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ABSTRACT 

The genus Fusarium is an important plant pathogen that is responsible for severe yield losses of 

economically important plant species. In addition, some Fusarium species also produces 

mycotoxins. There is thus a need for the early detection and identification of Fusarium to prevent 

yield losses and mycotoxin contamination and consumption. 

The present study investigated the potential of a multiplex PCR-DGGE and SSCP method for the 

detection, identification and differentiation of Fusarium species. Two extraction methods, i.e. the 

CTAB-PVP and E.Z.N.A. Fungal DNA Mini Kit were tested for the isolation of fungal DNA. 

The DNA Mini Kit showed the best results to successfully isolate DNA from the various 

Fusarium species that was amplifiable with the beta-tubulin, EF-la, 18S and FUM primer sets. 

Optimized amplification conditions were tested and applied for each primer set. EF-la, FUM and 

18S primer sets were combined in multiplex PCR because they yielded amplification products of 

distinct sizes. However, preferential amplification of the 18S rDNA region occurred with this 

combination. Therefore, multiplex PCR was performed with the EF-la and FUM primer sets 

which permitted the detection of fumonisin positive Fusarium species. 

Subsequent DGGE and SSCP analysis of the EF-la fragments from the multiplex PCR showed 

that DGGE was not sufficient in discriminating between the Fusarium isolates while SSCP 

permitted clear differentiation. However, multiple banding patterns for a single species were 

observed with both profiling methods. This can impede interpretation of results and may also lead 

to wrong conclusions. 
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Limits of detection were also determined for fumonisin producing Fusarium species individually 

and in combination with non-Fusarium species through conventional and real-time PCR. The 

real-time PCR method proved to be more sensitive in detecting small amounts of fungal DNA 

than conventional PCR. The sensitivity and accuracy of this method would allow the 

quantification of toxigenic Fusarium species in contaminated soil and plant tissues. As a result, 

proper control and management strategies can be executed in time to prevent the occurrence of 

devastating diseases and yield losses. 

Sequences of the beta-tubulin and EF-la genes were analyzed to determine phylogenetic 

relationships between various the Fusarium isolates. Sequencing of the amplified fragments 

indicated conflict between GenBank and MRC/PPRI identities for several Fusarium isolates. 

This conflict was observed for both protein-coding genes. Phylogenetic relationships between the 

various Fusarium isolates were more accurate with the EF-la gene sequences than the beta-

tubulin sequences. 

This study demonstrated the potential of a multiplex PCR-SSCP method to detect and identify 

Fusarium species. With further careful optimization, this technique can be applied to 

contaminated food and feed samples to assess Fusarium diversity. 
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OPSOMMING 

Die genus Fusarium is 'n belangrike plant patogeen omdat dit verantwoordelik is vir ernstige oes 

verliese en boonop vervaardig sommige Fusarium spesies ook mikotoksiene. Dus is daar 'n 

behoefte om Fusarium vroegtydig op te spoor en te identifiseer om sodoende oes verliese en 

mikotoksien kontaminasie en inname te voorkom. 

Die huidige studie het ondersoek ingestel na die potensiaal van 'n veelvoudige PCR-DGGE en 

SSCP metode vir die deteksie, identifikasie en differensiasie van Fusarium spesies. Twee 

ekstraksie metodes, CTAB-PVP en E.Z.N.A. Fungal DNA Mini Kit, was getoets vir die isolasie 

van fungal DNS. Goeie kwaliteit DNS is met die DNA Mini Kit geisoleer en was amplifiseerbaar 

met die beta-tubulin, EF-la, 18S en FUM primer stelle. Optimum amplifisering kondisies was 

getoets en toegepas vir elke primer stel. Die EF-la, FUM en 18S primer stelle is saamgevoeg vir 

'n veelvoudige PCR omdat elke primer stel verskillende grootte amplifiserings produkte 

vervaardig het wat ideal is vir 'n veelvoudige PCR. Hierdie kombinasie het egter die 

amplifisering van die 18S rDNA geen begunstig. Dus is die veelvoudige PCR uitgevoer met net 

die EF-la en FUM primer stelle wat die deteksie van fumonisin produserende Fusarium spesies 

moontlik gemaak het. 

