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SUMMARY OF NRSP-8 ACCOMPLISHMENTS:  2003-2008
Overview of accomplishments for all NRSP-8 technical committees
A concise summary of accomplishments for each of the technical committees (poultry, swine, cattle, sheep, horse, aquaculture and bioinformatics) follows these paragraphs. An over-arching major accomplishment has been the creation of a large community of scientists working to achieve goals which they could not realize individually. Common activities of each committee include sharing of resources, supporting travel (and notably, travel of students), initiation of workshops and conferences, communication of results prior to publication, multi-institutional grant proposals as well as influential white papers and formation of large collaborative research groups.  Each committee also speaks with authority and leadership to stakeholder communities based on representation from a broad, international group of scientists.  

Another significant aspect (and accomplishment) of the project is communication and sharing of information among the different species committees. The experience of one committee has informed and influenced the choices made by other committees in the areas of tool development, genome mapping, QTL studies and approaches to genome sequencing.  This aspect of the project administration was institutionalized during the previous renewal of NRSP-8 with the creation of a separate committee for bioinformatics. Data analysis was a limiting factor for each of the committees.  Rather than duplicate development of bioinformatics resources within each species committee, a separate committee was established to efficiently develop a common set of tools.  

The following lists illustrate the synergistic effects of encouraging scientists working collaboratively on important research projects. The accomplishments also reflect a change in goals during the past 5 years, from those of creating powerful genetic maps to new goals related to whole genome sequencing and the development of associated research tools to improve animal agriculture. Such advances were made possible not only by advances in technology but also by the effectiveness of the NRSP-8 in having the capacity to quickly respond to the changing technology environment.
Websites for each coordination group:
Aquaculture : http://www.animalgenome.org/aquaculture/
Bioinformatics : http://www.animalgenome.org/bioinfo/
Cattle : http://www.animalgenome.org/cattle/
Horse: http://www.uky.edu/Ag/Horsemap/
Poultry: http://poultry.mph.msu.edu/
Sheep: http://www.animalgenome.org/sheep/ 
Swine: http://www.animalgenome.org/pigs/ 

 Highlights of Accomplishments: AQUACULTURE SPECIES

· 2002-2007: Support of graduate students and postdoctoral fellows to travel to PAG to present their research in San Diego.

Support travel of participants to NRSP8 meeting in San Diego in January, every year.

Support travel to Livestock Genomics Workshop held in Brussels, Belgium.

Support postdoctoral and graduate students for their travel to the World Aquaculture Society Meetings.

Support postdoctoral and new investigators in Bioinformatics training.

Aquaculture Genome Newsletter initiated and 12 issues published to date.
Development of a listserv with 1224 contacts.

Establishment of genome consortia for various aquaculture species groups. 

White Paper to NHGRI for whole genome sequencing of tilapia, trout, oysters, and catfish.

White paper submitted to USDA, NIH, NSF, and NOAA for increased efforts in genome enablement of aquaculture species. 
· 2003-2007: Construction and characterization of large-insert BAC libraries of catfish, salmon, tilapia, and oysters.

· 2005, 2007: Construction and publication of BAC-based physical maps of catfish, tilapia, and Atlantic salmon.

· 2003, 2006, 2007: Development and publication of large-scale EST resources: Over 300,000 ESTs have been developed from catfish, Atlantic salmon and rainbow trout. Large scale EST sequencing projects are also under way with tilapia, shrimps, and Pacific oysters.

· 2004-2007: Development of high-density microarray platforms in catfish and Atlantic salmon: a 19K and a 28K oligo arrays were developed for catfish and have been used for the analysis of differentially expressed genes after bacterial infection. A 16K cDNA array was developed in Atlantic salmon and used for expression profiling after various treatments.

· 2003-2007: Genetic linkage maps have been developed for at least 27 fish and shellfish species, with their resolution significantly enhanced in catfish, tilapia, Atlantic salmon, rainbow trout, and oysters.  

· 2006-2007: A large number of BAC end sequences has been produced in catfish and Atlantic salmon, and large numbers of BAC associated microsatellites have been identified for integration of genetic linkage and physical maps. Repetitive elements and the general genome landscape were assessed using genome sequence surveys.

· 2004-2005: Application of sequencing projects to Joint Genome Institute, DOE for various projects including genome sequencing of tilapia, catfish, oyster, and Atlantic salmon in 2004, and various EST projects in 2005 that led to the approval of the following projects:
Large scale EST sequencing for catfish to produce 600,000 ESTs for catfish including 400,000 from channel catfish and 200,000 from blue catfish;
Large scale EST sequencing for oysters to produce 300,000 ESTs from Pacific oyster;
BAC sequencing to cover 50 complete BACs containing important genes;

Genome survey sequencing with 0.2X coverage for each of the five species of cichlids.
· 2007: Initiation of a whole genome sequencing project for the generation of a draft genome sequence of tilapia funded by NIH in 2007.

