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High  mortality rates caused by rotaviruses  are associated  with  several strains  such as G2, G8, G9, and  G12 rotaviruses.  Rotaviruses  with  G9

the    swift    characterization   of    all    the    11 rotavirus genome  segments  by  using  a single set  of  universal   primers   for  cDNA  synthesis
1

and G12 genotypes  emerged  worldwide in the

followed by  454

pyrosequencing  and  RotaC

 (
1
)past  two  decades.  G2 and  G8 rotaviruses  are however   also  characterized   frequently  across Africa.  To understand the genetic  constellation of African  G2, G8, G9, and G12 rotavirus strains and  their   possible   origin,   sequence-indepen- dent  cDNA  synthesis,  ampliﬁcation, and  454 pyrosequencing of the whole  genomes  of  ﬁve human    African    rotavirus  strains   were   per- formed.  RotaC and phylogenetic analysis  were used  to  assign  and  conﬁrm the  genotypes  of the  strains.  Strains  RVA/Human-wt/MWI/1473/
2001/G8P[4], RVA/Human-wt/ZAF/3203WC/2009/ G2P[4], RVA/Human-wt/ZAF/3133WC/2009/G12P[4],
RVA/Human-wt/ZAF/3176WC/2009/G12P[6], and RVA/Human-wt/ZAF/GR10924/1999/G9P[6] were assigned   G8-P[4]-I2-R2-C2-M2-A2-N2-T2-E2-H2,
G2-P[4]-I2-R2-C2-M2-A2-N2-T2-E2-H2, G12-P[4]- I1-R1-C1-M1-A1-N1-T1-E1-H1, G12-P[6]-I1-R1-C1- M1-A1-N1-T1-E1-H1, and G9-P[6]-I2-R2-C2-M2- A2-N2-T2-E2-H2  genotypes,   respectively.   The
detection  of both Wa- and DS-1-like genotypes  in strain RVA/Human-wt/ZAF/3133WC/2009/G12P[4] and  Wa-like,  DS-1-like  and  P[6]  genotypes   in
strain RVA/Human-wt/ZAF/GR10924/1999/G9P[6] implies that these two strains were generated through intergenogroup genome  reassortment.
The close similarity of the genome  segments of strain RVA/Human-wt/MWI/1473/2001/G8P[4] to artiodactyl-like, human-bovine reassortant  strains and  human   rotavirus strains  suggests  that  it
originated from  or shares a common origin  with bovine  strains.  It is therefore  possible that  this strain  might have emerged  through interspecies
genome reassortment between human and artiodactyl  rotaviruses.   This  study   illustrates

analysis. 	
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INTRODUCTION

Rotaviruses are   the   leading cause of  severe- dehydrating diarrhea.  Each year, rotavirus  infection is  associated with approximately 527,000 deaths among under  5-year olds  worldwide. Almost   half   of these  deaths  occur   in  sub-Sahara  Africa   [Parashar et al., 2009; Mwenda et al., 2010].
Rotaviruses belong   to  the   Reoviridae virus  family and  have a segmented double-stranded RNA (dsRNA)
genome  composed of  11  segments. The   dsRNA   seg- ments  encode    six   structural   (VP1–VP4, VP6,   and
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VP7)  and   six  non-structural  (NSP1–NSP6) proteins. The  structural VPs  assemble around the  genomic ma- terial into   three  concentric layers namely, the   core (VP1–VP3), inner capsid (VP6), and  outer capsid (VP4 and  VP7).  Seven serogroups (A–G),  and  at least four subgroups (I, II,  I þ II,  and  Non  I/II)  within group A, have  been   identiﬁed  based  on  the   epitopes  on  the inner capsid protein (VP6).  The  outer capsid proteins, VP4  and  VP7,  induce neutralizing antibodies and  are used   in   assigning  serotypes  [Estes  and   Kapikian,
2007].  A dual typing system based on the  genome seg- ments encoding VP4  (P genotypes) and  VP7  (G geno-
types) is commonly used. To date, 27 different G- and
35  P-genotypes have been  described in  both  humans and  animals [Matthijnssens et al., 2011].  Unlike infec- tions  in  developed countries,  where  G1P[8]   strains cause  almost  70%   of  the   rotavirus  diarrhea  cases [Gray et  al.,  2008],  wide  strain diversity is associated with infections in  developing countries and  a  signiﬁ- cant proportion of cases  are  associated with G2,  G8, and  G9 rotaviruses [Todd et al., 2010].
Reassortment of the  viral genome segments contrib- utes  signiﬁcantly towards rotavirus  strain  diversity
[Estes and  Kapikian, 2007].  This  process may  involve
any   of the   11  rotavirus  genome segments being   ex- changed between two or more  strains during simulta- neous  infection  of  one   host   cell  [Greenberg  et   al.,
1981; Matthijnssens et al.,  2008a;  Tsugawa and  Hosh- ino,  2008].  The  dual typing system can  not  disclose
comprehensive details of the  molecular evolution and
epidemiology of rotaviruses. Whole  genome classiﬁca- tion  of strains may  reveal not  only certain genetic con- stellations, such  as the  common origins of strains, but may  also  enable identiﬁcation of distinct rotavirus genotypes following  separate evolutionary paths [Mat- thijnssens  et   al.,   2008b].   Identiﬁcation  of  reassort- ment events [Gentsch et  al.,  2005]  and  possible interspecies transmissions occurring within rotavirus populations [Tsugawa and  Hoshino, 2008]  can  also  be detected  using  whole   genome  analyses.  Therefore, whole  genome characterization  of emerging rotavirus strains could   assist in  understanding the   extent of their genetic relatedness to  the  current prevailing strains.
Recent advances made with the  improvement of the sequence-independent ampliﬁcation procedure of dsRNA  coupled with pyrophosphate-based 4541 (GS20/FLX) sequencing,  allows  cDNA  synthesis, am- pliﬁcation and   complete nucleotide sequencing  of all
11  rotavirus genome segments without any  prior knowledge  of  the   viral  dsRNA   sequence [Potgieter et al.,  2009].  Furthermore, Maes  et al.  [2009]  recently developed a web-based tool,  RotaC, which  can  swiftly differentiate the  genotypes of all  11 genome segments of group A rotavirus strains. RotaC  complies with the guidelines proposed by the  Rotavirus Classiﬁcation Working Group (RCWG) in assigning genotypes to nu- cleotide sequences. Therefore, combining the  full ge- nome  classiﬁcation system with sequence-independent ampliﬁcation  techniques,  4541    pyrosequencing and

RotaC   analysis may  fast-track the   understanding of the  role  of genome reassortment  in  rotavirus genome diversity, host  range restriction, co-segregation of cer- tain genome segments, and  genetic factors that inﬂu- ence  adaptation of  rotavirus strains to  speciﬁc   host species. In  this study, these advances in rotavirus  ge- nome   characterization were   combined  in  classifying the  complete genomes of three strains that emerged in  the   past two  decades (G9P[6],   G12P[4],  G12P[6]) and   one   of  the   prevalent African rotavirus strains (G8P[4]).  Since  a  few  studies suggest that the  mono- valent Rotarix1  vaccine currently in  use  may  render lower  efﬁcacy  to  G2P[4]  strains [Gurgel et  al.,  2007; Kirkwood  et   al.,   2011],   the    whole   genome  of  an African G2P[4]  strain was  also  characterized as  it  is also   detected at  high   frequencies  in   most   African countries [Sanchez-Padilla et al., 2009].

MATERIALS AND  METHODS Rotavirus Strains and Ethical Approval
Selected strains  were   obtained  from   the   existing stool  sample collections of the  National Institute  for Communicable Diseases (NICD)  and  the  University of Limpopo  (Medunsa Campus). Ethical approval was granted from  NICD  (protocol   number  M060449) and the  Medunsa Research Ethics committees (protocol number   MR58-2003) prior   to   collection   of   these samples. The  selection criteria  for  the   study strains were  based on: (i) the  emerging rotavirus G genotypes (G9  and   G12);  (ii)  common  G  genotype in  the   sub- Saharan  African region (G8 and  G9); (iii) G genotype speculated to be less protected by Rotarix1 vaccine [Gurgel  et   al.,   2007;   Kirkwood  et   al.,   2011],   but detected  frequently  in   Africa   (G2)  [Sanchez-Padilla et  al.,  2009];  and  (iv) P genotypes that are  commonly associated with G2, G8, G9, and  G12 during rotavirus infection (P[4],  P[6],  and   P[8])  [Estes and   Kapikian,
2007].  Therefore, ﬁve  human rotavirus genomes were selected (Table  I).

Extraction and Purification of the
Rotavirus dsRNA

Either 100 mg stool sample was  suspended in 200 ml freshly prepared extraction buffer (containing 20 mM Tris–HCl, pH  7.4,  10 mM  CaCl2  and  0.85%  NaOH) or
150 ml  liquid stool  sample was  mixed  with 150 ml  ex-
traction  buffer. TRI-REAGENT–LS (Molecular Re- search  Centre,  Cincinnati,  OH)   was   used   for  total RNA  extraction from  the   fecal  specimens,  following the  manufacturer’s instructions with slight modiﬁca- tions. DuPontTM  Vertrel1 XF (DuPont Fluorochemi- cals,  Wilmington, DE) was  added to each  sample to improve the  purity of the  extracted dsRNA.  TRI-RE- AGENT–LS and  DuPontTM  Vertrel1   XF  were  added in  ratios of 3:1  and  1:3  to  the  suspended stool  speci- mens, respectively. This  was  followed  by the  addition of 200 ml chloroform, centrifugation at 48C for 15 min at 16,000  x g,  precipitation  of  RNA   in   isopropanol
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Raw data


Nt sequences

	Rotavirus straina
	Genotypeb
	Yieldc (mg)
	generated (MB)
	generatedd

	RVA/Human-wt/MWI/1473/2001/G8P[4]e
	G8P[4]
	14.07
	3.5
	11,326

	RVA/Human-wt/ZAF/3133WC/2009/G12P[4]
	G12P[6/8]f
	5.5
	3.7
	10,992

	RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
	G12P[6]
	6.08
	3.6
	10,924

	RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
	G2P[4]
	8.13
	3.4
	10,304

	RVA/Human-wt/ZAF/GR10924/1999/G9P[6]g
	G9P[6]
	—
	—
	8,571


Nt,  nucleotide.
aThe sample names are  based on the  laboratory numbers that were  assigned by Medunsa and  NICD.
bGenotyping was  assigned previously at Medunsa and  NICD  by RT-PCR  with G-speciﬁc (Gouvea et al., 1990; Das  et al.,  1994; Cunliffe et al.,
1999) and  P-speciﬁc (Iturriza-Go´ mara et al., 2004) primers.
cPuriﬁed rotavirus PCR  products prepared for 4541  pyrosequencing by pooling  amplicons of 5–10  PCR  prepared from  a single cDNA prepa- ration for each  strain.
dGS/FLX Titanium 4541  pyrosequencing technology was  used;  the average read length was  400 bases.
eRVA/Human-wt/MWI/1473/2001/G8P[4] was  collected in Malawi, while  the  rest of the  study strains were  collected in South Africa.
fStrain RVA/Human-wt/ZAF/3133WC/2009/G12P[4] was  assigned mixed   P[6]/P[8]   VP4  genotypes by  sequence-dependent PCR  previously. RotaC  assigned a P[4] genotype to the  complete nucleotide sequence of the  genome segment 4 generated through 4541  pyrosequencing of the
cDNA  synthesized  with  sequence-independent ampliﬁcation PCR.   Therefore, strain  RVA/Human-wt/ZAF/3133WC/2009/G12P[4]  was   re- assigned a P[4] genotype (also depicted in Table  IV).
gRVA/Human-wt/ZAF/GR10924/1999/G9P[6] was  sequenced previously (Potgieter et al., 2009).





and  centrifugation at room  temperature for 30 min  at
16,000  x g.   The   pellet  was   re-suspended  in   90 ml elution  buffer (MinElute gel  extraction kit;   Qiagen,
Hilden, Germany). Single-stranded RNA (ssRNA)  was
removed through precipitation with 2 M LiCl  (Sigma, St. Louis,  MO) at 48C for 16 hr followed  by centrifuga- tion  at 16,000  x g  for  30 min.  The  extracted  dsRNA was  puriﬁed from  the   resulting supernatant with a MinElute gel extraction kit  (Qiagen), following  the manufacturer’s instructions. The  integrity of dsRNA was   evaluated on  a  0.8%  TBE   agarose  gel  stained with ethidium bromide.

