G
C
C
T
T
G
C
G
G
T
 
G
T
A
G
C
C
A
T
G
G
 
C
T
G
A
G
C
T
A
G
C
 
T
T
G
C
T
T
T
T
G
C
 
T
A
T
C
C
T
C
A
T
T
 
T
G
G
A
G
A
A
T
G
A
 
T
A
G
C
T
A
T
A
A
A
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
G
G
C
T
T
T
T
A
A
A
 
G
C
G
T
C
T
C
A
G
T
 
C
G
C
C
G
T
T
T
G
A
 
G
C
C
T
T
G
C
G
G
T
 
G
T
A
G
C
C
A
T
G
G
 
C
T
G
A
G
C
T
A
G
C
 
T
T
G
C
T
T
T
T
G
C
 
T
A
T
C
C
T
C
A
T
T
 
T
G
G
A
G
A
A
T
G
A
 
T
A
G
C
T
A
T
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
T
T
T
A
T
T
C
C
T
T
 
T
T
A
A
T
A
A
T
T
T
 
A
G
C
T
A
T
T
A
A
A
 
G
C
T
A
T
G
C
T
G
A
 
C
A
G
C
T
A
A
A
G
T
 
A
G
A
C
A
A
A
A
A
G
 
G
A
C
A
T
G
G
A
T
A
 
A
G
T
T
T
T
A
T
G
A
 
T
T
C
A
A
T
T
A
T
T
 
T
A
T
G
G
A
A
T
A
G
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
T
T
T
A
T
T
C
C
T
T
 
T
T
A
A
T
A
A
T
T
T
 
A
G
C
T
A
T
T
A
A
A
 
G
C
T
A
T
G
C
T
G
A
 
C
A
G
C
T
A
A
A
G
T
 
A
G
A
C
A
A
A
A
A
G
 
G
A
C
A
T
G
G
A
T
A
 
A
G
T
T
T
T
A
T
G
A
 
T
T
C
A
A
T
T
A
T
T
 
T
A
T
G
G
A
A
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
C
A
C
C
G
C
C
T
C
C
 
T
C
A
A
T
T
T
A
A
G
 
A
A
A
C
G
G
T
A
T
A
 
A
T
A
C
T
A
A
T
G
A
 
T
A
A
T
T
C
A
A
G
A
 
G
G
C
A
T
G
A
A
T
T
 
T
T
G
A
A
A
C
A
A
T
 
T
A
T
G
T
T
T
A
C
T
 
A
A
G
G
T
G
G
C
T
A
 
T
G
T
T
G
A
T
A
T
G
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
C
A
C
C
G
C
C
T
C
C
 
T
C
A
A
T
T
T
A
A
G
 
A
A
A
C
G
G
T
A
T
A
 
A
T
A
C
T
A
A
T
G
A
 
T
A
A
T
T
C
A
A
G
A
 
G
G
C
A
T
G
A
A
T
T
 
T
T
G
A
A
A
C
A
A
T
 
T
A
T
G
T
T
T
A
C
T
 
A
A
G
G
T
G
G
C
T
A
 
T
G
T
T
G
A
T
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
T
G
A
A
G
C
T
C
T
A
 
A
A
T
T
C
A
T
T
G
A
 
A
A
G
T
G
A
C
G
C
A
 
A
G
C
A
A
A
C
G
T
C
 
T
C
T
A
A
T
G
T
A
T
 
T
A
T
C
A
C
G
A
G
T
 
A
G
T
A
T
C
A
A
T
A
 
A
G
G
C
A
T
T
T
A
G
 
A
A
A
A
T
T
T
G
G
T
 
G
A
T
A
C
G
T
A
A
A
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
T
G
A
A
G
C
T
C
T
A
 
A
A
T
T
C
A
T
T
G
A
 
A
A
G
T
G
A
C
G
C
A
 
A
G
C
A
A
A
C
G
T
C
 
T
C
T
A
A
T
G
T
A
T
 
T
A
T
C
A
C
G
A
G
T
 
A
G
T
A
T
C
A
A
T
A
 
A
G
G
C
A
T
T
T
A
G
 
A
A
A
A
T
T
T
G
G
T
 
G
A
T
A
C
G
T
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
G
A
A
A
A
T
C
C
A
C
 
A
G
G
A
T
A
T
T
C
T
 
A
T
T
T
C
A
T
T
C
A
 
A
A
A
G
A
T
T
T
A
C
 
T
T
T
T
G
A
A
A
T
C
 
A
A
C
A
C
T
G
A
T
T
 
G
C
T
A
T
T
G
G
A
C
 
A
G
T
C
T
A
A
A
G
A
 
A
A
T
T
G
A
A
A
C
T
 
A
C
A
A
T
A
A
C
T
G
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
G
A
A
A
A
T
C
C
A
C
 
A
G
G
A
T
A
T
T
C
T
 
A
T
T
T
C
A
T
T
C
A
 
A
A
A
G
A
T
T
T
A
C
 
T
T
T
T
G
A
A
A
T
C
 
A
A
C
A
C
T
G
A
T
T
 
G
C
T
A
T
T
G
G
A
C
 
A
G
T
C
T
A
A
A
G
A
 
A
A
T
T
G
A
A
A
C
T
 
A
C
A
A
T
A
A
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
C
A
G
A
A
G
G
A
G
G
 
A
G
A
A
A
T
T
G
T
A
 
T
T
T
C
A
A
A
A
C
G
 
C
T
G
C
C
T
T
C
A
C
 
C
A
T
G
T
G
G
A
A
A
 
C
T
A
A
C
T
T
A
T
T
 
T
A
G
A
A
C
A
T
C
A
 
A
T
T
G
A
T
G
C
C
A
 
A
T
T
C
T
G
G
A
T
C
 
A
G
A
A
T
T
T
T
A
T
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
C
A
G
A
A
G
G
A
G
G
 
A
G
A
A
A
T
T
G
T
A
 
T
T
T
C
A
A
A
A
C
G
 
C
T
G
C
C
T
T
C
A
C
 
C
A
T
G
T
G
G
A
A
A
 
C
T
A
A
C
T
T
A
T
T
 
T
A
G
A
A
C
A
T
C
A
 
A
T
T
G
A
T
G
C
C
A
 
A
T
T
C
T
G
G
A
T
C
 
A
G
A
A
T
T
T
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
T
G
A
A
T
A
T
A
A
A
 
G
T
T
A
C
A
T
T
G
A
 
A
C
G
A
A
G
A
T
A
A
 
A
C
C
A
A
T
T
T
C
A
 
G
A
T
G
T
T
C
A
T
G
 
T
T
A
A
A
G
A
A
T
T
 
A
G
T
C
G
C
T
G
A
A
 
C
T
T
C
G
A
T
G
G
C
 
A
A
T
A
T
A
A
C
A
A
 
G
T
T
T
G
C
T
G
T
A
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
T
G
A
A
T
A
T
A
A
A
 
G
T
T
A
C
A
T
T
G
A
 
A
C
G
A
A
G
A
T
A
A
 
A
C
C
A
A
T
T
T
C
A
 
G
A
T
G
T
T
C
A
T
G
 
T
T
A
A
A
G
A
A
T
T
 
A
G
T
C
G
C
T
G
A
A
 
C
T
T
C
G
A
T
G
G
C
 
A
A
T
A
T
A
A
C
A
A
 
G
T
T
T
G
C
T
G
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
A
T
C
A
C
A
C
A
T
G
 
G
T
A
A
G
G
G
T
C
A
 
T
T
A
T
A
G
A
A
T
T
 
G
T
A
A
A
G
T
A
T
T
 
C
A
T
C
A
G
T
T
G
C
 
T
A
A
T
C
A
C
G
C
T
 
G
A
C
A
G
A
G
T
A
T
 
A
T
G
C
A
A
C
T
T
T
 
C
A
A
G
A
G
T
A
A
T
 
G
T
T
A
A
A
A
C
T
G
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
A
T
C
A
C
A
C
A
T
G
 
G
T
A
A
G
G
G
T
C
A
 
T
T
A
T
A
G
A
A
T
T
 
G
T
A
A
A
G
T
A
T
T
 
C
A
T
C
A
G
T
T
G
C
 
T
A
A
T
C
A
C
G
C
T
 
G
A
C
A
G
A
G
T
A
T
 
A
T
G
C
A
A
C
T
T
T
 
C
A
A
G
A
G
T
A
A
T
 
G
T
T
A
A
A
A
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
G
A
G
T
T
A
A
T
A
A
 
T
G
A
T
T
T
T
A
A
C
 
C
T
A
C
T
T
G
A
T
C
 
A
A
A
G
A
A
T
T
A
T
 
T
T
G
G
C
A
A
A
A
C
 
T
G
G
T
A
T
G
C
A
T
 
T
T
A
C
A
T
C
A
T
C
 
A
A
T
G
A
A
A
C
A
G
 
G
G
T
A
A
T
A
C
A
C
 
T
T
G
A
C
G
T
G
T
G
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
G
A
G
T
T
A
A
T
A
A
 
T
G
A
T
T
T
T
A
A
C
 
C
T
A
C
T
T
G
A
T
C
 
A
A
A
G
A
A
T
T
A
T
 
T
T
G
G
C
A
A
A
A
C
 
T
G
G
T
A
T
G
C
A
T
 
T
T
A
C
A
T
C
A
T
C
 
A
A
T
G
A
A
A
C
A
G
 
G
G
T
A
A
T
A
C
A
C
 
T
T
G
A
C
G
T
G
T
G
 

207 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
T
A
A
A
A
G
G
T
T
G
 
C
T
T
T
T
C
C
A
A
A
 
A
A
A
T
G
A
A
A
C
C
 
A
G
A
A
A
A
A
A
A
T
 
C
C
A
T
T
T
A
A
A
G
 
G
G
C
T
G
T
C
A
A
C
 
G
G
A
T
A
G
A
A
A
A
 
A
T
G
G
A
C
G
A
A
G
 
T
T
T
C
T
C
A
A
G
T
 
T
G
G
C
G
T
T
T
A
A
 

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
T
A
A
A
A
G
G
T
T
G
 
C
T
T
T
T
C
C
A
A
A
 
A
A
A
T
G
A
A
A
C
C
 
A
G
A
A
A
A
A
A
A
T
 
C
C
A
T
T
T
A
A
A
G
 
G
G
C
T
G
T
C
A
A
C
 
G
G
A
T
A
G
A
A
A
A
 
A
T
G
G
A
C
G
A
A
G
 
T
T
T
C
T
C
A
A
G
T
 
T
G
G
C
G
T
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0

SA
11
-L
2_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
T
T
C
G
C
T
A
T
C
A
 
A
T
T
T
G
A
G
G
A
T
 
G
A
T
G
A
T
G
G
C
T
 
T
A
G
C
A
A
G
A
A
T
 
A
G
A
A
A
G
C
G
C
T
 
T
A
T
G
T
G
A
C
C

SA
11
-L
2_
GS
8(
NS
P2
) 
NG
S 
cs

 
 
 
T
T
C
G
C
T
A
T
C
A
 
A
T
T
T
G
A
G
G
A
T
 
G
A
T
G
A
T
G
G
C
T
 
T
A
G
C
A
A
G
A
A
T
 
A
G
A
A
A
G
C
G
C
T
 
T
A
T
G
T
G
A
C
C

208 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
9
(
V
P
7
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
G
C
T
T
T
A
A
A
A
 
A
G
A
G
A
G
A
A
T
T
 
T
C
C
G
T
T
T
G
G
C
 
T
A
G
C
G
G
T
T
A
G
 
C
T
C
C
T
T
T
T
A
A
 
T
G
T
A
T
G
G
T
A
T
 
T
G
A
A
T
A
T
A
C
C
 
A
C
A
G
T
T
C
T
A
A
 
C
C
T
T
T
C
T
G
A
T
 
A
T
C
G
A
T
T
A
T
T
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
G
G
C
T
T
T
A
A
A
A
 
A
G
A
G
A
G
A
A
T
T
 
T
C
C
G
T
T
T
G
G
C
 
T
A
G
C
G
G
T
T
A
G
 
C
T
C
C
T
T
T
T
A
A
 
T
G
T
A
T
G
G
T
A
T
 
T
G
A
A
T
A
T
A
C
C
 
A
C
A
G
T
T
C
T
A
A
 
C
C
T
T
T
C
T
G
A
T
 
A
T
C
G
A
T
T
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
T
A
C
T
A
A
A
T
T
 
A
C
A
T
A
C
T
T
A
A
 
A
T
C
A
T
T
A
A
C
T
 
A
G
A
A
T
A
A
T
G
G
 
A
C
T
T
T
A
T
A
A
T
 
T
T
A
T
A
G
A
T
T
T
 
C
T
T
T
T
T
A
T
A
A
 
T
T
G
T
G
A
T
A
T
T
 
G
T
C
A
C
C
A
T
T
T
 
C
T
C
A
G
A
G
C
A
C
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
C
T
A
C
T
A
A
A
T
T
 
A
C
A
T
A
C
T
T
A
A
 
A
T
C
A
T
T
A
A
C
T
 
A
G
A
A
T
A
A
T
G
G
 
A
C
T
T
T
A
T
A
A
T
 
T
T
A
T
A
G
A
T
T
T
 
C
T
T
T
T
T
A
T
A
A
 
T
T
G
T
G
A
T
A
T
T
 
G
T
C
A
C
C
A
T
T
T
 
C
T
C
A
G
A
G
C
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
A
A
A
A
T
T
A
T
G
G
 
T
A
T
T
A
A
T
C
T
T
 
C
C
A
A
T
C
A
C
A
G
 
G
C
T
C
C
A
T
G
G
A
 
C
A
T
T
G
C
A
T
A
C
 
G
C
T
A
A
T
T
C
A
A
 
C
G
C
A
A
G
A
A
G
A
 
A
A
C
A
T
T
C
C
T
C
 
A
C
T
T
C
T
A
C
A
C
 
T
T
T
G
C
C
T
A
T
A
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
A
A
A
A
T
T
A
T
G
G
 
T
A
T
T
A
A
T
C
T
T
 
C
C
A
A
T
C
A
C
A
G
 
G
C
T
C
C
A
T
G
G
A
 
C
A
T
T
G
C
A
T
A
C
 
G
C
T
A
A
T
T
C
A
A
 
C
G
C
A
A
G
A
A
G
A
 
A
C
C
A
T
T
C
C
T
C
 
A
C
T
T
C
T
A
C
A
C
 
T
T
T
G
C
C
T
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
T
T
A
T
C
C
G
A
C
T
 
G
A
G
G
C
T
G
C
G
A
 
C
T
G
A
A
A
T
A
A
A
 
C
G
A
T
A
A
T
T
C
A
 
T
G
G
A
A
A
G
A
C
A
 
C
A
C
T
G
T
C
A
C
A
 
A
C
T
A
T
T
T
C
T
T
 
A
C
G
A
A
A
G
G
G
T
 
G
G
C
C
A
A
C
T
G
G
 
A
T
C
C
G
T
A
T
A
T
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
T
T
A
T
C
C
G
A
C
T
 
G
A
G
G
C
T
G
C
G
A
 
C
T
G
A
A
A
T
A
A
A
 
C
G
A
T
A
A
T
T
C
A
 
T
G
G
A
A
A
G
A
C
A
 
C
A
C
T
G
T
C
A
C
A
 
A
C
T
A
T
T
T
C
T
T
 
A
C
G
A
A
A
G
G
G
T
 
G
G
C
C
A
A
C
T
G
G
 
A
T
C
C
G
T
A
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
T
T
T
A
A
A
G
A
A
T
 
A
T
A
C
T
A
A
C
A
T
 
T
G
C
A
T
C
G
T
T
T
 
T
C
T
G
T
T
G
A
T
C
 
C
G
C
A
G
T
T
G
T
A
 
T
T
G
T
G
A
T
T
A
T
 
A
A
C
G
T
A
G
T
A
C
 
T
A
A
T
G
A
A
A
T
A
 
T
G
A
C
G
C
G
A
C
G
 
T
T
G
C
A
A
T
T
G
G
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
T
T
T
A
A
A
G
A
A
T
 
A
T
A
C
T
A
A
C
A
T
 
T
G
C
A
T
C
G
T
T
T
 
T
C
T
G
T
T
G
A
T
C
 
C
G
C
A
G
T
T
G
T
A
 
T
T
G
T
G
A
T
T
A
T
 
A
A
C
G
T
A
G
T
A
C
 
T
A
A
T
G
A
A
A
T
A
 
T
G
A
C
G
C
G
A
C
G
 
T
T
G
C
A
A
T
T
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
T
C
A
G
A
 
A
C
T
T
G
C
G
G
A
T
 
C
T
A
A
T
A
T
T
A
A
 
A
C
G
A
A
T
G
G
T
T
 
G
T
G
T
A
A
T
C
C
A
 
A
T
G
G
A
T
A
T
T
A
 
C
T
C
T
G
T
A
T
T
A
 
T
T
A
T
C
A
G
C
A
A
 
A
C
T
G
A
C
G
A
A
G
 
C
G
A
A
T
A
A
A
T
G
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
A
T
A
T
G
T
C
A
G
A
 
A
C
T
T
G
C
G
G
A
T
 
C
T
A
A
T
A
T
T
A
A
 
A
C
G
A
A
T
G
G
T
T
 
G
T
G
T
A
A
T
C
C
A
 
A
T
G
G
A
T
A
T
T
A
 
C
T
C
T
G
T
A
T
T
A
 
T
T
A
T
C
A
G
C
A
A
 
A
C
T
G
A
C
G
A
A
G
 
C
G
A
A
T
A
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
A
T
A
T
C
A
A
T
G
 
G
G
C
T
C
A
T
C
A
T
 
G
T
A
C
A
A
T
T
A
A
 
A
G
T
A
T
G
T
C
C
A
 
C
T
T
A
A
T
A
C
A
C
 
A
A
A
C
T
C
T
T
G
G
 
A
A
T
T
G
G
A
T
G
C
 
T
T
G
A
C
A
A
C
T
G
 
A
T
G
C
T
A
C
A
A
C
 
T
T
T
T
G
A
A
G
A
A
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
G
A
T
A
T
C
A
A
T
G
 
G
G
C
T
C
A
T
C
A
T
 
G
T
A
C
A
A
T
T
A
A
 
A
G
T
A
T
G
T
C
C
A
 
C
T
T
A
A
T
A
C
A
C
 
A
A
A
C
T
C
T
T
G
G
 
A
A
T
T
G
G
A
T
G
C
 
T
T
G
A
C
A
A
C
T
G
 
A
T
G
C
T
A
C
A
A
C
 
T
T
T
T
G
A
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
T
T
G
C
G
A
C
A
G
 
C
T
G
A
A
A
A
G
T
T
 
G
G
T
A
A
T
T
A
C
T
 
G
A
C
G
T
G
G
T
T
G
 
A
T
G
G
C
G
T
T
A
A
 
T
C
A
T
A
A
G
C
T
G
 
G
A
T
G
T
C
A
C
A
A
 
C
A
G
C
A
A
C
G
T
G
 
T
A
C
T
A
T
T
A
G
A
 
A
A
C
T
G
T
A
A
G
A
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
G
T
T
G
C
G
A
C
A
G
 
C
T
G
A
A
A
A
G
T
T
 
G
G
T
A
A
T
T
A
C
T
 
G
A
C
G
T
G
G
T
T
G
 
A
T
G
G
C
G
T
T
A
A
 
T
C
A
T
A
A
G
C
T
G
 
G
A
T
G
T
C
A
C
A
A
 
C
A
G
C
A
A
C
G
T
G
 
T
A
C
T
A
T
T
A
G
A
 
A
A
C
T
G
T
A
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
A
A
T
T
G
G
G
A
C
C
 
A
A
G
A
G
A
A
A
A
C
 
G
T
A
G
C
C
G
T
T
A
 
T
A
C
A
A
G
T
T
G
G
 
T
G
G
T
T
C
T
G
A
C
 
A
T
C
C
T
C
G
A
T
A
 
T
A
A
C
T
G
C
T
G
A
 
T
C
C
A
A
C
T
A
C
T
 
G
C
A
C
C
A
C
A
G
A
 
C
A
G
A
A
C
G
G
A
T
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
A
A
T
T
G
G
G
A
C
C
 
A
A
G
A
G
A
A
A
A
C
 
G
T
A
G
C
C
G
T
T
A
 
T
A
C
A
A
G
T
T
G
G
 
T
G
G
T
T
C
T
G
A
C
 
A
T
C
C
T
C
G
A
T
A
 
T
A
A
C
T
G
C
T
G
A
 
T
C
C
A
A
C
T
A
C
T
 
G
C
A
C
C
A
C
A
G
A
 
C
A
G
A
A
C
G
G
A
T
 

209 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
A
T
G
C
G
A
A
T
T
 
A
A
C
T
G
G
A
A
A
A
 
A
A
T
G
G
T
G
G
C
A
 
A
G
T
T
T
T
T
T
A
T
 
A
C
T
G
T
A
G
T
A
G
 
A
C
T
A
T
G
T
A
G
A
 
T
C
A
G
A
T
A
A
T
A
 
C
A
A
G
T
T
A
T
G
T
 
C
C
A
A
A
A
G
A
T
C
 
A
A
G
A
T
C
A
C
T
A
 

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
G
A
T
G
C
G
A
A
T
T
 
A
A
C
T
G
G
A
A
A
A
 
A
A
T
G
G
T
G
G
C
A
 
A
G
T
T
T
T
T
T
A
T
 
A
C
T
G
T
A
G
T
A
G
 
A
C
T
A
T
G
T
A
G
A
 
T
C
A
G
A
T
A
A
T
A
 
C
A
A
G
T
T
A
T
G
T
 
C
C
A
G
A
A
G
A
T
C
 
A
A
G
A
T
C
A
C
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0

SA
11
-L
2_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
A
A
T
T
C
A
G
C
A
G
 
C
A
T
T
T
T
A
T
T
A
 
C
A
G
A
G
T
G
T
A
G
 
G
T
A
T
A
A
C
T
T
A
 
G
G
T
T
A
G
A
A
T
T
 
G
T
A
T
G
A
T
G
T
G
 
A
C
C

SA
11
-L
2_
GS
9(
VP
7)
 N
GS
 c
s

 
 
 
A
A
T
T
C
A
G
C
A
G
 
C
A
T
T
T
T
A
T
T
A
 
C
A
G
A
G
T
G
T
A
G
 
G
T
A
T
A
A
C
T
T
A
 
G
G
T
T
A
G
A
A
T
T
 
G
T
A
T
G
A
T
G
T
G
 
A
C
C

210 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
L
2
_
G
S
1
0
(
N
S
P
4
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
G
G
C
T
T
T
T
A
A
A
 
A
G
T
T
C
T
G
T
T
C
 
C
G
A
G
A
G
A
G
C
G
 
C
G
T
G
C
G
G
A
A
A
 
G
A
T
G
G
A
A
A
A
G
 
C
T
T
A
C
C
G
A
C
C
 
T
C
A
A
T
T
A
T
A
C
 
A
T
T
G
A
G
T
G
T
A
 
A
T
C
A
C
T
C
T
A
A
 
T
G
A
A
C
A
A
T
A
C
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
G
G
C
T
T
T
T
A
A
A
 
A
G
T
T
C
T
G
T
T
C
 
C
G
A
G
A
G
A
G
C
G
 
C
G
T
G
C
G
G
A
A
A
 
G
A
T
G
G
A
A
A
A
G
 
C
T
T
A
C
C
G
A
C
C
 
T
C
A
A
T
T
A
T
A
C
 
A
T
T
G
A
G
T
G
T
A
 
A
T
C
A
C
T
C
T
A
A
 
T
G
A
A
C
A
A
T
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
A
T
T
G
C
A
C
A
C
A
 
A
T
A
C
T
T
G
A
G
G
 
A
T
C
C
A
G
G
A
A
T
 
G
G
C
G
T
A
T
T
T
T
 
C
C
T
T
A
T
A
T
A
G
 
C
A
T
C
T
G
T
C
T
T
 
A
A
C
A
G
T
T
T
T
G
 
T
T
T
G
C
G
C
T
A
C
 
A
T
A
A
A
G
C
A
T
C
 
C
A
T
T
C
C
A
A
C
A
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
A
T
T
G
C
A
C
A
C
A
 
A
T
A
C
T
T
G
A
G
G
 
A
T
C
C
A
G
G
A
A
T
 
G
G
C
G
T
A
T
T
T
T
 
C
C
T
T
A
T
A
T
A
G
 
C
A
T
C
T
G
T
C
T
T
 
A
A
C
A
G
T
T
T
T
G
 
T
T
T
G
C
G
C
T
A
C
 
A
T
A
A
A
G
C
A
T
C
 
C
A
T
T
C
C
A
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
A
T
G
A
A
A
A
T
T
G
 
C
A
T
T
G
A
A
A
A
C
 
G
T
C
A
A
A
A
T
G
T
 
T
C
A
T
A
T
A
A
A
G
 
T
G
G
T
G
A
A
A
T
A
 
T
T
G
T
A
T
T
G
T
A
 
A
C
A
A
T
T
T
T
T
A
 
A
T
A
C
G
T
T
G
T
T
 
A
A
A
A
T
T
G
G
C
A
 
G
G
T
T
A
T
A
A
A
G
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
A
T
G
A
A
A
A
T
T
G
 
C
A
T
T
G
A
A
A
A
C
 
G
T
C
A
A
A
A
T
G
T
 
T
C
A
T
A
T
A
A
A
G
 
T
G
G
T
G
A
A
A
T
A
 
T
T
G
T
A
T
T
G
T
A
 
A
C
A
A
T
T
T
T
T
A
 
A
T
A
C
G
T
T
G
T
T
 
A
A
A
A
T
T
G
G
C
A
 
G
G
T
T
A
T
A
A
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
A
G
C
A
G
A
T
A
A
C
 
T
A
C
T
A
A
A
G
A
T
 
G
A
G
A
T
A
G
A
A
A
 
A
G
C
A
A
A
T
G
G
A
 
C
A
G
A
G
T
A
G
T
C
 
A
A
A
G
A
A
A
T
G
A
 
G
A
C
G
C
C
A
G
C
T
 
A
G
A
A
A
T
G
A
T
T
 
G
A
C
A
A
A
T
T
G
A
 
C
T
A
C
A
C
G
T
G
A
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
A
G
C
A
G
A
T
A
A
C
 
T
A
C
T
A
A
A
G
A
T
 
G
A
G
A
T
A
G
A
A
A
 
A
G
C
A
A
A
T
G
G
A
 
C
A
G
A
G
T
A
G
T
C
 
A
A
A
G
A
A
A
T
G
A
 
G
A
C
G
C
C
A
G
C
T
 
A
G
A
A
A
T
G
A
T
T
 
G
A
C
A
A
A
T
T
G
A
 
C
T
A
C
A
C
G
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
A
A
T
T
G
A
A
C
A
A
 
G
T
A
G
A
G
T
T
G
C
 
T
T
A
A
A
C
G
C
A
T
 
T
T
A
C
G
A
T
A
A
A
 
T
T
G
A
C
G
G
T
G
C
 
A
A
A
C
G
A
C
A
G
G
 
T
G
A
A
A
T
A
G
A
T
 
A
T
G
A
C
A
A
A
A
G
 
A
G
A
T
C
A
A
T
C
A
 
A
A
A
A
A
A
C
G
T
G
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
A
A
T
T
G
A
A
C
A
A
 
G
T
A
G
A
G
T
T
G
C
 
T
T
A
A
A
C
G
C
A
T
 
T
T
A
C
G
A
T
A
A
A
 
T
T
G
A
C
G
G
T
G
C
 
A
A
A
C
G
A
C
A
G
G
 
T
G
A
A
A
T
A
G
A
T
 
A
T
G
A
C
A
A
A
A
G
 
A
G
A
T
C
A
A
T
C
A
 
A
A
A
A
A
A
C
G
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
A
G
A
A
C
G
C
T
A
G
 
A
A
G
A
A
T
G
G
G
A
 
A
A
G
T
G
G
A
A
A
A
 
A
A
T
C
C
T
T
A
T
G
 
A
A
C
C
A
A
G
A
G
A
 
A
G
T
G
A
C
T
G
C
A
 
G
C
A
A
T
G
T
A
A
G
 
A
G
G
T
T
G
A
G
C
T
 
G
C
C
G
T
C
G
A
C
T
 
G
T
C
C
T
C
G
G
A
A
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
A
G
A
A
C
G
C
T
A
G
 
A
A
G
A
A
T
G
G
G
A
 
A
A
G
T
G
G
A
A
A
A
 
A
A
T
C
C
T
T
A
T
G
 
A
A
C
C
A
A
G
A
G
A
 
A
G
T
G
A
C
T
G
C
A
 
G
C
A
A
T
G
T
A
A
G
 
A
G
G
T
T
G
A
G
C
T
 
G
C
C
G
T
C
G
A
C
T
 
G
T
C
C
T
C
G
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
G
C
G
G
C
G
G
A
G
T
 
T
C
T
T
T
A
C
A
G
T
 
A
A
G
C
A
C
C
A
T
C
 
G
G
A
C
C
T
G
A
T
G
 
G
C
T
G
A
C
T
G
A
G
 
A
A
G
C
C
A
C
A
G
T
 
C
A
G
C
C
A
T
A
T
C
 
G
C
G
T
G
T
G
G
C
T
 
C
A
A
G
C
C
T
T
A
A
 
T
C
C
C
G
T
T
T
A
A
 

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
G
C
G
G
C
G
G
A
G
T
 
T
C
T
T
T
A
C
A
G
T
 
A
A
G
C
A
C
C
A
T
C
 
G
G
A
C
C
T
G
A
T
G
 
G
C
T
G
A
C
T
G
A
G
 
A
A
G
C
C
A
C
A
G
T
 
C
A
G
C
C
A
T
A
T
C
 
G
C
G
T
G
T
G
G
C
T
 
C
A
A
G
C
C
T
T
A
A
 
T
C
C
C
G
T
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0

SA
11
-L
2_
GS
10
(N
SP
4)
 r
ef
er
en
ce

 
 
 
C
C
A
A
T
C
C
G
G
T
 
C
A
G
C
A
C
C
G
G
A
 
C
G
T
T
A
A
T
G
G
A
 
A
G
G
A
A
C
G
G
T
C
 
T
T
A
A
T
G
T
G
A
C
 
C

SA
11
-L
2_
GS
10
(N
SP
4)
 N
GS
 c
s

 
 
 
C
C
A
A
T
C
C
G
G
T
 
C
A
G
C
A
C
C
G
G
A
 
C
G
T
T
A
A
T
G
G
A
 
A
G
G
A
A
C
G
G
T
C
 
T
T
A
A
T
G
T
G
A
C
 
C

211 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
1
(
V
P
1
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0
 
 
 
 
 
 
 
 
 
9
0

1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0
 
 
 
 
 
 
 
 
1
9
0

2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0
 
 
 
 
 
 
 
 
2
9
0

3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0
 
 
 
 
 
 
 
 
3
9
0

4
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0
 
 
 
 
 
 
 
 
4
9
0

5
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0
 
 
 
 
 
 
 
 
5
9
0

6
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0
 
 
 
 
 
 
 
 
6
9
0

7
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0
 
 
 
 
 
 
 
 
7
9
0

8
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

212 



pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0
 
 
 
 
 
 
 
 
8
9
0

9
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0
 
 
 
 
 
 
 
 
9
9
0

1
0
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0
 
 
 
 
 
 
 
1
0
9
0

1
1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0
 
 
 
 
 
 
 
1
1
9
0

1
2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0
 
 
 
 
 
 
 
1
2
9
0

1
3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0
 
 
 
 
 
 
 
1
3
9
0

1
4
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0
 
 
 
 
 
 
 
1
4
9
0

1
5
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0

1
6
0
0

213 



SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0
 
 
 
 
 
 
 
1
6
9
0

1
7
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0
 
 
 
 
 
 
 
1
7
9
0

1
8
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0
 
 
 
 
 
 
 
1
8
9
0

1
9
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
A
T
T
A
A
A
G
 
C
T
G
T
A
C
A
A
T
G
 
G
G
G
A
A
G
T
A
C
A
 
A
T
C
T
A
A
T
C
T
T
 
G
T
C
A
G
A
A
T
A
T
 
C
T
A
T
C
A
T
T
T
A
 
T
A
T
A
T
A
A
T
T
C
 
A
C
A
A
T
C
T
G
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
C
T
G
T
A
C
A
A
T
G
 
G
G
G
A
A
G
T
A
C
A
 
A
T
C
T
A
A
T
C
T
T
 
G
T
C
A
G
A
A
T
A
T
 
C
T
A
T
C
A
T
T
T
A
 
T
A
T
A
T
A
A
T
T
C
 
A
C
A
A
T
C
T
G
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
C
T
G
T
A
C
A
A
T
G
 
G
G
G
A
A
G
T
A
C
A
 
A
T
C
T
A
A
T
C
T
T
 
G
T
C
A
G
A
A
T
A
T
 
C
T
A
T
C
A
T
T
T
A
 
T
A
T
A
T
A
A
T
T
C
 
A
C
A
A
T
C
T
G
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0
 
 
 
 
 
 
 
1
9
9
0

2
0
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
T
T
C
A
A
A
T
T
C
 
C
A
A
T
A
T
A
T
T
A
 
C
T
C
T
T
C
C
A
A
C
 
A
G
T
G
A
A
T
T
A
G
 
A
A
A
A
T
A
G
A
T
G
 
T
A
T
T
G
A
A
T
T
T
 
C
A
T
T
C
C
A
A
G
T
 
G
T
T
T
A
G
A
G
A
A
 
C
T
C
A
A
A
G
A
A
T
 
G
G
G
T
T
A
T
C
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
T
T
C
A
A
A
T
T
C
 
C
A
A
T
A
T
A
T
T
A
 
C
T
C
T
T
C
C
A
A
C
 
A
G
T
G
A
A
T
T
A
G
 
A
A
A
A
T
A
G
A
T
G
 
T
A
T
T
G
A
A
T
T
T
 
C
A
T
T
C
C
A
A
G
T
 
G
T
T
T
A
G
A
G
A
A
 
C
T
C
A
A
A
G
A
A
T
 
G
G
G
T
T
A
T
C
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
T
T
C
A
A
A
T
T
C
 
C
A
A
T
A
T
A
T
T
A
 
C
T
C
T
T
C
C
A
A
C
 
A
G
T
G
A
A
T
T
A
G
 
A
A
A
A
T
A
G
A
T
G
 
T
A
T
T
G
A
A
T
T
T
 
C
A
T
T
C
C
A
A
G
T
 
G
T
T
T
A
G
A
G
A
A
 
C
T
C
A
A
A
G
A
A
T
 
G
G
G
T
T
A
T
C
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0
 
 
 
 
 
 
 
2
0
9
0

2
1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
A
A
G
A
A
A
G
T
T
 
G
T
T
T
G
T
T
G
A
A
 
T
A
T
A
A
T
G
A
T
G
 
T
C
A
T
A
G
A
A
A
A
 
T
G
C
C
A
C
A
T
T
A
 
C
T
G
T
C
A
A
T
A
C
 
T
A
T
C
A
T
A
T
T
C
 
T
T
A
C
G
A
C
A
A
G
 
T
A
T
A
A
C
G
C
T
G
 
T
T
G
A
A
A
G
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
A
A
G
A
A
A
G
T
T
 
G
T
T
T
G
T
T
G
A
A
 
T
A
T
A
A
T
G
A
T
G
 
T
C
A
T
A
G
A
A
A
A
 
T
G
C
C
A
C
A
T
T
A
 
C
T
G
T
C
A
A
T
A
C
 
T
A
T
C
A
T
A
T
T
C
 
T
T
A
C
G
A
C
A
A
G
 
T
A
T
A
A
C
G
C
T
G
 
T
T
G
A
A
A
G
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
A
A
G
A
A
A
G
T
T
 
G
T
T
T
G
T
T
G
A
A
 
T
A
T
A
A
T
G
A
T
G
 
T
C
A
T
A
G
A
A
A
A
 
T
G
C
C
A
C
A
T
T
A
 
C
T
G
T
C
A
A
T
A
C
 
T
A
T
C
A
T
A
T
T
C
 
T
T
A
C
G
A
C
A
A
G
 
T
A
T
A
A
C
G
C
T
G
 
T
T
G
A
A
A
G
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0
 
 
 
 
 
 
 
2
1
9
0

2
2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
T
G
G
T
G
A
A
G
 
T
A
T
G
C
G
A
A
A
G
 
G
C
A
A
A
C
C
A
T
T
 
G
G
A
G
G
C
A
G
A
C
 
T
T
A
A
C
A
G
T
G
A
 
A
T
G
A
A
T
T
G
G
A
 
T
T
A
T
G
A
G
A
A
C
 
A
A
T
A
A
A
A
T
A
A
 
C
A
T
C
T
G
A
A
T
T
 
A
T
T
T
C
C
A
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
T
G
G
T
G
A
A
G
 
T
A
T
G
C
G
A
A
A
G
 
G
C
A
A
A
C
C
A
T
T
 
G
G
A
G
G
C
A
G
A
C
 
T
T
A
A
C
A
G
T
G
A
 
A
T
G
A
A
T
T
G
G
A
 
T
T
A
T
G
A
G
A
A
C
 
A
A
T
A
A
A
A
T
A
A
 
C
A
T
C
T
G
A
A
T
T
 
A
T
T
T
C
C
A
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
T
G
G
T
G
A
A
G
 
T
A
T
G
C
G
A
A
A
G
 
G
C
A
A
A
C
C
A
T
T
 
G
G
A
G
G
C
A
G
A
C
 
T
T
A
A
C
A
G
T
G
A
 
A
T
G
A
A
T
T
G
G
A
 
T
T
A
T
G
A
G
A
A
C
 
A
A
T
A
A
A
A
T
A
A
 
C
A
T
C
T
G
A
A
T
T
 
A
T
T
T
C
C
A
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0
 
 
 
 
 
 
 
2
2
9
0

2
3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
C
G
G
A
G
G
A
A
T
 
A
T
A
C
G
G
A
C
T
C
 
A
C
T
A
A
T
G
G
A
T
 
C
C
A
G
C
A
A
T
T
T
 
T
A
A
C
T
T
C
G
C
T
 
A
T
C
A
T
C
A
A
A
T
 
T
T
A
A
A
T
G
C
A
G
 
T
C
A
T
G
T
T
C
T
G
 
G
T
T
G
G
A
A
A
A
A
 
C
A
T
G
A
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
C
G
G
A
G
G
A
A
T
 
A
T
A
C
G
G
A
C
T
C
 
A
C
T
A
A
T
G
G
A
T
 
C
C
A
G
C
A
A
T
T
T
 
T
A
A
C
T
T
C
G
C
T
 
A
T
C
A
T
C
A
A
A
T
 
T
T
A
A
A
T
G
C
A
G
 
T
C
A
T
G
T
T
C
T
G
 
G
T
T
G
G
A
A
A
A
A
 
C
A
T
G
A
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
C
G
G
A
G
G
A
A
T
 
A
T
A
C
G
G
A
C
T
C
 
A
C
T
A
A
T
G
G
A
T
 
C
C
A
G
C
A
A
T
T
T
 
T
A
A
C
T
T
C
G
C
T
 
A
T
C
A
T
C
A
A
A
T
 
T
T
A
A
A
T
G
C
A
G
 
T
C
A
T
G
T
T
C
T
G
 
G
T
T
G
G
A
A
A
A
A
 
C
A
T
G
A
A
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

214 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0
 
 
 
 
 
 
 
2
3
9
0

2
4
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
G
T
C
G
C
T
G
A
 
A
A
A
A
C
T
T
A
A
A
 
G
T
T
T
A
T
A
A
A
A
 
G
G
A
G
A
T
T
A
G
A
 
C
C
T
A
T
T
C
A
C
C
 
A
T
A
G
T
A
G
C
C
T
 
C
A
A
C
G
A
T
A
A
A
 
T
A
A
A
T
A
T
G
G
C
 
G
T
A
C
C
A
A
G
G
C
 
A
T
A
A
C
G
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
G
T
C
G
C
T
G
A
 
A
A
A
A
C
T
T
A
A
A
 
G
T
T
T
A
T
A
A
A
A
 
G
G
A
G
A
T
T
A
G
A
 
C
C
T
A
T
T
C
A
C
C
 
A
T
A
G
T
A
G
C
C
T
 
C
A
A
C
G
A
T
A
A
A
 
T
A
A
A
T
A
T
G
G
C
 
G
T
A
C
C
A
A
G
G
C
 
A
T
A
A
C
G
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
G
T
C
G
C
T
G
A
 
A
A
A
A
C
T
T
A
A
A
 
G
T
T
T
A
T
A
A
A
A
 
G
G
A
G
A
T
T
A
G
A
 
C
C
T
A
T
T
C
A
C
C
 
A
T
A
G
T
A
G
C
C
T
 
C
A
A
C
G
A
T
A
A
A
 
T
A
A
A
T
A
T
G
G
C
 
G
T
A
C
C
A
A
G
G
C
 
A
T
A
A
C
G
C
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0
 
 
 
 
 
 
 
2
4
9
0

2
5
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
T
A
C
A
G
A
T
A
T
 
G
A
A
T
A
C
G
A
C
G
 
T
A
A
T
G
A
A
A
G
A
 
T
A
A
A
C
C
A
T
A
C
 
T
A
C
T
T
A
G
T
G
A
 
C
A
T
G
G
G
C
A
A
A
 
T
T
C
T
T
C
A
A
T
T
 
G
A
A
A
T
G
T
T
A
A
 
T
G
T
C
A
G
T
T
T
T
 
C
T
C
T
C
A
T
G
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
T
A
C
A
G
A
T
A
T
 
G
A
A
T
A
C
G
A
C
G
 
T
A
A
T
G
A
A
A
G
A
 
T
A
A
A
C
C
A
T
A
C
 
T
A
C
T
T
A
G
T
G
A
 
C
A
T
G
G
G
C
A
A
A
 
T
T
C
T
T
C
A
A
T
T
 
G
A
A
A
T
G
T
T
A
A
 
T
G
T
C
A
G
T
T
T
T
 
C
T
C
T
C
A
T
G
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
T
A
C
A
G
A
T
A
T
 
G
A
A
T
A
C
G
A
C
G
 
T
A
A
T
G
A
A
A
G
A
 
T
A
A
A
C
C
A
T
A
C
 
T
A
C
T
T
A
G
T
G
A
 
C
A
T
G
G
G
C
A
A
A
 
T
T
C
T
T
C
A
A
T
T
 
G
A
A
A
T
G
T
T
A
A
 
T
G
T
C
A
G
T
T
T
T
 
C
T
C
T
C
A
T
G
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0
 
 
 
 
 
 
 
2
5
9
0

2
6
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
A
C
T
A
T
T
T
G
A
 
T
A
G
C
A
A
A
A
G
A
 
G
T
T
A
A
T
A
G
T
G
 
T
T
A
T
C
A
T
A
T
T
 
C
T
A
A
T
A
G
A
T
C
 
T
A
C
T
C
T
A
G
C
A
 
A
A
G
T
T
A
G
T
G
T
 
C
A
T
C
A
C
C
A
A
T
 
G
T
C
G
A
T
T
T
T
G
 
G
T
A
G
C
C
T
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
A
C
T
A
T
T
T
G
A
 
T
A
G
C
A
A
A
A
G
A
 
G
T
T
A
A
T
A
G
T
G
 
T
T
A
T
C
A
T
A
T
T
 
C
T
A
A
T
A
G
A
T
C
 
T
A
C
T
C
T
A
G
C
A
 
A
A
G
T
T
A
G
T
G
T
 
C
A
T
C
A
C
C
A
A
T
 
G
T
C
G
A
T
T
T
T
G
 
G
T
A
G
C
C
T
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
A
C
T
A
T
T
T
G
A
 
T
A
G
C
A
A
A
A
G
A
 
G
T
T
A
A
T
A
G
T
G
 
T
T
A
T
C
A
T
A
T
T
 
C
T
A
A
T
A
G
A
T
C
 
T
A
C
T
C
T
A
G
C
A
 
A
A
G
T
T
A
G
T
G
T
 
C
A
T
C
A
C
C
A
A
T
 
G
T
C
G
A
T
T
T
T
G
 
G
T
A
G
C
C
T
T
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0
 
 
 
 
 
 
 
2
6
9
0

2
7
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
G
G
A
T
A
T
T
A
A
 
T
G
G
A
A
C
A
T
T
T
 
A
T
T
A
C
A
A
A
T
G
 
A
A
G
A
A
T
T
A
G
A
 
A
T
T
G
G
A
A
T
T
T
 
T
C
A
A
A
T
A
A
A
T
 
A
T
G
T
A
C
G
A
G
C
 
A
A
T
A
G
T
T
C
C
G
 
G
A
T
C
A
A
A
C
A
T
 
T
T
G
A
C
G
A
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
G
G
A
T
A
T
T
A
A
 
T
G
G
A
A
C
A
T
T
T
 
A
T
T
A
C
A
A
A
T
G
 
A
A
G
A
A
T
T
A
G
A
 
A
T
T
G
G
A
A
T
T
T
 
T
C
A
A
A
T
A
A
A
T
 
A
T
G
T
A
C
G
A
G
C
 
A
A
T
A
G
T
T
C
C
G
 
G
A
T
C
A
A
A
C
A
T
 
T
T
G
A
C
G
A
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
G
G
A
T
A
T
T
A
A
 
T
G
G
A
A
C
A
T
T
T
 
A
T
T
A
C
A
A
A
T
G
 
A
A
G
A
A
T
T
A
G
A
 
A
T
T
G
G
A
A
T
T
T
 
T
C
A
A
A
T
A
A
A
T
 
A
T
G
T
A
C
G
A
G
C
 
A
A
T
A
G
T
T
C
C
G
 
G
A
T
C
A
A
A
C
A
T
 
T
T
G
A
C
G
A
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0
 
 
 
 
 
 
 
2
7
9
0

2
8
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
A
T
C
A
A
A
T
G
 
C
T
T
G
A
C
A
A
T
A
 
T
G
A
G
G
A
A
A
G
C
 
T
G
G
A
T
T
A
G
T
T
 
G
A
C
A
T
A
C
C
T
A
 
A
G
A
T
G
A
T
A
C
A
 
G
G
A
C
T
G
G
T
T
A
 
G
T
T
G
A
T
C
G
T
T
 
C
T
A
T
C
G
A
A
A
A
 
A
T
T
T
C
C
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
A
A
T
C
A
A
A
T
G
 
C
T
T
G
A
C
A
A
T
A
 
T
G
A
G
G
A
A
A
G
C
 
T
G
G
A
T
T
A
G
T
T
 
G
A
C
A
T
A
C
C
T
A
 
A
G
A
T
G
A
T
A
C
A
 
G
G
A
C
T
G
G
T
T
A
 
G
T
T
G
A
T
C
G
T
T
 
C
T
A
T
C
G
A
A
A
A
 
A
T
T
T
C
C
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
A
A
T
C
A
A
A
T
G
 
C
T
T
G
A
C
A
A
T
A
 
T
G
A
G
G
A
A
A
G
C
 
T
G
G
A
T
T
A
G
T
T
 
G
A
C
A
T
A
C
C
T
A
 
A
G
A
T
G
A
T
A
C
A
 
G
G
A
C
T
G
G
T
T
A
 
G
T
T
G
A
T
C
G
T
T
 
C
T
A
T
C
G
A
A
A
A
 
A
T
T
T
C
C
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0
 
 
 
 
 
 
 
2
8
9
0

2
9
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
G
G
C
T
A
A
G
A
 
T
A
T
A
T
T
C
A
T
G
 
G
T
C
G
T
T
T
C
A
T
 
G
T
T
G
G
A
T
T
T
A
 
G
A
A
A
G
C
A
A
A
A
 
A
A
T
G
C
T
A
G
A
T
 
G
C
T
G
C
G
C
T
G
G
 
A
T
C
A
A
T
T
G
A
A
 
A
A
C
T
G
A
G
T
A
T
 
A
C
A
G
A
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
G
G
C
T
A
A
G
A
 
T
A
T
A
T
T
C
A
T
G
 
G
T
C
G
T
T
T
C
A
T
 
G
T
T
G
G
A
T
T
T
A
 
G
A
A
A
G
C
A
A
A
A
 
A
A
T
G
C
T
A
G
A
T
 
G
C
T
G
C
G
C
T
G
G
 
A
T
C
A
A
T
T
G
A
A
 
A
A
C
T
G
A
G
T
A
T
 
A
C
A
G
A
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
G
G
C
T
A
A
G
A
 
T
A
T
A
T
T
C
A
T
G
 
G
T
C
G
T
T
T
C
A
T
 
G
T
T
G
G
A
T
T
T
A
 
G
A
A
A
G
C
A
A
A
A
 
A
A
T
G
C
T
A
G
A
T
 
G
C
T
G
C
G
C
T
G
G
 
A
T
C
A
A
T
T
G
A
A
 
A
A
C
T
G
A
G
T
A
T
 
A
C
A
G
A
A
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0
 
 
 
 
 
 
 
2
9
9
0

3
0
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
G
G
A
C
G
A
T
G
A
 
A
A
T
G
T
A
T
C
G
G
 
G
A
A
T
A
T
A
C
A
A
 
T
G
T
T
A
A
T
A
A
G
 
A
G
A
T
G
A
A
G
T
A
 
G
T
T
A
A
A
A
T
G
C
 
T
T
G
A
A
G
A
A
C
C
 
A
G
T
T
A
A
A
C
A
T
 
G
A
T
G
A
T
C
A
C
T
 
T
G
C
T
A
C
G
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
G
G
A
C
G
A
T
G
A
 
A
A
T
G
T
A
T
C
G
G
 
G
A
A
T
A
T
A
C
A
A
 
T
G
T
T
A
A
T
A
A
G
 
A
G
A
T
G
A
A
G
T
A
 
G
T
T
A
A
A
A
T
G
C
 
T
T
G
A
A
G
A
A
C
C
 
A
G
T
T
A
A
A
C
A
T
 
G
A
T
G
A
T
C
A
C
T
 
T
G
C
T
A
C
G
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
G
G
A
C
G
A
T
G
A
 
A
A
T
G
T
A
T
C
G
G
 
G
A
A
T
A
T
A
C
A
A
 
T
G
T
T
A
A
T
A
A
G
 
A
G
A
T
G
A
A
G
T
A
 
G
T
T
A
A
A
A
T
G
C
 
T
T
G
A
A
G
A
A
C
C
 
A
G
T
T
A
A
A
C
A
T
 
G
A
T
G
A
T
C
A
C
T
 
T
G
C
T
A
C
G
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0
 
 
 
 
 
 
 
