Coordinated Agricultural Project Conference on Barley Translational Genomics Report

Gary J. Muehlbauer1, Brian Steffenson2 and Kevin P. Smith1
1Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN  55108

2Department of Plant Pathology, University of Minnesota, St. Paul, MN  55108

This report can be found at: http://wheat.pw.usda.gov/pubs/2004/CAP-Barley/
Introduction

A Coordinated Agricultural Project (CAP) conference on barley translational genomics was held in St. Paul, MN on the University of Minnesota campus on November 13-14, 2004.  The primary objectives were to bring barley researchers with genetics, bioinformatics, breeding, and food science expertise together with industry and grower representatives to discuss the direction and objectives of a barley CAP project.  To facilitate the outcomes of the conference, a series of talks on barley genomics, bioinformatics, breeding, pathology, food, feed, education, extension, potential international collaborators, grower and industry needs were presented followed by discussion sessions.  The conference was divided into five sections:  (1) overview, GeneChip applications and bioinformatics; (2) traits and association mapping; (3) grower and industry needs; (4) coordination with international collaborators; and (5) extension and education.  Talks were given by individuals in each group to enable a discussion of the opportunities and challenges in each area.  The program that was followed is enclosed.  A large group discussion was held to develop the overall objectives and then breakout sessions were held to refine each of the objectives.

Based on the talks and discussions that followed, the following outcomes and outlines were reached. 

Overall theme.  The overall theme of the CAP project is to develop a research, extension, and education plan to hasten the delivery of genomic tools to plant breeders and geneticists thereby facilitating the development of superior cultivars.  Our intent is to integrate the genetic, trait, physical, and expression maps to gain easy access to the genes that control important biological, agronomic, and quality traits and to enhance the ability of barley breeders to improve germplasm for long-term productivity and sustainability.

The Barley1 GeneChip technology in combination with genetic approaches maximizes genetic mapping, while minimizing overall cost.  In contrast to the traditional one-gene-at-a-time approach, each Barley1 GeneChip experiment will screen 22,792 genes in parallel.  We plan to use the Barley1 GeneChip and other emerging technologies to conduct high-throughput mapping in barley.  A more saturated genetic map will provide more markers for the breeding programs, increased efficiency in cloning genes based on map position, and a strong scaffold to physically map and sequence the barely genome.  Based on the more saturated genetic map, 3,000 single nucleotide polymorphic (SNP) markers will be developed.  Combined with the international effort to develop SNP markers for barley, we will have approximately 10,000 SNP markers for the barley genome.  

We also plan to use association genetics to identify markers linked to traits of interest.  Association genetics provides the ability to integrate genetic and trait data without the development of traditional mapping populations.  Barley breeding programs have a wealth of unused phenotypic data on breeding lines for a large variety of traits.  Participating breeding programs will evaluate advanced breeding lines, parents, and short pedigeees for traits of interest to the individual breeding program and the CAP project.  We plan to use this information in combination with genome-wide, SNP-based genotyping of the breeding program germplasm to identify marker-trait associations.  

Web-accessible databases will be developed that are integrated with the mapping and association genetics efforts.  The databases will enable efficient access to genetic, physical, trait and expression data for breeding and genetic applications.  

Undergraduate, graduate, and postdoctoral education opportunities exist throughout the project including: genetic mapping and SNP development, linkage disequilibrium studies, bioinformatics, association genetics analysis, and database development.   Extension of the research will be developed and conducted that connects the breeders and geneticists on the project to other barley scientists, industry representatives, growers and the general public.  Extension programs will focus on the developing information focused on genomics, breeding, and biotechnology.

After the formal presentations, there was a general discussion of the research needs for the barley community and the proposed objectives for the CAP.  There was general agreement on the proposed objectives as outlined below.  Some discussion centered on using selected barley mutants in expression profiling experiments to clone genes of interest.  The group struggled somewhat with how this line of research would fit into the overall theme of the barley CAP and ultimately decided to revisit this idea after Diter von Wettstein presented specific examples of mutants that would warrant the effort and result in useful tools for barley improvement.   One significant outcome of this conference was the discussion between researchers involved in breeding and those involved in genomics and clarification of how to fully realize the potential of recent developments in genomics for crop improvement.  One participant noted that the “gap” between breeding and genomics had closed significantly from where it had been in previous meetings.  Many participants indicated that this meeting was very valuable and seemed to accomplish the goals that were laid out in the planning of the conference.