Oligonucleotides Used and Oligo-Ligation

An ‘‘anchor primer,’’  PC3-T7loop, and  its comple- mentary  primer, PC2,   described  by  Potgieter et  al. [2009]    were    used    in    the    RT-PCR    ampliﬁcation reactions. The  primers were  synthesized by TIB MOLBIOL, Berlin, Germany. Ligation of PC3-T7loop to    dsRNA    was    carried   out    as    described   before [Potgieter  et   al.,   2009]   for  16 hr at  378C.   Ligated dsRNA  was  puriﬁed using MinElute Gel extraction columns  following   the   manufacturer’s  recommenda- tions (Qiagen).

thermal cycler   at 658C  for  30 min.   Before   cDNA annealing, Tris–HCl, pH  7.5  (Sigma), was  added to a ﬁnal concentration of 0.1 M  followed  by  the  addition of HCl  (Sigma) to  a ﬁnal concentration of 0.1 M. The cDNA was  annealed at 658C for 1 hr.
The  primer PC2  was  used  to  amplify the  rotavirus cDNA.  The  50 ml  PCR  mixture contained 1x Phusion buffer, 0.2 mM  dNTPs, 5 ml  cDNA  and   1 U  Phusion High   Fidelity DNA  polymerase (Finnzymes, Vantaa, Finland). The  ﬁrst step  during cycling  was  incubation at 728C  for  1 min   to  ﬁll  incomplete  cDNA  ends   to produce intact cDNA. Cycling  conditions were  used  as described before  [Potgieter et  al.,  2009].  At  least ﬁve reactions  were    set   up   per    sample  to   obtain  the required  yield   for  pyrosequencing.   Ampliﬁed  cDNA was   analyzed  on  1%  TBE   agarose  gels   containing ethidium bromide.

Nucleotide Sequencing Using GS FLX Technology
Ampliﬁed  cDNA  was   puriﬁed using a  QIA1quick PCR puriﬁcation kit  according to the  manufacturer’s instructions  (Qiagen). The  cDNA  concentrations were determined using a  ND-1000 Spectrophotometer (NanoDrop Products, Wilmington, DE).  The  prepara-
TM

Sequence-Independent cDNA Synthesis and PCR

tion    of   DNA   libraries,   titrations,   emPCR

and

Amplification of the Rotavirus Genome

Denaturation of the  puriﬁed ligated dsRNA  was achieved by adding methyl mercury hydroxide (Alfa Aesar,  Haverhill,  MA)  to   a   ﬁnal    concentration  of
30 mM.  Reverse transcription  was   carried out   as described by Potgieter et  al.  [2009]  with the  modiﬁca- tion  that 10 U  Transcriptor High  Fidelity Reverse Transcriptase   (Roche,    Mannheim,   Germany)   was used. Following cDNA synthesis, the  excess  RNA was removed through the  addition of NaOH (Sigma) to  a ﬁnal  concentration  of  0.1 M   and    incubation  in   a

sequencing with the  GS  FLX  Titanium (Roche)  tech-
nology   were   performed at  Inqaba Biotec,   Pretoria, South Africa.  The  whole  genomes of the  study strains were  pyrosequenced by  combining three  tagged samples in  100 ml  reaction for  each  lane  on  the  Pico Titre Plate (PTP).

Analysis of 454W Pyrosequenced Data
SeqMan within the  DNASTAR1  LasergeneTM   soft- ware package, version 8.1.2,  was  used  to assemble the
4541  pyrosequence reads into  a  number of contigs of
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)which    each    corresponded   to   a   speciﬁc    rotavirus genome segment. These contigs constituted  a  varied number of sequence reads ranging from  48  to  4,000. The  coverage and  the  orientation of each  read were evaluated in the  alignment view.  The  Trace consensus sequence was  used  as  it  judges both  the  peak quality as  well  as  the  consensus base  at any  given  point. The consensus sequences were  exported to  MegAlign and manually checked. Where ambiguity codes  were detected, the  sequences were  manually edited in  the alignment view, SeqMan. The  consensus nucleotide sequences were  subsequently compared to NCBI GenBank sequences by  using BLASTn. The  deduced amino acid  sequences and  the  sizes  of the  translated proteins were  derived using EditSeq. Genotypes were assigned to  the   sequences  of  the   genome segments depending  on  the   percentage identities  (>95%) revealed after BLASTn  and  BLASTp  searches.  All multiple  nucleotide  and   amino  acid   sequence alignments and   analysis  between the   study strains and  reference strains from  the  GenBank (http:// www.ncbi.nlm.nih.gov/genbank) were  performed with BioEdit   software    [Hall,     1999].     The     nucleotide sequence data for the  complete genomes of the  rotavi- rus  strains reported in  this study were  submitted to the   NCBI   GenBank  under  the   accession numbers listed in Table  II.

Assignment of Genotypes and
Phylogenetic Analysis
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)A web-based tool, RotaC  version 1.0 (http://rotac. regatools.be.) [Maes  et al., 2009] was used  to assign genotypes  to  all   11  genome segments  of  the   study strains.  The   nucleotide  sequences  of  the   reference strains were  acquired from  GenBank (Supplementary Data 1). Phylogenetic and  molecular evolutionary analyses were  conducted using MEGA  version 4.0 software  [Tamura  et   al.,   2007].   Genetic  distances were  calculated using the  Kimura 2 correction param- eter at the  nucleotide level,  and  the  phylogenetic trees were  constructed using the  Neighbor-Joining method with 1,000  bootstrap replicates.
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Assignment of Genotypes and Whole Genome
Classification of the Study Strains
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Study
 
strains
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4]
RVA/Human-wtfZAF/3133WC/
2009/
G12P[
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RVAfHuman-wt/ZAF/3176WC/
2009/
G12P[
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RVA/Human-wt/ZAF/3203WC/
2009/
G2P[
4]
)All 11 genome segments of each  of the  four  African rotavirus strains (RVA/Human-wt/MWI/1473/2001/ G8P[4], RVA/Human-wt/ZAF/3203WC/2009/G2P[4], RVA/ Human-wt/ZAF/3133WC/2009/G12P[4], RVA/Human- wt/ZAF/3176WC/2009/G12P[6]) were  ampliﬁed from stool   samples  and   pyrosequenced  successfully.  The whole   genome  of  strain  RVA/Human-wt/ZAF/GR10924/
1999/G9P[6],  also  analyzed in  this study, was  ampliﬁed and    pyrosequenced  previously  [Potgieter  et   al.,   2009] (Table  I).  The  GS  FLX  Titanium 4541   pyrosequence data generated in  this study ranged from  2.7  to  3.7
MB   per   strain,   with  at   least   4,186,000–4,589,600
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)sequences and  average read lengths of approximately
400 bp.  This  was  greater than the  95,1275 sequences generated  for   strain  RVA/Human-wt/ZAF/GR10924/
 (
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) (
816
664
664
816
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) (
200
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)1999/G9P[6] on the  GS20 genome sequencing platform which  generated average read lengths of 105 bp  in  a
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) (
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)previous study [Potgieter et  al.,  2009]  (Table  I).  The sizes   of the   complete nucleotide and   deduced amino acid   sequences  for  all   the   strains  analyzed in  this study are   summarized in  Table   III.   The  percentage
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)similarity of the   nucleotide sequences of each   study strain to  reference sequences in  GenBank was  above the     proposed ± 3%    cut-off    values   [Matthijnssens
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)et  al.,  2008b].  The  genome constellations determined for the  analyzed strains are  summarized in  Table  IV. In   summary,  the   genetic nature  and   constellations
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)of  the   study  strains  were   as   follows:   strain   RVA/ Human-wt/MWI/1473/2001/G8P[4]  is  a  DS-1-like  strain with a G8 VP7, G8-P[4]-I2-R2-C2-M2-A2-N2-T2-E2; strain  RVA/Human-wt/ZAF/3133WC/2009/G12P[4]  is
 (
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)Human-wt/ZAF/GR10924/1999/G9P[6] were  of DS-1- like  origin (Fig.  1A and  Table  IV). Phylogenetic analy- sis   showed that  genome segment  1  of  the   Wa-like study  strains   were    closely    related   by    grouping distinctly within the  Wa-like cluster. The  genome segment 1 of DS-1-like study strains  formed separate clusters with strains  isolated from  United States of America (USA)(RVA/Human-wt/USA/LB2744/2006/G2P[4] and  RVA/Human-wt/USA/LB2772/2006/G2P[4]), Dem- ocratic Republic of Congo  (DRC)(RVA/Human-wt/ COD/DRC86/2003/G8P[6] and  RVA/Human-wt/COD/ DRC88/2003/G8P[8]) and  the  Philippines (RVA/Human- tc/PHL/L26/1987/G12P[4]). Genome  segment  1  of strain    RVA/Human-wt/MWI/1473/2001/G8P[4] clus- tered with that of G12P[4] strain  RVA/Human-tc/ PHL/L26/1987/G12P[4]. Both  these strains clustered near the  artiodactyl-like  human  strain  RVA/Human- wt/HUN/Hun5/1997/G6P[14], RVA/Human-wt/HUN/ BP1879/2003/G6P[14] and  a multi-reassortant  bovine- feline/canine-human reassortant  strain  RVA/Human-








TABLE  IV.  The  Whole  Genome Classiﬁcation of the  Rotavirus Strains Characterized in this Study

Genome constellations






Study strains

S9(VP7)     S4(VP4)     S6(VP6)    S1(VP1)    S2(VP2)    S3(VP3)    S5(NSP1)  S8(NSP2)  S7(NSP3)  S10(NSP4)  S11(NSP5)

 (
Whole
 
Genomes
 
Analyses
 
of
 
African
 
Rotaviruses
) (
2023
)RVA/Human-wt/MWI/1473/2001/G8P[4]a                  G8(98.1)     P[4](95)     C2(99.2)   R2(96.4)   C2(98.7)   M2(97.4)     A2(97.9)     N2 (98.3)     T2(98.7)       E2(98.3)       H2(100) RVA/Human-wt/ZAF/3133WC/2009/G12P[4]b       G12(99)    P[4](96.1)  C1(98.2)   R1(99.3)     C1(99)     M1(98.7       A1(99)       N1(98.7)      T1(99.3)       E1(98.9)      H1(99.7) RVA/Human-wt/ZAF/3176WC/2009/G12P[6]b       G12(99)    P[6](98.8)  C1(97.3)   R1(99.3)     C1(99)     M1(98.7)      A1(99)       N1(98.8)      T1(99.3)       E1(98.9)      H1(99.7) RVA/Human-wt/ZAF/3203WC/2009/G2P[4]a          G2(96.4)   P[4](96.1)  C2(98.2)   R2(97.9)   C2(97.7)   M2(96.9)     A2(97.6)     N2(97.4)        T2(98)        E2(96.8)      H2(99.7) RVA/Human-wt/ZAF/GR10924/1999/G9P[6]a        G9(99.2)     P[6](99)       C2(99)     R2(98.8)   C2(98.8)   M2(98.8)     A2(98.4)     N2(99.4)      T2(98.7)       E2(98.4)      H2(99.3)
Reference strains
RVA/Human-tc/USA/Wa/1974/G1P1A[8]                 G1             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-wt/JPN/KU/XXXX/G1P1[8]                G1             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]          G1             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-tc/USA/D/1974/G1P1A[8]                   G1             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-tc/USA/DS-1/1976/G2P1B[4]              G2             P[4]             C2             R2             C2             M2              A2               N2                T2                 E2                  H2
RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]         G2             P[4]             C2             R2             C2             M2              A2               N2                T2                 E2                  H2
RVA/Human-tc/USA/P/1974/G3P1A[8]                    G3             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-tc/GBR/ST3/1975/G4P2A[6]               G4             P[6]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Pig-tc/USA/Gottfried/1983/G4P[6]                   G4             P[6]             C1             R1             C1             M1              A8               N1                T1                 E1                  H1
RVA/Human-tc/BRA/IAL28/1992/G5P[8]                G5             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-wt/COD/DRC86/2003/G8P[6]             G8             P[6]             C2             R2             C2             M2              A2               N2                T2                 E2                  H2
RVA/Human-tc/IDN/69M/1980/G8P4[10]                G8            P[10]            C2             R2             C2             M2              A2               N2                T2                 E2                  H2
RVA/Human-tc/USA/WI61/1983/G9P1A[8]             G9             P[8]             C1             R1             C1             M1              A1               N1                T1                 E1                  H1
RVA/Human-wt/BGD/Matlab13/2003/G12P[6]      G12            P[6]             C1             R1             C1             M1              A1               N1                T2                 E1                  H1
RVA/Human-wt/BGD/RV161/2000/G12P[6]           G12            P[6]             C2             R2             C2             M2              A2               N2                T2                 E2                  H2
RVA/Human-tc/JPN/AU-1/1982/G3P3[9]                G3             P[9]             C3             R3             C3             M3              A3               N3                T3                 E3                  H3
RVA/Human-tc/THA/T152/1998/G12P[9]               G12            P[9]             C3             R3             C3             M3             A12              N3                T3                 E3                 H16
RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]             G18           P[17]            C4             R4             C4             M4              A4               N4                T4                 E4                  H4