3
0
9
0

3
1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
C
T
G
A
G
T
T
A
 
G
C
T
G
G
T
T
T
A
C
 
T
A
T
C
A
A
T
G
T
C
 
G
T
C
A
G
C
A
T
C
G
 
A
A
T
G
G
T
G
A
G
T
 
C
A
A
G
G
C
A
G
C
T
 
A
A
A
G
T
T
T
G
G
T
 
A
G
G
A
A
A
A
C
A
A
 
T
T
T
T
T
T
C
A
A
C
 
T
A
A
A
A
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
C
T
G
A
G
T
T
A
 
G
C
T
G
G
T
T
T
A
C
 
T
A
T
C
A
A
T
G
T
C
 
G
T
C
A
G
C
A
T
C
G
 
A
A
T
G
G
T
G
A
G
T
 
C
A
A
G
G
C
A
G
C
T
 
A
A
A
G
T
T
T
G
G
T
 
A
G
G
A
A
A
A
C
A
A
 
T
T
T
T
T
T
C
A
A
C
 
T
A
A
A
A
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
C
T
G
A
G
T
T
A
 
G
C
T
G
G
T
T
T
A
C
 
T
A
T
C
A
A
T
G
T
C
 
G
T
C
A
G
C
A
T
C
G
 
A
A
T
G
G
T
G
A
G
T
 
C
A
A
G
G
C
A
G
C
T
 
A
A
A
G
T
T
T
G
G
T
 
A
G
G
A
A
A
A
C
A
A
 
T
T
T
T
T
T
C
A
A
C
 
T
A
A
A
A
A
G
A
A
T
 

215 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0
 
 
 
 
 
 
 
3
1
9
0

3
2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
T
G
C
A
T
G
T
C
A
 
T
G
G
A
T
G
A
T
A
T
 
G
G
C
T
A
A
C
G
A
A
 
A
G
A
T
A
C
A
C
G
C
 
C
T
G
G
T
A
T
A
A
T
 
A
C
C
A
C
C
A
G
T
G
 
A
A
T
G
T
T
G
A
T
A
 
A
A
C
C
A
A
T
A
C
C
 
A
T
T
A
G
G
A
A
G
A
 
A
G
A
G
A
T
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
T
G
C
A
T
G
T
C
A
 
T
G
G
A
T
G
A
T
A
T
 
G
G
C
T
A
A
C
G
A
A
 
A
G
A
T
A
C
A
C
G
C
 
C
T
G
G
T
A
T
A
A
T
 
A
C
C
A
C
C
A
G
T
G
 
A
A
T
G
T
T
G
A
T
A
 
A
A
C
C
A
A
T
A
C
C
 
A
T
T
A
G
G
A
A
G
A
 
A
G
A
G
A
T
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
T
G
C
A
T
G
T
C
A
 
T
G
G
A
T
G
A
T
A
T
 
G
G
C
T
A
A
C
G
A
A
 
A
G
A
T
A
C
A
C
G
C
 
C
T
G
G
T
A
T
A
A
T
 
A
C
C
A
C
C
A
G
T
G
 
A
A
T
G
T
T
G
A
T
A
 
A
A
C
C
A
A
T
A
C
C
 
A
T
T
A
G
G
A
A
G
A
 
A
G
A
G
A
T
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0
 
 
 
 
 
 
 
3
2
9
0

3
3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
G
G
A
A
G
A
A
G
 
G
A
C
T
A
G
A
A
T
A
 
A
T
A
T
T
C
A
T
T
C
 
T
G
C
C
A
T
A
C
G
A
 
A
T
A
T
T
T
C
A
T
A
 
G
C
A
C
A
G
C
A
C
G
 
C
T
G
T
A
G
T
T
G
A
 
A
A
A
A
A
T
G
T
T
G
 
A
T
T
T
A
C
G
C
A
A
 
A
A
C
A
T
A
C
G
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
A
G
G
A
A
G
A
A
G
 
G
A
C
T
A
G
A
A
T
A
 
A
T
A
T
T
C
A
T
T
C
 
T
G
C
C
A
T
A
C
G
A
 
A
T
A
T
T
T
C
A
T
A
 
G
C
A
C
A
G
C
A
C
G
 
C
T
G
T
A
G
T
T
G
A
 
A
A
A
A
A
T
G
T
T
G
 
A
T
T
T
A
C
G
C
A
A
 
A
A
C
A
T
A
C
G
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
A
G
G
A
A
G
A
A
G
 
G
A
C
T
A
G
A
A
T
A
 
A
T
A
T
T
C
A
T
T
C
 
T
G
C
C
A
T
A
C
G
A
 
A
T
A
T
T
T
C
A
T
A
 
G
C
A
C
A
G
C
A
C
G
 
C
T
G
T
A
G
T
T
G
A
 
A
A
A
A
A
T
G
T
T
G
 
A
T
T
T
A
C
G
C
A
A
 
A
A
C
A
T
A
C
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0
 
 
 
 
 
 
 
3
3
8
0
 
 
 
 
 
 
 
3
3
9
0

3
4
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
A
A
T
A
C
G
C
T
 
G
A
A
T
T
T
T
A
T
T
 
C
A
C
A
A
T
C
A
A
A
 
C
C
A
A
T
T
A
T
T
G
 
T
C
A
T
A
C
G
G
C
G
 
A
T
G
T
A
A
C
G
C
G
 
T
T
T
T
T
T
G
T
C
T
 
A
A
T
A
A
C
A
C
A
A
 
T
G
G
T
C
T
T
G
T
A
 
T
A
C
G
G
A
T
G
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
G
A
A
T
A
C
G
C
T
 
G
A
A
T
T
T
T
A
T
T
 
C
A
C
A
A
T
C
A
A
A
 
C
C
A
A
T
T
A
T
T
G
 
T
C
A
T
A
C
G
G
C
G
 
A
T
G
T
A
A
C
G
C
G
 
T
T
T
T
T
T
G
T
C
T
 
A
A
T
A
A
C
A
C
A
A
 
T
G
G
T
C
T
T
G
T
A
 
T
A
C
G
G
A
T
G
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
G
A
A
T
A
C
G
C
T
 
G
A
A
T
T
T
T
A
T
T
 
C
A
C
A
A
T
C
A
A
A
 
C
C
A
A
T
T
A
T
T
G
 
T
C
A
T
A
C
G
G
C
G
 
A
T
G
T
A
A
C
G
C
G
 
T
T
T
T
T
T
G
T
C
T
 
A
A
T
A
A
C
A
C
A
A
 
T
G
G
T
C
T
T
G
T
A
 
T
A
C
G
G
A
T
G
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
4
1
0
 
 
 
 
 
 
 
3
4
2
0
 
 
 
 
 
 
 
3
4
3
0
 
 
 
 
 
 
 
3
4
4
0
 
 
 
 
 
 
 
3
4
5
0
 
 
 
 
 
 
 
3
4
6
0
 
 
 
 
 
 
 
3
4
7
0
 
 
 
 
 
 
 
3
4
8
0
 
 
 
 
 
 
 
3
4
9
0

3
5
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
C
T
C
A
G
T
G
G
G
 
A
T
T
C
G
T
C
T
C
A
 
G
C
A
T
A
A
T
A
C
A
 
C
A
G
C
C
A
T
T
T
A
 
G
G
A
A
A
G
G
A
A
T
 
A
A
T
A
A
T
G
G
G
A
 
C
T
G
G
A
C
A
T
A
T
 
T
A
G
C
T
A
A
C
A
T
 
G
A
C
T
A
A
T
G
A
T
 
G
C
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
C
T
C
A
G
T
G
G
G
 
A
T
T
C
G
T
C
T
C
A
 
G
C
A
T
A
A
T
A
C
A
 
C
A
G
C
C
A
T
T
T
A
 
G
G
A
A
A
G
G
A
A
T
 
A
A
T
A
A
T
G
G
G
A
 
C
T
G
G
A
C
A
T
A
T
 
T
A
G
C
T
A
A
C
A
T
 
G
A
C
T
A
A
T
G
A
T
 
G
C
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
C
T
C
A
G
T
G
G
G
 
A
T
T
C
G
T
C
T
C
A
 
G
C
A
T
A
A
T
A
C
A
 
C
A
G
C
C
A
T
T
T
A
 
G
G
A
A
A
G
G
A
A
T
 
A
A
T
A
A
T
G
G
G
A
 
C
T
G
G
A
C
A
T
A
T
 
T
A
G
C
T
A
A
C
A
T
 
G
A
C
T
A
A
T
G
A
T
 
G
C
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
5
1
0
 
 
 
 
 
 
 
3
5
2
0
 
 
 
 
 
 
 
3
5
3
0
 
 
 
 
 
 
 
3
5
4
0
 
 
 
 
 
 
 
3
5
5
0
 
 
 
 
 
 
 
3
5
6
0
 
 
 
 
 
 
 
3
5
7
0
 
 
 
 
 
 
 
3
5
8
0
 
 
 
 
 
 
 
3
5
9
0

3
6
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
C
A
G
A
C
A
T
T
 
A
A
A
T
T
T
A
T
A
C
 
A
A
A
C
A
A
A
C
A
C
 
A
A
A
T
C
A
A
T
C
T
 
C
A
T
G
G
A
T
T
C
A
 
T
A
C
G
T
T
C
A
A
A
 
T
A
C
C
A
G
A
T
G
G
 
C
A
A
C
G
T
C
A
T
T
 
A
A
G
A
A
A
A
T
A
C
 
A
A
T
A
C
G
G
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
C
A
G
A
C
A
T
T
 
A
A
A
T
T
T
A
T
A
C
 
A
A
A
C
A
A
A
C
A
C
 
A
A
A
T
C
A
A
T
C
T
 
C
A
T
G
G
A
T
T
C
A
 
T
A
C
G
T
T
C
A
A
A
 
T
A
C
C
A
G
A
T
G
G
 
C
A
A
C
G
T
C
A
T
T
 
A
A
G
A
A
A
A
T
A
C
 
A
A
T
A
C
G
G
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
C
A
G
A
C
A
T
T
 
A
A
A
T
T
T
A
T
A
C
 
A
A
A
C
A
A
A
C
A
C
 
A
A
A
T
C
A
A
T
C
T
 
C
A
T
G
G
A
T
T
C
A
 
T
A
C
G
T
T
C
A
A
A
 
T
A
C
C
A
G
A
T
G
G
 
C
A
A
C
G
T
C
A
T
T
 
A
A
G
A
A
A
A
T
A
C
 
A
A
T
A
C
G
G
G
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
6
1
0
 
 
 
 
 
 
 
3
6
2
0
 
 
 
 
 
 
 
3
6
3
0
 
 
 
 
 
 
 
3
6
4
0
 
 
 
 
 
 
 
3
6
5
0
 
 
 
 
 
 
 
3
6
6
0
 
 
 
 
 
 
 
3
6
7
0
 
 
 
 
 
 
 
3
6
8
0
 
 
 
 
 
 
 
3
6
9
0

3
7
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
G
T
A
G
C
A
T
C
A
 
G
G
A
G
A
G
A
A
A
C
 
A
A
A
C
G
A
A
A
G
C
 
A
G
C
A
A
A
T
T
C
A
 
A
T
A
G
C
A
A
A
T
T
 
T
G
G
C
A
C
T
G
A
T
 
T
A
A
A
A
C
G
G
T
T
 
T
T
G
T
C
A
C
G
T
A
 
T
T
T
C
T
A
A
C
A
A
 
A
C
A
T
T
C
A
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
G
T
A
G
C
A
T
C
A
 
G
G
A
G
A
G
A
A
A
C
 
A
A
A
C
G
A
A
A
G
C
 
A
G
C
A
A
A
T
T
C
A
 
A
T
A
G
C
A
A
A
T
T
 
T
G
G
C
A
C
T
G
A
T
 
T
A
A
A
A
C
G
G
T
T
 
T
T
G
T
C
A
C
G
T
A
 
T
T
T
C
T
A
A
C
A
A
 
A
C
A
T
T
C
A
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
G
T
A
G
C
A
T
C
A
 
G
G
A
G
A
G
A
A
A
C
 
A
A
A
C
G
A
A
A
G
C
 
A
G
C
A
A
A
T
T
C
A
 
A
T
A
G
C
A
A
A
T
T
 
T
G
G
C
A
C
T
G
A
T
 
T
A
A
A
A
C
G
G
T
T
 
T
T
G
T
C
A
C
G
T
A
 
T
T
T
C
T
A
A
C
A
A
 
A
C
A
T
T
C
A
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
7
1
0
 
 
 
 
 
 
 
3
7
2
0
 
 
 
 
 
 
 
3
7
3
0
 
 
 
 
 
 
 
3
7
4
0
 
 
 
 
 
 
 
3
7
5
0
 
 
 
 
 
 
 
3
7
6
0
 
 
 
 
 
 
 
3
7
7
0
 
 
 
 
 
 
 
3
7
8
0
 
 
 
 
 
 
 
3
7
9
0

3
8
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
C
A
A
C
A
A
A
A
A
 
T
A
A
T
A
A
G
A
G
T
 
T
G
A
T
G
G
A
G
A
T
 
G
A
T
A
A
C
T
A
T
G
 
C
G
G
T
G
C
T
A
C
A
 
A
T
T
T
A
A
T
A
C
A
 
G
A
G
G
T
G
A
C
T
A
 
A
G
C
A
G
A
T
G
A
T
 
C
C
A
A
G
A
C
G
T
A
 
T
C
G
A
A
C
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
C
A
A
C
A
A
A
A
A
 
T
A
A
T
A
A
G
A
G
T
 
T
G
A
T
G
G
A
G
A
T
 
G
A
T
A
A
C
T
A
T
G
 
C
G
G
T
G
C
T
A
C
A
 
A
T
T
T
A
A
T
A
C
A
 
G
A
G
G
T
G
A
C
T
A
 
A
G
C
A
G
A
T
G
A
T
 
C
C
A
A
G
A
C
G
T
A
 
T
C
G
A
A
C
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
C
A
A
C
A
A
A
A
A
 
T
A
A
T
A
A
G
A
G
T
 
T
G
A
T
G
G
A
G
A
T
 
G
A
T
A
A
C
T
A
T
G
 
C
G
G
T
G
C
T
A
C
A
 
A
T
T
T
A
A
T
A
C
A
 
G
A
G
G
T
G
A
C
T
A
 
A
G
C
A
G
A
T
G
A
T
 
C
C
A
A
G
A
C
G
T
A
 
T
C
G
A
A
C
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
8
1
0
 
 
 
 
 
 
 
3
8
2
0
 
 
 
 
 
 
 
3
8
3
0
 
 
 
 
 
 
 
3
8
4
0
 
 
 
 
 
 
 
3
8
5
0
 
 
 
 
 
 
 
3
8
6
0
 
 
 
 
 
 
 
3
8
7
0
 
 
 
 
 
 
 
3
8
8
0
 
 
 
 
 
 
 
3
8
9
0

3
9
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
A
A
G
A
G
A
A
A
C
 
T
T
A
T
G
C
A
C
G
C
 
A
T
G
A
A
T
G
C
T
A
 
A
A
G
T
T
A
A
A
G
C
 
T
C
T
G
G
T
A
T
C
C
 
A
C
A
G
T
A
G
G
A
A
 
T
A
G
A
A
A
T
T
G
C
 
T
A
A
A
A
G
G
T
A
C
 
A
T
T
G
C
A
G
G
T
G
 
G
A
A
A
A
A
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
A
A
G
A
G
A
A
A
C
 
T
T
A
T
G
C
A
C
G
C
 
A
T
G
A
A
T
G
C
T
A
 
A
A
G
T
T
A
A
A
G
C
 
T
C
T
G
G
T
A
T
C
C
 
A
C
A
G
T
A
G
G
A
A
 
T
A
G
A
A
A
T
T
G
C
 
T
A
A
A
A
G
G
T
A
C
 
A
T
T
G
C
A
G
G
T
G
 
G
A
A
A
A
A
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
A
A
G
A
G
A
A
A
C
 
T
T
A
T
G
C
A
C
G
C
 
A
T
G
A
A
T
G
C
T
A
 
A
A
G
T
T
A
A
A
G
C
 
T
C
T
G
G
T
A
T
C
C
 
A
C
A
G
T
A
G
G
A
A
 
T
A
G
A
A
A
T
T
G
C
 
T
A
A
A
A
G
G
T
A
C
 
A
T
T
G
C
A
G
G
T
G
 
G
A
A
A
A
A
T
A
T
T
 

216 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
9
1
0
 
 
 
 
 
 
 
3
9
2
0
 
 
 
 
 
 
 
3
9
3
0
 
 
 
 
 
 
 
3
9
4
0
 
 
 
 
 
 
 
3
9
5
0
 
 
 
 
 
 
 
3
9
6
0
 
 
 
 
 
 
 
3
9
7
0
 
 
 
 
 
 
 
3
9
8
0
 
 
 
 
 
 
 
3
9
9
0

4
0
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
T
T
C
G
A
G
C
T
 
G
G
A
A
T
A
A
A
T
C
 
T
A
C
T
T
A
A
T
A
A
 
T
G
A
A
A
A
G
A
G
A
 
G
G
G
C
A
G
A
G
T
A
 
C
G
C
A
G
T
G
G
G
A
 
T
C
A
A
G
C
A
G
C
A
 
A
T
T
T
T
A
T
A
T
T
 
C
A
A
A
T
T
A
T
A
T
 
T
G
T
A
A
A
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
T
T
C
G
A
G
C
T
 
G
G
A
A
T
A
A
A
T
C
 
T
A
C
T
T
A
A
T
A
A
 
T
G
A
A
A
A
G
A
G
A
 
G
G
G
C
A
G
A
G
T
A
 
C
G
C
A
G
T
G
G
G
A
 
T
C
A
A
G
C
A
G
C
A
 
A
T
T
T
T
A
T
A
T
T
 
C
A
A
A
T
T
A
T
A
T
 
T
G
T
A
A
A
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
T
T
C
G
A
G
C
T
 
G
G
A
A
T
A
A
A
T
C
 
T
A
C
T
T
A
A
T
A
A
 
T
G
A
A
A
A
G
A
G
A
 
G
G
G
C
A
G
A
G
T
A
 
C
G
C
A
G
T
G
G
G
A
 
T
C
A
A
G
C
A
G
C
A
 
A
T
T
T
T
A
T
A
T
T
 
C
A
A
A
T
T
A
T
A
T
 
T
G
T
A
A
A
T
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
0
1
0
 
 
 
 
 
 
 
4
0
2
0
 
 
 
 
 
 
 
4
0
3
0
 
 
 
 
 
 
 
4
0
4
0
 
 
 
 
 
 
 
4
0
5
0
 
 
 
 
 
 
 
4
0
6
0
 
 
 
 
 
 
 
4
0
7
0
 
 
 
 
 
 
 
4
0
8
0
 
 
 
 
 
 
 
4
0
9
0

4
1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
T
T
A
G
A
G
G
A
T
 
T
T
G
A
A
A
C
T
G
A
 
T
A
G
G
G
A
G
T
T
T
 
A
T
T
T
T
A
A
C
T
A
 
A
G
A
T
A
A
T
G
C
A
 
G
A
T
G
A
C
G
T
C
A
 
G
T
C
G
C
A
A
T
T
A
 
C
T
G
G
A
T
C
A
T
T
 
A
A
G
A
C
T
A
T
T
T
 
C
C
T
T
C
T
G
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
T
T
A
G
A
G
G
A
T
 
T
T
G
A
A
A
C
T
G
A
 
T
A
G
G
G
A
G
T
T
T
 
A
T
T
T
T
A
A
C
T
A
 
A
G
A
T
A
A
T
G
C
A
 
G
A
T
G
A
C
G
T
C
A
 
G
T
C
G
C
A
A
T
T
A
 
C
T
G
G
A
T
C
A
T
T
 
A
A
G
A
C
T
A
T
T
T
 
C
C
T
T
C
T
G
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
T
T
A
G
A
G
G
A
T
 
T
T
G
A
A
A
C
T
G
A
 
T
A
G
G
G
A
G
T
T
T
 
A
T
T
T
T
A
A
C
T
A
 
A
G
A
T
A
A
T
G
C
A
 
G
A
T
G
A
C
G
T
C
A
 
G
T
C
G
C
A
A
T
T
A
 
C
T
G
G
A
T
C
A
T
T
 
A
A
G
A
C
T
A
T
T
T
 
C
C
T
T
C
T
G
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
1
0
 
 
 
 
 
 
 
4
1
2
0
 
 
 
 
 
 
 
4
1
3
0
 
 
 
 
 
 
 
4
1
4
0
 
 
 
 
 
 
 
4
1
5
0
 
 
 
 
 
 
 
4
1
6
0
 
 
 
 
 
 
 
4
1
7
0
 
 
 
 
 
 
 
4
1
8
0
 
 
 
 
 
 
 
4
1
9
0

4
2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
C
G
T
A
T
T
A
A
C
 
T
A
C
G
A
A
T
T
C
A
 
A
C
A
T
T
T
A
A
A
G
 
T
A
T
T
T
G
A
C
T
C
 
G
G
A
G
G
A
T
T
T
T
 
A
T
T
A
T
A
G
A
G
T
 
A
C
G
G
A
A
C
G
A
C
 
T
G
A
T
G
A
C
G
A
A
 
G
T
A
T
A
T
A
T
A
C
 
A
A
A
G
A
G
C
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
C
G
T
A
T
T
A
A
C
 
T
A
C
G
A
A
T
T
C
A
 
A
C
A
T
T
T
A
A
A
G
 
T
A
T
T
T
G
A
C
T
C
 
G
G
A
G
G
A
T
T
T
T
 
A
T
T
A
T
A
G
A
G
T
 
A
C
G
G
A
A
C
G
A
C
 
T
G
A
T
G
A
C
G
A
A
 
G
T
A
T
A
T
A
T
A
C
 
A
A
A
G
A
G
C
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
C
G
T
A
T
T
A
A
C
 
T
A
C
G
A
A
T
T
C
A
 
A
C
A
T
T
T
A
A
A
G
 
T
A
T
T
T
G
A
C
T
C
 
G
G
A
G
G
A
T
T
T
T
 
A
T
T
A
T
A
G
A
G
T
 
A
C
G
G
A
A
C
G
A
C
 
T
G
A
T
G
A
C
G
A
A
 
G
T
A
T
A
T
A
T
A
C
 
A
A
A
G
A
G
C
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
2
1
0
 
 
 
 
 
 
 
4
2
2
0
 
 
 
 
 
 
 
4
2
3
0
 
 
 
 
 
 
 
4
2
4
0
 
 
 
 
 
 
 
4
2
5
0
 
 
 
 
 
 
 
4
2
6
0
 
 
 
 
 
 
 
4
2
7
0
 
 
 
 
 
 
 
4
2
8
0
 
 
 
 
 
 
 
4
2
9
0

4
3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
T
G
T
C
T
T
T
A
 
T
C
A
A
G
T
C
A
G
A
 
A
A
T
C
A
G
G
A
A
T
 
A
G
C
C
G
A
T
G
A
G
 
A
T
A
G
C
G
G
C
A
T
 
C
A
T
C
A
A
C
A
T
T
 
T
A
A
A
A
A
T
T
A
C
 
G
T
C
A
C
G
A
G
A
C
 
T
A
T
C
T
G
A
A
C
A
 
G
T
T
A
T
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
A
T
G
T
C
T
T
T
A
 
T
C
A
A
G
T
C
A
G
A
 
A
A
T
C
A
G
G
A
A
T
 
A
G
C
C
G
A
T
G
A
G
 
A
T
A
G
C
G
G
C
A
T
 
C
A
T
C
A
A
C
A
T
T
 
T
A
A
A
A
A
T
T
A
C
 
G
T
C
A
C
G
A
G
A
C
 
T
A
T
C
T
G
A
A
C
A
 
G
T
T
A
T
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
A
T
G
T
C
T
T
T
A
 
T
C
A
A
G
T
C
A
G
A
 
A
A
T
C
A
G
G
A
A
T
 
A
G
C
C
G
A
T
G
A
G
 
A
T
A
G
C
G
G
C
A
T
 
C
A
T
C
A
A
C
A
T
T
 
T
A
A
A
A
A
T
T
A
C
 
G
T
C
A
C
G
A
G
A
C
 
T
A
T
C
T
G
A
A
C
A
 
G
T
T
A
T
T
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
3
1
0
 
 
 
 
 
 
 
4
3
2
0
 
 
 
 
 
 
 
4
3
3
0
 
 
 
 
 
 
 
4
3
4
0
 
 
 
 
 
 
 
4
3
5
0
 
 
 
 
 
 
 
4
3
6
0
 
 
 
 
 
 
 
4
3
7
0
 
 
 
 
 
 
 
4
3
8
0
 
 
 
 
 
 
 
4
3
9
0

4
4
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
C
A
A
A
G
A
A
T
A
 
A
T
A
T
A
G
T
G
T
C
 
C
A
G
A
G
G
A
A
T
A
 
G
C
T
T
T
G
A
C
T
G
 
A
A
A
A
A
G
C
G
A
A
 
A
T
T
G
A
A
T
T
C
A
 
T
A
C
G
C
T
C
C
A
A
 
T
A
T
C
G
C
T
T
G
A
 
G
A
A
A
A
G
A
C
G
T
 
G
C
A
C
A
G
A
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
C
A
A
A
G
A
A
T
A
 
A
T
A
T
A
G
T
G
T
C
 
C
A
G
A
G
G
A
A
T
A
 
G
C
T
T
T
G
A
C
T
G
 
A
A
A
A
A
G
C
G
A
A
 
A
T
T
G
A
A
T
T
C
A
 
T
A
C
G
C
T
C
C
A
A
 
T
A
T
C
G
C
T
T
G
A
 
G
A
A
A
A
G
A
C
G
T
 
G
C
A
C
A
G
A
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
C
A
A
A
G
A
A
T
A
 
A
T
A
T
A
G
T
G
T
C
 
C
A
G
A
G
G
A
A
T
A
 
G
C
T
T
T
G
A
C
T
G
 
A
A
A
A
A
G
C
G
A
A
 
A
T
T
G
A
A
T
T
C
A
 
T
A
C
G
C
T
C
C
A
A
 
T
A
T
C
G
C
T
T
G
A
 
G
A
A
A
A
G
A
C
G
T
 
G
C
A
C
A
G
A
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
4
1
0
 
 
 
 
 
 
 
4
4
2
0
 
 
 
 
 
 
 
4
4
3
0
 
 
 
 
 
 
 
4
4
4
0
 
 
 
 
 
 
 
4
4
5
0
 
 
 
 
 
 
 
4
4
6
0
 
 
 
 
 
 
 
4
4
7
0
 
 
 
 
 
 
 
4
4
8
0
 
 
 
 
 
 
 
4
4
9
0

4
5
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
C
A
G
C
T
T
T
A
T
T
 
G
A
C
T
A
T
G
T
T
G
 
C
A
G
A
A
A
C
C
G
G
 
T
C
A
C
T
T
T
C
A
A
 
A
T
C
A
A
G
T
A
A
A
 
A
T
A
A
C
A
A
T
A
A
 
A
T
G
A
C
A
T
A
C
T
 
C
A
G
A
G
A
T
A
T
A
 
A
A
A
C
C
A
T
T
T
T
 
T
T
A
C
A
G
T
A
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
C
A
G
C
T
T
T
A
T
T
 
G
A
C
T
A
T
G
T
T
G
 
C
A
G
A
A
A
C
C
G
G
 
T
C
A
C
T
T
T
C
A
A
 
A
T
C
A
A
G
T
A
A
A
 
A
T
A
A
C
A
A
T
A
A
 
A
T
G
A
C
A
T
A
C
T
 
C
A
G
A
G
A
T
A
T
A
 
A
A
A
C
C
A
T
T
T
T
 
T
T
A
C
A
G
T
A
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
C
A
G
C
T
T
T
A
T
T
 
G
A
C
T
A
T
G
T
T
G
 
C
A
G
A
A
A
C
C
G
G
 
T
C
A
C
T
T
T
C
A
A
 
A
T
C
A
A
G
T
A
A
A
 
A
T
A
A
C
A
A
T
A
A
 
A
T
G
A
C
A
T
A
C
T
 
C
A
G
A
G
A
T
A
T
A
 
A
A
A
C
C
A
T
T
T
T
 
T
T
A
C
A
G
T
A
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
5
1
0
 
 
 
 
 
 
 
4
5
2
0
 
 
 
 
 
 
 
4
5
3
0
 
 
 
 
 
 
 
4
5
4
0
 
 
 
 
 
 
 
4
5
5
0
 
 
 
 
 
 
 
4
5
6
0
 
 
 
 
 
 
 
4
5
7
0
 
 
 
 
 
 
 
4
5
8
0
 
 
 
 
 
 
 
4
5
9
0

4
6
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
G
A
T
G
C
A
C
A
C
 
T
T
A
C
C
T
A
T
A
C
 
A
A
T
A
C
C
A
A
A
A
 
A
T
T
T
A
T
G
C
C
A
 
A
C
T
T
T
G
C
C
A
G
 
A
T
A
A
C
G
T
A
C
A
 
G
T
A
T
A
T
A
A
T
T
 
C
A
A
T
G
T
A
T
A
G
 
G
A
T
C
C
A
G
A
A
C
 
T
T
A
T
C
A
A
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
G
A
T
G
C
A
C
A
C
 
T
T
A
C
C
T
A
T
A
C
 
A
A
T
A
C
C
A
A
A
A
 
A
T
T
T
A
T
G
C
C
A
 
A
C
T
T
T
G
C
C
A
G
 
A
T
A
A
C
G
T
A
C
A
 
G
T
A
T
A
T
A
A
T
T
 
C
A
A
T
G
T
A
T
A
G
 
G
A
T
C
C
A
G
A
A
C
 
T
T
A
T
C
A
A
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
G
A
T
G
C
A
C
A
C
 
T
T
A
C
C
T
A
T
A
C
 
A
A
T
A
C
C
A
A
A
A
 
A
T
T
T
A
T
G
C
C
A
 
A
C
T
T
T
G
C
C
A
G
 
A
T
A
A
C
G
T
A
C
A
 
G
T
A
T
A
T
A
A
T
T
 
C
A
A
T
G
T
A
T
A
G
 
G
A
T
C
C
A
G
A
A
C
 
T
T
A
T
C
A
A
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
6
1
0
 
 
 
 
 
 
 
4
6
2
0
 
 
 
 
 
 
 
4
6
3
0
 
 
 
 
 
 
 
4
6
4
0
 
 
 
 
 
 
 
4
6
5
0
 
 
 
 
 
 
 
4
6
6
0
 
 
 
 
 
 
 
4
6
7
0
 
 
 
 
 
 
 
4
6
8
0
 
 
 
 
 
 
 
4
6
9
0

4
7
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
G
A
A
G
A
T
G
A
C
G
 
G
T
T
C
G
A
A
G
T
C
 
A
G
C
C
A
T
A
T
C
T
 
A
G
A
C
T
A
A
T
A
T
 
C
A
A
A
G
T
A
T
T
C
 
A
G
T
T
T
A
T
A
A
G
 
C
C
A
T
C
A
A
T
T
G
 
A
A
G
A
A
T
T
G
T
A
 
T
A
A
A
G
T
G
A
T
T
 
T
C
A
T
T
G
C
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
A
A
G
A
T
G
A
C
G
 
G
T
T
C
G
A
A
G
T
C
 
A
G
C
C
A
T
A
T
C
T
 
A
G
A
C
T
A
A
T
A
T
 
C
A
A
A
G
T
A
T
T
C
 
A
G
T
T
T
A
T
A
A
G
 
C
C
A
T
C
A
A
T
T
G
 
A
A
G
A
A
T
T
G
T
A
 
T
A
A
A
G
T
G
A
T
T
 
T
C
A
T
T
G
C
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
A
A
G
A
T
G
A
C
G
 
G
T
T
C
G
A
A
G
T
C
 
A
G
C
C
A
T
A
T
C
T
 
A
G
A
C
T
A
A
T
A
T
 
C
A
A
A
G
T
A
T
T
C
 
A
G
T
T
T
A
T
A
A
G
 
C
C
A
T
C
A
A
T
T
G
 
A
A
G
A
A
T
T
G
T
A
 
T
A
A
A
G
T
G
A
T
T
 
T
C
A
T
T
G
C
A
T
G
 

217 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
7
1
0
 
 
 
 
 
 
 
4
7
2
0
 
 
 
 
 
 
 
4
7
3
0
 
 
 
 
 
 
 
4
7
4
0
 
 
 
 
 
 
 
4
7
5
0
 
 
 
 
 
 
 
4
7
6
0
 
 
 
 
 
 
 
4
7
7
0
 
 
 
 
 
 
 
4
7
8
0
 
 
 
 
 
 
 
4
7
9
0

4
8
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
A
A
A
C
G
A
A
A
T
 
A
C
A
A
T
T
A
T
A
T
 
C
T
G
A
T
T
T
C
A
T
 
T
A
G
G
A
A
T
A
C
C
 
G
A
A
A
A
T
A
G
A
C
 
G
C
T
G
A
C
A
C
G
T
 
A
T
G
T
T
G
G
A
T
C
 
A
A
A
G
A
T
T
T
A
T
 
T
C
T
C
A
A
G
A
T
A
 
A
G
T
A
T
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
A
A
A
C
G
A
A
A
T
 
A
C
A
A
T
T
A
T
A
T
 
C
T
G
A
T
T
T
C
A
T
 
T
A
G
G
A
A
T
A
C
C
 
G
A
A
A
A
T
A
G
A
C
 
G
C
T
G
A
C
A
C
G
T
 
A
T
G
T
T
G
G
A
T
C
 
A
A
A
G
A
T
T
T
A
T
 
T
C
T
C
A
A
G
A
T
A
 
A
G
T
A
T
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
A
A
A
C
G
A
A
A
T
 
A
C
A
A
T
T
A
T
A
T
 
C
T
G
A
T
T
T
C
A
T
 
T
A
G
G
A
A
T
A
C
C
 
G
A
A
A
A
T
A
G
A
C
 
G
C
T
G
A
C
A
C
G
T
 
A
T
G
T
T
G
G
A
T
C
 
A
A
A
G
A
T
T
T
A
T
 
T
C
T
C
A
A
G
A
T
A
 
A
G
T
A
T
A
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
8
1
0
 
 
 
 
 
 
 
4
8
2
0
 
 
 
 
 
 
 
4
8
3
0
 
 
 
 
 
 
 
4
8
4
0
 
 
 
 
 
 
 
4
8
5
0
 
 
 
 
 
 
 
4
8
6
0
 
 
 
 
 
 
 
4
8
7
0
 
 
 
 
 
 
 
4
8
8
0
 
 
 
 
 
 
 
4
8
9
0

4
9
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
A
C
T
A
G
A
A
T
C
A
 
T
A
C
G
T
G
T
A
C
A
 
A
T
T
T
A
T
T
G
T
C
 
C
A
T
T
A
A
T
T
A
T
 
G
G
A
T
G
C
T
A
T
C
 
A
A
T
T
A
T
T
T
G
A
 
T
T
T
C
A
A
T
T
C
A
 
C
C
G
G
A
C
T
T
G
G
 
A
G
A
A
G
C
T
G
A
T
 
A
A
G
A
A
T
A
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
A
C
T
A
G
A
A
T
C
A
 
T
A
C
G
T
G
T
A
C
A
 
A
T
T
T
A
T
T
G
T
C
 
C
A
T
T
A
A
T
T
A
T
 
G
G
A
T
G
C
T
A
T
C
 
A
A
T
T
A
T
T
T
G
A
 
T
T
T
C
A
A
T
T
C
A
 
C
C
G
G
A
C
T
T
G
G
 
A
G
A
A
G
C
T
G
A
T
 
A
A
G
A
A
T
A
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
A
C
T
A
G
A
A
T
C
A
 
T
A
C
G
T
G
T
A
C
A
 
A
T
T
T
A
T
T
G
T
C
 
C
A
T
T
A
A
T
T
A
T
 
G
G
A
T
G
C
T
A
T
C
 
A
A
T
T
A
T
T
T
G
A
 
T
T
T
C
A
A
T
T
C
A
 
C
C
G
G
A
C
T
T
G
G
 
A
G
A
A
G
C
T
G
A
T
 
A
A
G
A
A
T
A
C
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
9
1
0
 
 
 
 
 
 
 
4
9
2
0
 
 
 
 
 
 
 
4
9
3
0
 
 
 
 
 
 
 
4
9
4
0
 
 
 
 
 
 
 
4
9
5
0
 
 
 
 
 
 
 
4
9
6
0
 
 
 
 
 
 
 
4
9
7
0
 
 
 
 
 
 
 
4
9
8
0
 
 
 
 
 
 
 
4
9
9
0

5
0
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
T
A
A
G
G
G
A
A
 
A
A
A
T
A
C
C
A
G
C
 
T
G
T
T
A
C
A
T
T
C
 
A
T
A
T
T
A
C
A
C
T
 
T
A
T
A
T
G
C
A
A
A
 
G
C
T
A
G
A
A
G
T
T
 
A
T
A
A
A
C
T
A
C
G
 
C
T
A
T
A
A
A
A
A
A
 
T
G
G
T
T
C
A
T
G
G
 
A
T
A
A
G
C
C
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
T
A
A
G
G
G
A
A
 
A
A
A
T
A
C
C
A
G
C
 
T
G
T
T
A
C
A
T
T
C
 
A
T
A
T
T
A
C
A
C
T
 
T
A
T
A
T
G
C
A
A
A
 
G
C
T
A
G
A
A
G
T
T
 
A
T
A
A
A
C
T
A
C
G
 
C
T
A
T
A
A
A
A
A
A
 
T
G
G
T
T
C
A
T
G
G
 
A
T
A
A
G
C
C
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
T
A
A
G
G
G
A
A
 
A
A
A
T
A
C
C
A
G
C
 
T
G
T
T
A
C
A
T
T
C
 
A
T
A
T
T
A
C
A
C
T
 
T
A
T
A
T
G
C
A
A
A
 
G
C
T
A
G
A
A
G
T
T
 
A
T
A
A
A
C
T
A
C
G
 
C
T
A
T
A
A
A
A
A
A
 
T
G
G
T
T
C
A
T
G
G
 
A
T
A
A
G
C
C
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
0
1
0
 
 
 
 
 
 
 
5
0
2
0
 
 
 
 
 
 
 
5
0
3
0
 
 
 
 
 
 
 
5
0
4
0
 
 
 
 
 
 
 
5
0
5
0
 
 
 
 
 
 
 
5
0
6
0
 
 
 
 
 
 
 
5
0
7
0
 
 
 
 
 
 
 
5
0
8
0
 
 
 
 
 
 
 
5
0
9
0

5
1
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
T
G
C
A
A
T
T
A
 
C
C
C
T
A
A
A
T
C
A
 
G
A
A
A
T
G
A
T
A
A
 
A
A
T
T
A
T
G
G
A
A
 
G
A
A
G
A
T
G
T
G
G
 
A
A
C
A
T
C
A
C
G
T
 
C
A
T
T
A
C
G
T
T
C
 
G
C
C
G
T
A
C
A
C
T
 
A
A
C
G
C
G
A
A
C
T
 
T
C
T
T
T
C
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
T
G
C
A
A
T
T
A
 
C
C
C
T
A
A
A
T
C
A
 
G
A
A
A
T
G
A
T
A
A
 
A
A
T
T
A
T
G
G
A
A
 
G
A
A
G
A
T
G
T
G
G
 
A
A
C
A
T
C
A
C
G
T
 
C
A
T
T
A
C
G
T
T
C
 
G
C
C
G
T
A
C
A
C
T
 
A
A
C
G
C
G
A
A
C
T
 
T
C
T
T
T
C
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
T
G
C
A
A
T
T
A
 
C
C
C
T
A
A
A
T
C
A
 
G
A
A
A
T
G
A
T
A
A
 
A
A
T
T
A
T
G
G
A
A
 
G
A
A
G
A
T
G
T
G
G
 
A
A
C
A
T
C
A
C
G
T
 
C
A
T
T
A
C
G
T
T
C
 
G
C
C
G
T
A
C
A
C
T
 
A
A
C
G
C
G
A
A
C
T
 
T
C
T
T
T
C
A
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
1
0
 
 
 
 
 
 
 
5
1
2
0
 
 
 
 
 
 
 
5
1
3
0
 
 
 
 
 
 
 
5
1
4
0
 
 
 
 
 
 
 
5
1
5
0
 
 
 
 
 
 
 
5
1
6
0
 
 
 
 
 
 
 
5
1
7
0
 
 
 
 
 
 
 
5
1
8
0
 
 
 
 
 
 
 
5
1
9
0

5
2
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
T
T
A
G
A
A
C
G
C
T
 
T
A
G
A
T
G
T
G
A
C
 
C
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
T
A
G
A
A
C
G
C
T
 
T
A
G
A
T
G
T
G
A
C
 
C
G
G
C
C
G
G
C
A
T
 
G
G
T
C
C
C
A
G
C
C
 
T
C
C
T
C
G
C
T
G
G
 
C
G
C
C
G
G
C
T
G
G
 
G
C
A
A
C
A
T
T
C
C
 
G
A
G
G
G
G
A
C
C
G
 
T
C
C
C
C
T
C
G
G
T
 
A
A
T
G
G
C
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
T
A
G
A
A
C
G
C
T
 
T
A
G
A
T
G
T
G
A
C
 
C
G
G
C
C
G
G
C
A
T
 
G
G
T
C
C
C
A
G
C
C
 
T
C
C
T
C
G
C
T
G
G
 
C
G
C
C
G
G
C
T
G
G
 
G
C
A
A
C
A
T
T
C
C
 
G
A
G
G
G
G
A
C
C
G
 
T
C
C
C
C
T
C
G
G
T
 
A
A
T
G
G
C
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
2
1
0
 
 
 
 
 
 
 
5
2
2
0
 
 
 
 
 
 
 
5
2
3
0
 
 
 
 
 
 
 
5
2
4
0
 
 
 
 
 
 
 
5
2
5
0
 
 
 
 
 
 
 
5
2
6
0
 
 
 
 
 
 
 
5
2
7
0
 
 
 
 
 
 
 
5
2
8
0
 
 
 
 
 
 
 
5
2
9
0

5
3
0
0

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
G
G
G
A
C
G
G
A
T
C
 
C
G
G
C
T
G
C
T
A
A
 
C
A
A
A
G
C
C
C
G
A
 
A
A
G
G
A
A
G
C
T
G
 
A
G
T
T
G
G
C
T
G
C
 
T
G
C
C
A
C
C
G
C
T
 
G
A
G
C
A
A
T
A
A
C
 
T
A
G
C
A
T
A
A
C
C
 
C
C
T
T
G
G
G
G
C
C
 
T
C
T
A
A
A
C
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
G
G
G
A
C
G
G
A
T
C
 
C
G
G
C
T
G
C
T
A
A
 
C
A
A
A
G
C
C
C
G
A
 
A
A
G
G
A
A
G
C
T
G
 
A
G
T
T
G
G
C
T
G
C
 
T
G
C
C
A
C
C
G
C
T
 
G
A
G
C
A
A
T
A
A
C
 
T
A
G
C
A
T
A
A
C
C
 
C
C
T
T
G
G
G
G
C
C
 
T
C
T
A
A
A
C
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
3
1
0

5
3
2
0
 

SA
11
-N
5_
GS
1(
VP
1)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 r
ef
er
en

 
 
 
T
C
T
T
G
A
G
G
G
G
 
T
T
T
T
T
T
G
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
 N
GS

 
 
 
T
C
T
T
G
A
G
G
G
G
 
T
T
T
T
T
T
G
G
A
T
 

218 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
2
(
V
P
2
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

219 



pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

220 



SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
A
T
T
A
A
A
G
 
G
C
T
C
A
A
T
G
G
C
 
G
T
A
T
C
G
A
A
A
A
 
C
G
T
G
G
A
G
C
G
C
 
G
T
C
G
T
G
A
G
A
C
 
G
A
A
T
C
T
A
A
A
A
 
C
A
A
G
A
T
G
A
A
C
 
G
A
A
T
G
C
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
G
C
T
C
A
A
T
G
G
C
 
G
T
A
T
C
G
A
A
A
A
 
C
G
T
G
G
A
G
C
G
C
 
G
T
C
G
T
G
A
G
A
C
 
G
A
A
T
C
T
A
A
A
A
 
C
A
A
G
A
T
G
A
A
C
 
G
A
A
T
G
C
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
G
C
T
C
A
A
T
G
G
C
 
G
T
A
T
C
G
A
A
A
A
 
C
G
T
G
G
A
G
C
G
C
 
G
T
C
G
T
G
A
G
A
C
 
G
A
A
T
C
T
A
A
A
A
 
C
A
A
G
A
T
G
A
A
C
 
G
A
A
T
G
C
A
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
A
A
G
A
A
G
A
T
 
A
G
C
A
A
G
A
A
C
A
 
T
T
A
A
T
A
A
T
G
A
 
C
A
G
T
C
C
T
A
A
A
 
T
C
A
C
A
A
T
T
A
T
 
C
A
G
A
A
A
A
A
G
T
 
A
T
T
A
T
C
T
A
A
G
 
A
A
A
G
A
A
G
A
G
A
 
T
A
A
T
T
A
C
A
G
A
 
T
A
A
T
C
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
A
A
A
G
A
A
G
A
T
 
A
G
C
A
A
G
A
A
C
A
 
T
T
A
A
T
A
A
T
G
A
 
C
A
G
T
C
C
T
A
A
A
 
T
C
A
C
A
A
T
T
A
T
 
C
A
G
A
A
A
A
A
G
T
 
A
T
T
A
T
C
T
A
A
G
 
A
A
A
G
A
A
G
A
G
A
 
T
A
A
T
T
A
C
A
G
A
 
T
A
A
T
C
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
A
A
A
G
A
A
G
A
T
 
A
G
C
A
A
G
A
A
C
A
 
T
T
A
A
T
A
A
T
G
A
 
C
A
G
T
C
C
T
A
A
A
 
T
C
A
C
A
A
T
T
A
T
 
C
A
G
A
A
A
A
A
G
T
 
A
T
T
A
T
C
T
A
A
G
 
A
A
A
G
A
A
G
A
G
A
 
T
A
A
T
T
A
C
A
G
A
 
T
A
A
T
C
A
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
A
G
T
T
A
A
G
A
 
T
A
T
C
T
G
A
T
G
A
 
G
G
T
A
A
A
A
A
A
A
 
T
C
T
A
A
T
A
A
A
G
 
A
A
G
A
A
T
C
G
A
A
 
A
C
A
G
T
T
G
T
T
A
 
G
A
A
G
T
A
C
T
T
A
 
A
A
A
C
A
A
A
A
G
A
 
G
G
A
A
C
A
T
C
A
A
 
A
A
A
G
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
A
A
G
T
T
A
A
G
A
 
T
A
T
C
T
G
A
T
G
A
 
G
G
T
A
A
A
A
A
A
A
 
T
C
T
A
A
T
A
A
A
G
 
A
A
G
A
A
T
C
G
A
A
 
A
C
A
G
T
T
G
T
T
A
 
G
A
A
G
T
A
C
T
T
A
 
A
A
A
C
A
A
A
A
G
A
 
G
G
A
A
C
A
T
C
A
A
 
A
A
A
G
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
A
A
G
T
T
A
A
G
A
 
T
A
T
C
T
G
A
T
G
A
 
G
G
T
A
A
A
A
A
A
A
 
T
C
T
A
A
T
A
A
A
G
 
A
A
G
A
A
T
C
G
A
A
 
A
C
A
G
T
T
G
T
T
A
 
G
A
A
G
T
A
C
T
T
A
 
A
A
A
C
A
A
A
A
G
A
 
G
G
A
A
C
A
T
C
A
A
 
A
A
A
G
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
T
A
T
G
A
A
A
T
 
A
T
T
A
C
A
A
A
A
A
 
A
C
T
A
T
C
C
C
T
A
 
C
A
T
T
T
G
A
A
C
C
 
A
A
A
A
G
A
G
T
C
A
 
A
T
A
C
T
C
A
A
A
A
 
A
A
T
T
A
G
A
A
G
A
 
C
A
T
A
A
A
A
C
C
A
 
G
A
A
C
A
A
G
C
A
A
 
A
G
A
A
A
C
A
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
G
T
A
T
G
A
A
A
T
 
A
T
T
A
C
A
A
A
A
A
 
A
C
T
A
T
C
C
C
T
A
 
C
A
T
T
T
G
A
A
C
C
 
A
A
A
A
G
A
G
T
C
A
 
A
T
A
C
T
C
A
A
A
A
 
A
A
T
T
A
G
A
A
G
A
 
C
A
T
A
A
A
A
C
C
A
 
G
A
A
C
A
A
G
C
A
A
 
A
G
A
A
A
C
A
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
G
T
A
T
G
A
A
A
T
 
A
T
T
A
C
A
A
A
A
A
 
A
C
T
A
T
C
C
C
T
A
 
C
A
T
T
T
G
A
A
C
C
 
A
A
A
A
G
A
G
T
C
A
 
A
T
A
C
T
C
A
A
A
A
 
A
A
T
T
A
G
A
A
G
A
 
C
A
T
A
A
A
A
C
C
A
 
G
A
A
C
A
A
G
C
A
A
 
A
G
A
A
A
C
A
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
A
A
C
T
G
T
T
T
 
C
G
A
A
T
A
T
T
T
G
 
A
A
C
C
G
A
A
A
C
A
 
A
T
T
G
C
C
T
A
T
T
 
T
A
T
A
G
A
G
C
T
A
 
A
T
G
G
A
G
A
A
A
G
 
A
G
A
G
C
T
T
C
G
T
 
A
A
T
A
G
A
T
G
G
T
 
A
T
T
G
G
A
A
A
T
T
 
G
A
A
A
C
G
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
A
A
A
C
T
G
T
T
T
 
C
G
A
A
T
A
T
T
T
G
 
A
A
C
C
G
A
A
A
C
A
 
A
T
T
G
C
C
T
A
T
T
 
T
A
T
A
G
A
G
C
T
A
 
A
T
G
G
A
G
A
A
A
G
 
A
G
A
G
C
T
T
C
G
T
 
A
A
T
A
G
A
T
G
G
T
 
A
T
T
G
G
A
A
A
T
T
 
G
A
A
A
C
G
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
A
A
A
C
T
G
T
T
T
 
