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PROGRESS OF THE WORK AND PRINCIPAL ACCOMPLISHMENTS:
Progress relative to Objective 1: The high growth (hg) phenotype is the result of a genomic deletion on mouse chromosome 10.  Sequence analysis of a 650 kb region surrounding the hg region has been completed by researchers at the University of California - Davis.  Homologues of genes within and flanking the mouse hg deletion have been mapped in cattle and pigs, using comparative radiation hybrid mapping.  

Progress relative to Objective 2:  The callipyge mutation causing muscular hypertrophy, with associated leanness and improved feed efficiency, has been described in domestic sheep (Ovis aries).  Experiments directed towards the positional cloning of callipyge are ongoing at Utah State University. Sequence was obtained for 250 Kb within the callipyge region and compared to the corresponding region on human chromosome 14.  Six genes were predicted to reside within the analyzed segment.  Two of these genes, DLK1 and GTL2, have been previously reported in other species, while the remaining genes, DAT, PEG11, antiPEG11, and MEG8, are novel. DLK1, DAT and PEG11 are paternally expressed, while GTL2, antiPEG11, and MEG8 are maternally expressed.  Enhanced expression for DLK1, GTL2, PEG11, and MEG8 was associated with the presence of the callipyge mutation.  

A resource flock has been established at Louisiana State University to produce F1 and F2 sheep families segregating for parasite resistance.  The Gulf Coast Native and Suffolk breeds have been used in creating the families, with the Natives contributing resistant alleles and the Suffolk contributing the susceptible alleles.  Animals in the flock are evaluated for Haemonchus contortus infection using fecal egg count (FEC), blood packed cell volume (PCV) and nematode count measurements.  The 1988 families (20% tails of the fecal egg count phenotype) have been genotyped across all 50 of the markers selected for this project and the 1999/2000 families have been genotyped across 25 of the markers. Genotyping at the University of Georgia is still in progress even though the grant funding has expired. A preliminary analysis at Utah State University for 22 of the markers covering all 3 years has indicated a significant difference in least-squares means for mean fecal egg count estimated for microsatellite marker alleles within sire for OarFCB129 (chromosome 3) and CSSM006 (chromosome 19). The region where OarFCB129 is located is also the region where an association with resistance has been reported. This is also the region where the interferon gamma (cytokine involved in the Th1 immune response) locus is located. An association on chromosome 19 has also been reported. Linkage analysis is in progress at the Roslin Institute. Blood and DNA from all lambs and their parents is being stored (-20(C) for any future work.

Progress relative to Objective 3: Sequence analysis pipeline with BLAST and FASTA has been developed and integrated with the relational database on the Texas A&M University supercomputer.  

USEFULNESS OF FINDINGS:
Rapid and efficient growth of animals is of significant economic importance to the livestock industry.  The hg locus in mouse cause a major increase in growth that is proportional in all tissues and organs, yet the mouse is not obese.  This same phenotype in livestock would be very desirable.  

The callipyge locus is characterized by a novel form of nonmendelian inheritance referred to as polar overdominance.  Acquiring a molecular understanding of this novel biological phenomenon will contribute to the understanding genomic imprinting, muscle hypertrophy, and meat tenderness.  In addition, mating schemes have been designed specifically for the callipyge trait, in order for sheep producers to successfully incorporate the callipyge gene into their flocks.

Previous studies have established that the Gulf Coast Native sheep breed is more resistant to Haemonchus contortus infection than the Suffolk breed.  Identification of markers associated with parasite resistance will allow selection of animals with genetic resistance to nematodes.

WORK PLANNED FOR NEXT YEAR:
Expression patterns of Socs-2, Raidd/Cradd and Plexin-C1 in control mice at different development stages in different tissues will lead towards the mode of action of these genes and their effect on the hg phenotype.  Transgenic mice made by inserting murine BAC clones selected from the deleted region will be analyzed.  

Characterization of the callipyge region in sheep will continue to be a major project in the Cockett lab.  It is likely that the callipyge effect is due to an interaction of at least some of the genes that have been identified in the region, while the callipyge mutation itself has altered the regulation of expression of the genes. In order to reveal the causative mutation, sequencing of the region will be expanded to include DNA of homozygous callipyge and homozygous normal animals.  Expression of the genes in this region will be compared in the four callipyge genotypes across several ages in several tissues. 

Pending final linkage analysis, further work will refine the localization of the QTLs associated with resistance to nematode infection in sheep.
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BRIEF SUMMARY OF MINUTES OF ANNUAL MEETING: 

Station reports describing progress in cattle genome research were received from Texas, Illinois, Iowa, and Saskatchewan. It was agreed that Dr. James Reecy will assist Dr. Jim Womack in writing the Cattle Genome section of the next NRSP-8 grant. Kellye A. Eversole, Executive Director of the Alliance for Genomics Research explained what her organization is doing to implement the sequencing of livestock genomes.

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


Advancement in comparative mapping has been possible because of the development of the radiation hybrid panels (RH) at Texas A&M University. In a collaborative effort among Texas, Illinois and Wisconsin, approximately 1000 additional genes have been added to the radiation hybrid map.


In concert with this radiation hybrid mapping effort, consensus meiotic linkage maps for bovine chromosomes 11, 17, 24, 25, 27, and X were developed as an international collaboration with other laboratories which contributed genotype data. Wisconsin, USDA-ARS-MARC, and USDA-ARS-BARC coordinated these efforts.


A new version of software COMPASS (Comparative mapping by Annotation and Sequence Similarity) has been released by Illinois. This tool predicts comparative (human) bin in addition to chromosomal location, being an extremely powerful tool for comparative positional candidate gene identification. The next version of COMPASS (COMPASS III) will use human sequence information to make predictions of gene location, making it a useful instrument in animal genomics.


The high growth (hg) locus in mice has been charaterized in mice. The partially recessive mutation resukts in a 30-50% increase in postweaning growth rate and mature body size in mice. The phenotype is a result of a genomic deletion deletion on mouse chromosome 10 including three genes, Socs-2 (suppressor of cytokine signaling-2), Raidd/Cradd (caspase and RIPK1 domain containing adaptor with death domain) and Plexin-C1 (VESPR). In cattle, SOCS2 and Plexin-1C demonstrated concordant amplification in all hybrids and two-point analysis indicated significant linkage to ubiquitin-conjugating enzyme E2N on BTA5.  CRADD and NFYB also demonstrated linkage with BTA5 markers (LOD>11).  In the pig, two-point analysis indicated that CRADD, decorin, lumican, NFYB and SOCS2 were significantly linked to SSC5 microsatellite markers.  

Previously work had resulted in the construction of two contigs of overlapping, end- sequenced BAC clones spanning the two chromosomal regions that contain the bovine MHC. Texas, in collaboration with the Human Genome Sequencing Center at Baylor College of Medicine, Houston, we have now completed a 3.7X deep sequencing of the ordered BACs. The total of 5.2 mb of raw sequence was obtained after removal of vector sequence. Approximately 400 kb of sequence from the BoLA IIB region has been analyzed to draft status and are now conducting similar analysis of the remaining sequence that contains the IIA, III and I regions, estimated to contain about 2.5 mb of sequence.

Progress Toward Objective 2: Increase marker density of existing linkage maps used in QTL mapping and integrate them with physical maps of animal chromosomes.

To continue the Iowa program on characterization of the molecular mechanism whereby myostatin represses skeletal muscle growth, they focused on 31 previously identified cDNA that are differentially expressed in double-muscled and wild type bovine embryos.  In a database search to determine the identity of these 31 cDNA.  Twenty-seven of these cDNA were highly identical to known genes, whereas, 4 of these cDNAs were unique (i.e. no homology to any known gene or Est).  COMPASS analysis of these 31 cDNAs suggested that 5 or 6 of these genes (DDX17, MLL2, SALL1, HMGIC, ATP5JD, and RP L3) may be located on chromosome 5.  Since previous work has indicated the presence of quantitative trait loci on chromosome 5 that interact with myostatin, it was decided to focus on these genes.  At least three of these genes are located on chromosome 5 by literature search and Radiation hybrid panel analysis.  Currently, an effort is being made to identify single nucleotide polymorphisms in each of these genes.  Once this is completed, an association study to determine the extent to which these genes may interact with myostatin will be done.


The second coat color workshop, coordinated by Sheila Schmutz, was held in San Diego as part of the Plant and Animal Genome Mapping IX conference in January, 2001.  TYRP1 has been shown not to be the diluter gene of the Charolais type, Simmental type, nor dun of Galloway and Highland.  It was shown that this gene does not appear to be the cause of oculocutaneous albinism in cattle, even though it causes some human cases. However, it was proved that TYRP1 is the gene causing brown in dogs and have identified two common causative mutations, a premature stop codon and a small deletion.  A third rare mutation has also been identified.  


Further coat color work was done.  It was demonstrated that the While Galloway pattern of a white body with dark ears, feet, tail tip was the associated with tyrosinase using 3 half-sib families in which no recombination occurred. TYR mRNA is absent in the white portions of the body and present only in the black portions.  A temperature sensitive TYR mutation fits with this pattern in the Siamese cat and similarly marked mouse and rabbit.  


