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Project 1: Characterize and Map Barley Genes that Respond to Fusarium graminearum
Infection.

1. What major problem or issue is being resolved relevant to Fusarium head blight (scab)
and how are you resolving it?

Fusarium head blight (FHB or scab), caused by Fusarium graminearum, is a disease that can
devastate the small grains wheat and barley. There is a limited amount of information
pertaining to the molecular genetic interaction between barley and F. graminearum. Our goal
is to identify, characterize and map barley genes that respond to F. graminearum infection.

In collaboration with Drs. Kevin Smith and Brian Steffenson, we identified a set of 101
genotypes that exhibit variation for scab resistance and susceptibility. Previous disease
screens of these lines categorized 78 as resistant and 23 as susceptible. To obtain FHB
severity data from a single trial, we grew the complete set of lines in China. The disease
severity data differentiate resistant from susceptible genotypes. The 101 lines were screened
with DArT markers and we determined the haplotypes at three FHB QTL on chromosome 2H
bins 8, 10 and 13-14 and a QTL on chromosome 6H bin 7 (Huang et al., accepted in TAG).
This information will be useful for future mapping studies and breeding efforts. We also used
the DArT data to identify a core set of 25 genotypes that served as a representative set for
sequencing genes that have the potential to exhibit resistance or susceptibility. We
completed the sequencing of 39 genes from this set of 25 genotypes. As part of this
sequencing effort, we completely sequenced an UDP-glucosyltransferase (UGT) gene (~2.5
kb), that detoxifies DON via conversion to DON-3-O-glucoside, from 32 individuals.
Transgenic yeast and Arabidopsis (Shin et al., 2012) carrying the barley UGT confer
resistance to DON, and transgenic wheat confer resistance to FHB (see below). We identified
a nonsynonomous mutation in the barley UGT gene in two of the most susceptible barley
genotypes. In collaboration with Dr. Gerhard Adam, we examined the function of the mutant
allele in yeast. We found that this mutation resulted in the reduced ability to convert DON to
D3G, indicating that we may have identified a key component of FHB resistance in barley.

To obtain data to map resistance to DON in barley we screened a set of barley FHB mapping
population parents for root growth on DON-containing media. We identified a differential
response in the mapping population parents: Atahualpa (susceptible) and M81 (resistant), and
Comp351 (resistant) and M98-102 (susceptible). The populations were increased and we are
beginning to screen individuals of the Atahualpa x M81 mapping population for DON
resistance.

To examine gene expression at key QTL for FHB resistance, we increased seed from three
NIL pairs carrying the chromosome 2H bin 8 and 10, and chromosome 6H bin 7. To confirm
we have the correct genotypes and to genetically characterize these NILs we submitted tissue
from each NIL to Dr. Shiaoman Chao for SNP genotyping. Our plan is to use RNA-seq to
examine gene expression in these NIL pairs during Fusarium graminearum infection.
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2. List the most important accomplishment and its impact (i.e. how is it being used) to
minimize the threat of Fusarium head blight or to reduce mycotoxins. Complete both
sections (repeat sections for each major accomplishment):

Accomplishment:
1. We determined DArT haplotypes in 101 FHB resistant and susceptible genotypes for four
major barley FHB QTL.

2. In highly susceptible barley, we identified an allele of a barley UGT gene that exhibits
reduced ability to convert DON to D-3G, indicating that this gene may be an important
component of resistance.

Impact:
1. The haplotype work provided information regarding the genetic relationships between the

FHB resistant genotypes, enabling us to select the genotypes that carry novel disease
resistance loci and/or alleles for genetic mapping and breeding.

2. The identification of the mutant allele of the barley UGT gene indicates that this gene
may be an important component of resistance and provides the rationale for selecting
additional alleles of this gene that will confer increased resistance.
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Project 2: Rapidly Identify and Test Scab Resistance Genes.

