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IN DEDICATION TO
DR. HARRY C. YOUNG, JR.

Harry C. Young, Jr., professor emeritus in the Department of Plant Pathology at Okla- 8
homa State University, passed away 22 February, 2009, in Wichita, KS, at the age of
90. Young grew up in Wooster, OH, where he attended public schools and obtained
a B.S. in botany from The Ohio State University in 1940. He was awarded an M..S.
degree in plant pathology in March 1943 and Ph.D. in plant pathology and plant
breeding from the University of Minnesota in June 1949. Young began his career at
Oklahoma State University in 1950, where he spent his entire career and retired in
1982.

Young was a U.S. Army Air Corps Captain during WWII and served from
1943-46. He was trained as a photography analyst and, later, was a Technical Supply [*
Officer for the 379" Fighter Squadron, 362" Group, Fighter Command, 9" Air Force |
in the European Theater.

Young made notable contributions in plant pathology research and in train- 'S
ing graduate students, several of whom have made significant contributions to the
science of plant pathology. Young’s area of research included developing disease-
control programs involving the diseases of fruit nursery stock, small and coarse grain
cereals, and turfgrasses; the population dynamics of combinations of genes for patho-
genicity in the wheat leaf rust fungus, Puccinia triticina; the specifics of disease progress of stalk rot of maize caused by
Diploidia zeae; and disease-monitoring programs, especially for diseases of wheat, oats, triticale, and barley. He served
on several committees of the American Phytopathological Society including Plant Disease Detection, Disease Manage-
ment, Epidemiology, Disease Loss Appraisal, Disease and Pathogen Physiology, and International Cooperation.

Young conducted two special research projects of particular interest to him. One was the role of the alternate
host in the pathogenic variability of the wheat leaf rust pathogen. This study was conducted at the University of Min-
nesota and supported by a sabbactical Leave from Oklahoma State University, a John Simon Guggenheim Memorial
Foundation Fellowship, and a grant by the U.S. Department of Agriculture in 1961-62. Second was the comparison of
variability in pathogenicity of wheat leaf rust populations in the presence of two different alternate hosts of the pathogen
(species of the genera Thalictrum and Anchusa) and in the absence of any alternate host. This study was conducted at the
Estacao Agronomica Nacional, Oeiras, Portugal, and was supported by a Fulbright Hayes Senior Post Doctorial Fellow-
ship and a grant from the Fundacao Caluste Gulbenkian de Lisboa in 1969-70.

Young’s three major avocations in life were golf, light plane flying, and skiing. The former led to intensive
study of disease and disease control of turfgrass pathogens, particularly in bent grass greens. He was a member of the
Oklahoma Golf Course Superintendents and the Oklahoma Turfgrass Research Foundation, providing them with disease
control counsel throughout much of his career until he retired in 1982. He continued playing golf after his 90 birthday.
His private plane flying greatly enhanced his supervision of State and Regional research plots and in visiting research
stations in the southern Great Plains. He continued flying until about age 87. His desire to ski resulted in him and wife
Joan, married since 1943, moving to Pagosa Springs in the southern mountains of Colorado after retirement.
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1. SPECIAL REPORTS

REPORT FROM WHEAT CROP GERMPLASM COMMITTEE
Thursday, 8 January, 2009.
San Diego, CA, USA.

Present: Harold Bockelman, Dave Matthews, Tom Payne, Kim Campbell, Dave Marshall, Anne Marie Thro, Giles
Waines, and Daren Coppock.

Introductions.

Report from National Small Grains Germplasm Collection. Update on wheat resources in NSGC, including new
PI assignments and the Wheat CAP populations. Several new accessions were assigned PI numbers this year. Many
are PVPd lines from the U.S. and also landraces from Tajikistan, wild wheats from Turkey, and winter durums from
OSU. WheatCAPs mapping populations are coming in and have been assigned GSTR numbers. GSTR is a prefix for
Genetic Stock, Triticum. GSTR accessions are maintained and distributed but not regenerated.

The total size of the collection is now over 135,000, including over 65,000 Triticum sp. The size of collection is
an issue to be aware of because maintenance and regeneration costs increase. No action needed at this point but the com-
mittee needs to continue to function to determine priorities.

Defining the gaps in the collection and priorities for future acquisitions. There continues to be some funding for col-
lecting trips. Some Aegilops species are missing. There is a fair collection of Aegilops that have never been assigned PI
numbers.

Some geographic areas are under-represented. Iran, top of Zagros mountains, especially for T. urartu. There is
quite a bit of germ plasm available that was collected from Iranian valleys but not from Iranian mountains. It is a diffi-
cult place in which to collect; even the Iranians are not keen on going there. Armenia. Giles collected some Ae. tauschii,
and T. monococcum last year with funding from California sources. Giles has been asked to go back to Armenia through
the American University of Armenia.

Recently the collection has been able to collect and deposit material from various countries in Central Asia
because of joint collecting trips with ICARDA. This was formerly a gap.

Weedy ryes are not well represented in either the U.S. or CIMMYT germ plasm collections and would be easily
collected, likely from Turkey.

Some discussion of how to access germ plasm from Iraq. Iraq is working on Ug99 and the CIMMYT-ICARDA
wheat program has a reasonable amount of collaboration.

Need to identify gaps. One method of doing this is to look at a species/geographic matrix. This can be done on
a limited basis currently, but will be greatly facilitated in the new GRIN because of the GIS capabilities.

Action: Need to identify vulnerable collections of individual researchers, for example that of Giles Waines, etc.
that might become threatened due to retirement, changes in priorities, or changes in funding. Also need to get an inven-
tory of genetic stock collections (Lukazewski and Sears collection in Missouri) and develop plan for maintenance and
distribution.
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Update on evaluations and future priorities.

Ug99. The NSGC is involved with Ug99 work through stem rust screening in Kenya. Part of the collection is being
screened in Kenya every year with lines that are prescreened at Aberdeen using local races; susceptible lines are not sent.
The data is not in GRIN at this point; but still being characterized.

Dave Marshall has been summarizing data on U.S. cultivars and experimental lines (not necessarily collections).
There is some resistance, particularly in winter wheat. Commercially grown wheat, especially spring types, have a pretty
high level of vulnerability.

Giles recommended that we evaluate roots. We do not have descriptors for wheat roots. Roots are important
for drought and root disease tolerance.

Action: Anne Marie will attempt to organize a paper session on root health for the CSSA meetings in 2010.

Heat tolerance. Need suggestions on how to measure this trait? Heat tolerance in India and Sudan needed at germina-
tion. Effect of heat stress on photosynthesis (Zoran Ristic); Tony Hall is writing a new review of heat tolerance.

Wheat blast. A new disease identified in Uruguay and southern Brazil; similar to rice blast. CIMMYT is keeping an
eye on this to see how much of a threat it will be.

Other threats. Russian Wheat Aphid is one of best characterized. Leaf rust, much of the data was collected years ago.
Stripe rust data is relatively recent. Stem rust data is currently being collected. Did a lot of work with Hessian fly in the
past. Characterization of plant, spike, and seed descriptors is continuing at Aberdeen.

Characterization of quality traits is missing. We have discussed doing single-kernel characterization. There are
some good molecular tools for characterization of quality traits. Molecular characterization is starting and we should
have more data in the next 5 years, at least on the core.

Deposit of protected materials. The NPGS will handle materials protected by PVP and by other MTAs. A voucher
sample is required to be sent to the National Lab at Ft. Collins in two cases:

e when PVP is applied for and

e  when material is registered in the CSSA Journal of Plant Registrations (JPR).
The NPGS maintains both voucher samples but assigns the same PI number to both.

The originator is responsible for distribution for 5 years after a JPR registration or for the life of the protec-
tion (up to 20 years) if PVPd or protected in some other manner. GRIN shows that it exists but must be requested from
breeder. After 5 years, or, if protected, after protection expires (max 20 years), the voucher sample is split and sent to the
field station (the NSGC) for maintenance and distribution. Dave Ellis and Jeff Pederson, editor of JPR, worked to make
sure that protected lines can be registered.

Action: Kim will write a short summary of these policies for CSSA news.

New material coming into the U.S.

CIMMYT nurseries; facilitating the exchange of CIMMYT materials, especially winter wheat nurseries from CIMMYT-
Turkey. Update on what has happened with APHIS since last year. APHIS-PPQ has agreed to work with Jim Peterson
and the ARS, Dave Marshall, and Harold Bockelman. Dave Marshall facilitated a risk assessment for Turkey. The germ
plasm is treated as a USDA project because of the urgency of Ug99. International nurseries from Turkey are coming in
through the USDA—Aberdeen; Blair Goates travels to Corvallis to inspect. Thanks to Davis Marshall and Kay Simmons
for working this out.

The primary CIMMYT nurseries coming in are increased under quarantine at Corvallis, OR (winter), and at
Stillwater, OK (winter and spring). Within the U.S., the FAWWON is distributed by Jim Peterson and several spring
nurseries including the stem rust nursery are distributed by Art Klatt. Some national disease recovery money was made
available to Art Klatt to continue. Some breeders go to him all the time; other programs do not know about it. Some
people get the material themselves from CIMMYT and do not go through Art or Jim. In general, CIMMYT sends seed
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to whoever asks. Many breeders are informed through Ug99. Much of the communication is done through regional
nurseries.

CIMMYT is concerned because they do not get any data back from U.S. collaborators. The data window for a
particular CIMMYT International nursery is 2 years. Australia and Ethiopia are in the same situation because quarantine
tends to break information flow. Australia recognized this because they were a black hole in terms of data (U.S. is also).
Australia initiated the ‘CAGE’, the CIMMYT-Australia Germplasm Enhancement Program; a suite of projects funded
by GRDC to promote uptake of CIMMYT germ plasm by Australian breeding programs. CAGE pools information that
the Australians collect and also are a resources for germ plasm.

New international nursery. The International Adaptation Trial (IAT) is distributed by the University of Queensland,
Australia. They had probe genotypes for root problems (micronutrients and root diseases). Used strategically in Aus-
tralia. Perhaps the U.S. can collaborate or start an additional nursery adapted to U.S., because the CIMMYT nursery is
spring wheat.

Action: Ask U.S. Regional Nursery collaborators to remind people to send data back to CIMMYT from the international
nurseries and remind people to contact Art Klatt or Jim Peterson if they are interested in particular nurseries.

Germ plasm bank at CIMMYT (Tom Payne). There are about 144,000 accessions in the germ plasm bank. In 2008,
CIMMYT management allotted 300,000 for capital upgrade of seed processing. Three automated dishwashers, modi-
fied for seed washing in sodium hypochlorite, were purchased. An automated, seed-packaging unit was purchased from
ZingPack (Cleveland) to increase flow-through. The entire wheat gene bank is being bar coded and will be finished by
May. The collection is housed in two separate chambers, a base collection and an active collection. David Bonnet was
hired recently as a prebreeder.

Yue Jin has been evaluating international nurseries for resistance to stem rust and perhaps just sending data back
to Ravi. CIMMYT has good contacts with USDA germ plasm system.

International Treaty. The President has signed the treaty but it is up to the Senate to ratify. Primarily applies to new
material that will come into the CIMMYT germ plasm bank but not to existing material. Does not have so much bearing
on what we do with collections at this point. Applies to new material entered into the collection. June Blaylock at ARS
that is working out how to deal with this. Dave Ellis said that at present, U.S. recipients would not get the SMTA for
existing germ plasm, but germ plasm that is newly acquired would fall under the SMTA.

New. GRIN. Development is funded through Global Crop Diversity Trust to provide software for any germ plasm col-
lection and can run on different platforms, is in five languages, and will include GIS data. Customers want maps so that
they can do geographic analysis. A selection tool will be used to select germ plasm in order to know where it came from
and can be overlaid with information about soil or climate.

A project with IRRI to georeference and double check all the latitude and longitude data. Andy Jarvis at CIAT
is working on software to use the georeference data and species or herbaria information to predict where species will
grow and look at gene bank accessions to see if we have sampled there and determine gaps.

Grin is considered good by those who know how to use it, but many customers are not happy. The major goal
of this new GRIN is user friendliness. The beta edition will be evaluated soon. Pete Cyr at the USGS Plant Introduction
Station at Ames is the main contact.

Recommendation from committee to journals. Action: When germ plasm that is not patented or otherwise protected
is used to support the science reported in refereed journal articles, we recommend that the germ plasm be deposited into
a publicly available reference collection, or, at least made available to other researchers. For example, when a gene is
named, the germ plasm in which it was first discovered should be deposited into a germ plasm bank so that others can
access that germ plasm to do allelism tests (Dave Marshall).

Request suggestions for new committee members. We need seven representatives to provide geographical representa-
tion and to include industry, CIMMYT, Canada, Mexico (not CIMMYT), rye, and triticale.

2010 meeting date. Meet with the NWIC in Orlando, FL.
4
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MINUTES OF THE NATIONAL WHEAT IMPROVEMENT COMMITTEE (NWIC)
MEETING.

9 January, 2009.
San Diego, CA, USA.

Attendees: C.J. Peterson (chair), R.A. Graybosch (secretary), C.A. Griffey, T. Payne, J. Rudd, D. Marshall, H. Bockel-
man, James Anderson, R. Zemetra, B. Bahm, A.M. Thro, L. Talbert, F. Dowell, S. Haley, Joe Anderson, T. Bartram, R.
Bowden, D. Worrall, B. Carver, K. Simmons, K. Garland-Campbell, D. Coppock, S. Chao, J. Nelson, G. Cisar, R. Ward,
M. Pumphrey, D. Matthews, K. Kahn, M. Bonman, and J. St. John.

Informational items.

National Association of Wheat Growers (NAWG). It was noted the position of NAWG Science & Technology Advisor
presently is vacant. This position holds voting membership on the NWIC. A motion was passed to allow NAWG to ap-
point an individual to represent their interests, with full voting privileges, at future NWIC meetings, until this position is
filled once again.

The following individuals, agencies/organizations provided funding or research updates to the Committee.
National Association of Wheat Growers
USDA-ARS
USDA-CSREES
CIMMYT
The Bill & Melinda Gates Foundation
Annual Wheat Newsletter (Brett Carver, Oklahoma State University)
NWIC Wheat Genomics Subcommittee (Jim Anderson, University of Minnesota)
Graingenes (Dave Matthews, USDA-ARS)
Wheat Germplasm Committee (Kim Garland-Campbell, USDA-ARS). It was noted some new individuals are
needed for this committee.

Rust reports.

Durable Rust Resistance in Wheat Project. The DRRW Project announced the launch of the ‘Rustopedia’ (http://
www.rustopedia.org/traction/permalink/Resources262), an online resource for scientists, policymakers, donors, and oth-
ers interested in the wheat rusts.

David Marshall, USDA-ARS, Raleigh, NC, provided an update on the rust screening nurseries sponsored by
USDA and established in cooperation with CIMMYT in Kenya. The intent of the nurseries is to screen germ plasm
for response to Ug99 stem rust. Only about 5% of tested U.S. cultivars carry resistance. M. Bonman, USDA-ARS,
Aberdeen, ID, noted the National Small Grains Collection is conducting a preliminary screen of materials for resistance
to Ug99.

Carl Griffey, Virginia Polytechnic Institute and State University, and K. Garland-Campbell, USDA-ARS,
reported on the status of stripe (yellow) rust and leaf (brown) rust. It was noted that leaf rust still is the predominant rust
causing yield losses in the U.S. Stripe rust continues to effect production, but races tend to be more stable than those
causing leaf rust.

