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INTRODUCTION 
The middle region of BTA6 has been identified to harbour several loci for economically 
important traits in cattle. Significant Quantitative trait loci (QTL) affecting milk production 
traits were confirmed independently on BTA6 by different research groups in several cattle 
populations (e.g. Georges et al. 1995, Spelman et al. 1996, Kühn et al. 1999 Velmala et al. 
1999). In the same chromosomal region the genetic background of various phenotypic traits 
has been mapped: clinical mastitis (Klungland et al. 2001), the spotted locus (S) and degree of 
spotting (Grosz et al. 1999, Reinsch et al. 1999), birth and yearling weight (Casas et al. 2000), 
dairy character and calving ease (Schrooten et al. 2000).  
Fine mapping and positional candidate cloning of these QTL will depend on availability of 
high-density marker and gene maps. The resolution of the current genetic and physical maps 
for BTA6 is not sufficient either for fine-mapping of QTL or for selection of positional 
candidate genes. Several Type I markers (genes, ESTs) assigned to BTA6 lack an accurate 
position in relation to available bovine Type II markers. In addition, there are difficulties in 
moving between existing bovine linkage maps that have been developed using different sets of 
markers and families. To overcome these deficiencies, we constructed an integrated Radiation 
Hybrid (RH) map of high resolution for the targeted chromosomal region of BTA6 using a 
cattle-hamster whole-genome 12,000 rad cell hybrid panel (Rexroad et al. 2001) which is the 
highest resolution panel available. Therefore, we ordered loci from existing genetic and 
physical maps of both, BTA6 and ovine chromosome 6 (OAR6) in a comprehensive RH map. 
In order to increase marker density and comparative information content of the map, conserved 
gene sequences that have been previously mapped to the orthologous human chromosome 
(HSA4) and novel targeted Type II markers were integrated.  
 
MATERIALS AND METHODS 
Selection of markers and genes specific to BTA6. Thirty nine bovine microsatellite markers 
covering the middle region of BTA6 and four markers from OAR6 were selected from 
published bovine and ovine genetic maps (Kappes et al. 1997, Barendse et al. 1997, Weikard et 
al. 1997, de Gortari et al. 1998, Maddox et al. 2001). In order to fill in gaps in 
subchromosomal intervals not sufficiently covered with markers three novel targeted markers 
that have been isolated from a microdissection library specific for BTA6q21-q31 (Weikard et 
al. 1997) were integrated into the analysis. Twenty five primer pairs were selected from genes 
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and ESTs previously localized on BTA6 (BOVMAP database, http://locus.jouy.inra.fr/) or 
mapped to the orthologous HSA4 region (http://www.ncbi.nlm.nih.gov/genemap/). 
Radiation hybrid screening. The whole genome cattle-hamster 12,000 rad RH panel 
(Rexroad et al. 2001) was analyzed. PCR were carried out in duplicate with a total of 180 cell 
lines in a final volume of 10 µl including 50 ng DNA, 10 pmol primers, 200 µM dNTPs, 0.25 
units Taq DNA Polymerase in 10 mM Tris-HCl pH 9.0, 50 mM KCl, 0.1% Triton X-100, and 
2.0 mM MgCl2. Generally, PCR products were size-separated on agarose gels stained with 
ethidium bromide. Only for those markers that scarcely amplified PCR fragments were 
analyzed on polyacrylamide gels visualized by silver staining (Weikard et al. 1997).  
RH map construction. The RH map was constructed by analyzing the data of co-retention of 
markers using the RHMAP program package version 3.0 (Boehnke et al. 1996). A framework 
map applying a LOD threshold of 3.0 was constructed by the program RHMAXLIK with 
stepwise locus ordering. Starting from this framework map all remaining markers not entering 
the framework map were added to generate a comprehensive map displaying the highest 
likelihood of marker order. The comparative map was generated by aligning the RH map of the 
defined BTA6 region with positions of genes and ESTs on the orthologous region of HSA4 
available from the human GB4 RH panel (NCBI database, http://www.ncbi.nlm.nih.gov/cgi-
bin/Entrez/maps.cgi). 
 