Table  appears in color in the  online version of the  journal.
The  percentage similarity of each  study nucleotide sequence to reference sequences in  GenBank was  above  the  proposed ± 3% cut-off  values (indicated in  brackets). The  Wa- or DS-1-like
genogroups were  assigned to the  study human rotavirus strains if at least seven genome segments belonged to the  respective Wa- or DS-1-like genotype (Matthijnssens  et al.,  2008b).  Colors
[bookmark: _GoBack]were  added to visualize certain patterns or genome constellations as follows: Green (Wa-like), red  (DS-1-like), orange (AU-like),  yellow (PO-13-like), and  blue  (some  typical animal strains). VP, viral structural protein; NSP,  viral non-structural protein.
aStudy strains on a DS-1-like genetic backbone.
bStudy strains on a Wa-like genetic backbone.






wt/ITA/PAH136/1996/G3P[9] [Matthijnssens   et    al.,
2009].  This   suggests that  the   genome segment  1  of strain   RVA/Human-wt/MWI/1473/2001/G8P[4] origi- nated from  or  shares a  common origin with artiodac- tyl strains (Fig. 1A).
VP1 of all the  study strains contained the  conserved four  putative RNA-dependent RNA polymerase motifs at residues 512–527, 582–608, 626–636, and  690–702 [Bruenn, 1991].  As described by Heiman et  al.  [2008], the  deduced VP1  of the  Wa- (R1 genotype) and  DS-1- (R2   genotype)   like    study  strains   also    contained the  conserved amino acid  S  at position 512  and  514 (Supplementary Data 2).
Genome segment 2 (VP2).    Genome segment 2 of the study strains was  of Wa- (RVA/Human-wt/ZAF/3133WC/
2009/G12P[4] and  RVA/Human-wt/ZAF/3176WC/2009/ G12P[6]) and  DS-1- (RVA/Human-wt/MWI/1473/2001/G8P[4], RVA/Human-wt/ZAF/3203WC/2009/G2P[4], and  RVA/ Human-wt/ZAF/GR10924/1999/G9P[6])    like      origin
(Fig.  1B; Table  IV). Genome segment 2 of the  Wa-like study strains showed close resemblance and  clustered with  Wa-like  G12P[6] strain   (RVA/Human-wt/BGD/
Dhaka12-03/2003/G12P[6]) isolated  from  Bangladesh and      the      G1/P[8]      strain     (RVA/Human-wt/USA/
2007719825/2007/G1P[8]) from  USA. The  genome seg-
ment 2 of RVA/Human-wt/ZAF/GR10924/1999/G9P[6] clustered with DS-1-like human strains  isolated from Bangladesh,   whereas   RVA/Human-wt/ZAF/3203WC/
2009/G2P[4] did  not  cluster with any  strain. Of inter- est was RVA/Human-wt/MWI/1473/2001/G8P[4] that clustered with an  unusual G6P[6]   rotavirus human strain   RVA/Human-wt/BEL/B1711/2002/G6P[6] that acquired its  genome segments  3  (VP3)  and   9  (VP7) from bovine rotaviruses through reassortment [Mat- thijnssens et al., 2008a]  (Fig. 1B).
Similar   to    strain   RVA/Human-wt/USA/LB2719/
2006/G1P[8] [Ba´ nyai  et  al.,  2011],  the  VP2  of the  DS-
1-like  study strains were  15 amino acids  shorter than that of the  Wa-like strains.  The  VP2  of the  Wa-like study strains contained up  to  12 amino acid (MENKNKNKNNNR) insertions  following  residue 32 (Supplementary Data 3). As Ito  et  al.  [2001]  reported, high  amino acid  variations were  also  observed within the   RNA-binding  domain  of  VP2   of  all   the   study strains (data not  shown). The  amino acid  variations observed between the  two  putative  conserved leucine zipper  motifs    (aa   526–567  and    655–696) [Kumar et  al.,  1989;  Mitchell and   Both,   1990]  of the  VP2  of Wa- and  DS-1-like study strains  were  consistent with ﬁndings of Heiman et al. [2008].  In addition to numer- ous amino acid  differences between Wa- and  DS-1-like strains  observed previously by  Heiman et  al.  [2008], three  new   variations  (A613T,   A662S,   and   D712E) were    also   observed  in   this  study  (Supplementary Data 3).
Genome  segment  3 (VP3).    Genome segment 3 of the  study strains also  segregated into  Wa- (RVA/Human- wt/ZAF/3133WC/2009/G12P[4] and   RVA/Human-wt/ZAF/
3176WC/2009/G12P[6]) and  DS-1-  (RVA/Human-wt/MWI/
1473/2001/G8P[4], RVA/Human-wt/ZAF/3203WC/2009/G2P[4],

and  RVA/Human-wt/ZAF/GR10924/1999/G9P[6]) like genotypes (Fig. 1C and  Table  IV). The VP3 encoding genome segments of the  DS-1-like and  Wa-like study strains  exhibited nucleotide similarities of 97.7–99% with their  respective prototype strains.  Genome seg- ment 3 of both  the  Wa-like study strains were  closely related to that of strain  RVA/Human-wt/USA/LB2719/
2006/G1P[8] that  was  recently isolated from  the  USA [Ba´ nyai  et  al.,  2011].  Genome segment 3 of the  DS-1- like  study strains did  not  cluster with the  prototype DS-1  strain, but  with M2B strains isolated from Bangladesh, DRC, and  USA (Fig. 1C).
Genome segment  4 (VP4).    Genome segment 4 of strains RVA/Human-wt/MWI/1473/2001/G8P[4],  RVA/ Human-wt/ZAF/3133WC/2009/G12P[4], and RVA/ Human-wt/ZAF/3203WC/2009/G2P[4]   was    of   DS-1- like  (P[4]) origin, whereas those of RVA/Human-wt/ ZAF/3176WC/2009/G12P[6] and  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6]  were   of  human  (P[6])   origin (Fig. 1D and  Table  IV). Phylogenetically, strains  RVA/ Human-wt/ZAF/3133WC/2009/G12P[4] and RVA/ Human-wt/ZAF/3203WC/2009/G2P[4] demonstrat- ed  close  resemblance by  grouping together within a cluster  consisting of P[4]  strains  isolated from  Ger- many (RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]), Japan (RVA/Human-wt/JPN/KO-2/XXXX/G2P[4]), and USA (RVA/Human-wt/USA/LB2772/2006/G2P[4] and RVA/Human-wt/USA/LB2744/2006/G2P[4]). Strain RVA/Human-wt/MWI/1473/2001/G8P[4] clustered  with bovine-human reassortant  strain  RVA/Human-wt/ MWI/MW333/XXXX/G8P[4]  which   was  also  collected from   Malawi  [Cunliffe  et   al.,   2000].   Strains   RVA/ Human-wt/ZAF/3176WC/2009/G12P[6] and RVA/ Human-wt/ZAF/GR10924/1999/G9P[6] clustered with P[6]-I    human  strains   within  the    P[6]-Ia  lineage (Fig. 1D). All the  study strains contained the  potential trypsin cleavage sites (arginine) at positions 230,  240, and  581 [Estes and  Kapikian, 2007].  In  addition, oth- er  potential  trypsin  cleavage sites  (lysine) described by  Crawford et  al.  [2001]  at residues 257  and   466 (data not  shown) were  also observed.
Genome segment  6 (VP6).    Genome segment 6 of the  study strains was  of Wa- (RVA/Human-wt/ ZAF/3133WC/2009/G12P[4] and  RVA/Human-wt/ZAF/
3176WC/2009/G12P[6]) and DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/
3203WC/2009/G2P[4], and RVA/Human-wt/ZAF/ GR10924/1999/G9P[6])   like    origin   (Fig.    1E    and
Table   IV).  Genome segment  6  of  the   Wa-like study strains were  closely  related, and  clustered  with RVA/ Human-wt/THA/CMH185-01/XXXX/G3P[8]  and   RVA/
Human-wt/KOR/CAU164/XXXX/G1P[8] strains isolat- ed from  Thailand and  South Korea, respectively. Genome segment 6 of the  DS-1-like study strains formed  distinct  clusters  with  12   reference strains
isolated from  Bangladesh, India, Belgium, and  USA. As was  observed for genome segment 2 of strain  RVA/ Human-wt/MWI/1473/2001/G8P[4],  its   genome  seg-
ment 6 was  also  closely  related to that of strain  RVA/ Human-wt/BEL/B1711/2002/G6P[6] (Fig. 1E).
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Fig.  1.  Phylograms based on  the  full-length nucleotide sequences of   rotavirus   genome  segments   encoding  structural   (VP1–VP4, VP6,   and   VP7)   and   non-structural  (NSP1–NSP5) proteins.  A–F: Phylograms for genome segments 1–4,  6 and  9 (VP1–VP4, VP6,  and VP7),  respectively. H–K:  Phylograms for genome segments 5, 7, 10, and  11 (NSP1–NSP5), respectively. The  nomenclature of all the rota- virus strains indicates the rotavirus group, species where the  strain was  isolated, name of the  country where the  strain was  originally isolated, the common name, year of isolation, and  the  genotypes for genome segment 4 and  9 as  proposed by the  RCWG  [Matthijnssens et al., 2011].  Accession numbers of all the reference strains are  listed

in   Supplementary Data  1.  The   names  of  the  study strains  are enclosed in boxes.  The  strains enclosed in boxes  with  dashed lines  in phylograms of genome segments  encoding VP1  and   VP7  indicates strains  sharing  common origin with  artiodactyls-like  rotaviruses, whereas in  the  VP6  dendrogram, it  shows   strains with   a  common origin to the  porcine Gottfried strain. The  horizontal branch lengths are  proportional to the  genetic distance calculated by the  Neighbor- Joining method. The  numbers adjacent to the node  represents the bootstrap value of 1,000  replicates, and  values <70% are  not  shown. The  scale   bar   shows   the genetic distance expressed as  nucleotide substitution per  rate of the nucleotide sequences.
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B. Genome  segment  2 (VP2)
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RVA/Human-wt/MWI/1473/2001/G8P[4] RVA/Human-wt/BEL/B1711/2002/G6P[6]
RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] RVA/Human-tc/USA/DS-1/1976/G2P1B[4] RVA/Dog-tc/USA/CU-1/1982/G3P[3] RVA/Cat-tc/AUS/Cat97/ 1984/G3P[3] RVA/Cat-tc/AUS/Cat2/1984/G3P[9] RVA/Human-tc/USA/HCR3A/1984/G3P[3] RVA/Dog-tc/USA/A79-10/XXXX/G3P[3]
RVA/Human-tc/IDN/69M/1980/G8P4[10] RVA/Human-tc/USA/Se584/1998/G6P[9] RVA/Cow-tc/JPN/Dai-10/2007/G24P[33]
RVA/Cow-wt/JPN/Azuk-1/2006/G21P[29]



C2 or
DS-1- like genotype


100

85




100





100

RVA/Cow-tc/USA/NCDV/1967/G6P6[1] RVA/Vaccine/USA/RotaTeq-WI79-9/1992/G1P7[5] RVA/Vaccine/USA/RotaTeq-WI78-8/1992/ G3P7[5] RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A[8] RVA/Vaccine/USA/ RotaTeq-SC2-9/1992/G2P7[5] RVA/Vaccine/USA/RotaTeq-BrB-9/1996/  G4P7[5]
RVA/Pig-tc/USA/Gottfried/1983/G4P[6]
RVA/Pig-tc/USA/OSU/1977/G5P9[7]


99


100




99


78
100

RVA/Human-tc/CHN/R479/2004/ G4P[6] RVA/Human-tc/USA/Wa/1974/G1P1A[8] RVA/Human-wt/JPN/ KU/1974/G1P1[8] RVA/Human-tc/JPN/YO/1977/G3P1A[8]
RVA/Human-tc/GBR/ST3/1975/ G4P2A[6] RVA/ Human-tc/USA/WI61/1983/G9P1A[8]
RVA/Human-wt/USA/LB2758/2006/G1P[8]

85
93


100

RVA/Human/JPN/Hosokawa/1983/ G4P1A[8] RVA/Human-tc/USA/P/1974/G3P1A[8] RVA/Human-wt/USA/ LB2771/ 2006/G1P[8]
RVA/Human-wt/BEL/B4633/2003/G12P[8] Hu Bethesda/DC1359/1980/G4P [8] USA RVA/Human-wt/USA/LB2719/2006/G1P[8]
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]