Scurs was mapped on cattle chromosome 19 by the Saskatchewan group.  Fifteen microsatellites from chromosome 19 were genotyped on the three full-sib families in our mapping herd and additional purebred half-sib Limousin and Blonde d’Aquitaine families to fine map the scurred locus to 4 cM below BMS2142 and 6 cM above IDVGA46. It was proved that scurs are masked when cattle are homozygous for polled using closely linked markers we previously identified. 


To determine the gene or genes responsible for the high growth phenotype, The group from California have shotgun sequenced six BACs which span the length of the deletion. Sequence annotation by comparison to public sequence databases revealed the presence of three genes, suppressor of cytokine signaling-2 (Socs-2), caspase and RIP adaptor with death domain (Raidd/Cradd), and Plexin C1 (Vespr).  It has been confirmed that the lack of Socs-2 gene product is the primary cause of the HG phenotype.

Wisconsin focused its attention on developing genetic markers in regions where QTL for ovulation rate have been detected. The primary effort during the past year was to replicate previously observed QTL in related falimies and to saturate targeted genomic regions with additional genetic markers.

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


Progress in analyzing QTL data continues in several locations. Illinois was granted funds to develop the Dairy Bulls DNA Repository (DBDR) and the DAIRYMAP database, which includes information on detceted QTL in the DBDR.  Currently the core of the DBDR is 17 grandsire families with 1910 sons. All DBDR genotyping data were transferred to USDA-ARS- BARC in 2001 to facilitate its analysis.


Preliminary efforts are underway to develop additional resource families for ovulation rate QTL mapping studies at Wisconsin.  A hyperprolific cow (ten offspring in four parities) leased from a ranch in Canada was used through superovulation and embryo transfer to produce multiple offspring.  Ten offspring of this cow have been born to date, and additional offspring will be born in the spring of 2001.  The offspring will be used to produce half- and full-sib families for QTL mapping purposes.  Five sons of this cow are currently being progeny tested for ovulation rate.  Efforts are also underway to replicate QTL effects in Holstein families.  Jeff Berger, a collaborator at Iowa State University, has completed estimation of twinning rate breeding values for Holstein cattle.  This information has been used to identify relevant family material.


The group in Illinois has developed a 3800 gene cattle microarray. A cDNA microarray representing approximately 3800 cattle genes was created for functional genomic studies.  A new 7000 gene microarray has been produced and several collaborative studies are underway.

USEFULNESS OF FINDINGS:

Development of radiation hybrid maps will provide a useful tool for cattle genomics and the comparative map will facilitate identification of candidate genes for economically important traits. Tools developed to identify candidate genes will allow large scale mapping of genes in different mammalian species in silico.


Detection of QTL for economically important traits in dairy and beef cattle will permit the application of marker-assisted selection. 


Progress in testing and mapping the scur and color coat loci is of interest to the industry. Identifying the causative gene and developing a test that producers can use is of great interest. 

WORK PLANNED FOR NEXT YEAR:

Most of the stations will continue their efforts in identifying candidate genes. Charaterization and development of marker systems (microsatellites or SNP) in or around already identified candidate genes will continue. Searches for QTL will continue. 


Radiation hybrid and comparative maps will be completed. Development of tools (COMPASS) for prediction of chromosomal location will be completed. Experiments with microarrays will continue.
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Sonstegard, T.S., C. Bendixen, G.L. Bennett, E. Kalm, S. M. Kappes, H. A. Lewin, S. Lien, V.H. Nielsen, I. Olsaker,  S.M. Schmutz, H. Thomsen, C.P. Van Tassel, N. Xu.  2001.  Consensus and comprehensive linkage maps of bovine chromosome 17.  Animal Genetics 32:112-113.

Sonstegard, T.S., G.L. Bennett, E. Kalm, S. M. Kappes, H. A. Lewin, I. Olsaker,  S.M. Schmutz, H. Thomsen, D.I. Vage, C.P. Van Tassel, N. Xu.  2001.  Consensus and comprehensive linkage maps of bovine chromosome 25.  Animal Genetics 32:114-115.

Schmidtz, B.H., Buchanan, F.C., Plante, Y., and Schmutz, S.M.  2001.  Linkage Mapping of the Tyrosinase Gene to Bovine Chromosome 29. Animal Genetics 32:119-120.

Schmutz, S. M., F. C. Buchanan, D.C. Winkelman-Sim, V. Pawlyshyn, Y. Plante,  J. J. McKinnon, and B. P. Fournier. 2001.  Development of the Canadian Beef Reference Herd for Gene Mapping Studies.  Theriogenology 55:963-972.

Schmutz S.M., Moker J.S, Yuzbasiyan-Gurkan V.,  Zemke D., Sampson J., Lingaas F., Susana Dunner S., and G Dolf.  2001.  DCT and EDNRB map to dog chromosome 22.  Animal Genetics 32:321.

Lingaas F, Aarskaug T, Gerlach JA, Juneja RK, Fredholm M, Sampson J, Suter N, Holmes NG, Binns MM, Ryder EJ, Haeringen WA van, Venta PJ, Brouillette JA, Yuzbasiyan Gurkan V, Wilton AN, Bredbacka P, Koskinen M, Dunner S, Parra D, Schmutz S, Schelling C, Schlapfer J, Dolf G, van Haeringen WA. 2001.  A canine linkage map: 39 linkage groups.  J. Anim. Breeding. Genet. 118:3- 19.

Schmutz, S.M.,  J. S. Moker, T. G. Berryere, and  K. M.  Christison.  2001.  A SNP is used to map MC1r  on dog chromosome 5.   Animal Genetics 32:43-44.

Conference Presentations:

Schmutz, S. M., T.G. Berryere, J. S. Moker,  DJ Bradley.  Jan. 17, 2001. Inheritance of the belt pattern in Belted Galloway cattle. Plant and Animal Genome IX, San Diego, CA.   http://www.intl- pag.org//pag/9/abstracts/P5j_08.html

Thue, T. D.,  B.G. Goldade, A. Van Kessel, S. M. Schmutz, B. Laarveld, F.C. Buchanan.  Jan. 17, 2001.  Quantification of mRNA from adipose in beef cattle selected on genotype at the Obese gene.  Plant and Animal Genome IX, San Diego, CA.   http://www.intl-pag.org//pag/9/abstracts/P07_51.html

Extension Materials:

Citations in Popular Articles:

Schmutz, S. M.  2001. DNA  Research on Meat Quality.  Cattlemen, June/July , p.18-19.

Websites maintained:

http://skyway.usask.ca/~schmutz/herd.html
Canadian Reference Herd Gene 
  
       
      Mapping

http://skyway.usask.ca/~schmutz/polled.html
Polled/Horned/Scurs Inheritance 


http://skyway.usask.ca/~schmutz/colors.html
Cattle Coat Color Inheritance

http://skyway.usask.ca/~schmutz/behavior.html
Cattle Behavior Genetics and Its Effects on  



Production

Extension Presentations:

DNA Studies in Coat Color and Disease, an invited slide presentation to the Canadian Hereford Association director's meeting, Saskatoon, June 22, 2001

Genetics Related to Highland Cattle, an invited slide presentation to the Canadian Highland Society  annual meeting, Moose Jaw, June 24, 2001
Texas.
Shay, T.L., Berghmans, S., Segers, K., Meyers, S., Beever, J.E., Womack, J.E., Georges, M., Charlier, C., and Cockett, N.E.  Fine-mapping and construction of a bovine contig spanning the ovine callipyge locus.  Mammalian Genome 12:141-149, 2001

El Nahas, S.M., de Hondt, H.A., and Womack, J.E.:  Current status of the river buffalo (Bubalus bubalis L.) gene map.  J. Heredity, 92:221-225, 2001. 

Iannuzzi, L., Gallagher, D.S., Di Meo, G.P., Schlapfer, J., Perucatti, A., Amarante, M.R.V., Incarnato, D., Davis, S.K., Taylor, J.F., and Womack, J.E.:  Twelve loci from HSA10, HSA11 and HSA20 were comparatively FISH-mapped and river buffalo and sheep chromosomes.  Cytogenet Cell Genet 93:124- 126, 2001.

Dorroch, U., Goldammer, T., Brunner, R.M., Kata, S., Kühn, C. and Womack, J.E. and Schwerin, M.:  Isolation and characterization of hepatic and intestinal expressed sequence tags potentially involved in trait differentiation between cows of different metabolic type.  Mammalian Genome 12:528-537, 2001.

Campbell EM, Gallagher DS, Davis SK, Taylor JF, Smith SB.:  Rapid communication: mapping of the bovine stearoyl-coenzyme A desaturase (SCD) gene to BTA2. J. Anim. Sci. 79(7):1954-1955, 2001.

McShane RD, Gallagher DS, Newkirk H, Taylor JF, Burzlaff JD, Davis SK, Skow LC.:  Physical localization and order of genes in the class I region of the bovine MHC. Anim. Genet. 32(5):235- 239, 2001.