The overall outcomes of the CAP conference in each objective were: 

Objective 1. High-throughput barley mapping and SNP marker development.  The goal of this objective is to increase the marker density of the barley genetic maps and to develop SNP markers for the genotyping work described in objective 2.

We discussed a variety of approaches to utilize the Barley1 GeneChip to map the barley genome.  The approach that shows the greatest promise and the added benefit of leveraging international collaboration is through mapping expression level polymorphisms (ELPs) on the Steptoe x Morex population.  This approach relies on using the Barley1 GeneChip to identify differences in transcript accumulation between Steptoe and Morex and mapping those transcript accumulation differences in the lines.  Robbie Waugh (Scottish Crop Research Institute, Scotland) has a similar project and is willing to collaborate.  His group is using 80 lines from the Steptoe x Morex population.  To achieve the greatest cost efficiency, the group decided to map the same 80 lines in at least one other tissue. An estimate of the combined effort will result in mapping approximately 3,000 – 4,000 ELPs. 

Another goal for this objective is to convert 1,000 mapped ELP markers to SNP markers. During the course of the conference, several breeders commented that there is still insufficient marker coverage of the barley genome to facilitate marker-assisted breeding.  Ultimately, there should be dozens of PCR-based markers at any region of the genome to insure the availability of polymorphic markers to use for selection and sufficient numbers of markers to fine map regions where negative linkages exist.  We will choose ELP markers that provide coverage of the entire genome and avoid overlap with other SNP discovery efforts.  We will work with the plant breeders in the project to identify approximately 20 genotypes that will represent the genetic material that will be used for the association genetics analysis.  We will sequence 1,000 genes from these 20 genotypes to identify SNPs.  We predict that in a ~600 bp amplicon serving  as the sequence template, we will identify 3,000 SNPs (1 SNP/200 bp).  The SNP development will also be coordinated with Robbie Waugh and others in the international community that are in the process of developing SNP markers.  Our SNP development effort, combined with our international collaborators, will result in approximately 10,000 SNPs.  Several technologies exist to exploit the SNP markers for genotyping in a high-throughput, parallel fashion.  Illumina and Affymetrix technologies were discussed for SNP genotyping; however, careful consideration of the technologies is required to determine the best technology to utilize the SNPs. 

Objective 2.  Conduct large-scale association genetics studies.  Trait and genetic data will be combined and association genetics applied to identify markers that are linked to traits important to barley breeding programs.  

Trait data will be obtained from advanced breeding lines, parents, and short pedrigees from each of the nine participating barley-breeding programs.  Approximately 1,000 lines (~100 lines/breeding program) will be examined each year of the project.  We will use germplasm that is currently in breeding programs to ensure that we are examining the most relevant genotypes and traits of interest.  These traits were divided into three classes:  yield related (e.g., height, heading date, lodging, test weight and yield); diseases (e.g., stem rust, leaf rust, stripe rust, leaf scald, net blotch, spot blotch, powdery mildew, Fusarium head blight, and Septoria speckled leaf blotch) and quality (e.g., feed, food, and malting). 

Genotype screening will be conducted on all lines with SSR and SNP markers.  Our goal is to genotype the lines with at least 1,000 markers.  Our criteria for marker selection are:  (1) high marker coverage of the barley genome; (2) the markers must encode gene sequences; and (3) the gene sequences must be present on the GeneChip.  Marker analysis will be conducted at the genotyping centers.  We will work with Shiaoman Chao, at the USDA genotyping laboratory at Fargo, ND, to determine the best way to facilitate the genotyping effort. 