C
G
A
A
T
A
T
T
T
G
 
A
A
C
C
G
A
A
A
C
A
 
A
T
T
G
C
C
T
A
T
T
 
T
A
T
A
G
A
G
C
T
A
 
A
T
G
G
A
G
A
A
A
G
 
A
G
A
G
C
T
T
C
G
T
 
A
A
T
A
G
A
T
G
G
T
 
A
T
T
G
G
A
A
A
T
T
 
G
A
A
A
C
G
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

221 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
C
T
C
T
T
C
C
T
G
 
A
T
G
G
A
G
A
T
T
A
 
T
G
A
T
G
T
T
A
G
A
 
G
A
G
T
A
T
T
T
T
T
 
T
A
A
A
T
T
T
A
T
A
 
T
G
A
T
C
A
A
G
T
A
 
T
T
A
A
T
G
G
A
A
A
 
T
G
C
C
G
G
A
T
T
A
 
T
C
T
A
T
T
A
C
T
T
 
A
A
A
G
A
T
A
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
C
T
C
T
T
C
C
T
G
 
A
T
G
G
A
G
A
T
T
A
 
T
G
A
T
G
T
T
A
G
A
 
G
A
G
T
A
T
T
T
T
T
 
T
A
A
A
T
T
T
A
T
A
 
T
G
A
T
C
A
A
G
T
A
 
T
T
A
A
T
G
G
A
A
A
 
T
G
C
C
G
G
A
T
T
A
 
T
C
T
A
T
T
A
C
T
T
 
A
A
A
G
A
T
A
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
C
T
C
T
T
C
C
T
G
 
A
T
G
G
A
G
A
T
T
A
 
T
G
A
T
G
T
T
A
G
A
 
G
A
G
T
A
T
T
T
T
T
 
T
A
A
A
T
T
T
A
T
A
 
T
G
A
T
C
A
A
G
T
A
 
T
T
A
A
T
G
G
A
A
A
 
T
G
C
C
G
G
A
T
T
A
 
T
C
T
A
T
T
A
C
T
T
 
A
A
A
G
A
T
A
T
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
T
G
T
A
G
A
G
A
A
 
T
A
A
A
A
A
T
T
C
A
 
A
G
G
G
A
T
G
C
T
G
 
G
C
A
A
A
G
T
A
G
T
 
T
G
A
T
T
C
T
G
A
A
 
A
C
A
G
C
C
G
C
A
A
 
T
A
T
G
C
G
A
T
G
C
 
T
A
T
T
T
T
T
C
A
A
 
G
A
T
G
A
A
G
A
A
A
 
C
C
G
A
A
G
G
T
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
T
G
T
A
G
A
G
A
A
 
T
A
A
A
A
A
T
T
C
A
 
A
G
G
G
A
T
G
C
T
G
 
G
C
A
A
A
G
T
A
G
T
 
T
G
A
T
T
C
T
G
A
A
 
A
C
A
G
C
C
G
C
A
A
 
T
A
T
G
C
G
A
T
G
C
 
T
A
T
T
T
T
T
C
A
A
 
G
A
T
G
A
A
G
A
A
A
 
C
C
G
A
A
G
G
T
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
T
G
T
A
G
A
G
A
A
 
T
A
A
A
A
A
T
T
C
A
 
A
G
G
G
A
T
G
C
T
G
 
G
C
A
A
A
G
T
A
G
T
 
T
G
A
T
T
C
T
G
A
A
 
A
C
A
G
C
C
G
C
A
A
 
T
A
T
G
C
G
A
T
G
C
 
T
A
T
T
T
T
T
C
A
A
 
G
A
T
G
A
A
G
A
A
A
 
C
C
G
A
A
G
G
T
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
G
T
A
A
G
A
A
G
A
 
T
T
C
A
T
A
G
C
T
G
 
A
G
A
T
G
A
G
A
C
A
 
A
C
G
A
G
T
T
C
A
A
 
G
C
T
G
A
T
C
G
A
A
 
A
T
G
T
A
G
T
C
A
A
 
T
T
A
T
C
C
A
T
C
T
 
A
T
A
T
T
G
C
A
T
C
 
C
A
A
T
T
G
A
C
C
A
 
T
G
C
G
T
T
T
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
G
T
A
A
G
A
A
G
A
 
T
T
C
A
T
A
G
C
T
G
 
A
G
A
T
G
A
G
A
C
A
 
A
C
G
A
G
T
T
C
A
A
 
G
C
T
G
A
T
C
G
A
A
 
A
T
G
T
A
G
T
C
A
A
 
T
T
A
T
C
C
A
T
C
T
 
A
T
A
T
T
G
C
A
T
C
 
C
A
A
T
T
G
A
C
C
A
 
T
G
C
G
T
T
T
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
G
T
A
A
G
A
A
G
A
 
T
T
C
A
T
A
G
C
T
G
 
A
G
A
T
G
A
G
A
C
A
 
A
C
G
A
G
T
T
C
A
A
 
G
C
T
G
A
T
C
G
A
A
 
A
T
G
T
A
G
T
C
A
A
 
T
T
A
T
C
C
A
T
C
T
 
A
T
A
T
T
G
C
A
T
C
 
C
A
A
T
T
G
A
C
C
A
 
T
G
C
G
T
T
T
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
A
T
A
C
T
T
C
T
 
T
A
C
A
A
C
A
T
C
A
 
G
T
T
G
G
T
A
G
A
A
 
C
C
A
T
T
A
A
A
T
A
 
A
T
G
A
T
A
T
C
A
T
 
T
T
T
C
A
A
T
T
A
C
 
A
T
A
C
C
A
G
A
G
A
 
G
A
A
T
A
A
G
A
A
A
 
T
G
A
T
G
T
C
A
A
C
 
T
A
T
A
T
A
T
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
A
A
T
A
C
T
T
C
T
 
T
A
C
A
A
C
A
T
C
A
 
G
T
T
G
G
T
A
G
A
A
 
C
C
A
T
T
A
A
A
T
A
 
A
T
G
A
T
A
T
C
A
T
 
T
T
T
C
A
A
T
T
A
C
 
A
T
A
C
C
A
G
A
G
A
 
G
A
A
T
A
A
G
A
A
A
 
T
G
A
T
G
T
C
A
A
C
 
T
A
T
A
T
A
T
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
A
A
T
A
C
T
T
C
T
 
T
A
C
A
A
C
A
T
C
A
 
G
T
T
G
G
T
A
G
A
A
 
C
C
A
T
T
A
A
A
T
A
 
A
T
G
A
T
A
T
C
A
T
 
T
T
T
C
A
A
T
T
A
C
 
A
T
A
C
C
A
G
A
G
A
 
G
A
A
T
A
A
G
A
A
A
 
T
G
A
T
G
T
C
A
A
C
 
T
A
T
A
T
A
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
G
A
C
A
G
 
G
A
A
T
T
T
A
C
C
G
 
T
C
T
A
C
T
G
C
T
A
 
G
A
T
A
T
A
T
C
A
G
 
A
C
C
A
A
A
C
T
T
G
 
C
T
A
C
A
A
G
A
T
A
 
G
G
T
T
A
A
A
T
T
T
 
A
C
A
T
G
A
T
A
A
T
 
T
T
T
G
A
G
T
C
A
C
 
T
C
T
G
G
G
A
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
G
A
C
A
G
 
G
A
A
T
T
T
A
C
C
G
 
T
C
T
A
C
T
G
C
T
A
 
G
A
T
A
T
A
T
C
A
G
 
A
C
C
A
A
A
C
T
T
G
 
C
T
A
C
A
A
G
A
T
A
 
G
G
T
T
A
A
A
T
T
T
 
A
C
A
T
G
A
T
A
A
T
 
T
T
T
G
A
G
T
C
A
C
 
T
C
T
G
G
G
A
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
T
A
T
G
G
A
C
A
G
 
G
A
A
T
T
T
A
C
C
G
 
T
C
T
A
C
T
G
C
T
A
 
G
A
T
A
T
A
T
C
A
G
 
A
C
C
A
A
A
C
T
T
G
 
C
T
A
C
A
A
G
A
T
A
 
G
G
T
T
A
A
A
T
T
T
 
A
C
A
T
G
A
T
A
A
T
 
T
T
T
G
A
G
T
C
A
C
 
T
C
T
G
G
G
A
T
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
T
A
A
C
T
A
C
A
 
T
C
T
A
A
T
T
A
T
A
 
T
T
T
T
A
G
C
A
A
G
 
A
T
C
T
G
T
G
G
T
G
 
C
C
A
G
A
C
C
T
A
A
 
A
A
G
A
A
T
T
A
G
T
 
A
T
C
T
A
C
T
G
A
G
 
G
C
A
C
A
A
A
T
C
C
 
A
G
A
A
A
A
T
G
T
C
 
A
C
A
A
G
A
T
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
A
T
A
A
C
T
A
C
A
 
T
C
T
A
A
T
T
A
T
A
 
T
T
T
T
A
G
C
A
A
G
 
A
T
C
T
G
T
G
G
T
G
 
C
C
A
G
A
C
C
T
A
A
 
A
A
G
A
A
T
T
A
G
T
 
A
T
C
T
A
C
T
G
A
G
 
G
C
A
C
A
A
A
T
C
C
 
A
G
A
A
A
A
T
G
T
C
 
A
C
A
A
G
A
T
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
A
T
A
A
C
T
A
C
A
 
T
C
T
A
A
T
T
A
T
A
 
T
T
T
T
A
G
C
A
A
G
 
A
T
C
T
G
T
G
G
T
G
 
C
C
A
G
A
C
C
T
A
A
 
A
A
G
A
A
T
T
A
G
T
 
A
T
C
T
A
C
T
G
A
G
 
G
C
A
C
A
A
A
T
C
C
 
A
G
A
A
A
A
T
G
T
C
 
A
C
A
A
G
A
T
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
A
A
T
T
G
G
A
A
G
 
C
T
T
T
G
A
C
A
A
T
 
A
C
A
A
T
C
A
G
A
G
 
A
C
T
C
A
G
T
T
T
T
 
T
A
A
C
A
G
G
T
A
T
 
A
A
A
C
T
C
A
C
A
A
 
G
C
C
G
C
T
A
A
T
G
 
A
T
T
G
T
T
T
T
A
A
 
A
A
C
T
T
T
G
A
T
T
 
G
C
T
G
C
T
A
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
A
A
T
T
G
G
A
A
G
 
C
T
T
T
G
A
C
A
A
T
 
A
C
A
A
T
C
A
G
A
G
 
A
C
T
C
A
G
T
T
T
T
 
T
A
A
C
A
G
G
T
A
T
 
A
A
A
C
T
C
A
C
A
A
 
G
C
C
G
C
T
A
A
T
G
 
A
T
T
G
T
T
T
T
A
A
 
A
A
C
T
T
T
G
A
T
T
 
G
C
T
G
C
T
A
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
A
A
T
T
G
G
A
A
G
 
C
T
T
T
G
A
C
A
A
T
 
A
C
A
A
T
C
A
G
A
G
 
A
C
T
C
A
G
T
T
T
T
 
T
A
A
C
A
G
G
T
A
T
 
A
A
A
C
T
C
A
C
A
A
 
G
C
C
G
C
T
A
A
T
G
 
A
T
T
G
T
T
T
T
A
A
 
A
A
C
T
T
T
G
A
T
T
 
G
C
T
G
C
T
A
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
G
A
G
T
C
A
G
A
G
 
A
A
C
C
A
T
G
T
C
A
 
T
T
A
G
A
T
T
T
C
G
 
T
A
A
C
G
A
C
A
A
A
 
T
T
A
C
A
T
G
T
C
A
 
C
T
T
A
T
T
T
C
A
G
 
G
C
A
T
G
T
G
G
T
T
 
A
C
T
C
A
C
T
G
T
G
 
A
T
T
C
C
A
A
A
T
G
 
A
T
A
T
G
T
T
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
G
A
G
T
C
A
G
A
G
 
A
A
C
C
A
T
G
T
C
A
 
T
T
A
G
A
T
T
T
C
G
 
T
A
A
C
G
A
C
A
A
A
 
T
T
A
C
A
T
G
T
C
A
 
C
T
T
A
T
T
T
C
A
G
 
G
C
A
T
G
T
G
G
T
T
 
A
C
T
C
A
C
T
G
T
G
 
A
T
T
C
C
A
A
A
T
G
 
A
T
A
T
G
T
T
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
G
A
G
T
C
A
G
A
G
 
A
A
C
C
A
T
G
T
C
A
 
T
T
A
G
A
T
T
T
C
G
 
T
A
A
C
G
A
C
A
A
A
 
T
T
A
C
A
T
G
T
C
A
 
C
T
T
A
T
T
T
C
A
G
 
G
C
A
T
G
T
G
G
T
T
 
A
C
T
C
A
C
T
G
T
G
 
A
T
T
C
C
A
A
A
T
G
 
A
T
A
T
G
T
T
T
A
T
 

222



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0

3
1
9
0
 
 
 
 
 
 
 
3
2
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
G
A
G
A
A
T
C
A
 
T
T
A
G
T
A
G
C
A
T
 
G
T
C
A
A
C
T
A
G
C
 
C
A
T
A
A
T
A
A
A
T
 
A
C
C
A
T
T
G
T
T
T
 
A
T
C
C
G
G
C
A
T
T
 
C
G
G
A
A
T
G
C
A
A
 
A
G
A
A
T
G
C
A
T
T
 
A
T
A
G
G
A
A
T
G
G
 
T
G
A
T
C
C
A
C
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
A
G
A
G
A
A
T
C
A
 
T
T
A
G
T
A
G
C
A
T
 
G
T
C
A
A
C
T
A
G
C
 
C
A
T
A
A
T
A
A
A
T
 
A
C
C
A
T
T
G
T
T
T
 
A
T
C
C
G
G
C
A
T
T
 
C
G
G
A
A
T
G
C
A
A
 
A
G
A
A
T
G
C
A
T
T
 
A
T
A
G
G
A
A
T
G
G
 
T
G
A
T
C
C
A
C
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
A
G
A
G
A
A
T
C
A
 
T
T
A
G
T
A
G
C
A
T
 
G
T
C
A
A
C
T
A
G
C
 
C
A
T
A
A
T
A
A
A
T
 
A
C
C
A
T
T
G
T
T
T
 
A
T
C
C
G
G
C
A
T
T
 
C
G
G
A
A
T
G
C
A
A
 
A
G
A
A
T
G
C
A
T
T
 
A
T
A
G
G
A
A
T
G
G
 
T
G
A
T
C
C
A
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0

3
2
9
0
 
 
 
 
 
 
 
3
3
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
C
T
C
C
C
T
T
T
C
 
A
A
A
T
T
G
C
A
G
A
 
G
C
A
A
C
A
G
A
T
T
 
C
A
A
A
A
T
T
T
T
C
 
A
G
G
T
A
G
C
T
A
A
 
T
T
G
G
T
T
A
C
A
T
 
T
T
T
G
T
T
A
A
T
T
 
A
T
A
A
T
C
A
G
T
T
 
T
A
G
A
C
A
A
G
T
A
 
G
T
G
A
T
T
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
C
T
C
C
C
T
T
T
C
 
A
A
A
T
T
G
C
A
G
A
 
G
C
A
A
C
A
G
A
T
T
 
C
A
A
A
A
T
T
T
T
C
 
A
G
G
T
A
G
C
T
A
A
 
T
T
G
G
T
T
A
C
A
T
 
T
T
T
G
T
T
A
A
T
T
 
A
T
A
A
T
C
A
G
T
T
 
T
A
G
A
C
A
A
G
T
A
 
G
T
G
A
T
T
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
C
T
C
C
C
T
T
T
C
 
A
A
A
T
T
G
C
A
G
A
 
G
C
A
A
C
A
G
A
T
T
 
C
A
A
A
A
T
T
T
T
C
 
A
G
G
T
A
G
C
T
A
A
 
T
T
G
G
T
T
A
C
A
T
 
T
T
T
G
T
T
A
A
T
T
 
A
T
A
A
T
C
A
G
T
T
 
T
A
G
A
C
A
A
G
T
A
 
G
T
G
A
T
T
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0
 
 
 
 
 
 
 
3
3
8
0

3
3
9
0
 
 
 
 
 
 
 
3
4
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
A
G
T
G
T
T
A
A
A
 
T
C
A
A
G
T
C
T
T
G
 
A
A
T
G
A
T
A
A
T
A
 
T
A
A
G
A
A
A
T
G
G
 
T
C
A
T
G
T
A
G
T
C
 
A
A
C
C
A
A
T
T
A
A
 
T
G
G
A
A
G
C
T
C
T
 
G
A
T
G
C
A
A
T
T
A
 
T
C
T
A
G
A
C
A
A
C
 
A
G
T
T
T
C
C
C
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
A
G
T
G
T
T
A
A
A
 
T
C
A
A
G
T
C
T
T
G
 
A
A
T
G
A
T
A
A
T
A
 
T
A
A
G
A
A
A
T
G
G
 
T
C
A
T
G
T
A
G
T
C
 
A
A
C
C
A
A
T
T
A
A
 
T
G
G
A
A
G
C
T
C
T
 
G
A
T
G
C
A
A
T
T
A
 
T
C
T
A
G
A
C
A
A
C
 
A
G
T
T
T
C
C
C
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
A
G
T
G
T
T
A
A
A
 
T
C
A
A
G
T
C
T
T
G
 
A
A
T
G
A
T
A
A
T
A
 
T
A
A
G
A
A
A
T
G
G
 
T
C
A
T
G
T
A
G
T
C
 
A
A
C
C
A
A
T
T
A
A
 
T
G
G
A
A
G
C
T
C
T
 
G
A
T
G
C
A
A
T
T
A
 
T
C
T
A
G
A
C
A
A
C
 
A
G
T
T
T
C
C
C
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
4
1
0
 
 
 
 
 
 
 
3
4
2
0
 
 
 
 
 
 
 
3
4
3
0
 
 
 
 
 
 
 
3
4
4
0
 
 
 
 
 
 
 
3
4
5
0
 
 
 
 
 
 
 
3
4
6
0
 
 
 
 
 
 
 
3
4
7
0
 
 
 
 
 
 
 
3
4
8
0

3
4
9
0
 
 
 
 
 
 
 
3
5
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
T
G
C
C
A
G
T
T
 
G
A
T
T
A
T
A
A
A
A
 
G
A
T
C
T
A
T
A
C
A
 
G
A
G
A
G
G
A
A
T
T
 
T
T
G
C
T
G
C
T
T
T
 
C
T
A
A
C
A
G
A
C
T
 
T
G
G
T
C
A
G
C
T
T
 
G
T
C
G
A
T
T
T
A
A
 
C
A
A
G
A
T
T
G
T
T
 
A
T
C
A
T
A
C
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
A
T
G
C
C
A
G
T
T
 
G
A
T
T
A
T
A
A
A
A
 
G
A
T
C
T
A
T
A
C
A
 
G
A
G
A
G
G
A
A
T
T
 
T
T
G
C
T
G
C
T
T
T
 
C
T
A
A
C
A
G
A
C
T
 
T
G
G
T
C
A
G
C
T
T
 
G
T
C
G
A
T
T
T
A
A
 
C
A
A
G
A
T
T
G
T
T
 
A
T
C
A
T
A
C
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
A
T
G
C
C
A
G
T
T
 
G
A
T
T
A
T
A
A
A
A
 
G
A
T
C
T
A
T
A
C
A
 
G
A
G
A
G
G
A
A
T
T
 
T
T
G
C
T
G
C
T
T
T
 
C
T
A
A
C
A
G
A
C
T
 
T
G
G
T
C
A
G
C
T
T
 
G
T
C
G
A
T
T
T
A
A
 
C
A
A
G
A
T
T
G
T
T
 
A
T
C
A
T
A
C
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
5
1
0
 
 
 
 
 
 
 
3
5
2
0
 
 
 
 
 
 
 
3
5
3
0
 
 
 
 
 
 
 
3
5
4
0
 
 
 
 
 
 
 
3
5
5
0
 
 
 
 
 
 
 
3
5
6
0
 
 
 
 
 
 
 
3
5
7
0
 
 
 
 
 
 
 
3
5
8
0

3
5
9
0
 
 
 
 
 
 
 
3
6
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
T
G
A
G
A
C
A
T
 
T
A
A
T
G
G
C
A
T
G
 
C
A
T
A
A
C
A
A
T
G
 
A
A
T
A
T
G
C
A
G
C
 
A
T
G
T
T
C
A
A
A
C
 
A
T
T
A
A
C
A
A
C
T
 
G
A
A
A
A
A
T
T
G
C
 
A
A
T
T
A
A
C
A
T
C
 
A
G
T
A
A
C
A
T
C
A
 
T
T
A
T
G
T
A
T
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
A
T
G
A
G
A
C
A
T
 
T
A
A
T
G
G
C
A
T
G
 
C
A
T
A
A
C
A
A
T
G
 
A
A
T
A
T
G
C
A
G
C
 
A
T
G
T
T
C
A
A
A
C
 
A
T
T
A
A
C
A
A
C
T
 
G
A
A
A
A
A
T
T
G
C
 
A
A
T
T
A
A
C
A
T
C
 
A
G
T
A
A
C
A
T
C
A
 
T
T
A
T
G
T
A
T
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
A
T
G
A
G
A
C
A
T
 
T
A
A
T
G
G
C
A
T
G
 
C
A
T
A
A
C
A
A
T
G
 
A
A
T
A
T
G
C
A
G
C
 
A
T
G
T
T
C
A
A
A
C
 
A
T
T
A
A
C
A
A
C
T
 
G
A
A
A
A
A
T
T
G
C
 
A
A
T
T
A
A
C
A
T
C
 
A
G
T
A
A
C
A
T
C
A
 
T
T
A
T
G
T
A
T
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
6
1
0
 
 
 
 
 
 
 
3
6
2
0
 
 
 
 
 
 
 
3
6
3
0
 
 
 
 
 
 
 
3
6
4
0
 
 
 
 
 
 
 
3
6
5
0
 
 
 
 
 
 
 
3
6
6
0
 
 
 
 
 
 
 
3
6
7
0
 
 
 
 
 
 
 
3
6
8
0

3
6
9
0
 
 
 
 
 
 
 
3
7
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
A
A
T
T
G
G
A
A
A
 
T
G
C
T
A
C
G
G
T
T
 
A
T
A
C
C
G
A
G
T
C
 
C
G
C
A
A
A
C
A
T
T
 
G
T
T
C
C
A
T
T
A
C
 
T
A
T
A
A
T
G
T
G
A
 
A
T
G
T
C
A
A
T
T
T
 
T
C
A
T
T
C
A
A
A
T
 
T
A
T
A
A
T
G
A
A
A
 
G
A
A
T
T
A
A
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
A
A
T
T
G
G
A
A
A
 
T
G
C
T
A
C
G
G
T
T
 
A
T
A
C
C
G
A
G
T
C
 
C
G
C
A
A
A
C
A
T
T
 
G
T
T
C
C
A
T
T
A
C
 
T
A
T
A
A
T
G
T
G
A
 
A
T
G
T
C
A
A
T
T
T
 
T
C
A
T
T
C
A
A
A
T
 
T
A
T
A
A
T
G
A
A
A
 
G
A
A
T
T
A
A
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
A
A
T
T
G
G
A
A
A
 
T
G
C
T
A
C
G
G
T
T
 
A
T
A
C
C
G
A
G
T
C
 
C
G
C
A
A
A
C
A
T
T
 
G
T
T
C
C
A
T
T
A
C
 
T
A
T
A
A
T
G
T
G
A
 
A
T
G
T
C
A
A
T
T
T
 
T
C
A
T
T
C
A
A
A
T
 
T
A
T
A
A
T
G
A
A
A
 
G
A
A
T
T
A
A
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
7
1
0
 
 
 
 
 
 
 
3
7
2
0
 
 
 
 
 
 
 
3
7
3
0
 
 
 
 
 
 
 
3
7
4
0
 
 
 
 
 
 
 
3
7
5
0
 
 
 
 
 
 
 
3
7
6
0
 
 
 
 
 
 
 
3
7
7
0
 
 
 
 
 
 
 
3
7
8
0

3
7
9
0
 
 
 
 
 
 
 
3
8
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
G
C
A
G
T
T
G
C
A
 
A
T
T
A
T
A
A
C
T
G
 
C
G
G
C
A
A
A
T
A
G
 
A
T
T
A
A
A
T
T
T
A
 
T
A
T
C
A
A
A
A
G
A
 
A
A
A
T
G
A
A
A
T
C
 
A
A
T
A
G
T
T
G
A
G
 
G
A
C
T
T
T
C
T
G
A
 
A
A
A
G
A
T
T
A
C
A
 
G
A
T
A
T
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
G
C
A
G
T
T
G
C
A
 
A
T
T
A
T
A
A
C
T
G
 
C
G
G
C
A
A
A
T
A
G
 
A
T
T
A
A
A
T
T
T
A
 
T
A
T
C
A
A
A
A
G
A
 
A
A
A
T
G
A
A
A
T
C
 
A
A
T
A
G
T
T
G
A
G
 
G
A
C
T
T
T
C
T
G
A
 
A
A
A
G
A
T
T
A
C
A
 
G
A
T
A
T
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
G
C
A
G
T
T
G
C
A
 
A
T
T
A
T
A
A
C
T
G
 
C
G
G
C
A
A
A
T
A
G
 
A
T
T
A
A
A
T
T
T
A
 
T
A
T
C
A
A
A
A
G
A
 
A
A
A
T
G
A
A
A
T
C
 
A
A
T
A
G
T
T
G
A
G
 
G
A
C
T
T
T
C
T
G
A
 
A
A
A
G
A
T
T
A
C
A
 
G
A
T
A
T
T
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
8
1
0
 
 
 
 
 
 
 
3
8
2
0
 
 
 
 
 
 
 
3
8
3
0
 
 
 
 
 
 
 
3
8
4
0
 
 
 
 
 
 
 
3
8
5
0
 
 
 
 
 
 
 
3
8
6
0
 
 
 
 
 
 
 
3
8
7
0
 
 
 
 
 
 
 
3
8
8
0

3
8
9
0
 
 
 
 
 
 
 
3
9
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
G
T
T
G
C
G
A
G
A
G
 
T
A
C
C
A
G
A
T
G
A
 
C
C
A
A
A
T
G
T
A
T
 
A
G
A
T
T
G
A
G
A
G
 
A
T
A
G
A
T
T
A
A
G
 
A
C
T
A
T
T
A
C
C
A
 
G
T
T
G
A
A
A
T
A
A
 
G
A
A
G
A
T
T
A
G
A
 
T
A
T
T
T
T
T
A
A
T
 
T
T
G
A
T
A
G
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
T
T
G
C
G
A
G
A
G
 
T
A
C
C
A
G
A
T
G
A
 
C
C
A
A
A
T
G
T
A
T
 
A
G
A
T
T
G
A
G
A
G
 
A
T
A
G
A
T
T
A
A
G
 
A
C
T
A
T
T
A
C
C
A
 
G
T
T
G
A
A
A
T
A
A
 
G
A
A
G
A
T
T
A
G
A
 
T
A
T
T
T
T
T
A
A
T
 
T
T
G
A
T
A
G
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
T
T
G
C
G
A
G
A
G
 
T
A
C
C
A
G
A
T
G
A
 
C
C
A
A
A
T
G
T
A
T
 
A
G
A
T
T
G
A
G
A
G
 
A
T
A
G
A
T
T
A
A
G
 
A
C
T
A
T
T
A
C
C
A
 
G
T
T
G
A
A
A
T
A
A
 
G
A
A
G
A
T
T
A
G
A
 
T
A
T
T
T
T
T
A
A
T
 
T
T
G
A
T
A
G
C
A
A
 

223 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
9
1
0
 
 
 
 
 
 
 
3
9
2
0
 
 
 
 
 
 
 
3
9
3
0
 
 
 
 
 
 
 
3
9
4
0
 
 
 
 
 
 
 
3
9
5
0
 
 
 
 
 
 
 
3
9
6
0
 
 
 
 
 
 
 
3
9
7
0
 
 
 
 
 
 
 
3
9
8
0

3
9
9
0
 
 
 
 
 
 
 
4
0
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
G
A
A
T
A
T
G
G
A
 
A
C
A
G
A
T
T
G
A
A
 
C
G
T
G
C
A
T
C
A
G
 
A
T
A
A
A
A
T
T
G
C
 
A
C
A
A
G
G
A
G
T
T
 
A
T
A
A
T
A
G
C
A
T
 
A
C
C
G
A
G
A
T
A
T
 
G
C
A
G
T
T
A
G
A
A
 
C
G
A
G
A
T
G
A
G
A
 
T
G
T
A
T
G
G
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
G
A
A
T
A
T
G
G
A
 
A
C
A
G
A
T
T
G
A
A
 
C
G
T
G
C
A
T
C
A
G
 
A
T
A
A
A
A
T
T
G
C
 
A
C
A
A
G
G
A
G
T
T
 
A
T
A
A
T
A
G
C
A
T
 
A
C
C
G
A
G
A
T
A
T
 
G
C
A
G
T
T
A
G
A
A
 
C
G
A
G
A
T
G
A
G
A
 
T
G
T
A
T
G
G
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
G
A
A
T
A
T
G
G
A
 
A
C
A
G
A
T
T
G
A
A
 
C
G
T
G
C
A
T
C
A
G
 
A
T
A
A
A
A
T
T
G
C
 
A
C
A
A
G
G
A
G
T
T
 
A
T
A
A
T
A
G
C
A
T
 
A
C
C
G
A
G
A
T
A
T
 
G
C
A
G
T
T
A
G
A
A
 
C
G
A
G
A
T
G
A
G
A
 
T
G
T
A
T
G
G
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
0
1
0
 
 
 
 
 
 
 
4
0
2
0
 
 
 
 
 
 
 
4
0
3
0
 
 
 
 
 
 
 
4
0
4
0
 
 
 
 
 
 
 
4
0
5
0
 
 
 
 
 
 
 
4
0
6
0
 
 
 
 
 
 
 
4
0
7
0
 
 
 
 
 
 
 
4
0
8
0

4
0
9
0
 
 
 
 
 
 
 
4
1
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
C
G
T
C
A
A
T
A
T
T
 
G
C
C
A
G
A
A
A
C
T
 
T
G
G
A
C
G
G
A
T
T
 
T
C
A
A
C
A
A
A
T
A
 
A
A
T
C
T
T
G
A
A
G
 
A
A
T
T
G
A
T
G
A
G
 
A
T
C
A
G
G
A
G
A
T
 
T
A
T
G
C
T
C
A
A
A
 
T
T
A
C
T
A
A
C
A
T
 
G
C
T
A
C
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
C
G
T
C
A
A
T
A
T
T
 
G
C
C
A
G
A
A
A
C
T
 
T
G
G
A
C
G
G
A
T
T
 
T
C
A
A
C
A
A
A
T
A
 
A
A
T
C
T
T
G
A
A
G
 
A
A
T
T
G
A
T
G
A
G
 
A
T
C
A
G
G
A
G
A
T
 
T
A
T
G
C
T
C
A
A
A
 
T
T
A
C
T
A
A
C
A
T
 
G
C
T
A
C
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
C
G
T
C
A
A
T
A
T
T
 
G
C
C
A
G
A
A
A
C
T
 
T
G
G
A
C
G
G
A
T
T
 
T
C
A
A
C
A
A
A
T
A
 
A
A
T
C
T
T
G
A
A
G
 
A
A
T
T
G
A
T
G
A
G
 
A
T
C
A
G
G
A
G
A
T
 
T
A
T
G
C
T
C
A
A
A
 
T
T
A
C
T
A
A
C
A
T
 
G
C
T
A
C
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
1
0
 
 
 
 
 
 
 
4
1
2
0
 
 
 
 
 
 
 
4
1
3
0
 
 
 
 
 
 
 
4
1
4
0
 
 
 
 
 
 
 
4
1
5
0
 
 
 
 
 
 
 
4
1
6
0
 
 
 
 
 
 
 
4
1
7
0
 
 
 
 
 
 
 
4
1
8
0

4
1
9
0
 
 
 
 
 
 
 
4
2
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
A
T
C
A
A
C
C
A
G
 
T
A
G
C
T
T
T
A
G
T
 
T
G
G
A
G
C
G
C
T
A
 
C
C
A
T
T
T
A
T
A
A
 
C
G
G
A
T
T
C
A
T
C
 
A
G
T
G
A
T
T
T
C
G
 
T
T
A
A
T
A
G
C
T
A
 
A
A
C
T
A
G
A
T
G
C
 
A
A
C
C
G
T
T
T
T
T
 
G
C
A
C
A
G
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
A
T
C
A
A
C
C
A
G
 
T
A
G
C
T
T
T
A
G
T
 
T
G
G
A
G
C
G
C
T
A
 
C
C
A
T
T
T
A
T
A
A
 
C
G
G
A
T
T
C
A
T
C
 
A
G
T
G
A
T
T
T
C
G
 
T
T
A
A
T
A
G
C
T
A
 
A
A
C
T
A
G
A
T
G
C
 
A
A
C
C
G
T
T
T
T
T
 
G
C
A
C
A
G
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
A
T
C
A
A
C
C
A
G
 
T
A
G
C
T
T
T
A
G
T
 
T
G
G
A
G
C
G
C
T
A
 
C
C
A
T
T
T
A
T
A
A
 
C
G
G
A
T
T
C
A
T
C
 
A
G
T
G
A
T
T
T
C
G
 
T
T
A
A
T
A
G
C
T
A
 
A
A
C
T
A
G
A
T
G
C
 
A
A
C
C
G
T
T
T
T
T
 
G
C
A
C
A
G
A
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
2
1
0
 
 
 
 
 
 
 
4
2
2
0
 
 
 
 
 
 
 
4
2
3
0
 
 
 
 
 
 
 
4
2
4
0
 
 
 
 
 
 
 
4
2
5
0
 
 
 
 
 
 
 
4
2
6
0
 
 
 
 
 
 
 
4
2
7
0
 
 
 
 
 
 
 
4
2
8
0

4
2
9
0
 
 
 
 
 
 
 
4
3
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
C
A
A
A
C
T
T
A
G
 
A
A
A
G
G
T
C
G
A
C
 
A
C
G
T
T
A
A
A
A
C
 
C
C
A
T
C
C
T
A
T
A
 
T
A
A
G
A
T
A
A
A
T
 
T
C
A
G
A
T
T
C
T
A
 
A
T
G
A
C
T
T
T
T
A
 
T
T
T
G
G
T
G
G
C
T
 
A
A
T
T
A
T
G
A
T
T
 
G
G
A
T
T
C
C
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
C
A
A
A
C
T
T
A
G
 
A
A
A
G
G
T
C
G
A
C
 
A
C
G
T
T
A
A
A
A
C
 
C
C
A
T
C
C
T
A
T
A
 
T
A
A
G
A
T
A
A
A
T
 
T
C
A
G
A
T
T
C
T
A
 
A
T
G
A
C
T
T
T
T
A
 
T
T
T
G
G
T
G
G
C
T
 
A
A
T
T
A
T
G
A
T
T
 
G
G
A
T
T
C
C
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
C
A
A
A
C
T
T
A
G
 
A
A
A
G
G
T
C
G
A
C
 
A
C
G
T
T
A
A
A
A
C
 
C
C
A
T
C
C
T
A
T
A
 
T
A
A
G
A
T
A
A
A
T
 
T
C
A
G
A
T
T
C
T
A
 
A
T
G
A
C
T
T
T
T
A
 
T
T
T
G
G
T
G
G
C
T
 
A
A
T
T
A
T
G
A
T
T
 
G
G
A
T
T
C
C
T
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
3
1
0
 
 
 
 
 
 
 
4
3
2
0
 
 
 
 
 
 
 
4
3
3
0
 
 
 
 
 
 
 
4
3
4
0
 
 
 
 
 
 
 
4
3
5
0
 
 
 
 
 
 
 
4
3
6
0
 
 
 
 
 
 
 
4
3
7
0
 
 
 
 
 
 
 
4
3
8
0

4
3
9
0
 
 
 
 
 
 
 
4
4
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
A
T
C
T
A
C
T
A
C
A
 
A
A
A
G
T
G
T
A
T
A
 
A
A
C
A
A
G
T
T
C
C
 
A
C
A
A
C
A
A
T
T
T
 
G
A
T
T
T
T
A
G
A
G
 
C
G
T
C
A
A
T
G
C
A
 
T
A
T
G
-
T
T
A
A
C
 
G
T
C
T
A
A
C
C
T
A
 
A
C
A
T
T
T
A
C
C
G
 
T
A
T
A
T
T
C
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
A
T
C
T
A
C
T
A
C
A
 
A
A
A
G
T
G
T
A
T
A
 
A
A
C
A
A
G
T
T
C
C
 
A
C
A
A
C
A
A
T
T
T
 
G
A
T
T
T
T
A
G
A
G
 
C
G
T
C
A
A
T
G
C
A
 
T
A
T
G
G
T
T
A
A
C
 
G
T
C
T
A
A
C
C
T
A
 
A
C
A
T
T
T
A
C
C
G
 
T
A
T
A
T
T
C
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
A
T
C
T
A
C
T
A
C
A
 
A
A
A
G
T
G
T
A
T
A
 
A
A
C
A
A
G
T
T
C
C
 
A
C
A
A
C
A
A
T
T
T
 
G
A
T
T
T
T
A
G
A
G
 
C
G
T
C
A
A
T
G
C
A
 
T
A
T
G
G
T
T
A
A
C
 
G
T
C
T
A
A
C
C
T
A
 
A
C
A
T
T
T
A
C
C
G
 
T
A
T
A
T
T
C
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
4
1
0
 
 
 
 
 
 
 
4
4
2
0
 
 
 
 
 
 
 
4
4
3
0
 
 
 
 
 
 
 
4
4
4
0
 
 
 
 
 
 
 
4
4
5
0
 
 
 
 
 
 
 
4
4
6
0
 
 
 
 
 
 
 
4
4
7
0
 
 
 
 
 
 
 
4
4
8
0

4
4
9
0
 
 
 
 
 
 
 
4
5
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
T
T
G
C
T
T
G
C
G
 
T
T
C
G
T
T
T
C
A
G
 
C
T
G
A
T
A
C
T
G
T
 
T
G
A
A
C
C
A
A
T
T
 
A
A
T
G
C
T
G
T
T
G
 
C
T
T
T
T
G
A
T
A
A
 
T
A
T
G
C
G
C
A
T
C
 
A
T
G
A
A
C
G
A
A
C
 
T
G
T
A
A
A
C
G
C
C
 
A
A
C
C
C
C
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
T
T
G
C
T
T
G
C
G
 
T
T
C
G
T
T
T
C
A
G
 
C
T
G
A
T
A
C
T
G
T
 
T
G
A
A
C
C
A
A
T
T
 
A
A
T
G
C
T
G
T
T
G
 
C
T
T
T
T
G
A
T
A
A
 
T
A
T
G
C
G
C
A
T
C
 
A
T
G
A
A
C
G
A
A
C
 
T
G
T
A
A
A
C
G
C
C
 
A
A
C
C
C
C
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
T
T
G
C
T
T
G
C
G
 
T
T
C
G
T
T
T
C
A
G
 
C
T
G
A
T
A
C
T
G
T
 
T
G
A
A
C
C
A
A
T
T
 
A
A
T
G
C
T
G
T
T
G
 
C
T
T
T
T
G
A
T
A
A
 
T
A
T
G
C
G
C
A
T
C
 
A
T
G
A
A
C
G
A
A
C
 
T
G
T
A
A
A
C
G
C
C
 
A
A
C
C
C
C
A
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
5
1
0
 
 
 
 
 
 
 
4
5
2
0
 
 
 
 
 
 
 
4
5
3
0
 
 
 
 
 
 
 
4
5
4
0
 
 
 
 
 
 
 
4
5
5
0
 
 
 
 
 
 
 
4
5
6
0
 
 
 
 
 
 
 
4
5
7
0
 
 
 
 
 
 
 
4
5
8
0

4
5
9
0
 
 
 
 
 
 
 
4
6
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
T
G
G
A
G
A
T
A
T
G
 
A
C
C
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
G
G
A
G
A
T
A
T
G
 
A
C
C
G
G
C
C
G
G
C
 
A
T
G
G
T
C
C
C
A
G
 
C
C
T
C
C
T
C
G
C
T
 
G
G
C
G
C
C
G
G
C
T
 
G
G
G
C
A
A
C
A
T
T
 
C
C
G
A
G
G
G
G
A
C
 
C
G
T
C
C
C
C
T
C
G
 
G
T
A
A
T
G
G
C
G
A
 
A
T
G
G
G
A
C
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
G
G
A
G
A
T
A
T
G
 
A
C
C
G
G
C
C
G
G
C
 
A
T
G
G
T
C
C
C
A
G
 
C
C
T
C
C
T
C
G
C
T
 
G
G
C
G
C
C
G
G
C
T
 
G
G
G
C
A
A
C
A
T
T
 
C
C
G
A
G
G
G
G
A
C
 
C
G
T
C
C
C
C
T
C
G
 
G
T
A
A
T
G
G
C
G
A
 
A
T
G
G
G
A
C
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
6
1
0
 
 
 
 
 
 
 
4
6
2
0
 
 
 
 
 
 
 
4
6
3
0
 
 
 
 
 
 
 
4
6
4
0
 
 
 
 
 
 
 
4
6
5
0
 
 
 
 
 
 
 
4
6
6
0
 
 
 
 
 
 
 
4
6
7
0
 
 
 
 
 
 
 
4
6
8
0

4
6
9
0
 
 
 
 
 
 
 
4
7
0
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
T
C
C
G
G
C
T
G
C
T
 
A
A
C
A
A
A
G
C
C
C
 
G
A
A
A
G
G
A
A
G
C
 
T
G
A
G
T
T
G
G
C
T
 
G
C
T
G
C
C
A
C
C
G
 
C
T
G
A
G
C
A
A
T
A
 
A
C
T
A
G
C
A
T
A
A
 
C
C
C
C
T
T
G
G
G
G
 
C
C
T
C
T
A
A
A
C
G
 
G
G
T
C
T
T
G
A
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
T
C
C
G
G
C
T
G
C
T
 
A
A
C
A
A
A
G
C
C
C
 
G
A
A
A
G
G
A
A
G
C
 
T
G
A
G
T
T
G
G
C
T
 
G
C
T
G
C
C
A
C
C
G
 
C
T
G
A
G
C
A
A
T
A
 
A
C
T
A
G
C
A
T
A
A
 
C
C
C
C
T
T
G
G
G
G
 
C
C
T
C
T
A
A
A
C
G
 
G
G
T
C
T
T
G
A
G
G
 

224 



.
.
.
.
|
.
.
.
.
|
 
.
.

4
7
1
0

SA
11
-N
5_
GS
2(
VP
2)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S2
 r
ef
er
en
ce

 
 
 
G
G
T
T
T
T
T
T
G
G
 
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S2
 N
GS

 
 
 
G
G
T
T
T
T
T
T
G
G
 
A
T

225 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
3
(
V
P
3
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

226 



pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

227 



SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
A
T
T
A
A
A
G
 
C
A
G
T
A
C
C
A
G
T
 
A
G
T
G
T
G
T
T
T
T
 
A
C
C
T
C
T
G
A
T
G
 
G
T
G
T
A
A
A
C
A
T
 
G
A
A
A
G
T
A
C
T
A
 
G
C
T
T
T
A
A
G
A
C
 
A
C
A
G
T
G
T
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
C
A
G
T
A
C
C
A
G
T
 
A
G
T
G
T
G
T
T
T
T
 
A
C
C
T
C
T
G
A
T
G
 
G
T
G
T
A
A
A
C
A
T
 
G
A
A
A
G
T
A
C
T
A
 
G
C
T
T
T
A
A
G
A
C
 
A
C
A
G
T
G
T
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
A
T
T
A
A
A
G
 
C
A
G
T
A
C
C
A
G
T
 
A
G
T
G
T
G
T
T
T
T
 
A
C
C
T
C
T
G
A
T
G
 
G
T
G
T
A
A
A
C
A
T
 
G
A
A
A
G
T
A
C
T
A
 
G
C
T
T
T
A
A
G
A
C
 
A
C
A
G
T
G
T
G
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
C
A
A
G
T
G
T
A
T
 
G
C
A
G
A
C
A
C
T
C
 
A
A
G
T
C
T
A
C
G
T
 
T
C
A
T
G
A
T
G
A
T
 
A
C
A
A
A
A
G
A
T
A
 
G
T
T
A
T
G
A
A
A
A
 
C
G
C
T
T
T
T
T
T
A
 
A
T
C
T
C
T
A
A
T
C
 
T
T
A
C
G
A
C
C
C
A
 
T
A
A
T
A
T
T
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
C
A
A
G
T
G
T
A
T
 
G
C
A
G
A
C
A
C
T
C
 
A
A
G
T
C
T
A
C
G
T
 
T
C
A
T
G
A
T
G
A
T
 
A
C
A
A
A
A
G
A
T
A
 
G
T
T
A
T
G
A
A
A
A
 
C
G
C
T
T
T
T
T
T
A
 
A
T
C
T
C
T
A
A
T
C
 
T
T
A
C
G
A
C
C
C
A
 
T
A
A
T
A
T
T
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
C
A
A
G
T
G
T
A
T
 
G
C
A
G
A
C
A
C
T
C
 
A
A
G
T
C
T
A
C
G
T
 
T
C
A
T
G
A
T
G
A
T
 
A
C
A
A
A
A
G
A
T
A
 
G
T
T
A
T
G
A
A
A
A
 
C
G
C
T
T
T
T
T
T
A
 
A
T
C
T
C
T
A
A
T
C
 
T
T
A
C
G
A
C
C
C
A
 
T
A
A
T
A
T
T
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
A
C
T
T
A
A
A
T
T
 
A
T
A
G
C
A
T
T
A
A
 
A
A
C
A
T
T
A
G
A
A
 
A
T
A
T
T
A
A
A
T
A
 
A
G
T
C
A
G
G
A
A
T
 
A
G
C
T
G
C
A
A
T
T
 
G
C
T
T
T
A
C
A
A
T
 
C
A
C
T
T
G
A
A
G
A
 
A
T
T
A
T
T
C
A
C
A
 
T
T
A
A
T
A
A
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
A
C
T
T
A
A
A
T
T
 
A
T
A
G
C
A
T
T
A
A
 
A
A
C
A
T
T
A
G
A
A
 
A
T
A
T
T
A
A
A
T
A
 
A
G
T
C
A
G
G
A
A
T
 
A
G
C
T
G
C
A
A
T
T
 
G
C
T
T
T
A
C
A
A
T
 
C
A
C
T
T
G
A
A
G
A
 
A
T
T
A
T
T
C
A
C
A
 
T
T
A
A
T
A
A
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
A
C
T
T
A
A
A
T
T
 
A
T
A
G
C
A
T
T
A
A
 
A
A
C
A
T
T
A
G
A
A
 
A
T
A
T
T
A
A
A
T
A
 
A
G
T
C
A
G
G
A
A
T
 
A
G
C
T
G
C
A
A
T
T
 
G
C
T
T
T
A
C
A
A
T
 
C
A
C
T
T
G
A
A
G
A
 
A
T
T
A
T
T
C
A
C
A
 
T
T
A
A
T
A
A
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
T
A
A
T
T
T
C
A
C
 
T
T
A
T
G
A
T
T
A
T
 
G
A
A
C
T
T
G
A
T
A
 
T
A
A
T
A
T
A
T
T
T
 
A
C
A
T
G
A
T
T
A
T
 
T
C
A
T
A
T
T
A
T
A
 
C
C
A
A
T
A
A
T
G
A
 
A
A
T
T
A
G
A
A
C
A
 
G
A
C
C
A
A
C
A
T
T
 
G
G
A
T
A
A
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
T
A
A
T
T
T
C
A
C
 
T
T
A
T
G
A
T
T
A
T
 
G
A
A
C
T
T
G
A
T
A
 
T
A
A
T
A
T
A
T
T
T
 
A
C
A
T
G
A
T
T
A
T
 
T
C
A
T
A
T
T
A
T
A
 
C
C
A
A
T
A
A
T
G
A
 
A
A
T
T
A
G
A
A
C
A
 
G
A
C
C
A
A
C
A
T
T
 
G
G
A
T
A
A
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
G
T
A
A
T
T
T
C
A
C
 
T
T
A
T
G
A
T
T
A
T
 
G
A
A
C
T
T
G
A
T
A
 
T
A
A
T
A
T
A
T
T
T
 
A
C
A
T
G
A
T
T
A
T
 
T
C
A
T
A
T
T
A
T
A
 
C
C
A
A
T
A
A
T
G
A
 
A
A
T
T
A
G
A
A
C
A
 
G
A
C
C
A
A
C
A
T
T
 
G
G
A
T
A
A
C
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
C
A
A
A
T
A
T
T
 
G
A
A
G
A
A
T
A
T
T
 
T
A
C
T
A
C
C
T
G
G
 
A
T
G
G
A
A
A
T
T
A
 
A
C
A
T
A
T
G
T
T
G
 
G
T
T
A
T
A
A
T
G
G
 
A
A
G
T
G
A
A
A
C
T
 
A
G
A
G
G
A
C
A
T
T
 
A
T
A
A
C
T
T
T
T
C
 
A
T
T
T
A
A
A
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
A
C
A
A
A
T
A
T
T
 
G
A
A
G
A
A
T
A
T
T
 
T
A
C
T
A
C
C
T
G
G
 
A
T
G
G
A
A
A
T
T
A
 
A
C
A
T
A
T
G
T
T
G
 
G
T
T
A
T
A
A
T
G
G
 
A
A
G
T
G
A
A
A
C
T
 
A
G
A
G
G
A
C
A
T
T
 
A
T
A
A
C
T
T
T
T
C
 
A
T
T
T
A
A
A
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
A
C
A
A
A
T
A
T
T
 
G
A
A
G
A
A
T
A
T
T
 
T
A
C
T
A
C
C
T
G
G
 
A
T
G
G
A
A
A
T
T
A
 
A
C
A
T
A
T
G
T
T
G
 
G
T
T
A
T
A
A
T
G
G
 
A
A
G
T
G
A
A
A
C
T
 
A
G
A
G
G
A
C
A
T
T
 
A
T
A
A
C
T
T
T
T
C
 
A
T
T
T
A
A
A
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

228



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
A
A
A
C
G
C
T
G
 
C
A
A
C
A
G
A
T
G
A
 
T
G
A
T
C
T
A
A
T
A
 
A
T
T
G
A
A
T
A
C
A
 
T
T
T
A
T
T
C
A
G
A
 
A
G
C
G
T
T
G
G
A
C
 
T
T
C
C
A
A
A
A
T
T
 
T
T
A
T
G
T
T
A
A
A
 
A
A
A
G
A
T
A
A
A
G
 
G
A
A
A
G
A
A
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
A
A
A
A
C
G
C
T
G
 