Pollak, E.J., Dikeman, M., Gill, C.A., Moser, D., Holm, T. and Westcott, E.:. Update on the Carcass Merit Project. Proc. ASAS Reciprocal Meat Conference, 2001.

Wisconsin.
Johanson, J.M., P.J. Berger, B.W. Kirkpatrick and M.R. Dentine.  2001.  Twinning rates for North American Holstein sires.  Journal of Dairy Science 84:2081-2088.

Sun, H.S., S. Whallon, F. A. Ponce de León and B.W. Kirkpatrick.  2002.  Physical mapping of two bovine microsatellite loci.  Journal of Animal Science (accepted).

Kirkpatrick, B.W., B. Byla, E. Kurar and W. C. Warren.  2002.  Development of microsatellite markers and comparative mapping for bovine chromosome 19.  Animal Genetics (accepted).

Kurar E., W. Barendse, C. D. K. Bottema, S. Davis, M. Föster, E. Kalm, S.M. Kappes, A. Kister, H.A. Lewin,  H. Klungland, I. Medjugorac, I. Olsaker, W. S. Pitchford, S.M. Schmutz, J. Taylor, H. Thomsen and B.W. Kirkpatrick.  2002.  Consensus and comprehensive linkage maps of bovine chromosome 24.  Animal Genetics (accepted).
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BRIEF SUMMARY OF MINUTES OF ANNUAL MEETING:

Call to Order: Chair, Jim Petitte, welcomed members to the business meeting of NRSP-8 (Poultry).  The business meeting began at 4:30 pm.

Approval of minutes of the 2001 meeting (January 2001):

Sue Lamont moved to accept last years meeting minutes and Hans Cheng seconded the motion.  The motion was passed by acclimation.

Margaret Dentine provided some brief notes on the Annual Report, important points to include and a timetable for submission of the renewal of NRSP-8.

Location of next annual meeting:

There was a brief discussion about location of the meeting and its association with PAG.  Sue Lamont moved to hold the joint NC168 and NRSP-8 meeting in association with PAG at the same location.  Hans Cheng seconded and the motion passed by acclimation.  A suggestion was made to start the meeting earlier at 2 pm for next year, and this time was agreed on.

Election of officers:

Chris Ashwell was nominated for secretary of NRSP-8 poultry.  Sue Lamont motioned to close nomination and Hans Cheng seconded.  Ashwell was elected by acclimation.  Abel Ponce de Leon was nominated as the poultry selection nomination for secretary of the full NRSP-8 group.  Hans Cheng and Jerry Dodgson will form the writing committee for the NRSP-8 renewal.

Industry Participation in Poultry Workshop:

Janet Fulton informed the group that industry participation could be increased by moving the time of the workshop.  If the time were changed, conflict with a major commercial convention could be avoided.  Current location and time are dependent on the association with the PAG meetings and will be taken into consideration when location and time are discussed for future meetings.

Adjournment:

Sue Lamont moved to close the meeting and Hans Cheng Seconded.  The motion passed by acclimation.

ACCOMPLISHMENTS AND IMPACTS:

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

Michigan and ADOL continue with systematic linkage mapping of chicken genes with mapped human homologs. Locations on the EL map are compared to the location of the analogous human genes and demonstrate a surprising level of conservation of gene location and arrangement.  39 chicken genes were mapped this way using regions of the chicken genome that correspond to human chromosomes 1, 9, 12. These results suggest an average evolutionarily conserved segment length of about 30-40 cM between the human and chicken genomes and corresponds to about 100 chromosome level rearrangements during the separate evolution of chickens and humans. Additional AFLP loci have enhanced marker density in the EL map. 

California reported on the molecular organization of the chicken 5S rDNA complex and structure of avian telomeres. The 5S rRNA is a highly conserved RNA component of the ribosome; 5S genes are typically arranged as tandem repeats at more or more loci in vertebrates.  Each 5S gene repeat unit consists of a coding region sequence which encodes the small 5S rRNA and contains internal promoters; each repeat also contains an intergenic spacer region (IGS) having no known coding function.  In the human genome, specific telomere arrays are associated with particular chromosomes and there is evidence that the lengths are intrinsic to the chromosomes.  Previous results on avian telomere array organization indicate that the ultra-long telomeres (100’s of Kb to 1 Mb) are terminal additional work suggests that bird karyotypes which have only a few microchromosomes, e.g., 4 pairs, do not possess the ultra-long arrays.  It is possible that ultra-long arrays in chicken map to the microchromosome set.  California is testing different styles of telomere FISH probes (sizes of the repeat, PNA-probe, etc.) and to establish a standard chromosome telomere “curve” for comparison (human chromosomes).

Numerous labs have cooperated in mapping DNA based polymorphic markers by genotyping samples from the same two international reference crosses, the Compton population, and the East Lansing population. Subsequently, the map hag been enhanced by genotyping of a third cross, the Wageningen population, by Martien Groenen and colleagues. A consensus map based on all three map populations has been published.  Recent updates bring the number of markers on the consensus map to 1965, placed into 50 linkage groups, covering around 4000 cM. The East Lansing map has expanded to 1186 markers on 49 linkage groups. Of these, 512 are microsatellite markers. Nearly 300 genes have been mapped in the East Lansing map. Evidence continues to grow that gene order is conserved between the human and chicken genomes to a remarkable extent. Several studies have that estimate between 100 and 200 breakpoints in gene order separating the human and chicken genome, with some blocks of conserved synteny (not necessarily gene order) exceeding 100 cM. Most microchromosomes are now marked by hybridization tags and have been associated with the appropriate linkage group.

Progress Toward Objective:  2. Increase marker density of existing linkage maps used in QTL mapping and integrate them with physical maps of animal chromosomes. 

Michigan updated results regarding a BAC library of 115,200 BACs of 65,600 of these  have been fingerprinted and are being processes for generating the BAC contigs.  Washington U Genome Center has a full copy of the BAC library and have indicated that they intend to fingerprint the entire library.  The immediate goal is to cover at least 90% of the grnome with 500 or fewer contigs of a 2 Mb or larger size. Integration of the BAC contigs to the existing genetic map currently entails identifying BACs that correspond tp previously mapped markers and by generating and mapping new markers using the BAc contigs.  200 such genes have been mapped to one or more BACs.

Arkansas continues to map color genes.  Currently, Agouti related protein, melanosomal maxtrix protein, and tyrosinase related protein have been added. Other work includes elucidating the genetic basis of autoimmune de-pigmentation which would serve as an animal model for vitilligo in humans and mitochondrial variation and feed efficiency.

ADOL reported on the characterized the interaction of the.MDV SORF-2 gene and growth hormone.  Both of which are expressed in Marek's disease tumors. GH is associated with resistance.  MDV SORF-2 is able to stimulate lymphocytes to proliferate suggesting that the SORF-2/GH interaction has biological significance in MD.   Several putative QTL's for MD resistance have been identified in a commercial layer resource population.  DNA microarry experiments between MD resistant and susceptible lines are consistent with known gene expression trends and now allows for the testing of candidate biological pathways involved in resistance.  QTLs for production traits have been revealed using single marker and multiple marker analyses.

North Carolina presented work on avian embryonic stem cells which hold promise for gene manipulation of poultry.  Michigan presented a summary of their creation of lines for the analysis of chimeras made with cultured blastodermal cells. This work is significant since transgenics will allow the final testing of candidate QTL's.

Iowa used a candidate gene approach to identify QTL's in three resource populations: 1) developed for  antibody kinetics in adult hens,  2) the response to Salmonella enteritidis, and 3) growth and composition traits.  Several genes were identified as QTL's in each of the populations.  For example TGFb 2-4  were associated with antibody kinetics and some growth and composition traits but each TGF did not necessarily contribute to the same set of growth and body composition traits.  These specially designed populations also allowed an estimation of the gene numbers controlling traits of economic importance.

Wisconsin continues to assign the RO locus to one arm or the other of the Z chromosome.  The Z-linked recessive white skin mutation (y) appears to be a mutation of the ATP binding cassette portein-1 and maps to the Z chromosome and could be an avian model for Tangier Disease.  The pink eye mutation is homologous to the human P gene which results in Type II oculocutaneous albinism in humans.

Indiana reported on efforts to model the optimal methods of incorporating candidate genes into selection programs and their effects over short and long term genetic selection.  Mixed model methodology  indicated that incorporation of candidate gene information is most critical for sex-limited traits with low heritability or high heritability, but  should be avoided for non-sex limited traits with high heritablilty.    The long and short term efficiency of marker assistant selection was compared between the infinitesimal model and a finite locus model.  The predications of the models were similar when selection is based upon the individuals own performance.  Nevertheless, with BLUP selection, MAS is beneficial to both long and short term selection.  This suggests that to capture the benefits of MAS, selection methods which maximize the rate of response of the polygenic effects must be used, such as BLUP.  Particularly for non-sex-limited traits.