C1 or Wa- like genotype

100 RVA/Human-wt/ZAF/3133WC/2009/G12P[4]

74     RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
88    RVA/ Human-wt/BGD/Dhaka12-03/2003/G12P[6]
83   RVA/Human-wt/USA/2007719825/2007/G1P[8] RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]





C4 genotype


0.01

Fig.  1.  (Continued )




C. Genome segment 3 (VP3)

RVA/Human-wt/BGD/MMC6/2005/G2P[4] RVA/Human-wt/ZAF/GR10924/1999/G9P[6] RVA/Human-wt/USA/LB2764/ 2006/G2P[4] RVA/Human-wt/USA/LB2744/2006/G2P[4]
90100  RVA/Human-wt/USA/LB2772/2006/G2P[4]
100  RVA/Human-wt/COD/DRC86/2003/G8P[6] RVA/Human-wt/COD/DRC88/2003/G8P[8]

88
RVA/Human-wt/BGD/N26/2002/G12P[6]

99100  RVA/Human-wt/BGD/RV176-00/2000/G12P[6] RVA/Human-wt/MWI/1473/2001/G8P[4]
77
RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
98 		RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] RVA/Human-tc/JPN/S2/1980/G2P[4]


Lineage
M2B






M2 or

77	100

99



91	70


RVA/Human-tc/USA/DS-1/1976/G2P1B[4] RVA/Cow-tc/CHN/DQ-75/2008/G10P[11] RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
RVA/Human-wt/HUN/Hun5/ 1997/G6P[14] RVA/Human-wt/BGD/MMC88/2005/G2P[4]

DS-1-like genotype

100



97

98

87

RVA/Goat-tc/BGD/GO34/1999/G6P[1]

RVA/Human-tc/ITA/PA169/ 1988/G6P[14] RVA/Human-tc/IDN/69M/1980/G8P4[10] RVA/Cow-tc/JPN/Dai-10/2007/G24P[33] RVA/Cow-tc/FRA/RF/1982/G6P[1] RVA/Cow-wt/JPN/Azuk-1/2006/G21P[29]
RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A[8]

RVA/Vaccine/USA/RotaTeq-WI78-8/1992/G3P7[5]

100


RVA/Vaccine/USA/RotaTeq-BrB-9/1996/G4P7[5]

RVA/Human-tc/CHN/R479/2004/G4P[6] RVA/Human-wt/BGD/Dhaka6/2001/G11P[25] RVA/Pig-tc/USA/Gottfried/1983/G4P[6]
99
100  RVA/Vaccine/USA/RotaTeq-WI79-9/1992/G1P7[5]

98
73

99

97
100

RVA/Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5] RVA/Human-tc/USA/Wa/1974/G1P1A[8] RVA/Human/JPN/Hosokawa/1983/G4P1A[8] RVA/Human-wt/USA/LB2771/2006/G1P[8]
Human-wt/USA/LB2758/2006/G1P[8] RVA/Human-tc/JPN/YO/1977/G3P1A[8]







M1 or
Wa-like


90     100


81
99





99

100  RVA/Human-wt/ZAF/3133WC/2009/G12P[4]
RVA/Human-wt/ZAF/3176WC/2009/G12P[6] RVA/Human-wt/USA/LB2719/2006/G1P[8] RVA/Human-tc/GBR/ ST3/1975/G4P2A[6] RVA/Human-tc/USA/P/1974/G3P1A[8] RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]
RVA/Human-wt/JPN/KU/1974/G1P1[8] Hu Bethesda  CH5470 1991 G3P8
RVA/Human-tc/USA/WI61/1983/G9P1A[8]

genotype

100  RVA/Human-tc/GBR/A64/1987/G10P11[14]
RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]


M4 genotype


0.02

Fig.  1.  (Continued )





D. Genome segment 4

77 RVA/Human-wt/BGD/MMC6/2005/G2P[4]
78 RVA/Human-wt/BGD/MMC88/2005/G2P[4]

(VP4)


100


995

RVA/Human-wt/BGD/DH392/2004/G2P[4] RVA/Human-wt/USA/LB2764/ 2006/G2P[4] RVA/Human-wt/IND/NR1/XXXX/GXP[4]

82  RVA/Human-wt/IND/SC185/XXXX/GXP[4]
RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]
100 RVA/Human-wt/ZAF/3133WC/2009/G12P[4]

99
100

RVA/Human-wt/ZAF/3203WC/2009/G2P[4]

P[4] or

96 RVA/Human-wt/JPN/KO-2/XXXX/G2P[4] RVA/Human-wt/USA/LB2744/2006/G2P[4]

DS-1-like
genotype

74
92 RVA/Human-wt/USA/LB2772/2006/G2P[4]:
79
RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
RVA/Human-tc/IND/IS-2/XXXX/G2P[4]

85
100 100

RVA/Human-tc/IND/107E1B/XXXX/G3P[4]: RVA/Human-tc/USA/DS-1/1976/ G2P1B[4]

RVA/Human-tc/PHL/L26/1987/G12P[4] RVA/Human-wt/MWI/MW333/XXXX/G8P[4]
83
RVA/Human-wt/MWI/1473/2001/G8P[4]
100 	100
100 RVA/Human-wt/USA/DC2266/1976/G3P[8]

100


93
99
95   99


99

RVA/Human-tc/USA/Wa/1974/G1P1A[8] RVA/Human-wt/USA/LB2758/2006/G1P[8] RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A[8] RVA/Human-tc/USA/WI61/1983/G9P1A[8] RVA/Human-tc/BRA/IAL28/1992/G5P[8] RVA/Human-wt/JPN/KU/1974/G1P1[8]
RVA/Human-tc/JPN/YO/1977/ G3P1A[8]







P[8]  or
Wa-like

100

RVA/Human-wt/USA/LB2771/2006/G1P[8]
100  RVA/Human-wt/IND/APO6/2006/G1P[8]

genotype

100


89

87

RVA/Human-wt/ JPN/Kagawa-90-544/XXXX/G4P[8] RVA/Human-wt/USA/LB2719/ 2006/G1P[8] RVA/Human-wt/COD/DRC88/2003/G8P[8] RVA/Human-wt/KOR/CAU202/200X/G9P[8] RVA/Human-wt/BGD/Dhaka16/ 2003/G1P[8]
RVA/Human-wt/BGD/Dhaka25-02/2002/G12P[8]




100





100

RVA/Pig-tc/USA/Gottfried/1983/G4P[6] RVA/Human-tc/CHN/R479/2004/G4P[6] RVA/Human-wt/COD/DRC86/2003/G8P[6]
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
99 99 RVA/Human-wt/BGD/SK277/2005/G12P[6]
RVA/Human-wt/BGD/SK423/2005/G12P[6]
99
RVA/Human-wt/BGD/Dhaka12-03/2003/G12P[6]
RVA/Human-tc/KOR/CAU195/200X/G12P[6] RVA/Human-wt/BGD/ Matlab13/2003/G12P[6] RVA/Human-wt/BGD/RV176-00/2000/G12P[6] RVA/Human-wt/ZAF/GR10924/1999/G9P[6] RVA/Human-wt/USA/US1205/XXXX/G9P[6]
RVA/Human-wt/CHN/XJ00-486/2000/G2P[6]

Lineage II







Lineage
1a








P[6]
genotype

RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]

P[17] genotype


0.1

Fig.  1.  (Continued )


97  RVA/Human-wt/USA/LB2744/2006/G2P[4]

E. Genome segment 6
(VP6)

78   RVA/Human-wt/USA/LB2772/2006/G2P[4]
77   RVA/Human-wt/DEU/GER1H-09/2009/G8P[4
87    RVA/Human-wt/THA/CMHO54/2005/G2P[4] RVA/Human-wt/BGD/RV176-00/2000/G12P[6]

9957 RVA/Human-wt/BGD/RV161/2000/G12P[6] RVA/Human-wt/IND/TK119/XXXX/GXP[X]


93


74
10099

RVA/Human-wt/BEL/B1711/2002/G6P[6] RVA/Human-wt/MWI/1473/2001/G8P[4] RVA/Human-wt/ZAF/3203WC/2009/G2P[4] RVA/Human-wt/USA/LB2764/2006/G2P[4] RVA/Human-wt/BGD/MMC6/2005/G2P[4] RVA/Human-wt/IND/ISO97/XXXX/G9P[4]
RVA/Human-wt/BGD/MMC88/2005/G2P[4]

100  RVA/Human-wt/COD/DRC86/2003/G8P[6] RVA/Human-wt/COD/DRC88/2003/G8P[8]

Common

100 89
70
90



95

RVA/Human-wt/USA/US8922/XXXX/G2P[4] RVA/Human-wt/ZAF/GR10924/1999/G9P[6] RVA/Human-wt/BGD/N26/2002/G12P[6]
RVA/Human-tc/IDN/69M/1980/G8P4[10] RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
RVA/Antelope-wt/ZAF/RC-18-08/G6P[14] RVA/Human-wt/BEL/B10925-97/1997/G6P[14]
RVA/Macaque-tc/USA/PTRV/1990/G8P[1]

I2 or
DS-1-like genotype

ancestry
with bovine strains

99	83  93
97


98

RVA/Cow-tc/FRA/RF/1982/G6P[1] RVA/Human-tc/ITA/PA169/1988/G6P[14] RVA/Simian-tc/USA/RRV/1975/G3P[3] RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A[8]
RVA/Vaccine/USA/RotaTeq-BrB-9/1996/G4P7[5]

100  RVA/Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5]
73 RVA/Vaccine/USA/RotaTeq-WI79-9/1992/G1P7[5] RVA/Vaccine/USA/RotaTeq-WI78-8/1992/G3P7[5] RVA/Human-tc/PHL/L26/1987/G12P[4]

100


91

100


97

99	78

RVA/Human-tc/JPN/S2/1980/G2P[4]
100 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] RVA/Pig-wt/THA/CMP46-01/XXXX/GXP[X] RVA/Pig-wt/ARG/CN86/XXXX/GXP[X]
RVA/Pig-wt/THA/CMP16-03/XXXX/GXP[X] RVA/Pig-wt/CHN/JL94/XXXX/G5P[7]
RVA/Pig-tc/GBR/4F/XXXX/G3P[19] RVA/Pig-tc/USA/Gottfried/1983/G4P[6]
RVA/Human-tc/JPN/YO/1977/G3P1A[8] RVA/Human-wt/JPN/KU/1974/G1P1[8]
RVA/Human-tc/USA/Wa/1974/G1P1A[8]




I5 genotype

99	89

RVA/Human-wt/BGD/Dhaka16/2003/G1P[8] RVA/Human-wt/IND/ISO92/XXXX/G9P[X]

76  RVA/Human-tc/GBR/ST3/1975/G4P2A[6] RVA/Human-tc/USA/WI61/1983/G9P1A[8]
RVA/Human-tc/AUS/RV3/1977/G3P2A[6]

Common ancestry

10083


99

RVA/Human/JPN/Hosokawa/1983/G4P1A[8] RVA/Human-wt/USA/LB2758/2006/G1P[8] RVA/Human-wt/BGD/MMC38/2005/G9PB[8]
RVA/Human-wt/BGD/SK423/2005/G12P[6]


I1 or
Wa-like genotype

with
porcine strains

99 RVA/Human-wt/ZAF/3133WC/2009/G12P[4] RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
90 RVA/Human-wt/THA/CMH185-01/XXXX/G3P[8]
RVA/Human-wt/KOR/CAU164/XXXX/G1P[8]
80  RVA/Human-wt/USA/ LB2771/2006/G1P[8] RVA/Human-wt/USA/LB2719/2006/G1P[8] RVA/Human-wt/IND/ ISO13/XXXX/G12P[X]
84 RVA/Human-wt/BGD/Matlab36-02/2002/G11P[8] RVA/Human-wt/BGD/Dhaka6/2001/G11P[25]
RVA/Human-wt/USA/US9828/XXXX/G9P[8] RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]










I4 genotype


0.05

Fig.  1.  (Continued )




F. Genome segment 9 (VP7)











100



77

96RVA/Human-wt/THA/CMH020/ 2005/G9P[8] RVA/Human-wt/THA/MS040/2007/G12P[X] RVA/Human-wt/THA/MS064/XXXX/G12P[X]
91RVA/Human-wt/BGD/SK277/2006/G12P[9]
86 RVA/Human-wt/ZAF/3133WC/2009/G12P[4]
98RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
94 RVA/Human-wt/IND/ISO16/XXXX/G12P[6]
85 RVA/Human-wt/BGD/SK423/2005/G12P[6]
RVA/Human-wt/BGD/N26/2002/G12P[6]
10807  RVA/Human-wt/BGD/MMC29/2005/G12P[6]
86RVA/Human-wt/BGD/RV176-00/2000/G12P[6
RVA/Human-wt/BRA/HC91/XXXX/G12P[X] RVA/Human-wt/KOR/Kor588/2002/G12P[9]
99 RVA/Human-wt/ARG/Arg721/1999/G12P[9]
80RVA/Human-wt/JPN/CP727/XXXX/G12P[9]
RVA/Human-wt/JPN/K12/1999/G12P[9]
99RVA/Human-tc/THA/T152/1998/G12P[9] RVA/Human-tc/PHL/L26/1987/G12P[4]
RVA/Pig-wt/IND/RU172/2002/G12P[7] RVA/Human-tc/IND/116E/1985/G9P[11]
99 RVA/Human-wt/JPN/AU32/1995/G12P[X]