DGGE en SSCP ontleding van die EF-la fragmente het bewys dat die DGGE metode nie in staat 

was om die Fusarium isolate van mekaar te onderskei nie, terwyl SSCP analise duidelike 

differensiasie toegelaat het. Veelvoudige bande vir 'n enkel spesie en strain was met albei 

tegnieke waargeneem. Hierdie bande kan interpretasie bemoeilik en selfs lei to foutiewe 

gevolgtrekkings. 
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Deteksie limiete vir fumonisin produserende Fusarium spesies, individueel en in kombinasie met 

mt-Fusarium spesies, is vasgestel met behulp van konvensionele en real-time PCR. 

Laasgenoemde metode was meer sensitief deurdat dit in staat was om klein hoeveelhede fungal 

DNA op te spoor. Die sensitiwiteit en noukeurigheid van hierdie metode sal kwantifisering van 

toksigeniese Fusarium spesies in gekontamineerde grond en plant weefsel moontlik maak. 

Sodoende kan behoorlike bestuur strategies betyds toegepas word om verwoesting van oeste te 

voorkom. 

Die nukleotied volgorde van die beta-tubulin en EF-la gene was geanaliseer om filogenetiese 

verhoudings tussen die verskeie Fusarium isolate te bepaal. Nukleotied analise van die 

geamplifiseerde fragmente het konflik tussen die GenBank en MRC/PPRI identiteite vir verskeie 

Fusarium isolate aangewys. Hierdie konflik was met albei proteien-koderende gene waargeneem. 

Die filogenetiese verhouding tussen verskeie Fusarium isolate was meer akkuraat met die EF-la 

geen as met die beta-tubulin geen. 

Hierdie studie demonstreer die potensiaal van 'n veelvoudige PCR-SSCP metode vir die deteksie 

en identifikasie van Fusarium spesies. Indien hierdie tegniek verder geoptimiseer word, kan dit 

op gekontamineerde voedsel monsters toegepas word om die Fusarium diversiteit te bepaal. 
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CHAPTER 1 
INTRODUCTION 

1.1 GENERAL INTRODUCTION AND PROBLEM STATEMENT 
Fusarium is a phytopathogenic fungus and is globally distributed on a wide range of crop plants, 

including maize, wheat, barley and asparagus (Gherbawy et al, 2001; Fandohan et al, 2003; 

Krstanovic et al., 2005; Yergeau et al, 2005; Jurado et al, 2006). This is a diverse and important 

genus since several Fusarium species are responsible for damping-off, root rots, cankers and 

vascular wilts on a large number of economically important crops (Nelson et al, 1981). A 

particular devastating disease caused by Fusarium species is Fusarium head blight (scab) of 

wheat and barley. Scab causes considerable reduction in seed yields and quality and infested 

seeds are often contaminated with mycotoxins creating a serious danger to animal health and 

food safety (McMullen et al, 1997; Salas et al, 1999). Fusarium head blight is a growing threat 

to the world's food supply due to outbreaks throughout much of the world (Dubin et al, 1997; 

McMullen et al, 1997; Osborne & Stein, 2007). Therefore, Fusarium is a major agricultural 

problem since quality and yield of grains can be decreased. In addition, many species are 

mycotoxin producers (Marasas et al, 1984; Marasas, 1987; Leslie & Summerell, 2006). 

Mycotoxins are secondary metabolites produced by certain fungal species that are common 

contaminants of agricultural products and harmful to both animals and humans (Nelson et al, 

1994; Sweeney & Dobson, 1998; Bennett & Klich, 2003). Five mycotoxins are considered to be 

economically and toxicologically important in grain and several areas throughout the world: 

aflatoxin and ochratoxin, produced by Aspergillus and Penicillium (Bottalico, 1998; Sweeney & 

Dobson, 1998), deoxynivalenol and zearalenone, produced by Fusarium graminearum, and 

1 



fumonisins produced by Fusarium verticillioides (Bottalico, 1998; Sweeney & Dobson, 1998; 

Leslie & Summerell, 2006) and Fusarium proliferatum (Castelo et al, 1998; Sweeney & 

Dobson, 1998; Leslie & Summerell, 2006). These compounds cause diseases of animals and 

humans, especially in immunocompromised individuals (Rebell, 1981; Nelson et al, 1994; 

Dignani & Anaissie, 2004; Jensen et al, 2004). The most common Fusarium mycotoxins in 

cereals are considered to be fumonisins and trichothecenes (Jurado et al, 2006). 