Physical map contig assembly will continue in several labs, focused on regions of special interest based on QTL analysis or cytogenetic interest.  Efforts to expand our existing BAC library are underway, and work will continue on full genome physical maps using a BAC contig-building strategy. Parallel efforts will occur at Wageningen and INRA. Arrangements have been made to have the initial BAC library pooled for 3-dimensional PCR screening and DNA pools made, purified, and aliquotted by Research Genetics, Inc.  DNA pool arrays will be made available at a reasonable cost to those who prefer PCR screening approaches. EST and array approaches will continue to expand by Burnside and colleagues, Cheng, and others in the U.S. and by collaborators in Europe.
Progress Toward Objective:  3.  Expand and enhance internationally shared species genome databases and provide other common resources that facilitate genome mapping.

ChickGBASE: The latest version of ChickGBASE is constructed in the comparative mapping Arkdb format. Arkdb was primarily developed by Andy Law, Dave Burt, Alan Archibald, and others at the Roslin Institute. ChickGBASE is available in the Arkdb format at http//www ri bbsrc ac uk/chickmap/chickgbase/chickgbase.html. As per the NRSP 8 renewal proposal, a mirror site for the poultry database is being mounted at the Iowa State database site, htti)://www.genome.iastate.edu/.

WWW Homepage: We maintain a WWW homepage for the Poultry Genome which links to ChickGBASE, the Roslin Institute homepage, and a variety of other genome mapping resources. The Homepage provides the latest EL maps and mapping data, an updated list of published microsatellites, descriptions of our microsatellite kits, the latest cytogenetic map, and access to a host of other information. It can be accessed at httJ):/J/)oultry.mi)h.msu.edu.

Reference Panel DNA: DNA from the East Lansing international reference population has been sent to laboratories throughout the world.

Primer Kits: Seven kits of microsatellite primer pairs have been made available for free distribution. The first of these is the Population Tester Kit. This contains 9 primer pairs which define microsatellites with high polymorphic information content (numerous alleles widely distributed in several populations). Six large Comprehensive Mapping Microsatellite Kits containing a total of 647 primer pairs for markers covering most of the chicken genome have also been available. For those with access to ABI sequencers, they are also fluorescent and can be multiplexed. Kits #1 and #2 were replaced this year with a newly made, select group of markers as Kit #1/2. One or more kits have now been provided to 114 different labs, worldwide. Two Chicken Gene Primer Pair kits have been made available containing a total of 300 primer pairs to sequenced genes for use in EST mapping and expression analysis.

Physical Mapping Resources: At least two public BAC libraries are now available. One has been made by Crooijmans and Groenen at the Texas A&M BAC Center (Crooijmans et al. 2000), and filter sets (or the library) can be obtained from the Groenen lab (httj)://www.zod.wau.nl/vf/research/chicken/frame chicken.html), the Texas A&M BAC Center (http://Iibz.tamu.edu), or the UK Human Genome Mapping Project Resource Center at http://www.hgmp.mrc.ac.uk (filter sets only). This library employed Hind III partial digest fragments, the average insert size is about 130 kb, and nearly 50,000 clones have been made (ca. 5X coverage). Coordination funds were used to generate a second library (using a UCD 001 bird as the DNA source) of 39,200 BamHI insert clones with an average insert size of 150 kb (also ca. 5X). As noted above, this library has been expanded (using non NAGRP funds) to a library of over 115,000 BACs ( 15X). The BAC library is available (http://hbz.tamu.edu) and filter sets of robot spotted BAC clones are being distributed (so far, 28 requests have been filled).  PCR-screenable BAC DNA pools from row, column and superplate pools of the first 30,000 clones of the BamHI library have been made by Research Genetics, supported, in part, by Coordination funding and are now available .  Once a clone(s) of interest has been identified, it (they) can be obtained at nominal cost from the Texas A&M BAC Center.

In addition to the reports presented by the NRSP-8 Poultry Subcommittee members there were several guest speakers.

Ann Gibbins, University of Guelph, spoke on a method of modifying large pieces of the avian genome using the highly recombinogenic environment in rabbit cornea cells infected with the Shope fibroma virus. Cotransfection of the rabbit cells with target lambda vectors containing the gene to be modified with small targeting plasmids containing the modification flanked by small homologous sequences provides an efficient means of developing recombinants.  Using the chicken lysozyme gene as a target, insertions of 15 to almost 1 kb have been obtained and deletions of 3 kb have been achieved using only flanking homologous sequences of 70 to 400 bp.  In addition, multiple rounds of recombination successfully altered 4 different sites in the gene. Other speakers included: Cindy Cisar,  USDA/ARS Fayetteville, on genes associated with pulmonary hypertension syndrone in chickens .Martein Groenen, Wageningen, on BAC contig mapping of the chicken genome. Alain Vignal, INRA, on a chicken radiation hybrid panel.

Chirs Ashwell,  USDA/ARS Beltsville, on QTLs for growth and body composition and EST libraries.

Kellye Eversole from the Alliance for Animal Genomics Research and Bin Liu from Genomics and Bioinformatics Institute in Beijing on a proposal to sequence the chicken genome.

Publications:

ADOL

Zhu, J.J., Lillehoj, H.S., Allen, P.C., Van Tassell, C.P., Sonstegard, T.S., Cheng, H.B., Dollock, D., Sadjadim M., Min, W., and Emara, M.G. Detection of a QTL associated with Eimeria-oocyst shedding in commercial chickens. Submitted.

Ambady, S., Cheng, H.B., and Ponce de Leon, F.A. Development and mapping of microsatellite markers derived from chromosome-specific libraries for chicken macrochromosomes 1, 2, 3, and 4. Submitted.

Dodgson, J.B., Cheng, H.B., and Burnside, I. Integrating quantitative and molecular techniques in selection for disease resistance. Submitted.

Cheng, H.H. Molecular genetic techniques for identifying disease resistance genes. In Poultry Breeding and Biotechnology. S. Aggrey and W. Muir, eds~ (CABI Publishing). Submitted.

Mariani, P., Barrow, P.A., Negrini, R., Cheng, H., Groenen, M., Negrini, R., and Bumstead, N. Localisation of a locus detennining salmonellosis resistance to chicken chromosome 5. Immunogenetics, accepted.

Lipkin, E., Fulton, J., Cheng, H., Yonash, N., and Soller, M. QTL mapping and MAS in chicken by selective DNA pooling and dinucleotide microsatellite markers using purfied DNA, and fresh or frozen red blood cells. Poultry Science, accepted.

Liu, H.-C., Cheng, H.B., Softer, L., and Burnside, J. 2001. Use of DNA microarrays to monitor gene expression in Marek's disease resistant and susceptible chickens and integration with genetic mapping. Animal Genetics 32:351-359.

Knorr, C., Cheng, H.B., and Dodgson, J.B. 2001. DNA cloning and sequence analysis of chicken AFLP. Animal Genetics 32:156-159.

Liu, H.-C., Kung, H.-J., Fulton, J.E., Morgan, R.W., and Cheng, H.H. 2001. Growth hormone interacts with the Marek's disease virus SORF2 protein and is associated with disease resistance in chicken. PNAS 98:9203-9208.

Liu, H.-C., Cheng, H.B., Sofer, L, and Burnside, J. 2001. Identification of genes and pathways for resistance to Marek's disease through DNA microarrays. In Current Progress on Marek's Disease Research. K.A. Schat, R.M. Morgan, M.S. Parcells, and J.L. Spencer, eds. (Kennett Square, PA: American Association of Avian Pathologists), pp. 157-162.

Suchyta, S.P., Cheng, H.B., Bumside, J., and Dodgson, J.B. 2001. Comparative mapping of chicken anchor loci orthologous to genes on human chromosomes 1, 4 and 9. Animal Genetics 32:12-18.

Bacon, L.D., Hunt, H.D., and Cheng, H.H. 2001. Genetic resistance to Marek's Disease. In: Marek's Disease. K. Hirai, ed. (New York: Springer), pp. 121-142.

Yonash, N., Cheng, H.B., Hillel, J., Heller, E.D., and Cahaner, A. 2001. DNA microsatellites linked to quantitative trait loci affecting antibody response and survival rate in meat-type chickens. Poultry Science 80:22-8.

