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ACCOMPLISHMENTS OF NRSP-8 1998-2003

Biotechnology has provided powerful opportunities for research but only in context of a well-organized infrastructure of genomic information.  Scientists need gene maps, databases with genetic information, effective communication to facilitate collaboration and resources such as reference families, genome scanning primers, gene expression tools and other materials.  However, the cost for developing those resources is prohibitive for the independent investigator or even an individual institution.  NRSP-8 was initiated in 1993 and renewed in 1998 in order to stimulate research by developing the infrastructure to share and provide tools for experiments at different research stations and to encourage wide participation and collaboration.  Success of the project can be measured by the development of the genome maps for the different species, the extent of participation by scientists and by the research accomplishments attributable, in part, to the resources and encouragement obtained through NRSP-8.  Scientists participating as technical committee members come from the following SAES:  AL, AR, AZ, CA, GA, IA, IL, IN, KY, LA, MA, MD, MI, MN, MS, NC, NE, NH, NV, NY, OH, OK, TX, UT, VA, WI, WV.  In addition, scientists from USDA-ARS laboratories in MD, MI and NE, and scientists from other universities were also active participants.  The specific aims and accomplishments for NRSP-8 during the past term are described below.

Objective 1:  Develop high-resolution comparative genome maps aligned across species that link agricultural animal maps to those of the human and mouse genomes.

With the human genome sequencing recently completed, the value of information comparing the livestock genomes to that for humans increased greatly.  Work in connection with NRSP-8 led to our current understanding of the extensive homology of genome organization that exists between humans and livestock species.  The technique of chromosome painting has been used for all livestock species and demonstrated the conservation of large genomic blocks, including whole chromosomes, between humans and livestock.  The chicken genome is certainly the most divergent, yet the number of breakpoints is only 100-200 relative to the human genome with segments exceeding 100 cM reported.  Specific Aim 1 focused on mapping genes that could be compared between species.  The NRSP-8 supported databases currently list 370 genes for sheep, 873 genes for pigs, 668 genes for cattle, 660 genes for chicken and 213 genes for horse.  Radiation hybrid panels have been developed as shared resources for mapping genes in cattle, pigs and horses.  In addition, BAC libraries have been developed as shared resources for all species for use in cloning, mapping and investigating large DNA inserts containing genes.  Database strategies have taken advantage of genome homologies to predict genomic structure by reference to the human genome, especially the use of Comparative Mapping by Annotation and Sequence Similarity (COMPASS) (http://keck1.biotec.uiuc.edu:8887/examples/servlets/mainpage.html ).

Objective 2:  Increase the marker density of exiting linkage maps used in QTL mapping and integrate them with physical maps of animal chromosomes.
A dense genetic map, freely available information and actual molecular tools are necessary for scientists to conduct many experiments, especially those to identify genes playing important roles in health and production.  The genetic maps include 2832 (sheep), 4939 (pig), 4067 (cattle), 3521 (chicken) and 875 (horse) markers according to the databases (http://texas.thearkdb.org/ and http://iowa.thearkdb.org).  These numbers represent a 4-fold increase in map density for each species since 1998 and include genes, single nucleotide polymorphisms (SNP), microsatellite markers and other genetic markers.  Microsatellite DNA markers are of particular value in mapping QTL because of their abundance and polymorphism.  Indeed, most of the markers on the maps are microsatellite markers.  These markers have been mapped using cytogenetics techniques, linkage mapping and radiation hybrid mapping.  Technical committee members for each species have selected markers for the development of genome scanning panels.  The species coordinators organized the production and distribution of these sets, which have been used in experiments to identify QTL for production traits and health traits in livestock.

Objective 3:  Expand and enhance internationally shared species genome databases and provide other common resources that facilitate genome mapping.

International databases for livestock genomics were set up at Roslin Institute in Scotland and have been maintained, in part, by the species coordinators for NRSP-8.  In connection with the current NRSP-8 project, mirror sites for the databases were established at Texas A&M for cattle, sheep and horses (http://texas.thearkdb.org/) and at Iowa State University for pigs and chickens (http://iowa.thearkdb.org).  These databases contain lists of genetic markers, publications, DNA sequences, primer descriptions, chromosome ideograms, availability of clones and libraries and other pertinent information for use in genetics research.  In addition, NRSP-8 sponsored sites for the different species provide valuable information about genomics and resources available through the NRSP-8 program: http://poultry.mph.msu.edu/ (chickens), www.genome.iastate.edu/pig.html (pigs), http://bos.cvm.tamu.edu/bovgbase.html (cattle and sheep) and www.uky.edu/Ag/Horsemap/ (horses).  One measure of the impact of, and interest in, the NRSP-8 genome projects was the 2002 report by Max Rothschild that the US Pig Genome Database, accessed through Iowa State University, received over 80,000 hits monthly from an estimated 4,000 users.  Pig and Chicken Genome newsletters are published and distributed by email and regular mail.  As described at each of the websites, the species coordinators maintain and distribute diverse resources for use in research at individual stations including reference families, primer sets and materials for gene expression studies.    

Applications:  The continuing maturation of the genome projects for each of the species covered by NRSP-8 is leading towards successful applications that will be important to their industries.  QTL have been identified on nearly all chromosomes in pigs for growth, carcass and meat quality traits and on several chromosomes for reproduction.  Candidate gene studies in pigs led to the development of tests that have been applied by the industry for stress susceptibility, fat, feed intake, growth, meat quality, litter size and coat color.  For poultry, genes have been investigated that affect appetite and lean tissue accretion such as leptin, as well as QTL for growth and carcass composition.  For cattle the application of gene mapping strategies has seen progress in the efforts to identify the genes responsible for weaver and scur, with scur being mapped to BTA19 and a test being developed for weaver.  International collaborations led to discoveries of QTL for milk (Belgium and Germany) and bovine chondroplasia (Japan).  In sheep the chromosome location of the callipyge gene and the gene responsible for spider lamb syndrome have been identified.  Several members of the NRSP-8 sheep sub-committee are working on a collaborative project to identify QTL for ovine parasite resistance.  Projects on genetics of scrapie resistance, coat color, wool, and carcass traits in sheep are also ongoing.  In horses several coat color genes have been mapped and the probable locations of autosomal recessive genes responsible for cerebellar hypoplasia and epitheliogenesis imperfecta have been identified.  These types of discoveries pave the way for development of diagnostic tests.  Reports have been recently published or shall be published soon by scientists at the different stations working on these problems.  Furthermore, NRSP-8 member scientists published work in the areas of genetics related to infectious diseases, reproduction, cell biology, immunology and physiology and involving the use of resources and collaborations developed in connection with this project.