C
A
A
C
A
G
A
T
G
A
 
T
G
A
T
C
T
A
A
T
A
 
A
T
T
G
A
A
T
A
C
A
 
T
T
T
A
T
T
C
A
G
A
 
A
G
C
G
T
T
G
G
A
C
 
T
T
C
C
A
A
A
A
T
T
 
T
T
A
T
G
T
T
A
A
A
 
A
A
A
G
A
T
A
A
A
G
 
G
A
A
A
G
A
A
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
A
A
A
A
C
G
C
T
G
 
C
A
A
C
A
G
A
T
G
A
 
T
G
A
T
C
T
A
A
T
A
 
A
T
T
G
A
A
T
A
C
A
 
T
T
T
A
T
T
C
A
G
A
 
A
G
C
G
T
T
G
G
A
C
 
T
T
C
C
A
A
A
A
T
T
 
T
T
A
T
G
T
T
A
A
A
 
A
A
A
G
A
T
A
A
A
G
 
G
A
A
A
G
A
A
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
T
A
C
A
T
C
G
T
T
 
G
C
C
T
A
T
A
G
C
T
 
A
G
A
T
T
A
T
C
T
A
 
A
C
A
G
A
G
T
A
T
T
 
T
A
G
G
G
A
T
A
A
G
 
T
T
A
T
T
C
C
C
A
T
 
C
A
T
T
A
T
T
G
A
A
 
A
G
A
A
C
A
T
A
A
G
 
A
A
T
G
T
A
G
T
G
A
 
A
C
G
T
T
G
G
T
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
T
A
C
A
T
C
G
T
T
 
G
C
C
T
A
T
A
G
C
T
 
A
G
A
T
T
A
T
C
T
A
 
A
C
A
G
A
G
T
A
T
T
 
T
A
G
G
G
A
T
A
A
G
 
T
T
A
T
T
C
C
C
A
T
 
C
A
T
T
A
T
T
G
A
A
 
A
G
A
A
C
A
T
A
A
G
 
A
A
T
G
T
A
G
T
G
A
 
A
C
G
T
T
G
G
T
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
T
A
C
A
T
C
G
T
T
 
G
C
C
T
A
T
A
G
C
T
 
A
G
A
T
T
A
T
C
T
A
 
A
C
A
G
A
G
T
A
T
T
 
T
A
G
G
G
A
T
A
A
G
 
T
T
A
T
T
C
C
C
A
T
 
C
A
T
T
A
T
T
G
A
A
 
A
G
A
A
C
A
T
A
A
G
 
A
A
T
G
T
A
G
T
G
A
 
A
C
G
T
T
G
G
T
C
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
C
G
T
A
A
T
G
A
A
 
T
C
T
A
T
G
T
T
T
A
 
C
A
T
T
T
T
T
A
A
A
 
T
T
A
T
C
C
A
A
C
T
 
A
T
A
A
A
A
C
A
A
T
 
T
T
T
C
A
A
A
T
G
G
 
T
G
C
G
T
A
T
T
T
A
 
G
T
A
A
A
A
G
A
T
A
 
C
T
A
T
A
A
A
A
T
T
 
A
A
A
A
C
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
C
G
T
A
A
T
G
A
A
 
T
C
T
A
T
G
T
T
T
A
 
C
A
T
T
T
T
T
A
A
A
 
T
T
A
T
C
C
A
A
C
T
 
A
T
A
A
A
A
C
A
A
T
 
T
T
T
C
A
A
A
T
G
G
 
T
G
C
G
T
A
T
T
T
A
 
G
T
A
A
A
A
G
A
T
A
 
C
T
A
T
A
A
A
A
T
T
 
A
A
A
A
C
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
G
C
G
T
A
A
T
G
A
A
 
T
C
T
A
T
G
T
T
T
A
 
C
A
T
T
T
T
T
A
A
A
 
T
T
A
T
C
C
A
A
C
T
 
A
T
A
A
A
A
C
A
A
T
 
T
T
T
C
A
A
A
T
G
G
 
T
G
C
G
T
A
T
T
T
A
 
G
T
A
A
A
A
G
A
T
A
 
C
T
A
T
A
A
A
A
T
T
 
A
A
A
A
C
A
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
G
A
T
G
G
T
T
A
G
 
G
T
A
A
A
A
G
G
A
T
 
A
T
C
T
C
A
G
T
T
T
 
G
A
T
A
T
T
G
G
T
C
 
A
G
T
A
T
A
A
A
A
A
 
T
A
T
G
C
T
G
A
A
T
 
G
T
T
C
T
T
A
C
A
G
 
C
A
A
T
T
T
A
T
T
A
 
T
T
A
C
T
A
T
A
A
T
 
T
T
A
T
A
T
A
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
G
A
T
G
G
T
T
A
G
 
G
T
A
A
A
A
G
G
A
T
 
A
T
C
T
C
A
G
T
T
T
 
G
A
T
A
T
T
G
G
T
C
 
A
G
T
A
T
A
A
A
A
A
 
T
A
T
G
C
T
G
A
A
T
 
G
T
T
C
T
T
A
C
A
G
 
C
A
A
T
T
T
A
T
T
A
 
T
T
A
C
T
A
T
A
A
T
 
T
T
A
T
A
T
A
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
G
A
T
G
G
T
T
A
G
 
G
T
A
A
A
A
G
G
A
T
 
A
T
C
T
C
A
G
T
T
T
 
G
A
T
A
T
T
G
G
T
C
 
A
G
T
A
T
A
A
A
A
A
 
T
A
T
G
C
T
G
A
A
T
 
G
T
T
C
T
T
A
C
A
G
 
C
A
A
T
T
T
A
T
T
A
 
T
T
A
C
T
A
T
A
A
T
 
T
T
A
T
A
T
A
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
T
A
A
A
C
C
A
A
T
 
T
A
T
A
T
A
T
A
T
G
 
A
T
C
G
G
A
T
C
T
G
 
C
T
C
C
A
T
C
T
T
A
 
T
T
G
G
A
T
A
T
A
T
 
G
A
C
G
T
T
A
G
G
C
 
A
T
T
A
T
T
C
C
G
A
 
T
T
T
T
T
T
C
T
T
T
 
G
A
A
A
C
T
T
G
G
G
 
A
T
C
C
A
T
T
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
T
A
A
A
C
C
A
A
T
 
T
A
T
A
T
A
T
A
T
G
 
A
T
C
G
G
A
T
C
T
G
 
C
T
C
C
A
T
C
T
T
A
 
T
T
G
G
A
T
A
T
A
T
 
G
A
C
G
T
T
A
G
G
C
 
A
T
T
A
T
T
C
C
G
A
 
T
T
T
T
T
T
C
T
T
T
 
G
A
A
A
C
T
T
G
G
G
 
A
T
C
C
A
T
T
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
G
T
A
A
A
C
C
A
A
T
 
T
A
T
A
T
A
T
A
T
G
 
A
T
C
G
G
A
T
C
T
G
 
C
T
C
C
A
T
C
T
T
A
 
T
T
G
G
A
T
A
T
A
T
 
G
A
C
G
T
T
A
G
G
C
 
A
T
T
A
T
T
C
C
G
A
 
T
T
T
T
T
T
C
T
T
T
 
G
A
A
A
C
T
T
G
G
G
 
A
T
C
C
A
T
T
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
C
A
C
C
A
T
A
T
 
T
C
A
T
C
A
A
T
C
C
 
A
T
C
A
C
A
A
A
G
A
 
A
T
T
A
T
T
T
T
T
T
 
A
T
A
A
A
T
G
A
T
G
 
T
G
A
A
G
A
A
A
C
T
 
G
A
A
G
G
A
T
A
A
C
 
T
C
A
A
T
A
T
T
G
T
 
A
T
A
T
T
G
A
T
A
T
 
A
A
G
A
A
C
C
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
A
C
A
C
C
A
T
A
T
 
T
C
A
T
C
A
A
T
C
C
 
A
T
C
A
C
A
A
A
G
A
 
A
T
T
A
T
T
T
T
T
T
 
A
T
A
A
A
T
G
A
T
G
 
T
G
A
A
G
A
A
A
C
T
 
G
A
A
G
G
A
T
A
A
C
 
T
C
A
A
T
A
T
T
G
T
 
A
T
A
T
T
G
A
T
A
T
 
A
A
G
A
A
C
C
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
A
C
A
C
C
A
T
A
T
 
T
C
A
T
C
A
A
T
C
C
 
A
T
C
A
C
A
A
A
G
A
 
A
T
T
A
T
T
T
T
T
T
 
A
T
A
A
A
T
G
A
T
G
 
T
G
A
A
G
A
A
A
C
T
 
G
A
A
G
G
A
T
A
A
C
 
T
C
A
A
T
A
T
T
G
T
 
A
T
A
T
T
G
A
T
A
T
 
A
A
G
A
A
C
C
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
G
G
G
G
C
A
A
T
G
 
C
T
G
A
T
T
G
G
A
A
 
A
A
A
A
T
G
G
A
G
A
 
A
A
G
A
C
A
G
T
A
G
 
A
A
G
A
A
C
A
A
A
C
 
T
A
T
T
A
A
T
A
A
T
 
T
T
G
G
A
C
A
T
A
G
 
C
T
T
A
T
G
A
A
T
A
 
T
T
T
A
C
G
A
A
C
G
 
G
G
T
A
A
A
G
C
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
G
G
G
G
C
A
A
T
G
 
C
T
G
A
T
T
G
G
A
A
 
A
A
A
A
T
G
G
A
G
A
 
A
A
G
A
C
A
G
T
A
G
 
A
A
G
A
A
C
A
A
A
C
 
T
A
T
T
A
A
T
A
A
T
 
T
T
G
G
A
C
A
T
A
G
 
C
T
T
A
T
G
A
A
T
A
 
T
T
T
A
C
G
A
A
C
G
 
G
G
T
A
A
A
G
C
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
G
G
G
G
C
A
A
T
G
 
C
T
G
A
T
T
G
G
A
A
 
A
A
A
A
T
G
G
A
G
A
 
A
A
G
A
C
A
G
T
A
G
 
A
A
G
A
A
C
A
A
A
C
 
T
A
T
T
A
A
T
A
A
T
 
T
T
G
G
A
C
A
T
A
G
 
C
T
T
A
T
G
A
A
T
A
 
T
T
T
A
C
G
A
A
C
G
 
G
G
T
A
A
A
G
C
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
G
G
T
G
T
G
T
T
G
 
T
G
T
T
A
A
G
A
T
G
 
A
C
A
G
C
T
A
T
G
G
 
A
T
T
T
G
G
A
A
C
T
 
G
C
C
A
A
T
T
T
C
A
 
G
C
T
A
A
A
T
T
A
C
 
T
G
C
A
C
C
A
C
C
C
 
A
A
C
T
A
C
G
G
A
A
 
A
T
A
A
G
A
T
C
A
G
 
A
A
T
T
T
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
G
G
T
G
T
G
T
T
G
 
T
G
T
T
A
A
G
A
T
G
 
A
C
A
G
C
T
A
T
G
G
 
A
T
T
T
G
G
A
A
C
T
 
G
C
C
A
A
T
T
T
C
A
 
G
C
T
A
A
A
T
T
A
C
 
T
G
C
A
C
C
A
C
C
C
 
A
A
C
T
A
C
G
G
A
A
 
A
T
A
A
G
A
T
C
A
G
 
A
A
T
T
T
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
G
G
T
G
T
G
T
T
G
 
T
G
T
T
A
A
G
A
T
G
 
A
C
A
G
C
T
A
T
G
G
 
A
T
T
T
G
G
A
A
C
T
 
G
C
C
A
A
T
T
T
C
A
 
G
C
T
A
A
A
T
T
A
C
 
T
G
C
A
C
C
A
C
C
C
 
A
A
C
T
A
C
G
G
A
A
 
A
T
A
A
G
A
T
C
A
G
 
A
A
T
T
T
T
A
T
T
T
 

229 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0

3
1
9
0
 
 
 
 
 
 
 
3
2
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
T
A
C
T
A
G
A
T
 
A
C
T
T
G
G
G
A
T
T
 
T
A
A
C
T
A
A
C
A
T
 
T
A
G
G
A
G
G
T
T
C
 
A
T
T
C
C
T
A
A
A
G
 
G
C
G
T
G
T
T
A
T
A
 
T
T
C
A
T
T
T
A
T
A
 
A
A
C
A
A
T
A
T
A
A
 
T
A
A
C
T
G
A
A
A
A
 
T
G
T
G
T
T
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
T
A
C
T
A
G
A
T
 
A
C
T
T
G
G
G
A
T
T
 
T
A
A
C
T
A
A
C
A
T
 
T
A
G
G
A
G
G
T
T
C
 
A
T
T
C
C
T
A
A
A
G
 
G
C
G
T
G
T
T
A
T
A
 
T
T
C
A
T
T
T
A
T
A
 
A
A
C
A
A
T
A
T
A
A
 
T
A
A
C
T
G
A
A
A
A
 
T
G
T
G
T
T
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
T
T
A
C
T
A
G
A
T
 
A
C
T
T
G
G
G
A
T
T
 
T
A
A
C
T
A
A
C
A
T
 
T
A
G
G
A
G
G
T
T
C
 
A
T
T
C
C
T
A
A
A
G
 
G
C
G
T
G
T
T
A
T
A
 
T
T
C
A
T
T
T
A
T
A
 
A
A
C
A
A
T
A
T
A
A
 
T
A
A
C
T
G
A
A
A
A
 
T
G
T
G
T
T
T
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0

3
2
9
0
 
 
 
 
 
 
 
3
3
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
A
C
A
A
C
C
A
T
 
T
T
A
A
A
G
T
A
A
A
 
A
G
T
A
C
T
G
A
A
T
 
G
A
T
A
G
T
T
A
T
A
 
T
T
G
T
A
G
C
G
T
T
 
A
T
A
T
G
C
A
T
T
A
 
T
C
A
A
A
T
G
A
T
T
 
T
T
A
A
T
A
A
T
A
G
 
A
T
C
A
G
A
A
G
T
A
 
A
T
T
A
A
A
T
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
A
A
C
A
A
C
C
A
T
 
T
T
A
A
A
G
T
A
A
A
 
A
G
T
A
C
T
G
A
A
T
 
G
A
T
A
G
T
T
A
T
A
 
T
T
G
T
A
G
C
G
T
T
 
A
T
A
T
G
C
A
T
T
A
 
T
C
A
A
A
T
G
A
T
T
 
T
T
A
A
T
A
A
T
A
G
 
A
T
C
A
G
A
A
G
T
A
 
A
T
T
A
A
A
T
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
A
A
C
A
A
C
C
A
T
 
T
T
A
A
A
G
T
A
A
A
 
A
G
T
A
C
T
G
A
A
T
 
G
A
T
A
G
T
T
A
T
A
 
T
T
G
T
A
G
C
G
T
T
 
A
T
A
T
G
C
A
T
T
A
 
T
C
A
A
A
T
G
A
T
T
 
T
T
A
A
T
A
A
T
A
G
 
A
T
C
A
G
A
A
G
T
A
 
A
T
T
A
A
A
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0
 
 
 
 
 
 
 
3
3
8
0

3
3
9
0
 
 
 
 
 
 
 
3
4
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
T
A
A
T
A
A
T
C
A
 
G
A
A
A
C
A
A
T
C
T
 
C
T
A
A
T
A
A
C
T
G
 
T
T
A
G
A
A
T
A
A
A
 
T
A
A
T
A
C
G
T
T
T
 
A
A
G
G
A
T
G
A
A
C
 
C
A
A
A
A
G
T
T
G
G
 
G
T
T
C
A
A
A
A
A
T
 
A
T
C
T
A
T
G
A
T
T
 
G
G
A
C
C
T
T
T
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
T
A
A
T
A
A
T
C
A
 
G
A
A
A
C
A
A
T
C
T
 
C
T
A
A
T
A
A
C
T
G
 
T
T
A
G
A
A
T
A
A
A
 
T
A
A
T
A
C
G
T
T
T
 
A
A
G
G
A
T
G
A
A
C
 
C
A
A
A
A
G
T
T
G
G
 
G
T
T
C
A
A
A
A
A
T
 
A
T
C
T
A
T
G
A
T
T
 
G
G
A
C
C
T
T
T
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
T
A
A
T
A
A
T
C
A
 
G
A
A
A
C
A
A
T
C
T
 
C
T
A
A
T
A
A
C
T
G
 
T
T
A
G
A
A
T
A
A
A
 
T
A
A
T
A
C
G
T
T
T
 
A
A
G
G
A
T
G
A
A
C
 
C
A
A
A
A
G
T
T
G
G
 
G
T
T
C
A
A
A
A
A
T
 
A
T
C
T
A
T
G
A
T
T
 
G
G
A
C
C
T
T
T
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
4
1
0
 
 
 
 
 
 
 
3
4
2
0
 
 
 
 
 
 
 
3
4
3
0
 
 
 
 
 
 
 
3
4
4
0
 
 
 
 
 
 
 
3
4
5
0
 
 
 
 
 
 
 
3
4
6
0
 
 
 
 
 
 
 
3
4
7
0
 
 
 
 
 
 
 
3
4
8
0

3
4
9
0
 
 
 
 
 
 
 
3
5
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
C
C
A
A
C
C
G
A
C
 
T
T
T
G
A
T
A
C
C
A
 
A
A
G
A
A
G
C
T
A
T
 
A
A
T
T
A
C
T
T
C
A
 
T
A
C
G
A
C
G
G
T
T
 
G
T
T
T
A
G
G
A
C
T
 
C
T
T
T
G
G
T
T
T
G
 
T
C
T
A
T
A
T
C
G
T
 
T
A
G
C
A
T
C
A
A
A
 
A
C
C
A
A
C
A
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
C
C
A
A
C
C
G
A
C
 
T
T
T
G
A
T
A
C
C
A
 
A
A
G
A
A
G
C
T
A
T
 
A
A
T
T
A
C
T
T
C
A
 
T
A
C
G
A
C
G
G
T
T
 
G
T
T
T
A
G
G
A
C
T
 
C
T
T
T
G
G
T
T
T
G
 
T
C
T
A
T
A
T
C
G
T
 
T
A
G
C
A
T
C
A
A
A
 
A
C
C
A
A
C
A
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
C
C
A
A
C
C
G
A
C
 
T
T
T
G
A
T
A
C
C
A
 
A
A
G
A
A
G
C
T
A
T
 
A
A
T
T
A
C
T
T
C
A
 
T
A
C
G
A
C
G
G
T
T
 
G
T
T
T
A
G
G
A
C
T
 
C
T
T
T
G
G
T
T
T
G
 
T
C
T
A
T
A
T
C
G
T
 
T
A
G
C
A
T
C
A
A
A
 
A
C
C
A
A
C
A
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
5
1
0
 
 
 
 
 
 
 
3
5
2
0
 
 
 
 
 
 
 
3
5
3
0
 
 
 
 
 
 
 
3
5
4
0
 
 
 
 
 
 
 
3
5
5
0
 
 
 
 
 
 
 
3
5
6
0
 
 
 
 
 
 
 
3
5
7
0
 
 
 
 
 
 
 
3
5
8
0

3
5
9
0
 
 
 
 
 
 
 
3
6
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
A
T
A
A
T
C
A
T
T
 
T
A
T
T
C
A
T
T
T
T
 
A
A
G
T
G
G
T
A
C
A
 
G
A
T
A
A
G
T
A
T
T
 
A
T
A
A
A
T
T
G
G
A
 
T
C
A
A
T
T
T
G
C
T
 
A
A
T
C
A
C
A
C
C
A
 
G
T
A
T
A
T
C
G
A
G
 
A
A
G
A
T
C
A
C
A
C
 
C
A
A
A
T
T
A
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
A
T
A
A
T
C
A
T
T
 
T
A
T
T
C
A
T
T
T
T
 
A
A
G
T
G
G
T
A
C
A
 
G
A
T
A
A
G
T
A
T
T
 
A
T
A
A
A
T
T
G
G
A
 
T
C
A
A
T
T
T
G
C
T
 
A
A
T
C
A
C
A
C
C
A
 
G
T
A
T
A
T
C
G
A
G
 
A
A
G
A
T
C
A
C
A
C
 
C
A
A
A
T
T
A
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
A
T
A
A
T
C
A
T
T
 
T
A
T
T
C
A
T
T
T
T
 
A
A
G
T
G
G
T
A
C
A
 
G
A
T
A
A
G
T
A
T
T
 
A
T
A
A
A
T
T
G
G
A
 
T
C
A
A
T
T
T
G
C
T
 
A
A
T
C
A
C
A
C
C
A
 
G
T
A
T
A
T
C
G
A
G
 
A
A
G
A
T
C
A
C
A
C
 
C
A
A
A
T
T
A
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
6
1
0
 
 
 
 
 
 
 
3
6
2
0
 
 
 
 
 
 
 
3
6
3
0
 
 
 
 
 
 
 
3
6
4
0
 
 
 
 
 
 
 
3
6
5
0
 
 
 
 
 
 
 
3
6
6
0
 
 
 
 
 
 
 
3
6
7
0
 
 
 
 
 
 
 
3
6
8
0

3
6
9
0
 
 
 
 
 
 
 
3
7
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
T
T
C
G
G
A
A
T
C
 
T
G
C
T
A
C
T
T
C
A
 
T
A
T
T
C
A
G
G
T
T
 
A
T
A
T
A
T
T
T
A
G
 
A
G
A
T
T
T
G
T
C
C
 
A
A
T
A
A
T
A
A
T
T
 
T
T
A
A
T
C
T
A
A
T
 
T
G
G
T
A
C
T
A
A
T
 
A
T
A
G
A
G
A
A
T
T
 
C
A
G
T
A
T
C
A
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
T
T
C
G
G
A
A
T
C
 
T
G
C
T
A
C
T
T
C
A
 
T
A
T
T
C
A
G
G
T
T
 
A
T
A
T
A
T
T
T
A
G
 
A
G
A
T
T
T
G
T
C
C
 
A
A
T
A
A
T
A
A
T
T
 
T
T
A
A
T
C
T
A
A
T
 
T
G
G
T
A
C
T
A
A
T
 
A
T
A
G
A
G
A
A
T
T
 
C
A
G
T
A
T
C
A
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
T
T
C
G
G
A
A
T
C
 
T
G
C
T
A
C
T
T
C
A
 
T
A
T
T
C
A
G
G
T
T
 
A
T
A
T
A
T
T
T
A
G
 
A
G
A
T
T
T
G
T
C
C
 
A
A
T
A
A
T
A
A
T
T
 
T
T
A
A
T
C
T
A
A
T
 
T
G
G
T
A
C
T
A
A
T
 
A
T
A
G
A
G
A
A
T
T
 
C
A
G
T
A
T
C
A
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
7
1
0
 
 
 
 
 
 
 
3
7
2
0
 
 
 
 
 
 
 
3
7
3
0
 
 
 
 
 
 
 
3
7
4
0
 
 
 
 
 
 
 
3
7
5
0
 
 
 
 
 
 
 
3
7
6
0
 
 
 
 
 
 
 
3
7
7
0
 
 
 
 
 
 
 
3
7
8
0

3
7
9
0
 
 
 
 
 
 
 
3
8
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
C
A
T
G
T
A
T
A
T
 
A
A
T
G
C
T
T
T
A
A
 
T
T
T
A
T
T
A
T
A
G
 
A
T
A
T
A
A
T
T
A
T
 
T
C
A
T
T
T
G
A
T
C
 
T
T
A
A
A
C
G
C
T
G
 
G
A
T
T
T
A
T
T
T
A
 
C
A
T
T
C
T
A
T
A
G
 
A
T
A
A
A
G
T
T
G
A
 
T
A
T
A
G
A
A
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
C
A
T
G
T
A
T
A
T
 
A
A
T
G
C
T
T
T
A
A
 
T
T
T
A
T
T
A
T
A
G
 
A
T
A
T
A
A
T
T
A
T
 
T
C
A
T
T
T
G
A
T
C
 
T
T
A
A
A
C
G
C
T
G
 
G
A
T
T
T
A
T
T
T
A
 
C
A
T
T
C
T
A
T
A
G
 
A
T
A
A
A
G
T
T
G
A
 
T
A
T
A
G
A
A
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
C
A
T
G
T
A
T
A
T
 
A
A
T
G
C
T
T
T
A
A
 
T
T
T
A
T
T
A
T
A
G
 
A
T
A
T
A
A
T
T
A
T
 
T
C
A
T
T
T
G
A
T
C
 
T
T
A
A
A
C
G
C
T
G
 
G
A
T
T
T
A
T
T
T
A
 
C
A
T
T
C
T
A
T
A
G
 
A
T
A
A
A
G
T
T
G
A
 
T
A
T
A
G
A
A
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
8
1
0
 
 
 
 
 
 
 
3
8
2
0
 
 
 
 
 
 
 
3
8
3
0
 
 
 
 
 
 
 
3
8
4
0
 
 
 
 
 
 
 
3
8
5
0
 
 
 
 
 
 
 
3
8
6
0
 
 
 
 
 
 
 
3
8
7
0
 
 
 
 
 
 
 
3
8
8
0

3
8
9
0
 
 
 
 
 
 
 
3
9
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
G
A
A
A
G
T
A
T
T
 
A
T
G
A
A
C
A
C
G
C
 
A
C
C
A
A
T
A
G
A
A
 
T
T
A
A
T
T
T
A
T
G
 
C
A
T
G
T
A
G
A
T
C
 
A
G
C
A
A
A
A
G
A
A
 
T
T
T
G
C
T
A
C
A
T
 
T
G
C
A
G
G
A
T
G
A
 
C
T
T
A
A
C
T
G
T
A
 
T
T
G
A
G
A
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
G
A
A
A
G
T
A
T
T
 
A
T
G
A
A
C
A
C
G
C
 
A
C
C
A
A
T
A
G
A
A
 
T
T
A
A
T
T
T
A
T
G
 
C
A
T
G
T
A
G
A
T
C
 
A
G
C
A
A
A
A
G
A
A
 
T
T
T
G
C
T
A
C
A
T
 
T
G
C
A
G
G
A
T
G
A
 
C
T
T
A
A
C
T
G
T
A
 
T
T
G
A
G
A
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
G
G
A
A
A
G
T
A
T
T
 
A
T
G
A
A
C
A
C
G
C
 
A
C
C
A
A
T
A
G
A
A
 
T
T
A
A
T
T
T
A
T
G
 
C
A
T
G
T
A
G
A
T
C
 
A
G
C
A
A
A
A
G
A
A
 
T
T
T
G
C
T
A
C
A
T
 
T
G
C
A
G
G
A
T
G
A
 
C
T
T
A
A
C
T
G
T
A
 
T
T
G
A
G
A
T
A
T
T
 

230 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
9
1
0
 
 
 
 
 
 
 
3
9
2
0
 
 
 
 
 
 
 
3
9
3
0
 
 
 
 
 
 
 
3
9
4
0
 
 
 
 
 
 
 
3
9
5
0
 
 
 
 
 
 
 
3
9
6
0
 
 
 
 
 
 
 
3
9
7
0
 
 
 
 
 
 
 
3
9
8
0

3
9
9
0
 
 
 
 
 
 
 
4
0
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
C
A
A
A
C
G
A
A
A
T
 
A
G
A
G
A
A
T
T
A
T
 
A
T
T
A
A
T
A
C
A
G
 
T
A
T
A
T
A
G
T
A
T
 
A
A
C
A
T
A
C
G
C
T
 
G
A
T
G
A
T
C
C
G
A
 
A
T
T
A
C
T
T
T
A
T
 
C
G
G
A
A
T
A
C
A
A
 
T
T
T
A
G
A
A
A
T
A
 
T
A
C
C
A
T
A
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
C
A
A
A
C
G
A
A
A
T
 
A
G
A
G
A
A
T
T
A
T
 
A
T
T
A
A
T
A
C
A
G
 
T
A
T
A
T
A
G
T
A
T
 
A
A
C
A
T
A
C
G
C
T
 
G
A
T
G
A
T
C
C
G
A
 
A
T
T
A
C
T
T
T
A
T
 
C
G
G
A
A
T
A
C
A
A
 
T
T
T
A
G
A
A
A
T
A
 
T
A
C
C
A
T
A
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
C
A
A
A
C
G
A
A
A
T
 
A
G
A
G
A
A
T
T
A
T
 
A
T
T
A
A
T
A
C
A
G
 
T
A
T
A
T
A
G
T
A
T
 
A
A
C
A
T
A
C
G
C
T
 
G
A
T
G
A
T
C
C
G
A
 
A
T
T
A
C
T
T
T
A
T
 
C
G
G
A
A
T
A
C
A
A
 
T
T
T
A
G
A
A
A
T
A
 
T
A
C
C
A
T
A
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
0
1
0
 
 
 
 
 
 
 
4
0
2
0
 
 
 
 
 
 
 
4
0
3
0
 
 
 
 
 
 
 
4
0
4
0
 
 
 
 
 
 
 
4
0
5
0
 
 
 
 
 
 
 
4
0
6
0
 
 
 
 
 
 
 
4
0
7
0
 
 
 
 
 
 
 
4
0
8
0

4
0
9
0
 
 
 
 
 
 
 
4
1
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
A
T
G
T
T
 
A
A
A
A
T
A
C
C
G
C
 
A
T
T
T
A
A
C
C
T
T
 
C
G
G
A
G
T
A
T
T
A
 
C
A
T
A
T
T
T
C
T
G
 
A
T
A
A
C
A
T
G
G
T
 
G
C
C
A
G
A
C
G
T
G
 
A
T
T
G
A
C
A
T
A
C
 
T
A
A
A
G
A
T
A
A
T
 
G
A
A
G
A
A
T
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
A
T
G
A
T
G
T
T
 
A
A
A
A
T
A
C
C
G
C
 
A
T
T
T
A
A
C
C
T
T
 
C
G
G
A
G
T
A
T
T
A
 
C
A
T
A
T
T
T
C
T
G
 
A
T
A
A
C
A
T
G
G
T
 
G
C
C
A
G
A
C
G
T
G
 
A
T
T
G
A
C
A
T
A
C
 
T
A
A
A
G
A
T
A
A
T
 
G
A
A
G
A
A
T
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
T
A
T
G
A
T
G
T
T
 
A
A
A
A
T
A
C
C
G
C
 
A
T
T
T
A
A
C
C
T
T
 
C
G
G
A
G
T
A
T
T
A
 
C
A
T
A
T
T
T
C
T
G
 
A
T
A
A
C
A
T
G
G
T
 
G
C
C
A
G
A
C
G
T
G
 
A
T
T
G
A
C
A
T
A
C
 
T
A
A
A
G
A
T
A
A
T
 
G
A
A
G
A
A
T
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
1
0
 
 
 
 
 
 
 
4
1
2
0
 
 
 
 
 
 
 
4
1
3
0
 
 
 
 
 
 
 
4
1
4
0
 
 
 
 
 
 
 
4
1
5
0
 
 
 
 
 
 
 
4
1
6
0
 
 
 
 
 
 
 
4
1
7
0
 
 
 
 
 
 
 
4
1
8
0

4
1
9
0
 
 
 
 
 
 
 
4
2
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
T
A
T
T
T
A
A
A
A
 
T
G
G
A
T
A
T
T
A
C
 
G
A
C
C
A
G
T
T
A
T
 
A
C
A
T
A
T
A
T
G
T
 
T
A
T
C
A
G
A
T
G
G
 
A
A
T
C
T
A
C
G
T
A
 
G
C
A
A
A
T
G
T
T
A
 
G
T
G
G
A
G
T
A
T
T
 
A
T
C
T
A
C
A
T
A
C
 
T
T
T
A
A
A
A
T
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
T
A
T
T
T
A
A
A
A
 
T
G
G
A
T
A
T
T
A
C
 
G
A
C
C
A
G
T
T
A
T
 
A
C
A
T
A
T
A
T
G
T
 
T
A
T
C
A
G
A
T
G
G
 
A
A
T
C
T
A
C
G
T
A
 
G
C
A
A
A
T
G
T
T
A
 
G
T
G
G
A
G
T
A
T
T
 
A
T
C
T
A
C
A
T
A
C
 
T
T
T
A
A
A
A
T
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
T
A
T
T
T
A
A
A
A
 
T
G
G
A
T
A
T
T
A
C
 
G
A
C
C
A
G
T
T
A
T
 
A
C
A
T
A
T
A
T
G
T
 
T
A
T
C
A
G
A
T
G
G
 
A
A
T
C
T
A
C
G
T
A
 
G
C
A
A
A
T
G
T
T
A
 
G
T
G
G
A
G
T
A
T
T
 
A
T
C
T
A
C
A
T
A
C
 
T
T
T
A
A
A
A
T
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
2
1
0
 
 
 
 
 
 
 
4
2
2
0
 
 
 
 
 
 
 
4
2
3
0
 
 
 
 
 
 
 
4
2
4
0
 
 
 
 
 
 
 
4
2
5
0
 
 
 
 
 
 
 
4
2
6
0
 
 
 
 
 
 
 
4
2
7
0
 
 
 
 
 
 
 
4
2
8
0

4
2
9
0
 
 
 
 
 
 
 
4
3
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
A
T
A
A
C
G
T
A
T
T
 
T
T
A
T
A
A
A
A
A
T
 
C
A
A
A
T
A
A
C
T
T
 
T
T
G
G
C
C
A
A
T
C
 
C
A
G
A
A
T
G
T
T
T
 
A
T
T
C
C
G
C
A
C
A
 
T
A
A
C
A
T
T
A
A
G
 
C
T
T
C
A
A
T
A
A
C
 
A
T
G
A
G
A
A
C
A
G
 
T
A
A
G
G
A
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
A
T
A
A
C
G
T
A
T
T
 
T
T
A
T
A
A
A
A
A
T
 
C
A
A
A
T
A
A
C
T
T
 
T
T
G
G
C
C
A
A
T
C
 
C
A
G
A
A
T
G
T
T
T
 
A
T
T
C
C
G
C
A
C
A
 
T
A
A
C
A
T
T
A
A
G
 
C
T
T
C
A
A
T
A
A
C
 
A
T
G
A
G
A
A
C
A
G
 
T
A
A
G
G
A
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
A
T
A
A
C
G
T
A
T
T
 
T
T
A
T
A
A
A
A
A
T
 
C
A
A
A
T
A
A
C
T
T
 
T
T
G
G
C
C
A
A
T
C
 
C
A
G
A
A
T
G
T
T
T
 
A
T
T
C
C
G
C
A
C
A
 
T
A
A
C
A
T
T
A
A
G
 
C
T
T
C
A
A
T
A
A
C
 
A
T
G
A
G
A
A
C
A
G
 
T
A
A
G
G
A
T
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
3
1
0
 
 
 
 
 
 
 
4
3
2
0
 
 
 
 
 
 
 
4
3
3
0
 
 
 
 
 
 
 
4
3
4
0
 
 
 
 
 
 
 
4
3
5
0
 
 
 
 
 
 
 
4
3
6
0
 
 
 
 
 
 
 
4
3
7
0
 
 
 
 
 
 
 
4
3
8
0

4
3
9
0
 
 
 
 
 
 
 
4
4
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
G
A
C
T
A
C
T
A
A
A
 
T
T
A
C
A
A
A
T
T
A
 
A
A
T
C
C
A
T
T
T
A
 
T
T
T
A
A
G
A
A
A
G
 
A
T
T
A
A
G
G
G
T
G
 
A
T
A
C
A
G
T
G
T
T
 
T
G
A
T
A
T
G
G
T
T
 
G
A
G
T
G
A
G
C
T
A
 
A
A
A
A
C
T
T
A
A
C
 
A
C
A
C
T
A
G
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
A
C
T
A
C
T
A
A
A
 
T
T
A
C
A
A
A
T
T
A
 
A
A
T
C
C
A
T
T
T
A
 
T
T
T
A
A
G
A
A
A
G
 
A
T
T
A
A
G
G
G
T
G
 
A
T
A
C
A
G
T
G
T
T
 
T
G
A
T
A
T
G
G
T
T
 
G
A
G
T
G
A
G
C
T
A
 
A
A
A
A
C
T
T
A
A
C
 
A
C
A
C
T
A
G
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
G
A
C
T
A
C
T
A
A
A
 
T
T
A
C
A
A
A
T
T
A
 
A
A
T
C
C
A
T
T
T
A
 
T
T
T
A
A
G
A
A
A
G
 
A
T
T
A
A
G
G
G
T
G
 
A
T
A
C
A
G
T
G
T
T
 
T
G
A
T
A
T
G
G
T
T
 
G
A
G
T
G
A
G
C
T
A
 
A
A
A
A
C
T
T
A
A
C
 
A
C
A
C
T
A
G
T
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
4
1
0
 
 
 
 
 
 
 
4
4
2
0
 
 
 
 
 
 
 
4
4
3
0
 
 
 
 
 
 
 
4
4
4
0
 
 
 
 
 
 
 
4
4
5
0
 
 
 
 
 
 
 
4
4
6
0
 
 
 
 
 
 
 
4
4
7
0
 
 
 
 
 
 
 
4
4
8
0

4
4
9
0
 
 
 
 
 
 
 
4
5
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
T
G
A
T
G
T
G
A
C
C
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
G
A
T
G
T
G
A
C
C
 
G
G
C
C
G
G
C
A
T
G
 
G
T
C
C
C
A
G
C
C
T
 
C
C
T
C
G
C
T
G
G
C
 
G
C
C
G
G
C
T
G
G
G
 
C
A
A
C
A
T
T
C
C
G
 
A
G
G
G
G
A
C
C
G
T
 
C
C
C
C
T
C
G
G
T
A
 
A
T
G
G
C
G
A
A
T
G
 
G
G
A
C
G
G
A
T
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
T
G
A
T
G
T
G
A
C
C
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
5
1
0
 
 
 
 
 
 
 
4
5
2
0
 
 
 
 
 
 
 
4
5
3
0
 
 
 
 
 
 
 
4
5
4
0
 
 
 
 
 
 
 
4
5
5
0
 
 
 
 
 
 
 
4
5
6
0
 
 
 
 
 
 
 
4
5
7
0
 
 
 
 
 
 
 
4
5
8
0

4
5
9
0
 
 
 
 
 
 
 
4
6
0
0

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
G
G
C
T
G
C
T
A
A
C
 
A
A
A
G
C
C
C
G
A
A
 
A
G
G
A
A
G
C
T
G
A
 
G
T
T
G
G
C
T
G
C
T
 
G
C
C
A
C
C
G
C
T
G
 
A
G
C
A
A
T
A
A
C
T
 
A
G
C
A
T
A
A
C
C
C
 
C
T
T
G
G
G
G
C
C
T
 
C
T
A
A
A
C
G
G
G
T
 
C
T
T
G
A
G
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.

SA
11
-N
5_
GS
3(
VP
3)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S3
 r
ef
er
en
ce

 
 
 
T
T
T
T
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S3
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-

231 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
4
(
V
P
4
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

232 



pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

233



SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
A
T
A
A
A
A
T
 
G
G
C
T
T
C
G
C
T
C
 
A
T
T
T
A
T
A
G
A
C
 
A
A
T
T
G
C
T
C
A
C
 
G
A
A
T
T
C
T
T
A
T
 
A
C
A
G
T
A
G
A
T
T
 
T
A
T
C
C
G
A
T
G
A
 
G
A
T
A
C
A
A
G
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
A
A
A
A
T
 
G
G
C
T
T
C
G
C
T
C
 
A
T
T
T
A
T
A
G
A
C
 
A
A
T
T
G
C
T
C
A
C
 
G
A
A
T
T
C
T
T
A
T
 
A
C
A
G
T
A
G
A
T
T
 
T
A
T
C
C
G
A
T
G
A
 
G
A
T
A
C
A
A
G
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
A
A
A
A
T
 
G
G
C
T
T
C
G
C
T
C
 
A
T
T
T
A
T
A
G
A
C
 
A
A
T
T
G
C
T
C
A
C
 
G
A
A
T
T
C
T
T
A
T
 
A
C
A
G
T
A
G
A
T
T
 
T
A
T
C
C
G
A
T
G
A
 
G
A
T
A
C
A
A
G
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
T
T
G
G
A
T
C
A
A
 
C
T
A
A
A
T
C
A
C
A
 
A
A
A
T
G
T
C
A
C
A
 
A
T
T
A
A
T
C
C
T
G
 
G
A
C
C
A
T
T
T
G
C
 
G
C
A
A
A
C
A
G
G
T
 
T
A
T
G
C
T
C
C
A
G
 
T
T
A
A
C
T
G
G
G
G
 
A
C
C
T
G
G
A
G
A
A
 
A
T
T
A
A
T
G
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
T
T
G
G
A
T
C
A
A
 
C
T
A
A
A
T
C
A
C
A
 
A
A
A
T
G
T
C
A
C
A
 
A
T
T
A
A
T
C
C
T
G
 
G
A
C
C
A
T
T
T
G
C
 
G
C
A
A
A
C
A
G
G
T
 
T
A
T
G
C
T
C
C
A
G
 
T
T
A
A
C
T
G
G
G
G
 
A
C
C
T
G
G
A
G
A
A
 
A
T
T
A
A
T
G
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
T
T
G
G
A
T
C
A
A
 
C
T
A
A
A
T
C
A
C
A
 
A
A
A
T
G
T
C
A
C
A
 
A
T
T
A
A
T
C
C
T
G
 
G
A
C
C
A
T
T
T
G
C
 
G
C
A
A
A
C
A
G
G
T
 
T
A
T
G
C
T
C
C
A
G
 
T
T
A
A
C
T
G
G
G
G
 
A
C
C
T
G
G
A
G
A
A
 
A
T
T
A
A
T
G
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
C
T
A
C
G
A
C
A
G
T
 
T
G
A
A
C
C
A
T
T
G
 
C
T
G
G
A
T
G
G
G
C
 
C
T
T
A
T
C
A
A
C
C
 
A
A
T
G
A
C
A
T
T
C
 
A
A
T
C
C
A
C
C
A
G
 
T
C
G
A
T
T
A
T
T
G
 
G
A
T
G
T
T
A
C
T
G
 
G
C
T
C
C
A
A
C
G
A
 
C
A
C
C
T
G
G
C
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
T
A
C
G
A
C
A
G
T
 
T
G
A
A
C
C
A
T
T
G
 
C
T
G
G
A
T
G
G
G
C
 
C
T
T
A
T
C
A
A
C
C
 
A
A
T
G
A
C
A
T
T
C
 
A
A
T
C
C
A
C
C
A
G
 
T
C
G
A
T
T
A
T
T
G
 
G
A
T
G
T
T
A
C
T
G
 
G
C
T
C
C
A
A
C
G
A
 
C
A
C
C
T
G
G
C
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
T
A
C
G
A
C
A
G
T
 
T
G
A
A
C
C
A
T
T
G
 
C
T
G
G
A
T
G
G
G
C
 
C
T
T
A
T
C
A
A
C
C
 
A
A
T
G
A
C
A
T
T
C
 
A
A
T
C
C
A
C
C
A
G
 
T
C
G
A
T
T
A
T
T
G
 
G
A
T
G
T
T
A
C
T
G
 
G
C
T
C
C
A
A
C
G
A
 
C
A
C
C
T
G
G
C
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
T
T
G
T
T
G
A
A
 
G
G
T
A
C
A
A
A
T
A
 
A
T
A
C
A
G
A
T
A
G
 
A
T
G
G
T
T
G
G
C
C
 
A
C
A
A
T
T
T
T
A
A
 
T
C
G
A
G
C
C
A
A
A
 
T
G
T
T
C
A
G
T
C
T
 
G
A
A
A
A
T
A
G
A
A
 
C
T
T
A
C
A
C
T
A
T
 
A
T
T
T
G
G
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
A
T
T
G
T
T
G
A
A
 
G
G
T
A
C
A
A
A
T
A
 
A
T
A
C
A
G
A
T
A
G
 
A
T
G
G
T
T
G
G
C
C
 
A
C
A
A
T
T
T
T
A
A
 
T
C
G
A
G
C
C
A
A
A
 
T
G
T
T
C
A
G
T
C
T
 
G
A
A
A
A
T
A
G
A
A
 
C
T
T
A
C
A
C
T
A
T
 
A
T
T
T
G
G
T
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
A
T
T
G
T
T
G
A
A
 
G
G
T
A
C
A
A
A
T
A
 
A
T
A
C
A
G
A
T
A
G
 
A
T
G
G
T
T
G
G
C
C
 
A
C
A
A
T
T
T
T
A
A
 
T
C
G
A
G
C
C
A
A
A
 
T
G
T
T
C
A
G
T
C
T
 
G
A
A
A
A
T
A
G
A
A
 
C
T
T
A
C
A
C
T
A
T
 
A
T
T
T
G
G
T
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
C
A
A
G
A
A
C
A
A
T
 
T
A
A
C
G
G
T
A
T
C
 
C
A
A
T
A
C
T
T
C
A
 
C
A
A
G
A
C
C
A
G
T
 
G
G
A
A
A
T
T
T
A
T
 
T
G
A
T
G
T
C
G
T
A
 
A
A
A
A
C
A
A
C
T
G
 
C
A
A
A
T
G
G
A
A
G
 
T
A
T
A
G
G
A
C
A
A
 
T
A
T
G
G
A
T
C
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
A
A
G
A
A
C
A
A
T
 
T
A
A
C
G
G
T
A
T
C
 
C
A
A
T
A
C
T
T
C
A
 
C
A
A
G
A
C
C
A
G
T
 
G
G
A
A
A
T
T
T
A
T
 
T
G
A
T
G
T
C
G
T
A
 
A
A
A
A
C
A
A
C
T
G
 
C
A
A
A
T
G
G
A
A
G
 
T
A
T
A
G
G
A
C
A
A
 
T
A
T
G
G
A
T
C
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
A
A
G
A
A
C
A
A
T
 
T
A
A
C
G
G
T
A
T
C
 
C
A
A
T
A
C
T
T
C
A
 
C
A
A
G
A
C
C
A
G
T
 
G
G
A
A
A
T
T
T
A
T
 
T
G
A
T
G
T
C
G
T
A
 
A
A
A
A
C
A
A
C
T
G
 
C
A
A
A
T
G
G
A
A
G
 
T
A
T
A
G
G
A
C
A
A
 
T
A
T
G
G
A
T
C
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

234 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
T
A
C
T
A
T
C
C
A
G
 
T
C
C
G
A
A
A
T
T
A
 
T
A
T
G
C
A
G
T
T
A
 
T
G
A
A
G
C
A
T
A
A
 
T
G
A
A
A
A
A
T
T
A
 
T
A
T
A
C
A
T
A
T
G
 
A
A
G
G
A
C
A
G
A
C
 
A
C
C
T
A
A
C
G
C
T
 
A
G
G
A
C
A
G
G
A
C
 
A
T
T
A
T
T
C
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
A
C
T
A
T
C
C
A
G
 
T
C
C
G
A
A
A
T
T
A
 
T
A
T
G
C
A
G
T
T
A
 
T
G
A
A
G
C
A
T
A
A
 
T
G
A
A
A
A
A
T
T
A
 
T
A
T
A
C
A
T
A
T
G
 
A
A
G
G
A
C
A
G
A
C
 
A
C
C
T
A
A
C
G
C
T
 
A
G
G
A
C
A
G
G
A
C
 
A
T
T
A
T
T
C
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
A
C
T
A
T
C
C
A
G
 
T
C
C
G
A
A
A
T
T
A
 
T
A
T
G
C
A
G
T
T
A
 
T
G
A
A
G
C
A
T
A
A
 
T
G
A
A
A
A
A
T
T
A
 
T
A
T
A
C
A
T
A
T
G
 
A
A
G
G
A
C
A
G
A
C
 
A
C
C
T
A
A
C
G
C
T
 
A
G
G
A
C
A
G
G
A
C
 
A
T
T
A
T
T
C
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
C
G
A
A
T
T
A
T
 
G
A
T
T
C
T
G
T
T
A
 
A
C
A
T
G
A
C
T
G
C
 
T
T
T
T
T
G
T
G
A
C
 
T
T
T
T
A
T
A
T
A
A
 
T
T
C
C
T
A
G
A
T
C
 
T
G
A
A
G
A
G
T
C
T
 
A
A
A
T
G
T
A
C
G
G
 
A
A
T
A
C
A
T
T
A
A
 
T
A
A
T
G
G
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
A
C
G
A
A
T
T
A
T
 
G
A
T
T
C
T
G
T
T
A
 
A
C
A
T
G
A
C
T
G
C
 
T
T
T
T
T
G
T
G
A
C
 
T
T
T
T
A
T
A
T
A
A
 
T
T
C
C
T
A
G
A
T
C
 
T
G
A
A
G
A
G
T
C
T
 
A
A
A
T
G
T
A
C
G
G
 
A
A
T
A
C
A
T
T
A
A
 
T
A
A
T
G
G
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
A
C
G
A
A
T
T
A
T
 
G
A
T
T
C
T
G
T
T
A
 
A
C
A
T
G
A
C
T
G
C
 
T
T
T
T
T
G
T
G
A
C
 
T
T
T
T
A
T
A
T
A
A
 
T
T
C
C
T
A
G
A
T
C
 
T
G
A
A
G
A
G
T
C
T
 
A
A
A
T
G
T
A
C
G
G
 
A
A
T
A
C
A
T
T
A
A
 
T
A
A
T
G
G
A
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
C
C
A
C
C
A
A
T
A
C
 
A
A
A
A
T
A
C
T
A
G
 
A
A
A
T
G
T
T
G
T
A
 
C
C
A
T
T
A
T
C
G
T
 
T
G
A
C
T
G
C
T
A
G
 
A
G
A
T
G
T
A
A
T
A
 
C
A
C
T
A
T
A
G
A
G
 
C
T
C
A
A
G
C
T
A
A
 
T
G
A
A
G
A
T
A
T
T
 
G
T
G
A
T
A
T
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
C
A
C
C
A
A
T
A
C
 
A
A
A
A
T
A
C
T
A
G
 
A
A
A
T
G
T
T
G
T
A
 
C
C
A
T
T
A
T
C
G
T
 
T
G
A
C
T
G
C
T
A
G
 
A
G
A
T
G
T
A
A
T
A
 
C
A
C
T
A
T
A
G
A
G
 
C
T
C
A
A
G
C
T
A
A
 
T
G
A
A
G
A
T
A
T
T
 
G
T
G
A
T
A
T
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
C
A
C
C
A
A
T
A
C
 
A
A
A
A
T
A
C
T
A
G
 
A
A
A
T
G
T
T
G
T
A
 
C
C
A
T
T
A
T
C
G
T
 
T
G
A
C
T
G
C
T
A
G
 
A
G
A
T
G
T
A
A
T
A
 
C
A
C
T
A
T
A
G
A
G
 
C
T
C
A
A
G
C
T
A
A
 
T
G
A
A
G
A
T
A
T
T
 
G
T
G
A
T
A
T
C
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
G
A
C
A
T
C
A
T
T
 