Research initiatives.

The NWIC supports ongoing research efforts in the following areas. The committee voted this year to support all efforts
equally, without assigning priorities. All were deemed of critical importance to U.S. and world wheat production.
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Cereal Rust Initiative

Small Grains Genotyping Labs

Food Security/Wheat Quality Initiative
Aberdeen Small Grains Research Enhancement
Karnal Bunt Research Initiative

Future meetings.

The next meeting of the National Wheat Improvement Committee was set for 10 December, 2009, in Orlando, FL.

A Joint Congress: Hard Winter Wheat Workers Workshop and the National Wheat Genomics Workshop, 7-10 March,

2010, Lincoln, NE (http://conferences.unl.edu/wheat).
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WHEAT WORKER’S CODE OF ETHICS

This seed is being distributed in accordance with the ‘“Wheat Workers’ Code of Ethics for Distribution of Germ Plasm’,
developed and adopted by the National Wheat Improvement Committee on 5 November, 1994. Acceptance of this seed
constitutes agreement.

1. The originating breeder, institution, or company has certain rights to the material. These rights are
not waived with the distribution of seeds or plant material but remain with the originator.

2. The recipient of unreleased seeds or plant material shall make no secondary distributions of the germ plasm
without the permission of the owner/breeder.

3. The owner/breeder in distributing seeds or other propagating material grants permission for its use in
tests under the recipient’s control or as a parent for making crosses from which selections will be made. Uses
for which written approval of the owner/breeder is required include:

(a) Testing in regional or international nurseries;

(b) Increase and release as a cultivar;

(c) Reselection from within the stock;

(d) Use as a parent of a commercial F, hybrid, synthetic, or multiline cultivar;

(e) Use as a recurrent parent in backcrossing;

(f) Mutation breeding;

(g) Selection of somaclonal variants; or

(h) Use as a recipient parent for asexual gene transfer, including gene transfer using molecular genetic
techniques.

4. Plant materials of this nature entered in crop cultivar trials shall not be used for seed increase. Reasonable
precautions to ensure retention or recovery of plant materials at harvest shall be taken.
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New SynOp International Triticeae Mapping Initiative (ITMI) population seed increase.

To: Members of the Wheat Research Community
From: Cal Qualset (coqualset@ucdavis.edu) and Mark Sorrells (mes12@cornell.edu).

We are in the process of a field seed increase at Davis, CA, of about 2,000 lines of two new populations constructed
using the same parents (Synthetic W7984 and Opata 85) as the original ITMI mapping population. One is a doubled
haploid (designated SynOp-DH) and the other is an RIL (designated SynOp-RIL) population described below. We need
funds to complete the work and are sending the following request to state Wheat Commissions or Committees. We will
also send this to various corporations and international contacts. Because you may be asked by potential donors about
the relevance of the populations, we wanted to inform the wheat research community of its imminent availability and
provide information about them.

There has been considerable interest by researchers to receive these new populations, and we are doing a one-time seed
increase so that everyone can receive the same seed source and so that future large-scale seed increases will not be neces-
sary. I hope you will help promote this effort by indicating your support for it to potential donors. If your own program
can assist financially, we would greatly appreciate hearing from you. Harvest will begin about 15 June. Come on over!
We have sickles. Feel free to send this information to others or contribute in other ways. Thank you.

Genetic stocks for wheat breeding and genomics research. Reconstruction of the SynOp (ITMI)
mapping population ‘Synthetic Wheat W7984 / Opata M85".

In the early days of RFLP mapping, scientists of the ITMI developed an RIL population from a synthetic wheat, Ae.
tauschii [DD] x Altar durum [AABB] hybridized with Opata M85 [AABBDD] bread wheat. This population, contrary
to many wheat hybrid populations, had high variation [polymorphism] for DNA sequences and, therefore, was very use-
ful for constructing a DNA molecular linkage map for wheat. The population included 150 RILs and was, and still is,
widely used for mapping important traits of wheat. The population was initially distributed globally by M.E. Sorrells,
Cornell University, where the first linkage map was developed. The population has been maintained and advanced sever-
al generations at the University of California, Davis, by C.O. Qualset and P.E. McGuire. The RILs have been distributed
to more than 25 researchers and more than 20 papers have been published on genetics of wheat quality, kernel hardness,
threshability, disease resistance, flowering time, and several morphological traits.

This population has proved valuable for initial mapping of traits, but the population is too small for detailed
mapping and to aid in gene discovery. Requests have been received for a larger population of RILs of this useful popula-
tion. Hence, the population has been reconstructed with a new cross having the same parents and advanced to near-ho-
mozygosity by J.P. Gustafson, USDA, Columbia, MO, and M.E. Sorrells, Cornell University. In addition, Daryl Somers,
formerly of Canada Food and Agriculture, Winnipeg, Manitoba, produced doubled haploid (DH) lines that each have
complete homozygosity. The reconstructed populations now includes about 1,700 new F,-derived RILs (SynOp-RIL)
and 200 DH lines (SynOp-RIL).

This population is public domain and will be distributed to all scientists who request seed. The intention is to
provide 10 seeds of each line so that researchers can grow sufficient plants to extract DNA or grow additional plants to
meet their research needs. We are now engaged in the seed increase phase. The objective now is to produce sufficient
seed of each line for distribution to all qualified research scientists who request seed for the next 10 years. Because the
lines from this cross vary so widely in many traits, including vernalization requirement, it is essential that the materials
be grown at a site where all of the lines will produce at least 100 grams of seed. Northern California provides such an
environment with autumn planting. C.O. Qualset at the University of California, Davis, has agreed to conduct this seed
increase planting and to collect data on several traits to characterize each inbred line. The lines were planted in Novem-
ber 2008 and will be harvested in June 2009. Qualset is a retired professor and founding codrdinator of ITMI, a position
he held for 12 years and is available, without cost, to carry out this activity. However, there are expenses for the culture
of the field plots, harvesting, seed cleaning and packaging, and distribution of the seeds for which no funds are available.
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We are requesting your organization to assist with meeting these costs, estimated to be $10,000. A donation of
any amount would be appreciated. We hope you can participate in this effort, and, of course, your organization would be
welcome to receive seed for your research.

Funds may be transferred by check to C.O. Qualset payable to the Regents of the University of California. Ac-
knowledgement of receipt of tax deductible donation will be made.

Thank you for your consideration.

Calvin O. Qualset Mark Sorrells

Department of Plant Sciences Department of Plant Breeding
Mail Stop 3 Cornell University
University of California Ithaca, NY 14853, USA

One Shields Avenue
Davis, CA 95616, USA

10
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Advancements towards sequencing the bread wheat genome: An update of the projects of the
International Wheat Genome Sequencing Consortium.

Kellye Eversole, IWGSC, Eversole Associates, 5207 Wyoming Road, Bethesda, MD 20816, USA.

Genome sequences hold the key for understanding the molecular basis of phenotypic traits and variation. Although the
sequencing of model plant genomes, such as Arabidopsis thaliana and rice, has revolutionized our understanding of plant
biology over the past 10 years, it has not translated efficiently into crop improvement for maize, wheat, or barley. At the
same time, comparative genomic studies have revealed the limits of conservation between rice and the other cereal ge-
nomes; thereby necessitating the development of genomic resources and programs for maize, sorghum, wheat, and barley
to serve as the foundation for future genome sequencing and the acceleration of genomic-based improvement of these es-
sential crops. Despite the recognition that genome sequencing is critical for crop improvement, the size and complexity
of the Triticeae genomes has been perceived as an obstacle for the efficient development of genome sequencing projects.
Thus, genomics and its application to the production of wheat has lagged behind advances in other cereal crops, such

as rice, sorghum, and maize. Today, wheat is the last major crop for which no genome sequencing effort is underway.
Recently, however, technological advances offer the prospects of tractable large-scale programs that can deliver much-
needed genomic resources for wheat.

In November 2003, a USDA-NSF-funded international workshop of wheat geneticists and sequencing special-
ists identified the first objectives towards sequencing the hexaploid wheat genome, i.e., physical mapping and assessment
of sequencing strategies (Gill et al. 2004). To capitalize on the momentum of this workshop, the International Wheat
Genome Sequencing Consortium (IWGSC, http://www.wheatgenome.org) was established in January 2005 with the goal
of coodrdinating the international effort to build the foundation for and leading the effort to sequence the bread wheat
genome.

As an international industry, academic, and governmental agency collaboration, the IWGSC is committed to
providing wheat breeders and industry state-of-the-art tools and technologies that enable profitability throughout the
wheat industry. The consortium is governed by a codrdinating committee, comprised of scientific and financial contribu-
tors, who support sequencing the bread wheat genome, and an executive director (K. Eversole) supported by six co-
chairs from Europe (C. Feuillet, France, and B. Keller, Switzerland), Australia (R. Appels), the USA (J. Dvorak and B.
Gill), and Japan (Y. Ogihara). General membership in the consortium is open to anyone and business meetings are open
to the public. Business meetings and workshops or codrdinating committee meetings are held in conjunction with most
major international plant genomics meetings.

To ensure the rapid delivery of tools to breeders, the IWGSC identifies short-term and long-term strategic goals,
advocates for sequencing the wheat genome, codrdinates international scientific efforts to build resources for wheat, de-
velops and assists in the development of project proposals, and secures funding for collaborative efforts aimed at meeting
identified goals. By implementing a milestone-based strategy, the consortium delivers products and tools while working
towards the ultimate goal of a sequenced bread wheat genome. This overall strategy ensures the immediate availability
of significant outputs for wheat breeders and the wheat industry at large in parallel to continued advancements in basic
research on the wheat genome.

Projects codrdinated and endorsed by the IWGSC fall within two broad categories: physical mapping (con-
struction of physical maps for the D genome of Ae. fauschii and for the hexaploid wheat genome) and sequencing (the
development of the resources necessary for sequencing and the testing of technologies to determine the best method for
sequencing). The following provides an update of the IWGSC projects.

Physical mapping.

To provide the greatest resources to enhance wheat production and also advancing our basic understanding of the
hexaploid wheat genome, the first priorities for the consortium are to establish a physical map of the 21 hexaploid wheat
chromosomes and to complete the physical map of Ae. tauschii. This will facilitate the map-based isolation of the hun-
dreds of genes and QTL for traits of agronomic importance as well as delivering ‘perfect’ markers for wheat breeding.

11
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At the same time, the physical map will provide the substrate for sequencing the wheat genome regardless of the ultimate
sequencing strategy selected.

In August 2006, the IWGSC road map for physical mapping projects was established and agreed upon by the
IWGSC cooérdinating committee at the ITMI meeting in Victor Harbour, Australia. This road map includes the comple-
tion of a physical map of the D genome of the wild diploid Ae. tauschii, as a framework for the construction of the physi-
cal maps for the seven chromosomes of the D genome of hexaploid wheat. The IWGSC also aims to complete the maps
of the homoeologous A and B chromosomes. The D-genome project was initiated six years ago (http://wheat.pw.usda.
gov/PhysicalMapping/) and has established efficient protocols and software to perform BAC fingerprinting and contig
assembly (Luo et al. 2003). These protocols are being used now for the hexaploid wheat genome project. Funding from
the US National Science Foundation has been provided recently to complete the D-genome physical mapping project (PI,
J. Dvorak, University of Californai, Davis, CA, USA).

The construction of physical maps in hexaploid wheat is performed with a chromosome-specific strategy that
has been pioneered in Europe by the Institute of Experimental Botany in the Czech Republic and the INRA in France.
This approach relies on the recent improvement of chromosome sorting and BAC library construction technologies that
allowed the construction of chromosome-specific BAC libraries (Dolezel et al. 2007). The first BAC library already has
been used successfully in a pilot project to establish a chromosome landing ready physical map of chromosome 3B, the
largest wheat chromosome (3X the rice genome) (PI, C. Feuillet; INRA, France) and was published in 2008 (Paux et al.
2008).

The successful
pilot project to develop a
physical map on chromo-
some 3B of Chinese Spring
by a single laboratory has
opened up the route for the
international collaborative
effort on the 20 remaining
chromosomes of hexaploid
wheat. During the past
two years, physical map-
ping projects for additional
chromosomes have been
initiated and physical map-
ping and sequencing project
leaders have been secured
for all of the bread wheat
chromosomes. A summary
of the status of the physical -
mapping projects follows D
and an illustration of the = =
current status of the Chinese May 2009 B
Spring physical mapping L

projects is provided in Fig. Fig. 1. Project leadership status for chromosome-based physical maps of bread wheat.
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IWGSC physical mapping projects.
1. Completed projects
e 3B — Led by C. Feuillet (INRA, France), this has served as the pilot project for developing the first physi-
cal map of a flow-sorted chromosome. After a first 9.6X chromosome landing ready physical map (Paux et
al. 2008), the project was completed in the framework of the EU FP7 project TriticeaeGenome to an 18X
sequence-ready physical map of chromosome 3B of Chinese Spring. The 3B physical map can be found at
http://urgi.versailles.inra.fr/gbrowse/cgi-bin/gbrowse/Wheat FPC/.
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Funded projects

1A, 1B, 3D, (3Bv2) — TriticeaeGenome project funded by the EU Commission under FP7 and codrdinated
by C. Feuillet (INRA, France) with 17 EU partners. This European project will complete the physical maps
of group 1 and 3 chromosomes in wheat (and barley). Map-based cloning of targeted QTL, molecular breed-
ing, and bioinformatics platforms will be developed within the framework of this project as well.

1,4, and 6D of hexaploid wheat and all of Ae. tauschii — D-genome project led by J. Dvorak (UC, Davis),
B. Gill (KSU), and O. Anderson (USDA—ARS). This project, funded by the US. National Science Founda-
tion, will complete the Ae. tauschii physical map and physical maps of chromosomes 1, 4, and 6 of the D
genome of Chinese Spring.

2AL — Led by K. Singh (Punjab Agricultural University, India). This project for the construction of the
physical map of the long arm of chromosome 2A is funded by the Department of Biotechnology of the In-
dian Ministry of Science and Technology.

2D — Led by J. Jia (KL-CGB, CAAS, China) and funded by the CAAS (Chinese Academy of Agricultural
Sciences). This project will develop a physical map of chromosome 2D.

3AS/3AL — Led by B. Gill (KSU, USA) and funded by the USDA (CSREE-NRI). These projects are de-
veloping anchored physical maps of the short and long arms of chromosome 3A.

4A — Led by J. Dolezel (Institute of Experimental Botany, Czech Republic). This project resulted in the con-
struction of a BAC library and funding is being sought for physical mapping.

5A — Led by L. Cattivelli (Experimental Institute for Cereal Research, Italy) and funded by the Agricultural
Research Council of Italy. This project will develop a physical map of chromosome 5A.

5B — Led by E. Salina (Institute of Cytology & Genetics, Russia). This project, developed in collaboration
with European and U.S. partners, will construct the physical map of chromosome 5B of Chinese Spring.

A 2- year grant was approved by the INRA-RFBR (Russian Foundation for Basic Research) for develop-
ing markers and genetic maps that will be needed for anchoring. Other grants will be submitted to funding
agencies in 2009-2010 for the construction of the SB BAC library and for fingerprinting.

7DS — Led by J. Dolezel (IEB, Olomouc, Czech Republic), this project to construct the physical map of
chromosome 7DS has received funding for the construction of the BAC library and fingerprinting has been
achieved. A proposal is pending for funds for the anchoring of the map.

