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Research Question

    Fusarium head blight (FHB) is a major disease 
problem for Minnesota wheat growers.  There are 
few genes that exhibit resistance to FHB.  One major 
gene (Fhb1), located on chromosome 3BS, exhibits 
partial resistance to FHB.  Fhb1 has been incorpo-
rated into breeding programs and resulted in new 
varieties with improved resistance.  However, the 
new varieties are still susceptible during a severe 
FHB epidemic.  Unfortunately, the Fhb1 gene that 
underlies resistance has not been isolated.  The ob-
jective of this proposal is to identify candidate genes 
for Fhb1.  We used high-throughput sequencing 
technologies coupled with specialized genetic stocks 
to identify genes that respond to infection in plants 
carrying the resistant and susceptible alleles for the 
Fhb1 locus.  

Results
 
    We have conducted sequencing of genetic stocks 
carrying either the resistance allele or susceptible 
allele at the Fhb1 locus.  We obtained 141,866 
sequences from the resistant genotype and 126,916 
sequences from the susceptible genotype.  Multiple 
sequences can be derived from a single gene so we 
examined the number of genes that were expressed 
from each genotype.  We found 10,268 from the 
resistant genotype and 8,489 genes from the sus-
ceptible genotype that contained more than one se-
quence.  We also identified sets of genes that were 
unique to the resistant genotype or the susceptible 
genotype.  These differentially expressed genes are 
candidates for the Fhb1 gene and these genes will 
receive further study.

Application/Use
 
    Our goal is to identify candidate genes for Fhb1.  
Identifying the gene will provide the perfect marker 
for breeding FHB resistance genotypes, and the 
ideal candidate for developing transgenic plants car-
rying FHB resistance.  Our results have provided a 
set of candidate genes for further study.

Materals and Methods

    We used specialized wheat genetic stocks de-
veloped in Jim Anderson’s lab.  These stocks carry 
either the resistance of susceptible allele at the Fhb1 
locus.  We inoculated spikes of both genotypes with 
Fusarium graminearum, isolated RNA and prepared a 
library for each genotype of the expressed genes for 
both genotypes.  We used next generation sequenc-
ing technologies and obtained 127,000 and142,000 
sequences from the susceptible and resistant geno-
type, respectively.  We used bioinformatics approach-
es to examine the sequence data.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

    Fusarium head blight is a major disease problem 
in the wheat growing regions of Minnesota.  Yield and 
quality losses due to this disease can be devastating.  
Prophylactic fungicide treatments can cost $15/ acre.  
In addition, in severe FHB disease years the crop is 
not worth harvesting.  Therefore, the economic ben-
efits to this research are large.

Related Research
 
    We are using genomics to identify genes and 
mechanisms involved in FHB resistance and tricho-
thecene accumulation.  We are using Affymetrix 
GeneChips for barley, wheat and Fusarium gra-
minearum.  These GeneChips provide the opportu-
nity to examine the expression of thousands of genes 
in a single experiment.  We have identified wheat, 
barley and F. graminearum genes that are expressed 
during the wheat-F. graminearum (Jia et al., 2009) 
and barley-F. graminearum interactions (Boddu et al., 
2006; Guldener et al., 2006).  We have developed 
models for the interaction between wheat/barley 
and F. graminearum.  We have also identified bar-
ley genes that respond to trichothecene accumula-
tion (Boddu et al., 2007) and deoxynivalenol (DON; 
Gardiner et al submitted to Molecular Plant-Microbe 
Interactions). We have identified a barley UDP-gluco-
syltransferase gene that exhibits resistance to DON 
in yeast and Arabidopsis (Schweiger et al., submitted 
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to Molecular Plant-Microbe Interactions).  Currently, 
we are developing transgenic wheat with the barley 
UDP-glucosyltransferase.  We have identified other 
genes that have the potential to provide resistance in 
transgenic plants and we are in the process of testing 
these genes.

Recommended Research
 
    We will continue to develop and test transgenic 
wheat carrying an array of genes with the potential to 
enhance resistance to FHB.  We have an active gene 
discovery program with the goal of identifying novel 
genes that have the potential to provide resistance 
to FHB.  The sequencing effort associated with this 
funding is one of our gene discovery efforts.  As 
these genes are identified, we will incorporate them 
into our wheat transformation program and test the 
effects of these genes in transgenic plants.

Publications

    Publications, abstracts and talks are reported in 
the Appendix.
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