Fumonisins are mainly produced in maize kernels infected with F. verticillioides prior to harvest 

and are stable through grain processing (Bullerman et al, 2002). Twenty eight fumonisin analogs 

have been characterized and can be separated into four main groups, identified as the fumonisin 

A, B, C, and P series (Rheeder et al, 2002). The fumonisin B (FB) analogs are the most abundant 

naturally occurring fumonisins (Marasas, 1996) and most studied is fumonisin Bi (FBi) (Nelson 

et al, 1993; Bennett & Klich, 2003). Consumption of fumonisins has been shown to cause 

leucoencephalomalacia in horses (Marasas et al, 1988), pulmonary edema and hydrothorax in 

pigs (Harrison et al, 1990) and hepatotoxic and carcinogenic effects in rats (Gelderblom et al, 

1996). The occurrence of FBi has also been epidemiologically associated with human esophageal 

cancer and birth defects (Chu & Li, 1994; Yoshizawa et al, 1994; Marasas et al, 2004). 

Trichothecenes comprise a large family of compounds, of which diacetoxyscirpenol, T-2 toxin, 

nivalenol and deoxynivalenol are most important in cereal grains (Desjardins & Proctor, 2007). 

At least eight fungal genera produce trichothecenes, with Fusarium being the most economically 

important group (Ueno, 1983). Of all Fusarium mycotoxins discovered to date, trichothecenes 

have been most strongly associated with chronic and fatal toxicoses of humans and animals 

(Hussein & Brasel, 2001; Sudakin, 2003; Pestka & Smolinski, 2005; Pinton et al, 2008). They 

are commonly found as food and feed contaminants and consumption can result in alimentary 
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hemorrhage, diarrhea, vomiting and cardiovascular dysfunction resembling endotoxic shock 

(Hussein & Brasel, 2001; Larsen et al, 2004; Parent-Massin, 2004; Pestka & Smolinski, 2005). 

Taking into account the adverse effects of trichothecenes and fumonisins, early detection of 

Fusarium species on subsistence and commercial crops is vital to prevent these mycotoxins 

entering the food chain (Jurado et al, 2006). It is also a useful tool in disease management since 

it provides information required for determining the need and the extent of proper control 

strategies (Lievens et al., 2006). 

The detection and identification of Fusarium species in pure culture or in diseased plant material 

are based on physiological and morphological characteristics (Nelson et al, 1983; Nelson, 1992; 

Leslie & Summerell, 2006). These methods rely on the ability of the organism to be cultured, it is 

time consuming and labor intensive and require skilled taxonomical expertise (McCartney et al, 

2003; Lievens et al, 2005). With only the use of conventional methods, the detection of the 

pathogen on diseased plant material is only possible in late stages of infection and the spread of 

the disease cannot be controlled anymore (McCartney et al, 2003). 

DNA-based molecular methods have been developed to study the phylogeny of Fusarium and to 

distinguish Fusarium species, formae speciales and strains (Donaldson et al, 1995; Abdel-Satar 

et al, 2003; Kosiak et al, 2005; Yergeau et al, 2005; Jurado et al, 2006). Molecular methods 

most frequently used for the characterization of Fusarium species include PCR, real-time PCR, 

denaturing gradient gel electrophoresis (DGGE), terminal restriction fragment length 

polymorphism (t-RFLP), Amplified Fragment Length Polymorphisms (AFLP) and sequence 

analysis (Abdel-Satar et al, 2003; Geiser et al, 2004; Konstantinova & Yli-Mattila, 2004; 

Yergeau et al, 2005; Jurado et al, 2006; Fredlund et al, 2008). In general, molecular techniques 
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are more sensitive, rapid, accurate and specific for pure Fusarium cultures and contaminated 

samples than the conventional techniques. In addition, there is no need to culture organisms prior 

to their identification (McCartney et al, 2003; Lievens et al, 2005; Jurado et al., 2006). 