7DL — This project is led by S. Weining (Northwest A&F University, Yangling, Shaanxi, China), R. Appels
(Murdoch University, Perth, Australia), and J. Dolezel (IEB, Olomouc, Czech Republic). Funding for the
BAC library was provided by the Czech Science Foundation. Northwest A&F University has provided fund-
ing for fingerprinting and anchoring for the completion of the 7DL physical map.

Radiation hybrid mapping — Led by S. Kianian (North Dakota State University, Fargo, ND, USA) and
funded by the U.S. National Science Foundation, this project will develop high-resolution, RH physical
maps that will be used to anchor existing bacterial artificial chromosome (BAC) contigs and clones for the
D-genome of hexaploid wheat. Other panels are under development for the other chromosomes such as for
3B (Paux et al, 2008).

. Projects under development.

2B — Led by M. Bevan (JIC, UK), this project will develop the physical map of chromosome 2B of Chinese
spring and will be submitted to funding agencies in late 2009 or in 2010.

4B — Led by M. Nachit (ICARDA, Syria) and D. Habash (Rothamstead Research, UK), the development
of the physical map of chromosome 4B will be included in the proposed 4Phoenicia project that will build
scientific capabilities for the Mediterranean region to underpin wheat genomics for sustainable agriculture.
5D — Led by H. Budak (Sabanci University, Turkey), this project to establish a physical map of chromo-
some 5D of Chinese spring is under development and will be submitted to funding agencies in 2009.

6A — Led by T. Schnurbush (IPK Gatersleben, Germany), this project will construct the physical map of
chromosome 6A.

6B — Led by Y. Ogihara (Kyoto University, Japan), this project will establish the physical map of chromo-
some OA.

7A — Led by R. Appels (Murdoch University, Perth, Australia), this project will establish the physical map
of chromosome 7A of Chinese Spring.

7B — Led by O. Olsen (Norwegian University of Life Sciences, Aas, Norway and Hedmark University Col-
lege in Hamar, Norway). A proposal to construct the physical map of chromosome 7B is being finalized for
submission to regional and national public/private entities.

13
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Sequencing.

In the past few years, there has been an exponential growth in the number of sequencing strategies and the rhythm at
which the technologies are evolving. For the first time, the possibility to sequence the hexaploid wheat genome at a
reasonable cost appears to be within reach. To begin to assess how these new technologies can be applied efficiently to
the wheat genome in a manner that will deliver high quality reference genome sequences that can be readily exploited by
breeders to accelerate crop improvement, the IWGSC was joined by the International Barley Sequencing Consortium in
hosting a workshop in September 2008 in Evry, France.

The primary workshop goal was to develop strategic road maps for sequencing the wheat and barley genomes
in the next few years. The workshop brought together international experts in the human and agriculturally-important
genome sequencing projects, developers of genome sequencing technologies, scientists with extensive knowledge of the
structure and organization of the wheat and barley genomes, representatives of international genome sequencing centers
interested in de novo sequencing of plant species, as well as representatives of governmental funding agencies. At the
workshop, a consensus was reached on a two-phase sequencing strategy:

Phase 1: Obtaining a good quality sequence that can be used as soon as possible to develop tools for breeding
and that represents a platform for phase 2. Establish pilot sequencing projects on chromosomes 3B of wheat
to establish the most cost effective approaches for the wheat genome. Roche 454 Titanium and Illumina Sol-
exa technologies should be tested separately and in combination on sorted chromosomes and on the minimal
tiling paths. Furthermore, the potential utility of WGS paired-end datasets on the diverse next generation
sequencing platforms in pilot projects should be explored. Such datasets are needed to train algorithms for
Triticeae genome characteristics and advance the approach. At the same time, such data will deliver ‘gene-
catalog’ sequence datasets that complement EST resources for marker and breeding-tool development.

Phase 2: Achieving high quality ‘gold standard’ sequences that will enable all functional and structural analyses
of the two genomes.

The full workshop report can be found on the IWGSC website at (http://www.wheatgenome.org/documents).

A number of projects are currently underway to evaluate the feasibility of using new sequencing technologies to
accelerate marker development and reduce MTP sequencing cost while maintaining quality and without losing access to
the non genic but yet relevant sequences. The following provides a summary of specific INWGSC sequencing projects.

IWGSC sequencing projects.

1. Chromosome sequencing. 3BSEQ — Led by C. Feuillet INRA, Clermont-Ferrand, France), this project
entitled ‘Sequencing, Annotation, and Characterization of the Bread Wheat Chromosome 3B’ (3BSEQ) has
been submitted to the French ANR Plant Biotech Flagship Project Call 2009. The 3BSeq project aims at
obtaining an annotated sequence of the largest bread wheat chromosome, chromosome 3B, and at exploiting
this knowledge to develop tiling arrays of the 3B gene space for further functional and structural characteri-
zations. The project will take advantage of the potential offered by the next generation sequencing and array
technologies to develop an original strategy and deliver a high quality draft sequence of the chromosome.

2. Sequencing of megabase-sized contigs on chromosome 3B.

e C. Feuillet, (INRA France): Two projects (supported by the ANR-Genoplante and the Genoscope) to se-
quence more than 20 Mb of BAC contigs distributed in different regions of chromosome 3B have been com-
pleted and a publication is forthcoming.

e R.Appels (Murdoch University, Australia): Sequencing of two Mb-sized contigs located on chromosome
3BS (supported by GRDC) has been completed, and a publication is forthcoming.

3. 3AS sample sequencing project — Led by B. Gill (KSU, USA) and funded by the USDA (CSREES-NRI),
this project will generate 18.4 Mb of sequence from the chromosome 3AS BAC libraries, sequence 48 tar-
geted BAC clones, and BAC end sequence 10,000 random clones. The second sequencing component of
this project is to compare the 3AS BAC sequences with sequences from homoeologous chromosome arm
3BS.
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4. Mining the allohexaploid wheat genome for useful sequence polymorphisms — Led by K. Edwards (Univer-
sity of Bristol, UK) and funded by the Biotechnology and Biological Sciences Research Council (BBSRC),
this project will use next generation sequencing to identify sequence differences in the genomes of five key
cultivars and explore ways to sequence the wheat genome.

Bioinformatics.

Broad bioinformatics capabilities will be necessary to annotate the sequence and to ensure the greatest utility of data for
breeders. To codrdinate the manual and automated annotation of the wheat genome, the IWGSC established an annota-
tion working group in 2006 that was expanded subsequently to include all of the Triticeae. The Group is chaired by P.
Leroy (INRA, Clermont-Ferrand, France) and T. Wicker (University of Zurich, Switzerland).

During 2006 and 2007, the Triticeae Annotation Working Group developed annotation guidelines (http:/www.
wheatgenome.org/tools). In 2007, a semi-automated annotation pipeline, TriAnnot (http://urgi.versailles.inra.fr/projects/
TriAnnot/), was developed and continues to be improved. The IWGSC coérdinated a Bioinformatics Tool Workshop that
was held in January 2009 in conjunction with the XVII Plant and Animal Genome conference in San Diego, California.
The agenda and links to speaker abstracts can be found on the PAG website (http://www.intl-pag.org/17/17-iwgsc2 .html).
Under the codrdination of D. Matthews (USDA—ARS, Cornell University, Ithaca, NY, USA), GrainGenes has established
an IWGSC GrainGenes BAC repository for annotated genome sequences (http://www.tritgenome.org/tawg/). New
sequencing technologies, full-length cDNA sequences, and deep transcriptome sequencing will be essential resources for
annotation and the IWGSC supports projects to develop these resources.

The major challenge for all genome-sequencing projects is developing bioinformatics capabilities for exploita-
tion of the sequence. During the IWGSC-IBSC workshop on sequencing technologies, it became clear that bioinformat-
ics capacities needed to be developed well in advance of the availability of the sequence. The workshop participants
agreed that we need to develop a centralized database that will extend the Ensembl platform to plants and that we had to
develop a mechanism for obtaining ongoing feedback from the sequence users. The IWGSC goals for bioinformatics,
thus, include the development of a publicly available, centralized, comprehensive database that integrates annotation and
other available biological data, including comparative genomics, variation, and regulatory data.

Next steps and future meetings.

During the next year, the IWGSC will continue to seek funding for the development of physical maps and sequencing of
all of the chromosomes of hexaploid wheat to ensure that the entire wheat industry can begin to exploit rapidly genomic
information while efforts are underway to obtain a complete sequence of bread wheat. Concurrently, the IWGSC will
continue to explore the feasibility of using the new sequencing technologies for the construction of physical maps and for
sequencing the bread wheat genome and may organize another sequencing technologies workshop in 2010. The IWGSC
will expand its efforts in bioinformatics to ensure the development of a centralized database and to coordinate the vari-
ous bioinformatic tools and resources that will be established through the individual physical mapping and sequencing
projects. The IWGSC is exploring the possibility of organizing a workshop to develop a road map for the establishment
of bioinformatics capabilities in late 2009 or 2010.

The IWGSC will hold a codrdinating committee meeting in conjunction with the ITMI meeting in Clermont-
Ferrand, France, in August 2009. In January 2010, the IWGSC will host a workshop and an open business meeting at the
Plant and Animal Genome Conference in San Diego, California and may organize another annotation workshop. Meet-
ing information as well as general information will be available at the IWGSC website (http://www.wheatgenome.org).

Finally, as more and more resources for breeders are becoming available through the IWGSC projects, a con-
certed effort is underway now to increase significantly the active industry involvement in the consortium. Six breeding
companies now sponsor the consortium in addition to the public and grower organizations (Fig. 2, p. 16). The IWGSC is
working with industry to identify chromosomal regions of importance for early, targeted sequencing and deep sequenc-
ing. Additionally, the IWGSC encourages all physical mapping and sequencing projects to include isolation of genes and
QTL underlying industry-identified key traits in wheat.
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II. NATIONAL WHEAT GENOMICS CONFERENCE

% 2008 National Wheat
Genomics Conference

1-2 December, 2008.
Indianapolis, IN, USA.

Update on the NWIC Subcommittee on Wheat Genomics.

Eduard Akhunov was elected as the new university representative. The current subcommittee membership is listed in the
table below. Please do not hesitate to contact any of us on issues that you think will be important for the subcomittee to
discuss. Information about the committee can be found at: http://wheat.pw.usda.gov/NWIC/

Role (term duration) Name E-mail
Chair (2009) Stephen Baenziger Pbaenzigerl @unl.edu
NWIC Representative (2009) Jim Anderson ander319@umn.edu
Industry/Nonprofit Representative (2010) | Rollie Sears rollin.sears@syngenta.com
Industry/Nonprofit Representative (2011) | Jay Romsa jay.romsa@genmills.com
University Representative (2011) Eduard Akhunov eakhunov@ksu.edu
University Representative (2010) Mark Sorrells mes12@cornell.edu
USDA Representative (2010) Olin Anderson oanderson@pw.usda.gov
USDA Representative (2011) Justin Faris justin faris@ars.usda.gov
At-large Representative (2009) Ed Souza souza.6@osu.edu
IWGSC (ex officio) Kellye Eversole eversole@eversoleassociates.com

The subcommittee will meet annually, but the next meeting of the whole community will be every other year
beginning in 2010. Mark your calendars: A Joint Congress, combining the Hard Winter Wheat Workers Regional
Workshop and The National Wheat Genomics Workshop, will be held 7-10 March, 2010, at the Embassy Suites, Lin-
coln, NE.

Finally, the summarized results of the second national survey of genomics priorities for wheat which was un-
dertaken by The National Wheat Improvement Committee (NWIC) Subcommittee on Wheat Genomics. The full survey
results are attached below and can be found at: http://wheat.pw.usda.gov/NWIC/WheatResPrioritiesSumO8F.pdf.

The survey was distributed at the second annual National Wheat Genomics Conference (approximately 65 re-
searchers attended) and by a directed e-mail solicitation so that those unable to attend the meeting could share their views
and have input. Every effort was made to insure the survey was widely distributed among the U.S. wheat research com-
munity. At the annual meeting, the main theme was wheat genomics and aspects of wheat research related to genomics.
Briefly summarized the research priorities are to

1) expand molecular mapping of economically important traits,

2) increase molecular marker development to better cover the wheat genome,

3) develop a physical map of the hexaploid wheat genome,

4) improve ease-of-use and interoperability of wheat-related databases, and

5) exploit functional genomics to understand gene expression and gene networks.
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If you have any questions concerning the survey, please do not hesitate to ask. Also please share this survey
with whomever you think would appreciate knowing these results. The results of the survey have also been included in
The 'NWIC/NAWG Research Priorities for FY 10' booklet, which is posted at http://cropandsoil.oregonstate.edu/wheat/
reports/NWIC/index .htm.

In the NWIC/NAWG Research Priorities for FY 10, they state “The NWIC and NAWG support the goal of
advancing wheat genomics to serve as the foundation for basic research and provide the tools for improving food, fuel,
and crop yields in a changing environment. We support increased funding of these efforts through collaborative national
research grants, such as those sponsored by USDA-NIFA Agriculture and Food Research Initiative and the National Sci-
ence Foundation.’

In 2006, the NWIC authorized the formation of a Subcommittee for Wheat Genomics, comprised of seven
elected members, representing university and USDA—-ARS researchers, industry, and nonprofit agencies. The goal of
the Subcommittee for Wheat Genomics is to facilitate communication among U.S. researchers, assess national genomics
research needs and goals, develop strategies and organize research efforts, facilitate communication with national grant-
ing agencies and participation in international initiatives, and advocate for funding of wheat genomics research at the
national level.

Guiding principles.

* Wheat is the ideal model species for studying polyploid genome evolution and trait variation because of the
unmatched complement of aneuploid genetics stocks, natural diversity, and wide adaptation.

* Public wheat breeding and research is critical to U.S. agriculture because three quarters of all wheat cultivars
were developed by public wheat breeders.

* The open exchange and publication of wheat research contributes to the rapid advancement of new scientific
knowledge for improvement of wheat and other crops.

* The study of polyploidy genetics and gene expression will provide key information about how genes and al-
leles interact in a polyploid genome.

* Wheat research has led to novel discoveries in the genetics and biology of vernalization, genetic control of
chromosome behavior, and end-product quality.

* Wheat cytogenetics has made major contributions and continues to provide novel genetics stocks and other
tools for understanding mechanisms of chromosome pairing and for chromosome manipulation.’

National Wheat Improvement Committee Subcommittee on Wheat Genomics.

4—6 December, 2008.
Indianapolis, IN, USA.

Executive Summary — The future of wheat genomics research in the United States. The National Wheat Improve-
ment Committee (NWIC) Subcommittee on Wheat Genomics held their second annual meeting, The National Wheat Ge-
nomics Conference (NWGC). The purposes of the meeting were to provide a venue for U.S. wheat workers to learn of
current endeavors in U.S. wheat genomics and related research and to provide a forum to foster interaction, discussion,
and collaboration among wheat scientists. The meeting also provided the opportunity to formulate and communicate the
future research needs of the U.S. wheat-genomics community. Although the main theme of the conference was wheat
genomics, the session topics and presentations encompassed other aspects of wheat research related to genomics. To
guide strategic planning, key speakers relating to critical research topics important for the future of wheat improvement
were invited to give presentations. These research topics were considered relative to the overarching goal of understand-
ing the genetic basis of traits in wheat. The research topics listed below, and the prioritized research necessary to achieve
the goal of advancing wheat genomics, serve as the foundation for basic research and provide the tools for improving
food, fuel, and crop yields in a changing environment. Based on surveys distributed at the conference and a directed e-
mail solicitation, the top five wheat genomics research priorities are

1) increased support for mapping traits of economic importance for molecular breeding,

2) more molecular markers,

3) a physical map of hexaploid wheat genome,

4) improved ease of use and interoperability of wheat-related databases, and

5) to study functional genomics to understand gene expression and gene networks.
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Recently funded projects that were listed in past surveys. Complete, anchored physical map of Ae. tauschii (highest
priority in 2007) and wheat radiation hybrid mapping to initiate genome sequencing.