Highlights of Accomplishments: BIOINFORMATICS

· 2003 - Today: In January 2004 the first version of the Pig QTL database was released.  Since that time, the database has been expanded into the Animal QTL database, which serves cattle, pigs, chickens and recently sheep.  The QTLdb has been expanded to provide researchers not only summaries of QTL, but also microsatellite and SNP markers as well as the map location of known microarray elements. Plans are in place to develop a comparative QTL viewer so that information can be readily transferred across species. http://www.animalgenome.org/QTLdb/ 

· 2004 – Today:  A bioinformatics utility tool box has been developed (more utilities and data are being actively added). For example, an online blast server with over 20 customized animal genome sequence databases has been developed. http://www.animalgenome.org/bioinfo/tools/ 

· 2004: To accelerate livestock genome research, we have created comparative tools to bring genome information across different data types (linkage maps, RH maps, BAC maps, sequence maps and QTL maps) and species (pigs, cattle, sheep and chicken; on-going).  
Designed and implemented a better computer system to host various livestock species genomics research/information web site(s), to coop with increasing amount of internet requests by the NAGRP server (for the past 5 years the hits have increased 88%, from 1.9 million to 3.6 million a year).  We have developed and improved web site for pigs, cattle, sheep and aquaculture species to serve as a comprehensive animal genome research information center. http://www.animalgenome.org/ 

· 2005: The development of an Animal Trait Ontology. A Collaborative Ontology Editor has been developed. The need for biological ontologies has risen in recent years in large part due to the rapid development of large biological databases.  This effort arose from the development of the QTLdb.  Today active collaboration with the mouse and rat communities is underway to develop a standardized ontology across species.  http://www.animalgenome.org/bioinfo/projects/ATO/ 
A genetic analysis software relational database was developed.  Computer software on the following topics are included in the database: genetic linkage analysis for human pedigree data, QTL analysis for animal/plant breeding data, genetic marker ordering, genetic association analysis, haplotype construction, pedigree drawing, and population genetics. This list is offered here as a service to the gene mapping community. http://www.animalgenome.org/cgi-bin/util/sw_index 

· 2007: Development of minimal standards for publication of QTL and marker association studies.  In collaboration with researchers at the Roslin Institute, standards for publication are being developed. http://miqas.sourceforge.net/ 

· Today: The database team has been successful in facilitating effective communications, collaborations and trainings in terms database activities involved.  To date we have (co) organized three workshops and/or training courses, including one towards minimal information standard for publishing QTL and association data, and two for a community wide, collaborative bovine genome annotation effort.  All received more than expected audience and community participations.  We continue to host the ANGENMAP discussion group.  Currently there are 1451 subscribed members that post more than 300 messages per year.  http://www.animalgenome.org/community/discuss.html 

Highlights of Accomplishments: CATTLE

· 2002-07: Support of travel of NRSP-8 members to annual meeting in San Diego; support of travel for graduate students to NRSP-8 and PAG meeting in San Diego.

Distribution of biological resources to bovine mapping community: International Bovine Reference Family Panel DNA, CATS primers for comparative mapping, 5K and 12K RH mapping panels, fluorescence tagged microsatellite primers for whole genome scans, CHORI-240 BAC library, and others.

· 2002: Support of Animal Genomics Workshop at the National Academy of Science in Washington, DC.

Support of Allerton III: Beyond Livestock Genomics: a Roadmap for Harvesting the Promise.

White paper proposal to NIH for whole genome sequencing.

Cattle, along with dog, selected by NHGRI for sequencing.  NIH agrees to provide $25 M of the required $50 M for cattle genome sequencing.

· 2003-2007: Culture and distribution of cells from Hereford bull, L1 Domino99375 (CHORI 240 BAC library source) and L1 Dominette 01449 (primary source of DNA for whole genome sequencing).

· 2004: Sequencing begun after raising $25 M in support from USDA ARS and CSREES, State of Texas, Genome Canada, New Zealand, Australia, Norway, Kleberg Foundation, and National, Texas, and South Dakota Check Off funds.

Release of 3x draft sequence of the bovine genome.

· 2005: Publication of high-resolution comparative map of cattle and human genomes.

· 2006: Release and publication of  Bovine QTL Viewer: http://bovineqtlv2.tamu.edu/index.html .
Release of 7.1x draft sequence of the bovine genome.

· 2007: Bovine 25K SNP panel announced by Affymetrix.

· Publication of BAC map of the bovine genome:  http//genomebiology.com/2007/8/8/R165.

Highlights of Accomplishments: HORSE

· 2002-2007: Support for speakers, members, graduate students and postdoctoral students to participate in the Plant and Animal Genome Meeting at San Diego in January every year.