1.2 RESEARCH AIM AND OBJECTIVES 

The aim of this study was to evaluate multiplex PCR and DNA profiling methods (DGGE and 

SSCP) for the detection of mycotoxigenic Fusarium spp. 

Objectives were to: 

i. Perform and optimize multiplex PCR with EF-la, FUM and 18S primers; 

ii. Optimize and evaluate PCR-DGGE methods for Fusarium diversity using 18S rDNA-and 

EF-la fragments; 

iii. Optimize and evaluate PCR-SSCP methods for Fusarium diversity using beta-tubulin and 

EF-la fragments; 

iv. Compare PCR-DGGE to PCR-SSCP for differentiation of Fusarium species; 

v. Determine the detection limits of EF-1 a and FUM DNA with RT-PCR; and 

vi. Analyze the sequences of the EF-la and beta-tubulin genes for phylogenetic relationships. 
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CHAPTER 2 

LITERATURE OVERVIEW 

2.1 Commercial and subsistence agriculture in South Africa 

South Africa has a dual agricultural economy including commercial and subsistence production, 

with well-developed commercial farming and more subsistence-based production in the rural 

areas (Crawford, 2007). Commercial agriculture plays an important role in the economy and 

development of South Africa and is a large provider of employment, especially in the rural areas, 

and a major earner of foreign exchange (Directorate Agricultural Statistics, Department of 

Agriculture, South Africa, 2007). The value of commercial agricultural production in South 

Africa was R96 billion in 2007, while its contribution to the gross domestic product (GDP) was 

approximately R49 billion. The primary agricultural sector has grown by an average of 

approximately 11.8 % per annum since 1970, while the total economic growth was 14.9 % per 

annum over the same period, resulting in a decline in agriculture's share of the GDP from 7.1 % 

in 1970 to 2.3 % in 2006 (Directorate Agricultural Statistics, Department of Agriculture, South 

Africa, 2007). 

Subsistence agriculture, especially in rural areas of South Africa, is vital in food production and 

food security due to mass poverty that currently exists (Khumbane, 1997; Jansen van Rensburg et 

ah, 2004). The indigenous people of South Africa depend largely on traditional food plants that 

vary from maize, sorghum, millet, dry beans, peanuts, melons, sweet cane, wild dark-green leafy 

vegetables (morogo) and the traditional pumpkin (Khumbane, 1997; Van Wyk & Gericke, 2000; 

Jansen van Rensburg et ah, 2007). Of these, morogo are probably the most widely occurring 

vegetables in South Africa and Africa in general (Guarino, 1997; Jansen van Rensburg et ah, 
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2004). During the production season they reportedly provide some societies with as much as a 

quarter of the daily protein intake (National Research Council, 2006). The leaves contain high 

amounts of protein, (25% for Amaranthus emeritus), more lysine than quality-protein maize 

(high-lysine corn) and more methionine than soybean meal. In addition, vitamins A and C, and 

minerals such as calcium and iron, occur in fair quantities (Jansen van Rensburg et al, 2004; 

National Research Council, 2006). Thus, morogo are nutritionally important vegetables for 

subsistence households. Without these plants, the hidden hunger of malnutrition in rural areas 

would be much worse. With them in greater use, it can be greatly reduced (National Research 

Council, 2006). 

Commercial and subsistence crops experience biotic and abiotic stresses, e.g. insect and pathogen 

attack, variation in precipitation and temperature, salinity and anaerobic conditions (Strange & 

Scott, 2005; Li et al, 2008; Zhou & Shao, 2008). The greatest challenge to crop production is the 

fight against different pests, weeds and diseases (Vidhyasekaran, 2007). Plant diseases cause 

major yield losses every year and have impacted the well-being of humans worldwide (Agrios, 

1997; Anderson et al, 2004). Plant pathogens may reduce yield by causing tissue lesions; 

reducing leaf, root, or seed growth; or by clogging vascular tissues and causing wilt (Lucas & 

Dickinson, 1998; Bent, 2003; Rangaswami & Bagyaraj, 2005). Even in the absence of symptoms, 

pathogens can cause a general metabolic drain that reduces plant productivity. Pathogens may 

also cause pre- or postharvest damage to the harvested product (Bent, 2003; Strange & Scott, 