The results of this effort will be phenotype and genotype datasets of the most important breeding material in each of the nine participating programs.  These datasets will facilitate several long-range goals for barley breeding and genetics:  (1) an understanding of the marker-trait relationships for important traits in U.S. barley breeding programs; (2) a characterization of the genetic diversity in the U.S. barley-breeding programs; (3) linkage disequilibrium estimates in barley; and (4) germplasm exhange between breeding programs. 

Objective 3.  Develop web-accessible databases that enable efficient access to genetic, trait, physical and expression data.  The goal of this objective is to develop seamless databases that link all barley genomics and breeding data and merge all genetic, trait, physical, and expression map data.  The resource that ties these databases together will be the sequences on the Barley1 GeneChip.  Therefore, for each probe set on the GeneChip, we will have data for gene expression in multiple conditions, genetic and physical map location, and potential associations with traits.

Several web-accessible databases exist for barley genomics. BarleyBase (http://barleybase.org/) is an on-line public repository for raw and normalized expression data for cereal GeneChips.  The HarvEST:Barley database (http://harvest.ucr.edu/Barley1.htm) served as the source of Barley1 GeneChip content.  Graingenes (http://www.graingenes.org/) provides genetic maps, germplasm, and genetic stock information for small grains.  Barley physical map database (http://phymap.ucdavis.edu:8080/barley/index.jsp) provides access to the developing BAC-based physical map of barley.  Each of these databases will be seamlessly linked for use in this project. To provide seamless and user-friendly access to each database, a web site will be developed that will be the front page of the CAP project.  The overall structure proposed is as follows:  BarleyBase will house all expression data from the Steptoe x Morex ELP mapping project of objective 1;.  HarvEST:Barley will provide support for the SNP discovery;  Graingenes will develop databases for the association genetics data; and the barley physical map database will house the developing barley physical map. 

Education plan.  We developed a plan from the CAP conference that includes undergraduate, graduate student, and postdoctoral training to the maximum extent possible.  A major emphasis of our recruiting efforts will be for females and other groups under-represented in science, including Native Americans, African-Americans, and Hispanics.  To reach this target audience, postdoctoral and graduate student fellowships will be advertised in publications that are widely read, including Science, and Chronicle of Higher Education.  Positions will also be advertised in specialized web sites such as the American Indian Science and Engineering Society (http://aises.org/index.html), American Association for University Women (http://www.aauw.org/), and Association for Women in Science (http://www.cs.yale.edu/homes/tap/sci-women-groups.html).  Posters and flyers announcing availability of positions will be mailed to agronomy, genetics, computer science, biological sciences, plant pathology and statistics departments at four-year colleges and universities with a 25% or greater black or Hispanic student populations.   

Postdoctoral, graduate and undergraduate education will consist of training on all technical and theoretical aspects of the project.  The CAP project will provide a number of opportunities for student thesis and postdoctoral research projects including: high-throughput mapping, SNP development, bioinformatics, association genetics, linkage disequilibrium, and database development.  To broaden the educational experience of students and postdoctoral research associates, we will develop an exchange program within the participating universities.  Students and postdocs will visit participating labs for one-month periods.  This exchange program will provide students and postdocs the opportunity to learn and work in all aspects of the project.  Undergraduates will participate in summer internships, honors projects, and student symposia related to translational genomics.  Graduate students and postdocs will participate in the same activities, but will also mentor undergraduate students.  All trainees will participate in outreach activities by creating displays and brochures for meetings, developing websites, and attending grower/industry meetings. 

Professional and leadership development workshops will be offered for students and postdocs on topics designed to empower each participant in their roles in the project and support their personal development.  Topics will include effective oral and written communication, listening, team building, and productivity.  

Extension plan.  We developed an extension plan from the CAP conference that includes scientists, producers, end users, and the general public. 

Workshops on CAP activities will be held at meetings such as the American Society of Agronomy Meetings, the Barley Improvement Conference, the Barley Workers Conference, the American Phytopathological Society, the American Society of Brewing Chemists, and the Plant and Animal Genome.  Our target audience for these workshops is industry and public barley breeders.  We envision these workshops to be in the format of a series of seminars accompanied by handouts for future reference.  These workshops will provide breeders and geneticists with up-to-date information on the genomics tools available for barley improvement, and how these tools can be utilized and accessed on the internet.  