Key research topics that define our research goals and priorities.

* Wheat is the ideal model species for studying polyploidy genome evolution and trait variation because of the
unmatched complement of aneuploid genetics stocks, natural diversity, and wide adaptation.

* Public wheat breeding and research is critical to U.S. agriculture because three quarters of all wheat varieties
were developed by public wheat breeders.

* The open exchange and publication of wheat research contributes to the rapid advancement of new scientific
knowledge for improvement of wheat and other crops.

* The study of polyploidy genetics and gene expression will provide key information about how genes and al-
leles interact in a polyploid genome.

* Wheat research has led to novel discoveries in the genetics and biology of vernalization, genetic control of
chromosome behavior, and end-product quality.

* Wheat is well situated to continue as a leading model for comparative genomics and genome evolution.

* Wheat cytogenetics has made major contributions and continues to provide novel genetics stocks and other
tools for understanding mechanisms of chromosome pairing and for chromosome manipulation.

Community resources will help achieve our research goals. To advance these research areas, community resources
must be created or strengthened. The questionnaire below was distributed to attendees of the Wheat Genomics Confer-
ence and also sent to U.S. wheat researchers by e-mail to develop a consensus of priorities among wheat researchers in
the U.S.

Prioritize general community needs (1 = highest rank; rank up to five topics).
Centralized catalog of genomics resources available to the community
Increased support for mapping traits of economic importance for molecular breeding
Improved doubled haploid technology
Enhanced quantitative genetics methods and tools
Improved ease of use and interoperability of wheat-related databases
Complete genome sequence of Aegilops tauschii
Physical map of hexaploid wheat genome
Genome sequence of hexaploid wheat gene space, potentially linked to the genetic map
Draft BAC sequences for the entire hexaploid wheat genome
Full-length wheat cDNA collection (sequences and clone access)
Functional genomics studies to understand gene expression and gene networks
More molecular marker development including SNPs and SSRs
Improved wheat transformation methods
TILLING populations and services for different classes of wheat
A second BAC library for hexaploid wheat genome
Other

Response to questionnaire. Forty-one responses were received. The rank is based on the number of scores a topic
received (count) as well as the average score. The index was calculated as ‘count /average score’, thus, the index reflects
both average score and the number of times the topic was selected as a priority . Topics are shown in the original order
that they appeared on the survey.

Rank | Count | Average | Index Topic

11 10 29 34 | Centralized catalog of genomics resources available to the community

1 27 29 122 Increased support for mapping traits of economic importance for molecular

breeding
8 13 34 3.8 | Improved doubled-haploid technology
13 10 34 2.9 | Enhanced quantitative genetics methods and tools
18 2.8 6.5 | Improved ease of use and interoperability of wheat-related databases
14 2.7 5.2 | Complete genome sequence of Aegilops tauschii
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Rank | Count | Average | Index Topic
3 17 2.1 8.0 | Physical map of hexaploid wheat genome
9 13 34 38 Genome sequence of hexaploid wheat gene space, potentially linked to the
genetic map

14 5 42 1.2 | Draft BAC sequences for the entire hexaploid wheat genome

7 14 34 4.2 | Full-length wheat cDNA collection (sequences and clone access)
18 32 5.7 | Functional genomics studies to understand gene expression and gene networks

2 22 2.6 8.5 | More molecular marker development including SNPs and SSRs

10 14 3.7 3.8 | Improved wheat transformation methods

12 12 4.0 3.0 | TILLING populations and services for different classes of wheat

Other Topics written on the surveys.
3 — A second BAC library for hexaploid wheat genome
5 — Need for a regional, perhaps USDA operated facilities for production of doubled haploids and transforma-
tion
1 — Wheat small-RNA targeting libraries
1 — Improved markers for end-use quality traits
2 — VIGS, transformation, and RNAi-related research
3 — Bioinformatics tools so breeders can properly integrate marker information in a molecular breeding strategy

Assessment of 2008 survey results. The results of this survey differed substantially from the 2007 survey. The highest
priority was for a new topic that was suggested in the ‘Other’ category in last year’s survey. That topic was ‘Increased
support for mapping traits of economic importance for molecular breeding’, which was likely influenced by the Wheat
CAP project which is ending in 2009. ‘More molecular marker development” moved up to second and ‘Physical map
of hexaploid wheat genome’ dropped to third. ‘Improved ease of use and interoperability of wheat-related databases’
remained in fourth place. ‘Functional genomics studies to understand gene expression and gene networks’ was ranked
fifth, whereas the fifth topic last year, ‘Full-length wheat cDNA collection’, dropped to seventh.

Wheat researchers who responded to this year’s surveys placed a high priority on the use of molecular mark-
ers for mapping economic traits in wheat and new marker development is essential for that activity. Wheat genomics
researchers also recognize the value of physical maps. A physical map for Ae. tauschii was the highest priority last year,
and it was funded by NSF. A physical map of hexaploid wheat was second last year and third this year. Wheat-related
databases have ranked high in all of our surveys, because they are recognized as an essential tool for all wheat research.
The lowest ranking topics were quite different from last year. Last year, the three lowest priority topics were si(micro)
RNA collection, improved codrdination of RFPs from NSF and the USDA, and improved wheat-transformation methods.
This year, the three lowest priority topics were draft BAC sequences for the hexaploid wheat genome, enhanced quantita-
tive genetics methods, and TILLING populations and services. Five respondents wrote in ‘Facilities for production of
doubled haploids and transformation. Of the 14 topics, sequencing priorities ranked 6, 7, and 9, almost identical to 2007.
These results reflect a very strong and pressing need for marker resources, online databases, and physical maps relating
to positional cloning, mapping traits, and marker-assisted selection as compared to genome sequencing, transformation,
and TILLING population research. The success of the Wheat CAP project has clearly had an impact on the priority top-
ics in this survey compared to 2007.
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SPEAKER AND POSTER ABSTRACTS - NATIONAL WHEAT GENOMICS
CONFERENCE

5—-6 December, 2008.
Indianapolis, IN, USA.

Note: Speaker abstracts are followed by the poster abstracts.

Accessing the barley genome.
Timothy J. Close, Department of Botany & Plant Sciences, University of California, Riverside, CA 92521, USA.

Assemblies of nearly 500,000 barley ESTs from a range of barley genotypes have been used to define more than

13,000 single nucleotide polymorphisms (SNPs). From these and several hundred SNPs from other sources, three pilot
Illumina, GoldenGate assays were developed to test 4,596 SNPs for high-throughput genotyping. Two production-
scale GoldenGate assays, BOPA1 and BOPA2, were developed from 3,072 of the tested SNPs and deployed within the
USDA BarleyCAP (http://barleycap.cfans.umn.edu/) and UK AGOUEB (http://barleygenetics.net/lukesite/html/agoueb/
guide_to_illumina_genotyping.htm) projects, and throughout the barley community. A barley consensus genetic linkage
map composed of 2,943 SNPs was produced using data from four doubled-haploid mapping populations. An estimated
two-thirds of all gene-bearing BACs in a Morex library were identified with ~12,500 overgo probes, increasing the
compiled number of gene-positive BACs to 83,831 clones. High-information-content fingerprinting was applied to these
BACs, yielding 1,700 Mb of gene-bearing BAC contigs, available at http://phymap.plantsciences.ucdavis.edu:8080/
barley/. Combinatorial pools of part of the minimal tiling path (MTP) were applied to BOPA1 and BOPA2, anchoring
1,319 MTP BACs to 1,150 SNP loci representing 1,079 unique genes. Several groups have established TILLING
populations, and a large portion of existing mutant and germ plasm collections are in the process of being analyzed
using the barley GoldenGate assays. The SNP-based genetic map, with barley/rice synteny displays and information

on gene-BAC relationships, is available through HarvEST:Barley for Windows (http://harvest.ucr.edu) or online (www.
harvest-web.org). Work is underway in Europe to fully sequence thousands of gene-bearing BACs, create a physical
map of the entire barley genome, and generate several 100,000 BAC-end sequences, which is intended to thoroughly
relate the barley physical map to reference genomes. A whole-genome sequencing strategy is in a formative stage under
the auspices of the International Barley Sequencing Consortium (http://barleygenome.org/) in codrdination with the
International Wheat Genome Sequencing Consortium (www.wheatgenome.org). As the density of information increases,
it becomes ever easier to relate barley to wheat genomes, thus, the vision of barley as a genome model for wheat is
becoming a reality.
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Phenotyping for physiological breeding and gene discovery in wheat.

Matthew Reynolds 2, Yann Manes ', and Peter Langridge 2.

! International Maize and Wheat Improvement Centre, Apdo Postal 6-641, Mexico City, Mexico 06600 and 2 the Austral-
ian Centre for Plant Functional Genomics, The University of Adelaide, Waite Campus, Adelaide, SA 5005, Australia.

Approaches that can be used to increase rates of genetic gains in stress breeding include (i) strategic, trait-based crossing
to combine complementary traits in progeny, (ii) high-throughput phenotyping and genotyping to enrich for desirable
alleles in early generations, and (iii) exploring genetic resources to broaden the genetic base. Using a combination of
the above approaches, CIMMYT has released drought-adapted germ plasm that shows superior expression of a range

of complementary physiological traits deriving from both conventional sources and landraces and wild relatives. New
genetic technologies are expected to further accelerate the potential for genetic gains, however, one of the current bottle-
necks is precision phenotyping. For gene discovery within mapping populations, high-throughput phenotyping tech-
niques such as thermal imaging for canopy temperature and spectral reflectance for ground cover and stem carbohydrates
permit large numbers of genotypes to be screened with high efficiency. Confounding factors still need to be resolved in
studies where genes of major effect are not controlled. Major genes not only affect the crop’s morphology but also may
lead to interactions between phenology and, for example, availability of soil water at key growth stages. These factors
may cause QTL to be falsely identified and complice the already difficult challenge of dissecting ‘genotype x environ-
ment’ interaction. New generations of mapping populations are being developed that contrast in drought-adaptive traits
but not in flowering time or height. However, progeny of bi-parental crosses still encompass the problem that transgres-
sive segregation of parental alleles usually result in some agronomically inferior genotypes and, therefore, alleles long
since excluded in plant breeding may mask more subtle effects. Association genetics provides a potential alternative
where genetically diverse but elite cultivars can be used for gene discovery.

Evolution of wheat genomes.
P. Gornicki 1, D. Chalupska 1, H.Y. Lee 1, J.D. Faris 2, A. Evrard %, B. Chalhoub 2, and R. Haselkorn .

LDepartment of Molecular Genetics and Cell Biology, University of Chicago, IL, USA; 2 USDA-ARS Cereal Crops
Unit, Northern Crop Science Laboratory, Fargo, ND 58105, USA; and 2 Laboratory of Genome Organization, URGV-
INRA, 91057 Evry Cedex, France.

The DNA sequences of wheat A, B, and D Acc homoeoloci were analyzed with a view to understanding the evolution of
the Acc-1 and Acc-2 genes and the origin and evolution of the three genomes in modern hexaploid wheat. The 2.3-2.4
million years ago (MYA) divergence time calculated for the three homoeologous chromosomes, based on coding and
intron sequences of the Acc-1 genes, is at the low end of other estimates. Our clock was calibrated using 60 MYA for the
divergence between wheat and maize. On the same time scale, wheat diverged from barley and rice 11.6 MYA and 50
MYA, respectively, based on sequences of Acc and other genes. The regions flanking the Acc genes are not conserved
between the A, B, and D genomes, but they are conserved among them. Substitution rates in intergenic regions consist-
ing primarily of repetitive sequences vary substantially along the loci and are, on average, 3.5-fold higher than the Acc
intron substitution rates. The composition of the Acc homoeoloci suggests haplotype divergence exceeding 0.5 MYA, in
some cases. Such variation might result in a significant overestimate of the time since tetraploid wheat formation, which
occurred no more than 0.5 MYA.
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Sequence and assembly of the maize B73 genome.

The Maize Genome Sequencing Consortium. Genome Sequencing Center, Washington University School of Medicine,
St. Louis, MO 63108, USA; Arizona Genomics Institute, University of Arizona, Tucson, AZ 85721, USA; Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY 11724, USA; and Iowa State University, Ames, [A 50011, USA.

The Maize Genome Sequencing Consortium was launched with a three-year grant to produce the sequence of the maize
(B73) genome. We recently completed the sequencing of 16,600 BAC clones that correspond to a minimal tiling path for
the genome. These clones represent a near complete genome sequence of maize with unique regions brought to finished
quality. This sequence, accessible via GenBank and, of most relevance to cereal geneticists, via a Genome Browser
(maizesequence.org), provides a more refined view of the maize genome. In this presentation, we will describe the meth-
ods used to select and produce the draft sequence and annotations, as well as efforts being conducted during the third
year of the project to improve and annotate the maize genome sequence.

Characterizing the wheat genome by random BAC and sample sequencing.

Phillip SanMiguel !, Katrien M. Devos 2, Xiangyang Xu 2, A. Costa de Oliveira 3, J. Estill >, M. Estep , and J.L. Ben-
netzen 3.

! Agricultural Genomics Center, Purdue University, West Lafayette, IN 47907, USA; 2 Departments of Crop and Soil
Sciences and Plant Biology, University of Georgia, Athens, GA 30602; and * the Department of Genetics, University of
Georgia, Athens, GA 30602, USA.

The genome structure of the hexaploid wheat cultivar, Chinese Spring (CS), was assayed using several, random-sequenc-
ing techniques, including sequencing randomly chosen BACs as well as performing random shotgun Sanger and Next
Generation sequencing runs. Twenty-four million bases (9.5X average coverage) of sequence from 220 randomly chosen
BACs were generated. More than 10,000 Sanger sequencing reads from the clones of random-sheared genomic DNA
produced nearly 8 million bases of sequence. A trial, Applied Biosystems SOLiD run yielded 200 million 35-base reads
of which roughly 3 billion bases appear high quality. Furthermore, >190 of the BACs have been successfully mapped
using a repeat-junction amplification method on deletion line genomic DNA. Annotation of the first 66 BACs has
uncovered 76 confirmed gene homologies, suggesting that there are about 180,000 genes and pseudogenes in CS wheat.
Preliminary gene distribution analysis found that 30 of the 66 BACs contained no confirmed genes. These annotation re-
sults suggest that one would need to sequence 53% of the CS genome to find 100% of the genes, 49% to find 95% of the
genes, or 15% to find 50% of the genes. As expected, the majority of the sequence found in the wheat genome derives
from long, terminal repeat (LTR) retrotransposons.
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Genetic regulation of tillering.

Gary J. Muehlbauer. Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 55108, USA.