RESULTS AND DISCUSSION 
Construction of framework and comprehensive RH maps. In all, 71 loci from the middle 
region of BTA6 were typed in the cattle-hamster 12,000 rad RH panel. Seventy unique 
retention patterns were observed. Two markers ILSTS97 and BM4528 showed identical 
retention patterns indicating no obligate chromosome breaks between them. The retention 
frequency of loci averaged 15.9 %. Two-point analysis of the data revealed one large linkage 
group including all loci at LOD score criterion of 4.0. A framework map at threshold of LOD 
3.0 was constructed by multipoint linkage analysis. The framework map (between markers 
BMS2508 and BMS4311) includes 35 loci and has a total length of 1,521.3 cR12,000. Starting 
from this framework map the remaining markers were integrated to generate a comprehensive 
map with the most likely order of all 70 loci spanning 2,568.8 cR12,000. The average inter-
marker interval is of 36.2 cR12,000 varying from 2.0 to 141.7cR12,000. For the respective 
chromosomal region focused in this study (from ADH2 to H61425) genetic mapping indicated 
a distance of about 60 cM (MARC97 linkage map, Kappes et al. 1997). This would correspond 
to 42.8 cR12,000/cM in our RH map. The average map coverage is equivalent to one locus per 
0.8 cM.  
When comparing placement of markers in our comprehensive 12,000 rad RH map and the 
MARC97 comprehensive genetic map differences in locus order were observed if markers are 
located in very close vicinity (0.5-2 cM, Figure 1). The positions were found to be reversed on 
our RH map for the adjacent markers OARJMP36-BMS690, BMS483-BMS470, ILSTS87-
CSN3, ALB-BM1236 and BM4311-AFR227. For clusters of markers that could not be 
discriminated on the MARC97 linkage map a putative physical order could be determined on 
our RH map: e.g. BM1236-IL8-ALB-GRO1 and BMS382-FBN12-BMS1242-BMS3026-BM143.  
The comparative map. Following the comparative mapping approach, 25 Type I markers 
previously localized on BTA6 or mapped on the orthologous region of HSA4, were identified 
and placed on the comprehensive RH map of our targeted region of BTA6. Figure 1 illustrates 
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that identical gene organization was found for the interval GABRA-KIT-KDR-GNRHR-
ALB/GRO-NUP54-H61425 on HSA4 and BTA6. In contrast to HSA4, an intrachromosomal 
rearrangement of the segment IBSP-SPP1-PDHA2-MTTP-ADH2 was revealed on BTA6. This 
rearrangement is presumably due to chromosomal breaks on HSA4 between H61425-SPP1 and 
within the region distally from ADH2 followed by a chromosomal inversion. This result is 
supported by mapping of genes from the distal part of HSA4q to the proximal region of BTA6 
(IBRP map, Barendse et al. 1997) as well as to BTA17 and BTA27 (Fisher et al. 1997, 
Sonstegard et al. 2000). An additional break was identified between LAP and QDPR which are 
very closely located on HSA4 (0.32 cR3,000 distance on the GB4 RH panel). As shown in 
Figure 1, LAP was placed consistent with the transition of the PPARGC1-GABRA2 segment 
onto BTA6. The chromosomal boundary could be narrowed to the position where the block 
SPP1-IBSP-PDHA2-MTTP-ADH2 is attached to. Genetic mapping  assigned the position of 
QDPR onto the telomeric part of BTA6 (Barendse et al. 1997) suggesting the location of the 
chromosomal breakpoint precisely between loci LAP and QDPR.  
 

 
Figure 1. Comparison of gene order on the 12,000 rad radiation hybrid map of the 
targeted BTA6 region with the cytogenetic and RH maps of HSA4 and the genetic and 
RH maps of MMU5 
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BTA6 RH map: Positions of framework markers are given in italic. Type I markers are 
indicated by asterisks. GB4 RH map: Arrows indicate breakpoints in gene order between 
HSA4 and BTA6. 
 
CONCLUSIONS  
Comparative analysis across human orthologous chromosomal region from HSA4 confirms 
and refines current knowledge about conservation and rearrangements on the targeted BTA6. 
For fine mapping of QTL and positional cloning of genes underlying economically important 
traits in cattle our high-resolution comparative RH map represents a key resource for 
identification candidate genes, building large fragment contigs, and facilitating comparative 
studies between cattle and other species.  
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