G12-Lineage III




G12-Lineage II G12-Lineage I

G12-Lineage IV G9-lineage I






G12 genotype


100

100

RVA/Human-tc/USA/F45/XXXX/G9P[X] RVA/Human-tc/USA/WI61/1983/G9P1A[8]

G9-lineage II

100RVA/Human-wt/JPN/99-TK2082VP7/XXXX/G9P[X]
81	RVA/Pig-wt/JPN/99-TK2082VP7/1999/G9P[X] RVA/pig-wt/JPN/JP29-6/XXXX/G9P[6]
100RVA/pig-wt/JPN/JP3-6/XXXX/G9P[6] RVA/Pig-wt/JPN/Hokkaido-14/XXXX/G9P[23]


G9-lineage IV


G9 or Wa-like genotype

87
100 78

97

RVA/pig-wt/JPN/Mc345/XXXX/G9P[19] RVA/Human-wt/IND/RMC321/ 1990/G9P[19] RVA/Pig-wt/THA/CMP003/XXXX/G9P[X]
RVA/Human-wt/ZAF/8197LC/1998/G9P[6]


G9-lineage II (Minor)

99 RVA/Human-wt/ZAF/GR10924/1999/G9P[6] Hu CMH020 2005 Thailand G9 Thailand
97RVA/Human-wt/THA/NK002-01/XXXX/G9P[X]
98 RVA/Human-wt/USA/LB2758/2006/G1P[8]

G9-lineage III Major

73
100

RVA/Human-wt/USA/LB2771/2006/G1P[8]: RVA/Human-wt/USA/LB2719/2006/G1P[8]:
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]



G1 or Wa-like

100

96 RVA/Human-wt/BGD/SK469/2006/G1P[8] RVA/Human-wt/JPN/88SA1514/1988/G1P[8] RVA/Human-wt/JPN/KU/1974/G1P1[8]

genotype

100

RVA/Vaccine/USA/RotaTeq-WI79-9/1992/G1P7[5]

99 RVA/Human-tc/USA/Wa/1974/G1P1A[8]
RVA/Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5]

98
88


100

RVA/Human-wt/AUS/95A/XXXX/G2P[X] RVA/Human-wt/CHN/T79/XXXX/G2P[X] RVA/Human-wt/ZAF/64SB/1996/G2P[4]
RVA/Human-tc/USA/DS-1/1976/G2P1B[4]
92 RVA/Human-wt/USA/LB2744/2006/G2P[4]

G2-lineage II

99  RVA/Human-wt/USA/LB2772/ 2006/G2P[4] RVA/Human-wt/KEN/KY3103/1999/G2P[4]
71	RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
RVA/Human-wt/BFA/BF3767/1999/G2P[6]
81 /Human-wt/TZA/TN1529/1999/G2P[4]




G2-lineage I

G2 or DS-1- like genotype

93    RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
RVA/Human-wt/USA/LB2764/2006/G2P[4]





97

100
77




100




99

98  RVA/Human-wt/BGD/MMC6/2005/G2P[4]
91 RVA/Human-wt/BGD/SK299/2005/G2P[4]
RVA/Human-wt/BGD/DH408/2005/G2P[4]
89 RVA/Human-wt/BGD/MMC88/2005/G2P[4] RVA/cow-tc/JPN/Tokushima9503/XXXX/G8P[X]
RVA/Sheep-tc/ESP/OVR762/2002/G8P[14] RVA/Human-tc/IDN/69M/1980/ G8P4[10]
RVA/Cow-wt/THA/A5/XXXX/G8P[1] RVA/Human-wt/ZAF/UP30/XXXX/G8P[X] RVA/Cow-wt/NGA/NGRBg8/XXXX/G8P[X]
99 RVA/Human-wt/KEN/KY6914/  2002/G8P[4]
RVA/Human-wt/KEN/KY6950/2002/G8P[6]

100

91

RVA/Human-wt/KEN/1290/1991/G8P[X] RVA/vervet monkey-wt/KEN/KY1646/1999/G8P[6] RVA/Human-wt/COD/DRC86/2003/G8P[6]


G8-lineage I

G8  genotype

97RVA/Human-wt/COD/DRC88/2003/G8P[8]
100RVA/Human-wt/MWI/MW4097/2000/G8P[8] RVA/Human-wt/MWI/MW4103/2000/G8P[8]
RVA/Human-wt/MWI/MW1479/2001/G8P[4] RVA/Human-wt/MWI/1473/2001/G8P[4]
99



0.02

RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]

G18 genotype


Fig.  1.  (Continued )




G. Genome segment 5 (NSP1)

RVA/Human-wt/BGD/Dhaka16/ 2003/G1P[8] RVA/Human-wt/BGD/SK423/2005/G12P[6] RVA/Human-wt/BGD/Dhaka25-02/2002/G12P[8]
RVA/Human-wt/BGD/Dhaka12-03/2003/G12P[6]


RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
98
RVA/Human-wt/BEL/B3458/2003/G9P[8]


RVA/Human-wt/USA/LB2758/ 2006/G1P[8]
97
RVA/Human-wt/USA/LB2771/2006/G1P[8]
95
96 	RVA/Human-wt/ZAF/3133WC/2009/G12P[4] RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
99
RVA/Human-tc/GBR/ST3/1975/G4P2A[6]





A1 or Wa- like genotype


RVA/Human-tc/USA/WI61/1983/G9P1A[8]



77  94

98


RVA/Cow-wt/KOR/KJ13/XXXX/G8P[7] RVA/Cow-wt/KOR/KJ16/XXXX/G8P[7]
RVA/Human-wt/KOR/KJ172/XXXX/G8P[7]


RVA/Human-tc/USA/Wa/1974/G1P1A[8]

RVA/Human-wt/USA/LB2719/2006/G1P[8]
96
RVA/Human-wt/JPN/IGV-80-3/XXXX/G1P[X]
88
RVA/Human-wt/JPN/KU/1974/ G1P1[8]
70
RVA/Human-tc/USA/DS-1/1976/G2P1B[4]

RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]



100


81500

98


RVA/Human-tc/IDN/69M/1980/G8P4[10] RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
RVA/Human-wt/COD/DRC86/2003/G8P[6] RVA/Human-wt/COD/DRC88/2003/G8P[8]
RVA/Human-wt/MWI/1473/2001/G8P[4]


9899   RVA/Human-wt/USA/LB2744/2006/G2P[4]
98   RVA/Human-wt/USA/LB2772/2006/G2P[4]

RVA/Human-wt/ZAF/3203WC/2009/G2P[4]


A2 or
DS-1-like
genotype



100


RVA/Human-wt/BGD/RV161/2000/G12P[6

RVA/Human-wt/BGD/RV176-00/2000/G12P[6]

RVA/Human-wt/BGD/N26/2002/G12P[6] RVA/Human-wt/ZAF/GR10924/1999/G9P[6]


RVA/Human-wt/USA/LB2764/2006/G2P[4]
94
RVA/Human-wt/BGD/MMC6/2005/G2P[4]
97
RVA/Human-wt/BGD/MMC88/2005/G2P[4] RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]






A4 genotype


0.2

Fig.  1.  (Continued )



H. Genome segment 8 (NSP2)


RVA/Human-wt/BGD/Dhaka16/ 2003/G1P[8] RVA/Human-wt/BGD/ SK423/2005/G12P[6] RVA/Human-wt/BGD/Dhaka25-02/2002/G12P[8] RVA/Human-wt/BGD/Dhaka12-03/2003/G12P[6]
97 RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVA/Human-wt/BEL/B3458/2003/G9P[8]


RVA/Human-wt/USA/LB2758/2006/G1P[8]
95
94  RVA/Human-wt/USA/LB2771/2006/G1P[8]
95 	RVA/Human-wt/ZAF/3133WC/2009/G12P[4]
99 RVA/Human-wt/ZAF/3176WC/2009/G12P[6] RVA/Human-tc/GBR/ST3/1975/ G4P2A[6]:





N1 or Wa-like genotype


RVA/Human-tc/USA/WI61/1983/G9P1A[8]

RVA/Pig-tc/USA/OSU/1977/G5P9[7]
94
74 	RVA/Cow-wt/KOR/KJ13/XXXX/G8P[7]
98
RVA/Cow-wt/KOR/KJ16/XXXX/G8P[7]
RVA/Human-wt/KOR/KJ172/XXXX/G8P[7] RVA/Human-tc/USA/Wa/1974/G1P1A[8]

RVA/Human-wt/USA/LB2719/2006/G1P[8]
96
RVA/Human-tc/JPN/IGV-80-3/XXXX/G1P[X]
89
70 	RVA/Human-wt/JPN/KU/1974/ G1P1[8] RVA/Pig-tc/USA/Gottfried/1983/G4P[6]
RVA/Human-tc/USA/DS-1/1976/ G2P1B[4]

RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]



100

81900

98


RVA/Human-tc/IDN/69M/1980/G8P4[10] RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] RVA/Human-wt/COD/DRC86/2003/ G8P[6] RVA/Human-wt/COD/DRC88/2003/G8P[6]
RVA/Human-wt/MWI/1473/2001/G8P[4]








N2 or

9999 RVA/Human-wt/USA/LB2744/2006/G2P[4]
95  RVA/Human-wt/USA/LB2772/ 2006/G2P[4]

RVA/Human-wt/ZAF/3203WC/2009/G2P[4]

DS-1-like genotype


RVA/Human-wt/BGD/RV161/2000/G12P[6]
99
RVA/Human-wt/BGD/ RV176-00/2000/G12P[6]
RVA/Human-wt/BGD/N26/2002/G12P[6] RVA/Human-wt/ZAF/GR10924/1999/G9P[6]


RVA/Human-wt/USA/LB2764/2006/G2P[4]
94
RVA/Human-wt/BGD/MMC6/2005/G2P[4]
97
RVA/Human-wt/BGD/MMC88/2005/G2P[4] RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]





N4 genotype


0.2

Fig.  1.  (Continued )



I. Genome segment  7 (NSP3)

RVA/Human-wt/BGD/N26/2002/G12P[6] RVA/Human-wt/BGD/RV176-00/2000/G12P[6] RVA/Human-wt/BGD/RV161/2000/G12P[6] RVA/Human-wt/BGD/Matlab13/2003/G12P[6] RVA/Human-wt/BGD/MMC6/2005/G2P[4]
73 RVA/Human-wt/IND/NR1/XXXX/GXP[4]

RVA/Human-wt/BGD/MMC88/2005/G2P[4] RVA/Human-wt/USA/LB2764/2006/G2P[4] RVA/Human-wt/IND/IS2/XXXX/G2P[X] RVA/Human-wt/MWI/1473/2001/G8P[4] RVA/Human-wt/IND/DS108/XXXX/G8P[6]
75 RVA/Human-wt/ZAF/GR10924/1999/G9P[6]
RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]














T2 or
DS-1-like genotype

78   RVA/Human-wt/ZAF/3203WC/2009/G2P[4] RVA/Human-wt/USA/LB2744/2006/G2P[4]

8386 RVA/Human-wt/USA/LB2772/2006/G2P[4]
RVA/Human-wt/COD/DRC86/2003/G8P[6]

8396 RVA/Human-wt/COD/DRC88/2003/G8P[8] RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
99	RVA/Human-tc/USA/DS-1/1976/G2P1B[4]

71   RVA/Human-tc/PHL/L26/1987/G12P[4] RVA/Human-tc/IDN/69M/1980/G8P4[10]
100  RVA/Pig-tc/VEN/A131/1988/G3P9[7] RVA/Pig-tc/VEN/A411/1989/G3P9[7]

70 RVA/Human-tc/JPN/IGV-80-3/XXXX/G1P[X] RVA/Human-tc/USA/Wa/1974/G1P1A[8] RVA/Human-wt/JPN/KU/1974/ G1P1[8] RVA/Human-wt/USA/LB2758/2006/G1P[8]
89 89 RVA/Human-wt/USA/LB2771/2006/G1P[8] RVA/Human-tc/IND/M-08/XXXX/GXP[X]:AF338246
RVA/Human-tc/GBR/ST3/1975/ G4P2A[6] RVA/Human-tc/USA/WI61/1983/G9P1A[8] RVA/Human-wt/BEL/B3458/2003/G9P[8]
70  RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]