A
T
G
G
A
A
A
G
A
A
 
A
T
G
C
A
A
T
A
T
A
 
A
T
A
G
A
G
A
T
A
T
 
A
A
C
T
A
T
T
A
G
A
 
T
T
T
A
A
A
T
T
T
G
 
C
A
A
A
T
A
C
A
A
T
 
T
A
T
A
A
A
A
T
C
A
 
G
G
A
G
G
G
C
T
G
G
 
G
A
T
A
T
A
A
G
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
G
A
C
A
T
C
A
T
T
 
A
T
G
G
A
A
A
G
A
A
 
A
T
G
C
A
A
T
A
T
A
 
A
T
A
G
A
G
A
T
A
T
 
A
A
C
T
A
T
T
A
G
A
 
T
T
T
A
A
A
T
T
T
G
 
C
A
A
A
T
A
C
A
A
T
 
T
A
T
A
A
A
A
T
C
A
 
G
G
A
G
G
G
C
T
G
G
 
G
A
T
A
T
A
A
G
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
G
A
C
A
T
C
A
T
T
 
A
T
G
G
A
A
A
G
A
A
 
A
T
G
C
A
A
T
A
T
A
 
A
T
A
G
A
G
A
T
A
T
 
A
A
C
T
A
T
T
A
G
A
 
T
T
T
A
A
A
T
T
T
G
 
C
A
A
A
T
A
C
A
A
T
 
T
A
T
A
A
A
A
T
C
A
 
G
G
A
G
G
G
C
T
G
G
 
G
A
T
A
T
A
A
G
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
G
T
C
A
G
A
A
A
T
A
 
T
C
A
T
T
T
A
A
G
C
 
C
A
G
C
G
A
A
T
T
A
 
T
C
A
A
T
A
C
A
C
A
 
T
A
T
A
C
T
C
G
T
G
 
A
T
G
G
T
G
A
A
G
A
 
A
G
T
T
A
C
C
G
C
A
 
C
A
T
A
C
T
A
C
T
T
 
G
T
T
C
A
G
T
G
A
A
 
T
G
G
C
G
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
T
C
A
G
A
A
A
T
A
 
T
C
A
T
T
T
A
A
G
C
 
C
A
G
C
G
A
A
T
T
A
 
T
C
A
A
T
A
C
A
C
A
 
T
A
T
A
C
T
C
G
T
G
 
A
T
G
G
T
G
A
A
G
A
 
A
G
T
T
A
C
C
G
C
A
 
C
A
T
A
C
T
A
C
T
T
 
G
T
T
C
A
G
T
G
A
A
 
T
G
G
C
G
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
T
C
A
G
A
A
A
T
A
 
T
C
A
T
T
T
A
A
G
C
 
C
A
G
C
G
A
A
T
T
A
 
T
C
A
A
T
A
C
A
C
A
 
T
A
T
A
C
T
C
G
T
G
 
A
T
G
G
T
G
A
A
G
A
 
A
G
T
T
A
C
C
G
C
A
 
C
A
T
A
C
T
A
C
T
T
 
G
T
T
C
A
G
T
G
A
A
 
T
G
G
C
G
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
G
A
C
T
T
C
A
G
T
T
 
T
T
A
A
T
G
G
A
G
G
 
A
T
C
T
T
T
A
C
C
A
 
A
C
T
G
A
T
T
T
T
G
 
T
T
G
T
A
T
C
T
A
A
 
A
T
T
T
G
A
A
G
T
A
 
A
T
T
A
A
A
G
A
G
A
 
A
T
T
C
A
T
A
C
G
T
 
C
T
A
T
A
T
C
G
A
T
 
T
A
C
T
G
G
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
A
C
T
T
C
A
G
T
T
 
T
T
A
A
T
G
G
A
G
G
 
A
T
C
T
T
T
A
C
C
A
 
A
C
T
G
A
T
T
T
T
G
 
T
T
G
T
A
T
C
T
A
A
 
A
T
T
T
G
A
A
G
T
A
 
A
T
T
A
A
A
G
A
G
A
 
A
T
T
C
A
T
A
C
G
T
 
C
T
A
T
A
T
C
G
A
T
 
T
A
C
T
G
G
G
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
A
C
T
T
C
A
G
T
T
 
T
T
A
A
T
G
G
A
G
G
 
A
T
C
T
T
T
A
C
C
A
 
A
C
T
G
A
T
T
T
T
G
 
T
T
G
T
A
T
C
T
A
A
 
A
T
T
T
G
A
A
G
T
A
 
A
T
T
A
A
A
G
A
G
A
 
A
T
T
C
A
T
A
C
G
T
 
C
T
A
T
A
T
C
G
A
T
 
T
A
C
T
G
G
G
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
T
T
C
A
C
A
A
G
C
 
A
T
T
T
C
G
T
A
A
C
 
G
T
G
A
T
G
T
A
T
G
 
T
C
C
G
A
T
C
G
T
T
 
A
G
C
A
G
C
A
A
A
C
 
T
T
G
A
A
T
T
C
A
G
 
T
T
A
T
G
T
G
T
A
C
 
T
G
G
A
G
G
C
A
G
C
 
T
A
T
A
A
T
T
T
T
A
 
G
T
C
T
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
T
T
C
A
C
A
A
G
C
 
A
T
T
T
C
G
T
A
A
C
 
G
T
G
A
T
G
T
A
T
G
 
T
C
C
G
A
T
C
G
T
T
 
A
G
C
A
G
C
A
A
A
C
 
T
T
G
A
A
T
T
C
A
G
 
T
T
A
T
G
T
G
T
A
C
 
T
G
G
A
G
G
C
A
G
C
 
T
A
T
A
A
T
T
T
T
A
 
G
T
C
T
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
T
T
C
A
C
A
A
G
C
 
A
T
T
T
C
G
T
A
A
C
 
G
T
G
A
T
G
T
A
T
G
 
T
C
C
G
A
T
C
G
T
T
 
A
G
C
A
G
C
A
A
A
C
 
T
T
G
A
A
T
T
C
A
G
 
T
T
A
T
G
T
G
T
A
C
 
T
G
G
A
G
G
C
A
G
C
 
T
A
T
A
A
T
T
T
T
A
 
G
T
C
T
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
T
G
G
A
C
A
A
T
G
G
 
C
C
T
G
T
T
T
T
A
A
 
C
T
G
G
G
G
G
A
G
C
 
A
G
T
T
T
C
T
T
T
A
 
C
A
T
T
C
A
G
C
T
G
 
G
T
G
T
A
A
C
A
C
T
 
A
T
C
T
A
C
T
C
A
A
 
T
T
T
A
C
A
G
A
T
T
 
T
C
G
T
A
T
C
A
T
T
 
A
A
A
T
T
C
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
G
G
A
C
A
A
T
G
G
 
C
C
T
G
T
T
T
T
A
A
 
C
T
G
G
G
G
G
A
G
C
 
A
G
T
T
T
C
T
T
T
A
 
C
A
T
T
C
A
G
C
T
G
 
G
T
G
T
A
A
C
A
C
T
 
A
T
C
T
A
C
T
C
A
A
 
T
T
T
A
C
A
G
A
T
T
 
T
C
G
T
A
T
C
A
T
T
 
A
A
A
T
T
C
A
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
G
G
A
C
A
A
T
G
G
 
C
C
T
G
T
T
T
T
A
A
 
C
T
G
G
G
G
G
A
G
C
 
A
G
T
T
T
C
T
T
T
A
 
C
A
T
T
C
A
G
C
T
G
 
G
T
G
T
A
A
C
A
C
T
 
A
T
C
T
A
C
T
C
A
A
 
T
T
T
A
C
A
G
A
T
T
 
T
C
G
T
A
T
C
A
T
T
 
A
A
A
T
T
C
A
T
T
A
 

235 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0

3
1
9
0
 
 
 
 
 
 
 
3
2
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
G
A
T
T
T
A
G
A
T
 
T
T
A
G
A
C
T
A
G
C
 
T
G
T
C
G
A
A
G
A
A
 
C
C
A
C
A
C
T
T
T
A
 
A
A
C
T
G
A
C
T
A
G
 
A
A
C
T
A
G
A
T
T
A
 
G
A
T
A
G
A
T
T
G
T
 
A
T
G
G
T
C
T
G
C
C
 
T
G
C
T
G
C
A
G
A
T
 
C
C
A
A
A
T
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
G
A
T
T
T
A
G
A
T
 
T
T
A
G
A
C
T
A
G
C
 
T
G
T
C
G
A
A
G
A
A
 
C
C
A
C
A
C
T
T
T
A
 
A
A
C
T
G
A
C
T
A
G
 
A
A
C
T
A
G
A
T
T
A
 
G
A
T
A
G
A
T
T
G
T
 
A
T
G
G
T
C
T
G
C
C
 
T
G
C
T
G
C
A
G
A
T
 
C
C
A
A
A
T
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
G
A
T
T
T
A
G
A
T
 
T
T
A
G
A
C
T
A
G
C
 
T
G
T
C
G
A
A
G
A
A
 
C
C
A
C
A
C
T
T
T
A
 
A
A
C
T
G
A
C
T
A
G
 
A
A
C
T
A
G
A
T
T
A
 
G
A
T
A
G
A
T
T
G
T
 
A
T
G
G
T
C
T
G
C
C
 
T
G
C
T
G
C
A
G
A
T
 
C
C
A
A
A
T
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0

3
2
9
0
 
 
 
 
 
 
 
3
3
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
G
T
A
A
A
G
A
A
T
A
 
T
T
A
T
G
A
A
A
T
T
 
G
C
T
G
G
A
C
G
A
T
 
T
T
T
C
A
C
T
T
A
T
 
A
T
C
A
T
T
A
G
T
G
 
C
C
A
T
C
A
A
A
T
G
 
A
T
G
A
C
T
A
T
C
A
 
G
A
C
T
C
C
T
A
T
A
 
G
C
A
A
A
C
T
C
A
G
 
T
T
A
C
T
G
T
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
T
A
A
A
G
A
A
T
A
 
T
T
A
T
G
A
A
A
T
T
 
G
C
T
G
G
A
C
G
A
T
 
T
T
T
C
A
C
T
T
A
T
 
A
T
C
A
T
T
A
G
T
G
 
C
C
A
T
C
A
A
A
T
G
 
A
T
G
A
C
T
A
T
C
A
 
G
A
C
T
C
C
T
A
T
A
 
G
C
A
A
A
C
T
C
A
G
 
T
T
A
C
T
G
T
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
T
A
A
A
G
A
A
T
A
 
T
T
A
T
G
A
A
A
T
T
 
G
C
T
G
G
A
C
G
A
T
 
T
T
T
C
A
C
T
T
A
T
 
A
T
C
A
T
T
A
G
T
G
 
C
C
A
T
C
A
A
A
T
G
 
A
T
G
A
C
T
A
T
C
A
 
G
A
C
T
C
C
T
A
T
A
 
G
C
A
A
A
C
T
C
A
G
 
T
T
A
C
T
G
T
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0
 
 
 
 
 
 
 
3
3
8
0

3
3
9
0
 
 
 
 
 
 
 
3
4
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
C
A
A
G
A
T
T
T
A
 
G
A
A
A
G
G
C
A
G
T
 
T
A
G
G
A
G
A
A
C
T
 
A
A
G
A
G
A
A
G
A
G
 
T
T
T
A
A
C
G
C
T
T
 
T
G
T
C
T
C
A
A
G
A
 
A
A
T
T
G
C
A
A
T
G
 
T
C
G
C
A
G
T
T
A
A
 
T
C
G
A
T
T
T
A
G
C
 
G
C
T
T
C
T
A
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
C
A
A
G
A
T
T
T
A
 
G
A
A
A
G
G
C
A
G
T
 
T
A
G
G
A
G
A
A
C
T
 
A
A
G
A
G
A
A
G
A
G
 
T
T
T
A
A
C
G
C
T
T
 
T
G
T
C
T
C
A
A
G
A
 
A
A
T
T
G
C
A
A
T
G
 
T
C
G
C
A
G
T
T
A
A
 
T
C
G
A
T
T
T
A
G
C
 
G
C
T
T
C
T
A
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
C
A
A
G
A
T
T
T
A
 
G
A
A
A
G
G
C
A
G
T
 
T
A
G
G
A
G
A
A
C
T
 
A
A
G
A
G
A
A
G
A
G
 
T
T
T
A
A
C
G
C
T
T
 
T
G
T
C
T
C
A
A
G
A
 
A
A
T
T
G
C
A
A
T
G
 
T
C
G
C
A
G
T
T
A
A
 
T
C
G
A
T
T
T
A
G
C
 
G
C
T
T
C
T
A
C
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
4
1
0
 
 
 
 
 
 
 
3
4
2
0
 
 
 
 
 
 
 
3
4
3
0
 
 
 
 
 
 
 
3
4
4
0
 
 
 
 
 
 
 
3
4
5
0
 
 
 
 
 
 
 
3
4
6
0
 
 
 
 
 
 
 
3
4
7
0
 
 
 
 
 
 
 
3
4
8
0

3
4
9
0
 
 
 
 
 
 
 
3
5
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
T
T
A
G
A
T
A
T
G
T
 
T
C
T
C
A
A
T
G
T
T
 
T
T
C
T
G
G
C
A
T
T
 
A
A
A
A
G
T
A
C
T
A
 
T
T
G
A
T
G
C
T
G
C
 
A
A
A
A
T
C
A
A
T
G
 
G
C
T
A
C
T
A
A
T
G
 
T
T
A
T
G
A
A
A
A
A
 
A
T
T
C
A
A
A
A
A
G
 
T
C
A
G
G
A
T
T
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
T
A
G
A
T
A
T
G
T
 
T
C
T
C
A
A
T
G
T
T
 
T
T
C
T
G
G
C
A
T
T
 
A
A
A
A
G
T
A
C
T
A
 
T
T
G
A
T
G
C
T
G
C
 
A
A
A
A
T
C
A
A
T
G
 
G
C
T
A
C
T
A
A
T
G
 
T
T
A
T
G
A
A
A
A
A
 
A
T
T
C
A
A
A
A
A
G
 
T
C
A
G
G
A
T
T
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
T
A
G
A
T
A
T
G
T
 
T
C
T
C
A
A
T
G
T
T
 
T
T
C
T
G
G
C
A
T
T
 
A
A
A
A
G
T
A
C
T
A
 
T
T
G
A
T
G
C
T
G
C
 
A
A
A
A
T
C
A
A
T
G
 
G
C
T
A
C
T
A
A
T
G
 
T
T
A
T
G
A
A
A
A
A
 
A
T
T
C
A
A
A
A
A
G
 
T
C
A
G
G
A
T
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
5
1
0
 
 
 
 
 
 
 
3
5
2
0
 
 
 
 
 
 
 
3
5
3
0
 
 
 
 
 
 
 
3
5
4
0
 
 
 
 
 
 
 
3
5
5
0
 
 
 
 
 
 
 
3
5
6
0
 
 
 
 
 
 
 
3
5
7
0
 
 
 
 
 
 
 
3
5
8
0

3
5
9
0
 
 
 
 
 
 
 
3
6
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
C
G
A
A
T
T
C
A
G
T
 
T
T
C
A
A
C
A
C
T
G
 
A
C
A
G
A
T
T
C
T
T
 
T
A
T
C
A
G
A
C
G
C
 
A
G
C
A
T
C
A
T
C
A
 
A
T
A
T
C
A
A
G
A
G
 
G
T
T
C
A
T
C
T
A
T
 
A
C
G
T
T
C
G
A
T
T
 
G
G
A
T
C
T
T
C
A
G
 
C
A
T
C
A
G
C
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
C
G
A
A
T
T
C
A
G
T
 
T
T
C
A
A
C
A
C
T
G
 
A
C
A
G
A
T
T
C
T
T
 
T
A
T
C
A
G
A
C
G
C
 
A
G
C
A
T
C
A
T
C
A
 
A
T
A
T
C
A
A
G
A
G
 
G
T
T
C
A
T
C
T
A
T
 
A
C
G
T
T
C
G
A
T
T
 
G
G
A
T
C
T
T
C
A
G
 
C
A
T
C
A
G
C
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
C
G
A
A
T
T
C
A
G
T
 
T
T
C
A
A
C
A
C
T
G
 
A
C
A
G
A
T
T
C
T
T
 
T
A
T
C
A
G
A
C
G
C
 
A
G
C
A
T
C
A
T
C
A
 
A
T
A
T
C
A
A
G
A
G
 
G
T
T
C
A
T
C
T
A
T
 
A
C
G
T
T
C
G
A
T
T
 
G
G
A
T
C
T
T
C
A
G
 
C
A
T
C
A
G
C
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
6
1
0
 
 
 
 
 
 
 
3
6
2
0
 
 
 
 
 
 
 
3
6
3
0
 
 
 
 
 
 
 
3
6
4
0
 
 
 
 
 
 
 
3
6
5
0
 
 
 
 
 
 
 
3
6
6
0
 
 
 
 
 
 
 
3
6
7
0
 
 
 
 
 
 
 
3
6
8
0

3
6
9
0
 
 
 
 
 
 
 
3
7
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
G
A
C
G
G
A
T
G
T
A
 
T
C
A
A
C
A
C
A
A
A
 
T
A
A
C
T
G
A
T
A
T
 
A
T
C
G
T
C
A
T
C
A
 
G
T
A
A
G
T
T
C
A
G
 
T
T
T
C
G
A
C
A
C
A
 
A
A
C
G
T
C
A
A
C
T
 
A
T
C
A
G
T
A
G
A
A
 
G
A
T
T
G
A
G
A
C
T
 
A
A
A
G
G
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
A
C
G
G
A
T
G
T
A
 
T
C
A
A
C
A
C
A
A
A
 
T
A
A
C
T
G
A
T
A
T
 
A
T
C
G
T
C
A
T
C
A
 
G
T
A
A
G
T
T
C
A
G
 
T
T
T
C
G
A
C
A
C
A
 
A
A
C
G
T
C
A
A
C
T
 
A
T
C
A
G
T
A
G
A
A
 
G
A
T
T
G
A
G
A
C
T
 
A
A
A
G
G
A
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
A
C
G
G
A
T
G
T
A
 
T
C
A
A
C
A
C
A
A
A
 
T
A
A
C
T
G
A
T
A
T
 
A
T
C
G
T
C
A
T
C
A
 
G
T
A
A
G
T
T
C
A
G
 
T
T
T
C
G
A
C
A
C
A
 
A
A
C
G
T
C
A
A
C
T
 
A
T
C
A
G
T
A
G
A
A
 
G
A
T
T
G
A
G
A
C
T
 
A
A
A
G
G
A
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
7
1
0
 
 
 
 
 
 
 
3
7
2
0
 
 
 
 
 
 
 
3
7
3
0
 
 
 
 
 
 
 
3
7
4
0
 
 
 
 
 
 
 
3
7
5
0
 
 
 
 
 
 
 
3
7
6
0
 
 
 
 
 
 
 
3
7
7
0
 
 
 
 
 
 
 
3
7
8
0

3
7
9
0
 
 
 
 
 
 
 
3
8
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
G
C
A
A
C
A
C
A
A
A
 
C
T
G
A
G
G
G
T
A
T
 
G
A
A
T
T
T
T
G
A
T
 
G
A
T
A
T
A
T
C
A
G
 
C
G
G
C
T
G
T
T
T
T
 
G
A
A
G
A
C
T
A
A
G
 
A
T
A
G
A
T
A
A
A
T
 
C
G
A
C
T
C
A
A
A
T
 
A
T
C
A
C
C
A
A
A
C
 
A
C
A
A
T
A
C
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
G
C
A
A
C
A
C
A
A
A
 
C
T
G
A
G
G
G
T
A
T
 
G
A
A
T
T
T
T
G
A
T
 
G
A
T
A
T
A
T
C
A
G
 
C
G
G
C
T
G
T
T
T
T
 
G
A
A
G
A
C
T
A
A
G
 
A
T
A
G
A
T
A
A
A
T
 
C
G
A
C
T
C
A
A
A
T
 
A
T
C
A
C
C
A
A
A
C
 
A
C
A
A
T
A
C
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
G
C
A
A
C
A
C
A
A
A
 
C
T
G
A
G
G
G
T
A
T
 
G
A
A
T
T
T
T
G
A
T
 
G
A
T
A
T
A
T
C
A
G
 
C
G
G
C
T
G
T
T
T
T
 
G
A
A
G
A
C
T
A
A
G
 
A
T
A
G
A
T
A
A
A
T
 
C
G
A
C
T
C
A
A
A
T
 
A
T
C
A
C
C
A
A
A
C
 
A
C
A
A
T
A
C
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
8
1
0
 
 
 
 
 
 
 
3
8
2
0
 
 
 
 
 
 
 
3
8
3
0
 
 
 
 
 
 
 
3
8
4
0
 
 
 
 
 
 
 
3
8
5
0
 
 
 
 
 
 
 
3
8
6
0
 
 
 
 
 
 
 
3
8
7
0
 
 
 
 
 
 
 
3
8
8
0

3
8
9
0
 
 
 
 
 
 
 
3
9
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
C
A
T
T
G
T
T
A
C
 
T
G
A
A
G
C
A
T
C
G
 
G
A
A
A
A
A
T
T
C
A
 
T
A
C
C
A
A
A
T
A
G
 
G
G
C
T
T
A
C
C
G
C
 
G
T
T
A
T
A
A
A
C
A
 
A
C
G
A
T
G
A
T
G
T
 
G
T
T
T
G
A
A
G
C
T
 
G
G
A
A
T
T
G
A
T
G
 
G
A
A
A
A
T
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
C
A
T
T
G
T
T
A
C
 
T
G
A
A
G
C
A
T
C
G
 
G
A
A
A
A
A
T
T
C
A
 
T
A
C
C
A
A
A
T
A
G
 
G
G
C
T
T
A
C
C
G
C
 
G
T
T
A
T
A
A
A
C
A
 
A
C
G
A
T
G
A
T
G
T
 
G
T
T
T
G
A
A
G
C
T
 
G
G
A
A
T
T
G
A
T
G
 
G
A
A
A
A
T
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
C
A
T
T
G
T
T
A
C
 
T
G
A
A
G
C
A
T
C
G
 
G
A
A
A
A
A
T
T
C
A
 
T
A
C
C
A
A
A
T
A
G
 
G
G
C
T
T
A
C
C
G
C
 
G
T
T
A
T
A
A
A
C
A
 
A
C
G
A
T
G
A
T
G
T
 
G
T
T
T
G
A
A
G
C
T
 
G
G
A
A
T
T
G
A
T
G
 
G
A
A
A
A
T
T
T
T
T
 

236 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
9
1
0
 
 
 
 
 
 
 
3
9
2
0
 
 
 
 
 
 
 
3
9
3
0
 
 
 
 
 
 
 
3
9
4
0
 
 
 
 
 
 
 
3
9
5
0
 
 
 
 
 
 
 
3
9
6
0
 
 
 
 
 
 
 
3
9
7
0
 
 
 
 
 
 
 
3
9
8
0

3
9
9
0
 
 
 
 
 
 
 
4
0
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
T
G
C
T
T
A
T
A
A
A
 
G
T
G
G
A
T
A
C
A
T
 
T
T
G
A
G
G
A
A
A
T
 
A
C
C
A
T
T
T
G
A
T
 
G
T
A
C
A
A
A
A
A
T
 
T
C
G
C
T
G
A
C
T
T
 
A
G
T
T
A
C
A
G
A
T
 
T
C
T
C
C
A
G
T
A
A
 
T
A
T
C
C
G
C
T
A
T
 
A
A
T
T
G
A
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
G
C
T
T
A
T
A
A
A
 
G
T
G
G
A
T
A
C
A
T
 
T
T
G
A
G
G
A
A
A
T
 
A
C
C
A
T
T
T
G
A
T
 
G
T
A
C
A
A
A
A
A
T
 
T
C
G
C
T
G
A
C
T
T
 
A
G
T
T
A
C
A
G
A
T
 
T
C
T
C
C
A
G
T
A
A
 
T
A
T
C
C
G
C
T
A
T
 
A
A
T
T
G
A
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
G
C
T
T
A
T
A
A
A
 
G
T
G
G
A
T
A
C
A
T
 
T
T
G
A
G
G
A
A
A
T
 
A
C
C
A
T
T
T
G
A
T
 
G
T
A
C
A
A
A
A
A
T
 
T
C
G
C
T
G
A
C
T
T
 
A
G
T
T
A
C
A
G
A
T
 
T
C
T
C
C
A
G
T
A
A
 
T
A
T
C
C
G
C
T
A
T
 
A
A
T
T
G
A
T
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
0
1
0
 
 
 
 
 
 
 
4
0
2
0
 
 
 
 
 
 
 
4
0
3
0
 
 
 
 
 
 
 
4
0
4
0
 
 
 
 
 
 
 
4
0
5
0
 
 
 
 
 
 
 
4
0
6
0
 
 
 
 
 
 
 
4
0
7
0
 
 
 
 
 
 
 
4
0
8
0

4
0
9
0
 
 
 
 
 
 
 
4
1
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
A
A
A
C
A
C
T
T
A
 
A
A
A
A
T
T
T
G
A
A
 
C
G
A
T
A
A
T
T
A
C
 
G
G
C
A
T
T
A
C
T
A
 
A
G
C
A
A
C
A
A
G
C
 
A
T
T
T
A
A
T
C
T
T
 
T
T
A
A
G
A
T
C
T
G
 
A
C
C
C
A
A
G
A
G
T
 
T
T
T
A
C
G
T
G
A
A
 
T
T
C
A
T
T
A
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
A
A
A
C
A
C
T
T
A
 
A
A
A
A
T
T
T
G
A
A
 
C
G
A
T
A
A
T
T
A
C
 
G
G
C
A
T
T
A
C
T
A
 
A
G
C
A
A
C
A
A
G
C
 
A
T
T
T
A
A
T
C
T
T
 
T
T
A
A
G
A
T
C
T
G
 
A
C
C
C
A
A
G
A
G
T
 
T
T
T
A
C
G
T
G
A
A
 
T
T
C
A
T
T
A
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
A
A
A
C
A
C
T
T
A
 
A
A
A
A
T
T
T
G
A
A
 
C
G
A
T
A
A
T
T
A
C
 
G
G
C
A
T
T
A
C
T
A
 
A
G
C
A
A
C
A
A
G
C
 
A
T
T
T
A
A
T
C
T
T
 
T
T
A
A
G
A
T
C
T
G
 
A
C
C
C
A
A
G
A
G
T
 
T
T
T
A
C
G
T
G
A
A
 
T
T
C
A
T
T
A
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
1
0
 
 
 
 
 
 
 
4
1
2
0
 
 
 
 
 
 
 
4
1
3
0
 
 
 
 
 
 
 
4
1
4
0
 
 
 
 
 
 
 
4
1
5
0
 
 
 
 
 
 
 
4
1
6
0
 
 
 
 
 
 
 
4
1
7
0
 
 
 
 
 
 
 
4
1
8
0

4
1
9
0
 
 
 
 
 
 
 
4
2
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
A
G
G
A
C
A
A
T
C
C
 
T
A
T
A
A
T
T
A
G
A
 
A
A
T
A
G
A
A
T
T
G
 
A
A
C
A
A
C
T
G
A
T
 
T
A
T
G
C
A
A
T
G
C
 
A
G
G
T
T
G
T
G
A
G
 
T
A
A
T
T
T
C
T
A
G
 
A
G
G
A
T
G
T
G
A
C
 
C
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
G
G
A
C
A
A
T
C
C
 
T
A
T
A
A
T
T
A
G
A
 
A
A
T
A
G
A
A
T
T
G
 
A
A
C
A
A
C
T
G
A
T
 
T
A
T
G
C
A
A
T
G
C
 
A
G
G
T
T
G
T
G
A
G
 
T
A
A
T
T
T
C
T
A
G
 
A
G
G
A
T
G
T
G
A
C
 
C
G
G
C
C
G
G
C
A
T
 
G
G
T
C
C
C
A
G
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
G
G
A
C
A
A
T
C
C
 
T
A
T
A
A
T
T
A
G
A
 
A
A
T
A
G
A
A
T
T
G
 
A
A
C
A
A
C
T
G
A
T
 
T
A
T
G
C
A
A
T
G
C
 
A
G
G
T
T
G
T
G
A
G
 
T
A
A
T
T
T
C
T
A
G
 
A
G
G
A
T
G
T
G
A
C
 
C
G
G
C
C
G
G
C
A
T
 
G
G
T
C
C
C
A
G
C
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
2
1
0
 
 
 
 
 
 
 
4
2
2
0
 
 
 
 
 
 
 
4
2
3
0
 
 
 
 
 
 
 
4
2
4
0
 
 
 
 
 
 
 
4
2
5
0
 
 
 
 
 
 
 
4
2
6
0
 
 
 
 
 
 
 
4
2
7
0
 
 
 
 
 
 
 
4
2
8
0

4
2
9
0
 
 
 
 
 
 
 
4
3
0
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
T
C
C
T
C
G
C
T
G
G
 
C
G
C
C
G
G
C
T
G
G
 
G
C
A
A
C
A
T
T
C
C
 
G
A
G
G
G
G
A
C
C
G
 
T
C
C
C
C
T
C
G
G
T
 
A
A
T
G
G
C
G
A
A
T
 
G
G
G
A
C
G
G
A
T
C
 
C
G
G
C
T
G
C
T
A
A
 
C
A
A
A
G
C
C
C
G
A
 
A
A
G
G
A
A
G
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
T
C
C
T
C
G
C
T
G
G
 
C
G
C
C
G
G
C
T
G
G
 
G
C
A
A
C
A
T
T
C
C
 
G
A
G
G
G
G
A
C
C
G
 
T
C
C
C
C
T
C
G
G
T
 
A
A
T
G
G
C
G
A
A
T
 
G
G
G
A
C
G
G
A
T
C
 
C
G
G
C
T
G
C
T
A
A
 
C
A
A
A
G
C
C
C
G
A
 
A
A
G
G
A
A
G
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
3
1
0
 
 
 
 
 
 
 
4
3
2
0
 
 
 
 
 
 
 
4
3
3
0
 
 
 
 
 
 
 
4
3
4
0
 
 
 
 
 
 
 
4
3
5
0
 
 
 
 
 
 
 
4
3
6
0
 
 
 
 
 
 
 
4
3
7
0

4
3
8
0

SA
11
-N
5_
GS
4(
VP
4)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 r
ef
er
en
ce

 
 
 
A
G
T
T
G
G
C
T
G
C
 
T
G
C
C
A
C
C
G
C
T
 
G
A
G
C
A
A
T
A
A
C
 
T
A
G
C
A
T
A
A
C
C
 
C
C
T
T
G
G
G
G
C
C
 
T
C
T
A
A
A
C
G
G
G
 
T
C
T
T
G
A
G
G
G
G
 
T
T
T
T
T
T
G
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S4
 N
GS

 
 
 
A
G
T
T
G
G
C
T
G
C
 
T
G
C
C
A
C
C
G
C
T
 
G
A
G
C
A
A
T
A
A
C
 
T
A
G
C
A
T
A
A
C
C
 
C
C
T
T
G
G
G
G
C
C
 
T
C
T
A
A
A
C
G
G
G
 
T
C
T
T
G
A
G
G
G
G
 
T
T
T
T
T
T
G
G
A
T
 

237 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
5
(
N
S
P
1
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

238 



pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

239



SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
C
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
T
T
T
T
T
T
T
 
G
A
A
A
A
G
T
C
T
T
 
G
T
G
T
T
A
G
C
C
A
 
T
G
G
C
T
A
C
T
T
T
 
T
A
A
A
G
A
T
G
C
A
 
T
G
C
T
T
T
C
A
T
T
 
A
T
C
G
T
A
G
A
T
T
 
A
A
C
T
G
C
T
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
T
T
T
T
 
G
A
A
A
A
G
T
C
T
T
 
G
T
G
T
T
A
G
C
C
A
 
T
G
G
C
T
A
C
T
T
T
 
T
A
A
A
G
A
T
G
C
A
 
T
G
C
T
T
T
C
A
T
T
 
A
T
C
G
T
A
G
A
T
T
 
A
A
C
T
G
C
T
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
T
T
T
T
 
G
A
A
A
A
G
T
C
T
T
 
G
T
G
T
T
A
G
C
C
A
 
T
G
G
C
T
A
C
T
T
T
 
T
A
A
A
G
A
T
G
C
A
 
T
G
C
T
T
T
C
A
T
T
 
A
T
C
G
T
A
G
A
T
T
 
A
A
C
T
G
C
T
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
A
A
T
C
G
G
A
G
A
T
 
T
A
T
G
C
A
A
C
A
T
 
T
G
G
T
G
C
A
A
A
T
 
T
C
T
A
T
T
T
G
G
A
 
T
G
C
C
A
G
T
T
C
C
 
T
G
A
T
G
C
G
A
A
A
 
A
T
T
A
A
G
G
G
G
T
 
G
G
T
G
T
T
T
A
G
A
 
A
T
G
T
T
G
T
C
A
A
 
A
T
A
G
C
T
G
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
A
T
C
G
G
A
G
A
T
 
T
A
T
G
C
A
A
C
A
T
 
T
G
G
T
G
C
A
A
A
T
 
T
C
T
A
T
T
T
G
G
A
 
T
G
C
C
A
G
T
T
C
C
 
T
G
A
T
G
C
G
A
A
A
 
A
T
T
A
A
G
G
G
G
T
 
G
G
T
G
T
T
T
A
G
A
 
A
T
G
T
T
G
T
C
A
A
 
A
T
A
G
C
T
G
A
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
A
T
C
G
G
A
G
A
T
 
T
A
T
G
C
A
A
C
A
T
 
T
G
G
T
G
C
A
A
A
T
 
T
C
T
A
T
T
T
G
G
A
 
T
G
C
C
A
G
T
T
C
C
 
T
G
A
T
G
C
G
A
A
A
 
A
T
T
A
A
G
G
G
G
T
 
G
G
T
G
T
T
T
A
G
A
 
A
T
G
T
T
G
T
C
A
A
 
A
T
A
G
C
T
G
A
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
A
A
C
C
C
A
T
T
G
 
T
T
A
T
G
G
T
T
G
C
 
T
C
A
T
T
G
C
C
G
C
 
A
T
G
T
T
T
G
C
A
A
 
A
T
G
G
T
G
T
G
-
-
 
-
-
-
-
-
-
-
-
-
T
 
T
C
A
G
-
-
-
-
-
-
 
-
-
-
-
-
-
A
A
C
A
 
G
A
A
G
A
T
G
C
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
A
A
C
C
C
A
T
T
G
 
T
T
A
T
G
G
T
T
G
C
 
T
C
A
T
T
G
C
C
G
C
 
A
T
G
T
T
T
G
C
A
A
 
A
G
G
A
A
G
C
G
G
A
 
G
C
T
A
C
T
A
A
C
T
 
T
C
A
G
C
C
T
G
C
T
 
G
A
A
G
C
A
G
G
C
T
 
G
G
A
G
A
C
G
T
G
G
 
A
G
G
A
G
A
A
C
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
A
A
C
C
C
A
T
T
G
 
T
T
A
T
G
G
T
T
G
C
 
T
C
A
T
T
G
C
C
G
C
 
A
T
G
T
T
T
G
C
A
A
 
A
T
G
G
T
G
T
G
-
-
 
-
-
-
-
-
-
-
-
-
T
 
T
C
A
G
-
-
-
-
-
-
 
-
-
-
-
-
-
A
A
C
A
 
G
A
A
G
A
T
G
C
-
-
 
-
-
-
-
-
-
-
-
-
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
T
T
C
C
T
T
G
A
 
C
A
A
T
G
A
A
C
C
T
 
C
A
T
T
T
G
C
T
T
-
 
A
A
G
C
T
T
-
-
-
-
 
-
-
-
-
-
A
G
A
A
C
 
T
G
T
G
A
A
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
A
C
A
T
C
 
C
A
A
T
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
G
G
A
C
C
T
A
T
G
 
A
A
C
T
C
C
C
T
G
A
 
T
T
A
A
G
G
A
A
A
A
 
C
A
T
G
C
A
C
A
T
G
 
A
A
G
C
T
C
T
A
C
A
 
T
G
G
A
G
G
G
A
A
C
 
C
G
T
C
A
A
T
A
A
C
 
C
A
T
C
A
C
T
T
C
A
 
A
G
T
G
T
A
C
G
T
C
 
C
G
A
G
G
G
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
T
T
C
C
T
T
G
A
 
C
A
A
T
G
A
A
C
C
T
 
C
A
T
T
T
G
C
T
T
-
 
A
A
G
C
T
T
-
-
-
-
 
-
-
-
-
-
A
G
A
A
C
 
T
G
T
G
A
A
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
A
C
A
T
C
 
C
A
A
T
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
A
G
A
C
A
A
A
T
-
T
 
A
C
A
G
T
G
T
A
T
C
 
A
T
A
G
A
C
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
T
G
T
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
G
A
A
A
A
C
C
G
T
 
A
C
G
A
G
G
G
G
A
C
 
T
C
A
G
A
C
T
A
T
G
 
C
G
G
A
T
C
A
A
G
G
 
T
G
G
T
G
G
A
A
G
G
 
A
G
G
T
C
C
G
C
T
G
 
C
C
G
T
T
C
G
C
A
T
 
T
T
G
A
C
A
T
T
C
T
 
G
G
C
C
A
C
T
T
C
C
 
T
T
C
A
T
G
T
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
G
A
C
A
A
A
T
-
T
 
A
C
A
G
T
G
T
A
T
C
 
A
T
A
G
A
C
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
T
G
T
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

240 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
A
T
A
T
A
A
T
A
T
T
 
T
C
C
A
A
T
T
A
A
T
 
G
A
-
-
-
T
A
A
A
G
 
T
A
A
T
T
A
G
A
A
A
 
A
T
T
T
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
G
A
A
A
G
A
A
T
 
G
A
T
A
A
A
G
C
A
A
 
A
G
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
C
T
C
G
A
G
A
A
C
 
C
T
T
C
A
T
C
A
A
G
 
T
A
C
C
C
T
A
A
A
G
 
G
A
A
T
C
C
C
A
G
A
 
T
T
T
C
T
T
C
A
A
G
 
C
A
G
A
G
C
T
T
C
C
 
C
C
G
A
A
G
G
A
T
T
 
C
A
C
T
T
G
G
G
A
A
 
A
G
G
G
T
C
A
C
C
C
 
G
C
T
A
C
G
A
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
T
A
T
A
A
T
A
T
T
 
T
C
C
A
A
T
T
A
A
T
 
G
A
-
-
-
T
A
A
A
G
 
T
A
A
T
T
A
G
A
A
A
 
A
T
T
T
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
G
A
A
A
G
A
A
T
 
G
A
T
A
A
A
G
C
A
A
 
A
G
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
G
T
A
G
G
A
A
T
C
 
A
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
A
T
A
T
 
A
A
A
A
T
T
G
A
A
T
 
G
G
T
A
T
A
A
T
C
-
 
-
-
A
T
T
T
G
C
T
G
 
C
T
C
C
C
A
A
T
T
A
 
-
-
-
-
-
C
A
T
T
A
 
A
A
T
G
C
T
-
-
-
G
 
C
T
G
C
A
T
T
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
G
G
A
G
G
C
G
T
C
 
G
T
C
A
C
C
G
C
A
A
 
C
T
C
A
A
G
A
C
A
C
 
G
T
C
A
C
T
G
G
A
G
 
G
A
T
G
G
A
T
G
C
C
 
T
G
G
T
T
T
A
C
C
A
 
C
G
T
G
C
A
A
G
T
G
 
A
G
A
G
G
C
G
T
G
A
 
A
T
T
T
C
C
C
G
A
G
 
C
A
A
C
G
G
T
C
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
G
T
A
G
G
A
A
T
C
 
A
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
A
T
A
T
 
A
A
A
A
T
T
G
A
A
T
 
G
G
T
A
T
A
A
T
C
-
 
-
-
A
T
T
T
G
C
T
G
 
C
T
C
C
C
A
A
T
T
A
 
-
-
-
-
-
C
A
T
T
A
 
A
A
T
G
C
T
-
-
-
G
 
C
T
G
C
A
T
T
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
G
T
-
-
-
-
T
T
G
A
 
T
G
A
A
A
A
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
A
A
T
-
-
-
-
 
-
-
-
-
-
C
T
T
T
A
 
T
T
A
T
G
T
T
T
T
T
 
G
G
G
T
T
A
T
A
T
G
 
A
G
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
A
A
A
T
C
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
T
G
A
T
G
C
A
G
A
 
A
G
A
A
A
A
C
C
C
T
 
C
G
G
C
T
G
G
G
A
G
 
C
C
A
A
A
T
A
C
T
G
 
A
A
A
T
G
C
T
T
T
A
 
C
C
C
T
G
C
C
G
A
C
 
G
G
A
G
G
A
C
T
C
G
 
A
A
G
G
G
C
G
C
T
C
 
G
G
A
C
A
T
G
G
C
T
 
C
T
T
A
A
G
T
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
T
-
-
-
-
T
T
G
A
 
T
G
A
A
A
A
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
A
A
T
-
-
-
-
 
-
-
-
-
-
C
T
T
T
A
 
T
T
A
T
G
T
T
T
T
T
 
G
G
G
T
T
A
T
A
T
G
 
A
G
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
A
A
A
T
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
C
A
G
T
G
-
-
-
-
 
A
T
A
T
A
T
A
T
G
C
 
T
C
C
A
T
A
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
A
G
A
A
T
T
G
T
T
-
 
-
-
A
A
C
T
T
T
A
T
 
A
A
-
-
-
-
-
-
-
-
 
A
T
G
A
A
T
T
T
G
A
 
T
A
A
A
T
T
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
C
G
G
T
G
G
G
G
G
 
A
C
A
T
C
T
G
A
G
C
 
T
G
C
T
C
A
T
T
T
G
 
T
G
A
C
C
A
C
C
T
A
 
C
C
G
G
T
C
G
A
A
G
 
A
A
A
A
C
C
G
T
G
G
 
G
G
A
A
C
A
T
C
A
A
 
G
A
T
G
C
C
G
G
G
C
 
A
T
C
C
A
T
G
C
T
G
 
T
C
G
A
T
C
A
C
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
C
A
G
T
G
-
-
-
-
 
A
T
A
T
A
T
A
T
G
C
 
T
C
C
A
T
A
T
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
A
G
A
A
T
T
G
T
T
-
 
-
-
A
A
C
T
T
T
A
T
 
A
A
-
-
-
-
-
-
-
-
 
A
T
G
A
A
T
T
T
G
A
 
T
A
A
A
T
T
A
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
C
T
T
G
A
T
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
C
A
T
A
T
T
 
A
A
C
T
T
-
-
-
-
-
 
-
-
-
-
-
-
T
A
C
A
 
A
G
A
-
-
-
-
-
A
T
 
G
T
C
C
A
A
-
T
C
T
 
A
C
C
A
-
A
T
A
G
A
 
G
T
T
G
A
G
A
-
-
-
 
-
-
-
-
-
A
A
C
C
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
C
T
G
G
T
G
C
G
G
 
A
T
C
A
A
A
G
A
A
G
 
C
G
G
A
T
A
A
A
G
A
 
A
A
C
T
T
A
T
G
T
G
 
G
A
G
C
A
G
C
A
C
G
 
A
G
G
T
G
G
C
G
G
T
 
G
G
C
C
A
A
G
T
T
T
 
G
C
C
G
G
A
T
T
G
G
 
G
C
G
G
A
G
G
C
A
T
 
G
G
A
C
G
A
A
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
T
T
G
A
T
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
C
A
T
A
T
T
 
A
A
C
T
T
-
-
-
-
-
 
-
-
-
-
-
-
T
A
C
A
 
A
G
A
-
-
-
-
-
A
T
 
G
T
C
C
A
A
-
T
C
T
 
A
C
C
A
-
A
T
A
G
A
 
G
T
T
G
A
G
A
-
-
-
 
-
-
-
-
-
A
A
C
C
-
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
A
 
T
T
A
C
G
C
A
A
A
G
 
A
A
A
T
A
C
T
T
C
C
 
A
A
T
T
A
T
C
A
A
G
 
A
C
T
G
C
C
A
T
C
A
 
T
C
A
A
A
A
C
T
A
A
 
A
G
C
A
A
A
T
T
T
A
 
C
T
T
T
T
C
A
G
A
T
 
T
T
T
A
C
T
A
A
A
G
 
A
A
A
C
T
G
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
A
C
A
A
G
T
A
A
A
 
T
T
A
C
G
C
A
A
A
G
 
A
A
A
T
A
C
T
T
C
C
 
A
A
T
T
A
T
C
A
A
G
 
A
C
T
G
C
C
A
T
C
A
 
T
C
A
A
A
A
C
T
A
A
 
A
G
C
A
A
A
T
T
T
A
 
C
T
T
T
T
C
A
G
A
T
 
T
T
T
A
C
T
A
A
A
G
 
A
A
A
C
T
G
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
A
 
T
T
A
C
G
C
A
A
A
G
 
A
A
A
T
A
C
T
T
C
C
 
A
A
T
T
A
T
C
A
A
G
 
A
C
T
G
C
C
A
T
C
A
 
T
C
A
A
A
A
C
T
A
A
 
A
G
C
A
A
A
T
T
T
A
 
C
T
T
T
T
C
A
G
A
T
 
T
T
T
A
C
T
A
A
A
G
 
A
A
A
C
T
G
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
T
T
T
A
A
T
A
C
T
 
T
A
T
A
C
A
A
A
A
A
 
C
G
C
C
A
G
G
A
A
G
 
A
T
C
A
A
T
A
T
A
C
 
A
G
A
A
A
T
G
T
A
A
 
C
T
G
A
A
T
T
T
A
A
 
T
T
G
G
A
G
A
G
A
T
 
G
A
A
T
T
G
G
A
G
C
 
T
T
T
A
T
T
C
T
G
A
 
T
T
T
A
A
A
A
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
T
T
T
A
A
T
A
C
T
 
T
A
T
A
C
A
A
A
A
A
 
C
G
C
C
A
G
G
A
A
G
 
A
T
C
A
A
T
A
T
A
C
 
A
G
A
A
A
T
G
T
A
A
 
C
T
G
A
A
T
T
T
A
A
 
T
T
G
G
A
G
A
G
A
T
 
G
A
A
T
T
G
G
A
G
C
 
T
T
T
A
T
T
C
T
G
A
 
T
T
T
A
A
A
A
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
T
T
T
A
A
T
A
C
T
 
T
A
T
A
C
A
A
A
A
A
 
C
G
C
C
A
G
G
A
A
G
 
A
T
C
A
A
T
A
T
A
C
 
A
G
A
A
A
T
G
T
A
A
 
C
T
G
A
A
T
T
T
A
A
 
T
T
G
G
A
G
A
G
A
T
 
G
A
A
T
T
G
G
A
G
C
 
T
T
T
A
T
T
C
T
G
A
 
T
T
T
A
A
A
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
G
A
T
A
A
G
A
A
T
A
 
A
A
T
T
A
A
T
T
G
C
 
T
G
C
A
A
T
G
A
T
G
 
A
C
G
A
G
T
A
A
G
T
 
A
T
A
C
T
C
G
G
T
T
 
C
T
A
T
G
C
T
C
A
T
 
G
A
T
A
A
T
A
A
T
T
 
T
T
G
G
A
A
G
G
T
T
 
G
A
A
A
A
T
G
A
C
A
 
A
T
A
T
T
T
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
A
T
A
A
G
A
A
T
A
 
A
A
T
T
A
A
T
T
G
C
 
T
G
C
A
A
T
G
A
T
G
 
A
C
G
A
G
T
A
A
G
T
 
A
T
A
C
T
C
G
G
T
T
 
C
T
A
T
G
C
T
C
A
T
 
G
A
T
A
A
T
A
A
T
T
 
T
T
G
G
A
A
G
G
T
T
 
G
A
A
A
A
T
G
A
C
A
 
A
T
A
T
T
T
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
A
T
A
A
G
A
A
T
A
 
A
A
T
T
A
A
T
T
G
C
 
T
G
C
A
A
T
G
A
T
G
 
A
C
G
A
G
T
A
A
G
T
 
A
T
A
C
T
C
G
G
T
T
 
C
T
A
T
G
C
T
C
A
T
 
G
A
T
A
A
T
A
A
T
T
 
T
T
G
G
A
A
G
G
T
T
 
G
A
A
A
A
T
G
A
C
A
 
A
T
A
T
T
T
G
A
G
T
 

241 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0

3
1
9
0
 
 
 
 
 
 
 
3
2
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
G
G
G
A
C
A
T
C
A
 
T
T
G
T
C
A
G
C
C
T
 
A
A
C
T
A
C
G
T
G
G
 
C
A
T
C
T
A
A
T
C
A
 
C
C
C
A
G
G
C
A
A
T
 
G
C
T
T
C
C
G
A
T
A
 
T
C
C
A
G
T
A
C
T
G
 
T
A
A
A
T
G
G
T
G
T
 
A
A
T
A
T
A
A
A
A
T
 
A
T
T
T
T
C
T
T
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
G
G
G
A
C
A
T
C
A
 
T
T
G
T
C
A
G
C
C
T
 
A
A
C
T
A
C
G
T
G
G
 
C
A
T
C
T
A
A
T
C
A
 
C
C
C
A
G
G
C
A
A
T
 
G
C
T
T
C
C
G
A
T
A
 
T
C
C
A
G
T
A
C
T
G
 
T
A
A
A
T
G
G
T
G
T
 
A
A
T
A
T
A
A
A
A
T
 
A
T
T
T
T
C
T
T
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
G
G
G
A
C
A
T
C
A
 
T
T
G
T
C
A
G
C
C
T
 
A
A
C
T
A
C
G
T
G
G
 
C
A
T
C
T
A
A
T
C
A
 
C
C
C
A
G
G
C
A
A
T
 
G
C
T
T
C
C
G
A
T
A
 
T
C
C
A
G
T
A
C
T
G
 
T
A
A
A
T
G
G
T
G
T
 
A
A
T
A
T
A
A
A
A
T
 
A
T
T
T
T
C
T
T
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0

3
2
9
0
 
 
 
 
 
 
 
3
3
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
T
A
A
A
A
T
T
G
A
T
 
T
G
G
C
G
G
A
T
T
C
 
G
T
G
A
T
A
T
G
T
A
 
T
A
A
T
T
T
A
T
T
G
 
A
T
G
G
A
A
T
T
T
A
 
T
T
A
A
G
G
A
T
T
G
 
T
T
A
T
A
A
A
A
G
T
 
A
A
T
G
T
T
A
A
C
G
 
T
T
G
G
A
C
A
T
T
G
 
T
A
G
T
T
C
T
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
T
A
A
A
A
T
T
G
A
T
 