We will also conduct outreach specifically focused on producers, end-users, and the general public.  This outreach will be in the form of a dialog and exchange of ideas with various audiences at field days, winter grower meetings and the American Malting Barley Association Technical Committee and Executive Board meetings, state fairs, and county fairs.  A traveling modular, interactive display (barley spikes, seed, used Affymetrix GeneChips, barley products) with brochures, and a poster will be developed for the general public by students and postdocs. 

The further development and integration of BarleyBase, HarvEST, Graingenes, and Barley Genome databases are important components of our outreach and extension. These databases will be seamlessly integrated for easy access to the most recent expression, mapping, genetic data and relevant markers for marker-assisted selection.  Periodic postings highlighting updates in these databases will be posted on Graingenes and other websites frequented by barley users.  

Management plan.  A structure for the management plan was developed that included four teams and an overall project director.  The teams will be focused on each of the individual objectives including:   (1) high-throughput mapping and marker development; (2) association genetics;  (3) database development; and (4) education and extension.  Each team leader(s) will manage the individual area of work.  Gary Muehlbauer was chosen as the overall director of the project.  Tim Close and Roger Wise were chosen as team leaders for the high-throughput mapping and marker development objective; Kevin Smith and Patrick Hayes for the association genetics objective; Tim Close and Julie Dickerson for the database development objective; and  Brian Steffenson and Peggy Lemaux for the education and extension objective.  

To perform yearly evaluation and monitoring, we will enlist members to an advisory board, which will consist of experts in small-grains breeding, computer science, pathology, and molecular biology, as well as representatives from industry and grower groups.  Our intent is for the board to attend the barley workshop at the PAG Conference in San Diego, where summaries of research areas will be presented.  After the workshop, the board will meet with the project participants to provide feedback and evaluation of progress.  The board will provide annual written assessments on whether accomplishments associated with the project are being met and overall goals are being attained.

Another component of the management plan is the coordination with the U.S. Barley Genome Project (USBGP), formerly known as the North American Barley Genome Project.  The USBGP is funded by a special grant from the USDA to barley geneticists and breeders to focus on developing and utilizing genomics and genetic resources for barley improvement.  Members of the CAP organizing committee are on the steering committee of the USBGP, Patrick Hayes is the overall coordinator, and many barley geneticists and breeders work on USBGP-funded projects. During the development of the CAP project we will work closely with the USBGP steering committee to coordinate our activities to avoid overlap and to increase the efficiency and effectiveness of the CAP project.

Data release and intellectual property.  The general plan will be that the data will be publicly available with “no strings attached”.  The data will be housed in a variety of publicly available databases.  All databases used in this project are committed to making their data publicly available to researchers worldwide.  The major assumption for all the data and results generated from the project are that they will be available in the public domain immediately after verification.  

Maintaining international cooperation.  One of the strengths of the barley genomics community is the strong international collaborative spirit.  We seek to strengthen our interactions with the major international groups who have major efforts in barley genome analysis.  These are the Gatersleben and the Maltagen groups in Germany, the Special Research Centre for Basic and Applied Plant Molecular Biology in Australia, the CSIRO in Australia, Institute of Biotechnology in Finland, the Scottish Crop Research Institute (SCRI) in Scotland and the Institute for BioResources at Okayama University, Japan.  Many of these groups are in various stages of acquiring funding for barley genomics. The Barley1 GeneChip is available for purchase from Affymetrix, and the microarray data will be integrated in BarleyBase.  Therefore, all data will be collected from the same platform and accessible to the entire scientific community on the web.  An example of international collaboration that is highly pertinent to this project is with Robbie Waugh at SCRI.  He has agreed to collaborate on this project on the high-throughput mapping and SNP detection.  