RVA/Human-wt/BGD/SK423/2005/G12P[6]

94 RVA/Human-wt/ZAF/3133WC/2009/G12P[4]











T1 or Wa- like genotype

85   RVA/Human-wt/ZAF/3176WC/2009/G12P[6] RVA/Human-wt/BGD/Dhaka12-03/2003/G12P[6] RVA/Human-wt/CHN/BJ0601/2006/GXP[X]
RVA/Human-wt/CHN/BJ0601/2006/GXP[X]

RVA/Human-wt/USA/LB2719/2006/G1P[8]
72
RVA/Human-env/BRA/rj15221-08/2008/ G1P[8]

RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]









T4 genotype



0.2

Fig.  1.  (Continued )



J. Genome segment 10 (NSP4)

RVA/Human-wt/USA/US1206/XXXX/G9P[X]
77
RVA/Human-wt/USA/US430/XXXX/G9P[X

/Human-wt/USA/US244/XXXX/G9P[X]

RVA/Human-wt/ZAF/GR10924/1999/G9P[6] RVA/Human-wt/BGD/MMC88/2005/G2P[4]
RVA/Human-wt/USA/LB2744/2006/G2P[4]

98  RVA/Human-wt/USA/LB2772/2006/G2P[4] RVA/Human-wt/KOR/CBNU/HR-2/XXXX/GXP[X]
RVA/Human-wt/BEL/B1711/2002/G6P[6]

RVA/Human-wt/THA/CMH008-05/2005/G2P[4]


RVA/Human-wt/MWI/1473/2001/G8P[4]

91  RVA/Human-wt/CHN/97SZ8/ XXXX/G2P[X] RVA/Human-tc/IND/RMC-G66/XXXX/G2P[4]


E2 or
DS-1-like genotype

86 	RVA/Human-tc/JPN/S2/1980/G2P[4]

99    RVA/Human-wt/ CHN/TB-Chen/1996/G2P[4] RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
94 		RVA/Human-wt/USA/LB2764/2006/G2P[4] RVA/Human-wt/BGD/MMC6/2005/G2P[4]
80   RVA/Human-wt/CHN/97SHRV/XXXX/G1/P[X]
71 	RVA/Human-wt/IND/NR1/XXXX/GXP[4] RVA/Human-tc/USA/DS-1/1976/G2P1B[4]

RVA/Human-tc/IDN/69M/1980/G8P4[10]

RVA/Human-tc/AUS/MG6/1993/G6P[14]

79 	RVA/Human-wt/HUN/Hun5/1997/G6P[14]
90 	RVA/Human-tc/ITA/PA169/1988/G6P[14]
90    RVA/Human-wt/JPN/KU/1974/ G1P1[8] RVA/Human-tc/JPN/YO/1977/G3P1A[8]

RVA/Human-tc/USA/Wa/1974/G1P1A[8]

RVA/Human-tc/GBR/ST3/1975/G4P2A[6]

88   RVA/Human-tc/GBR/ST3/1975/G4P2A[6]
88
RVA/Human-wt/USA/LB2758/2006/G1P[8]

RVA/Human-tc/USA/WI61/1983/G9P1A[8]


RVA/Human-wt/USA/LB2719/2006/G1P[8]
88
RVA/Human-wt/KOR/CAU163/XXXX/G1P[8]
94  RVA/Human-wt/KOR/CAU200/XXXX/G1P[8]
98     RVA/Human-wt/RUS/Omsk08-351/2008/G1P[8]



E1 or Wa-like genotype

76  RVA/Human-wt/THA/CMH032-05/2005/G1P[8]
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]

RVA/Human-wt/BGD/Dhaka6/2001/G11P[25] RVA/Human-wt/USA/LB2771/2006/G1P[8]
94  RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVA/Human-wt/BGD/RV161/2000/G12P[6]

RVA/Human-wt/IND/V1352/XXXX/GXP[X]


RVA/Human-wt/ZAF/3133WC/2009/G12P[4]

86 RVA/Human-wt/ZAF/3176WC/2009/G12P[6] RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]




E4 genotype


0.1

Fig.  1.  (Continued )



K. Genome segment 11 (NSP5)



87 RVA/Human-wt/ZAF/3133WC/2009/G12P[4] RVA/Human-wt/ZAF/3176WC/2009/G12P[6]

RVA/Human-wt/BGD/Dhaka6/2001/G11P[25] RVA/Human-tc/FRA/S79/XXXX/GXP[X]
RVA/Human-tc/USA/WI61/1983/G9P1A[8] RVA/Human-tc/GBR/ST3/1975/G4P2A[6]


RVA/Human-tc/PHL/L26/1987/G12P[4]
96
80    RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]
RVA/Human-wt/BGD/SK277/2005/G12P[6] RVA/Human-wt/BRA/rj11149/1998/G9P[8]
RVA/Human-wt/BRA/rj11149/2005/G9P[8]
96
RVA/Human-wt/USA/LB2719/2006/G1P[8]

RVA/Pig-tc/VEN/A131/1988/G3P9[7]

99   RVA/Human-wt/USA/DC129/1976/G3P[8] RVA/Human-wt/JPN/KU/1974/ G1P1[8]




H1 or Wa- like genotype


RVA/Human-tc/USA/Wa/1974/G1P1A[8]
98
RVA/Human-wt/USA/LB2758/2006/G1P[8]
95
87  RVA/Human-wt/USA/LB2771/  2006/G1P[8] RVA/Human-tc/IDN/69M/1980/G8P4[10]

RVA/Human-wt/USA/LB2764/2006/G2P[4]

RVA/Human-wt/THA/CMHO54/2005/G2P[4]

70		RVA/Human-wt/THA/CMH134/2005/G3P[4] RVA/Human-wt/BGD/Dhaka116/2000/G2P[4]

Hu/RSA/3203WC/2009/G2P[4] RSA

RVA/Human-wt/BEL/B1711/2002/G6P[6]


RVA/Human-wt/MWI/1473/2001/G8P[4]

97    RVA/Human-wt/COD/DRC86/2003/G8P[6] RVA/Human-wt/COD/DRC88/2003/G8P[8]

RVA/Human-tc/USA/DS-1/1976/G2P1B[4]




H2 or DS-1-like genotype

RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] RVA/Human-wt/BGD/N26/2002/G12P[6]

RVA/Human-tc/IND/RMC-G66/XXXX/G2P[4]

72   RVA/Human-wt/USA/LB2744/2006/G2P[4] RVA/Human-wt/USA/LB2772/2006/G2P[4]

RVA/Human-wt/ZAF/GR10924/1999/G9P[6]


RVA/Human-wt/BGD/MMC6/2005/G2P[4]

87   RVA/Human-wt/BGD/MMC88/2005/G2P[4]
RVA/Pigeon-tc/JPN/PO-13/1983/G18P[17]




H4 genotype



0.1

Fig.  1.  (Continued )





Fig.  2.  Comparison  of  the   variable  (VR)  and   antigenic  regions (AR) of VP7  of the  study strains  to the bovine-human reassortant RotaTeq1  strains. The  conserved trypsin cleavage site  (51Q) is indi- cated  with   an   arrow.  Potential  N-linked  glycosylation sites are
underlined. The  nine VRs  (VR1–VR9),  identiﬁed in  VP7  are  boxed
(aa  positions 91–25,   25–29,   37–54,   65–76,   89–101,  119–132,  141–
150,  208–224, and  235–242, respectively) (Dyall-Smith et  al.  1986;
Ciarlet et al.,  1997).  VRs 5, 7, 8, and  9 include the  antigenic epitopes that  deﬁne serotypes, and   correspond  to  ARs   A,  B,  C,  and   F,

respectively. Antigenic regions D  and  E  occur  at aa  291  and  189–
190,   respectively  (Dyall-Smith  et   al.,   1986;   Ciarlet  et  al.,   1994,
1997).  Amino  acids  in AR E where changes seem  to be related to the genogroup of the strains are  highlighted in  grey.  Strains with  simi-
lar G2  genotypes are   indicated with an  asterisks (*).  A period  (.)
represents residues similar to amino acids  in strain RVA/Human-wt/
MWI/1473/2001/G8P[4] at any  given  position. The  names of the  rota- virus strains incorporated in  the  RotaTeq1  vaccine are  boxed.  VR, variable region; AR, antigenic region.





VP6 contains subgroup-speciﬁc epitopes that  are  used to  classify group A rotaviruses into  subgroups I,  II, both  I and  II,  or  non-I  and  non-II. Subgroup I is  de- ﬁned  by region A (aa  45 and  46) and  region C (aa  114 and  120), while  subgroup II is deﬁned by region B (aa
83, 86, 89, and  92), D (aa  312 or 314,  317, or 319) and E (aa  341  or 343,  350  or 352)  [Gorziglia et  al.,  1988]. The  amino acid  positions of regions A–C of the  study
strains   were     consistent    with    the     ﬁndings    of Gorziglia  et   al.   [1988].   However,  region  D  was   at position 310  and  315,  instead of position 312  and  314
as reported previously. Region  E was  localized at resi- dues   342  and   348.  Furthermore, all  the   amino acid variation   between  the    Wa-   and    DS-1-like study
strains correlated with that reported by Heiman et al. [2008] (Supplementary Data 4).
Genome segment  9 (VP7).    Genome segment 9 of strains	RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
and   RVA/Human-wt/ZAF/GR10924/1999/G9P[6] were of  DS-1-  (G2  genotype)  and   Wa-like  (G9  genotype) origin,  respectively.   The    G8   and    G12   genotypes
assigned to strains RVA/Human-wt/MWI/1473/2001/ G8P[4],     RVA/Human-wt/ZAF/3133WC/2009/G12P[4],

and  RVA/Human-wt/ZAF/3176WC/2009/G12P[6] were not   assigned  to   a   speciﬁc    genogroup  as   the    full genome rotavirus  classiﬁcation scheme does  not  clas- sify  G8  and   G12  genotypes into  speciﬁc   genogroups (Table  IV) [Matthijnssens et  al.,  2008b;  Esona et  al.,
2009; Martella et al., 2010].
Phylogenetically, the  genome segment 9 of strain RVA/Human-wt/MWI/1473/2001/G8P[4] clustered within  the   G8-lineage  I   reference  strains  isolated from   African  countries,  and   it   was   closely   related to strain RVA/Human-wt/MWI/MW1479/2001/G8P[4] which  was also collected from Malawi in 2001.  The phylogram for  genome segment  9  (Fig.  1F)  showed that strain RVA/Human-wt/MWI/1473/2001/G8P[4] shares a  common origin with artiodactyl strains  like RVA/cow-tc/JPN/Tokushima9503/XXXX/G8P[X], RVA/ Cow-wt/THA/A5/XXXX/G8P[1] and RVA/Sheep- tc/ESP/OVR762/2 002/G8P [14 ].   Stra in    Hu/RSA/
3203WC/2009/G2P[4] showed  close  similarity to  the DS-1-like strain  RVA/Human-wt/USA/LB2764/2006/ G2P[4]  isolated from  the  USA  and  strains character- ized from  Bangladesh within lineage I of G2 genotype. Strain  RVA/Human-wt/ZAF/GR10924/1999/G9P[6]