T
G
G
C
G
G
A
T
T
C
 
G
T
G
A
T
A
T
G
T
A
 
T
A
A
T
T
T
A
T
T
G
 
A
T
G
G
A
A
T
T
T
A
 
T
T
A
A
G
G
A
T
T
G
 
T
T
A
T
A
A
A
A
G
T
 
A
A
T
G
T
T
A
A
C
G
 
T
T
G
G
A
C
A
T
T
G
 
T
A
G
T
T
C
T
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
T
A
A
A
A
T
T
G
A
T
 
T
G
G
C
G
G
A
T
T
C
 
G
T
G
A
T
A
T
G
T
A
 
T
A
A
T
T
T
A
T
T
G
 
A
T
G
G
A
A
T
T
T
A
 
T
T
A
A
G
G
A
T
T
G
 
T
T
A
T
A
A
A
A
G
T
 
A
A
T
G
T
T
A
A
C
G
 
T
T
G
G
A
C
A
T
T
G
 
T
A
G
T
T
C
T
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0
 
 
 
 
 
 
 
3
3
8
0

3
3
9
0
 
 
 
 
 
 
 
3
4
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
G
A
A
A
A
C
A
T
A
T
 
A
T
C
C
T
T
T
A
A
T
 
T
A
A
A
A
G
A
T
T
A
 
A
T
T
T
G
G
A
G
T
T
 
T
G
T
T
T
A
C
T
A
A
 
T
C
A
C
A
T
G
G
A
T
 
C
A
A
A
C
A
A
T
T
G
 
A
A
G
A
A
G
T
G
T
T
 
T
A
A
T
C
A
C
A
T
G
 
T
C
G
C
C
A
G
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
A
A
A
A
C
A
T
A
T
 
A
T
C
C
T
T
T
A
A
T
 
T
A
A
A
A
G
A
T
T
A
 
A
T
T
T
G
G
A
G
T
T
 
T
G
T
T
T
A
C
T
A
A
 
T
C
A
C
A
T
G
G
A
T
 
C
A
A
A
C
A
A
T
T
G
 
A
A
G
A
A
G
T
G
T
T
 
T
A
A
T
C
A
C
A
T
G
 
T
C
G
C
C
A
G
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
A
A
A
A
C
A
T
A
T
 
A
T
C
C
T
T
T
A
A
T
 
T
A
A
A
A
G
A
T
T
A
 
A
T
T
T
G
G
A
G
T
T
 
T
G
T
T
T
A
C
T
A
A
 
T
C
A
C
A
T
G
G
A
T
 
C
A
A
A
C
A
A
T
T
G
 
A
A
G
A
A
G
T
G
T
T
 
T
A
A
T
C
A
C
A
T
G
 
T
C
G
C
C
A
G
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
4
1
0
 
 
 
 
 
 
 
3
4
2
0
 
 
 
 
 
 
 
3
4
3
0
 
 
 
 
 
 
 
3
4
4
0
 
 
 
 
 
 
 
3
4
5
0
 
 
 
 
 
 
 
3
4
6
0
 
 
 
 
 
 
 
3
4
7
0
 
 
 
 
 
 
 
3
4
8
0

3
4
9
0
 
 
 
 
 
 
 
3
5
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
C
A
G
T
T
G
A
A
G
G
 
T
A
C
G
A
A
T
G
T
C
 
A
T
C
A
T
G
T
T
G
A
 
T
T
C
T
T
G
G
A
T
T
 
G
A
A
T
A
T
T
A
G
T
 
T
T
G
T
A
T
A
A
T
G
 
A
A
A
T
T
A
A
G
C
G
 
C
A
C
T
T
T
G
A
A
T
 
G
T
A
G
A
T
A
G
C
A
 
T
A
C
C
A
A
T
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
A
G
T
T
G
A
A
G
G
 
T
A
C
G
A
A
T
G
T
C
 
A
T
C
A
T
G
T
T
G
A
 
T
T
C
T
T
G
G
A
T
T
 
G
A
A
T
A
T
T
A
G
T
 
T
T
G
T
A
T
A
A
T
G
 
A
A
A
T
T
A
A
G
C
G
 
C
A
C
T
T
T
G
A
A
T
 
G
T
A
G
A
T
A
G
C
A
 
T
A
C
C
A
A
T
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
A
G
T
T
G
A
A
G
G
 
T
A
C
G
A
A
T
G
T
C
 
A
T
C
A
T
G
T
T
G
A
 
T
T
C
T
T
G
G
A
T
T
 
G
A
A
T
A
T
T
A
G
T
 
T
T
G
T
A
T
A
A
T
G
 
A
A
A
T
T
A
A
G
C
G
 
C
A
C
T
T
T
G
A
A
T
 
G
T
A
G
A
T
A
G
C
A
 
T
A
C
C
A
A
T
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
5
1
0
 
 
 
 
 
 
 
3
5
2
0
 
 
 
 
 
 
 
3
5
3
0
 
 
 
 
 
 
 
3
5
4
0
 
 
 
 
 
 
 
3
5
5
0
 
 
 
 
 
 
 
3
5
6
0
 
 
 
 
 
 
 
3
5
7
0
 
 
 
 
 
 
 
3
5
8
0

3
5
9
0
 
 
 
 
 
 
 
3
6
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
A
C
T
T
A
A
T
T
T
A
 
A
A
T
G
A
A
T
T
C
A
 
G
T
A
G
T
A
T
A
G
T
 
T
A
A
A
T
C
A
A
T
T
 
A
G
C
A
G
T
A
A
A
T
 
G
G
T
A
T
A
A
T
G
T
 
T
G
A
T
G
A
A
T
T
G
 
G
A
T
A
A
A
T
T
G
C
 
C
A
A
T
G
T
C
A
A
T
 
A
A
A
A
T
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
C
T
T
A
A
T
T
T
A
 
A
A
T
G
A
A
T
T
C
A
 
G
T
A
G
T
A
T
A
G
T
 
T
A
A
A
T
C
A
A
T
T
 
A
G
C
A
G
T
A
A
A
T
 
G
G
T
A
T
A
A
T
G
T
 
T
G
A
T
G
A
A
T
T
G
 
G
A
T
A
A
A
T
T
G
C
 
C
A
A
T
G
T
C
A
A
T
 
A
A
A
A
T
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
C
T
T
A
A
T
T
T
A
 
A
A
T
G
A
A
T
T
C
A
 
G
T
A
G
T
A
T
A
G
T
 
T
A
A
A
T
C
A
A
T
T
 
A
G
C
A
G
T
A
A
A
T
 
G
G
T
A
T
A
A
T
G
T
 
T
G
A
T
G
A
A
T
T
G
 
G
A
T
A
A
A
T
T
G
C
 
C
A
A
T
G
T
C
A
A
T
 
A
A
A
A
T
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
6
1
0
 
 
 
 
 
 
 
3
6
2
0
 
 
 
 
 
 
 
3
6
3
0
 
 
 
 
 
 
 
3
6
4
0
 
 
 
 
 
 
 
3
6
5
0
 
 
 
 
 
 
 
3
6
6
0
 
 
 
 
 
 
 
3
6
7
0
 
 
 
 
 
 
 
3
6
8
0

3
6
9
0
 
 
 
 
 
 
 
3
7
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
G
A
G
G
A
A
C
T
G
A
 
T
T
G
A
A
A
T
G
A
A
 
G
A
A
T
T
C
T
G
G
A
 
A
C
T
T
T
A
A
C
T
G
 
A
A
G
A
A
T
T
T
G
A
 
G
C
T
A
C
T
G
A
T
C
 
T
C
C
A
A
C
T
C
A
G
 
A
A
G
A
T
G
A
C
A
A
 
T
G
A
G
T
G
A
A
A
T
 
T
A
C
T
A
A
T
G
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
A
G
G
A
A
C
T
G
A
 
T
T
G
A
A
A
T
G
A
A
 
G
A
A
T
T
C
T
G
G
A
 
A
C
T
T
T
A
A
C
T
G
 
A
A
G
A
A
T
T
T
G
A
 
G
C
T
A
C
T
G
A
T
C
 
T
C
C
A
A
C
T
C
A
G
 
A
A
G
A
T
G
A
C
A
A
 
T
G
A
G
T
G
A
A
A
T
 
T
A
C
T
A
A
T
G
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
A
G
G
A
A
C
T
G
A
 
T
T
G
A
A
A
T
G
A
A
 
G
A
A
T
T
C
T
G
G
A
 
A
C
T
T
T
A
A
C
T
G
 
A
A
G
A
A
T
T
T
G
A
 
G
C
T
A
C
T
G
A
T
C
 
T
C
C
A
A
C
T
C
A
G
 
A
A
G
A
T
G
A
C
A
A
 
T
G
A
G
T
G
A
A
A
T
 
T
A
C
T
A
A
T
G
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
7
1
0
 
 
 
 
 
 
 
3
7
2
0
 
 
 
 
 
 
 
3
7
3
0
 
 
 
 
 
 
 
3
7
4
0
 
 
 
 
 
 
 
3
7
5
0
 
 
 
 
 
 
 
3
7
6
0
 
 
 
 
 
 
 
3
7
7
0
 
 
 
 
 
 
 
3
7
8
0

3
7
9
0
 
 
 
 
 
 
 
3
8
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
A
C
T
A
T
C
T
A
A
T
 
T
A
T
A
C
A
G
T
A
T
 
T
T
A
G
C
C
A
T
C
A
 
C
A
A
G
A
C
C
G
T
C
 
C
A
G
A
C
T
A
G
A
G
 
T
A
G
C
G
C
C
T
A
G
 
C
T
G
G
C
A
A
A
A
T
 
A
C
T
G
T
G
A
A
C
C
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
A
C
T
A
T
C
T
A
A
T
 
T
A
T
A
C
A
G
T
A
T
 
T
T
A
G
C
C
A
T
C
A
 
C
A
A
G
A
C
C
G
T
C
 
C
A
G
A
C
T
A
G
A
G
 
T
A
G
C
G
C
C
T
A
G
 
C
T
G
G
C
A
A
A
A
T
 
A
C
T
G
T
G
A
A
C
C
 
G
G
C
C
G
G
C
A
T
G
 
G
T
C
C
C
A
G
C
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
A
C
T
A
T
C
T
A
A
T
 
T
A
T
A
C
A
G
T
A
T
 
T
T
A
G
C
C
A
T
C
A
 
C
A
A
G
A
C
C
G
T
C
 
C
A
G
A
C
T
A
G
A
G
 
T
A
G
C
G
C
C
T
A
G
 
C
T
G
G
C
A
A
A
A
T
 
A
C
T
G
T
G
A
A
C
C
 
G
G
C
C
G
G
C
A
T
G
 
G
T
C
C
C
A
G
C
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
8
1
0
 
 
 
 
 
 
 
3
8
2
0
 
 
 
 
 
 
 
3
8
3
0
 
 
 
 
 
 
 
3
8
4
0
 
 
 
 
 
 
 
3
8
5
0
 
 
 
 
 
 
 
3
8
6
0
 
 
 
 
 
 
 
3
8
7
0
 
 
 
 
 
 
 
3
8
8
0

3
8
9
0
 
 
 
 
 
 
 
3
9
0
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
C
C
T
C
G
C
T
G
G
C
 
G
C
C
G
G
C
T
G
G
G
 
C
A
A
C
A
T
T
C
C
G
 
A
G
G
G
G
A
C
C
G
T
 
C
C
C
C
T
C
G
G
T
A
 
A
T
G
G
C
G
A
A
T
G
 
G
G
A
C
G
G
A
T
C
C
 
G
G
C
T
G
C
T
A
A
C
 
A
A
A
G
C
C
C
G
A
A
 
A
G
G
A
A
G
C
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
C
C
T
C
G
C
T
G
G
C
 
G
C
C
G
G
C
T
G
G
G
 
C
A
A
C
A
T
T
C
C
G
 
A
G
G
G
G
A
C
C
G
T
 
C
C
C
C
T
C
G
G
T
A
 
A
T
G
G
C
G
A
A
T
G
 
G
G
A
C
G
G
A
T
C
C
 
G
G
C
T
G
C
T
A
A
C
 
A
A
A
G
C
C
C
G
A
A
 
A
G
G
A
A
G
C
T
G
A
 

242 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.

3
9
1
0
 
 
 
 
 
 
 
3
9
2
0
 
 
 
 
 
 
 
3
9
3
0
 
 
 
 
 
 
 
3
9
4
0
 
 
 
 
 
 
 
3
9
5
0
 
 
 
 
 
 
 
3
9
6
0
 
 
 
 
 
 
 
3
9
7
0

SA
11
-N
5_
GS
5(
NS
P1
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S5
 r
ef
er
en
ce

 
 
 
G
T
T
G
G
C
T
G
C
T
 
G
C
C
A
C
C
G
C
T
G
 
A
G
C
A
A
T
A
A
C
T
 
A
G
C
A
T
A
A
C
C
C
 
C
T
T
G
G
G
G
C
C
T
 
C
T
A
A
A
C
G
G
G
T
 
C
T
T
G
A
G
G
G
G
T
 
T
T
T
T
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S5
 N
GS

 
 
 
G
T
T
G
G
C
T
G
C
T
 
G
C
C
A
C
C
G
C
T
G
 
A
G
C
A
A
T
A
A
C
T
 
A
G
C
A
T
A
A
C
C
C
 
C
T
T
G
G
G
G
C
C
T
 
C
T
A
A
A
C
G
G
G
T
 
C
T
T
G
A
G
G
G
G
T
 
T
T
T
T
T
G
G
A
T

243 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
6
(
V
P
6
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

244 



pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

245 



SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
T
T
T
A
A
A
C
 
G
A
A
G
T
C
T
T
C
A
 
A
C
A
T
G
G
A
T
G
T
 
C
C
T
A
T
A
C
T
C
T
 
T
T
G
T
C
A
A
A
G
A
 
C
T
C
T
T
A
A
A
G
A
 
C
G
C
T
A
G
A
G
A
C
 
A
A
A
A
T
T
G
T
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
C
 
G
A
A
G
T
C
T
T
C
A
 
A
C
A
T
G
G
A
T
G
T
 
C
C
T
A
T
A
C
T
C
T
 
T
T
G
T
C
A
A
A
G
A
 
C
T
C
T
T
A
A
A
G
A
 
C
G
C
T
A
G
A
G
A
C
 
A
A
A
A
T
T
G
T
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
C
 
G
A
A
G
T
C
T
T
C
A
 
A
C
A
T
G
G
A
T
G
T
 
C
C
T
A
T
A
C
T
C
T
 
T
T
G
T
C
A
A
A
G
A
 
C
T
C
T
T
A
A
A
G
A
 
C
G
C
T
A
G
A
G
A
C
 
A
A
A
A
T
T
G
T
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
A
G
G
C
A
C
A
T
T
 
G
T
A
T
T
C
T
A
A
C
 
G
T
G
A
G
T
G
A
T
C
 
T
A
A
T
T
C
A
A
C
A
 
A
T
T
T
A
A
T
C
A
A
 
A
T
G
A
T
A
A
T
T
A
 
C
T
A
T
G
A
A
T
G
G
 
A
A
A
T
G
A
A
T
T
T
 
C
A
A
A
C
T
G
G
A
G
 
G
A
A
T
C
G
G
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
A
G
G
C
A
C
A
T
T
 
G
T
A
T
T
C
T
A
A
C
 
G
T
G
A
G
T
G
A
T
C
 
T
A
A
T
T
C
A
A
C
A
 
A
T
T
T
A
A
T
C
A
A
 
A
T
G
A
T
A
A
T
T
A
 
C
T
A
T
G
A
A
T
G
G
 
A
A
A
T
G
A
A
T
T
T
 
C
A
A
A
C
T
G
G
A
G
 
G
A
A
T
C
G
G
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
A
G
G
C
A
C
A
T
T
 
G
T
A
T
T
C
T
A
A
C
 
G
T
G
A
G
T
G
A
T
C
 
T
A
A
T
T
C
A
A
C
A
 
A
T
T
T
A
A
T
C
A
A
 
A
T
G
A
T
A
A
T
T
A
 
C
T
A
T
G
A
A
T
G
G
 
A
A
A
T
G
A
A
T
T
T
 
C
A
A
A
C
T
G
G
A
G
 
G
A
A
T
C
G
G
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
T
T
G
C
C
A
A
T
T
 
A
G
A
A
A
C
T
G
G
A
 
A
T
T
T
T
A
A
T
T
T
 
C
G
G
G
T
T
A
C
T
T
 
G
G
A
A
C
A
A
C
T
T
 
T
G
C
T
G
A
A
C
T
T
 
A
G
A
C
G
C
T
A
A
T
 
T
A
T
G
T
T
G
A
A
A
 
C
G
G
C
A
A
G
A
A
A
 
T
A
C
A
A
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
T
T
G
C
C
A
A
T
T
 
A
G
A
A
A
C
T
G
G
A
 
A
T
T
T
T
A
A
T
T
T
 
C
G
G
G
T
T
A
C
T
T
 
G
G
A
A
C
A
A
C
T
T
 
T
G
C
T
G
A
A
C
T
T
 
A
G
A
C
G
C
T
A
A
T
 
T
A
T
G
T
T
G
A
A
A
 
C
G
G
C
A
A
G
A
A
A
 
T
A
C
A
A
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
T
T
G
C
C
A
A
T
T
 
A
G
A
A
A
C
T
G
G
A
 
A
T
T
T
T
A
A
T
T
T
 
C
G
G
G
T
T
A
C
T
T
 
G
G
A
A
C
A
A
C
T
T
 
T
G
C
T
G
A
A
C
T
T
 
A
G
A
C
G
C
T
A
A
T
 
T
A
T
G
T
T
G
A
A
A
 
C
G
G
C
A
A
G
A
A
A
 
T
A
C
A
A
T
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
A
T
T
T
C
G
T
G
G
 
A
T
T
T
T
G
T
A
G
A
 
C
A
A
T
G
T
A
T
G
C
 
A
T
G
G
A
T
G
A
G
A
 
T
G
G
T
T
A
G
A
G
A
 
A
T
C
A
C
A
A
A
G
G
 
A
A
C
G
G
A
A
T
T
G
 
C
A
C
C
T
C
A
A
T
C
 
A
G
A
C
T
C
G
C
T
A
 
A
G
A
A
A
G
C
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
A
T
T
T
C
G
T
G
G
 
A
T
T
T
T
G
T
A
G
A
 
C
A
A
T
G
T
A
T
G
C
 
A
T
G
G
A
T
G
A
G
A
 
T
G
G
T
T
A
G
A
G
A
 
A
T
C
A
C
A
A
A
G
G
 
A
A
C
G
G
A
A
T
T
G
 
C
A
C
C
T
C
A
A
T
C
 
A
G
A
C
T
C
G
C
T
A
 
A
G
A
A
A
G
C
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
A
T
T
T
C
G
T
G
G
 
A
T
T
T
T
G
T
A
G
A
 
C
A
A
T
G
T
A
T
G
C
 
A
T
G
G
A
T
G
A
G
A
 
T
G
G
T
T
A
G
A
G
A
 
A
T
C
A
C
A
A
A
G
G
 
A
A
C
G
G
A
A
T
T
G
 
C
A
C
C
T
C
A
A
T
C
 
A
G
A
C
T
C
G
C
T
A
 
A
G
A
A
A
G
C
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
C
A
G
C
C
A
T
T
A
A
 
A
T
T
C
A
A
A
A
G
A
 
A
T
A
A
A
T
T
T
T
G
 
A
T
A
A
T
T
C
G
T
C
 
G
G
A
A
T
A
C
A
T
A
 
G
A
A
A
A
C
T
G
G
A
 
A
T
T
T
G
C
A
A
A
A
 
T
A
G
A
A
G
A
C
A
G
 
A
G
G
A
C
A
G
G
T
T
 
T
C
A
C
T
T
T
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
A
G
C
C
A
T
T
A
A
 
A
T
T
C
A
A
A
A
G
A
 
A
T
A
A
A
T
T
T
T
G
 
A
T
A
A
T
T
C
G
T
C
 
G
G
A
A
T
A
C
A
T
A
 
G
A
A
A
A
C
T
G
G
A
 
A
T
T
T
G
C
A
A
A
A
 
T
A
G
A
A
G
A
C
A
G
 
A
G
G
A
C
A
G
G
T
T
 
T
C
A
C
T
T
T
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
A
G
C
C
A
T
T
A
A
 
A
T
T
C
A
A
A
A
G
A
 
A
T
A
A
A
T
T
T
T
G
 
A
T
A
A
T
T
C
G
T
C
 
G
G
A
A
T
A
C
A
T
A
 
G
A
A
A
A
C
T
G
G
A
 
A
T
T
T
G
C
A
A
A
A
 
T
A
G
A
A
G
A
C
A
G
 
A
G
G
A
C
A
G
G
T
T
 
T
C
A
C
T
T
T
T
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

246 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
A
A
A
C
C
A
A
A
C
 
A
T
T
T
T
T
C
C
T
T
 
A
T
T
C
A
G
C
A
T
C
 
A
T
T
T
A
C
A
C
T
A
 
A
A
T
A
G
A
T
C
A
C
 
A
A
C
C
C
G
C
T
C
A
 
T
G
A
T
A
A
T
T
T
G
 
A
T
G
G
G
C
A
C
A
A
 
T
G
T
G
G
T
T
A
A
A
 
C
G
C
A
G
G
A
T
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
A
A
A
C
C
A
A
A
C
 
A
T
T
T
T
T
C
C
T
T
 
A
T
T
C
A
G
C
A
T
C
 
A
T
T
T
A
C
A
C
T
A
 
A
A
T
A
G
A
T
C
A
C
 
A
A
C
C
C
G
C
T
C
A
 
T
G
A
T
A
A
T
T
T
G
 
A
T
G
G
G
C
A
C
A
A
 
T
G
T
G
G
T
T
A
A
A
 
C
G
C
A
G
G
A
T
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
A
A
A
C
C
A
A
A
C
 
A
T
T
T
T
T
C
C
T
T
 
A
T
T
C
A
G
C
A
T
C
 
A
T
T
T
A
C
A
C
T
A
 
A
A
T
A
G
A
T
C
A
C
 
A
A
C
C
C
G
C
T
C
A
 
T
G
A
T
A
A
T
T
T
G
 
A
T
G
G
G
C
A
C
A
A
 
T
G
T
G
G
T
T
A
A
A
 
C
G
C
A
G
G
A
T
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
G
A
A
A
T
T
C
A
A
G
 
T
C
G
C
T
G
G
A
T
T
 
T
G
A
C
T
A
C
T
C
A
 
T
G
T
G
C
T
A
T
T
A
 
A
C
G
C
A
C
C
A
G
C
 
C
A
A
T
A
T
A
C
A
A
 
C
A
A
T
T
T
G
A
G
C
 
A
T
A
T
T
G
T
G
C
C
 
A
C
T
C
C
G
A
A
G
A
 
G
T
G
T
T
A
A
C
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
G
A
A
A
T
T
C
A
A
G
 
T
C
G
C
T
G
G
A
T
T
 
T
G
A
C
T
A
C
T
C
A
 
T
G
T
G
C
T
A
T
T
A
 
A
C
G
C
A
C
C
A
G
C
 
C
A
A
T
A
T
A
C
A
A
 
C
A
A
T
T
T
G
A
G
C
 
A
T
A
T
T
G
T
G
C
C
 
A
C
T
C
C
G
A
A
G
A
 
G
T
G
T
T
A
A
C
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
G
A
A
A
T
T
C
A
A
G
 
T
C
G
C
T
G
G
A
T
T
 
T
G
A
C
T
A
C
T
C
A
 
T
G
T
G
C
T
A
T
T
A
 
A
C
G
C
A
C
C
A
G
C
 
C
A
A
T
A
T
A
C
A
A
 
C
A
A
T
T
T
G
A
G
C
 
A
T
A
T
T
G
T
G
C
C
 
A
C
T
C
C
G
A
A
G
A
 
G
T
G
T
T
A
A
C
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
C
A
G
C
T
A
C
G
A
T
 
A
A
C
T
C
T
T
C
T
A
 
C
C
A
G
A
C
G
C
G
G
 
A
A
A
G
G
T
T
T
A
G
 
T
T
T
T
C
C
A
A
G
A
 
G
T
G
A
T
C
A
A
T
T
 
C
A
G
C
T
G
A
C
G
G
 
G
G
C
A
A
C
T
A
C
A
 
T
G
G
T
T
T
T
T
C
A
 
A
C
C
C
A
G
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
A
G
C
T
A
C
G
A
T
 
A
A
C
T
C
T
T
C
T
A
 
C
C
A
G
A
C
G
C
G
G
 
A
A
A
G
G
T
T
T
A
G
 
T
T
T
T
C
C
A
A
G
A
 
G
T
G
A
T
C
A
A
T
T
 
C
A
G
C
T
G
A
C
G
G
 
G
G
C
A
A
C
T
A
C
A
 
T
G
G
T
T
T
T
T
C
A
 
A
C
C
C
A
G
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
A
G
C
T
A
C
G
A
T
 
A
A
C
T
C
T
T
C
T
A
 
C
C
A
G
A
C
G
C
G
G
 
A
A
A
G
G
T
T
T
A
G
 
T
T
T
T
C
C
A
A
G
A
 
G
T
G
A
T
C
A
A
T
T
 
C
A
G
C
T
G
A
C
G
G
 
G
G
C
A
A
C
T
A
C
A
 
T
G
G
T
T
T
T
T
C
A
 
A
C
C
C
A
G
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
C
T
C
A
G
G
C
C
G
 
A
A
T
A
A
C
G
T
T
G
 
A
A
G
T
G
G
A
G
T
T
 
T
C
T
A
T
T
G
A
A
T
 
G
G
A
C
A
G
A
T
A
A
 
T
A
A
A
C
A
C
T
T
A
 
T
C
A
A
G
C
A
A
G
A
 
T
T
T
G
G
A
A
C
T
A
 
T
C
G
T
A
G
C
T
A
G
 
A
A
A
T
T
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
C
T
C
A
G
G
C
C
G
 
A
A
T
A
A
C
G
T
T
G
 
A
A
G
T
G
G
A
G
T
T
 
T
C
T
A
T
T
G
A
A
T
 
G
G
A
C
A
G
A
T
A
A
 
T
A
A
A
C
A
C
T
T
A
 
T
C
A
A
G
C
A
A
G
A
 
T
T
T
G
G
A
A
C
T
A
 
T
C
G
T
A
G
C
T
A
G
 
A
A
A
T
T
T
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
C
T
C
A
G
G
C
C
G
 
A
A
T
A
A
C
G
T
T
G
 
A
A
G
T
G
G
A
G
T
T
 
T
C
T
A
T
T
G
A
A
T
 
G
G
A
C
A
G
A
T
A
A
 
T
A
A
A
C
A
C
T
T
A
 
T
C
A
A
G
C
A
A
G
A
 
T
T
T
G
G
A
A
C
T
A
 
T
C
G
T
A
G
C
T
A
G
 
A
A
A
T
T
T
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
C
T
A
T
T
A
G
A
C
 
T
A
T
C
A
T
T
C
C
A
 
G
T
T
A
A
T
G
A
G
A
 
C
C
A
C
C
A
A
A
C
A
 
T
G
A
C
A
C
C
A
G
C
 
A
G
T
A
G
C
A
G
T
A
 
C
T
A
T
T
C
C
C
G
A
 
A
T
G
C
A
C
A
G
C
C
 
A
T
T
C
G
A
A
C
A
T
 
C
A
T
G
C
A
A
C
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
C
T
A
T
T
A
G
A
C
 
T
A
T
C
A
T
T
C
C
A
 
G
T
T
A
A
T
G
A
G
A
 
C
C
A
C
C
A
A
A
C
A
 
T
G
A
C
A
C
C
A
G
C
 
A
G
T
A
G
C
A
G
T
A
 
C
T
A
T
T
C
C
C
G
A
 
A
T
G
C
A
C
A
G
C
C
 
A
T
T
C
G
A
A
C
A
T
 
C
A
T
G
C
A
A
C
A
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
C
T
A
T
T
A
G
A
C
 
T
A
T
C
A
T
T
C
C
A
 
G
T
T
A
A
T
G
A
G
A
 
C
C
A
C
C
A
A
A
C
A
 
T
G
A
C
A
C
C
A
G
C
 
A
G
T
A
G
C
A
G
T
A
 
C
T
A
T
T
C
C
C
G
A
 
A
T
G
C
A
C
A
G
C
C
 
A
T
T
C
G
A
A
C
A
T
 
C
A
T
G
C
A
A
C
A
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
G
G
G
A
T
T
G
A
C
 
A
C
T
T
A
G
A
A
T
T
 
G
A
G
T
C
T
G
C
A
G
 
T
T
T
G
T
G
A
G
T
C
 
T
G
T
A
C
T
C
G
C
C
 
G
A
T
G
C
A
A
G
T
G
 
A
A
A
C
T
C
T
A
T
T
 
A
G
C
A
A
A
T
G
T
A
 
A
C
A
T
C
C
G
T
T
A
 
G
G
C
A
A
G
A
G
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
G
G
G
A
T
T
G
A
C
 
A
C
T
T
A
G
A
A
T
T
 
G
A
G
T
C
T
G
C
A
G
 
T
T
T
G
T
G
A
G
T
C
 
T
G
T
A
C
T
C
G
C
C
 
G
A
T
G
C
A
A
G
T
G
 
A
A
A
C
T
C
T
A
T
T
 
A
G
C
A
A
A
T
G
T
A
 
A
C
A
T
C
C
G
T
T
A
 
G
G
C
A
A
G
A
G
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
G
G
G
A
T
T
G
A
C
 
A
C
T
T
A
G
A
A
T
T
 
G
A
G
T
C
T
G
C
A
G
 
T
T
T
G
T
G
A
G
T
C
 
T
G
T
A
C
T
C
G
C
C
 
G
A
T
G
C
A
A
G
T
G
 
A
A
A
C
T
C
T
A
T
T
 
A
G
C
A
A
A
T
G
T
A
 
A
C
A
T
C
C
G
T
T
A
 
G
G
C
A
A
G
A
G
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
C
G
C
A
A
T
A
C
C
A
 
G
T
T
G
G
A
C
C
A
G
 
T
C
T
T
T
C
C
A
C
C
 
A
G
G
T
A
T
G
A
A
C
 
T
G
G
A
C
T
G
A
T
T
 
T
A
A
T
C
A
C
C
A
A
 
T
T
A
T
T
C
A
C
C
G
 
T
C
T
A
G
G
G
A
G
G
 
A
C
A
A
T
T
T
G
C
A
 
A
C
G
C
G
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
G
C
A
A
T
A
C
C
A
 
G
T
T
G
G
A
C
C
A
G
 
T
C
T
T
T
C
C
A
C
C
 
A
G
G
T
A
T
G
A
A
C
 
T
G
G
A
C
T
G
A
T
T
 
T
A
A
T
C
A
C
C
A
A
 
T
T
A
T
T
C
A
C
C
G
 
T
C
T
A
G
G
G
A
G
G
 
A
C
A
A
T
T
T
G
C
A
 
A
C
G
C
G
T
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
G
C
A
A
T
A
C
C
A
 
G
T
T
G
G
A
C
C
A
G
 
T
C
T
T
T
C
C
A
C
C
 
A
G
G
T
A
T
G
A
A
C
 
T
G
G
A
C
T
G
A
T
T
 
T
A
A
T
C
A
C
C
A
A
 
T
T
A
T
T
C
A
C
C
G
 
T
C
T
A
G
G
G
A
G
G
 
A
C
A
A
T
T
T
G
C
A
 
A
C
G
C
G
T
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
A
C
A
G
T
G
G
C
T
T
 
C
C
A
T
T
A
G
A
A
G
 
C
A
T
G
C
T
C
A
T
T
 
A
A
A
T
G
A
G
G
A
C
 
C
A
A
G
C
T
A
A
C
A
 
A
C
T
T
G
G
T
A
T
C
 
C
A
A
C
T
T
T
G
G
T
 
G
A
G
T
A
T
G
T
A
G
 
C
T
A
T
A
T
C
A
A
G
 
C
T
G
T
T
T
G
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
A
C
A
G
T
G
G
C
T
T
 
C
C
A
T
T
A
G
A
A
G
 
C
A
T
G
C
T
C
A
T
T
 
A
A
A
T
G
A
G
G
A
C
 
C
A
A
G
C
T
A
A
C
A
 
A
C
T
T
G
G
T
A
T
C
 
C
A
A
C
T
T
T
G
G
T
 
G
A
G
T
A
T
G
T
A
G
 
C
T
A
T
A
T
C
A
A
G
 
C
T
G
T
T
T
G
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
A
C
A
G
T
G
G
C
T
T
 
C
C
A
T
T
A
G
A
A
G
 
C
A
T
G
C
T
C
A
T
T
 
A
A
A
T
G
A
G
G
A
C
 
C
A
A
G
C
T
A
A
C
A
 
A
C
T
T
G
G
T
A
T
C
 
C
A
A
C
T
T
T
G
G
T
 
G
A
G
T
A
T
G
T
A
G
 
C
T
A
T
A
T
C
A
A
G
 
C
T
G
T
T
T
G
A
A
C
 

247 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0
 
 
 
 
 
 
 
3
1
6
0
 
 
 
 
 
 
 
3
1
7
0
 
 
 
 
 
 
 
3
1
8
0

3
1
9
0
 
 
 
 
 
 
 
3
2
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
T
C
T
G
T
A
A
G
T
A
 
A
G
G
A
T
G
C
G
T
A
 
T
A
C
G
C
A
T
T
C
G
 
C
T
A
C
A
C
A
G
A
G
 
T
A
A
T
C
A
C
T
C
A
 
G
A
T
G
G
T
A
T
A
G
 
T
G
A
G
A
G
G
A
T
G
 
T
G
A
C
C
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
T
C
T
G
T
A
A
G
T
A
 
A
G
G
A
T
G
C
G
T
A
 
T
A
C
G
C
A
T
T
C
G
 
C
T
A
C
A
C
A
G
A
G
 
T
A
A
T
C
A
C
T
C
A
 
G
A
T
G
G
T
A
T
A
G
 
T
G
A
G
A
G
G
A
T
G
 
T
G
A
-
-
G
G
C
C
G
 
G
C
A
T
G
G
T
C
C
C
 
A
G
C
C
T
C
C
T
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
T
C
T
G
T
A
A
G
T
A
 
A
G
G
A
T
G
C
G
T
A
 
T
A
C
G
C
A
T
T
C
G
 
C
T
A
C
A
C
A
G
A
G
 
T
A
A
T
C
A
C
T
C
A
 
G
A
T
G
G
T
A
T
A
G
 
T
G
A
G
A
G
G
A
T
G
 
T
G
A
C
C
G
G
C
C
G
 
G
C
A
T
G
G
T
C
C
C
 
A
G
C
C
T
C
C
T
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
2
1
0
 
 
 
 
 
 
 
3
2
2
0
 
 
 
 
 
 
 
3
2
3
0
 
 
 
 
 
 
 
3
2
4
0
 
 
 
 
 
 
 
3
2
5
0
 
 
 
 
 
 
 
3
2
6
0
 
 
 
 
 
 
 
3
2
7
0
 
 
 
 
 
 
 
3
2
8
0

3
2
9
0
 
 
 
 
 
 
 
3
3
0
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
T
G
G
C
G
C
C
G
G
 
C
T
G
G
G
C
A
A
C
A
 
T
T
C
C
G
A
G
G
G
G
 
A
C
C
G
T
C
C
C
C
T
 
C
G
G
T
A
A
T
G
G
C
 
G
A
A
T
G
G
G
A
C
G
 
G
A
T
C
C
G
G
C
T
G
 
C
T
A
A
C
A
A
A
G
C
 
C
C
G
A
A
A
G
G
A
A
 
G
C
T
G
A
G
T
T
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
T
G
G
C
G
C
C
G
G
 
C
T
G
G
G
C
A
A
C
A
 
T
T
C
C
G
A
G
G
G
G
 
A
C
C
G
T
C
C
C
C
T
 
C
G
G
T
A
A
T
G
G
C
 
G
A
A
T
G
G
G
A
C
G
 
G
A
T
C
C
G
G
C
T
G
 
C
T
A
A
C
A
A
A
G
C
 
C
C
G
A
A
A
G
G
A
A
 
G
C
T
G
A
G
T
T
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.

3
3
1
0
 
 
 
 
 
 
 
3
3
2
0
 
 
 
 
 
 
 
3
3
3
0
 
 
 
 
 
 
 
3
3
4
0
 
 
 
 
 
 
 
3
3
5
0
 
 
 
 
 
 
 
3
3
6
0
 
 
 
 
 
 
 
3
3
7
0

SA
11
-N
5_
GS
6(
VP
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S6
 r
ef
er
en
ce

 
 
 
C
T
G
C
T
G
C
C
A
C
 
C
G
C
T
G
A
G
C
A
A
 
T
A
A
C
T
A
G
C
A
T
 
A
A
C
C
C
C
T
T
G
G
 
G
G
C
C
T
C
T
A
A
A
 
C
G
G
G
T
C
T
T
G
A
 
G
G
G
G
T
T
T
T
T
T
 
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S6
 N
GS

 
 
 
C
T
G
C
T
G
C
C
A
C
 
C
G
C
T
G
A
G
C
A
A
 
T
A
A
C
T
A
G
C
A
T
 
A
A
C
C
C
C
T
T
G
G
 
G
G
C
C
T
C
T
A
A
A
 
C
G
G
G
T
C
T
T
G
A
 
G
G
G
G
T
T
T
T
T
T
 
G
G
A
T

248 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
7
(
N
S
P
3
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

249 



pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

250 



SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
A
T
T
T
A
A
T
G
 
C
T
T
T
T
C
A
G
T
G
 
G
T
T
G
A
T
G
C
T
C
 
A
A
G
A
T
G
G
A
G
T
 
C
T
A
C
G
C
A
A
C
A
 
G
A
T
G
G
C
C
G
T
C
 
T
C
A
A
T
T
A
T
T
A
 
A
C
T
C
T
T
C
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
A
T
T
T
A
A
T
G
 
C
T
T
T
T
C
A
G
T
G
 
G
T
T
G
A
T
G
C
T
C
 
A
A
G
A
T
G
G
A
G
T
 
C
T
A
C
G
C
A
A
C
A
 
G
A
T
G
G
C
C
G
T
C
 
T
C
A
A
T
T
A
T
T
A
 
A
C
T
C
T
T
C
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
A
T
T
T
A
A
T
G
 
C
T
T
T
T
C
A
G
T
G
 
G
T
T
G
A
T
G
C
T
C
 
A
A
G
A
T
G
G
A
G
T
 
C
T
A
C
G
C
A
A
C
A
 
G
A
T
G
G
C
C
G
T
C
 
T
C
A
A
T
T
A
T
T
A
 
A
C
T
C
T
T
C
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
T
G
A
A
G
C
T
G
C
A
 
G
T
T
G
T
A
G
C
T
G
 
C
A
A
C
C
T
C
A
G
C
 
T
C
T
T
G
A
G
A
A
T
 
A
T
G
G
G
A
A
T
A
G
 
A
A
T
A
T
G
A
T
T
A
 
T
C
A
G
G
A
T
A
T
A
 
T
A
T
T
C
T
A
G
A
G
 
T
A
A
A
G
A
A
T
A
A
 
A
T
T
T
G
A
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
G
A
A
G
C
T
G
C
A
 
G
T
T
G
T
A
G
C
T
G
 
C
A
A
C
C
T
C
A
G
C
 
T
C
T
T
G
A
G
A
A
T
 
A
T
G
G
G
A
A
T
A
G
 
A
A
T
A
T
G
A
T
T
A
 
T
C
A
G
G
A
T
A
T
A
 
T
A
T
T
C
T
A
G
A
G
 
T
A
A
A
G
A
A
T
A
A
 
A
T
T
T
G
A
T
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
G
A
A
G
C
T
G
C
A
 
G
T
T
G
T
A
G
C
T
G
 
C
A
A
C
C
T
C
A
G
C
 
T
C
T
T
G
A
G
A
A
T
 
A
T
G
G
G
A
A
T
A
G
 
A
A
T
A
T
G
A
T
T
A
 
T
C
A
G
G
A
T
A
T
A
 
T
A
T
T
C
T
A
G
A
G
 
T
A
A
A
G
A
A
T
A
A
 
A
T
T
T
G
A
T
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
G
T
G
A
T
G
G
A
C
G
 
A
T
T
C
T
G
G
T
G
T
 
T
A
A
A
A
A
T
A
A
T
 
C
T
G
A
T
T
G
G
T
A
 
A
A
G
C
A
A
T
A
A
C
 
T
A
T
T
G
A
T
C
A
A
 
G
C
T
T
T
G
A
A
T
A
 
A
T
A
A
A
T
T
T
G
G
 
A
T
C
T
G
C
T
A
T
A
 
A
G
A
A
A
T
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
T
G
A
T
G
G
A
C
G
 
A
T
T
C
T
G
G
T
G
T
 
T
A
A
A
A
A
T
A
A
T
 
C
T
G
A
T
T
G
G
T
A
 
A
A
G
C
A
A
T
A
A
C
 
T
A
T
T
G
A
T
C
A
A
 
G
C
T
T
T
G
A
A
T
A
 
A
T
A
A
A
T
T
T
G
G
 
A
T
C
T
G
C
T
A
T
A
 
A
G
A
A
A
T
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
T
G
A
T
G
G
A
C
G
 
A
T
T
C
T
G
G
T
G
T
 
T
A
A
A
A
A
T
A
A
T
 
C
T
G
A
T
T
G
G
T
A
 
A
A
G
C
A
A
T
A
A
C
 
T
A
T
T
G
A
T
C
A
A
 
G
C
T
T
T
G
A
A
T
A
 
A
T
A
A
A
T
T
T
G
G
 
A
T
C
T
G
C
T
A
T
A
 
A
G
A
A
A
T
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
A
C
T
G
G
C
T
T
G
C
 
T
G
A
T
A
C
T
T
C
T
 
A
G
A
G
C
A
G
C
T
A
 
A
A
T
T
G
G
A
T
G
A
 
G
G
A
T
G
T
A
A
A
C
 
A
A
A
C
T
A
A
G
A
A
 
T
G
A
T
G
T
T
A
T
C
 
A
T
C
A
A
A
A
G
G
A
 
A
T
T
G
A
T
C
A
A
A
 
A
A
A
T
G
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
C
T
G
G
C
T
T
G
C
 
T
G
A
T
A
C
T
T
C
T
 
A
G
A
G
C
A
G
C
T
A
 
A
A
T
T
G
G
A
T
G
A
 
G
G
A
T
G
T
A
A
A
C
 
A
A
A
C
T
A
A
G
A
A
 
T
G
A
T
G
T
T
A
T
C
 
A
T
C
A
A
A
A
G
G
A
 
A
T
T
G
A
T
C
A
A
A
 
A
A
A
T
G
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
C
T
G
G
C
T
T
G
C
 
T
G
A
T
A
C
T
T
C
T
 
A
G
A
G
C
A
G
C
T
A
 
A
A
T
T
G
G
A
T
G
A
 
G
G
A
T
G
T
A
A
A
C
 
A
A
A
C
T
A
A
G
A
A
 
T
G
A
T
G
T
T
A
T
C
 
A
T
C
A
A
A
A
G
G
A
 
A
T
T
G
A
T
C
A
A
A
 
A
A
A
T
G
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
T
T
T
A
A
A
C
G
C
A
 
T
G
C
T
T
C
A
G
T
G
 
T
A
A
A
A
A
G
A
A
T
 
A
C
C
T
G
G
A
A
A
A
 
T
C
A
T
C
A
T
C
T
A
 
T
T
A
T
T
A
A
A
T
G
 
C
A
C
A
A
A
A
T
T
G
 
A
T
G
C
G
T
G
A
T
A
 
A
A
T
T
G
G
A
A
C
G
 
T
G
G
T
G
A
A
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
T
T
A
A
A
C
G
C
A
 
T
G
C
T
T
C
A
G
T
G
 
T
A
A
A
A
A
G
A
A
T
 
A
C
C
T
G
G
A
A
A
A
 
T
C
A
T
C
A
T
C
T
A
 
T
T
A
T
T
A
A
A
T
G
 
C
A
C
A
A
A
A
T
T
G
 
A
T
G
C
G
T
G
A
T
A
 
A
A
T
T
G
G
A
A
C
G
 
T
G
G
T
G
A
A
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
T
T
A
A
A
C
G
C
A
 
T
G
C
T
T
C
A
G
T
G
 
T
A
A
A
A
A
G
A
A
T
 
A
C
C
T
G
G
A
A
A
A
 
T
C
A
T
C
A
T
C
T
A
 
T
T
A
T
T
A
A
A
T
G
 
C
A
C
A
A
A
A
T
T
G
 
A
T
G
C
G
T
G
A
T
A
 
A
A
T
T
G
G
A
A
C
G
 
T
G
G
T
G
A
A
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

251 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
G
A
A
G
T
G
G
A
T
G
 
A
T
T
C
A
T
T
T
G
T
 
G
G
A
T
G
A
A
A
A
A
 
A
T
G
G
A
A
G
T
G
G
 
A
T
A
C
C
A
T
T
G
A
 
C
T
G
G
A
A
A
T
C
G
 
C
G
C
T
A
T
G
A
G
C
 
A
A
T
T
G
G
A
G
C
A
 
A
A
G
G
T
T
T
G
A
A
 
T
C
A
T
T
G
A
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
A
A
G
T
G
G
A
T
G
 
A
T
T
C
A
T
T
T
G
T
 
G
G
A
T
G
A
A
A
A
A
 
A
T
G
G
A
A
G
T
G
G
 
A
T
A
C
C
A
T
T
G
A
 
C
T
G
G
A
A
A
T
C
G
 
C
G
C
T
A
T
G
A
G
C
 
A
A
T
T
G
G
A
G
C
A
 
A
A
G
G
T
T
T
G
A
A
 
T
C
A
T
T
G
A
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
A
A
G
T
G
G
A
T
G
 
A
T
T
C
A
T
T
T
G
T
 
G
G
A
T
G
A
A
A
A
A
 
A
T
G
G
A
A
G
T
G
G
 
A
T
A
C
C
A
T
T
G
A
 
C
T
G
G
A
A
A
T
C
G
 
C
G
C
T
A
T
G
A
G
C
 
A
A
T
T
G
G
A
G
C
A
 
A
A
G
G
T
T
T
G
A
A
 
T
C
A
T
T
G
A
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
C
C
A
G
G
G
T
A
A
A
 
T
G
A
A
A
A
A
T
A
T
 
A
A
T
A
A
T
T
G
G
G
 
T
G
T
T
G
A
A
A
G
C
 
A
A
G
A
A
A
A
A
T
G
 
A
A
T
G
A
A
A
A
T
A
 
T
G
C
A
T
T
C
T
C
T
 
T
C
A
A
A
A
T
G
T
C
 
A
T
C
T
C
T
C
A
A
C
 
A
G
C
A
A
G
C
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
C
C
A
G
G
G
T
A
A
A
 
T
G
A
A
A
A
A
T
A
T
 
A
A
T
A
A
T
T
G
G
G
 
T
G
T
T
G
A
A
A
G
C
 
A
A
G
A
A
A
A
A
T
G
 
A
A
T
G
A
A
A
A
T
A
 
T
G
C
A
T
T
C
T
C
T
 
T
C
A
A
A
A
T
G
T
C
 
A
T
C
T
C
T
C
A
A
C
 
A
G
C
A
A
G
C
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
C
C
A
G
G
G
T
A
A
A
 
T
G
A
A
A
A
A
T
A
T
 
A
A
T
A
A
T
T
G
G
G
 
T
G
T
T
G
A
A
A
G
C
 
A
A
G
A
A
A
A
A
T
G
 
A
A
T
G
A
A
A
A
T
A
 
T
G
C
A
T
T
C
T
C
T
 
T
C
A
A
A
A
T
G
T
C
 
A
T
C
T
C
T
C
A
A
C
 
A
G
C
A
A
G
C
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
T
A
T
A
G
C
T
G
A
G
 
C
T
T
C
A
A
G
T
G
T
 
A
C
A
A
T
A
A
T
A
A
 
A
C
T
A
G
A
A
C
G
T
 
G
A
T
T
T
G
C
A
A
A
 
A
T
A
A
A
A
T
T
G
G
 
A
T
C
C
C
T
T
A
C
T
 
T
C
T
T
C
G
A
T
T
G
 
A
A
T
G
G
T
A
T
T
T
 
A
A
G
A
T
C
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
A
T
A
G
C
T
G
A
G
 
C
T
T
C
A
A
G
T
G
T
 
A
C
A
A
T
A
A
T
A
A
 
A
C
T
A
G
A
A
C
G
T
 
G
A
T
T
T
G
C
A
A
A
 
A
T
A
A
A
A
T
T
G
G
 
A
T
C
C
C
T
T
A
C
T
 
T
C
T
T
C
G
A
T
T
G
 
A
A
T
G
G
T
A
T
T
T
 
A
A
G
A
T
C
A
A
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
A
T
A
G
C
T
G
A
G
 
C
T
T
C
A
A
G
T
G
T
 
A
C
A
A
T
A
A
T
A
A
 
A
C
T
A
G
A
A
C
G
T
 
G
A
T
T
T
G
C
A
A
A
 
A
T
A
A
A
A
T
T
G
G
 
A
T
C
C
C
T
T
A
C
T
 
T
C
T
T
C
G
A
T
T
G
 
A
A
T
G
G
T
A
T
T
T
 
A
A
G
A
T
C
A
A
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
G
A
A
T
T
A
G
A
C
C
 
C
T
G
A
A
A
T
A
A
A
 
G
G
C
A
G
A
C
A
T
T
 
G
A
A
C
A
G
C
A
A
A
 
T
T
A
A
C
T
C
A
A
T
 
T
G
A
T
G
C
G
A
T
A
 
A
A
T
C
C
A
T
T
G
C
 
A
C
G
C
T
T
T
T
G
A
 
T
G
A
C
T
T
A
G
A
A
 
T
C
A
G
T
A
A
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
A
A
T
T
A
G
A
C
C
 
C
T
G
A
A
A
T
A
A
A
 
G
G
C
A
G
A
C
A
T
T
 
G
A
A
C
A
G
C
A
A
A
 
T
T
A
A
C
T
C
A
A
T
 
T
G
A
T
G
C
G
A
T
A
 
A
A
T
C
C
A
T
T
G
C
 
A
C
G
C
T
T
T
T
G
A
 
T
G
A
C
T
T
A
G
A
A
 
T
C
A
G
T
A
A
T
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
A
A
T
T
A
G
A
C
C
 