1. What major problem or issue is being resolved relevant to Fusarium head blight (scab)
and how are you resolving it?

Fusarium head blight (FHB or scab), caused by Fusarium graminearum, is a disease that can
devastate the small grains wheat and barley. During infection, F. graminearum produces
deoxynivalenol (DON), a trichothecene mycotoxin. There is a limited amount of information
pertaining to the molecular genetic interaction between the small grains and Fusarium
graminearum and in particular the response to DON accumulation. Our goal is to identify
and rapidly test genes that exhibit resistance to trichothecenes.

We cloned eight genes from barley encoding UDP-glucosyltransferases (UGTSs) that respond
to DON accumulation and sent them to Dr. Gerhard Adam for functional assays in yeast to
test for the ability of these enzymes to detoxify trichothecenes. One of these UGT genes
confers resistance in yeast to DON (Schweiger et al., 2010). We developed transgenic
Arabidopsis carrying this gene and showed that they confer resistance to DON (Shin et al.,
2012). In contrast to the Arabidopsis UGT gene previous isolated, we showed that
overexpression of the barley UGT gene in Arabidopsis did not exhibit deleterious phenotypes
and did not conjugate brassinosteriods. Transgenic wheat carrying the barley UGT gene was
developed and screened three times in the greenhouse. In these screens we observed a high
level of type Il resistance. In fact, we identified lines that exhibited higher levels of type Il
resistance than Sumai3. In collaboration with Dr. Ruth Dill-Macky, disease screens are
being conducted in the field this summer. Currently, we are examining these transgenic
wheat plants for their ability to convert DON to D-3G. Finally, we are collaborating with Dr.
Jochen Kumlehn (IPK-Gaterslaben, Germany) to develop transgenic barley carrying this
gene.

To rapidly identify additional DON resistance genes we are transforming Arabidopsis with
putative DON resistance genes from barley. We isolated barley genes encoding two zinc
finger proteins, two ABC transporters, three cytochrome P450s, one epoxide hydrolase and
seven glutathione-S-transferases that were upregulated after DON application. Transgenic
Arabidopsis have been developed for seven GSTs, one zinc finger protein, and two ABC
transporters. To date, testing of the transgenic Arabidopsis carrying five GSTs resulted in a
lack of resistance. Development and testing of additional transgenic plants is underway.
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2. List the most important accomplishment and its impact (i.e. how is it being used) to
minimize the threat of Fusarium head blight or to reduce mycotoxins. Complete both
sections (repeat sections for each major accomplishment):

Accomplishment:

1. We developed transgenic wheat carrying a barley UDP-glucosyltransferase and in three
greenhouse screens showed that this gene confers a high level of type 11 FHB resistance.

2. The transgenic Arabidopsis and wheat carrying the barley UGT did not exhibit any
deleterious phenotypes.

3. Transgenic Arabidopsis have been developed for seven GSTs, one zinc finger protein and
two ABC transporters and will be screened for DON resistance in the near future.

Impact:
4. The transgenic wheat carrying the barley UGT exhibited a higher level of resistance than

Sumai3, indicating that this gene is useful to confer a high level of resistance in wheat.
5. The lack of deleterious phenotypes in the transgenic Arabidopsis and wheat carrying the
barley UGT indicates that this gene will be a useful source of FHB resistance.
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Include below a list of the publications, presentations, peer-reviewed articles, and non-peer
reviewed articles written about your work that resulted from all of the projects included in
the grant. Please reference each item using an accepted journal format. If you need more
space, continue the list on the next page.
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Shin, S., J.A. Torres-Acosta, S.J. Heinen, S. McCormick, M. Lemmens, P.M.K. Paris, F.
Berthiller, G. Adam, and G.J. Muehlbauer. 2012. Transgenic Arabidopsis thaliana expressing a
barley UDP-glucosyltransferase exhibit resistance to the mycotoxin deoxynivalenol. J. Exp.
Botany (In press).
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Phytopathological Society Meeting, Providence, RI
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