Zhu, J., Lillehoj, H.S., Cheng, H.B., Pollock, D., and Emara, M.G. 2001. Screening for highly heterozygous chickens in outbred commercial broiler lines to increase detection power for mapping quantitative trait loci. Poultry Science 80:6-12
ARKANSAS

Brisbin, I.L., A. T. Peterson, R. Okimoto and G. Amato. 2002. Characterization of populations of Red Junglefowl: using the present to decipher the past. Journal, Bombay Natural History Society. In press

Bottje, W., Z. Tang, M. Iqbal, D. Cawthon, R. Okimoto, T. Wing and M. Cooper. 2002. Association of mitochondrial function and feed efficiency in broilers. Poultry Science. In press

Okimoto, R. 2001. The use of molecular markers to associate feather color alleles with tissue pigmentation in broiler chickens. Poultry Sci. 80 (suppl. I )

Erf, G.F., W.G. Bottje, H.D. Chapmen, M.Iqbal, R. Okimoto, and M.S. Parcells. 2001. Undergraduate education: wxposing first- and second-year students to laboratory research. Poultry Sci. 80 (suppl. 1 )

CALIFORNIA

M. Schmid, I. Nanda,  M. Guttenbach, C. Steinlein, H. Hoehn, M. Schartl, T. Haaf,  S. Weigend,  R. Fries, J-M. Buerstedde, K. Wimmers, D.W. Burt, J. Smith, S. A’Hara, A. Law, D.K. Griffin,  N. Bumstead, J. Kaufman, P.A. Thomson, T.A. Burke, M.A.M. Groenen, R.P.M.A. Crooijmans, A. Vignal, V. Fillion, M. Morisson, F. Pitel,  M. Tixier-Boichard, K. Ladjali-Mohammedi, J. Hillel, A. Mäki-Tanila, H.H. Cheng, M.E. Delany, J. Burnside, S. Mizuno. 2000.  First report on chicken genes and chromosomes. Cytogenetics and Cell Genetics 90:169-218 (listed in press last year).

Pisenti, J.M., M.E. Delany, R.L. Taylor, Jr., U.K. Abbott, H. Abplanalp, J.A. Arthur, M.R. Bakst, C. Baxter-Jones, J.J. Bitgood, F. Bradley, K.M. Cheng, R.R. Dietert, J.B. Dodgson, A. Donoghue, A.E. Emsley, R. Etches, R.R. Frahm, R.J. Gerrits, P.F. Goetinck, A.A. Grunder, D.E. Harry, S.J. Lamont, G.R. Martin, P.E. McGuire, G.P. Moberg, L.J. Pierro, C.O. Qualset, M. Qureshi, F. Schultz, and B.W. Wilson. 2001.  Avian Genetic Resources at Risk:  An assessment and proposal for conservation of genetic stocks in the USA and Canada. Poultry and Avian Biology Reviews. 12:1-102. (listed n press last year).

L.M. Daniels and M.E. Delany. 2001. Characterization of the 5S complex in chicken. Plant and Animal Genome IX, San Diego, CA, p. (poster)

Daniels.  2001. Molecular analysis of the 5S rRNA array in chicken (Gallus gallus domesticus).  M.S. Thesis. University of California, Davis CA  95616.

INDIANA

Schamber, EM. and WM. Muir. 2001. Wright's Shifting Balance Theory of Evolution in Artificial Breeding Programs: Empirical Testing Using the Model Organism Tribolium castaneum Journal of Animal Breeding and Genetics 118: 181-191.

Cheng, H.W., Eicher, S.D., Chen, Y., Singleton, P. and Muir, W.M. (2001) Effect of genetic selection for group productivity and longevity on immunological and hematological parameters of chickens. Poult. Sci. 80: 1079-1086.

Cheng, H.W., Dillworth, G., Singleton, P., Chen, Y. and Muir, W.M. (2001) Effect of genetic selection for productivity and longevity on blood concentrations of serotonin;:~ catecholamine and corticosterone of chickens. Poult. Sci. 80: 1278-1285.

Cheng, H. W., S. Etcher, Y. Chen, P. Singleton and M.W. Muir. (2001). Physiological Indicators of Birds' Well-being Related to Genetic Selection for Adaptability to Caged Production Systems. Proceedings of the Symposium on Animal Welfare Considerations in Livestock Housing Systems. October 23-25, Poland. (in press).

IOWA

Kaiser, M. G., and Lamont, S. J. 2001. Genetic line differences in survival and pathogen load in young layer chicks after Salmonella enterica serovar enteritidis exposure. Poultry Sci. 80: 1105-1108.

Weigend, S., Matthes, S., Solkner, J., and Lamont, S. J. 2001. Resistance to Marek's disease virus in white leghorn chickens: effects of avian leukosis virus infection genotype, reciprocal mating, and major histocompatibility complex. Poultry Sci. 80: 1064-1072.

Zhou, H., Buitenhis, A. J., Weigend, S., and Lamont, S. J. 2001. Candidate gene promoter polymorphisms and antibody response kinetics in chickens: interferon-y, interleukin-2, and immunoglobulin light chain. Poultry Sci. 80:1679-1689.

Zhou, H., Liu, W ., and Lamont, S. J. 2001. Genetic variation among chicken lines and mammalian species in specific genes. Poultry Sci. 80:284-288.

Kaiser, M. G., Deeb, N., and Lamont, S. J. 2001. Microsatellite markers linked to Salmonella enterica serovar Enteritidis vaccine response in F1 broiler-cross chicks. Proceedings of the 6th Avian Immunology Research Group Meeting. American Association of Avian Pathologists, October 8-10, Ithaca, NY, Pp236-239.

Lamont, S. 2001. Discovering the molecular genetics of health and biological homeostatis in poultry. Proc.2001 International Workshop on Animal Genome Analysis, Society for Techno-lnnovation of Agriculture, Forestry and Fisheries, Tsukuba, Japan, Pp 1-5.

Lamont, S. J. 2001. Utilizing unique genetic populations to identify molecular markers associated with economic traits in poultry. Proc. th International Symposium on Animal Breeding and Genetics. Japanese Society of Animal Breeding and Genetics, Tokyo, Japan, Pp 20-28.
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BRIEF SUMMARY OF MINUTES OF ANNUAL MEETING:

The meeting was chaired by Dr. Teri Lear.  Dr. Ernest Bailey gave a report on the activities of the Species Coordinator.  Station reports were given by the participants listed above.  Priorities were given to further development of the RH map, genome scanning panel, ESTs and microarrays. 


Invited speakers, Danika Bannasch and Dave Adelson gave invited presentations on a skin disease of Quarter horses and on microarray technology, respectively.

The committee voted to add three new labs to the Equine Technical Committee:  Ohio State University (A. Bertone), University of Georgia (L. Pratt, M-M Cordonnier-Pratt, M. Van de Plas, J. Moore) and The Japanese Racing Association (T. Hasegawa). 

Bhanu Chowdhary became the new Chair of the Equine Genome Section and Cecilia Penedo was elected as Secretary and they, along with Ernie Bailey, will work to submit a renewal of the NRSP-8 project to the USDA.

ACCOMPLISHMENTS AND IMPACTS:

Progress Toward Objective 1:
CATs primers continue to be used on the UC Davis synteny panel with map positions confirmed by FISH. Between 800-900 markers have been used to characterize the RH map at Texas A&M with most markers covering ECA11 and ECAX.  Although most markers were microsatellites sufficient genes have been mapped for comparison to human and animal gene maps. Sequence and functional analysis of horse MHC class I genes is an ongoing project at Cornell University.  

A comprehensive comparative FISH map of 136 new genes was developed at INRA using both goat and horse BAC clones.  Several intrachromosomal inversions and translocations have been identified that were not apparent in the Zoo-FISH map.  For the first time genes were mapped to ECA13p, ECA29 and ECA30. An additional 31 genes were mapped by FISH at the University of Kentucky. Approximately 300 genes have been FISH mapped to horse chromosomes identifying 112 conserved segments when compared to the human map.  FISH mapping is ongoing as primers are developed for ESTs and BAC library screening.

cDNA clones are being characterized from numerous tissues (lymphocyte, skin, testis, embryo, etc.) by several  laboratories.  Sequences for several thousand unique horse genes have been generated.  These sequences are being used for identification of candidate disease genes and microarray development.

Progress Toward Objective 2:


Several labs continue to characterize microsatellites for use on both the International Horse Reference Family Panel (half-sib) (307 markers) and the Newmarket (full-sib) linkage maps (587 markers).  The genome scanning panel (111 microsatellite markers) and other microsatellites were used by several labs to investigate and map candidate genes for coat color and skin diseases in horses.  The integration of the linkage maps and RH map have been enhanced by FISH mapping markers.

Progress Toward Objective 3:


The characteristics of the new USDA-NRI BAC library were presented by Baoli Zhu of Peiter DeJong’s laboratory.  The library is available through the workshop to workshop participants and commercially from Dr. DeJong’s laboratory.  Information on the library is available at http://www.chori.org/bacpac/.   Two other BAC libaries (INRA and Texas A&M) are successfully being used by investigators.  The BAC library at INRA has been expanded to 100,000 clones of about 100kb corresponding to a genome coverage of 3.4.


An online database is available at INRA in Jouy on the web at http://locus.jouy.inra.fr/cgi-bin/bovmap/livestock.pl.  The databases are being updated for submission of new data as an Excel file.

Plans for the coming year:


Plans were made to create a new genome scanning panel with markers selected using data from the two linkage maps and labeling technology based on “pigtail” attachments to primers.  This will boost the ability of the community to conduct research using the linkage map.

The RH panel has been developed to a first generation RH map of about 850 genes and should reach second generation level by typing 1500 markers by spring of 2003.  