C
T
G
A
A
A
T
A
A
A
 
G
G
C
A
G
A
C
A
T
T
 
G
A
A
C
A
G
C
A
A
A
 
T
T
A
A
C
T
C
A
A
T
 
T
G
A
T
G
C
G
A
T
A
 
A
A
T
C
C
A
T
T
G
C
 
A
C
G
C
T
T
T
T
G
A
 
T
G
A
C
T
T
A
G
A
A
 
T
C
A
G
T
A
A
T
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
G
T
A
A
T
T
T
G
A
T
 
A
T
C
T
G
A
T
T
A
T
 
G
A
C
A
A
A
T
T
A
T
 
T
C
C
T
T
A
T
G
T
T
 
C
A
A
A
G
G
A
T
T
A
 
A
T
A
C
A
G
A
G
A
T
 
G
T
A
A
T
T
A
T
C
A
 
A
T
A
T
T
C
A
T
T
T
 
G
G
T
T
G
C
G
A
A
T
 
A
A
C
C
A
T
T
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
T
A
A
T
T
T
G
A
T
 
A
T
C
T
G
A
T
T
A
T
 
G
A
C
A
A
A
T
T
A
T
 
T
C
C
T
T
A
T
G
T
T
 
C
A
A
A
G
G
A
T
T
A
 
A
T
A
C
A
G
A
G
A
T
 
G
T
A
A
T
T
A
T
C
A
 
A
T
A
T
T
C
A
T
T
T
 
G
G
T
T
G
C
G
A
A
T
 
A
A
C
C
A
T
T
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
G
T
A
A
T
T
T
G
A
T
 
A
T
C
T
G
A
T
T
A
T
 
G
A
C
A
A
A
T
T
A
T
 
T
C
C
T
T
A
T
G
T
T
 
C
A
A
A
G
G
A
T
T
A
 
A
T
A
C
A
G
A
G
A
T
 
G
T
A
A
T
T
A
T
C
A
 
A
T
A
T
T
C
A
T
T
T
 
G
G
T
T
G
C
G
A
A
T
 
A
A
C
C
A
T
T
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
A
T
A
C
A
T
G
T
T
G
 
A
A
C
A
A
T
C
A
A
A
 
T
A
C
A
G
T
G
T
T
A
 
G
T
A
T
G
T
T
G
T
C
 
A
T
C
T
A
T
G
C
A
T
 
A
A
C
C
C
T
C
T
A
T
 
G
A
G
C
A
C
A
A
T
A
 
G
T
T
A
A
A
A
G
C
T
 
A
A
C
A
C
T
G
T
C
A
 
A
A
A
A
C
C
T
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
T
A
C
A
T
G
T
T
G
 
A
A
C
A
A
T
C
A
A
A
 
T
A
C
A
G
T
G
T
T
A
 
G
T
A
T
G
T
T
G
T
C
 
A
T
C
T
A
T
G
C
A
T
 
A
A
C
C
C
T
C
T
A
T
 
G
A
G
C
A
C
A
A
T
A
 
G
T
T
A
A
A
A
G
C
T
 
A
A
C
A
C
T
G
T
C
A
 
A
A
A
A
C
C
T
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
T
A
C
A
T
G
T
T
G
 
A
A
C
A
A
T
C
A
A
A
 
T
A
C
A
G
T
G
T
T
A
 
G
T
A
T
G
T
T
G
T
C
 
A
T
C
T
A
T
G
C
A
T
 
A
A
C
C
C
T
C
T
A
T
 
G
A
G
C
A
C
A
A
T
A
 
G
T
T
A
A
A
A
G
C
T
 
A
A
C
A
C
T
G
T
C
A
 
A
A
A
A
C
C
T
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
T
G
G
C
T
A
T
A
G
G
 
G
G
C
G
T
T
A
T
G
T
 
G
G
C
C
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
T
G
G
C
T
A
T
A
G
G
 
G
G
C
G
T
T
A
T
G
T
 
G
G
C
C
G
G
C
C
G
G
 
C
A
T
G
G
T
C
C
C
A
 
G
C
C
T
C
C
T
C
G
C
 
T
G
G
C
G
C
C
G
G
C
 
T
G
G
G
C
A
A
C
A
T
 
T
C
C
G
A
G
G
G
G
A
 
C
C
G
T
C
C
C
C
T
C
 
G
G
T
A
A
T
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
T
G
G
C
T
A
T
A
G
G
 
G
G
C
G
T
T
A
T
G
T
 
G
G
C
C
T
G
C
C
G
G
 
C
A
T
G
G
T
C
C
C
A
 
G
C
C
T
C
C
T
C
G
C
 
T
G
G
C
G
C
C
G
G
C
 
T
G
G
G
C
A
A
C
A
T
 
T
C
C
G
A
G
G
G
G
A
 
C
C
G
T
C
C
C
C
T
C
 
G
G
T
A
A
T
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
A
A
T
G
G
G
A
C
G
G
 
A
T
C
C
G
G
C
T
G
C
 
T
A
A
C
A
A
A
G
C
C
 
C
G
A
A
A
G
G
A
A
G
 
C
T
G
A
G
T
T
G
G
C
 
T
G
C
T
G
C
C
A
C
C
 
G
C
T
G
A
G
C
A
A
T
 
A
A
C
T
A
G
C
A
T
A
 
A
C
C
C
C
T
T
G
G
G
 
G
C
C
T
C
T
A
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
A
A
T
G
G
G
A
C
G
G
 
A
T
C
C
G
G
C
T
G
C
 
T
A
A
C
A
A
A
G
C
C
 
C
G
A
A
A
G
G
A
A
G
 
C
T
G
A
G
T
T
G
G
C
 
T
G
C
T
G
C
C
A
C
C
 
G
C
T
G
A
G
C
A
A
T
 
A
A
C
T
A
G
C
A
T
A
 
A
C
C
C
C
T
T
G
G
G
 
-
-
-
-
-
-
-
-
-
-
 

252 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0

SA
11
-N
5_
GS
7(
NS
P3
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S7
 r
ef
er
en
ce

 
 
 
G
G
G
T
C
T
T
G
A
G
 
G
G
G
T
T
T
T
T
T
G
 
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S7
 N
GS

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-

253



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
8
(
N
S
P
2
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

254 



pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

255 



SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
G
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
T
T
T
A
A
A
G
C
G
T
 
C
T
C
A
G
T
-
-
-
C
 
G
C
C
G
T
T
T
G
A
G
 
C
C
T
T
G
C
G
G
T
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
T
A
G
C
C
A
T
G
G
C
 
T
G
A
G
C
T
A
G
C
T
 
T
G
C
T
T
T
T
G
C
T
 
A
T
C
C
T
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
A
T
T
A
A
A
G
 
G
-
-
C
T
C
A
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
A
T
G
G
C
 
T
G
A
G
C
T
A
G
C
T
 
T
G
C
T
T
T
T
G
C
T
 
A
T
C
C
T
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
G
 
C
G
T
C
T
C
A
G
T
C
 
G
C
C
G
T
T
T
G
A
G
 
C
C
T
T
G
C
G
G
T
G
 
T
A
G
C
C
A
T
G
G
C
 
T
G
A
G
C
T
A
G
C
T
 
T
G
C
T
T
T
T
G
C
T
 
A
T
C
C
T
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
G
G
A
G
A
A
T
G
A
T
 
A
G
C
T
A
T
A
A
A
T
 
T
T
A
T
T
C
C
T
T
T
 
T
A
A
T
A
A
T
T
T
A
 
G
C
T
A
T
T
A
A
A
G
 
C
T
A
T
G
C
T
G
A
C
 
A
G
C
T
A
A
A
G
T
A
 
G
A
C
A
A
A
A
A
G
G
 
A
C
A
T
G
G
A
T
A
A
 
G
T
T
T
T
A
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
G
A
G
A
A
T
G
A
T
 
A
G
C
T
A
T
A
A
A
T
 
T
T
A
T
T
C
C
T
T
T
 
T
A
A
T
A
A
T
T
T
A
 
G
C
T
A
T
T
A
A
A
G
 
C
T
A
T
G
C
T
G
A
C
 
A
G
C
T
A
A
A
G
T
A
 
G
A
C
A
A
A
A
A
G
G
 
A
C
A
T
G
G
A
T
A
A
 
G
T
T
T
T
A
T
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
G
A
G
A
A
T
G
A
T
 
A
G
C
T
A
T
A
A
A
T
 
T
T
A
T
T
C
C
T
T
T
 
T
A
A
T
A
A
T
T
T
A
 
G
C
T
A
T
T
A
A
A
G
 
C
T
A
T
G
C
T
G
A
C
 
A
G
C
T
A
A
A
G
T
A
 
G
A
C
A
A
A
A
A
G
G
 
A
C
A
T
G
G
A
T
A
A
 
G
T
T
T
T
A
T
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
T
C
A
A
T
T
A
T
T
T
 
A
T
G
G
A
A
T
A
G
C
 
A
C
C
G
C
C
T
C
C
T
 
C
A
A
T
T
T
A
A
G
A
 
A
A
C
G
G
T
A
T
A
A
 
T
A
C
T
A
A
T
G
A
T
 
A
A
T
T
C
A
A
G
A
G
 
G
C
A
T
G
A
A
T
T
T
 
T
G
A
A
A
C
A
A
T
T
 
A
T
G
T
T
T
A
C
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
C
A
A
T
T
A
T
T
T
 
A
T
G
G
A
A
T
A
G
C
 
A
C
C
G
C
C
T
C
C
T
 
C
A
A
T
T
T
A
A
G
A
 
A
A
C
G
G
T
A
T
A
A
 
T
A
C
T
A
A
T
G
A
T
 
A
A
T
T
C
A
A
G
A
G
 
G
C
A
T
G
A
A
T
T
T
 
T
G
A
A
A
C
A
A
T
T
 
A
T
G
T
T
T
A
C
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
C
A
A
T
T
A
T
T
T
 
A
T
G
G
A
A
T
A
G
C
 
A
C
C
G
C
C
T
C
C
T
 
C
A
A
T
T
T
A
A
G
A
 
A
A
C
G
G
T
A
T
A
A
 
T
A
C
T
A
A
T
G
A
T
 
A
A
T
T
C
A
A
G
A
G
 
G
C
A
T
G
A
A
T
T
T
 
T
G
A
A
A
C
A
A
T
T
 
A
T
G
T
T
T
A
C
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
A
G
G
T
G
G
C
T
A
T
 
G
T
T
G
A
T
A
T
G
T
 
G
A
A
G
C
T
C
T
A
A
 
A
T
T
C
A
T
T
G
A
A
 
A
G
T
G
A
C
G
C
A
A
 
G
C
A
A
A
C
G
T
C
T
 
C
T
A
A
T
G
T
A
T
T
 
A
T
C
A
C
G
A
G
T
A
 
G
T
A
T
C
A
A
T
A
A
 
G
G
C
A
T
T
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
G
G
T
G
G
C
T
A
T
 
G
T
T
G
A
T
A
T
G
T
 
G
A
A
G
C
T
C
T
A
A
 
A
T
T
C
A
T
T
G
A
A
 
A
G
T
G
A
C
G
C
A
A
 
G
C
A
A
A
C
G
T
C
T
 
C
T
A
A
T
G
T
A
T
T
 
A
T
C
A
C
G
A
G
T
A
 
G
T
A
T
C
A
A
T
A
A
 
G
G
C
A
T
T
T
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
G
G
T
G
G
C
T
A
T
 
G
T
T
G
A
T
A
T
G
T
 
G
A
A
G
C
T
C
T
A
A
 
A
T
T
C
A
T
T
G
A
A
 
A
G
T
G
A
C
G
C
A
A
 
G
C
A
A
A
C
G
T
C
T
 
C
T
A
A
T
G
T
A
T
T
 
A
T
C
A
C
G
A
G
T
A
 
G
T
A
T
C
A
A
T
A
A
 
G
G
C
A
T
T
T
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
A
A
A
T
T
T
G
G
T
G
 
A
T
A
C
G
T
A
A
A
G
 
A
A
A
A
T
C
C
A
C
A
 
G
G
A
T
A
T
T
C
T
A
 
T
T
T
C
A
T
T
C
A
A
 
A
A
G
A
T
T
T
A
C
T
 
T
T
T
G
A
A
A
T
C
A
 
A
C
A
C
T
G
A
T
T
G
 
C
T
A
T
T
G
G
A
C
A
 
G
T
C
T
A
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
A
A
T
T
T
G
G
T
G
 
A
T
A
C
G
T
A
A
A
G
 
A
A
A
A
T
C
C
A
C
A
 
G
G
A
T
A
T
T
C
T
A
 
T
T
T
C
A
T
T
C
A
A
 
A
A
G
A
T
T
T
A
C
T
 
T
T
T
G
A
A
A
T
C
A
 
A
C
A
C
T
G
A
T
T
G
 
C
T
A
T
T
G
G
A
C
A
 
G
T
C
T
A
A
A
G
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
A
A
T
T
T
G
G
T
G
 
A
T
A
C
G
T
A
A
A
G
 
A
A
A
A
T
C
C
A
C
A
 
G
G
A
T
A
T
T
C
T
A
 
T
T
T
C
A
T
T
C
A
A
 
A
A
G
A
T
T
T
A
C
T
 
T
T
T
G
A
A
A
T
C
A
 
A
C
A
C
T
G
A
T
T
G
 
C
T
A
T
T
G
G
A
C
A
 
G
T
C
T
A
A
A
G
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

256 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
A
T
T
G
A
A
A
C
T
A
 
C
A
A
T
A
A
C
T
G
C
 
A
G
A
A
G
G
A
G
G
A
 
G
A
A
A
T
T
G
T
A
T
 
T
T
C
A
A
A
A
C
G
C
 
T
G
C
C
T
T
C
A
C
C
 
A
T
G
T
G
G
A
A
A
C
 
T
A
A
C
T
T
A
T
T
T
 
A
G
A
A
C
A
T
C
A
A
 
T
T
G
A
T
G
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
T
G
A
A
A
C
T
A
 
C
A
A
T
A
A
C
T
G
C
 
A
G
A
A
G
G
A
G
G
A
 
G
A
A
A
T
T
G
T
A
T
 
T
T
C
A
A
A
A
C
G
C
 
T
G
C
C
T
T
C
A
C
C
 
A
T
G
T
G
G
A
A
A
C
 
T
A
A
C
T
T
A
T
T
T
 
A
G
A
A
C
A
T
C
A
A
 
T
T
G
A
T
G
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
T
G
A
A
A
C
T
A
 
C
A
A
T
A
A
C
T
G
C
 
A
G
A
A
G
G
A
G
G
A
 
G
A
A
A
T
T
G
T
A
T
 
T
T
C
A
A
A
A
C
G
C
 
T
G
C
C
T
T
C
A
C
C
 
A
T
G
T
G
G
A
A
A
C
 
T
A
A
C
T
T
A
T
T
T
 
A
G
A
A
C
A
T
C
A
A
 
T
T
G
A
T
G
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
T
T
C
T
G
G
A
T
C
A
 
G
A
A
T
T
T
T
A
T
T
 
G
A
A
T
A
T
A
A
A
G
 
T
T
A
C
A
T
T
G
A
A
 
C
G
A
A
G
A
T
A
A
A
 
C
C
A
A
T
T
T
C
A
G
 
A
T
G
T
T
C
A
T
G
T
 
T
A
A
A
G
A
A
T
T
A
 
G
T
C
G
C
T
G
A
A
C
 
T
T
C
G
A
T
G
G
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
T
C
T
G
G
A
T
C
A
 
G
A
A
T
T
T
T
A
T
T
 
G
A
A
T
A
T
A
A
A
G
 
T
T
A
C
A
T
T
G
A
A
 
C
G
A
A
G
A
T
A
A
A
 
C
C
A
A
T
T
T
C
A
G
 
A
T
G
T
T
C
A
T
G
T
 
T
A
A
A
G
A
A
T
T
A
 
G
T
C
G
C
T
G
A
A
C
 
T
T
C
G
A
T
G
G
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
T
C
T
G
G
A
T
C
A
 
G
A
A
T
T
T
T
A
T
T
 
G
A
A
T
A
T
A
A
A
G
 
T
T
A
C
A
T
T
G
A
A
 
C
G
A
A
G
A
T
A
A
A
 
C
C
A
A
T
T
T
C
A
G
 
A
T
G
T
T
C
A
T
G
T
 
T
A
A
A
G
A
A
T
T
A
 
G
T
C
G
C
T
G
A
A
C
 
T
T
C
G
A
T
G
G
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
A
T
A
T
A
A
C
A
A
G
 
T
T
T
G
C
T
G
T
A
A
 
T
C
A
C
A
C
A
T
G
G
 
T
A
A
G
G
G
T
C
A
T
 
T
A
T
A
G
A
A
T
T
G
 
T
A
A
A
G
T
A
T
T
C
 
A
T
C
A
G
T
T
G
C
T
 
A
A
T
C
A
C
G
C
T
G
 
A
C
A
G
A
G
T
A
T
A
 
T
G
C
A
A
C
T
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
A
T
A
A
C
A
A
G
 
T
T
T
G
C
T
G
T
A
A
 
T
C
A
C
A
C
A
T
G
G
 
T
A
A
G
G
G
T
C
A
T
 
T
A
T
A
G
A
A
T
T
G
 
T
A
A
A
G
T
A
T
T
C
 
A
T
C
A
G
T
T
G
C
T
 
A
A
T
C
A
C
G
C
T
G
 
A
C
A
G
A
G
T
A
T
A
 
T
G
C
A
A
C
T
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
A
T
A
A
C
A
A
G
 
T
T
T
G
C
T
G
T
A
A
 
T
C
A
C
A
C
A
T
G
G
 
T
A
A
G
G
G
T
C
A
T
 
T
A
T
A
G
A
A
T
T
G
 
T
A
A
A
G
T
A
T
T
C
 
A
T
C
A
G
T
T
G
C
T
 
A
A
T
C
A
C
G
C
T
G
 
A
C
A
G
A
G
T
A
T
A
 
T
G
C
A
A
C
T
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
A
A
G
A
G
T
A
A
T
G
 
T
T
A
A
A
A
C
T
G
G
 
A
G
T
T
A
A
T
A
A
T
 
G
A
T
T
T
T
A
A
C
C
 
T
A
C
T
T
G
A
T
C
A
 
A
A
G
A
A
T
T
A
T
T
 
T
G
G
C
A
A
A
A
C
T
 
G
G
T
A
T
G
C
A
T
T
 
T
A
C
A
T
C
A
T
C
A
 
A
T
G
A
A
A
C
A
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
A
G
A
G
T
A
A
T
G
 
T
T
A
A
A
A
C
T
G
G
 
A
G
T
T
A
A
T
A
A
T
 
G
A
T
T
T
T
A
A
C
C
 
T
A
C
T
T
G
A
T
C
A
 
A
A
G
A
A
T
T
A
T
T
 
T
G
G
C
A
A
A
A
C
T
 
G
G
T
A
T
G
C
A
T
T
 
T
A
C
A
T
C
A
T
C
A
 
A
T
G
A
A
A
C
A
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
A
G
A
G
T
A
A
T
G
 
T
T
A
A
A
A
C
T
G
G
 
A
G
T
T
A
A
T
A
A
T
 
G
A
T
T
T
T
A
A
C
C
 
T
A
C
T
T
G
A
T
C
A
 
A
A
G
A
A
T
T
A
T
T
 
T
G
G
C
A
A
A
A
C
T
 
G
G
T
A
T
G
C
A
T
T
 
T
A
C
A
T
C
A
T
C
A
 
A
T
G
A
A
A
C
A
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
G
T
A
A
T
A
C
A
C
T
 
T
G
A
C
G
T
G
T
G
T
 
A
A
A
A
G
G
T
T
G
C
 
T
T
T
T
C
C
A
A
A
A
 
A
A
T
G
A
A
A
C
C
A
 
G
A
A
A
A
A
A
A
T
C
 
C
A
T
T
T
A
A
A
G
G
 
G
C
T
G
T
C
A
A
C
G
 
G
A
T
A
G
A
A
A
A
A
 
T
G
G
A
C
G
A
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
G
T
A
A
T
A
C
A
C
T
 
T
G
A
C
G
T
G
T
G
T
 
A
A
A
A
G
G
T
T
G
C
 
T
T
T
T
C
C
A
A
A
A
 
A
A
T
G
A
A
A
C
C
A
 
G
A
A
A
A
A
A
A
T
C
 
C
A
T
T
T
A
A
A
G
G
 
G
C
T
G
T
C
A
A
C
G
 
G
A
T
A
G
A
A
A
A
A
 
T
G
G
A
C
G
A
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
G
T
A
A
T
A
C
A
C
T
 
T
G
A
C
G
T
G
T
G
T
 
A
A
A
A
G
G
T
T
G
C
 
T
T
T
T
C
C
A
A
A
A
 
A
A
T
G
A
A
A
C
C
A
 
G
A
A
A
A
A
A
A
T
C
 
C
A
T
T
T
A
A
A
G
G
 
G
C
T
G
T
C
A
A
C
G
 
G
A
T
A
G
A
A
A
A
A
 
T
G
G
A
C
G
A
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
T
T
C
T
C
A
A
G
T
T
 
G
G
C
G
T
T
T
A
A
T
 
T
C
G
C
T
A
T
C
A
A
 
T
T
T
G
A
G
G
A
T
G
 
A
T
G
A
T
G
G
C
T
T
 
A
-
-
-
-
-
G
C
A
A
 
G
A
A
T
A
G
A
A
A
G
 
C
G
C
T
T
A
T
G
T
G
 
A
C
C
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
T
C
T
C
A
A
G
T
T
 
G
G
C
G
T
T
T
A
A
C
 
C
T
A
A
C
A
T
T
T
A
 
C
C
G
T
A
T
A
T
T
C
 
A
G
A
T
T
T
G
C
T
T
 
G
C
G
T
T
C
G
T
T
T
 
C
A
G
C
T
G
A
T
A
C
 
T
G
T
T
G
A
A
C
C
A
 
A
T
T
A
A
T
G
C
T
G
 
T
T
G
C
T
T
T
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
T
T
C
T
C
A
A
G
T
T
 
G
G
C
G
T
T
T
A
A
C
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
T
A
A
T
A
T
G
C
G
C
 
A
T
C
A
T
G
A
A
C
G
 
A
A
C
T
G
T
A
A
A
C
 
G
C
C
A
A
C
C
C
C
A
 
T
T
G
T
G
G
A
G
A
T
 
A
T
G
A
C
C
G
G
C
C
 
G
G
C
A
T
G
G
T
C
C
 
C
A
G
C
C
T
C
C
T
C
 
G
C
T
G
G
C
G
C
C
G
 
G
C
T
G
G
G
C
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
N
N
N
N
N
N
 
N
N
N
N
G
G
A
G
A
T
 
G
T
G
A
C
C
G
G
C
C
 
G
G
C
A
T
G
G
T
C
C
 
C
A
G
C
C
T
C
C
T
C
 
G
C
T
G
G
C
G
C
C
G
 
G
C
T
G
G
G
C
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0
 
 
 
 
 
 
 
3
1
0
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
T
C
C
G
A
G
G
G
 
G
A
C
C
G
T
C
C
C
C
 
T
C
G
G
T
A
A
T
G
G
 
C
G
A
A
T
G
G
G
A
C
 
G
G
A
T
C
C
G
G
C
T
 
G
C
T
A
A
C
A
A
A
G
 
C
C
C
G
A
A
A
G
G
A
 
A
G
C
T
G
A
G
T
T
G
 
G
C
T
G
C
T
G
C
C
A
 
C
C
G
C
T
G
A
G
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
T
C
C
G
A
G
G
G
 
G
A
C
C
G
T
C
C
C
C
 
T
C
G
G
T
A
A
T
G
G
 
C
G
A
A
T
G
G
G
A
C
 
G
G
A
T
C
C
G
G
C
T
 
G
C
T
A
A
C
A
A
A
G
 
C
C
C
G
A
A
A
G
G
A
 
A
G
C
T
G
A
G
T
T
G
 
G
C
T
G
C
T
G
C
C
A
 
C
C
G
C
T
G
A
G
C
A
 

257 



.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|

3
1
1
0
 
 
 
 
 
 
 
3
1
2
0
 
 
 
 
 
 
 
3
1
3
0
 
 
 
 
 
 
 
3
1
4
0
 
 
 
 
 
 
 
3
1
5
0

SA
11
-N
5_
GS
8(
NS
P2
) 
re
fe
re
nc
e 

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S8
 r
ef
er
en
ce

 
 
 
A
T
A
A
C
T
A
G
C
A
 
T
A
A
C
C
C
C
T
T
G
 
G
G
G
C
C
T
C
T
A
A
 
A
C
G
G
G
T
C
T
T
G
 
A
G
G
G
G
T
T
T
T
T
 
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S8
 N
GS

 
 
 
A
T
A
A
C
T
A
G
C
A
 
T
A
A
C
C
C
C
T
T
G
 
G
G
G
C
C
T
C
T
A
A
 
A
C
G
G
G
T
C
T
T
G
 
A
G
G
G
G
T
T
T
T
T
 
T
G
G
A
T

258 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
9
(
V
P
7
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

259 



pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

1
0
9
0
 
 
 
 
 
 
 
1
1
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

1
1
9
0
 
 
 
 
 
 
 
1
2
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

1
2
9
0
 
 
 
 
 
 
 
1
3
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

1
3
9
0
 
 
 
 
 
 
 
1
4
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

1
4
9
0
 
 
 
 
 
 
 
1
5
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

1
5
9
0
 
 
 
 
 
 
 
1
6
0
0

260 



SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

1
6
9
0
 
 
 
 
 
 
 
1
7
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

1
7
9
0
 
 
 
 
 
 
 
1
8
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

1
8
9
0
 
 
 
 
 
 
 
1
9
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
T
T
A
A
A
A
A
 
G
A
G
A
G
A
A
T
T
T
 
C
C
G
T
T
T
G
G
C
T
 
A
G
C
G
G
T
T
A
G
C
 
T
C
C
T
T
T
T
A
A
T
 
G
T
A
T
G
G
T
A
T
T
 
G
A
A
T
A
T
A
C
C
A
 
C
A
G
T
T
C
T
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
A
A
A
A
A
 
G
A
G
A
G
A
A
T
T
T
 
C
C
G
T
T
T
G
G
C
T
 
A
G
C
G
G
T
T
A
G
C
 
T
C
C
T
T
T
T
A
A
T
 
G
T
A
T
G
G
T
A
T
T
 
G
A
A
T
A
T
A
C
C
A
 
C
A
G
T
T
C
T
A
A
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
A
A
A
A
A
 
G
A
G
A
G
A
A
T
T
T
 
C
C
G
T
T
T
G
G
C
T
 
A
G
C
G
G
T
T
A
G
C
 
T
C
C
T
T
T
T
A
A
T
 
G
T
A
T
G
G
T
A
T
T
 
G
A
A
T
A
T
A
C
C
A
 
C
A
G
T
T
C
T
A
A
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

1
9
9
0
 
 
 
 
 
 
 
2
0
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
T
T
T
C
T
G
A
T
A
 
T
C
G
A
T
T
A
T
T
C
 
T
A
C
T
A
A
A
T
T
A
 
C
A
T
A
C
T
T
A
A
A
 
T
C
A
T
T
A
A
C
T
A
 
G
A
A
T
A
A
T
G
G
A
 
C
T
T
T
A
T
A
A
T
T
 
T
A
T
A
G
A
T
T
T
C
 
T
T
T
T
T
A
T
A
A
T
 
T
G
T
G
A
T
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
T
T
T
C
T
G
A
T
A
 
T
C
G
A
T
T
A
T
T
C
 
T
A
C
T
A
A
A
T
T
A
 
C
A
T
A
C
T
T
A
A
A
 
T
C
A
T
T
A
A
C
T
A
 
G
A
A
T
A
A
T
G
G
A
 
C
T
T
T
A
T
A
A
T
T
 
T
A
T
A
G
A
T
T
T
C
 
T
T
T
T
T
A
T
A
A
T
 
T
G
T
G
A
T
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
T
T
T
C
T
G
A
T
A
 
T
C
G
A
T
T
A
T
T
C
 
T
A
C
T
A
A
A
T
T
A
 
C
A
T
A
C
T
T
A
A
A
 
T
C
A
T
T
A
A
C
T
A
 
G
A
A
T
A
A
T
G
G
A
 
C
T
T
T
A
T
A
A
T
T
 
T
A
T
A
G
A
T
T
T
C
 
T
T
T
T
T
A
T
A
A
T
 
T
G
T
G
A
T
A
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

2
0
9
0
 
 
 
 
 
 
 
2
1
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
T
C
A
C
C
A
T
T
T
C
 
T
C
A
G
A
G
C
A
C
A
 
A
A
A
T
T
A
T
G
G
T
 
A
T
T
A
A
T
C
T
T
C
 
C
A
A
T
C
A
C
A
G
G
 
C
T
C
C
A
T
G
G
A
C
 
A
T
T
G
C
A
T
A
C
G
 
C
T
A
A
T
T
C
A
A
C
 
G
C
A
A
G
A
A
G
A
A
 
A
C
A
T
T
C
C
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
C
A
C
C
A
T
T
T
C
 
T
C
A
G
A
G
C
A
C
A
 
A
A
A
T
T
A
T
G
G
T
 
A
T
T
A
A
T
C
T
T
C
 
C
A
A
T
C
A
C
A
G
G
 
C
T
C
C
A
T
G
G
A
C
 
A
T
T
G
C
A
T
A
C
G
 
C
T
A
A
T
T
C
A
A
C
 
G
C
A
A
G
A
A
G
A
A
 
A
C
A
T
T
C
C
T
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
C
A
C
C
A
T
T
T
C
 
T
C
A
G
A
G
C
A
C
A
 
A
A
A
T
T
A
T
G
G
T
 
A
T
T
A
A
T
C
T
T
C
 
C
A
A
T
C
A
C
A
G
G
 
C
T
C
C
A
T
G
G
A
C
 
A
T
T
G
C
A
T
A
C
G
 
C
T
A
A
T
T
C
A
A
C
 
G
C
A
A
G
A
A
G
A
A
 
A
C
A
T
T
C
C
T
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

2
1
9
0
 
 
 
 
 
 
 
2
2
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
T
T
C
T
A
C
A
C
T
 
T
T
G
C
C
T
A
T
A
T
 
T
A
T
C
C
G
A
C
T
G
 
A
G
G
C
T
G
C
G
A
C
 
T
G
A
A
A
T
A
A
A
C
 
G
A
T
A
A
T
T
C
A
T
 
G
G
A
A
A
G
A
C
A
C
 
A
C
T
G
T
C
A
C
A
A
 
C
T
A
T
T
T
C
T
T
A
 
C
G
A
A
A
G
G
G
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
T
T
C
T
A
C
A
C
T
 
T
T
G
C
C
T
A
T
A
T
 
T
A
T
C
C
G
A
C
T
G
 
A
G
G
C
T
G
C
G
A
C
 
T
G
A
A
A
T
A
A
A
C
 
G
A
T
A
A
T
T
C
A
T
 
G
G
A
A
A
G
A
C
A
C
 
A
C
T
G
T
C
A
C
A
A
 
C
T
A
T
T
T
C
T
T
A
 
C
G
A
A
A
G
G
G
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
T
T
C
T
A
C
A
C
T
 
T
T
G
C
C
T
A
T
A
T
 
T
A
T
C
C
G
A
C
T
G
 
A
G
G
C
T
G
C
G
A
C
 
T
G
A
A
A
T
A
A
A
C
 
G
A
T
A
A
T
T
C
A
T
 
G
G
A
A
A
G
A
C
A
C
 
A
C
T
G
T
C
A
C
A
A
 
C
T
A
T
T
T
C
T
T
A
 
C
G
A
A
A
G
G
G
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

2
2
9
0
 
 
 
 
 
 
 
2
3
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
C
C
A
A
C
T
G
G
A
 
T
C
C
G
T
A
T
A
T
T
 
T
T
A
A
A
G
A
A
T
A
 
T
A
C
T
A
A
C
A
T
T
 
G
C
A
T
C
G
T
T
T
T
 
C
T
G
T
T
G
A
T
C
C
 
G
C
A
G
T
T
G
T
A
T
 
T
G
T
G
A
T
T
A
T
A
 
A
C
G
T
A
G
T
A
C
T
 
A
A
T
G
A
A
A
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
C
C
A
A
C
T
G
G
A
 
T
C
C
G
T
A
T
A
T
T
 
T
T
A
A
A
G
A
A
T
A
 
T
A
C
T
A
A
C
A
T
T
 
G
C
A
T
C
G
T
T
T
T
 
C
T
G
T
T
G
A
T
C
C
 
G
C
A
G
T
T
G
T
A
T
 
T
G
T
G
A
T
T
A
T
A
 
A
C
G
T
A
G
T
A
C
T
 
A
A
T
G
A
A
A
T
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
C
C
A
A
C
T
G
G
A
 
T
C
C
G
T
A
T
A
T
T
 
T
T
A
A
A
G
A
A
T
A
 
T
A
C
T
A
A
C
A
T
T
 
G
C
A
T
C
G
T
T
T
T
 
C
T
G
T
T
G
A
T
C
C
 
G
C
A
G
T
T
G
T
A
T
 
T
G
T
G
A
T
T
A
T
A
 
A
C
G
T
A
G
T
A
C
T
 
A
A
T
G
A
A
A
T
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

261 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

2
3
9
0
 
 
 
 
 
 
 
2
4
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
G
A
C
G
C
G
A
C
G
T
 
T
G
C
A
A
T
T
G
G
A
 
T
A
T
G
T
C
A
G
A
A
 
C
T
T
G
C
G
G
A
T
C
 
T
A
A
T
A
T
T
A
A
A
 
C
G
A
A
T
G
G
T
T
G
 
T
G
T
A
A
T
C
C
A
A
 
T
G
G
A
T
A
T
T
A
C
 
T
C
T
G
T
A
T
T
A
T
 
T
A
T
C
A
G
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
A
C
G
C
G
A
C
G
T
 
T
G
C
A
A
T
T
G
G
A
 
T
A
T
G
T
C
A
G
A
A
 
C
T
T
G
C
G
G
A
T
C
 
T
A
A
T
A
T
T
A
A
A
 
C
G
A
A
T
G
G
T
T
G
 
T
G
T
A
A
T
C
C
A
A
 
T
G
G
A
T
A
T
T
A
C
 
T
C
T
G
T
A
T
T
A
T
 
T
A
T
C
A
G
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
A
C
G
C
G
A
C
G
T
 
T
G
C
A
A
T
T
G
G
A
 
T
A
T
G
T
C
A
G
A
A
 
C
T
T
G
C
G
G
A
T
C
 
T
A
A
T
A
T
T
A
A
A
 
C
G
A
A
T
G
G
T
T
G
 
T
G
T
A
A
T
C
C
A
A
 
T
G
G
A
T
A
T
T
A
C
 
T
C
T
G
T
A
T
T
A
T
 
T
A
T
C
A
G
C
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

2
4
9
0
 
 
 
 
 
 
 
2
5
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
T
G
A
C
G
A
A
G
C
 
G
A
A
T
A
A
A
T
G
G
 
A
T
A
T
C
A
A
T
G
G
 
G
C
T
C
A
T
C
A
T
G
 
T
A
C
A
A
T
T
A
A
A
 
G
T
A
T
G
T
C
C
A
C
 
T
T
A
A
T
A
C
A
C
A
 
A
A
C
T
C
T
T
G
G
A
 
A
T
T
G
G
A
T
G
C
T
 
T
G
A
C
A
A
C
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
T
G
A
C
G
A
A
G
C
 
G
A
A
T
A
A
A
T
G
G
 
A
T
A
T
C
A
A
T
G
G
 
G
C
T
C
A
T
C
A
T
G
 
T
A
C
A
A
T
T
A
A
A
 
G
T
A
T
G
T
C
C
A
C
 
T
T
A
A
T
A
C
A
C
A
 
A
A
C
T
C
T
T
G
G
A
 
A
T
T
G
G
A
T
G
C
T
 
T
G
A
C
A
A
C
T
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
T
G
A
C
G
A
A
G
C
 
G
A
A
T
A
A
A
T
G
G
 
A
T
A
T
C
A
A
T
G
G
 
G
C
T
C
A
T
C
A
T
G
 
T
A
C
A
A
T
T
A
A
A
 
G
T
A
T
G
T
C
C
A
C
 
T
T
A
A
T
A
C
A
C
A
 
A
A
C
T
C
T
T
G
G
A
 
A
T
T
G
G
A
T
G
C
T
 
T
G
A
C
A
A
C
T
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

2
5
9
0
 
 
 
 
 
 
 
2
6
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
C
A
A
C
T
 
T
T
T
G
A
A
G
A
A
G
 
T
T
G
C
G
A
C
A
G
C
 
T
G
A
A
A
A
G
T
T
G
 
G
T
A
A
T
T
A
C
T
G
 
A
C
G
T
G
G
T
T
G
A
 
T
G
G
C
G
T
T
A
A
T
 
C
A
T
A
A
G
C
T
G
G
 
A
T
G
T
C
A
C
A
A
C
 
A
G
C
A
A
C
G
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
T
G
C
T
A
C
A
A
C
T
 
T
T
T
G
A
A
G
A
A
G
 
T
T
G
C
G
A
C
A
G
C
 
T
G
A
A
A
A
G
T
T
G
 
G
T
A
A
T
T
A
C
T
G
 
A
C
G
T
G
G
T
T
G
A
 
T
G
G
C
G
T
T
A
A
T
 
C
A
T
A
A
G
C
T
G
G
 
A
T
G
T
C
A
C
A
A
C
 
A
G
C
A
A
C
G
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
T
G
C
T
A
C
A
A
C
T
 
T
T
T
G
A
A
G
A
A
G
 
T
T
G
C
G
A
C
A
G
C
 
T
G
A
A
A
A
G
T
T
G
 
G
T
A
A
T
T
A
C
T
G
 
A
C
G
T
G
G
T
T
G
A
 
T
G
G
C
G
T
T
A
A
T
 
C
A
T
A
A
G
C
T
G
G
 
A
T
G
T
C
A
C
A
A
C
 
A
G
C
A
A
C
G
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

2
6
9
0
 
 
 
 
 
 
 
2
7
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
A
C
T
A
T
T
A
G
A
A
 
A
C
T
G
T
A
A
G
A
A
 
A
T
T
G
G
G
A
C
C
A
 
A
G
A
G
A
A
A
A
C
G
 
T
A
G
C
C
G
T
T
A
T
 
A
C
A
A
G
T
T
G
G
T
 
G
G
T
T
C
T
G
A
C
A
 
T
C
C
T
C
G
A
T
A
T
 
A
A
C
T
G
C
T
G
A
T
 
C
C
A
A
C
T
A
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
A
C
T
A
T
T
A
G
A
A
 
A
C
T
G
T
A
A
G
A
A
 
A
T
T
G
G
G
A
C
C
A
 
A
G
A
G
A
A
A
A
C
G
 
T
A
G
C
C
G
T
T
A
T
 
A
C
A
A
G
T
T
G
G
T
 
G
G
T
T
C
T
G
A
C
A
 
T
C
C
T
C
G
A
T
A
T
 
A
A
C
T
G
C
T
G
A
T
 
C
C
A
A
C
T
A
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
A
C
T
A
T
T
A
G
A
A
 
A
C
T
G
T
A
A
G
A
A
 
A
T
T
G
G
G
A
C
C
A
 
A
G
A
G
A
A
A
A
C
G
 
T
A
G
C
C
G
T
T
A
T
 
A
C
A
A
G
T
T
G
G
T
 
G
G
T
T
C
T
G
A
C
A
 
T
C
C
T
C
G
A
T
A
T
 
A
A
C
T
G
C
T
G
A
T
 
C
C
A
A
C
T
A
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0
 
 
 
 
 
 
 
2
7
7
0
 
 
 
 
 
 
 
2
7
8
0

2
7
9
0
 
 
 
 
 
 
 
2
8
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
A
C
C
A
C
A
G
A
C
 
A
G
A
A
C
G
G
A
T
G
 
A
T
G
C
G
A
A
T
T
A
 
A
C
T
G
G
A
A
A
A
A
 
A
T
G
G
T
G
G
C
A
A
 
G
T
T
T
T
T
T
A
T
A
 
C
T
G
T
A
G
T
A
G
A
 
C
T
A
T
G
T
A
G
A
T
 
C
A
G
A
T
A
A
T
A
C
 
A
A
G
T
T
A
T
G
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
A
C
C
A
C
A
G
A
C
 
A
G
A
A
C
G
G
A
T
G
 
A
T
G
C
G
A
A
T
T
A
 
A
C
T
G
G
A
A
A
A
A
 
A
T
G
G
T
G
G
C
A
A
 
G
T
T
T
T
T
T
A
T
A
 
C
T
G
T
A
G
T
A
G
A
 
C
T
A
T
G
T
A
G
A
T
 
C
A
G
A
T
A
A
T
A
C
 
A
A
G
T
T
A
T
G
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
A
C
C
A
C
A
G
A
C
 
A
G
A
A
C
G
G
A
T
G
 
A
T
G
C
G
A
A
T
T
A
 
A
C
T
G
G
A
A
A
A
A
 
A
T
G
G
T
G
G
C
A
A
 
G
T
T
T
T
T
T
A
T
A
 
C
T
G
T
A
G
T
A
G
A
 
C
T
A
T
G
T
A
G
A
T
 
C
A
G
A
T
A
A
T
A
C
 
A
A
G
T
T
A
T
G
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
8
1
0
 
 
 
 
 
 
 
2
8
2
0
 
 
 
 
 
 
 
2
8
3
0
 
 
 
 
 
 
 
2
8
4
0
 
 
 
 
 
 
 
2
8
5
0
 
 
 
 
 
 
 
2
8
6
0
 
 
 
 
 
 
 
2
8
7
0
 
 
 
 
 
 
 
2
8
8
0

2
8
9
0
 
 
 
 
 
 
 
2
9
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
C
A
A
A
A
G
A
T
C
A
 
A
G
A
T
C
A
C
T
A
A
 
A
T
T
C
A
G
C
A
G
C
 
A
T
T
T
T
A
T
T
A
C
 
A
G
A
G
T
G
T
A
G
G
 
T
A
T
A
A
C
T
T
A
G
 
G
T
T
A
G
A
A
T
T
G
 
T
A
T
G
A
T
G
T
G
A
 
C
C
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
A
A
A
A
G
A
T
C
A
 
A
G
A
T
C
A
C
T
A
A
 
A
T
T
C
A
G
C
A
G
C
 
A
T
T
T
T
A
T
T
A
C
 
A
G
A
G
T
G
T
A
G
G
 
T
A
T
A
A
C
T
T
A
G
 
G
T
T
A
G
A
A
T
T
G
 
T
A
T
G
A
T
G
T
G
A
 
C
C
G
G
G
C
G
T
T
A
 
T
G
T
G
G
C
C
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
A
A
A
A
G
A
T
C
A
 
A
G
A
T
C
A
C
T
A
A
 
A
T
T
C
A
G
C
A
G
C
 
A
T
T
T
T
A
T
T
A
C
 
A
G
A
G
T
G
T
A
G
G
 
T
A
T
A
A
C
T
T
A
G
 
G
T
T
A
G
A
A
T
T
G
 
T
A
T
G
A
T
G
T
G
A
 
C
C
G
G
G
N
N
N
N
A
 
T
G
T
G
A
C
C
G
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
9
1
0
 
 
 
 
 
 
 
2
9
2
0
 
 
 
 
 
 
 
2
9
3
0
 
 
 
 
 
 
 
2
9
4
0
 
 
 
 
 
 
 
2
9
5
0
 
 
 
 
 
 
 
2
9
6
0
 
 
 
 
 
 
 
2
9
7
0
 
 
 
 
 
 
 
2
9
8
0

2
9
9
0
 
 
 
 
 
 
 
3
0
0
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
C
G
G
C
A
T
G
G
T
C
 
C
C
A
G
C
C
T
C
C
T
 
C
G
C
T
G
G
C
G
C
C
 
G
G
C
T
G
G
G
C
A
A
 
C
A
T
T
C
C
G
A
G
G
 
G
G
A
C
C
G
T
C
C
C
 
C
T
C
G
G
T
A
A
T
G
 
G
C
G
A
A
T
G
G
G
A
 
C
G
G
A
T
C
C
G
G
C
 
T
G
C
T
A
A
C
A
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
C
G
G
C
A
T
G
G
T
C
 
C
C
A
G
C
C
T
C
C
T
 
C
G
C
T
G
G
C
G
C
C
 
G
G
C
T
G
G
G
C
A
A
 
C
A
T
T
C
C
G
A
G
G
 
G
G
A
C
C
G
T
C
C
C
 
C
T
C
G
G
T
A
A
T
G
 
G
C
G
A
A
T
G
G
G
A
 
C
G
G
A
T
C
C
G
G
C
 
T
G
C
T
A
A
C
A
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.

