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Toward a better understanding of a major FHB resistance QTL in tetraploid wheat.
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Fusarium head blight (FHB), mainly caused by the fungus Fusarium graminearum, is a destructive disease of wheat
and poses a serious threat to wheat production and health of wheat consumers worldwide. Partial resistance to FHB has
been identified in common wheat (Triticum aestivum). A source of effective resistance to FHB, however, has not been
found in durum wheat (7. turgidum L. subsp. durum). A major FHB resistance QTL, Ofhs.ndsu-3AS, was identified and
mapped to chromosome 3A of T. turgidum L. subsp. dicoccoides, a wild relative of durum wheat, in a previous study.
This QTL explains 42% of the phenotypic variation for FHB resistance and is not homoeologous to Qfhs.ndsu-3BS, a
major FHB-resistance QTL identified in the Chinese common wheat cultivar Sumai 3. We have saturated the genomic
region harboring the QTL using EST-derived TRAP (target region amplified polymorphism), STS (sequence tagged site),
and SSR (simple sequence repeat) markers and are developing a high-resolution map of this FHB-resistance QTL. We
used the genomic sequences from 10 PACs on the short arm of rice chromosome 1, which are collinear with the chro-
mosomal regions harboring Ofhs.ndsu-3AS, to search the wheat EST pool and identified 404 unmapped wheat ESTs for
marker development. To date, a total of 58 new molecular marker loci have been detected on chromosome 3A. Five
new EST-derived STS markers mapped to a chromosomal interval of 10.7 cM harboring the QTL in a population of

83 recombinant inbred chromosome lines (RICLs). One of the STS markers was derived from the EST of a gene from
which expression was induced by the FHB pathogen F. graminearum in the common wheat cultivar Frontana. This STS
marker mapped 0.6 cM proximal to Xgwm2, an SSR marker closely linked to the QTL peak. Frontana also contains a
major FHB-resistance QTL on chromosome 3A. In addition, we have been genotyping a large F, population (>2,000
individuals) derived from the cross between Langdon durum and a RICL that has a small T. turgidum subsp. dicoccoides
chromosomal fragment (10.7 ¢cM) harboring Qfhs.ndsu-3AS for fine mapping of the QTL. This research facilitates the
use of Qfhs.ndsu-3AS in wheat breeding and germ plasm development through marker-assisted selection and map-based
cloning of the QTL.

Linkage disequilibrium and association mapping for wheat improvement.
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Knowledge of the level of genetic diversity and historical relationships among elite wheat germ plasm is very useful for
association mapping (AM) and the exploitation of genetic variation in wheat. Linkage disequilibrium (LD), or nonran-
dom association of alleles at adjacent loci throughout the genome within a population forms the basis for AM strategies.
The power of association analysis is affected by the patterns of LD, the extent of LD in the genome, and the variation in
LD from one population to another. Linkage disequilibrium is affected by mating system, recombination rate, popula-
tion structure, population history, genetic drift, directional selection, and gene fixation. Linkage disequilibrium estimates
for cultivated wheat and barley have indicated that LD decays over 5 to 40 cM, a much slower rate than reported for
outcrossing species. Germ plasm can be broadly classified into three categories: exotic accessions from germ plasm
bank collections, intermating populations, and elite lines. These classes of germ plasm can be used for different purposes
according to their genetic expectations. A core collection from a germ plasm bank may be used to screen high herit-
ability traits, whereas elite lines are usually evaluated for low heritability traits in replicated, multi-environment trials.
Intermated progenies of a segregating population are evaluated in different ways depending on the recurrent selection
method and traits. The genetic expectations for an exotic core collection are low LD, low to medium population struc-
ture, and high allelic diversity. Linkage disequilibrium is high in the early generations of a segregating population and
declines with additional cycles of intermating and selection. Elite lines have high LDs and population structure. Exotic
germ plasm is typically used as a source of novel alleles in a marker-assisted backcross scheme, whereas elite lines are
intermated and marker-assisted selection is used in the segregating progenies in a forward-breeding strategy. Intermated
segregating populations offer a favorable balance of power and precision for association analysis and would allow map-
ping of quantitative traits with increasing resolution through cycles of intermating.
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Association analysis and complex trait dissection can be integrated into conventional breeding programs using
molecular tools and information to facilitate marker-assisted selection of parents and segregating populations. Breed-
ing programs are dynamic, complex genetic entities that require frequent evaluation of marker/phenotype relationships.
Biparental cross populations sometimes involve poorly adapted parents, exhibit maximum linkage disequilibrium, and
are limited to two alleles per locus. Association mapping can be conducted directly on the breeding material greatly
facilitating the practical use of information in a crop improvement program. Because there is more genetic variation in a
breeding program than in a biparental cross, phenotypic variation and marker polymorphism are much higher. Genotypic
data can be combined with phenotypic data from routine screening and variety trial evaluations to facilitate selection
for low heritability traits. Probably the most important advantage for a breeding program is that novel alleles can be
identified and the relative allelic value can be assessed as often as necessary. To minimize statistical error, correction
for population structure is critical in a collection of genotypes, especially in a breeding program where relationships are
highly variable. Simulations suggest potential problems associated with unknown marker/QTL relationships and can be
used to forecast the response to marker-assisted selection.