The activity of the shoot apical and axillary meristems largely determines above ground plant architecture. In wheat
(Triticum aestivum L.) and barley (Hordeum vulgare L.), tillers develop from axillary meristems in the leaf axil. The
number of vigorous tillers with spikes determines the overall grain yield. The overall objectives of this work are to
understand the genetics of tillering in the Triticeae. In barley, we have characterized the low-tillering mutants uniculm?2
(cul2), uniculm4 (culd), low number of tillers (Int), and absent lower laterals (als). We used histological approaches to
examine the morphology of axillary meristems in the mutants. RNA profiling was used to identify candidate genes for
the mutants and physiological processes that are unique to the mutants. Our double-mutant analysis indicates that at
least two pathways are involved in tillering. We also identified and characterized a suppressor of uniculm2 (suc2) mutant
that, in combination with cul2, exhibits tillering. In wheat, we developed transgenic wheat expressing the maize feosinte
branchedl (tb1) gene. These plants exhibit reduced tiller and spike number, an increase in the number of spikelets and
leaves, and a reduction in height compared to wildtype control plants. These results demonstrate that overexpression of
the maize tb] gene results in reduced tillering in wheat. Decreased tiller number in the transgenic wheat plants is due to
the restriction of the outgrowth of the tiller buds. Increased expression of the b/ gene in maize, rice, and Arabidopsis
also results in plants that exhibit reduced branching, indicating that increased expression of ¢b/ is a general mechanism
that plants use to repress branching.

Genetic regulation of developmental phases in winter wheat.

Yihua Chen, Brett Carver, Shuwen Wang, Shuanghe Cao, and Liuling Yan. Plant and Soil Sciences, Oklahoma State
University, Stillwater, OK 74078, USA.

The orderly development and growth of winter wheat through its life cycle can be dissected into several phases based
on morphological, physiological, or agronomic traits. In the present study, the developmental process was characterized
at three stages, initial internode length at stem elongation, heading date, and physiological maturity. These traits were
mapped in a population of recombinant inbred lines (RILs) generated from a cross between two winter wheat cultivars,
Jagger and 2174. The variation in the developmental process was found to be controlled by three major QTL, each
tightly associated with a known flowering gene, VRN-AI on chromosome SA, PPD-D1 on chromosome 2D, and VRN-
D3 on chromosome 7D. On the basis of the average contributions of these candidate genes for QTL to the total pheno-
typic variation (R?) over three years, VRN-AI, PPD-D1, and VRN-D3 were found to have the most significant effect on
stem elongation, heading date, and physiological maturity, respectively, and all of them also had durable effects on other
developmental traits characterized at different stages. Whereas the Jagger VRN-AI and VRN-D3 alleles promoted the
developmental process, the Jagger VRN-D1 allele delayed the developmental process due to its sensitivity to photope-
riod. No direct interactions were found between these genes, but the combination of their alleles and effect durations
determined various developmental phases in winter wheat.
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Syntenic relationship of the wheat greenbug-resistance gene Gb3 region with rice and
Brachypodium distachyon.

Perumal Azhaguvel !, Jackie C. Rudd !, Yaqin Ma 2, Ming-Cheng Luo 2, Yiqun Weng !-3.

'Texas AgriLife Research, 6500 Amarillo Blvd. W., Amarillo, TX 79106, USA; 2 Department of Plant Sciences, Univer-
sity of California, 1 Shields Ave, Davis, CA 95616, USA; and 3 Vegetable Crop Research Unit, USDA-ARS, Department
of Horticulture, University of Wisconsin, Madison, WI 53706, USA.

The greenbug, Schizaphis graminum (Rondani), is an important aphid pest of small-grain crops in many parts of the
world. A single dominant gene, Gb3 that originated from Ae. tauschii, has been deployed in the hard winter wheat cul-
tivars TAM 110 and TAM 112 and has provided consistent and durable resistance against prevailing greenbug biotypes.
Previously, we mapped Gb3 in the recombination-rich, telemetric bin of wheat chromosome arm 7DL. In the present
study, high-resolution, subgenome mapping was carried out using an F, segregating population of Ae. tauschii and two
hexaploid populations. Molecular markers were developed by exploring the Triticeae ESTs and the syntenic relation-
ships among wheat, rice, and B. distachyon in the Gb3 region. The Brachypodium sequences in super contig_0 aligned
with Triticeae ESTs were thoroughly examined. A high degree of colinearity between the wheat 7DL distal bin and the
Brachypodium super contig_0 was observed. Total of 70 Gb3-linked markers were mapped in the Ae. tauschii popula-
tion, of which 21 were based on wheat—Brachypodium colinearity. Markers closely linked with Gb3 were used to screen
Ae. tauschii and wheat 7DL-specific BAC libraries. BAC contigs were constructed with markers flanking Gb3. Fifteen
Ae. tauschii BAC-end sequence-based markers were fine mapped in a Gb3 window of 3.0 cM. This research demon-
strates the value of publicly available resources such as the wheat D-genome mapping database ((http://wheat.pw.usda.

gov/PhysicalMapping/), the rice database (http://wheat.tigr.org/tdb/e2k1/tac1/index.shtml), and the B. distachyon data-
base (http://www.brachypodium.org).
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The concurrence of Stagonospora nodorum blotch resistance with host-selective toxin insensitivity
in tetraploid wheat.

Chenggen Chu !, Timothy L. Friesen 2, Shiaoman Chao 2, Justin D. Faris 2, and Steven S. Xu 2.

'Department of Plant Sciences, North Dakota State University, Fargo, ND 58105, USA and 2 USDA-ARS Cereal Crops
Research Unit, Red River Valley Agricultural Research Center, Fargo, ND 58105, USA.

Resistance to Stagonospora nodorum blotch (SNB) in hexaploid wheat (Triticum aestivum L.) is associated with insensi-
tivity to host-selective toxins (HSTs) produced by the pathogen. In this research, we evaluated the association between
HST insensitivity and SNB resistance in tetraploid wheat (7. turgidum L.). Two natural populations consisting of 172
wild emmer (7. turgidum subsp. dicoccoides) accessions and 206 cultivated tetraploid wheat accessions, including 7.
turgidum subsps. carthlicum, polonicum, turgidum, dicoccum, and turanicum, were inoculated with a mixture of three S.
nodorum isolates and infiltrated with purified SnToxA and crude culture filtrate of isolate Sn2000KO6-1 (an isolate with
a disrupted ToxA gene). The associations between SNB resistance and insensitivity to SnToxA and Sn2000KO6-1 were
43% and 30%, respectively. To further investigate the correlation between SNB resistance and insensitivity to specific
HSTs, a doubled-haploid (DH) population consisting of 146 lines was developed from the cross between the SNB-
susceptible durum cultivar Lebsock and the SNB-resistant 7. turgidum subsp. carthlicum accession PI 94749. Genetic
linkage maps constructed in this population spanned 2,036.7 cM and consisted of 283 markers that covered all 14 chro-
mosomes. We inoculated the population with the S. nodorum isolates Sn2000 and LDNSn4 to evaluate the development
of SNB. We also infiltrated the population with the purified HSTs SnToxA and SnTox3 and with crude culture filtrate
from isolates LDNSn4 and Sn2000KO6-1 to evaluate reaction to the HSTs and identify the corresponding host genes
conferring sensitivity. QTL analysis revealed that genomic regions on chromosome arms 2BS, 4BS, and SBL governed
resistance to isolate Sn2000, and loci on chromosome arms 2BS, 3AS, 5BS, and 5BL conferred resistance to isolate
LDNSn4. The effects of the 5BS and SBL QTL were due to the underlying toxin sensitivity loci Snn3 and Tsnl, which
confer sensitivity to the previously characterized toxins SnTox3 and SnToxA, respectively. No evidence for a host-toxin
interaction associated with the 3AS QTL was found, but the effects of the 2BS and 4BS QTL were due to novel host-
toxin interactions that have not been previously reported. Therefore, these results led to the identification of two new S.
nodorum HSTs and their corresponding host sensitivity genes, and they demonstrate that these novel host-toxin interac-
tions, along with previously characterized host-toxin interactions, play important roles in the development of SNB in this
population. This research indicates that host-toxin interactions in the wheat-S. nodorum pathosystem are major disease
conferring factors in tetraploid wheat, just as they are in hexaploid wheat.positional cloning of two host-sensitivity
genes: Tsnl on SBL and Snnl on 1BS. Toward the map-based cloning of 7sn/ on chromosome 5B, we sequenced and
assembled chromosome 5A and 5B BAC contigs spanning the gene. Evaluation of gene content and micro-colinearity
between the orthologous regions of 5A, 5B, and rice chromosome 9 indicated the 5A region and rice share a higher level
of micro-colinearity than the 5B region does with rice due to the presence of numerous transpositions, deletions, and
rearrangements present in the wheat 5B region. In addition, the 5B Tsn/ candidate region is nearly four times larger than
the corresponding region of SA due to the presence of additional genes and transposable elements. At least ten genes
exist within the 350-kb 7sn/ candidate-gene region, and they are currently being validated by comparative sequence
analysis of Tsnl-disrupted mutants and virus-induced gene silencing. An important applied by-product of this research is
the development of efficient PCR-based markers for Tsn/, which are being used to introgress SnToxA insensitivity into
adapted germ plasm. Overall, this research demonstrates the potential of the wheat—S. nodorum pathosystem to be an
excellent toxin-based inverse gene-for-gene model.
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Comparative analysis of transcripts associated to all-stage resistance and adult-plant resistance to
stripe rust in wheat.

Tristan E. Coram !, Xueling Huang 2, Matthew L. Settles *, Gangming Zhan 2, Gina Brown-Guedira ', and Xianming
Chen >*.

"USDA-ARS, Plant Science Research Unit, Raleigh, NC 27606, USA; 2 Department of Plant Pathology, Washington
State University, Pullman WA 99164-6430, USA; 3 Department of Molecular Biosciences, Washington State University,
Pullman, WA 99164-4234, USA; and * USDA-ARS, Wheat Genetics, Quality, Physiology, and Disease Research Unit,
Pullman, WA 99163, USA.

Stripe rust, caused by Puccinia striiformis f. sp. tritici, is a destructive disease of wheat worldwide. Genetic resistance is
the preferred method for controlling stripe rust, of which two major types are race-specific and race-nonspecific resist-
ance. Race-specific resistance includes the qualitatively inherited all-stage resistance, controlled by single major resist-
ance (R) genes. Conversely, adult-plant resistance is race nonspecific, inherited quantitatively, and durable. Previously,
we characterized the gene-expression signatures involved in Yr5-controlled all-stage resistance and Yr39-controlled
adult-plant resistance using the Affymetrix Wheat GeneChip. For this study, we designed and constructed custom
oligonucleotide microarrays containing probes for the 116 and 207 transcripts that we had found important for the Y75
and Yr39 resistance responses, respectively. We used this custom microarray to profile the resistance responses of eight
wheat genotypes with all-stage resistance (Yrl, Yr5, Yr7, Yr8, Yr9, Yrl0, Yri5, and Yrl7) and five genotypes with adult-
plant resistance (Y718, Yr29, Yr36, Yr39, and the adult-plant resistance gene in the Y78 line). The aim of this analysis
was to identify common and unique gene-expression signatures involved in the two types of resistance, which were used
to infer information regarding the general pathways involved in all-stage resistance and adult-plant resistance.

Balance and dosage interdependence of homoeolog gene expression in polyploid wheat.

Jasdeep S. Mutti and Kulvinder S. Gill. Department of Crop and Soil Sciences, Washington State University, Pullman,
WA 99164-6420, USA.

Gene duplication by polyploidy (homoeologues) or other means (paralogues) is a prominent feature of angiosperm
evolution. We studied gene expression among three homoeologues of hexaploid wheat that evolved from a common pro-
genitor about 3 million years ago (MYA) and came into a common nucleus at different times, ~0.5 and 0.01 MYA. Gene
expression corresponding to each homoeologue was identified by sequence comparison of cultivar Chinese Spring ESTs,
and the results were confirmed by SSCP analysis of RNA using nullisomic-tetrasomic lines. Of the 632 genes analyzed,
58% were expressed from all three homoeologues, 33% from two, and only 9% were expressed from one of the three
homoeologues. The largest percentage of genes (14%) were expressed in the anthers and the least (7%) were expressed
in pistils. The highest number of homoeologues/gene were expressed in the roots (1.72 out of three homoeologues),

and the lowest number were expressed from the anthers (1.03 out of three homoeologues). In general, the proportion

of expressed copies decreased with an increase in homoeologue copy number. The most significant observation was

that homoeologues for 87% of the genes showed different expression patterns in different tissues and, thus, have likely
evolved different gene expression controls. About 30% of the genes showed dosage dependence as the expression of
homoeologues changed in response to changes in structural copy number.
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QTL analysis of germination heat sensitivity in winter wheat.

Shuwen Wang, Liuling Yan, and Brett F. Carver. Department of Plant and Soil Sciences, Oklahoma State University, 368
Agricultural Hall, Stillwater, OK 74078-6028, USA.

Winter wheat is usually planted in early September in the southern Great Plains to increase forage production for the pur-
pose of cattle grazing. As a negative consequence of early planting, wheat seed may exhibit secondary dormancy under
the hotter soil conditions typically encountered in early September. Poor emergence and stand establishment of extreme-
ly sensitive cultivars may result in significant forage yield reduction of about 50%. This phenomenon is termed germi-
nation heat sensitivity (GHS) or thermodormancy. Evaluation of breeding material is difficult because of unpredictable
weather conditions at planting and the continuous decrease in heat sensitivity during seed storage. The environment

of the maternal plant in which seed production occurs also may confound differences in GHS. In this study, 94 recom-
binant inbred lines (RILs) derived from two local cultivars, Intrada (HW) and Cimarron (HRW), were used to map QTL
controlling GHS. Seed samples were collected in years 2006 and 2007 from both the field and greenhouse and stored at
room temperature until the end of August. Germination rates were investigated in growth chambers at two temperature
regimes, 35/27°C day/night to test GHS, and constant 24°C as control. At 24°C, all RILs showed germination rates ex-
ceeding 90%, indicating that primary dormancy had been released at test time. Two major QTL were detected on chro-
mosomes 3AS and 4AL. The locus QGhs.osu-3A was tightly linked with SSR marker BARC310, explaining 11-24%

of the phenotypic variance. QGhs.osu-4A was located between Xgwm637 and Xwmc513, accounting for 19-58% of the
phenotypic variance. SNP marker BF474615 indicated that this locus was adjacent to the deletion bin 4AL13-0.59-0.66.
There was significant epistatic interaction between the two QTL. Strong ‘QTL x environment’ interaction implied that
the seed-storage condition and test time had large effects on expression of GHS. The coincidence of markers for GHS
and preharvest sprouting tolerance suggested that they might share common points in their regulatory pathways, which
might be reactivated by heat stress. In addition, phenotypic data and mapping results both confirmed that seed color had
no association with GHS.

Association mapping of quantitative trait loci resistant to aluminum toxicity in U.S. winter wheat.
Dadong Zhang !, Guihua Bai 2, Jianming Yu !, Chengsong Zhu !, Brett Carver?, and Paul St. Amand 2.

! Department of Agronomy, Kansas State University, Manhattan, KS 66506, USA; 2 USDA-ARS Plant Science and
Entomology Research Unit, Manhattan, KS 66506, USA; and * Plant and Soil Science Department, Oklahoma State
University, Stillwater, OK 74078, USA.