Support equine genome email list and listserve for communication among stakeholders and scientists interested in genomics for the horse.

Provide dye labeled microsatellite primers for shared research.
Provide support for bioinformatics resources at Texas A&M, UC Davis.

Provide reference samples for creation of linkage map.
Participants developed diagnostic tests for 3 hereditary diseases and 5 coat color patterns.

Participants use gene map and report QTL for tying up and osteocondrosis.

· 2002-2005/2005-2008:  Obtained research support at the workshop level from Morris Animal Foundation for research to develop the maps and functional genomics tools.

· 2003 (South Africa)/2005 (Ireland)/2007 (California): Conduct workshop meetings under auspices of Dorothy Russell Havemeyer Foundation.

· 2003, 2005, 2006: Publication of linkage maps.
· 2003: Publication of RH map.

· 2005: White Paper to NHGRI for whole genome sequence of horse.
· 2005/2006: Provide samples to Broad Institute to sequence horses under auspices of NHGRI.

· 2006 Horse genome sequencing completed at 6.8X coverage.

BAC Map.
· 2006/2007: Support extra workshop meetings at the Broad Institute and San Diego Wild Animal Park in connection with whole genome sequencing.

· 2007:  Support cytogenetic mapping of contigs in support of whole genome assembly.

· Assembly of horse genome sequence completed by Broad Institute. 

· Create webpage for outreach to stakeholders (http://www;uky.edu/AG/Horsemap.html).

· 2007-2012:  Formed consortium application to Morris Animal Foundation for Consortium grant to develop functional genomics tools and SNP mapping tools.

Highlights of Accomplishments: POULTRY

· 2002-2007: Continuing resources and efforts include:  distributing and maintaining the East Lansing reference genome mapping DNA panel and coordinating the chicken genetic map, distributing BAC library arrays for chicken and turkey and providing physical mapping data on-line, distributing chicken microsatellite mapping primer kits, preparing and distributing quarterly newsletters, and maintaining the NRSP-8 Poultry Genome Mapping website.
· 2002: Poultry coordinator co-authored the White Paper submitted to NIH-NHGRI proposing sequencing the chicken genome.  This led to the subsequent listing of the chicken genome as a high priority target and efforts funded at Washington U. to complete the sequence.

· 2003:  First generation physical (BAC contig) map of the chicken genome published.  NRSP-8 resources (BAC library and arrays) contributed to this research and the poultry coordinator co-authored the paper.

· 2004:  A 13K chicken spotted cDNA glass slide array is developed in part with NRSP-8 support and test kits of arrays are provided to all interested NRSP-8 members.

NHGRI announces completion and release of a 6.6X draft chicken genome sequence.

Nature 2004 (Hillier et al. v432:695) publication of the analysis of the draft chicken genome sequence.  Co-authored by many NRSP-8 members.

Nature 2004 (Wong et al. v432:717) publication of the identification of 2.8 million chicken SNP and the initial analysis of chicken genetic diversity in several distinct lines. Co-authored by several NRSP-8 members.

Nature 2004 (Wallis et al. v432:761) publication of the second generation physical map of the chicken genome. NRSP-8 resources (BAC library and arrays) contributed to this research and the poultry coordinator co-authored the paper.

· 2005: A consortium with funding from NRSP-8, USDA-ARS and -CSREES, industry and other sources contracts with Illumina Corp. to genotype ~3000 SNP genotypes, each, from ~2400 birds.  Project was led by the poultry genome co-coordinator.

· 2006: NRSP-8 contributes to another group effort to contract with Illumina Corp. to obtain ~3000 SNP genotypes from additional panels of birds that are of interest in QTL and single gene mutation analyses.
· An Agilent Technologies long oligonucleotide microarray for gene expression analysis is provided to several interested members of NRSP-8 using coordination funds.  
Highlights of Accomplishments: SHEEP

· 2002-2007:  Support of travel of NRSP-8 members to annual NRSP-8 meeting in San Diego; support of travel for graduate students to NRSP-8 meeting and PAG.

Support and organization of the Sheep Symposium at the American Society of Animal Science (ASAS) meeting, entitled “The Application of Genomics to Sheep” (2006).  Support of other meetings where research of NRSP-8 members is presented, including National Academy of Science, Animal Genomics Workshop (2002), Allerton III: Beyond Livestock Genomics: A Roadmap for Harvesting the Promise (2002), Horizons in Livestock Sciences: The Impact of the New Biology (2003), International Workshop on Major Genes and QTL in Sheep and Goats (2003), Agricultural Genomics: Who, What and Why Conference (2004),  A Future for Animal Biotechnology, Pew Initiative on Food and Biotechnology (2005), and Western Section, American Society of Animal Science (2006).
Funding for support of meetings where NRSP-8 members present research, including the Sheep Symposium at the American Society of Animal Science (ASAS) meeting, entitled “The Application of Genomics to Sheep Genomics”.  
· 2002-2005:  Primers contributed to construction of ovine linkage map, which currently contains 1,374 markers representing 1,333 loci.