2005). Thus, the effects of plant pathogens can range from mild symptoms to catastrophes in 

which large areas of food crops are destroyed (Strange & Scott, 2005) which worsen food supply 

and food insecurity, particularly in rural households. 
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Among the organisms responsible for plant diseases, pathogenic fungi, in particular Fusarium 

species has been studied extensively (Nelson et al, 1981; Nelson et al, 1983; Summerell et al, 

2001; Leslie & Summerell, 2006; Wakelin et al, 2008). The genus Fusarium consists of several 

important pathogens that infest commercial and subsistence crops such as maize, wheat, barley, 

asparagus and wild morogo vegetables (Stack, 2003; Yergeau et al, 2005; Van der Walt et al, 

2008; Wakelin et al, 2008). Infections of grains with Fusarium species is of economic 

importance since they are responsible for severe losses yearly due to lower yield and quality of 

the grains (Jurado et al, 2005). Apart from affecting crop yields, these species produce 

mycotoxins (Marasas et al, 1984; Marasas, 1987; Leslie & Summerell, 2006). 

Mycotoxins are secondary metabolites produced by specific fungal species that are common 

contaminants of agricultural products (Bennett & Klich, 2003). Poor harvesting practices, 

improper storage and less than optimal conditions during transportation, marketing and 

processing can also contribute to fungal growth and increase the risk of mycotoxin production 

(Magan & Aldred, 2007; Wagacha & Muthomi, 2008). These climatic conditions as well as the 

food production chains are characteristic in most parts of Africa (Wagacha & Muthomi, 2008). 

The largest mycotoxin-poisoning epidemic in a decade was reported in Africa (CDC, 2004; 

Lewis et al, 2005). Mycotoxin management methods cannot practically be used in developing 

countries because of inadequate food systems and technological infrastructure resulting in 

uncontrolled mycotoxin levels in food (Wagacha & Muthomi, 2008). This situation is made 

worse by the fact that staple diets in many rural households are based on cereal crops such as 

maize, which are highly susceptible to mycotoxin contamination (Wagacha & Muthomi, 2008). 

Mycotoxins have been known to be a hazard to human and animal health for many years, and 

ingestion of foods or feeds made toxic by these metabolites can cause mycotoxicoses (Nelson et 
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al, 1994; Bennett & Klich, 2003). Some of the diseases associated with toxigenic Fusarium 

species in humans and animals include alimentary toxic aleukia, Urov or Kashin-Beck disease, 

hemorrhagic syndrome and estrogenic syndrome (Nelson et al., 1994). Fusarium can also cause 

infections which can be locally invasive or disseminated (Dignani & Anaissie, 2004). More 

recently, Fusarium species have become important pathogens of individuals with compromised 

immune systems (Anaissie et al, 1986; Anaissie et al, 1992; Rabodonirina et al, 1994; Jensen et 

al, 2004) and are associated with high morbidity and mortality (Walsh et al, 1996; de Pauw & 

Meunier, 1999). In severely immunosuppressed patients, Fusarium can cause disseminated 

disease and has recently emerged as the second most common pathogenic mould (after 

Aspergillus) in high-risk patients with haematological cancer, and in recipients of solid organ 

(Musa et al, 2000; Sampathkumar & Paya, 2001; Husain et al, 2003) and allogeneic bone 

marrow or stem cell transplants (Boutati & Anaissie, 1997; Krcmery et al, 1997; Ascioglu et al, 

2002; Marr et al, 2002). 

Mycotoxigenic Fusarium species mainly produce fumonisins, trichothecenes and zearalenones 

(Desjardins & Proctor, 2007). Fumonisins were discovered and characterized in 1988 by 

Bezuidenhout et al Up to 28 fumonisin analogs have been identified of which fumonisin B (FB) 

group is predominant. The most abundantly produced member of the FB group is fumonisin B1 

(FBI) (Marasas, 1996). Fumonisins have been described as sphingosine analogue mycotoxins 

because of the structural similarities they share with the sphingolipid intermediate sphingosine 

(Butchko et al, 2003). They are responsible for the inhibition of sphingolipid metabolism, which 

can have diverse and complex effects in animal systems (Desjardins & Proctor, 2007). 