Aluminum (Al) toxicity is a major constraint for wheat production in acid soils worldwide. To date, three QTL for Al
resistance have been mapped through linkage mapping. To validate these mapped QTL and identify new QTL for Al
resistance from U.S. wheat breeding lines, association mapping was conducted using 211 simple-sequence repeat (SSR)
markers covering the 21 wheat chromosomes and 205 U.S. elite, winter wheat breeding lines, including 119 hard red
winter wheat (HRWW), 21 hard white winter wheat (HWWW), and 65 soft red winter wheat (SRWW) from four U.S.
wheat regional nurseries. On average, one SSR amplified 8.4 alleles across the 205 lines, ranging from 2 to 24. The 205
lines were divided into six subpopulations including four hard winter wheat (HWW) subpopulations and two soft winter
wheat (SWW) subpopulations, on the basis of 1,770 alleles analyzed by the Structure2.0 software. Among the four
HWW subpopulations, subpopulation 1, mainly from Oklahoma and Kansas, showed a higher level of Al tolerance than
the other three subpopulations, with an average field score of 1.62 on a 0-5 scale. Two SWW subpopulations had a high
level of Al tolerance with average field Al scores of 1.38 and 1.67. Genome-wide association analysis identified at least
four significant regions that were associated with Al resistance, and three were reported previously by linkage mapping.
Analysis of linkage disequilibrium indicated that markers in the 4DL major QTL region were closely linked and good
markers for marker-assisted selection. Another major QTL on 3BL, identified from the Chinese landrace FSW in our lab,
also showed a high association with Al tolerance (P<0.0I) in U.S. winter wheat lines. A minor QTL in the 2AS region
also was validated in the association analysis, but an additional QTL with a large effect on Al resistance was identified
in the association mapping study. In addition to the three mapped QTL, a new locus on 2DL also displayed a significant
effect on Al resistance. Markers identified in this study will be useful for marker-assisted selection in U.S. winter wheat
breeding programs.
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Structural and functional genomics: resources and uses related to quality.

Olin D. Anderson. Genomics and Gene Discovery Research Unit, Western Regional Research Center, USDA-ARS, 800
Buchanan Street, Albany, CA 94710, USA.

The applications of genomics to wheat quality are only now starting to be realized, and a review of current and projected
future bioinformatics resources will include examples of contributions of genomics to understanding and improving
wheat quality. Such examples will involve structural genomics to understand the chromosome organization of wheat
quality loci, use of ESTs to gain structural and functional insights into gene structure and expression, uses and limitations
of array platforms, and the development of markers for high-throughput mappings. Projections on the ongoing change
in DNA sequencing capacity will be reviewed, along with issues related to data load, such as problems associated with
single experiments producing gigabytes of data. How such data can be stored, accessed, analyzed, and useful informa-
tion extracted will become increasing problematical.

Identifying quantitative end-use quality traits through marker-trait associations.
Craig F. Morris !, Kulvinder S. Gill 2, Garrison E. King ?, John Burns 2, and Doug Engle'.

' USDA-ARS, Western Wheat Quality Laboratory, Washington State University, Pullman, WA 99164, USA; ? Depart-
ment of Crop & Soil Sciences, Washington State University, Pullman, WA 99164, USA; and * Department of Food Sci-
ence & Human Nutrition, Washington State University, Pullman, WA 99164, USA.

End-use quality traits (grain, milling, and baking) are generally expensive and difficult to measure. We are in the process
of estimating phenotypic trait values for a wide range of Pacific Northwest wheat genotypes, including soft white spring,
winter, and club; hard red winter and spring; and hard white winter and spring. Phase 2 of the research will attempt to
associate molecular markers with quantitative variation in end-use quality phenotypes.

We currently have assembled four large data sets derived from a long-term (~10 years) study known as the
‘G&E’ (Genotype and Environment). The G&E study utilizes grain samples produced from the Washington State Uni-
versity Cereal Variety Testing Program, a multi-location replicated trial of advanced breeding lines and current cultivars.
The G&E uses single-rep grain samples from 4-6 locations each year. Most lines and cultivars are included in the study
for three years; long-term checks are included for the entire life of the program. The four nurseries are soft spring, soft
winter, hard spring, and hard winter. For soft spring, the long-term checks are Alpowa and Zak and for soft white winter,
they are Eltan, Madsen, Stephens, Hiller, and Rely. The soft spring data set is comprised of approximately 340 samples;
the soft winter set has about 970 samples. The traits under study are grain yield, test weight, grain protein, NIR grain
hardness, SKCS single kernel hardness, weight and size and their standard deviations, break flour yield, flour yield, mill-
ing score, flour ash, flour protein, Mixograph water absorption, flour SDS sedimentation volume, flour-swelling volume,
rapid ViscoAnalyzer peak hot paste viscosity, cookie diameter, sponge cake volume, and polyphenol oxidase L-DOPA
absorbance. Currently, the issue at hand is to determine what the best estimate is for each genotype’s phenotype. The
first two approaches involve i) simple calculations of arithmetic means and ii) calculation of least squares means. The
latter has the advantage of accommodating year-to-year variation to adjust the
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Mapping phenotypic and gene expression QTL related to preharvest sprouting resistance in white
winter wheat.

Jesse D. Munkvold and Mark E. Sorrells. Department of Plant Breeding & Genetics, Cornell University, Ithaca, NY
14853, USA.

The premature germination of seeds before harvest, known as preharvest sprouting (PHS), is a serious problem in all
wheat growing regions of the world. In order to determine genetic control of PHS resistance in white winter wheat from
the relatively uncharacterized United States germ plasm, a doubled-haploid population consisting of 209 lines from a
cross between the PHS-resistant cultivar Cayuga and the PHS-susceptible cultivar Caledonia was used for composite
interval QTL mapping (CIM) of the PHS trait and gene expression at physiological maturity. A total of 16 environments
were used to detect 15 different PHS QTL including a major QTL, QPhs.cnl-2B.1, that was significant in all environ-
ments tested and explained from 5% to 31% of the trait variation in a given environment. Three other QTL, QPhs.cnl-
2D.1, QPhs.cnl-3D.1, and QPhs.cnl-6D.1, were detected in six, four, and ten environments, respectively. Gene expres-
sion levels in mature embryo tissue were measured using a >17,000 feature, long-oligonucleotide microarray. Composite
interval analysis revealed 2,729 eQTL from 1,700 genes distributed across the genome. Significant eQTL clusters were
observed on several chromosomes. Of the 2,729 eQTL, 117 were found to overlap with the previously defined PHS
QTL. The eQTL that overlapped with PHS QTL were tested for correlation with the PHS trait using the Pearson product
moment correlation in R. Those genes with eQTL that collocated with PHS QTL and were significantly correlated with
the PHS trait were considered good candidates for being involved in PHS and seed dormancy. This study provides valu-
able information for marker-assisted breeding for PHS resistance, future haplotyping studies, candidate gene analysis,
and research into seed dormancy.

Poster 1. Molecular characterization of the chromosomal region harboring the Hessian fly
resistance genes H32 and H26 in wheat.

Guo Tai Yu !, Christie E Williams 2, Marion O. Harris ', Xiwen Cai 3, and Steven S. Xu*.

! Department of Entomology, North Dakota State University, Fargo, ND 58105, USA; 2 USDA-ARS, Crop Production
and Pest Control Research Unit, West Lafayette, IN 47907, USA; * Department of Plant Sciences, North Dakota State
University, Fargo, ND 58105, USA; and * USDA-ARS, Northern Crop Science Laboratory, P.O. Box 5677, Fargo, ND
58105, USA.

Hessian fly [Mayetiola destructor (Say)] is one of the most important insect pests that attack wheat. A total of 32 genes
conditioning resistance to Hessian fly have been identified in wheat (Triticum aestivum L.) and its relatives. Two resist-
ance genes, H32 and H26, derived from Ae. tauschii, were mapped to the long arm of chromosome 3D and reside within
the deletion bin 3DL3-0.81-1.00. The objective of this study was to determine the physical and genetic relationships
between these two Hessian fly resistance genes. H32 was previously mapped in the ITMI population and H26 in an F,
population. Fourteen, EST-derived, STS markers flanking the H26 locus were assigned to the linkage map of H32 in the
ITMI population. Two of the STS markers, Xrwgs/0 and Xrwgsi1, were found to flank the H32 locus with a genetic dis-
tance of 0.5 cM on both sides. XrwgsI0 is 3.2 cM distal to H26 and XrwgsII is 1.0 cM proximal to H26 on the genetic
map of H26. Another STS marker, Xrwgs/2, which is 1.0 cM proximal to H26, co-segregated with H32 in the ITMI
population. Integrative analysis of these two genetic maps suggests that H32 and H26 are likely allelic or closely linked.
STS markers closely linked to the Hessian fly gene (or genes) will be useful for marker-assisted selection in wheat germ
plasm development and breeding.
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Poster 2. Association analysis of soft wheat quality traits in eastern U.S. soft winter wheat.

N. Smith 2, E. Souza ', C. Sneller 2, M.E. Sorrells 3, C. Griffey *, H. Ohm *, D. Van Sanford ¢, M.J. Guttieri ?, and A.
Sturbaum ',

'USDA-ARS, Wooster, OH 44691, USA; Ohio State University, Wooster, OH 44691, USA; ? Virginia Polytechnical In-
stitute, Blacksburg, VA 24061, USA; ¢ Purdue University, West Lafayette, IN 47907, USA; ° Cornell University, Ithaca,
NY 14853, USA; and ¢ University of Kentucky, Lexington, KY 40506, USA.

Soft wheat quality is highly heritable, controlled by multiple loci, and has been mapped in a number of bi-parental
crosses. We expanded the mapping information determining soft wheat quality by using association analysis between
genetic markers and quality phenotyping in 187 soft winter wheat cultivars from the eastern U.S. Quality samples were
obtained from 2007 production environments in Ohio, Indiana, New York, and Virginia. Samples were milled at the
USDA-ARS Soft Wheat Quality Laboratory, and flour was evaluated using the solvent retention capacity test (AACC
Method 56-11) and the sugar snap cookie method (AACC Method 10-52). Results from the genetic marker analysis
indentify a region of chromosome 2B associated with a complex set of milling traits, likely controlled at multiple, linked
loci. These traits are best marked by the microsatellite primers, BARC98, GWM429, and BARCO010. Genetic markers
specific to the high-molecular-weight glutenin locus, GlulD, identified the Dx5 allele associated with coarser flour
texture. Association analysis for quality traits in this population should prove useful for identifying new markers for
agronomically important traits.

Poster 3. Genome-wide identification of the quantitative trait loci associated with end-use quality
of bread wheat grown under drought conditions.

J.Chen ', E.J. Souza >, M.J. Guttieri >, K.M. O’Brien ', C.-G. Chu %, S.S. Xu 4, D. See °>, D. Hole °, and R. Zemetra ’.

! Aberdeen Research and Extension Center, University of Idaho, 1691 S. 2700 W, Aberdeen , ID 83210, USA; 2USDA~
ARS Soft Wheat Quality Laboratory, 1680 Madison Ave., Wooster, OH 44691, USA; * Horticulture and Crop Science
Department, Ohio State University, 1680 Madison Ave, Wooster, OH 44691, USA; * USDA-ARS Northern Crop Sci-
ence Laboratory, Fargo, ND 58105, USA; S USDA-ARS Western Regional Small Grain Genotyping Laboratory, Pull-
man, WA 99164, USA; ¢ Plants, Soils, and Biometeorology Department, Utah State University, Logan, UT 84322, USA,;
and 7 Department of Plant, Soil and Entomological Sciences, University of Idaho, Moscow, ID 83844, USA.

Improving the end-use quality of bread wheat is a major target for many breeding programs. The process can be acceler-
ated by using molecular markers tightly linked to the genes controlling the end-use quality. This study was conducted

to identify qualitative trait loci (QTL) related to grain quality (grain hardness, kernel weight, and kernel diameter), flour
quality (flour protein content, flour yield, and flour paste viscosity), mixing quality (mixing peak time and height, mixing
tolerance, and mixing absorption), and baking quality (SDS-sedimentation (SED)). A population of 180 recombinant
inbred lines was generated from a cross between Rio Blanco, a hard white winter cultivar, and IDO444, a hard red winter
wheat line. The two parents have same glutenin subunits on chromosomes 1A (2*) and 1D (5+10) but have different
subunits on 1B (748 and 13+16), and a different GBSS locus on 4A. The end-use quality of each line was evaluated
separately from seed samples harvested from two dryland locations, Rockland and Arbon in southern Idaho in 2006-07.
A total of 438 marker loci were mapped on the 20 linkage groups, except chromosome 1D, with the total map length
spanning 3,051 cM. Overall, 53 QTL (LOD > 2.5) with various significances were detected on 15 chromosomes, and

20 manifested in both locations. The most significant QTL associated with flour viscosity was identified and located

on chromosome 4A and explained over 60% of phenotypic variation. Our results confirmed that end-use quality is a
complex trait that was affected by various loci on multiple chromosomes. The novel QTL and tightly linked markers
identified in this study provided very useful information for improving the end-use quality of bread wheat.
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Poster 4. Differential gene expression in wheat under long-term, post-anthesis heat stress using
microarray and real-time PCR techniques.

Md. Babar !, Allan Fritz 2, John Fellers 3, J. Bai 4, N. Lu °, and M. Deshpande*.

! Department of Entomology, Kansas State University, Manhattan, KS 66506, USA; 2 Department of Agronomy, Kansas
State University, Manhattan, KS 66506-5501, USA; * USDA-ARS Plant Science and Entomology Unit, Manhattan, KS
66506, USA; * Department of Plant Pathology, Kansas State University, Manhattan, KS 66506, USA; and ° Division of

Biology, Kansas State University, Manhattan, KS 66506, USA.

Long-term, post-anthesis, high temperature stress is one of the major limiting factors for wheat production globally,
including the southern Great Plains areas in U.S. The objectives of the research were to study the differential gene
expression in heat-tolerant and heat-sensitive wheat lines at long-term, high temperature stress. The plants were grown
in optimum conditions in a growth chamber. In the expression study, the plants were exposed to stress after flowering by
gradually increasing the temperature from 20/15°C to 36/30°C day/night in 4 days with 80% relative humidity and 16/8
hours daylight to simulate natural conditions. Leaf tissue was collected from both heat-treated and control plants at 4, 7,
and 10 days. The microarray gene expression study was performed by using an Affymetrix gene chip array at only the 4-
and 7-day sampling dates. A total of 337 and 228 genes were up-regulated at day 4 and day 7, respectively. In tolerant
lines, 41 genes were up-regulated at both dates, whereas in the sensitive lines, 917 and 1,045 genes were up-regulated

at day 4 and day 7, respectively, with a common expression of 236 genes. The putative functions of the ESTs were
predicted by BLASTX. The differentially expressed genes were broadly classified according to their function. In the
tolerant lines, protein synthesis-, transcription factor-, cell wall synthesis-, signaling-, photosynthesis-, and oxyreductase
genes were expressed higher under stress conditions. On the other hand, genes related to cell wall degradation, senes-
cence, metabolism, and stress had higher expression in the heat-sensitive lines. The differential expression of 14 selected
transcripts was studied by real-time PCR of tolerant and sensitive lines and their parents under stress and optimum condi-
tions. Results from real-time PCR confirmed their differential expression. The differential expression of those genes
may be attributed to genotypic variations in response to heat stress.

Poster 5. Single nucleotide polymorphism markers for Fusarium head blight resistance in wheat.
A N. Bernardo ', H-X. Ma 2, and G-H. Bai °.