3
0
1
0
 
 
 
 
 
 
 
3
0
2
0
 
 
 
 
 
 
 
3
0
3
0
 
 
 
 
 
 
 
3
0
4
0
 
 
 
 
 
 
 
3
0
5
0
 
 
 
 
 
 
 
3
0
6
0
 
 
 
 
 
 
 
3
0
7
0
 
 
 
 
 
 
 
3
0
8
0

3
0
9
0

SA
11
-N
5_
GS
9(
VP
7)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S9
 r
ef
er
en
ce

 
 
 
G
C
C
C
G
A
A
A
G
G
 
A
A
G
C
T
G
A
G
T
T
 
G
G
C
T
G
C
T
G
C
C
 
A
C
C
G
C
T
G
A
G
C
 
A
A
T
A
A
C
T
A
G
C
 
A
T
A
A
C
C
C
C
T
T
 
G
G
G
G
C
C
T
C
T
A
 
A
A
C
G
G
G
T
C
T
T
 
G
A
G
G
G
G
T
T
T
T
 
T
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S9
 N
GS

 
 
 
G
C
C
C
G
A
A
A
G
G
 
A
A
G
C
T
G
A
G
T
T
 
G
G
C
T
G
C
T
G
C
C
 
A
C
C
G
C
T
G
A
G
C
 
A
A
T
A
A
C
T
A
G
C
 
A
T
A
A
C
C
C
C
T
T
 
G
G
G
G
C
C
T
C
T
A
 
A
A
C
G
G
G
T
C
T
T
 
G
A
G
G
G
G
T
T
T
T
 
T
T
G
G
A
T

262 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
1
0
(
N
S
P
4
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
 
9
0
 
 
 
 
 
 
 
 
1
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

 
1
9
0
 
 
 
 
 
 
 
 
2
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

 
2
9
0
 
 
 
 
 
 
 
 
3
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

 
3
9
0
 
 
 
 
 
 
 
 
4
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

 
4
9
0
 
 
 
 
 
 
 
 
5
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

 
5
9
0
 
 
 
 
 
 
 
 
6
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

 
6
9
0
 
 
 
 
 
 
 
 
7
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

 
7
9
0
 
 
 
 
 
 
 
 
8
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

263 



pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

 
8
9
0
 
 
 
 
 
 
 
 
9
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

 
9
9
0
 
 
 
 
 
 
 
 
1
0
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

 
1
0
9
0
 

1
1
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

 
1
1
9
0
 

1
2
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

 
1
2
9
0
 

1
3
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

 
1
3
9
0
 

1
4
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

 
1
4
9
0
 

1
5
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

 
1
5
9
0
 

1
6
0
0

264 



SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

 
1
6
9
0
 

1
7
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

 
1
7
9
0
 

1
8
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

 
1
8
9
0
 

1
9
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
G
 
G
C
T
T
T
T
A
A
A
A
 
G
T
T
C
T
G
T
T
C
C
 
G
A
G
A
G
A
G
C
G
C
 
G
T
G
C
G
G
A
A
A
G
 
A
T
G
G
A
A
A
A
G
C
 
T
T
A
C
C
G
A
C
C
T
 
C
A
A
T
T
A
T
A
C
A
 
T
T
G
A
G
T
G
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
A
 
G
T
T
C
T
G
T
T
C
C
 
G
A
G
A
G
A
G
C
G
C
 
G
T
G
C
G
G
A
A
A
G
 
A
T
G
G
A
A
A
A
G
C
 
T
T
A
C
C
G
A
C
C
T
 
C
A
A
T
T
A
T
A
C
A
 
T
T
G
A
G
T
G
T
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
A
 
G
T
T
C
T
G
T
T
C
C
 
G
A
G
A
G
A
G
C
G
C
 
G
T
G
C
G
G
A
A
A
G
 
A
T
G
G
A
A
A
A
G
C
 
T
T
A
C
C
G
A
C
C
T
 
C
A
A
T
T
A
T
A
C
A
 
T
T
G
A
G
T
G
T
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

 
1
9
9
0
 

2
0
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
T
C
A
C
T
C
T
A
A
T
 
G
A
A
C
A
A
T
A
C
A
 
T
T
G
C
A
C
A
C
A
A
 
T
A
C
T
T
G
A
G
G
A
 
T
C
C
A
G
G
A
A
T
G
 
G
C
G
T
A
T
T
T
T
C
 
C
T
T
A
T
A
T
A
G
C
 
A
T
C
T
G
T
C
T
T
A
 
A
C
A
G
T
T
T
T
G
T
 
T
T
G
C
G
C
T
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
C
A
C
T
C
T
A
A
T
 
G
A
A
C
A
A
T
A
C
A
 
T
T
G
C
A
C
A
C
A
A
 
T
A
C
T
T
G
A
G
G
A
 
T
C
C
A
G
G
A
A
T
G
 
G
C
G
T
A
T
T
T
T
C
 
C
T
T
A
T
A
T
A
G
C
 
A
T
C
T
G
T
C
T
T
A
 
A
C
A
G
T
T
T
T
G
T
 
T
T
G
C
G
C
T
A
C
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
C
A
C
T
C
T
A
A
T
 
G
A
A
C
A
A
T
A
C
A
 
T
T
G
C
A
C
A
C
A
A
 
T
A
C
T
T
G
A
G
G
A
 
T
C
C
A
G
G
A
A
T
G
 
G
C
G
T
A
T
T
T
T
C
 
C
T
T
A
T
A
T
A
G
C
 
A
T
C
T
G
T
C
T
T
A
 
A
C
A
G
T
T
T
T
G
T
 
T
T
G
C
G
C
T
A
C
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

 
2
0
9
0
 

2
1
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
T
A
A
A
G
C
A
T
C
C
 
A
T
T
C
C
A
A
C
A
A
 
T
G
A
A
A
A
T
T
G
C
 
A
T
T
G
A
A
A
A
C
G
 
T
C
A
A
A
A
T
G
T
T
 
C
A
T
A
T
A
A
A
G
T
 
G
G
T
G
A
A
A
T
A
T
 
T
G
T
A
T
T
G
T
A
A
 
C
A
A
T
T
T
T
T
A
A
 
T
A
C
G
T
T
G
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
T
A
A
A
G
C
A
T
C
C
 
A
T
T
C
C
A
A
C
A
A
 
T
G
A
A
A
A
T
T
G
C
 
A
T
T
G
A
A
A
A
C
G
 
T
C
A
A
A
A
T
G
T
T
 
C
A
T
A
T
A
A
A
G
T
 
G
G
T
G
A
A
A
T
A
T
 
T
G
T
A
T
T
G
T
A
A
 
C
A
A
T
T
T
T
T
A
A
 
T
A
C
G
T
T
G
T
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
T
A
A
A
G
C
A
T
C
C
 
A
T
T
C
C
A
A
C
A
A
 
T
G
A
A
A
A
T
T
G
C
 
A
T
T
G
A
A
A
A
C
G
 
T
C
A
A
A
A
T
G
T
T
 
C
A
T
A
T
A
A
A
G
T
 
G
G
T
G
A
A
A
T
A
T
 
T
G
T
A
T
T
G
T
A
A
 
C
A
A
T
T
T
T
T
A
A
 
T
A
C
G
T
T
G
T
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

 
2
1
9
0
 

2
2
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
A
A
A
T
T
G
G
C
A
G
 
G
T
T
A
T
A
A
A
G
A
 
G
C
A
G
A
T
A
A
C
T
 
A
C
T
A
A
A
G
A
T
G
 
A
G
A
T
A
G
A
A
A
A
 
G
C
A
A
A
T
G
G
A
C
 
A
G
A
G
T
A
G
T
C
A
 
A
A
G
A
A
A
T
G
A
G
 
A
C
G
C
C
A
G
C
T
A
 
G
A
A
A
T
G
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
A
A
T
T
G
G
C
A
G
 
G
T
T
A
T
A
A
A
G
A
 
G
C
A
G
A
T
A
A
C
T
 
A
C
T
A
A
A
G
A
T
G
 
A
G
A
T
A
G
A
A
A
A
 
G
C
A
A
A
T
G
G
A
C
 
A
G
A
G
T
A
G
T
C
A
 
A
A
G
A
A
A
T
G
A
G
 
A
C
G
C
C
A
G
C
T
A
 
G
A
A
A
T
G
A
T
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
A
A
T
T
G
G
C
A
G
 
G
T
T
A
T
A
A
A
G
A
 
G
C
A
G
A
T
A
A
C
T
 
A
C
T
A
A
A
G
A
T
G
 
A
G
A
T
A
G
A
A
A
A
 
G
C
A
A
A
T
G
G
A
C
 
A
G
A
G
T
A
G
T
C
A
 
A
A
G
A
A
A
T
G
A
G
 
A
C
G
C
C
A
G
C
T
A
 
G
A
A
A
T
G
A
T
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

 
2
2
9
0
 

2
3
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
A
C
A
A
A
T
T
G
A
C
 
T
A
C
A
C
G
T
G
A
A
 
A
T
T
G
A
A
C
A
A
G
 
T
A
G
A
G
T
T
G
C
T
 
T
A
A
A
C
G
C
A
T
T
 
T
A
C
G
A
T
A
A
A
T
 
T
G
A
C
G
G
T
G
C
A
 
A
A
C
G
A
C
A
G
G
C
 
G
A
A
A
T
A
G
A
T
A
 
T
G
A
C
A
A
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
C
A
A
A
T
T
G
A
C
 
T
A
C
A
C
G
T
G
A
A
 
A
T
T
G
A
A
C
A
A
G
 
T
A
G
A
G
T
T
G
C
T
 
T
A
A
A
C
G
C
A
T
T
 
T
A
C
G
A
T
A
A
A
T
 
T
G
A
C
G
G
T
G
C
A
 
A
A
C
G
A
C
A
G
G
C
 
G
A
A
A
T
A
G
A
T
A
 
T
G
A
C
A
A
A
A
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
C
A
A
A
T
T
G
A
C
 
T
A
C
A
C
G
T
G
A
A
 
A
T
T
G
A
A
C
A
A
G
 
T
A
G
A
G
T
T
G
C
T
 
T
A
A
A
C
G
C
A
T
T
 
T
A
C
G
A
T
A
A
A
T
 
T
G
A
C
G
G
T
G
C
A
 
A
A
C
G
A
C
A
G
G
C
 
G
A
A
A
T
A
G
A
T
A
 
T
G
A
C
A
A
A
A
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

265 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

 
2
3
9
0
 

2
4
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
G
A
T
C
A
A
T
C
A
A
 
A
A
A
A
A
C
G
T
G
A
 
G
A
A
C
G
C
T
A
G
A
 
A
G
A
A
T
G
G
G
A
A
 
A
G
T
G
G
A
A
A
A
A
 
A
T
C
C
T
T
A
T
G
A
 
A
C
C
A
A
G
A
G
A
A
 
G
T
G
A
C
T
G
C
A
G
 
C
A
A
T
G
T
A
A
G
A
 
G
G
T
T
G
A
G
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
A
T
C
A
A
T
C
A
A
 
A
A
A
A
A
C
G
T
G
A
 
G
A
A
C
G
C
T
A
G
A
 
A
G
A
A
T
G
G
G
A
A
 
A
G
T
G
G
A
A
A
A
A
 
A
T
C
C
T
T
A
T
G
A
 
A
C
C
A
A
G
A
G
A
A
 
G
T
G
A
C
T
G
C
A
G
 
C
A
A
T
G
T
A
A
G
A
 
G
G
T
T
G
A
G
C
T
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
A
T
C
A
A
T
C
A
A
 
A
A
A
A
A
C
G
T
G
A
 
G
A
A
C
G
C
T
A
G
A
 
A
G
A
A
T
G
G
G
A
A
 
A
G
T
G
G
A
A
A
A
A
 
A
T
C
C
T
T
A
T
G
A
 
A
C
C
A
A
G
A
G
A
A
 
G
T
G
A
C
T
G
C
A
G
 
C
A
A
T
G
T
A
A
G
A
 
G
G
T
T
G
A
G
C
T
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

 
2
4
9
0
 

2
5
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
C
C
G
T
C
G
A
C
T
G
 
T
C
C
T
C
G
G
A
A
G
 
C
G
G
C
G
G
A
G
T
T
 
C
T
T
T
A
C
A
G
T
A
 
A
G
C
A
C
C
A
T
C
G
 
G
A
C
C
T
G
A
T
G
G
 
C
T
G
A
C
T
G
A
G
A
 
A
G
C
C
A
C
A
G
T
C
 
A
G
C
C
A
T
A
T
C
G
 
C
G
T
G
T
G
G
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
C
C
G
T
C
G
A
C
T
G
 
T
C
C
T
C
G
G
A
A
G
 
C
G
G
C
G
G
A
G
T
T
 
C
T
T
T
A
C
A
G
T
A
 
A
G
C
A
C
C
A
T
C
G
 
G
A
C
C
T
G
A
T
G
G
 
C
T
G
A
C
T
G
A
G
A
 
A
G
C
C
A
C
A
G
T
C
 
A
G
C
C
A
T
A
T
C
G
 
C
G
T
G
T
G
G
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
C
C
G
T
C
G
A
C
T
G
 
T
C
C
T
C
G
G
A
A
G
 
C
G
G
C
G
G
A
G
T
T
 
C
T
T
T
A
C
A
G
T
A
 
A
G
C
A
C
C
A
T
C
G
 
G
A
C
C
T
G
A
T
G
G
 
C
T
G
A
C
T
G
A
G
A
 
A
G
C
C
A
C
A
G
T
C
 
A
G
C
C
A
T
A
T
C
G
 
C
G
T
G
T
G
G
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

 
2
5
9
0
 

2
6
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
A
A
G
C
C
T
T
A
A
T
 
C
C
C
G
T
T
T
A
A
C
 
C
A
A
T
C
C
G
G
T
C
 
A
G
C
A
C
C
G
G
A
C
 
G
T
T
A
A
T
G
G
A
A
 
G
G
A
A
C
G
G
T
C
T
 
T
A
A
T
G
T
G
A
C
C
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
A
A
G
C
C
T
T
A
A
T
 
C
C
C
G
T
T
T
A
A
C
 
C
A
A
T
C
C
G
G
T
C
 
A
G
C
A
C
C
G
G
A
C
 
G
T
T
A
A
T
G
G
A
A
 
G
G
A
A
C
G
G
T
C
T
 
T
A
A
T
G
T
G
A
C
C
 
G
G
C
C
G
G
C
A
T
G
 
G
T
C
C
C
A
G
C
C
T
 
C
C
T
C
G
C
T
G
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
A
A
G
C
C
T
T
A
A
T
 
C
C
C
G
T
T
T
A
A
C
 
C
A
A
T
C
C
G
G
T
C
 
A
G
C
A
C
C
G
G
A
C
 
G
T
T
A
A
T
G
G
A
A
 
G
G
A
A
C
G
G
T
C
T
 
T
A
A
T
G
T
G
A
C
C
 
T
G
C
C
G
G
C
A
T
G
 
G
T
C
C
C
A
G
C
C
T
 
C
C
T
C
G
C
T
G
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

 
2
6
9
0
 

2
7
0
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
C
C
G
G
C
T
G
G
G
 
C
A
A
C
A
T
T
C
C
G
 
A
G
G
G
G
A
C
C
G
T
 
C
C
C
C
T
C
G
G
T
A
 
A
T
G
G
C
G
A
A
T
G
 
G
G
A
C
G
G
A
T
C
C
 
G
G
C
T
G
C
T
A
A
C
 
A
A
A
G
C
C
C
G
A
A
 
A
G
G
A
A
G
C
T
G
A
 
G
T
T
G
G
C
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
C
C
G
G
C
T
G
G
G
 
C
A
A
C
A
T
T
C
C
G
 
A
G
G
G
G
A
C
C
G
T
 
C
C
C
C
T
C
G
G
T
A
 
A
T
G
G
C
G
A
A
T
G
 
G
G
A
C
G
G
A
T
C
C
 
G
G
C
T
G
C
T
A
A
C
 
A
A
A
G
C
C
C
G
A
A
 
A
G
G
A
A
G
C
T
G
A
 
G
T
T
G
G
C
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.

2
7
1
0
 
 
 
 
 
 
 
2
7
2
0
 
 
 
 
 
 
 
2
7
3
0
 
 
 
 
 
 
 
2
7
4
0
 
 
 
 
 
 
 
2
7
5
0
 
 
 
 
 
 
 
2
7
6
0

SA
11
-N
5_
GS
10
(N
SP
4)
 r
ef
er
en
ce
  

 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
re
fe
re
nc
e 

 
 
G
C
C
A
C
C
G
C
T
G
 
A
G
C
A
A
T
A
A
C
T
 
A
G
C
A
T
A
A
C
C
C
 
C
T
T
G
G
G
G
C
C
T
 
C
T
A
A
A
C
G
G
G
T
 
C
T
T
G
A
G
G
G
G
T
 
T
T
T
T
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S1
0 
NG
S

 
 
 
G
C
C
A
C
C
G
C
T
G
 
A
G
C
A
A
T
A
A
C
T
 
A
G
C
A
T
A
A
C
C
C
 
C
T
T
G
G
G
G
C
C
T
 
C
T
A
A
A
C
G
G
G
T
 
C
T
T
G
A
G
G
G
G
T
 
T
T
T
T
T
G
G
A
T

260 

266 



A
l
i
g
n
m
e
n
t
:
 
S
A
1
1
-
N
5
_
G
S
1
1
(
N
S
P
5
/
6
)

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
 
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
 
8
0

 
 
 
9
0
 

1
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
T
C
G
C
T
C
A
A
T
 
A
C
T
G
A
C
C
A
T
T
 
T
A
A
A
T
C
A
T
A
C
 
C
T
G
A
C
C
T
C
C
A
 
T
A
G
C
A
G
A
A
A
G
 
T
C
A
A
A
A
G
C
C
T
 
C
C
G
A
C
C
G
G
A
G
 
G
C
T
T
T
T
G
A
C
T
 
T
G
A
T
C
G
G
C
A
C
 
G
T
A
A
G
A
G
G
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
0
 
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
 
1
7
0
 
 
 
 
 
 
 
 
1
8
0

 
 
1
9
0
 

2
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
C
A
A
C
T
T
T
C
A
 
C
C
A
T
A
A
T
G
A
A
 
A
T
A
A
G
A
T
C
A
C
 
T
A
C
C
G
G
G
C
G
T
 
A
T
T
T
T
T
T
G
A
G
 
T
T
A
T
C
G
A
G
A
T
 
T
T
T
C
A
G
G
A
G
C
 
T
A
A
G
G
A
A
G
C
T
 
A
A
A
A
T
G
A
G
T
A
 
T
T
C
A
A
C
A
T
T
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
0
 
 
 
 
 
 
 
 
2
2
0
 
 
 
 
 
 
 
 
2
3
0
 
 
 
 
 
 
 
 
2
4
0
 
 
 
 
 
 
 
 
2
5
0
 
 
 
 
 
 
 
 
2
6
0
 
 
 
 
 
 
 
 
2
7
0
 
 
 
 
 
 
 
 
2
8
0

 
 
2
9
0
 

3
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
C
G
T
G
T
C
G
C
C
 
C
T
T
A
T
T
C
C
C
T
 
T
T
T
T
T
G
C
G
G
C
 
A
T
T
T
T
G
C
C
T
T
 
C
C
T
G
T
T
T
T
T
G
 
C
T
C
A
C
C
C
A
G
A
 
A
A
C
G
C
T
G
G
T
G
 
A
A
A
G
T
A
A
A
A
G
 
A
T
G
C
T
G
A
A
G
A
 
T
C
A
G
T
T
G
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

3
1
0
 
 
 
 
 
 
 
 
3
2
0
 
 
 
 
 
 
 
 
3
3
0
 
 
 
 
 
 
 
 
3
4
0
 
 
 
 
 
 
 
 
3
5
0
 
 
 
 
 
 
 
 
3
6
0
 
 
 
 
 
 
 
 
3
7
0
 
 
 
 
 
 
 
 
3
8
0

 
 
3
9
0
 

4
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
C
A
C
G
A
G
T
G
G
 
G
T
T
A
C
A
T
C
G
A
 
A
C
T
G
G
A
T
C
T
C
 
A
A
C
A
G
C
G
G
T
A
 
A
G
A
T
C
C
T
T
G
A
 
G
A
G
T
T
T
A
C
G
C
 
C
C
C
G
A
A
G
A
A
C
 
G
T
T
T
T
C
C
A
A
T
 
G
A
T
G
A
G
C
A
C
T
 
T
T
T
A
A
A
G
T
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

4
1
0
 
 
 
 
 
 
 
 
4
2
0
 
 
 
 
 
 
 
 
4
3
0
 
 
 
 
 
 
 
 
4
4
0
 
 
 
 
 
 
 
 
4
5
0
 
 
 
 
 
 
 
 
4
6
0
 
 
 
 
 
 
 
 
4
7
0
 
 
 
 
 
 
 
 
4
8
0

 
 
4
9
0
 

5
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
G
C
T
A
T
G
T
G
G
 
C
G
C
G
G
T
A
T
T
A
 
T
C
C
C
G
T
A
T
T
G
 
A
C
G
C
C
G
G
G
C
A
 
A
G
A
G
C
A
A
C
T
C
 
G
G
T
C
G
C
C
G
C
A
 
T
A
C
A
C
T
A
T
T
C
 
T
C
A
G
A
A
T
G
A
C
 
T
T
G
G
T
T
G
A
G
T
 
A
C
T
C
A
C
C
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

5
1
0
 
 
 
 
 
 
 
 
5
2
0
 
 
 
 
 
 
 
 
5
3
0
 
 
 
 
 
 
 
 
5
4
0
 
 
 
 
 
 
 
 
5
5
0
 
 
 
 
 
 
 
 
5
6
0
 
 
 
 
 
 
 
 
5
7
0
 
 
 
 
 
 
 
 
5
8
0

 
 
5
9
0
 

6
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
A
C
A
G
A
A
A
A
G
 
C
A
T
C
T
C
A
C
G
G
 
A
T
G
G
C
A
T
G
A
C
 
A
G
T
A
A
G
A
G
A
A
 
T
T
A
T
G
C
A
G
T
G
 
C
T
G
C
C
A
T
A
A
C
 
C
A
T
G
A
G
T
G
A
T
 
A
A
C
A
C
T
G
C
G
G
 
C
C
A
A
C
T
T
A
C
T
 
T
C
T
G
G
C
A
A
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

6
1
0
 
 
 
 
 
 
 
 
6
2
0
 
 
 
 
 
 
 
 
6
3
0
 
 
 
 
 
 
 
 
6
4
0
 
 
 
 
 
 
 
 
6
5
0
 
 
 
 
 
 
 
 
6
6
0
 
 
 
 
 
 
 
 
6
7
0
 
 
 
 
 
 
 
 
6
8
0

 
 
6
9
0
 

7
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
T
C
G
G
A
G
G
A
C
 
C
G
A
A
G
G
A
G
C
T
 
A
A
C
C
G
C
T
T
T
T
 
T
T
G
C
A
C
A
A
C
A
 
T
G
G
G
G
G
A
T
C
A
 
T
G
T
A
A
C
T
C
G
C
 
C
T
T
G
A
T
C
G
T
T
 
G
G
G
A
A
C
C
G
G
A
 
G
C
T
G
A
A
T
G
A
A
 
G
C
C
A
T
A
C
C
A
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

7
1
0
 
 
 
 
 
 
 
 
7
2
0
 
 
 
 
 
 
 
 
7
3
0
 
 
 
 
 
 
 
 
7
4
0
 
 
 
 
 
 
 
 
7
5
0
 
 
 
 
 
 
 
 
7
6
0
 
 
 
 
 
 
 
 
7
7
0
 
 
 
 
 
 
 
 
7
8
0

 
 
7
9
0
 

8
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

267 



pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
C
G
A
C
G
A
G
C
G
 
T
G
A
C
A
C
C
A
C
G
 
A
T
G
C
C
T
G
T
A
G
 
C
A
A
T
G
G
C
A
A
C
 
A
A
C
G
T
T
G
C
G
C
 
A
A
A
C
T
A
T
T
A
A
 
C
T
G
G
C
G
A
A
C
T
 
A
C
T
T
A
C
T
C
T
A
 
G
C
T
T
C
C
C
G
G
C
 
A
A
C
A
A
T
T
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

8
1
0
 
 
 
 
 
 
 
 
8
2
0
 
 
 
 
 
 
 
 
8
3
0
 
 
 
 
 
 
 
 
8
4
0
 
 
 
 
 
 
 
 
8
5
0
 
 
 
 
 
 
 
 
8
6
0
 
 
 
 
 
 
 
 
8
7
0
 
 
 
 
 
 
 
 
8
8
0

 
 
8
9
0
 

9
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
G
A
C
T
G
G
A
T
G
 
G
A
G
G
C
G
G
A
T
A
 
A
A
G
T
T
G
C
A
G
G
 
A
T
C
A
C
T
T
C
T
G
 
C
G
C
T
C
G
G
C
C
C
 
T
C
C
C
G
G
C
T
G
G
 
C
T
G
G
T
T
T
A
T
T
 
G
C
T
G
A
T
A
A
A
T
 
C
T
G
G
A
G
C
C
G
G
 
T
G
A
G
C
G
T
G
G
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

9
1
0
 
 
 
 
 
 
 
 
9
2
0
 
 
 
 
 
 
 
 
9
3
0
 
 
 
 
 
 
 
 
9
4
0
 
 
 
 
 
 
 
 
9
5
0
 
 
 
 
 
 
 
 
9
6
0
 
 
 
 
 
 
 
 
9
7
0
 
 
 
 
 
 
 
 
9
8
0

 
 
9
9
0
 

1
0
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
C
T
C
G
C
G
G
T
A
 
T
C
A
T
T
G
C
A
G
C
 
A
C
T
G
G
G
G
C
C
A
 
G
A
T
G
G
T
A
A
G
C
 
C
C
T
C
C
C
G
C
A
T
 
C
G
T
A
G
T
T
A
T
C
 
T
A
C
A
C
G
A
C
G
G
 
G
G
A
G
T
C
A
G
G
C
 
A
A
C
T
A
T
G
G
A
T
 
G
A
A
C
G
A
A
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
0
1
0
 
 
 
 
 
 
 
1
0
2
0
 
 
 
 
 
 
 
1
0
3
0
 
 
 
 
 
 
 
1
0
4
0
 
 
 
 
 
 
 
1
0
5
0
 
 
 
 
 
 
 
1
0
6
0
 
 
 
 
 
 
 
1
0
7
0
 
 
 
 
 
 
 
1
0
8
0

 
 
1
0
9
0

1
1
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
A
C
A
G
A
T
C
G
C
 
T
G
A
G
A
T
A
G
G
T
 
G
C
C
T
C
A
C
T
G
A
 
T
T
A
A
G
C
A
T
T
G
 
G
T
A
A
T
G
A
G
G
G
 
C
C
C
A
A
A
T
G
T
A
 
A
T
C
A
C
C
T
G
G
C
 
T
C
A
C
C
T
T
C
G
G
 
G
T
G
G
G
C
C
T
T
T
 
C
T
G
C
G
T
T
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
1
1
0
 
 
 
 
 
 
 
1
1
2
0
 
 
 
 
 
 
 
1
1
3
0
 
 
 
 
 
 
 
1
1
4
0
 
 
 
 
 
 
 
1
1
5
0
 
 
 
 
 
 
 
1
1
6
0
 
 
 
 
 
 
 
1
1
7
0
 
 
 
 
 
 
 
1
1
8
0

 
 
1
1
9
0

1
2
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
G
C
G
T
T
T
T
T
C
 
C
A
T
A
G
G
C
T
C
C
 
G
C
C
C
C
C
C
T
G
A
 
C
G
A
G
C
A
T
C
A
C
 
A
A
A
A
A
T
C
G
A
T
 
G
C
T
C
A
A
G
T
C
A
 
G
A
G
G
T
G
G
C
G
A
 
A
A
C
C
C
G
A
C
A
G
 
G
A
C
T
A
T
A
A
A
G
 
A
T
A
C
C
A
G
G
C
G
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
2
1
0
 
 
 
 
 
 
 
1
2
2
0
 
 
 
 
 
 
 
1
2
3
0
 
 
 
 
 
 
 
1
2
4
0
 
 
 
 
 
 
 
1
2
5
0
 
 
 
 
 
 
 
1
2
6
0
 
 
 
 
 
 
 
1
2
7
0
 
 
 
 
 
 
 
1
2
8
0

 
 
1
2
9
0

1
3
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
T
T
C
C
C
C
C
T
G
 
G
A
A
G
C
T
C
C
C
T
 
C
G
T
G
C
G
C
T
C
T
 
C
C
T
G
T
T
C
C
G
A
 
C
C
C
T
G
C
C
G
C
T
 
T
A
C
C
G
G
A
T
A
C
 
C
T
G
T
C
C
G
C
C
T
 
T
T
C
T
C
C
C
T
T
C
 
G
G
G
A
A
G
C
G
T
G
 
G
C
G
C
T
T
T
C
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
3
1
0
 
 
 
 
 
 
 
1
3
2
0
 
 
 
 
 
 
 
1
3
3
0
 
 
 
 
 
 
 
1
3
4
0
 
 
 
 
 
 
 
1
3
5
0
 
 
 
 
 
 
 
1
3
6
0
 
 
 
 
 
 
 
1
3
7
0
 
 
 
 
 
 
 
1
3
8
0

 
 
1
3
9
0

1
4
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
T
A
G
C
T
C
A
C
G
 
C
T
G
T
A
G
G
T
A
T
 
C
T
C
A
G
T
T
C
G
G
 
T
G
T
A
G
G
T
C
G
T
 
T
C
G
C
T
C
C
A
A
G
 
C
T
G
G
G
C
T
G
T
G
 
T
G
C
A
C
G
A
A
C
C
 
C
C
C
C
G
T
T
C
A
G
 
C
C
C
G
A
C
C
G
C
T
 
G
C
G
C
C
T
T
A
T
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
4
1
0
 
 
 
 
 
 
 
1
4
2
0
 
 
 
 
 
 
 
1
4
3
0
 
 
 
 
 
 
 
1
4
4
0
 
 
 
 
 
 
 
1
4
5
0
 
 
 
 
 
 
 
1
4
6
0
 
 
 
 
 
 
 
1
4
7
0
 
 
 
 
 
 
 
1
4
8
0

 
 
1
4
9
0

1
5
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
G
G
T
A
A
C
T
A
T
 
C
G
T
C
T
T
G
A
G
T
 
C
C
A
A
C
C
C
G
G
T
 
A
A
G
A
C
A
C
G
A
C
 
T
T
A
T
C
G
C
C
A
C
 
T
G
G
C
A
G
C
A
G
C
 
C
A
C
T
G
G
T
A
A
C
 
A
G
G
A
T
T
A
G
C
A
 
G
A
G
C
G
A
G
G
T
A
 
T
G
T
A
G
G
C
G
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
5
1
0

1
5
2
0

1
5
3
0

1
5
4
0

1
5
5
0

1
5
6
0

1
5
7
0

1
5
8
0

 
 
1
5
9
0

1
6
0
0

268



SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
C
T
A
C
A
G
A
G
T
 
T
C
T
T
G
A
A
G
T
G
 
G
T
G
G
C
C
T
A
A
C
 
T
A
C
G
G
C
T
A
C
A
 
C
T
A
G
A
A
G
A
A
C
 
A
G
T
A
T
T
T
G
G
T
 
A
T
C
T
G
C
G
C
T
C
 
T
G
C
T
G
A
A
G
C
C
 
A
G
T
T
A
C
C
T
C
G
 
G
A
A
A
A
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
6
1
0
 
 
 
 
 
 
 
1
6
2
0
 
 
 
 
 
 
 
1
6
3
0
 
 
 
 
 
 
 
1
6
4
0
 
 
 
 
 
 
 
1
6
5
0
 
 
 
 
 
 
 
1
6
6
0
 
 
 
 
 
 
 
1
6
7
0
 
 
 
 
 
 
 
1
6
8
0

 
 
1
6
9
0

1
7
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
G
G
T
A
G
C
T
C
T
 
T
G
A
T
C
C
G
G
C
A
 
A
A
C
A
A
A
C
C
A
C
 
C
G
C
T
G
G
T
A
G
C
 
G
G
T
G
G
T
T
T
T
T
 
T
T
G
T
T
T
G
C
A
A
 
G
C
A
G
C
A
G
A
T
T
 
A
C
G
C
G
C
A
G
A
A
 
A
A
A
A
A
G
G
A
T
C
 
T
C
A
A
G
A
A
G
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
7
1
0
 
 
 
 
 
 
 
1
7
2
0
 
 
 
 
 
 
 
1
7
3
0
 
 
 
 
 
 
 
1
7
4
0
 
 
 
 
 
 
 
1
7
5
0
 
 
 
 
 
 
 
1
7
6
0
 
 
 
 
 
 
 
1
7
7
0
 
 
 
 
 
 
 
1
7
8
0

 
 
1
7
9
0

1
8
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
C
T
T
T
G
A
T
T
T
 
T
C
T
A
C
C
G
A
A
G
 
A
A
A
G
G
C
C
C
A
C
 
C
C
G
T
G
A
A
G
G
T
 
G
A
G
C
C
A
G
T
G
A
 
G
T
T
G
A
T
T
G
C
A
 
G
T
C
C
A
G
T
T
A
C
 
G
C
T
G
G
A
G
T
C
T
 
G
A
G
G
C
T
C
G
T
C
 
C
T
G
A
A
T
G
A
T
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
8
1
0
 
 
 
 
 
 
 
1
8
2
0
 
 
 
 
 
 
 
1
8
3
0
 
 
 
 
 
 
 
1
8
4
0
 
 
 
 
 
 
 
1
8
5
0
 
 
 
 
 
 
 
1
8
6
0
 
 
 
 
 
 
 
1
8
7
0
 
 
 
 
 
 
 
1
8
8
0

 
 
1
8
9
0

1
9
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
G
C
T
T
T
T
A
A
A
G
 
C
G
C
T
A
C
A
G
T
G
 
A
T
G
T
C
T
C
T
C
A
 
G
T
A
T
T
G
A
C
G
T
 
G
A
C
G
A
G
T
C
T
T
 
C
C
T
T
C
T
A
T
T
C
 
C
T
T
C
A
A
C
T
A
T
 
A
T
A
T
A
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
-
 
G
C
T
T
T
T
A
A
A
G
 
C
G
C
T
A
C
A
G
T
G
 
A
T
G
T
C
T
C
T
C
A
 
G
T
A
T
T
G
A
C
G
T
 
G
A
C
G
A
G
T
C
T
T
 
C
C
T
T
C
T
A
T
T
C
 
C
T
T
C
A
A
C
T
A
T
 
A
T
A
T
A
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
C
T
A
A
T
A
C
G
A
 
C
T
C
A
C
T
A
T
A
G
 
G
C
T
T
T
T
A
A
A
G
 
C
G
C
T
A
C
A
G
T
G
 
A
T
G
T
C
T
C
T
C
A
 
G
T
A
T
T
G
A
C
G
T
 
G
A
C
G
A
G
T
C
T
T
 
C
C
T
T
C
T
A
T
T
C
 
C
T
T
C
A
A
C
T
A
T
 
A
T
A
T
A
A
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

1
9
1
0
 
 
 
 
 
 
 
1
9
2
0
 
 
 
 
 
 
 
1
9
3
0
 
 
 
 
 
 
 
1
9
4
0
 
 
 
 
 
 
 
1
9
5
0
 
 
 
 
 
 
 
1
9
6
0
 
 
 
 
 
 
 
1
9
7
0
 
 
 
 
 
 
 
1
9
8
0

 
 
1
9
9
0

2
0
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
G
A
A
T
C
G
T
C
T
T
 
C
A
A
C
A
A
C
G
T
C
 
A
A
C
T
C
T
T
T
C
T
 
G
G
A
A
A
A
T
C
T
A
 
T
T
G
G
T
A
G
G
A
G
 
T
G
A
A
C
A
G
T
A
C
 
A
T
T
T
C
A
C
C
A
G
 
A
T
G
C
A
G
A
A
G
C
 
A
T
T
C
A
A
T
A
A
A
 
T
A
C
A
T
G
C
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
A
A
T
C
G
T
C
T
T
 
C
A
A
C
A
A
C
G
T
C
 
A
A
C
T
C
T
T
T
C
T
 
G
G
A
A
A
A
T
C
T
A
 
T
T
G
G
T
A
G
G
A
G
 
T
G
A
A
C
A
G
T
A
C
 
A
T
T
T
C
A
C
C
A
G
 
A
T
G
C
A
G
A
A
G
C
 
A
T
T
C
A
A
T
A
A
A
 
T
A
C
A
T
G
C
T
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
A
A
T
C
G
T
C
T
T
 
C
A
A
C
A
A
C
G
T
C
 
A
A
C
T
C
T
T
T
C
T
 
G
G
A
A
A
A
T
C
T
A
 
T
T
G
G
T
A
G
G
A
G
 
T
G
A
A
C
A
G
T
A
C
 
A
T
T
T
C
A
C
C
A
G
 
A
T
G
C
A
G
A
A
G
C
 
A
T
T
C
A
A
T
A
A
A
 
T
A
C
A
T
G
C
T
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
0
1
0
 
 
 
 
 
 
 
2
0
2
0
 
 
 
 
 
 
 
2
0
3
0
 
 
 
 
 
 
 
2
0
4
0
 
 
 
 
 
 
 
2
0
5
0
 
 
 
 
 
 
 
2
0
6
0
 
 
 
 
 
 
 
2
0
7
0
 
 
 
 
 
 
 
2
0
8
0

 
 
2
0
9
0

2
1
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
C
G
A
A
G
T
C
T
C
C
 
A
G
A
G
G
A
T
A
T
T
 
G
G
A
C
C
A
T
C
T
G
 
A
T
T
C
T
G
C
T
T
C
 
A
A
A
C
G
A
T
C
C
A
 
C
T
C
A
C
C
A
G
T
T
 
T
T
T
C
G
A
T
T
A
G
 
A
T
C
G
A
A
T
G
C
A
 
G
T
T
A
A
G
A
C
A
A
 
A
T
G
C
A
G
A
C
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
G
A
A
G
T
C
T
C
C
 
A
G
A
G
G
A
T
A
T
T
 
G
G
A
C
C
A
T
C
T
G
 
A
T
T
C
T
G
C
T
T
C
 
A
A
A
C
G
A
T
C
C
A
 
C
T
C
A
C
C
A
G
T
T
 
T
T
T
C
G
A
T
T
A
G
 
A
T
C
G
A
A
T
G
C
A
 
G
T
T
A
A
G
A
C
A
A
 
A
T
G
C
A
G
A
C
G
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
G
A
A
G
T
C
T
C
C
 
A
G
A
G
G
A
T
A
T
T
 
G
G
A
C
C
A
T
C
T
G
 
A
T
T
C
T
G
C
T
T
C
 
A
A
A
C
G
A
T
C
C
A
 
C
T
C
A
C
C
A
G
T
T
 
T
T
T
C
G
A
T
T
A
G
 
A
T
C
G
A
A
T
G
C
A
 
G
T
T
A
A
G
A
C
A
A
 
A
T
G
C
A
G
A
C
G
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
1
1
0
 
 
 
 
 
 
 
2
1
2
0
 
 
 
 
 
 
 
2
1
3
0
 
 
 
 
 
 
 
2
1
4
0
 
 
 
 
 
 
 
2
1
5
0
 
 
 
 
 
 
 
2
1
6
0
 
 
 
 
 
 
 
2
1
7
0
 
 
 
 
 
 
 
2
1
8
0

 
 
2
1
9
0

2
2
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
T
G
G
C
G
T
G
T
C
T
 
A
T
G
G
A
T
T
C
A
T
 
C
A
G
C
A
C
A
A
T
C
 
A
C
G
A
C
C
T
T
C
A
 
A
G
T
A
A
T
G
T
C
G
 
G
A
T
G
C
G
A
T
C
A
 
A
G
T
G
G
A
T
T
T
C
 
T
C
C
T
T
A
A
A
T
A
 
A
A
G
G
C
T
T
A
A
A
 
A
G
T
A
A
A
A
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
T
G
G
C
G
T
G
T
C
T
 
A
T
G
G
A
T
T
C
A
T
 
C
A
G
C
A
C
A
A
T
C
 
A
C
G
A
C
C
T
T
C
A
 
A
G
T
A
A
T
G
T
C
G
 
G
A
T
G
C
G
A
T
C
A
 
A
G
T
G
G
A
T
T
T
C
 
T
C
C
T
T
A
A
A
T
A
 
A
A
G
G
C
T
T
A
A
A
 
A
G
T
A
A
A
A
G
C
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
T
G
G
C
G
T
G
T
C
T
 
A
T
G
G
A
T
T
C
A
T
 
C
A
G
C
A
C
A
A
T
C
 
A
C
G
A
C
C
T
T
C
A
 
A
G
T
A
A
T
G
T
C
G
 
G
A
T
G
C
G
A
T
C
A
 
A
G
T
G
G
A
T
T
T
C
 
T
C
C
T
T
A
A
A
T
A
 
A
A
G
G
C
T
T
A
A
A
 
A
G
T
A
A
A
A
G
C
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
2
1
0
 
 
 
 
 
 
 
2
2
2
0
 
 
 
 
 
 
 
2
2
3
0
 
 
 
 
 
 
 
2
2
4
0
 
 
 
 
 
 
 
2
2
5
0
 
 
 
 
 
 
 
2
2
6
0
 
 
 
 
 
 
 
2
2
7
0
 
 
 
 
 
 
 
2
2
8
0

 
 
2
2
9
0

2
3
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
A
A
T
T
T
G
G
A
C
T
 
C
A
T
C
A
A
T
A
T
C
 
A
A
T
A
T
C
T
A
C
G
 
G
A
T
A
C
T
A
A
A
A
 
A
G
G
A
G
A
A
A
T
C
 
A
A
A
A
C
A
A
A
A
C
 
C
A
T
A
A
A
A
G
T
A
 
G
G
A
A
G
C
A
C
T
A
 
C
C
C
A
A
G
A
A
T
T
 
G
A
A
G
C
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
A
T
T
T
G
G
A
C
T
 
C
A
T
C
A
A
T
A
T
C
 
A
A
T
A
T
C
T
A
C
G
 
G
A
T
A
C
T
A
A
A
A
 
A
G
G
A
G
A
A
A
T
C
 
A
A
A
A
C
A
A
A
A
C
 
C
A
T
A
A
A
A
G
T
A
 
G
G
A
A
G
C
A
C
T
A
 
C
C
C
A
A
G
A
A
T
T
 
G
A
A
G
C
A
G
A
G
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
A
T
T
T
G
G
A
C
T
 
C
A
T
C
A
A
T
A
T
C
 
A
A
T
A
T
C
T
A
C
G
 
G
A
T
A
C
T
A
A
A
A
 
A
G
G
A
G
A
A
A
T
C
 
A
A
A
A
C
A
A
A
A
C
 
C
A
T
A
A
A
A
G
T
A
 
G
G
A
A
G
C
A
C
T
A
 
C
C
C
A
A
G
A
A
T
T
 
G
A
A
G
C
A
G
A
G
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

269 



2
3
1
0
 
 
 
 
 
 
 
2
3
2
0
 
 
 
 
 
 
 
2
3
3
0
 
 
 
 
 
 
 
2
3
4
0
 
 
 
 
 
 
 
2
3
5
0
 
 
 
 
 
 
 
2
3
6
0
 
 
 
 
 
 
 
2
3
7
0
 
 
 
 
 
 
 
2
3
8
0

 
 
2
3
9
0

2
4
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
C
T
G
A
T
T
C
A
G
A
 
T
G
A
T
T
A
T
G
T
A
 
C
T
G
G
A
T
G
A
T
T
 
C
A
G
A
T
A
G
T
G
A
 
T
G
A
T
G
G
T
A
A
A
 
T
G
T
A
A
G
A
A
C
T
 
G
T
A
A
A
T
A
T
A
A
 
G
A
A
G
A
A
A
T
A
C
 
T
T
C
G
C
A
T
T
A
A
 
G
A
A
T
G
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
T
G
A
T
T
C
A
G
A
 
T
G
A
T
T
A
T
G
T
A
 
C
T
G
G
A
T
G
A
T
T
 
C
A
G
A
T
A
G
T
G
A
 
T
G
A
T
G
G
T
A
A
A
 
T
G
T
A
A
G
A
A
C
T
 
G
T
A
A
A
T
A
T
A
A
 
G
A
A
G
A
A
A
T
A
C
 
T
T
C
G
C
A
T
T
A
A
 
G
A
A
T
G
A
G
A
A
T
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
T
G
A
T
T
C
A
G
A
 
T
G
A
T
T
A
T
G
T
A
 
C
T
G
G
A
T
G
A
T
T
 
C
A
G
A
T
A
G
T
G
A
 
T
G
A
T
G
G
T
A
A
A
 
T
G
T
A
A
G
A
A
C
T
 
G
T
A
A
A
T
A
T
A
A
 
G
A
A
G
A
A
A
T
A
C
 
T
T
C
G
C
A
T
T
A
A
 
G
A
A
T
G
A
G
A
A
T
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
4
1
0
 
 
 
 
 
 
 
2
4
2
0
 
 
 
 
 
 
 
2
4
3
0
 
 
 
 
 
 
 
2
4
4
0
 
 
 
 
 
 
 
2
4
5
0
 
 
 
 
 
 
 
2
4
6
0
 
 
 
 
 
 
 
2
4
7
0
 
 
 
 
 
 
 
2
4
8
0

 
 
2
4
9
0

2
5
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
G
A
A
A
C
A
A
G
T
C
 
G
C
A
A
T
G
C
A
A
T
 
T
G
A
T
T
G
A
A
G
A
 
T
T
T
G
T
A
A
G
T
C
 
T
G
A
C
C
T
G
G
G
A
 
A
C
A
C
A
C
T
A
G
G
 
G
A
G
C
T
C
C
C
C
A
 
C
T
C
C
C
G
T
T
T
T
 
G
T
G
A
C
C
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
G
A
A
A
C
A
A
G
T
C
 
G
C
A
A
T
G
C
A
A
T
 
T
G
A
T
T
G
A
A
G
A
 
T
T
T
G
T
A
A
G
T
C
 
T
G
A
C
C
T
G
G
G
A
 
A
C
A
C
A
C
T
A
G
G
 
G
A
G
C
T
C
C
C
C
A
 
C
T
C
C
C
G
T
T
T
T
 
G
T
G
A
C
C
G
G
C
C
 
G
G
C
A
T
G
G
T
C
C
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
G
A
A
A
C
A
A
G
T
C
 
G
C
A
A
T
G
C
A
A
T
 
T
G
A
T
T
G
A
A
G
A
 
T
T
T
G
T
A
A
G
T
C
 
T
G
A
C
C
T
G
G
G
A
 
A
C
A
C
A
C
T
A
G
G
 
G
A
G
C
T
C
C
C
C
A
 
C
T
C
C
C
G
T
T
T
T
 
G
T
G
A
C
C
G
G
C
C
 
G
G
C
A
T
G
G
T
C
C
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 

2
5
1
0
 
 
 
 
 
 
 
2
5
2
0
 
 
 
 
 
 
 
2
5
3
0
 
 
 
 
 
 
 
2
5
4
0
 
 
 
 
 
 
 
2
5
5
0
 
 
 
 
 
 
 
2
5
6
0
 
 
 
 
 
 
 
2
5
7
0
 
 
 
 
 
 
 
2
5
8
0

 
 
2
5
9
0

2
6
0
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
C
A
G
C
C
T
C
C
T
C
 
G
C
T
G
G
C
G
C
C
G
 
G
C
T
G
G
G
C
A
A
C
 
A
T
T
C
C
G
A
G
G
G
 
G
A
C
C
G
T
C
C
C
C
 
T
C
G
G
T
A
A
T
G
G
 
C
G
A
A
T
G
G
G
A
C
 
G
G
A
T
C
C
G
G
C
T
 
G
C
T
A
A
C
A
A
A
G
 
C
C
C
G
A
A
A
G
G
A
 

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
C
A
G
C
C
T
C
C
T
C
 
G
C
T
G
G
C
G
C
C
G
 
G
C
T
G
G
G
C
A
A
C
 
A
T
T
C
C
G
A
G
G
G
 
G
A
C
C
G
T
C
C
C
C
 
T
C
G
G
T
A
A
T
G
G
 
C
G
A
A
T
G
G
G
A
C
 
G
G
A
T
C
C
G
G
C
T
 
G
C
T
A
A
C
A
A
A
G
 
C
C
C
G
A
A
A
G
G
A
 

.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|
.
.
.
.
|
 
.
.
.
.
|

2
6
1
0
 
 
 
 
 
 
 
2
6
2
0
 
 
 
 
 
 
 
2
6
3
0
 
 
 
 
 
 
 
2
6
4
0
 
 
 
 
 
 
 
2
6
5
0
 
 
 
 
 
 
 
2
6
6
0
 
 
 
 
 
 
 
2
6
7
0
 
 
 
 
 
 
 
2
6
8
0

SA
11
-N
5_
GS
11
(N
SP
5/
6)
 r
ef
er
en
ce

 
 
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-
-
-
-
-
-
 
-
-
-
-
-

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
re
fe
re
nc
e 

 
 
 
A
G
C
T
G
A
G
T
T
G
 
G
C
T
G
C
T
G
C
C
A
 
C
C
G
C
T
G
A
G
C
A
 
A
T
A
A
C
T
A
G
C
A
 
T
A
A
C
C
C
C
T
T
G
 
G
G
G
C
C
T
C
T
A
A
 
A
C
G
G
G
T
C
T
T
G
 
A
G
G
G
G
T
T
T
T
T
 
T
G
G
A
T

pS
ma
rt
_S
A1
1-
N5
_G
S1
1 
NG
S

 
 
 
A
G
C
T
G
A
G
T
T
G
 
G
C
T
G
C
T
G
C
C
A
 
C
C
G
C
T
G
A
G
C
A
 
A
T
A
A
C
T
A
G
C
A
 
T
A
A
C
C
C
C
T
T
G
 
G
G
G
C
C
T
C
T
A
A
 
A
C
G
G
G
T
C
T
T
G
 
A
G
G
G
G
T
T
T
T
T
 
T
G
G
A
T

270 


	Marno GJ Huyzers - MSc 2020 - Final title page
	Marno GJ Huyzers - 21617414 - MSc - 2020 - Final
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Acknowledgements
	Table of content
	Summary
	Keywords

	Opsomming
	Sleutelwoorde

	List of abbreviations
	List of figures
	List of tables
	List of equations
	Literature review
	1.1 Background
	1.2 Introduction to reverse genetics (RG)
	1.3 Rotavirus
	1.3.1 Rotavirus classification
	1.3.2 Rotavirus genome structure and protein-coding assignment
	1.3.3 Rotavirus particle structure
	1.3.4 Rotavirus replication and life-cycle
	1.3.4.1 Viral attachment and cell entry
	1.3.4.2 Viral genome transcription and translation
	1.3.4.3 Viroplasm formation and DLP assembly
	1.3.4.4 TLP formation and virion maturation

	1.3.5 Rotavirus pathogenesis and vaccines
	1.3.5.1 Burden of disease
	1.3.5.2 Immune response
	1.3.5.3 Live-attenuated vaccines
	1.3.5.4 Sub-unit and VLP vaccines

	1.3.6 Rotavirus SA11

	1.4 Overview of RG systems for the Reoviridae family
	1.4.1 Reovirus RG
	1.4.2 Orbivirus RG
	1.4.2.1 BTV RG development and overview
	1.4.2.2 AHSV RG development and overview
	1.4.2.3 Orbivirus RG findings and applications

	1.4.3 Rotavirus RG
	1.4.3.1 Helper-virus based RV RGs
	1.4.3.2 Transcript-based RV RGs
	1.4.3.3 Plasmid-based RV RGs
	1.4.3.4 Anticipated outcomes of a fully established, traceable, helper-virus independent RV RG system


	1.5 Problem identification
	1.6 Aims and Objectives

	Local implementation and optimization of plasmid only pT7_SA11-L2 RV RG system
	2.1 Introduction
	2.2 Materials and Methods
	2.2.1 Transformation of chemically competent cells
	2.2.2 Preparation of bacterial glycerol stocks
	2.2.3 Colony selection and master-plate preparation
	2.2.4 Miniprep plasmid extraction
	2.2.5 Endotoxin-free maxiprep plasmid extraction
	2.2.6 Spectrophotometric evaluation of nucleic acids
	2.2.7 Agarose gel electrophoresis (AGE)
	2.2.8 Cell-cultures
	2.2.9 Plasmid design
	2.2.10 Preparation of transfection mixtures
	2.2.11 Rescue protocol
	2.2.12 Immuno-fluorescent monolayer assay (IFMA)
	2.2.13 Viral propagation
	2.2.14 Sequencing

	2.3 Results and Discussion
	2.3.1 Plasmid extraction and sequence verification of the pT7_SA11-L2 RV RG system
	2.3.2 Implementation of the original, equi-ug pT7_SA11-L2 RV RG system and comparison to an equi-molar approach
	2.3.3 Replacement of pCAG capping and fusion expression plasmids with Cricetinae codon-optimized phCMVdream versions
	2.3.4 Use of ST cells for co-seeding and as propagation cell line instead of MA104s
	2.3.5 Replacing BHK-T7 cells with BSR-T5/7 cells as transfection cell-line



	Marno GJ Huyzers - 21617414 - MSc res - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Local implementation and optimization of plasmid only pT7_SA11-L2 RV RG system
	2.4 Summary

	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.1 Introduction
	3.2 Materials and methods
	3.2.1 dsRNA extraction
	3.2.2 Polyacrylamide gel electrophoresis (PAGE)
	3.2.3 Silver staining
	3.2.4 Sequence-independent cDNA synthesis and genome amplification
	3.2.5 Genome segment-specific cDNA synthesis using SuperScript One-step RT-PCR kit
	3.2.6 Gel extraction and PCR clean-up
	3.2.7 In-Fusion® HD cloning
	3.2.8 TCID50 assay

	3.3 Results and Discussion
	3.3.1 PCR amplification of SA11-N5 genome segments for pSmart In-Fusion



	Marno GJ Huyzers - 21617414 - MSc - 2020
	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.3 Results and Discussion
	3.3.2 Completion of the GS8 (NSP2), GS9 (VP7) and GS11 (NSP5/6) pSmart_SA11-N5 RV RG plasmids through In-Fusion HD cloning
	3.3.3 NGS sequence verification of our pSmart_SA11-N5 RV RG plasmid set
	3.3.4 Implementation of pSmart_SA11-N5 RV RG system
	3.3.5 TCID50 comparison of basic pSmart_SA11-N5, original pT7_SA11-L2 and optimized pT7_SA11-L2 RV RG systems
	3.3.6 Incorporation of ASFV capping constructs and TCID50 comparison of pSmart_SA11-N5 and pT7_SA11-L2 RG systems



	Marno GJ Huyzers - 21617414 - MSc res - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.3 Results and Discussion
	3.3.7 dsRNA extraction, cDNA synthesis and viral genome sequencing for both optimized pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems



	Marno GJ Huyzers - 21617414 - MSc res - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.3 Results and Discussion
	3.3.8 Effect of a 3x increase of NSP2 and NSP5 transcription plasmids on both optimized pSmart_SA11-N5 and pT7_SA11-L2 RV RG systems



	Marno GJ Huyzers - 21617414 - MSc res - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.3 Results and Discussion
	3.3.9 TCID50 evaluation of optimized pSmart_SA11-N5 and pT7_SA11-L2 RG systems using an equi-molar approach as compared to an equi-ug approach with 3x more NSP2 and NSP5 transcription plasmids



	Marno GJ Huyzers - 21617414 - MSc - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Implementation, optimization and comparative analysis of our pSmart_SA11-N5 RV RG system against the Japanese pT7_SA11-L2 RV RG system
	3.4 Summary

	Concluding remarks and future prospects
	Bibliography

	Marno GJ Huyzers - 21617414 - MSc - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Marno GJ Huyzers - 21617414 - MSc - 2020
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Supplementary Documentation

	Marno GJ Huyzers_21617414 - MSc - NGS alignments 2