Additional microsatellite markers will be typed on the Newmarket full-sib reference family.  SNPs will be developed in regions containing genes of interest.  Laboratories will continue to use the resources to study equine diseases, MHC, imprinted genes and coat color genes.  Markers will also be placed on the cytogenetic map to confirm localization or anchor regions defined by other mapping methods.  The maps provide a first step toward the identification of the causal genes or closely linked markers for the genes of interest.  From this data it will be possible to develop diagnostic tests useful to the horse industry.  Other uses will be for understanding genome evolution and gene function.


Particular emphasis will be placed on EST development from the various cDNA libraries in the equine community, as well as the development and application of microarrays.
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PROGRESS OF THE WORK AND PRINCIPAL ACCOMPLISHMENTS:
Progress relative to Objective 1: 

Development of the linkage map for sheep has been critical for genomic studies in this species.  Prior to 1994, only 17 markers were assigned to 7 syntenic groups (Broad et al., 1997).  In 1994, 19 linkage groups containing 52 markers including microsatellites and candidate gene restriction fragment length polymorphisms (RFLPs) were identified (Crawford et al., 1994).  These assignments were a consequence of a genome scan initiated to map the Booroola fecundity gene (Montgomery et al., 1993) using 12 pedigrees segregating for the Booroola gene.  A more extensive ovine linkage map was published by this group in 1995 (Crawford et al., 1995) and contained 246 markers (86 ovine microsatellites, 126 bovine microsatellites, 1 deer microsatellite, and 33 known genes), with marker spacing between 10 and 30 cM across the chromosomes.  Total coverage of the map was 2070 cM (about 75% of the genome) and markers were assigned to all 26 sheep autosomes.  This map was constructed using the AgResearch International Mapping Flock (IMF).   Three years later, a second-generation ovine genetic map was published by the USDA, ARS group in Nebraska (de Gortari et al., 1998).  The map contained 519 markers (402 bovine microsatellites, 101 ovine microsatellites, and 16 known genes) and spanned 3063 cM across the autosomes, with an average marker spacing of 6.5 cM [http://sol.marc.usda.gov/genome/sheep/sheep.html].  A third generation map has been recently developed (Maddox et al., 2001).  This map contains 1,062 loci (941 anonymous loci and 121 gene) and is a compilation of genotype data generated by 15 laboratories using the IMF population [http://rubens.its.unimelb.edu.au/~jillm/jill.htm ].   The map spans 3,400 cM (sex-averaged)for the autosomes and 132 cM (female) on the X-chromosome.

It should be noted that these ovine linkage maps contain relatively few expressed genes (~120) because of the difficulty in identifying allelic variation needed for linkage analyses. Additional assignments for about 250 genes have been made using somatic cell hybrids (Burkin et al., 1991;  Saidi-Mehtar et al., 1979) and in situ hybridization. 

There are some estimates of gene order for sheep and cattle, two ruminant species within Bovidae.  In one comparison (De Gortari et al., 1998), marker order was inverted eight times (>2 cM intervals) when the sheep map was compared to the cattle linkage map (Kappes et al., 1997).  Length of the inversions ranged from 3 to 57 cM.  This group also found 6 microsatellites that mapped to sheep linkage groups other than what would be expected based on the bovine homolog.  The authors suggest that these may be the result of amplification of a nonhomologous sequence by heterologous primers.  

Conserved chromosomal segments between sheep and humans have been determined using human chromosome painting probes on R-banded sheep chromosomes (Iannuzzi et al., 1999) and through the use of human and sheep chromosome painting probes on the Indian muntjac deer (Burkin et al., 1997).  A total of 48 human segments were found in sheep chromosomes.  

Progress relative to Objective 2: 

An informational database for the ovine genome map has been developed.  SheepBase contains an up‑to‑date compilation of published data from sheep genome mapping projects, along with physical and linkage maps of the sheep genome, and information on individual loci and associated references.  The information is presented using the WWW interface and can be accessed through a number of nodes.  

Enhancement of SheepBase will continue.  A curator for entry of data will be hired, replacing the efforts of Dr. Tom Broad, AgResearch, New Zealand, who will be leaving AgResearch in December 2001 for a position in Australia.

Progress relative to Objective 3:  

A collection of 450 ovine and bovine microsatellite primer pairs that have been mapped to specific ovine chromosomes have been selected by the Coordinator for distribution.  These markers were included to enhance coverage of the sheep genome.  To date, markers from this collection have been distributed to 45 laboratories world-wide and will be incorporated into projects investigating wool traits, carcass composition, parasite resistance, growth characteristics and single-gene defects.   

Coordination funds have contributed to the development of an ovine radiation hybrid panel by Texas A&M University.  Once the panel is complete, personnel from Utah State University will travel to Texas to learn necessary techniques for maintaining and distributing the panel.  Characterization of the panel will be done at Utah State University.

Progress relative to Objective 4:  

The Coordinator has participated at numerous sheep industry meetings and presented overviews of the sheep genome map research and discoveries in ovine gene mapping.  The Coordinator has also participated in meetings, workshops and testimonies that establish policies, guidelines and funding for livestock genome mapping;  in this way, the interests of sheep genome mappers are brought to the attention of policy makers.  Also, travel support for attending the annual NRSP-8  meetings has been provided to NRSP-8 Sheep Committee members. 

Web page development for the NRSP-8 Species Coordinator for Sheep will continue.  Links to NRSP-8 Sheep Committee members, SheepBase, and other genome mapping groups will be incorporated.  The web page will also contain overviews of the NRSP-8 objectives and periodic updates on progress in sheep gene mapping research.  

ANNUAL REPORT

Project:  NRSP8 – Cattle Genome Coordinator

Cooperating Agency and Principal Leader:  Texas A&M University, James E. Womack

Progress of Work for the Period:  Jan. 1, 2001 – Dec. 31, 2001


The coordinator makes bovine genome information available to the US cattle genome mapping community through the database described below.  Three major linkage maps, from the IBRP and USDA-MARC reference families and from the IRRF, now include about 3000 loci providing an average resolution of less than 2 cM.  Comparative maps now include three published ZOO-Fish painting experiments, and an extensive radiation hybrid map of ESTs.  Bovine chromosome nomenclature has been updated.  All of this current information has been provided to the Cattle Committee and the general public through BovGBase and ArkDB (http://bos.cvm.tamu.edu/bovgbase.html).


Extensive cattle genome information is available through our public database.  U.S. Bovine ArkDB now contains 2613 loci, of which 661 are genes.  These are compiled from 458 references which are also provided.  Primer information is available for 2474 loci.  There are 2820 map assignments, 2209 by linkage and 611 cytogenetic.  Our home page provides linkage to other animal databases including other cattle databases as well as sequence databases. Public access to the Cattle Genome Mapping Homepage and to the Bovine ArkDB are available at http://bos.cvm.tamu.edu/bovgbase.html.  Also available through the Bovine ArkDB Homepage are two comparative maps (“cow on human” and “human on cow”) illustrating known conserved synteny of cow relative to humans and mice and summaries of the ZOO-Fish experiments. Bovine ArkDB, sheep ArkDB, and horse ArkDB now reside at Texas A&M with mirror sites at Roslin.  Womack and Kata are primary editors of bovine ArkDB with cooperation of BovMAP staff at INRA (France).  Accomplishments in bovine database development can best be demonstrated through a visit to our web site at <http://bos.cvm.tamu.edu/bovarkdb.html>. 


The coordinator continues to distribute International Bovine Reference Family Panel (IBRP) DNA to US scientists for linkage mapping.  Three US laboratories utilized these families in the past year.  The IBRP map includes 740 markers, 150 of which are expressed genes.  Thirty laboratories have contributed to the development of this map.  Microsatellite primers synthesized by Research Genetics, Inc. and targeted for modest genome coverage were purchased by the Coordinator and are available for distribution.  Two full sets were distributed to US laboratories in the past year. A set of 300 fluorescence tagged primers for use in ABI automated sequencing equipment were designed to complement the original set of untagged primers.  The set has been quality tested in our laboratory and is now being distributed to the Technical Committee. Limited quantities of 410 CATS primers are being distributed to the Committee by the coordinator.  A panel of 31 hybrid somatic cells defining every bovine syntenic group has been assembled and characterized by the coordinator.  DNA from this panel has been provided to US scientists on request.  


Research priorities include: 1.  Developing high resolution comparative genome maps aligned across species to link bovine maps to those of human and mouse genomes.  2. Increasing the marker density of existing linkage maps used in QTL mapping and integrating them with physical maps of cattle chromosomes.  3. Expanding and enhancing internationally shared species genome databases and providing other common resources that facilitate cattle genome mapping. Substantial progress has been made towards all these goals.  In addition, priorities are discussed at a variety of genome meetings, some of which interface national priorities with those of the international community.

U.S. Poultry Species Coordination Activities

Supported by Allotments of Regional Research Funds, Hatch Act 

For the Period 1/1/01-12/31/01
Overview:  Coordination of Poultry Genome Mapping under the National Animal Genome Research Program (NAGRP) is a joint effort of Michigan State University (MSU) and the USDA, ARS, Avian Disease and Oncology Laboratory (ADOL).  CSREES support is allocated via  NRSP-8.  The NAGRP is made up of the membership of the Animal Genome Technical Committee, including the Poultry Species Subcommittee.  