was  closely  related to  strains isolated from  Thailand (RVA/Human-wt/THA/CMH020/2005/G9P[8] and RVA/Human-wt/THA/NK002-01/XXXX/G9P[X]) and South Africa  (RVA/Human-wt/ZAF/I8197LC98/1998/ G9P[6])  that forms  lineage III  (major)  within the  G9
Wa-like  genotype.  Strains   RVA/Human-wt/ZAF/
3133WC/2009/G12P[4]  and   RVA/Human-wt/ZAF/
3176WC/2009/G12P[6] were  closely  related and  clus- tered with G12  strains isolated from  Asian countries within  lineage III.   Since   all  the   study strains  were isolated from  hospitalized children, the  clusters are  in agreement  with  the   report  of  Matthijnssens  et   al. [2010]  that, of recent, the  majority of severe diarrhea cases  caused by G9 and  G12  rotaviruses are  associat- ed with sub-lineage III  of either genotype.
All the  VP7  proteins of the  study strains contained the  conserved proline and  cysteine residues identiﬁed previously [Ciarlet et al.,  2002]  as well  as a conserved trypsin cleavage site  the  glutamine residue at position
51Q (Fig.  2) [Stirzaker et al.,  1987].  The  VP7 proteins of RVA/Human-wt/ZAF/3203WC/2009/G2P[4] and  the emerging G12 (RVA/Human-wt/ZAF/3133WC/2009/ G12P[4] and  RVA/Human-wt/ZAF/3176WC/2009/ G12P[6]) strains  possessed three  potential  N-linked glycosylation sites  at  positions 69,   146,   and    238, which  were  similar to the  VP7 of the  G2 (strain  RVA/ Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5]) component of RotaTeq1. Similar observations were  made in other reference strains with G2  and  G12  genotypes. Strain RVA/Human-wt/ZAF/GR10924/1999/G9P[6] and  other G9 reference strains possessed only  one  potential  gly- cosylation site  at position 69  which   is  similar to  the VP7   of  the   G3   (strain   RVA/Vaccine/USA/RotaTeq- WI78-8/1992/G3P7[5]) and  G4 (strain RVA/Vaccine/ USA/RotaTeq-BrB-9/1996/G4P7[5]) components  of
RotaTeq1. The  similarities may  be partially explained by  the   classiﬁcation of G3,  G4,  and   G9  strains  into Wa-like  genogroup  [Matthijnssens   et    al.,    2008b],
whereas the  G2 study strain and  strain RVA/Vaccine/ USA/RotaTeq-SC2-9/1992/G2P7[5] have the  same VP7 genotype. Strain  RVA/Human-wt/MWI/1473/2001/
G8P[4]   possessed  two   potential  glycosylation sites at  positions 69  and   238,   which   are   similar  to  the G1 (strain RVA/Vaccine/USA/RotaTeq-WI79-9/1992/ G1P7[5]) and  P1A[8] (strain  RVA/Vaccine/USA/Rota- Teq-WI79-4/1992/G6P1A[8]) components  of RotaTeq1 (Fig. 2).
VP7  contains the  major neutralizing sites targeted by the  cytotoxic  T-lymphocytes, leading to production of  neutralizing  antibodies  by   B  cells   [Dyall-Smith et al.,  1986].  At least nine VP7 variable regions (VR1– VR9) are  known. Six antigenic regions (AR) have been described before  and  are  deﬁned as  A (aa  87–101), B (aa  143–152), C (aa  208–224), D (aa  291),  E (aa  189), and  F (aa  235–242). Antigenic regions A, B, C, and  F correspond to  VR5,  VR7,  VR8,  and  VR9,  respectively [Dyall-Smith  et   al.,   1986;   Ciarlet  et   al.,   1994].   As expected,  the   VP7   of  RVA/Human-wt/ZAF/3203WC/
2009/G2P[4] and  the  G2 (strain  RVA/Vaccine/USA/ RotaTeq-SC2-9/1992/G2P7[5]) component of RotaTeq1

were  similar, although some  amino acid  substitutions were  observed within VR3 (L40V,  A42V, M44I,  and K49R),   VR4  (S75T),   VR5  (N96D),   and   VR9  (N242) (Fig.  2). There were  no similarities between the  anti- genic  regions of the  study rotavirus strains to VP7 components of the  human-bovine reassortant strains of the  RotaTeq1  vaccine with dissimilar genotypes, which   was   expected. This   raises the   question as  to whether  cross-protection against  these  emerging strains would  be achieved by RotaTeq1. Interestingly, amino acid  changes within the  AR E seem  to be relat- ed to the  genogroup of the  strains. At aa  189–190, all the   Wa-like VP7  components of  RotaTeq1   (G1,  G3, G4, and  P1A[8]  genotypes) had  SS, strains with DS-1- like  VP7  genotype (bovine-human reassortant strain RVA/Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5] and RVA/Human-wt/ZAF/3203WC/2009/G2P[4]) had  TD, whereas the   emerging G9  and   G12  had   ES  and   QS amino acids,  respectively (Fig. 2).
Genome segment 5 (NSP1).  Genome segment 5 of the  study strains was  of Wa- (RVA/Human-wt/ ZAF/3133WC/2009/G12P[4] and  RVA/Human-wt/ZAF/
3176WC/2009/G12P[6]) and  DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/
3203WC/2009/G2P[4], and  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6])   like    origin   (Fig.    1G    and Table  IV). The  phylogenetic analysis showed that the genome segment 5 of the  Wa-like study strains  were closely  related to the  G1P[8]  strains  (RVA/Human-wt/ USA/LB2758/2006/G1P[8] and  RVA/Human-wt/USA/ LB2771/2006/G1P[8]) recently   isolated   from    USA [Ba´ nyai  et  al.,  2011].  Genome segment 5 of the  DS-1- like  study strains formed separate clusters with DS-1- like  strains isolated from  USA,  Bangladesh and  DRC, respectively (Fig. 1G).
The conserved cysteine-rich motif  C–X2–C–X8–C– X2–C–X3–H–X–C–X2–C–X5–C that  spans  from  aa  42–
72,  which  is  believed to  be  a  zinc-  and  virus-speciﬁc
RNA-binding domain [Hua et  al.,  1993],  was  present in all the  NSP1s of the  study strains. However, it was located from  aa  49–79.  The  amino acids  Q64E  and  G/ D70S  that segregate depending on Wa- and  DS-1-like genotypes  [Heiman   et   al.,    2008]    were    conserved within the   cysteine-rich motifs   of the   study strains. However, they occurred at amino acid  position 71 and
77,  respectively. Other  variations  between Wa-  and DS-1-like strains  were  also  observed at amino acid  po- sition Q62R,  T65L,  and  M66I  within the  cysteine-rich motif  region (Supplementary Data 5).
Genome segment 8 (NSP2).  Genome segment 8 of the  study strains were  of Wa-  (RVA/Human-wt/ZAF/
3133WC/2009/G12P[4]  and   RVA/Human-wt/ZAF/
3176WC/2009/G12P[6]) and  DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/
3203WC/2009/G2P[4], and  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6])  like   origin  (Fig.   1H   and Table  IV). Similar to genome segment 5, phylogenetic analysis revealed a close relationship between genome segment 8  of  the   two  Wa-like study  strains,  which were   related to  strains  with N1  genotypes isolated



from USA, Bangladesh, and  Belgium. The genome segment 8  of DS-1-like study strains  clustered with strains with N2 genotypes isolated from  USA, Bangladesh, and  DRC (Fig.  1H).  The  NSP2s of all  the study strains contained the  putative  RNA-binding domain that stretches from  aa  205–241 as  described by Patton et al. [1993].
Genome segment 7 (NSP3).  Genome segment 7 of the   study strains was  of  Wa-  (RVA/Human-wt/ZAF/
3133WC/2009/G12P[4]  and   RVA/Human-wt/ZAF/
3176WC/2009/G12P[6]) and  DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/
3203WC/2009/G2P[4], and  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6])  like   origin  (Fig.   1I   and Table  IV). Phylogenetically, genome segment 7 of the Wa-like study  strains  clustered  with  T1  genotyped strains and  were  closely  related to G12P[6] strains (RVA/Human-wt/BGD/SK423/2005/G12P[6] and  RVA/ Human-wt/BGD/Dhaka12-03/2003/G12P[6])	isolated from  Bangladesh. The   DS-1-like study  strains  clus- tered with T2  genotyped strains  where strains  RVA/ Human-wt/MWI/1473/2001/G8P[4], RVA/Human- wt/ZAF/3203WC/2009/G2P[4], and  RVA/Human-wt/ ZAF/GR10924/1999/G9P[6] were  closely related to RVA/Human-wt/IND/IS2/XXXX/G2P[X], RVA/Human- wt/DEU/GER1H-09/2009/G8P[4], and  RVA/Human-wt/ IND/DS108/XXXX/G8P[6]  strains isolated from  India, Germany, and  USA, respectively (Fig. 1I).
The   basic   (aa   81–150),  acidic   (aa   151–169), and hydrophobic heptads repeat regions (aa  174–229) de- scribed by  Mattion et  al.  [1992]  were  also  present in the  study strains. The  DS-1-like NSP3 proteins were different from  that of the  Wa-like strains within the basic  regions at amino acid  positions R96K,  L106M, L107T,   V129I,  and   E145D. One  multiple  (AFIE157–
160SYVD)  amino acid  substitution was  observed with- in  the  acidic  region. The  hydrophobic heptads  region ranged  from   residues  181   to  237   in   all   the   study strains. The  hydrophobic residues were  conserved in both  DS-1- and  Wa-like amino acid  sequences at posi- tions 181  (F),  188  (V), 195  (W), 202  (V), 209  (L), 223 (L),  and  230  (L).  However, the  hydrophobic residues at position 216 and  237 were  replaced with polar resi- dues   (Q  and   K,  respectively) in  both   the   study and other reference strains (Supplementary Data 6).
Genome segment 10 (NSP4).   Genome segment 10 of the  study strains was  also  of Wa- (RVA/Human-wt/ ZAF/3133WC/2009/G12P[4] and  RVA/Human-wt/ ZAF/3176WC/2009/G12P[6]) and  DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/
3203WC/2009/G2P[4], and  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6])  like   origin  (Fig.   1J  and
Table  IV). Phylogenetically, genome segment 10 of the
two  Wa-like study strains  clustered closely  to  strain RVA/Human-wt/IND/V1352/XXXX/GXP[X] from India and  G12 strains (RVA/Human-wt/BGD/RV161/2000/ G12P[6] and  RVA/Human-wt/BGD/Matlab13/2003/ G12P[6])   from    Bangladesh.   The    DS-1-like study strains clustered with E2 genotyped reference strains. Strain       RVA/Human-wt/ZAF/3203WC/2009/G2P[4]

clustered with strains isolated from  Asia,  although a close relationship with the  RVA/Human-wt/USA/ LB2764/2006/G2P[4] strain   isolated  from   USA   was also observed. RVA/Human-wt/ZAF/GR10924/1999/ G9P[6]  was  closely  related to the  RVA/Human-wt/ BGD/MMC88/2005/G2P[4] strain    isolated   from Bangladesh, while  RVA/Human-wt/MWI/1473/2001/ G8P[4]  was  closely related to RVA/Human-wt/THA/ CMH008-05/2005/G2P[4] and  RVA/Human-wt/BEL/ B1711/2002/G6P[6] strains   isolated  from   Thailand and  Belgium, respectively (Fig. 1J).
The  ﬁve  putative functional domains of NSP4 (the oligomerization-associated, hydrophobic, VP4-binding,
single-stranded particle-binding, toxic  peptide region,
and  the  pathogenesis-associated region) were  present in  genome segment  10  of  all  the   study strains  and were  conserved with respect to  Wa-  and  DS-1-like genotypes as  described by Heiman et  al.  [2008]  (Sup- plementary Data 7).
Genome segment  11 (NSP5 and  NSP6).    Genome segment 11 of the  study strains were  also  of Wa- (RVA/Human-wt/ZAF/3133WC/2009/G12P[4] and RVA/ Human-wt/ZAF/3176WC/2009/G12P[6]) and DS-1- (RVA/Human-wt/MWI/1473/2001/G8P[4], RVA/Human- wt/ZAF/3203WC/2009/G2P[4], and  RVA/Human-wt/ ZAF/GR10924/1999/G9P[6])  like   origin (Fig.  1K  and Table   IV).   The   phylogram  of  genome  segment  11 showed close  relationships  between the   two  Wa-like study strains to several strains with H1 genotypes iso- lated from  different countries, of which  RVA/Human- wt/BGD/Dhaka6/2001/G11P[25] was  the  closest. RVA/ Human-wt/ZAF/GR10924/1999/G9P[6] was closely related to USA (RVA/Human-wt/USA/LB2744/2006/ G2P[4]   and   RVA/Human-wt/USA/LB2772/2006/G2P[4]) and Bangladesh (RVA/Human-wt/BGD/MMC6/2005/ G2P[4] and RVA/Human-wt/BGD/MMC88/2005/G2P[4]) strains, while  RVA/Human-wt/MWI/1473/2001/G8P[4] and  RVA/Human-wt/ZAF/3203WC/2009/G2P[4] were closely related to RVA/Human-wt/BEL/B1711/2002/ G6P[6] and RVA/Human-wt/BGD/Dhaka116-00/2000/ G2P[4]  strains isolated from  Belgium and  Bangladesh (Fig. 1K).