'Department of Plant Pathology, Kansas State University, Manhattan, KS 66506, USA; ? Institute of Plant Genetics and
Biotechnology, Jiangsu Academy of Agricultural Sciences, Nanjing, China; and * USDA-ARS Plant Science and Ento-
mology Unit, Manhattan, KS 66506, USA.

Fusarium head blight (FHB) is a devastating disease in humid and semihumid wheat-growing regions of the world. The
quantitative trait locus (QTL) on 3BS (Fhb1) of Sumai 3 and Ning 7840 has been identified to have the largest effect on
FHB resistance. Simple-sequence repeat (SSR) markers flanking the Fhbl are identified. These SSR markers have been
widely used for marker-assisted screening of Fhbl. However, the SSR markers flank a relatively large chromosome
region of the QTL and more closely linked markers to the QTL may improve selection efficiency. The rich sources of
wheat expressed-sequence tags (ESTs) and the abundance of single nucleotide polymorphism (SNP) markers makes
SNPs ideal markers for fine mapping. We developed SNP markers based on wheat ESTs that mapped to the 3BS QTL
region. A total of 15 SNPs were identified between Ning 7840 and Clark (FHB-susceptible) based on sequence analysis
of three different ESTs. SNP primers were designed and the single-base extension method was used to analyze the SNPs
in 125 ‘Ning 7840/Clark’ recombinant inbred lines. Three SNP markers mapped between Xgwm533 and Xgwm493. Two
of them, Xsnp-21-1 and Xsnp—20-1a, have higher coefficient of determination (R?) than Xgwm533 and should be good
markers for marker-assisted selection of the Fhbl QTL in breeding programs.
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Poster 6. Discovery and mapping of single-feature polymorphisms in wheat using Affymetrix
arrays.

AN. Bernardo !, P.J. Bradbury 2, H-X. Ma 3, S-W. Hu ¢, R.L. Bowden °, E.S. Buckler 2, and G-H. Bai’.

'Department of Plant Pathology, Kansas State University, Manhattan, KS 66506, USA; 2 USDA-ARS Maize Genetic
Diversity Laboratory, Ithaca, NY 14853, USA; * Institute of Plant Genetics and Biotechnology, Jiangsu Academy of Ag-
ricultural Sciences, Nanjing, China;  Department of Agronomy, Kansas State University, Manhattan, KS 66506, USA;
and > USDA-ARS Plant Science and Entomology Unit, Manhattan, KS 66506, USA.

Affymetrix arrays have been used to discover single feature polymorphisms (SFPs) in several crop species. To demon-
strate the utility of the Affymetrix GeneChip® Wheat Genome Arrays in SFP discovery and mapping in wheat (Triticum
aestivum L.), complimentary RNAs synthesized from mRNA isolated from seedlings of 71 F, |, recombinant inbred
lines (RILs) from the cross ‘Ning 7840/Clark’ were hybridized to the Affymetrix array. SFP prediction on the array data
followed the method of Kirst et al. A total of 955 SFPs were selected and combined with simple-sequence repeat (SSR)
data for mapping. A high-density, genetic map consisting of 923 SFPs and 269 SSR markers and covering a genetic
distance of 1,944 cM was constructed with 877 SFPs assigned to 21 chromosomes. The SFPs were distributed ran-
domly within a chromosome and effectively filled gaps between SSRs but were unevenly distributed among the different
genomes. The B genome had the most SFPs and the D genome the least. Map positions of a selected set of SFPs were
validated by SNaPshot analysis and comparison with previous EST physical mapping data. Results indicate that the Af-
fymetrix array is a cost-effective platform for SFP discovery and mapping using RILs. The new map will be an impor-
tant source of markers for detecting quantitative trait loci and high-resolution mapping.

Poster 7. New wheat data in GrainGenes.
David E. Matthews !, Victoria L. Carollo 2, Gerard R. Lazo 3, and Olin D. Anderson .

' USDA-ARS, Department of Plant Breeding and Genetics, Cornell University, Ithaca, NY 14853, USA; 2 Department of
Plant Sciences and Plant Pathology, Montana State University, Bozeman, MT 59717, USA; and > USDA-ARS Western
Regional Research Center, 800 Buchanan Street, Albany, CA 94710, USA.

Several wheat maps have been added to GrainGenes this year. A durum map, ‘Kofa/UC1113’, containing SSR and SNP
markers, was submitted from the Wheat CAP project. A dozen more maps from this project are expected in the next
year. Another tetraploid map, ‘Langdon/T. turgidum subsp. dicoccoides G18-16’, containing SSR and DArT markers,
was obtained from Peleg et al. (Tzion Fahima). A bread wheat map, ‘Nanda 2419/Wangshuibai’, was obtained from
Zhengqiang Ma; in addition to the MAG markers (expressed STSs and SSRs) that were placed on this map, data on a
total of 2,500 MAG markers was added to the database.

The NSF-sponsored, D-genome, physical mapping project has anchored many BACs to genetically mapped
markers. Now, several GrainGenes maps display the positions of these BACs relative to loci on chromosomes 1-7D,
which is the beginning of an integrated physical/genetic map for wheat.
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Poster 8. Saturation mapping of scab resistance QTL in Ernie and application to marker-assisted
breeding.

Shuyu Liu !, Carl Griffey !, Anne McKendry 2, Marla Hall !, and Gina Brown-Guedira °.

! Department of Crop and Soil Environmental Sciences, Virginia Tech, Blacksburg, VA 24060, USA; ? Department of
Plant Science, University of Missouri, Columbia, MO 65201, USA; and * USDA-ARS Eastern Regional Small Grains
Genotyping Laboratory, Raleigh, NC 27695, USA.

Fusarium head blight (FHB) is caused mainly by Fusarium graminearum in wheat and results in significant yield and
quality losses in humid and warm areas of the world. QTL for scab resistance have been mapped in exotic and native
sources. However, only a few QTL have been widely deployed in breeding programs using marker-assisted selection
due to the lack of diagnostic and tightly linked markers for most QTL. Four major QTL for type-II resistance were
previously mapped on chromosomes 5A, 4B, 3BS, and 2B of Ernie. A set of 243 ‘Ernie/M094-317" RILs were evalu-
ated in inoculated, mist-irrigated, scab nurseries at Columbia, MO, and Blacksburg, VA. The 4B QTL region was as-
sociated with field FHB severity (R>=4.2%), index (R?>=4.4%), kernel quality assessed as 100-grain weight (R>=8.0%),
and Fusarium-damaged kernels (FDK, R*=6.2%). The awn-inhibitor gene B, is associated with field FHB incidence
(R?=4.5%) and index (R?>=5.3%) in the Virginia test and with FHB severity (R?>=4.2%) in the Missouri test. Another QTL
associated with 100-grain weight is on chromosome 2DS (R?=12.4%). One minor QTL for FDK (R?*=4.3%) on chromo-
some 5A is separate from the major QTL for type-II resistance and the B, gene. Tightly linked markers are being used
for marker-assisted selection in breeding populations for the four QTL in Ernie and the two major QTL on chromosomes
3BS and 6B of Sumai 3, which will facilitate the pyramiding of various QTL for FHB resistance using marker-assisted
selection in cultivar development. This material is based upon work supported by the U.S. Department of Agriculture
under Agreement No. 59-0790-4-102. This is a codperative project with the U.S. Wheat & Barley Scab Initiative.

Poster 9. Map-based cloning of the fungal toxin sensitivity gene Tsnl in wheat.

Justin D. Faris !,Zengcui Zhang 2, Huangjun Lu 3, Leela Reddy 2, Shunwen Lu !, Kristin J. Simons !, John P. Fellers ¢,
and Timothy L. Friesen .

" USDA-ARS Cereal Crops Research Unit, Northern Crop Science Laboratory, Fargo, ND 58105, USA; 2 Department of
Plant Sciences, North Dakota State University, Fargo, ND 58105, USA; * Department of Plant Pathology, North Dakota
State University, Fargo, ND 58105, USA; and * USDA-ARS Plant Science and Entomology Research Unit, Kansas State
University, Manhattan, KS 66506, USA.

The wheat Tsnl gene on wheat chromosome arm 5SBL confers sensitivity to the host-selective proteinaceous toxins Ptr
ToxA and SnToxA produced by the pathogenic fungi Pyrenophora tritici-repentis and Stagonospora nodorum, re-
spectively. Compatible Tsn/-ToxA interactions lead to extensive cell death and disease susceptibility. We employed a
map-based strategy combined with haplotype analysis of natural populations to delineate the 7sn/ candidate region to

a 120-kb segment containing five genes. Comparative sequence analysis of multiple independent EMS-induced ToxA-
insensitive mutants revealed that 7sn/ is a member of the NBS-LRR class of disease resistance genes but, in this case,

it confers susceptibility. Evaluation of the level of microcolinearity between the orthologous regions of wheat chromo-
somes 5A and 5B, Brachypodium, and rice indicated that the 5A region, Brachypodium, and rice share a higher level of
microcolinearity than the 5B region does due to the presence of numerous transpositions, deletions, and rearrangements
present in the wheat 5B region. Tsn/ lies on a 100-kb, chromosome 5B-specific insertion that is specific to ToxA-
sensitive genotypes. Homoeoalleles of 7sn/ do not exist on chromosomes 5A and 5D, and recessive #sn/ alleles are rare
because ToxA-insensitivity is usually conferred by the null allele on 5B. Phylogenetic analysis indicated that 7sn/ is re-
lated to other NBS-LRR proteins encoded by toxin sensitivity genes and several rust resistance genes from other grasses.
The isolation of Tsnl will allow us to decipher the molecular interactions and mechanisms associated with the wheat-P.
tritici-repentis and wheat-S. nodorum pathosystems.
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Poster 10. BIBAC library and physical map construction of the Puccinia triticina pathotype
PRTUS3.

Arlene Pacheco, Hongbin Zhang, and Dirk B. Hays. Department of Soil and Crop Science, Texas A&M University, Col-
lege Station, TX 77843, USA.

Leaf rust is the most common and one of the most important cereal diseases of the world. Current leaf rust control

has consisted of breeding for resistant cultivars by identifying Lr genes in the host. These cultivars quickly become
susceptible to infection due to the tremendous extant genetic diversity of the pathogen that allows it to overcome
resistant cultivars in 2—4 years. Development of alternate methods of control are limited, because little is known about
the Puccinia genome and plant-pathogen interaction. Construction of a genome-wide physical map is important in order
to fully understand the infection mechanism of the pathogen and its interaction with the host. In an effort to discover
more about the genetic potential of leaf rust in terms of AVR and VIR gene regulation and create novel plant resistance
breeding strategies in the future, we have proposed to study the pathogen’s genome by constructing a BIBAC library and
a physical map of the pathogen. The BIBAC library is being constructed from pathotype PRTUS 3, which has AVR-1
disrupted using T-DNA mutagenesis via particle bombardment. The characterization of the AVR-1 in the BIBAC library
will serve as a point of reference for cloning heterologous AVR and VIR genes, and defining their regulation and mode of
inheritance and recombination.

Poster 11. Defining the pleiotropic nature of heat-tolerance QTL controlling end-use quality and
yield stability during reproductive-stage heat stress in wheat (Triticum aestivum).

Francis Beecher, Esten Mason, Suchimita Mondal, Amir Ibrahim, and Dirk B. Hays. Department of Soil and Crop Sci-
ence, Texas A&M University, College Station, TX 77843, USA.

High temperature during reproductive development is a major factor limiting wheat production and end-use quality in
the southern Great Plains and in many other environments worldwide. We have initiated a project to integrate genotypic
(QTL), multiple phenotypic, and transcript level data to identify genes controlling reproductive-stage heat tolerance in
wheat. Heat tolerance is defined here as the maintenance of yield and end-use quality during reproductive-stage heat
stress. Efforts have initially focused on building recombinant inbred lines (RILs), collecting RIL morphological and
yield response data from field and controlled environment studies, and mapping QTL linked to reproductive-stage heat
tolerance. Our mapping has, to date, focused particularly on yield maintenance QTL. Given the importance and known
sensitivity to heat stress, QTL associated with end-use quality maintenance were mapped in correlation with yield main-
tenance QTL to determine the collective pleiotropic effects of heat-tolerance QTL. Mapping of end-use quality QTL was
done by SDS sedimentation of grain from each RIL harvested in both growth chamber- and field-imposed heat stress ex-
periments. The hard white spring wheat Halberd was used as the source of heat tolerance. Two populations were used;
one consisted of 64 F, ‘Halberd/Cutter” and the other a population of 120 ‘Halberd/Karl 92" F, RILs. Each population
was grown under both heat stress and control conditions in the field and greenhouse. Heat stress in the greenhouse was
applied by a 3-day treatment of 38°C applied 10 days after pollination. Quality results were analyzed for their relation
to mapped yield-maintenance, heat-tolerance QTL. The resulting map will allow us to determine whether grain quality
traits and yield-maintenance QTL segregate together or independently from heat-tolerance QTL. An improved under-
standing of the correlation between end-use quality and yield-stability QTL (heat tolerance) during reproductive-stage
heat stress will aid in breeding plants possessing both attributes using marker-assisted selection and in basic research
aimed at defining the molecular basis of heat tolerance.
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Poster 12. Molecular detection of QTL associated with adult-plant resistance to powdery mildew
in two soft red winter wheat populations.

Marla Dale Hall !, Shuyu Liu ', Dave Marshall 2, Dave Van Sanford *, Jose Costa #, Gina Brown-Guedira 2, and Carl
Griffey '.

! Department of Crop and Soil Environmental Science, Virginia Tech, Blacksburg, VA 24061, USA; 2 USDA-ARS Plant
Science Research Unit, North Carolina State University, Raleigh, NC 27606, USA; * Department of Plant and Soil Sci-
ences, University of Kentucky, Lexington, KY 40506, USA; and * Department of Plant Science and Landscape Architec-
ture, University of Maryland, College Park, MD 20742, USA.

The soft red winter wheat cultivars Massey and USG3209 contain adult-plant resistance (APR) to powdery mildew
(PM), which is caused by the fungual pathogen Blumeria graminis f. sp. tritici. Quantitative trait loci (QTL) analyses
were completed using composite interval mapping on two different recombinant inbred line populations, ‘Becker/Mas-
sey’ (B/M) and ‘USG3209/Jaypee’ (U/J). Genotypic data were collected using 589 diversity-arrary technology (DArT)
markers and 10 microsatellite markers on 152 individuals from the B/M population and 363 DArT markers, three
single-nucleotide polymorphism, and 225 microsatellite markers on 130 individuals from the U/J population. Powdery
mildew phenotypic data were collected in 16 environments for the U/J population and in four environments for the B/M
population. Significant QTL conferring APR to PM were identified on chromosomes 2A, 2B, and 1B in both popula-
tions. Additional data including yield, leaf rust resistance, milling and baking quality, height, and heading date have been
collected on the U/J population for use in the Wheat CAP project. Several significant QTL have been identified for these
additional traits in the U/J population. Updated genetic linkage maps from both populations have been produced.

Poster 13. Moving Bdv2, conferring resistance to yellow dwarf disease, from chromosome 7D to
chromosome 7A or 7B in wheat.

Kristen Rinehart ', Herb Ohm ', and Joe Anderson '-2.

! Purdue University, Department of Agronomy, West Lafayette, IN 47907, USA and 2 USDA-ARS, Purdue University,
West Lafayette, IN 47907, USA.