Consumption of fumonisin-contaminated feed has been associated with various mycotoxicoses 

including leukoencephalomalacia in horses (Desjardins & Proctor, 2007), porcine pulmonary 

edema (Harrison et al, 1990), hepatocarcinoma in rats (Gelderblom et al, 2001), and atherogenic 
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effects in vervet monkey (Fincham et al., 1992). Although there is no direct evidence of adverse 

effects of fumonisins on human health (Shephard et al., 1996), studies have shown that these 

toxins are associated with high incidences of esophageal cancer in South Africa (Marasas, 2001), 

China (Chu & Li, 1994), Italy (Franceschi et al, 1990) and Iran (Shephard et al, 2000). The 

Joint FAO/WHO Expert Committee on Food Additives (JEFCA) has set a tolerable daily intake 

of 2 (ig/kg of body weight/day for the total fumonisins (Bi, B2 and B3), alone or in combination. 

Trichothecenes consist of of a large family of compounds, of which diacetoxyscirpenol, T-2 

toxin, nivalenol, and deoxynivalenol are most important in cereal grains (Desjardins & Proctor, 

2007). They are commonly found as food and feed contaminants and consumption of these toxins 

can result in alimentary haemorrhage and vomiting (Joffe, 1986). Thrichothecenes have been 

associated with chronic and fatal toxicoses of humans and animals, including alimentary toxic 

aleukia in Russia and Central Asia, Akakabi-byo (red mold disease) in Japan, and swine feed 

refusal in the USA (Desjardins & Proctor, 2007). Ingestion of deoxynivalenol in high quantities 

by agricultural animals causes nausea, vomiting and diarrhoea. At lower quantities, pigs and 

other farm animals display weight loss and food refusal (Rotter et al, 1996). For this reason, 

deoxynivalenol is sometimes called vomitoxin or food refusal factor (Miller et al, 2001). The 

symptoms produced by the various trichothecenes include effects on almost every major system 

of the vertebrate body. Many of these effects are due to secondary processes that are initiated by 

metabolic mechanisms related to the inhibition of protein synthesis (Bennett & Klich, 2003). 

Zearalenone is a non-steroidal oestrogenic mycotoxin produced by several Fusarium species 

including F. gaminearum, F. culmorum, F. equiseti and F. crookwellense (Kumar et al, 2008). 

All of these Fusarium species are regular contaminants of cereal crops worldwide (Hagler et al., 

2001). It has been associated in numerous mycotoxicoses in farm animals causing infertility, 
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abortion or other breeding problems especially in pigs (Kumar et al, 2008). As little as 0.1-5 

mg/kg zearalenone in feed may produce estrogenic syndrome in pigs. Also, uterine prolepses can 

occur in young pigs at concentrations as low as 1 mg/kg (Kumar et al, 2008). The recommended 

safe human intake of zearalenone is estimated to be below 0.05 |ig/kg of body weight per day 

(Kuiper-Goodman et al, 1987). Because of its biological influence and regular dietary co­

occurrence with mycotoxins such as fumonisins and trichothecenes, the potential of zearalenone 

to cause adverse health effects should not be ignored (Bennett & Klich, 2003). 

Reflecting on adverse effects of toxigenic Fusarium species on agricultural crops and the 

implications of mycotoxins on human and animal health, it is of utmost importance for the early 

detection and identification of Fusarium species. Using culture-dependent methods for the 

identification of Fusarium species on crops and in food is problematic; the genus is diverse and 

conflicting taxonomic organizations have been suggested (Nelson, 1991). At present, 

identification and differentiation of Fusarium species are based on morphological characteristics 

such as the shape and size of the macroconidia, the presence or absence of microconidia, 

chlamydospores and colony morphology (Nelson et al, 1983; Nelson et al, 1994; Summerell et 

al, 2003; Leslie & Summerell, 2006). This process is time consuming and requires extensive 

training and expertise (Bluhm et al, 2002; Bluhm et al, 2004). In many cases, minor 

morphological differences delineate species, making identification even more difficult (Nelson, 