FACILITIES AND PERSONNEL:  Jerry Dodgson, Department of Microbiology & Molecular Genetics, MSU, serves as Coordinator with Hans Cheng of ADOL as Co-Coordinator.  Both MSU and ADOL provide facilities and support.

OBJECTIVES:  1. Develop high resolution comparative genome maps aligned across species that link agricultural animal maps to those of the human and mouse genomes,  2. Increase the marker density of existing linkage maps used in QTL mapping and integrate them with physical maps of animal chromosomes, and 3. Expand and enhance internationally shared species genome databases and provide other common resources that facilitate genome mapping.

PROGRESS TOWARD OBJECTIVE 1.  High resolution poultry genome maps.

The Reference Map(s).  Numerous labs have cooperated in mapping DNA-based polymorphic markers by genotyping samples from the same two international reference crosses, the Compton population (Bumstead and Palyga, Genomics 13, 690-697, 1992), and the East Lansing population (Crittenden et al., Poultry Science 72, 334-348, 1993).  Subsequently, the map has been enhanced by genotyping of a third cross, the Wageningen population, by Martien Groenen and colleagues (Groenen et al., Genomics 49, 265-274, 1998).  A consensus map based on all three map populations has been published (Groenen et al., Genome Res. 10:137-147, 2000). Recent updates (Schmid et al., Cytogenet. & Cell Genet. 90:169-218, 2000) bring the number of markers on the consensus map to 1965, placed into 50 linkage groups, covering around 4000 cM.  The East Lansing map has expanded to 1186 markers on 40 linkage groups.  Of these, 512 are microsatellite markers. Nearly 300 genes have been mapped in the East Lansing map. Evidence continues to grow that gene order is conserved between the human and chicken genomes to a remarkable extent. Several studies have appeared (Burt et al., Nature 402:411-413, 1999; Groenen et al., op. cit.; Waddington et al., Genetics 154:323–332, 2000; Suchyta et al., An. Genet. 32:12-18, 2001) that estimate between 100 and 200 breakpoints in gene order separating the human and chicken genome, with some blocks of conserved synteny (not necessarily gene order) exceeding 100 cM. Most microchromosomes are now marked by hybridization tags and have been associated with the appropriate linkage group (Schmid et al., op. cit.).  

PROGRESS TOWARD OBJECTIVE 2.  Physical maps and map integration.

Physical mapping resources, such as chicken large insert bacterial artificial chromosome (BAC) libraries, have been expanded.  Zhang, Dodgson and colleagues now have generated a library of over 115,000 BACs (~15X) and have fingerprinted 60,000 of these.  The Washington U. Genome Center has been provided a full copy of this library after indicating their intent to fingerprint it in its entirety.  Crooijmans and Groenen are also fingerprinting their BAC library (Crooijmans et al., Mamm. Genome 11:360-363, 2000) and building contig maps.  Burnside, Cogburn, Morgan, Cheng, Reed and Neiman in the U.S. and several European groups are generating EST collections (Tirunagaru et al., Genomics 66:144-151, 2000) and beginning to apply them for microarray analysis.  A consortium of European Union (especially, U. of Manchester Inst. of Science and Technology, U. of Nottingham, U. of Dundee, and the Roslin Institute) and Incyte Genomics scientists announced the sequencing of over 300,000 chicken ESTs (cDNA sequences) from a wide variety of tissues and developmental stages.  Data are posted in a searchable format at www.chick.umist.ac.uk.  Radiation hybrid (RH) panels have been constructed by Vignal and colleagues at INRA.  Discussions are underway about full genome sequence analysis of the chicken (Science 293:1745, 2001, and Pennisi, Science 294:82-85, 2001).

PROGRESS TOWARD OBJECTIVE 3:  Database and other map resources.

ChickGBASE:  The latest version of ChickGBASE is constructed in the comparative mapping Arkdb format.  Arkdb was primarily developed by Andy Law, Dave Burt, Alan Archibald, and others at the Roslin Institute.  ChickGBASE is available in the Arkdb format at http://www.ri.bbsrc.ac.uk/chickmap/chickgbase/chickgbase.html.  As per the NRSP-8 renewal proposal, a mirror site for the poultry database is being mounted at the Iowa State database site, http://www.genome.iastate.edu/.  

WWW Homepage:  We maintain a WWW homepage for the Poultry Genome which links to ChickGBASE, the Roslin Institute homepage, and a variety of other genome mapping resources.  The Homepage provides the latest EL maps and mapping data, an updated list of published microsatellites, descriptions of our microsatellite kits, the latest cytogenetic map, and access to a host of other information.  It can be accessed at http://poultry.mph.msu.edu.

Reference Panel DNA:  DNA from the East Lansing international reference population has been sent to laboratories throughout the world.  

Primer Kits:  Seven kits of microsatellite primer pairs have been made available for free distribution.  The first of these is the Population Tester Kit.  This contains 9 primer pairs which define microsatellites with high polymorphic information content (numerous alleles widely distributed in several populations).  Six large Comprehensive Mapping Microsatellite Kits containing a total of 647 primer pairs for markers covering most of the chicken genome have also been available.  For those with access to ABI sequencers, they are also fluorescent and can be multiplexed.  Kits #1 and #2 were replaced this year with a newly made, select group of markers as Kit #1/2.  One or more kits have now been provided to 114 different labs, worldwide.  Two Chicken Gene Primer Pair kits have been made available containing a total of 300 primer pairs to sequenced chicken genes for use in EST mapping and expression analysis.

Physical Mapping Resources:  At least two public BAC libraries are now available.  One has been made by Crooijmans and Groenen at the Texas A&M BAC Center (Crooijmans et al. 2000), and filter sets (or the library) can be obtained from the Groenen lab (http://www.zod.wau.nl/vf/research/chicken/frame_chicken.html), the Texas A&M BAC Center (http://hbz.tamu.edu), or the UK Human Genome Mapping Project Resource Center at http://www.hgmp.mrc.ac.uk (filter sets only). This library employed HindIII partial digest fragments, the average insert size is about 130 kb, and nearly 50,000 clones have been made (ca. 5X coverage).  Coordination funds were used to generate a second library (using a UCD 001 bird as the DNA source) of 39,200 BamHI insert clones with an average insert size of 150 kb (also ca. 5X).  As noted above, this library has been expanded (using non-NAGRP funds) to a library of over 115,000 BACs (~15X).  The BAC library is available (http://hbz.tamu.edu) and filter sets of robot-spotted BAC clones are being distributed (so far, 28 requests have been filled).  PCR-screenable BAC DNA pools from row, column and superplate pools of the first 30,000 clones of the BamHI library have been made by Research Genetics, supported, in part, by Coordination funding and are now available.  Once a clone(s) of interest has been identified, it (they) can be obtained at nominal cost from the Texas A&M BAC Center.  

Table 1. Chicken (Jungle Fowl UCD001) BAC libraries 

_____________________________________________________________________________

   
                 
Mean insert   



Genome
Vector

Libraries           
 size (kb)         No. of  clones

coverage         

______________________________________________________________________________

BamHI
 
    150            
     38,400

    5.2x

pBeloBAC11

BAC library

EcoRI


    152

     38,400
 
    5.3x

pECBAC1

BAC library

HindIII 

    172

     38,400

    6.0x

pECBAC1

BAC library
        

Total


     158

    115,200

   16.5x  ________________________________________________________________________

Newsletter:  The Poultry Genome Newsletter is published quarterly and is distributed through our WWW Homepage, electronically on the angenmap email discussion group and via hard copy to scientists worldwide.  Meetings:  Over 1680 scientists attended the joint Plant and Animal Genome IX meeting held last January, held jointly with the annual NAGRP meeting.  Coordination funds helped support attendance at PAG-IX and will do so again for the upcoming PAG-X.  A small amount of support was also provided for the Gordon Conference on Quantitative Genetics and Genomics last year.

PLANS FOR THE FUTURE.

OBJECTIVE 1.  High resolution poultry genome maps.

Efforts will be made to improve overall map marker density.  Comparative chicken/human map development will also continue and QTL analysis should expand.

OBJECTIVE 2.  Physical maps and map integration.

One or more full genome physical maps using BAC contig-building strategies and radiation hybrid panels should be available in FY 2003.  Additional efforts will be made to fill gaps between contigs, improve map resolution and integrate these physical maps with existing linkage maps.  EST and array approaches will continue to expand for both chicken and turkey in the U.S. and in Europe.  Hopefully, full sequencing of the chicken genome will begin no later than FY 2003.

OBJECTIVE 3:  Database and other map resources.

The chicken ChickGBASE database will continue to be updated and improved at the Roslin Institute and the Iowa State mirror site.  Newsletter and homepage information will be distributed and enhanced.  We will continue to distribute reference panel DNAs, expanded microsatellite primer panels, BAC library resources (library, clones, filter sets, PCR screening pools) and Type I gene-based primer panels. RH panel DNAs will be made available, pending agreement with INRA.