Brian Steffenson, Kevin Smith and Gary Muehlbauer have funding from the USAID Comparative Cereal Genomics Initiative to conduct an association genetics project on wild barleys collected from the fertile crescent.  Collaborators on this project include scientists from ICARDA and the countries of Eritrea and Ethiopia.  Approaches and information from this project will be directly applicable to the CAP project.
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Saturday, Nov. 13

Session I “Overview, GeneChip applications and bioinformatics”  


Session chair, Roger Wise, USDA-ARS, Iowa State University

8:10 – 8:30 am

“Overview of CAP objectives”




Gary Muehlbauer, University of Minnesota

8:30 – 8:50 am

“GeneChip mapping and the future of barley genomics”




Roger Wise, USDA-ARS, Iowa State University

8:50 – 9:10 am

“HarvEST:Barley and GeneChip mapping”  

Timothy Close, University of California, Riverside 

9:10 – 9:30 am

“Gene cloning using the GeneChip”

Diter von Wettstein, Washington State University 

9:30 – 9:50 am

“BarleyBase: a state of the art database for cereal GeneChip data” 

Julie Dickerson, Iowa State University

9:50 – 10:10 am

Break with refreshments
Session II “Traits and Association mapping”


Session chair, Patrick Hayes, Oregon State University 

10:10 – 10:30 am 

“Association mapping in barley”  

Kevin Smith, University of Minnesota
10:30 – 10:50 am

“Diseases and pests of barley:  Constraints and opportunities”

Brian Steffenson, University of Minnesota

10:50 –11:10 am

“Barley stripe rust: a model for studying and utilizing QTL”
Patrick Hayes, Oregon State University

11:10 – 11:30 am

“New barley genes for beef production”
Vladimir Kanazin, Montana State University

11:30 – 11:50 pm

"Unravelling the genetic complexities of malting quality traits"
 



Steve Ullrich, Washington State University

11:50 – 1:00 pm

Lunch
1:00 – 1:20 pm

“Quality traits of barley for food uses”





Byung-Kee Baik, Washington State University

1:20 – 1:40 pm
“Dealing with Specialized Datasets of GrainGenes 2.0: A Resource for Small Grains Research”


Gerry Lazo, USDA-ARS

Session III “Grower and industry needs” 

Session Chair, Michael P. Davis, National Barley Improvement Committee 
1:40 – 1:55 pm

“Barley industry needs” 

Michael P. Davis, National Barley Improvement Committee 

1:55 – 2:10 pm

“Malting barley industry needs”





Sherman Chan, Rahr Malting Company
2:10 – 2:25 pm

“Farmer needs:  a Minnesota state barley grower perspective”

Marv Zutz, Minnesota barley grower

2:25 – 2:40 pm

“Farmer needs:  a Washington state barley grower perspective”

 



Dave Ruark, Washington barley grower

2:40 – 3:00 pm

Panel discussion



3:00 – 3:15 pm

Break with refreshments

Session IV “Coordination with international collaborators”

3:15 – 3:35 pm

Discussion of international collaborators

Facilitated by Timothy Close, University of California, Riverside 

3:35 – 5:00 pm
Recap of Sessions I-IV; begin to develop research objectives and trait priorities.



Facilitated by Patrick Hayes 
5:00 – 7:00 pm 

Hospitality mixer

Session V “Extension and Education” Session Chair, Gary Muehlbauer, University of Minnesota

8:30 – 8:50 am “Improving Barley: From the genome to the field to the marketplace”





Peggy Lemaux, University of California, Berkeley

8:50 – 9:10 am

“Data release and intellectual property issues” 

Roger Wise, USDA-ARS, Iowa State University

9:10 – 9:30 am

“Graduate and postdoctoral education plan”





Brian Steffenson, University of Minnesota
Session VI “Development of outline of conference report”

9:30 – 10:00 am

“Prioritization of research objectives by entire group”





Facilitated by Kevin Smith

10:00 – 10:30 am

Break with refreshments

10:30  -  noon
Breakout groups will assemble for each research objective and the education and extension plans.  Each group will develop a plan that will consider how we will proceed if CAP is funded or not funded, data release and intellectual property policy, a management plan, and coordination with international collaborators.

Noon  – 1:00 pm

Lunch and report from breakout groups

1:00 – 3:00 pm
Continue work in breakout groups and submit draft documents before departing. 
3:00– 3:30 pm

Break with refreshments





Adjourn
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