1991). Since the different Fusarium species also have different mycotoxin profiles, the accurate 

determination of the Fusarium species present is vital to predict the potential risk of the Fusarium 

isolate (Jurado et al, 2006). Thus, a rapid and reliable method for the routine identification of 

toxigenic Fusarium species would benefit the food-processing industry (Bluhm et al, 2002), 

subsistence agriculture, and human and animal health. 
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2.2 Molecular methods employed for fungal identification studies 

Various PCR assays have been developed for rapid detection and identification of mycotoxigenic 

Fusarium species, some of them based on single copy genes directly involved in mycotoxin 

biosynthesis (Niessen & Vogel, 1998; Bluhm et al, 2002; Gonzalez-Jaen et al, 2004; Kulik et 

al, 2004). These methods are specific, since identification is made on the basis of genotypic 

differences, and are highly sensitive, detecting target DNA molecules in complex mixtures 

(Jurado et al, 2006). Several researchers have used PCR-based assays to target the genes directly 

involved in mycotoxin biosynthesis, including TR15, TR16, TR17 (trichothecene biosynthesis), 

and FUM1 (fumonisin biosynthesis), to identify groups of toxigenic Fusarium spp. (Niessen & 

Vogel, 1998; Lee et al, 2001; Bakan et al, 2002; Bluhm et al, 2002). 

2.2.1 Polymerase Chain Reaction (PCR) 

Polymerase chain reaction (PCR) is a sensitive, rapid and highly specific method that can be 

applied for the detection and screening of fungal DNA from environmental samples (Atkins & 

Clark, 2004; Demeke et al, 2005), especially mycotoxigenic fungi (Marek et al, 2003; 

Haughland et al, 2004). Several researchers, including Bluhm et al. (2002, 2004); Demeke et al 

(2005); and Jurado et al. (2006) have focused on the use of PCR-based techniques for the 

detection and identification of Fusarium species. 

The development of primers to target specific regions of DNA has lead to greater understanding 

of fungal ecology, fungal-plant interactions, fungal-pest interactions and fungal-fungal 

interactions. As more information becomes available regarding fungal genomics and gene 

function, the greater the possibility of PCR technologies becomes (Atkins & Clark, 2004). 

Species-specific primers have been used for PCR detection and screening of various Fusarium 

species, including F. acuminatum (Williams et al, 2002), F. avenaceum (Schilling et al, 1996; 
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Doohan et al, 1998; Waalwijk et al, 2003; Waalwijk et al, 2004), F. crookwellense (Yoder & 

Christianson 1998), F. culmorum (Nicholson et al, 1998), F. equiseti (Mishra et al, 2003), F. 

graminearum (Nicholson et al, 1998; Waalwijk et al, 2003; Waalwijk et al, 2004), F. poae 

(Parry & Nicholson, 1996), and F. pseudograminearum (Aoki & O'Donnell, 1999). 

The benefits of using PCR assays instead of culture-dependent methods for fungal diagnostics are 

that PCR's can be performed routinely and do not require a high level of expertise for 

interpretation of the results (Atkins & Clark, 2004). PCR assays also enable the assessment of the 

potential contamination of plant products with certain mycotoxins and to determine the potential 

risk to human and animal health (Kulik et al, 2007). 

2.2.2 Multiplex PCR 

Multiplex PCR is a key technology for a wide variety of applications, including the diagnosis of 

infectious diseases and the identification of pathogens (Edwards & Gibbs, 1994). This PCR-

based method is a modification of PCR in which two or more loci are simultaneously amplified 

in the same reaction (Henegariu et al, 1997). This is achieved by adding more than one primer 

pair to the PCR reaction mixture (Schoske et al, 2003). However, there are limits to how many 

primers can be included into a single test tube. Tettelin et al (1999) had success using up to 30 

primers under specific experimental conditions. The general sensitivity and specificity of 

multiplex PCR are significantly affected by the first few rounds of thermal cycling (Ruano et al, 

1991). Overall success of amplification of the target sequence depends on (i) the rate at which the 

primers anneal to the target sequence; and (ii) the rate at which the annealed primers are extended 

alongside the desired sequence during the amplification cycles (Elnifro et al, 2000). 
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