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Multiplex, Quantitative, Real-Time PCR for   
Rapid Detection, Identification and Quantification of  
Mycotoxigenic Fusarium spp. in Durum Wheat 

 
 

Problem Identification and Related Research 
 
North Dakota has been the country’s top producer of small grains. In 2005, ND growers planted 
a total of 1.98 million acres to durum wheat alone, representing 72% of the nation’s total 
(USDA-NASS 2005). However, durum wheat is host to a number of pathogens including 
Fusarium graminearum, which is the predominant cause of Fusarium Head Blight (FHB). Thus, 
the potential for serious economic losses is very high. Widespread FHB epidemics in the 1990’s 
reduced the marketability and price of grains with losses estimated in the billions of dollars 
(McMullen et al. 1997, Nganje et al. 2004). 
 
The persistence of trichothecenes in infected stored grains and in processed food poses a great 
risk to human health and animals (Marasas et al. 1984, Tanaka et al. 1988, Schwarz et al. 1995). 
Concern over mycotoxin presence in durum wheat grains for pasta and semolina has been 
focused on DON. F. graminearum produces the mycotoxin deoxynivalenol (DON), a strong 
protein synthesis inhibitor (Charmley et al. 1994) known to cause vomiting and feed refusal in 
nonruminant animals. However, other Fusarium spp. are also known producers of important 
mycotoxins aside from other trichothecenes. Marketability and prices of grains are presently 
affected by DON concentration but not by the presence of other trichothecenes (i.e., nivalenol, T-
2 toxins, 15-acetyldeoxynivalenol) or zearalenone. This somehow disregards the fact that other 
mycotoxigenic Fusarium species can and do co-exist in infected grains. Salas et al. (1999) 
identified F. graminearum (62-64%) as the predominant species in Red River Valley barley 
(1994-96), which were DON (type B) producers. Other species included F. poae (13-20%) which 
is a T-2 and HT-2 producer (type A), and F. sporotrichioides (10-17%) as well as F. avenaceum 
(6-10%) which are type B producers.  
 
Stack (2003) cited historical accounts on the occurrence of trichothecenes in food and feeds in 
the US since 1928 but mentioned that there has been confusion as to which toxins were involved. 
In cereal grains, Fournier et al. (2005) recently reported a shift in Fusarium mycotoxin profile. 
They observed a decrease in type B (i.e., DON) and an increase in type A trichothecene (i.e., T-2 
toxins) which are more toxic than DON.  Therefore, there is a need to conduct an up to date 
assessment of Fusarium spp. that are present in naturally-infected grains and their associated 
mycotoxins. 
 
The ability to rapidly detect trichothecene chemotypes in collected durum wheat grains across 
the state of ND is also important due to the significant number of grain samples and the 
differences in the toxicity of these secondary metabolites. This can be accomplished rapidly 
using a polymerase chain reaction (PCR)-based detection of FHB-associated Fusarium species 
(Schilling et al. 1996, Nicholson et al. 2003). The goal of this project is to develop a rapid and 
reliable multiplex, quantitative, real-time PCR assay. With the multiplex real time-PCR, 
detection and identification of specific Fusarium species as well as quantification of fungal 
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	Data Analysis.  A factorial design will be used to test the difference between treatments among the reference strains. The variables will be the reference strains (represented by the mixture of template DNA of each strain present in the same PCR reaction well), probe concentration and primer concentration.  After obtaining the optimal reaction mixture concentrations for the reference strains, multiplex real time-PCR reaction parameters will be determined using various primer annealing temperatures. Later, a factorial design will be used to design validation treatments with the other fungal strains and durum samples for testing the specificity and sensitivity of the multiplex real time-PCR method. To use the method for quantifying trichothecene genes from various samples, additional PCR reactions will be performed simultaneously where standard template DNA concentrations of the reference strains will be used to derive a standard curve for the BioRad iCycler. Analysis of variance (ANOVA) will be used to compare the differences at 5% level of significance for each treatment. 
	Anticipated Results and Products
	The project will: (1) establish a reliable protocol for rapid PCR-based detection of 5 prevalent Fusarium species in durum wheat; (2) provide accurate information on the profile of FHB-related Fusarium spp. in naturally-infected 2005-2006 durum wheat collections; and (3) provide reliable information on the distribution of Fusarium spp. in this region in relation to the associated mycotoxins (DON, NIV, 3-ADON and 15-ADON, T-2) to breeders, researchers, growers and industry for better disease management, control measures and food safety. 
	The method will be rapid, sensitive and species specific to simultaneously detect and quantify FHB-related Fusarium species that co-exist in naturally infected durum wheat as well as other grains. The data can be used to monitor any shift in the Fusarium spp. profile within the time period. Information on Fusarium species detected, amount of starting material for each species and quantification of Tri genes can be used for profiling Fusarium in naturally infected grains and species distribution in relation to the associated trichothecenes that they produce.  This technique will be adaptable to other commodities and food matrices.  The ability to specifically quantify the biomass of these mold species will help breeders, geneticists, epidemiologists, and food scientists with risk assessment and mitigation of mycotoxins in the global food supply.  
	 Project Timetable