Yellow dwarf (YD) disease caused by the luteoviruses BYDV and CYDV is one of the most prevalent and devastat-

ing viral diseases affecting wheat yields. The viruses are transmitted to wheat plants by aphids (Rhopalosiphum padi).
Partial resistance to YD occurs in wheat (Triticum aestivum L.). The highly effective resistance genes Bdv2 and Bdv3
have been transferred to wheat from a related grass species, Thinopyrum intermedium. Bdv2,from chromosome 7ST,
and Bdv3, from chromosome 7E, were, respectively, introgressed into wheat on a chromosome segment that replaced the
distal half of chromosome arm 7DL. In order to combine Bdv2 and Bdv3 in wheat, one of the two genes must be moved
to another homoeologous chromosome, 7A or 7B. The objective of this research is to move Bdv2 to chromosome 7A or
7B in wheat. A wheat line containing Bdv2 was crossed with the Chinese Spring lines N7D-T7A and N7D-T7B. The
resulting F, plants were then crossed with the Chinese Spring Phlb deletion line to encourage homoeologous chromo-
some pairing between T7DS-7DL-7ST and 7A or between T7DS-7DL-7ST and 7B. F,plants identified by DNA marker
genotyping as homozygous for the Ph/b deletion and heterozygous for Bdv2 were harvested. The F, seedlings were ex-
posed to viruliferous R. padi aphids, and an ELISA test was performed to determine the virus titer. Plants with low virus
titer are being screened with markers associated with Bdv2 and markers mapped to chromosome 7AL or 7BL. Plants in
which Bdv2 is present and markers on 7AL or 7BL are absent are likely recombinants in which Bdv2 was moved to 7A or
7B.
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Poster 14. QTL validation for agronomic traits on chromosome 3A of hexaploid wheat using
recombinant-inbred chromosome lines.

Neway Mengistu !, P.S. Baenziger !, I. Dweikat !, R.A. Graybosch 2, S. Wegulo *, K.M. Eskridge ¢, and A. Mujeeb-Kazi .

! Department of Agronomy and Horticulture, > USDA-ARS and Department of Agronomy and Horticulture, * Depart-
ment of Plant Pathology, and * Department of Statistics, University of Nebraska, Lincoln, NE 68583, USA and ° National
Agricultural Research Center, Islamabad, Pakistan.

A study of chromosome substitution lines between two hard red winter wheat cultivars Wichita (WI) and Cheyenne
(CNN), showed that chromosome 3A from WI increased grain yield by 15 to 20% when placed in the CNN background,
whereas the reciprocal substitution line with CNN chromosome 3A in a WI background decreased grain yield by 15

to 20%. Follow-up research was conducted to determine the trait variation caused by chromosome 3A by creating 98
recombinant inbred chromosome lines (RICLs) in the Cheyenne background where the RICLs involved chromosome 3A
of both cultivars. In the CNN(RICL3A) population, QTL were detected for seven of the eight agronomic traits studied.
A major, grain yield QTL detected in the combined analysis explained 28% of the phenotypic variance, and the substi-
tution of the WI allele for a CNN allele increased grain yield by 66 kg/ha. The WI(RICL3A) population (the RICLs
involve WI and CNN chromosome 3A in WI background) were used to validate the QTL detected in the CNN(RICL3A).
Effectively, WI(RICL3A) are the mirror population to the previously studied CNN(RICL3A). The objectives of this
study were to (1) identify and map QTL for eight agronomic traits on chromosome 3A in individual environments and
combined across environments, (2) evaluate ‘QTL x environment’ interaction (QEI) by comparing the consistency

of QTL detected in individual environments and, (3) compare the QTL detected in this study to those obtained in the
CNN(RICL3A). A population of 90 WI(RICLs3A), developed through a doubled-haploid (DH) system from a cross
between WI and chromosome substitution line WI(CNN3A), were used to investigate the QTL for grain yield and its
components traits and were planted in Lincoln, Mead, and North Platte, NE, during the 2007-08 cropping season. QTL
were detected for anthesis date, plant height, grain yield, grain volume weight, and 1,000-kernel weight. A grain yield
QTL detected at Lincoln and in the combined analysis explained 17% of the phenotypic variance, and the substitution of
a CNN allele for a WI allele decreased grain yield by 118 kg/ha. This grain yield QTL was the major grain yield QTL
detected in the CNN(RICL3A) population and was at a similar position. In addition to grain yield, grain volume weight
and 1,000-kernel weight QTL were detected in the combined analysis that explained 38% and 14% of the phenotypic
variance, respectively. The first year results of this study indicated the possibility of detecting most of the major chro-
mosome 3A QTL reported in the previous CNN(RICL3A) studies using a different background. The WI 3A alleles in

a previous CNN(RICL3A) study showed an increased in grain yield and yield components traits and, as expected, the
CNN 3A alleles in the this WI(RICL3A) study has a decreased effect on grain yield and yield components traits. The
unique opportunity of using chromosome substitution lines provides a chance for examining the effects of QTL on a
single chromosome. The use of RICLs from a reciprocal substitution also will avoid the limitation of a one-way chromo-
some substitution in determining the interactions between chromosomes.

37



ANNUXL WHEXNT N eWwWSLETTER v o L. 5 5.
Poster 15. Wheat lectins: A key defense strategy against Hessian fly attack.

Subhashree Subramanyam ' and Christie E. Williams 3.

! Department of Biological Sciences, Purdue University, West Lafayette, IN 47907, USA; 2 USDA-ARS Crop Produc-
tion and Pest Control Research Unit, West Lafayette, IN 47907, USA; and * Department of Entomology, Purdue Univer-
sity, West Lafayette, IN 47907, USA.

The Hessian fly [Mayetiola destructor (Say)] is one of the most destructive pests of wheat (Triticum aestivum L.) world-
wide. The wheat—Hessian fly interaction operates in a gene-for-gene manner and can be classified as exhibiting incom-
patible (resistant plant) or compatible (susceptible plant) interactions. Virulent larvae cause stunting and yield loss in
susceptible plants, whereas avirulent larvae die within a few days of the infestation. The resistant plants show little sign
of stress or yield loss, suggesting an energy-efficient active defense at the molecular and physiological levels. To unravel
the molecular mechanisms operating during compatible and incompatible interactions, we employed a transcriptomics
approach utilizing various tools such as differential display, Curagen Gene-Calling, and the Affymetrix GeneChip Wheat
genome array to identify unique and novel genes that are differentially expressed in these interactions. Our studies
revealed the accumulation of transcripts belonging to a prominent class of genes encoding lectins in the resistant plants.
Plant lectins, also referred to as agglutinins, are a heterogenous group of proteins that are able to reversibly bind simple
sugars and/or complex carbohydrates and have been implicated in defense against pests and pathogens. The lectins iden-
tified in the wheat plants could be grouped into several categories such as the jacalin-related lectins (Hfr-1, Wci-1, Hor-
colin), chitin-binding lectins (Hfr-3, WGA), and others. Quantitative, real-time PCR studies indicated a strong accumu-
lation of transcripts of some lectin genes in the resistant plants and positively correlated with increased protein levels as
assessed by immunodetection. Further functional characterization of one of the lectins, HFR-1, revealed its antifeedant
and insecticidal properties leading to detrimental effects on related dipteran larvae. Hessian fly larval behavioral studies
showed that avirulent Hessian fly larvae on resistant plants exhibited prolonged searching and writhing behaviors as they
unsuccessfully attempted to establish feeding sites. The rapid accumulation of HFR-1 and other lectins indicates an early
defense response to Hessian fly larval attack and correlates well with the behavior of the avirulent larvae on the wheat
plants. The predominant mode of action seems to be contributing to conditions that starve the avirulent larvae, leading to
antibiosis. Our results open up potential applications in engineering transgenic wheat plant lines over-expressing lectins
that will confer resistance against this and other devastating insect pests.

Poster 16. Lesion mimic associates with adult-plant resistance to leaf rust in wheat.
Tao Li ! and Guihua Bai 2.

! Department of Plant Pathology, Kansas State University, Manhattan, KS 66506, USA and > USDA-ARS Plant Science
and Entomology Research Unit, Manhattan, KS 66506, USA.

Lesion mimic (LM) symptoms that resemble plant disease symptoms in the absence of pathogen infection may confer
enhanced disease resistance to a wide range of pathogens. Wheat line Ning7840 shows LM symptoms at heading that
resemble flecking symptoms of initial leaf rust infection and adult-plant resistance (APR) to leaf rust. The gene respon-
sible for LM, designated as /m, was a recessive gene from a natural mutation and was located on the proximal region

of chromosome 1BL within deletion bin C1BL6-0.32 using a population of 179 recombinant inbred lines (RIL) derived
from the cross ‘Ning7840/Chokwang’. Ning7840 has the short arm of chromosome 1R from the rye T1B°-1R transloca-
tion, therefore, carries Lr26. To identify the gene for APR to leaf rust and understand the relationship between Im and
APR, the RIL population was infected with the isolate PRTUSSS, an isolate virulent to Lr26, at anthesis in greenhouse
experiments. The result showed that /m was associated with APR to rust, and the lines with the LM phenotype had a
significantly higher level of resistance than those non-LM lines across all experiments. Composite interval mapping con-
sistently detected a QTL, Qlr.pser.I1B, for APR on chromosome 1BL. Qlr.pser.IB co-segregated with lm and explained
61.0% of phenotypic variation for leaf rust resistance in two greenhouse experiments. An additional QTL was detected
on chromosome 7DS and coincided with the marker for an APR gene Lr34 (csLV-Lr34). A significant interaction was
observed between /m and Lr34. A combination of the two genes significantly reduced both rust area and infection type.
The gene /m may have pleiotropic effect on APR by limiting the growth and development of fungi in wheat leaf tissue.

38



ANNUXL WHEANT N eWwWSLETTENR v o L. S55S.
Poster 17. Molecular mapping of the stem rust resistance gene Sr6 on chromosome 2DS in wheat.

Toi J. Tsilo ', Shiaoman Chao 2, Yue Jin 3, and James A. Anderson '.

! Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN 55108, USA; 2 USDA-ARS Bio-
sciences Research Laboratory, 1605 Albrecht Blvd., Fargo, ND, 58105, USA; and * USDA-ARS Cereal Disease Labora-
tory, University of Minnesota, St. Paul, MN 55108, USA.

The stem rust resistance gene Sr6 confers a high level of resistance against a wide range of stem rust races in North
America. The expression of Sr6 resistance is influenced by temperature, light intensity, and genetic background of the
recipient genotype. Here, we report the identification of molecular markers linked to Sr6 on the short arm of chromo-
some 2D in two mapping populations. One population of 136 F,s and their F_, families from the cross ‘Chinese Spring/
ISr6-Ra’ and 140 recombinant-inbred lines from the cross ‘MN98550/MN99394° were screened for stem rust reaction in
the seedling stage. In both populations, resistance to stem rust was conferred by a single gene that was postulated to be
Sr6 based on parental reaction to Puccinia graminis f. sp. tritici races. In the Chinese Spring population, a bulked seg-
regant analysis was used to screen 418 SSR markers that covered the entire genome of wheat. Four markers, Xwmc453,
Xcfd43, Xcfd77, and Xgwm484, were mapped within a chromosome region that spanned 9.7 cM. The closest markers,
Xwmc453 and Xcfd43, were linked to Sr6 at distances of 1.1 cM and 1.5 cM, respectively. In the ‘MN99394/MN98550°
population, these four markers spanned 6.4 cM, and the closest markers, Xcfd43 and Xwmc453, were 1.3 cM and 1.7 cM
away from Sr6, respectively. The closest markers identified in both populations proved to be useful for marker-assisted
selection of Sr6.

Poster 18. Leaf epicuticular wax improves heat tolerance in wheat.
Suchismita Mondal !, Stanislava Goranjovich 2, Richard Esten Mason !, and Dirk B. Hays'.

! Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 77843, USA and ? Institute of Gen-
eral and Physical Chemistry, Belgrade, Serbia.

We are investigating the role of leaf epicuticular wax as a heat-avoidance mechanism in wheat. Higher epicuticular wax
deposition in the leaf increases reflectance and may help to reduce leaf temperature, stomatal conductance, and improve
water-use efficiency. Thirteen adapted cultivars of wheat were grown in the greenhouse. The wheat lines were subjected
to a heat treatment under well-watered conditions at 10 DAP for 2 days at 38°C/20°C day/night temperatures. Leaf
reflectance was measured with a Unispec spectral analysis system and leaf epicuticular wax was quantified at 10 DAP,

12 DAP, and 15 DAP. Leaf temperatures and stomatal conductance were recorded at midday during the heat treat-

ment. Yield data from the wheat cultivars also were recorded. Statistical analyses indicate that the leaf epicuticular wax
content is correlated significantly to improved temperature depression, reduced stomatal conductance, and yield stabil-
ity parameters. Although some cultivars increase wax deposition and reflectance during heat treatment, no statistically
significant increase in reflectance was observed nor were the two traits correlated. Continued statistical analysis may re-
solve this issue. Although stomatal conductance was negatively correlated with epicuticular wax content, like wax, it too
also is positively correlated with temperature. From the correlation studies conducted so far, we may conclude that leaf
epicuticular waxes may play a more efficient role in reducing leaf temperatures and improving heat tolerance in terms

of yield stability in wheat, as apposed to increasing stomatal conductance and water loss. On going studies will identify
QTL regulating leaf epicuticular wax accumulation in wheat and integrate this map with ongoing mapping studies that
are defining QTL regulating reproductive-stage heat tolerance in terms of yield and end-use quality stability.
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Poster 19. A point mutation demonstrating the pleiotropic effects of the domestication gene Q in
hexaploid wheat.

Zengcui Zhang -3, Bikram S. Gill 2, and Justin D. Faris *.

! Department of Plant Sciences, Loftsgard Hall, North Dakota State University, Fargo, ND 58105, USA; 2 Department
of Plant Pathology, Throckmorton Plant Sciences Center, Kansas State University, Manhattan, KS 66506, USA; and *
USDA-ARS Cereal Crops Research Unit, Red River Valley Agricultural Research Center, Fargo, ND 58105, USA.

The Q gene is a major domestication gene in wheat because it confers the free-threshing character and pleiotropically
influences many other domestication-related traits. The O gene has been isolated and identified as a member of the
APETALA?2 (AP2) family of transcription factors. In this study, we created an ethyl methanesulfonate (EMS)-induced,
Q-disrupted mutant in the Triticum aestivum subsp. aestivum cultivar Bobwhite (BW) to evaluate the function and pleio-
tropic effects of Q. Sequence analysis of the mutant revealed a point mutation within the first AP2 domain of the coding
region. Relative quantitative (RQ)-PCR analysis indicated the level of Q transcription in the mutant was significantly re-
duced compared to the wild type. Comparison of wild-type BW and the mutant indicated that Q influences plant height,
spike-emergence time, spike shape, rachis disarticulation, glume toughness, and threshability, which was consistent with
previous reports. In addition, the Q-disrupted mutant also had fewer tillers and spikelets, which resulted in decreased
yield compared to wild-type BW. Cell morphology observations of the rachis and glumes revealed major differences

in cell shape, arrangement and density, and abscission zone formation between the mutant and the wild type, which
provides explanations for the underlying biological differences in glume architecture and threshability. These results in-
dicated that the mutation that gave rise to the Q gene not only allowed for the domestication of wheat, which con