· 2003-2006:  Funds contributed for curation of ovine linkage map.

· 2003: Funds contributed to the construction of the CHORI-243 ovine BAC library, which contains 202,752 clones with an average insert size of 184 kb, and has 10-fold genome coverage.

· 2005:  Funds contributed for construction of an ovine RH panel (USUoRH5000).  Members contribute preliminary RH maps for every chromosome except Y, as well as medium-resolution RH maps (loci spaced every 1.5 Mb on average) for OAR1, 6, 8, 9, 17, 20 and 23, for a total of 1300 loci.

· 2005-2006:  Collaboration with NRSP-8 results in large-scale BAC end-sequencing (BES) project using the CHORI-243 BAC library, resulting in 376,493 sequences from 193,073 BAC clones.  A total of 258,650,691 bp sequence (approximately 6% of the genome) is now accessible in the NCBI Sheep Genome Resource site.

BACs from the CHORI-243 library contributed to an updated sheep cytogenetic map, which contains 452 loci. 

· 2006-2007:  Paired end sequences from the BACs incorporated into a “virtual sheep genome” using comparative analysis with sequenced genomes of other species. Alignment of 84,624 ovine BACs with paired end sequences in the correct orientation and spacing to bovine (bosTau2), human (hg17), and dog (canFam2) genome sequences resulted in 1,172 BAC mega-contigs (BAC-comparative genome contigs or BAC-CGCs), which covered 91.2% of the human genome and 70% coverage of the sheep genome. 
Collaboration on SNP discovery project using a resequencing approach incorporates sheep samples contributed by NRSP-8 members from three breeds.

· 2007:  A first-generation ovine HapMap is under construction using a 1.5K SNP GoldenGate chip constructed by the John Hopkins SNP Center.  Sheep samples were contributed by NRSP-8 members.
USDA grant submitted by NRSP-8 members outlining development of a high-density (60K) ovine SNP chip from BES sequences.  The chip will used to integrate ovine linkage, radiation hybrid and physical maps and determine genome-wide linkage disequilibrium in US Rambouillets, Suffolks and Gulf Coast Natives, which represent US wool, meat and parasite resistant breeds, respectively. 

Highlights of Accomplishments:  SWINE
· 2002-2007: Support of travel for graduate students and NRSP-8 member speakers to annual NRSP-8 meeting in San Diego; support of travel of members to international meetings as needed.
Continuing sharing resources for swine genomics. Efforts include:  distributing and maintaining the reference genome mapping DNA panel and coordinating the swine genetic map, distributing BAC library arrays for pigs and providing physical mapping data on-line, distributing pig microsatellite mapping primer kits, supporting development of two generations of swine long oligo arrays.

Preparing and distributing bimonthly newsletter (now over 86 editions), and maintaining the NRSP-8 Swine Genome Mapping website.

QTL studies advanced through sharing of markers. Many useful pig gene discoveries aided by marker sharing and sharing of QTL information on website.
Continued development and growth in ANGENMAP from swine only to animal genome community; first on line email discussion group for animal genome mappers.
Supported several Gordon conferences, and local meetings.
· 2002: Support of Animal Genomics Workshop at the National Academy of Science in Washington, DC.

Support of Allerton III: Beyond Livestock Genomics: a Roadmap for Harvesting the Promise.

· 2003: Swine genome coordinator co-authored the White Paper submitted to NIH-NHGRI proposing sequencing the pig genome.  

· 2004: Swine 13K public long oligo array developed, supported by swine genome coordinator and used in over 30 labs.
· 2005: International swine genome sequencing committee formed with pig genome coordinator participating and supporting.
· 2006: USDA announces willingness to provide $10M to fund pig genome sequence. Other funds collected from other countries.
Pig Genome coordinator worked with industry to raise 1M dollars to help start sequencing effort. 

Began development of first bioinformatic tools (Expeditor and QTL database); first modeled in swine, now used in other species.
· 2007: Expanded cooperation with swine breeding companies and encourage more active participation with public researchers and institutions.

First generation physical (BAC contig) map of the pig genome published,  NRSP-8 resources (BAC library and arrays) contributed to this research.
Developed second generation 18.5K long oligo array and supported beta testing plan. 

Over 50% pigs produced in US aided by gene tests indirectly advanced by public sharing and discovery of swine genome information.

Approximately 25% of swine genome is sequenced with help from pig genome coordinator and international swine sequencing committee.
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