DISCUSSION

According to the whole  genome rotavirus classiﬁcation scheme, a  rotavirus strain is  classiﬁed as  belonging to Wa-, DS-1-,  or AU-like  genogroups if the genotypes of at least seven of its  genome segments correlate with proto- type strains  of these genogroups [Matthijnssens et al.,
2008b].  The  strains characterized in this study were  gen- ogrouped without  the  use   of  RNA–RNA   hybridization
experiments that  are  often laborious and   lengthy. In- stead,  sequence-independent cDNA   synthesis  and   ge- nome   ampliﬁcation,  4541   pyrosequencing  of  the ampliﬁed genome segments and  RotaC  were  used  to as- sign   genotypes.  The  study strains  were   classiﬁed into Wa-    (Hu/RSA/3133WC/2009/G12P[4]   and    Hu/RSA/
3176WC/2009/G12P[6]) and DS-1- (RVA/Human- wt/MWI/1473/2001/G8P[4],   RVA/Human-wt/ZAF/



3203WC/2009/G2P[4], and  the  RVA/Human-wt/ZAF/ GR10924/1999/G9P[6]) like  genogroups based on the genotypes assigned to each  genome segment.
Phylogenetic  analysis  and    inferences  were    con- ducted to trace the  origin of the  strains characterized
in  this study. The  genome segment 1 (VP1)  of RVA/ Human-wt/MWI/1473/2001/G8P[4]  clustered near the artiodactyl-like human strain RVA/Human-wt/HUN/ Hun5/1997/G6P[14] [Matthijnssens  et  al.,  2009]  and
the  bovine-feline/canine-human reassortant strain RVA/Human-wt/ITA/PAH136/1996/G3P[9] [De  Grazia et   al.,   2010].   The   nine  genome segments  encoding
VP2–VP4, VP6, NSP1–NSP5 of strain RVA/Human- wt/MWI/1473/2001/G8P[4]   were    closely    related   to human   DS-1-like  strains,    whereas   the     genome
segment encoding VP7  was  closely  related to  strains isolated from Malawi (like RVA/Human-wt/MWI/ MW1479/2001/G8P[4]) which  are  bovine-human reassortants or  share  common ancestry  with bovine
rotaviruses [Cunliffe et al.,  2000].  Phylogenetic analy- sis  also  suggests that the  genome segment 9 of strain RVA/Human-wt/MWI/1473/2001/G8P[4] shares   com-
mon   ancestry  with  bovine   rotaviruses.  Considering that the  G8 genotype that was  assigned to its  VP7  is common  in   cattle,  these  observations suggest  that
strain RVA/Human-wt/MWI/MW1479/2001/G8P[4] originated from  or shares a common origin with artio- dactyl strains.  It  is,  therefore, possible that  strain
RVA/Human-wt/MWI/MW1479/2001/G8P[4] emerged through interspecies reassortment between human and  artiodactyl rotaviruses.
All the  genome segments of strain RVA/Human-wt/
ZAF/GR10924/1999/G9P[6] were  closely  related to human rotavirus strains. The  genome segments encoding VP1–VP3, VP6,  NSP1–NSP5 were  assigned DS-1-like genotypes, whereas  genome segments encoding VP4 and  VP7 were  P[4] and  G9 (Wa-like), respectively (G9-P[6]-I2-R2-C2-M2-A2-N2-T2-E2-H2). To date, most  G9 strains that were  characterized fully have a Wa-like genetic backbone [Heiman et al.,  2008; Mukherjee et  al.,  2009;  Mijatovic-Rustempasic et  al.,
2011]. Therefore, RVA/Human-wt/ZAF/GR10924/1999/ G9P[6]    may    represent  the    ﬁrst  human  rotavirus strain to  be  completely characterized  with  G9  VP7 and  P[6]  VP4  genotypes on  a  DS-1-like genetic back- bone. Strain RVA/Human-wt/ZAF/GR10924/1999/ G9P[6]  might have emerged through multiple genome reassortment events between Wa-,  DS-1,  and  human P[6] rotaviruses.
RVA/Human-wt/ZAF/3133WC/2009/G12P[4]  and  RVA/ Human-wt/ZAF/3176WC/2009/G12P[6]  represent the
ﬁrst  completely molecularly characterized  emerging G12    rotavirus  strains   from    Africa.    The    Wa-like genetic  constellation  of  the   G12   study  strains  was similar  to   G12   strains   isolated  from   Bangladesh
(RVA/Human-wt/BGD/Dhaka12-03/2003/G12P[6] and RVA/Human-wt/BGD/Dhaka25-02/2002/G12P[8]) and Belgium    (RVA/Human-wt/BEL/B4633/2003/G12P[8])
[Rahman  et  al.,   2007].   Strain   RVA/Human-wt/ZAF/
3133WC/2009/G12P[4]  contained   a   DS-1-like   P[4]

encoding  genome  segment  4.  It is,  therefore,  most likely   that  this strain  emerged through intergen- ogroup genome reassortment events between human Wa-   and   human  DS-1-like rotavirus  strains.  RVA/ Human-wt/ZAF/3176WC/2009/G12P[6] is  a  human strain with a  P[6]  VP4  in  a  human  Wa-like genetic backbone. Since  it has  been  hypothesized that Wa-like strains and  porcine strains  have a  common origin [Matthijnssens et  al.,  2008b],  strain  RVA/Human-wt/ ZAF/3176WC/2009/G12P[6] might  share   a   common origin with porcine strains.
All the  genome segments of strain  RVA/Human-wt/ ZAF/3203WC/2009/G2P[4] were  closely  related to DS-
1-like  human strains (Table  IV),  hence it  was  classi-
ﬁed    into    DS-1-like   genogroup.   Most    of   the    full genomes of  the   African DS-1-like strains  that  have been  characterized to  date have a  G8  VP7  genotype [Matthijnssens et al.,  2006; Esona et al.,  2009].  There- fore, RVA/Human-wt/ZAF/3203WC/2009/G2P[4] may represent the  ﬁrst pure member of the  DS-1-like genogroup to be characterized from Africa.  Although rotaviruses with G2  genotypes are  considered as  one of  the   predominant strains  worldwide [Santos and Hoshino, 2005],  studies reporting on their full genome characterization  are   limited  [Heiman  et   al.,   2008; Ba´ nyai  et  al.,  2011].  The  increased predominance of G2P[4]  strains amongst the  Rotarix1  vaccinated  pop- ulation in Brazil from  5% to 95% [Gurgel et al.,  2007], and  the  continued prevalence of G2P[4]  rotaviruses in Australian states where Rotarix1  was  introduced [Kirkwood et  al.,  2011]  seems to  suggest that G2P[4] rotaviruses are  less  protected by the  live-attenuated G1P[8]  monovalent Rotarix1  vaccine. Since  G2 rotavi- ruses are  detected frequently across Africa  [Sanchez- Padilla  et   al.,   2009],   characterization  of   the    full genomes of more  G2 rotavirus is important to under- stand the   possible genetic reasons that  may  lead  to these varied vaccination efﬁcacies.
Use  of data generated through whole  genome sequence-independent ampliﬁcation and  4541  pyrose- quencing in classifying rotaviruses offers  a number of advantages over   the   dual  classiﬁcation system that uses   sequence-speciﬁc primers  complementary to  ge- nome  segment 4 and  9 nucleotide sequences. A typical example is strain RVA/Human-wt/ZAF/3133WC/2009/ G12P[4] which  was  incorrectly genotyped as  P[6/8]  by genotype-speciﬁc RT-PCR.  RotaC  and  phylogenetic analysis of  the   sequence-independent generated  nu- cleotide sequences revealed that  strain  RVA/Human- wt/ZAF/3133WC/2009/G12P[4] possessed a  P[4]  geno- type.  The  complete correlation in  genotypes assigned by whole  genome classiﬁcation that utilized sequence- independent RT-PCR  ampliﬁcation to phylogenetic classiﬁcation highlights the  shortfalls of the  exclusive use  of RT-PCR  based on  genotype-speciﬁc primers in assigning rotavirus  genotypes. This  may  lead  to  the occasional misreporting  of results due  to  oligonucleo- tide  mispriming. Therefore, a  full  genome classiﬁca- tion   system  coupled with  sequence-independent genome ampliﬁcation and  4541  pyrosequencing could



be  used  for  quality control purposes in  verifying the accuracy  or  reliability  of  the   genotype-speciﬁc  RT- PCR-based methods.
One  of the  limitations of the  full  genome classiﬁca- tion  scheme [Matthijnssens et al.,  2008b]  is its  inabili-
ty  to  determine  exactly when reassortment  or interspecies  transmission  events  took   place   [Esona et al., 2009].  For  this reason, the  time  when the  evolu- tionary mechanisms leading to  the  emergence of the
strains  characterized in  the   present  study occurred, could  not  be determined. Complementing such  analy- sis  with phylodynamic studies [Matthijnssens et  al.,
2010] may  be useful to elucidate this.
Although  the   amino  acid   variations between the Wa-  (genotype 1)  and  DS-1-  (genotype 2) proteins of the  study strains were  consistent with the  ﬁndings of Heiman  et   al.   [2008],   a  few  additional  differences were  observed for  VP2,  VP6,  VP7,  NSP1, NSP3, and NSP4. In  VP2:  amino acid  sequences of the  Wa-like study strains were  15 residues longer than that of the DS-1-like strains  due  to amino acid  insertions at posi- tions 21 (E),  32 (MENKNKNKNNNR), and  347  (EK). This   was   also   observed  in   some   Wa-like reference strains isolated from  Bangladesh (RVA/Human- wt/BGD/Dhaka12-03/2003/G12P[6] and  RVA/Human- wt/BGD/Dhaka16-03/2003/G1P[8]) and  USA (RVA/ Human-wt/USA/2007719825/2007/G1P[8]. In the  cur- rent study, the  Wa-like study strains and  some  refer- ence  strains contained 12 amino acid  insertions in the N terminal region. Previously only  4, 8, and  10 amino acid    insertions   were    observed   for    strains    RVA/ Human-wt/USA/LB2719/2006/G1P[8] (894 aa),  RVA/ Human-wt/USA/LB2758/2006/G1P[8] (898 aa),  and RVA/Human-wt/USA/LB2771/2006/G1P[8] (900 aa), respectively, resulting  in   different  lengths  of  VP2 [Ba´ nyai   et  al.,  2011].  In  VP6,  region D  that deﬁnes subgroup II  speciﬁcity of rotaviruses was  localized at position 310  and  315  in  all  the  study strains, instead of   position   312   and    314   as    reported   previously [Gorziglia  et   al.,   1988].   Since   Wa-   and    DS-1-like strains are  associated with subgroup II  and  I, respectively, this ﬁnding may  correlate with site- mutagenesis studies by  Tang et  al.  [1997]  that indi- cated that  a  single amino acid  mutation at residue
315  is  sufﬁcient to  change subgroup  speciﬁcity of  a strain. In NSP1, the  conserved cysteine-rich motif ranged from  aa  49  to  79  in  all  the  study strains, in- stead of aa  42–72  as  reported previously [Hua et  al.,
1993].  In  NSP3, several variations  were  observed in the   acidic  region, while   residues in  the   hydrophobic heptads region at position 216 and  237 were  replaced with polar residues (Q and  K, respectively). In  NSP4, the  VP4-binding (aa 112–148) and  the  pathogenesis- associated domains (aa  114–135) [Ball  et  al.,  1996]  of Wa-like and   DS-1-like strains  were   different due  to several amino acid  substitutions that occurred within these  regions. Whether these  amino acid  variations may  affect  the  virulence of rotavirus strains could  not be  determined in  this study. In  VP7,  several amino acid  variations were  observed between the  antigenic

regions  of  the   outer  capsid  proteins  of  the   study strains and  the  VP7 of the  bovine-human RotaTeq1 strains, which  was  expected. There were  also  some differences between the  antigenic regions of strain RVA/Human-wt/ZAF/3203WC/2009/G2P[4]  and   the VP7 of the  G2 component of RotaTeq1 (strain RVA/ Vaccine/USA/RotaTeq-SC2-9/1992/G2P7[5]), which was   unexpected  as  both   have a  G2  genotype. This may   affect   the   level  of  cross-protection that  can  be rendered by the  vaccine to some  of these strains.
As evidence is now  emerging that correlates rotavi- rus  vaccine efﬁcacy  with speciﬁc  rotavirus genotypes [Ruiz-Palacios et  al.,  2006;  Gurgel et  al.,  2007;  WHO,
2008],   further  full   genome characterization studies should be encouraged to understand the  complete ge-
nomic   constellations of  regionally prevalent strains, such   as  G8  rotaviruses  [Santos and   Hoshino,  2005], and   emerging  genotypes,  such   as   G12   [Le   et   al.,
2008].  This  information can  eventually be used  to for-
mulate regional rotavirus vaccines. Since  most  rotavi- rus  mortalities are  caused by rotaviruses that belong to either Wa- or DS-1-like genogroups, combining gen- otypes from  these two  genogroups in  the  formulation of the  next generation of rotavirus vaccines might improve rotavirus vaccine efﬁcacy.
In  conclusion, the  ﬁndings highlight the  role  of rotavirus intergenogroup and  interspecies genome reassortment in  generating rotavirus strain diversity. Furthermore, the  study illustrates how  sequence- independent ampliﬁcation coupled with 4541  pyrose- quencing of the  full  rotavirus genome can  be  used  to understand the   evolutionary  mechanisms  of  rotavi- ruses swiftly.
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