Enhanced mapping tools for the sheep genome - BACs, microsatellites, SNPs and the virtual map
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Background

Sheep play important rolesin the production of meat, wool and milk products. They are also used asamodel organism
for humans for studying the normal development of various physiological systems, as well asabnormal states caused by
genetic and acquired diseases. Many of thetraits of importance in sheep have been shown by breeding studiesto be
heritable, and alarge number of research groups throughout the world are conducting mapping experimentsto identify
theloci that influencethem. Ideally, there would be a sheegp genome sequence map and "cheap" genotyping technol ogy,
such as SNP chips, to assist these endeavours. Theinternational sheep genomics community has relatively modest
resources, and currently lacks the funding to produce a sheegp genome sequence map. Inthe absence of this, an
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A publicly available 12x sheep BAC library has been constructed from the leukocytes of a Texel ram by Michael Nefedov Copiesot the repeat unit \J']‘ 20 ' end
(CHORI, bacpac.chori.org/library.php?d=162) with funding from AgResearch (NZ), USDA-NRICGP and USDA-ARS Table4 Construction of sheep BAC-CGCs 9721 g
(USA) and Meat & Livestock Austraia(MLA). Details of the BAC library are shown in Table 2. Thelibrary was end Mapped Number  Region en .
sequenced at The Institute for Genome Research with funding from USDA-NRICGP, and shneepGENOMICS (MLA and Reference genome BACs of CGCs Spanned 70 Mb - L 333.334 9
Australian Wool Innovation). Microsatellites wereidentified in the BAC end sequences with sputnik, Tandyman, and Bovine 32602 40260 1.59Gb
findpatterns (GCG) (Table 3). The positions of sheep microsatellitesthat are likely to be more useful for [inkage mapping Dog 58.757 2104 2.05Gb s
yyithi n user defined regions relative to the cattle genome are available viaatool at rubens.its.unimelb.edu.aw/~jillm/ Human 52338 2447 2.35Gb N/ ¥y
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sheep.shtml. The browser will display arange of sheep BAC related and comparative information as well as the positions of
mapped sheep and cattle markers, cattle microsatellites, sheep BAC end sequence microsatel lites, expressed sequence tag and
Refseq sequence, putative genes, SNPs and other features of interest.

The virtual sheep genome

The strategy for constructing the virtual sheep genome is shown diagrammatically in Figure 3. Briefly, blastn and
megablast were used to position sheep BAC end sequences relative to the human (hgl7), and cattle (Btau 2.0) and dog
(canFam2) genomes respectively (Table4). For each genome comparison, all BACswith overlapping tail to tail matches
(matches where both end sequences of the clonerelatuve to areference sequence haveinternal 3' ends) with distances
between 10-500 kb were used to construct BAC contigs of overlapping clones. These weretermed BAC comparative
genome contigs (BAC-CGCs). TheliftOver utility(genome.ucsc.edu/cgi-bin/hgLiftOver) wasthen used to transform the
coordinates for all match positionsto coordinates relative to the human genome, and anew set of BAC-CGCswere
produced (termed MegaBA C-CGCs). The MegaBA C-CGC information was then integrated with megablast positional
Information for markers on the linkage map, and with sheep physical map information to construct virtual sheep
chromosomes. The exact position and orientation for many of the MegaBAC-CGCsisstill uncertain as many of the
MegaBA C-CGCslack accurate anchoring and orientation information. It is planned to position poorly anchored, or
poorly oriented, MegaBA C-CGCs by mapping these on the sheep radiation hybrid and linkage maps.

It is planned to update the sheep virtual map to incorporate data from Btau 3 by the end of 2006.

SNP chip

A project isunderway under the auspices of the International Sheep Genomics Consortium ( primarily with funding from an
International Science Linkagesgrant, Australia) to sequence 80,000 fragments from the sheep genome as aforerunner to the
development of a 20k sheep SNP chip. Both the virtual sheep genome and ovine EST sequences are being used to identify the
80,000 equally spaced targets for resequencing. Further details can be found at www.sheephapmap.org.
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