The Wheat—CAP Project: Wheat applied genomics.
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The Wheat Coordinated Agricultural Project (WheatCAP) is a consortium funded by USDA-CSREES National Research
Initiative that includes public breeders from 25 states and four USDA—ARS genotyping centers, and integrated with
GrainGenes. Because public wheat cultivars account for 78% of the wheat production in the United States, this project
has a significant economic impact. The competitiveness of US public wheat breeding is being increased by the incor-
poration of marker-assisted selection (MAS). With input from regional stakeholders, each breeder has determined the
most important traits to select through MAS and has access to 5,000 analyses per year. During the first two years of the
project, the high-throughput, USDA-ARS genotyping centers have generated more than 190,000 datapoints. The traits
selected include disease and pest resistance genes (65%), quality traits (17%), tolerance to abiotic stresses (12%), and
agronomic or special purpose traits (9%). Molecular markers for new traits are being identified using QTL analysis in 18
segregating populations created by the breeding programs using parental lines adapted to the different U.S. wheat-grow-
ing regions. As part of our outreach efforts, we are informing growers and end-users of the economic advantage of lines
developed by MAS through field days and demonstration plots. We are training over 90 students at all levels in agricul-
tural sciences and breeding as part of our educational objectives. Through September 2007, the WheatCAP participants
have published 25 papers in peer-reviewed journals, presented 71 lectures and posters, and organized three experiential
trips and 51 workshops and field days. For further information see http://maswheat.ucdavis.edu.

Wheat SNP markers: Discovery and utilization.
E.D. Akhunov, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506, USA.

For the purposes of marker-assisted selection, association mapping, genetic mapping, and positional cloning, the avail-
ability of a large number of molecular markers is critical. In the foreseeable future, single nucleotide polymorphisms
(SNPs) will become the marker of choice for all the above-listed applications. Polyploidy, large genome size, and low
level of polymorphism make the development of wheat SNP markers very challenging. However, recent advances in
high-throughput sequencing and genotyping led to the development of technological platforms that could easily over-
come all the limitations of the wheat system. New sequencing platforms could be used to discover the required number
of SNPs over larger regions of the wheat genome; new genotyping platforms could overcome the limitations caused by
polyploidy and allow genotyping a large number of plants at large number of SNP loci. New technologies, combined
with new methods of statistical analysis, are extremely powerful tools for studying wheat at the whole-genome level and
dissecting the genetic basis of complex traits. An overview of recently developed wheat SNP resources and their appli-
cation to the analysis of wheat genome will be presented.
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