(Prepared 1/07/02)
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PROGRESS OF THE WORK AND PRICIPAL ACCOMPLISHMENTS:
Progress relative to Objective 1:  Develop high resolution comparative genome maps aligned across species that link agricultural animal maps to those of the human and mouse genomes.
In previous years, a low resolution human-horse comparative map was established based on a Zoo-FISH map for the horse using human chromosome paints (Raudsepp et al., 1996), a synteny map based on somatic cell hybrid panel (Shiue et al, 1999) as well as other studies in which genes were mapped to chromosomes using FISH, synteny mapping or chromosome specific paints, (for example, Lear et al., 1999; Raudsepp et al., 1999a; Raudsepp et al., 1999b; Chaudhary et al., 1999; Senese et al., 1999, Caetano et al., 1999a, Caetano et al., 1999b, Lear et al., 2000; Lindgren et al., 2000a; Lindgren et al., 2000b; Mariat et al., 2000; Godard et al., 2000) and use of a radiation hybrid mapping approach (Kiguwa et al., 2000; Chowdhary et al., submitted).  

During the current year the workshop group met in Brisbane Australia, under the auspices of the Dorothy Russell Havemeyer Foundation to evaluate progress and consider future priorities.  A compilation of published and unpublished data showed that the number of mapped markers exceeded 1000 (workshop, unpublished data) of which 875 appear in the horse genemapping database at Jouy-en-Josas.   A need was identified for additional markers and several groups have been working on development of ESTs (Cornell, Kentucky, Georgia, Texas, California, France and Tufts) as well as microsatellite markers (Minnesota, Japan, New Market).  Genes continue to be added to the half-sib (354) and full sib linkage maps (587).     

Progress relative to Objective 2:  Increase the marker density of existing linkage maps used in QTL mapping and integrate them with physical maps of animal chromosomes.

As noted above, the density of markers on the gene map has increased significantly.  Over 1000 genes have been mapped as of July 2001.  A high priority was placed on development of a radiation hybrid map using a resource developed at Texas A&M by Bhanu Chowdhary and Loren Skow.  Preliminary work is being completed on that map based on a framework of 800 markers.  In addition the workshop linkage maps have increased to 354 for the half-sibling map and 587 for the full-sibling map.  A genome scanning panel of 100 markers has been developed by the workshop group and freely provided to participants.  The panel has been distributed to 12 labs and investigations are underway to identify genes responsible for traits of health or economic interest in horses.  Several publications are submitted.

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

1.  Primers for a Genome Scanning Panel:  

Currently there is a panel of 100 markers available. The workshop group has investigated alternative means for developing such panels and anticipate development of a 300 marker panel in 2002.

2.  Websites and Databases:

 A new website is maintained with information describing the workshop efforts and significant developments for the horse gene map.  The address of that website is:

http://www.uky.edu/Ag/Horsemap/
Two databases exist for the horse:

http://www.ri.bbsrc.ac.uk/cgi-bin/arkdb/browsers/browser.sh?species=horse
This database is situated in Edinburgh, Scotland, with a mirror site at Texas A&M University.

http://bos.cvm.tamu.edu/cgi-bin/arkdb/browsers/browser.sh?species=horse
The species coordinator for the horse, Dr. Ernest Bailey, shares curator duties with the technical staff at Roslin Institute, Edinburgh. 

The second database is located at: 

http://locus.jouy.inra.fr/cgi-bin/lgbc/mapping/common/intro2.pl?BASE=horse
This database is curated by Dr.G¨¦rard Gu¨¦rin at INRA at Jouy-en-Josas.

3.  Reference Family DNA:  In connection with the International Equine Gene Mapping Workshop, the coordinator distributed DNA for a reference family for linkage mapping that consisted of 13 sires and their 500 offspring.  DNA aliquots are available in 5 microgram amounts for shipment to laboratories, worldwide for work on the linkage map.   The results must be reported in a standard format to G¨¦rard Gu¨¦rin of Jouy-en-Josas, France, for analysis.  

4.  Full-sibling Family for Linkage Mapping:  A family based on full siblings has been described and used for creation of a linkage map for the horse (Swinburne et al., 2000).  To expand the map,workshop participants are strongly encouraged to contact the laboratory at the Animal Health Trust about adding new markers to this map.  Scientists will be provided parental DNA to determine the level of polymorphism of the markers in this family.  If the markers appear useful, then they will be further tested with DNA samples of the offspring at the Animal Health Trust in Newmarket.

5.  Bacterial Artificial Chromosome (BAC) Libraries:  A 10X BAC library has been created by Pieter DeJong, under the auspices of the USDA NRI program and a copy has been distributed to Cornell University and Texas A&M University.  Filter sets are being distributed to interested laboratories.

6.  Radiation Hybrid Panel:  A radiation hybrid panel at Texas A&M is subject of collaborative work. To contribute or use this resouce, scientists contact Dr. Loren Skow or Dr. Bhanu Chowdhary at Texas A&M University.

Progress relative to Objective 4 (Research Priorities):   

Research priorities are set by consensus during discussions at the conferences.  During 2001 priorities were established at PAGVIII to:

1.  Develop more markers for mapping, including microsatellite DNA markers and expressed sequence tags (EST).

2.  Development of a radiation hybrid map.

3.  Increase the density of markers on the linkage maps.

4. Develop and use the BAC libraries, especially with application to contig construction in anticipation of genome sequencing.

5.  Development of larger marker sets for distribution and use in genome scanning studies.

6.   Develop tools for use in functional genomics. 

Funds from the horse species coordinator were used during 2000 to support the synteny mapping panel, the BAC library at Texas A&M University, meeting support for the Gordon Conference on Quantitative Genetics and Biotechnology during February 2001 travel support for technical committee members to attend the PAGVII meeting in San Diego, coordinator travel to support gene mapping work, resources for development and distribution of the BAC library, use of the linkage family materials and support of marker development for linkage mapping

BRIEF SUMMARY OF THE PIG GENOME COORDINATION PROGRAM FOR 2001

Max F. Rothschild, USDA/CSREES Pig Genome Coordinator

Coordination Structure:  A number of faculty members and support staff are participating in the national pig genome coordination effort as part of Iowa State University’s contribution to the project.  Dr. Y. Zhang has been active in the database effort as assistant to the Coordinator.
Map Development Update:  New anonymous markers and genes continue to be placed on the linkage maps but at a slower pace.  There are a number of maps that have been published and some integration has taken place as QTL maps are expanded.  However, no new large-scale maps have been published recently.  In total there are over 653 genes and 1,480 markers in the database.  There is a developing AFLP map with about 2,000 AFLPs that is likely to be added to the PiGMaP linkage map some time in the future. The physical map is also growing quickly and there are now nearly 1,500 genes and anonymous markers thanks to a very useful somatic cell hybrid panel and a radiation hybrid panel (RHP) from France. The RHP is available now and being shared.
QTLs and Candidate Genes:  QTL have been reported on nearly all chromosomes for growth, carcass and meat quality traits and several chromosomes for reproduction.  Some extensive QTL papers have just been published including new ones for meat quality.  Candidate gene analyses have proved successful with gene tests for stress susceptibility, fat, feed intake, growth, meat quality, litter size and coat color.
Database Activities:  This year the Pig Genome Database has received considerable updating and a great deal of new information on the maps and mapping tools have been added.  There are over 960 citations in the database on about 2,133 loci, over 584 clone entries and 95 library entries.  Entry to the database can be made at http://www.genome.iastate.edu through the US Pig Genome Coordination home page.  This last year the US Pig Genome database had over 34,000 users making 900,000 hits.  In addition, a new EST database (http://pigest.genome.iastate.edu/data.html) has been developed should be a useful resource. It is now in use and contains over 98,000 pig EST entries and further development will continue. 
Shared Materials:  Primers for three types of microsatellite typing systems have been provided.  A total of 559 fluorescent primer pairs (184 new primers from three sets this year) covering the entire porcine genome, have now been produced for fluorescent typing and have been shared in over 40 labs world wide. Some question of sharing these primers and possible patent infringement has been resolved this year. Funding for primers for 120 microsatellites have also been made for another typing system.  For gene expression, 30 dd-PCR primers have been made. The U.S. reference family DNA is available from Iowa State University and USDA-MARC.  PiGMaP family DNA can be shared also.  Shared use of YAC and BAC libraries is continuing.  We continue to help other labs wishing to get these needed resources and to develop new ones.  We are working to develop new EST resources for the gene mapping community.
International Efforts:  Communication with all international groups and individuals is excellent.
Communication:  The Pig Genome Update has now published 52 issues bimonthly and has been distributed by mail to over 110 people and electronically to nearly 860 people worldwide.  Angenmap, the gene mapping discussion group continues to grow in activity and members.  The current list of subscribers has over 860 users in over 40 countries.  The address is angenmap@db.genome.iastate.edu
Travel and Meeting Support:  Some conferences have received support funding from the Coordinator.  Travel of several scientists was partially funded to attend important pig gene mapping meetings.
Future Activities:  Constructive suggestions from researchers to help this coordination and facilitation program grow and succeed are appreciated.
