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INTRODUCTION 
The availability of new mapping tools in domestic animals and in particular radiation hybrid 
cell panels have allowed geneticists to detail the extent and distribution of conserved synteny 
blocks among mammalian species. Improving resolution of comparative maps with the human 
genome as a reference makes it possible to transfer information from model genomes (human 
and murine) to domestic animal genomes (O’Brien et al., 1999). 
While the number of mapped mendelian and quantitative traits in livestock has increased for 
the last few years, this approach has already contributed to precisely map and identify relevant 
genes (Vaiman, 1999). A QTL detection project on the French Holstein, Normande, and 
Montbéliarde dairy cattle breeds identified at the telomeric end of chromosome 7 a significant 
QTL affecting female post partum fertility and explaining 16 % of the total genetic variance for 
this trait (Boichard et al., submitted). 
This result is in good agreement with the mapping of a QTL affecting twinning rate in the 
Norwegian cattle population (Lien et al., 2000). However the described region is different from 
the two regions detected by Kirkpatrick et al. (2000) on the same chromosome in the USDA 
MARC twinning herd and harbouring a QTL affecting ovulation rate. 
Here we present the mapping strategy used to refine the QTL primo-location interval with the 
typing of several new markers in the same French cattle breed population. QTL mapping 
results were integrated to a newly built comprehensive and extensive radiation hybrid map 
anchored on human chromosomes 5 and 19 (HSA5 and HSA19 respectively) leading to the 
definition of the related homeologous candidate region (Gautier et al., in preparation). 
 
MATERIAL AND METHODS 
Bovine Whole Genome Radiation Hybrid Panel genotyping and map construction. PCR 
reactions were performed on the 94 radiation hybrid cell lines which constitute the newly 
developed 3000 Rad bovine panel using Wg3H as recipient (Williams et al., 2002). Primer 
sequences and marker information are available upon request. 
The Carthagene software (Schiex et al., 2002) was used to perform two point and multipoint 
analyses of the radiation hybrid data and to provide a comprehensive map of the BTA7. The 
distances between markers on the most likely map were calculated using the RHMAP3.0 
software (Boehnke et al., 1995) under the equal retention probability model. 
 
QTL mapping. The QTL experiment was the granddaughter design described in Boichard et 
al. (2002a). Briefly it included 1554 AI bulls distributed in 14 half-sib families (9 Holstein, 3 
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in Normande, and 2 in Montbéliarde breeds). The average size of families was 111 sons per 
sire and ranged from 59 to 232. All sons were born between 1988 and 1992. They were 
evaluated after progeny testing with an average of 85 daughters using female post-partum 
fertility data routinely collected for selection purposes. 
Primo-location of the QTL with 5 BTA7 markers identified three putative heterozygous sires. 
We performed additional genotyping of 22 markers on every son of these three sires and on a 
sample of about 20 sons of the 11 other families resulting in about 17550 new genotypes. 
Standard genotyping procedures were applied consisting in a multiplex PCR amplification 
before running the products on a Megabace 96 capillaries sequencer. 
These new genotypes added to previous ones and the newly built radiation hybrid map were 
both used to perform a new QTL analysis consisting in a within-sire linear regression of 
deregressed proofs on the probability that the son received one or the other paternal allele as 
described in Boichard et al. (2002a). A 95 % confidence interval of the QTL location was 
estimated by the lod drop-off method. 
 
RESULTS AND DISCUSSION 
Radiation hybrid map. 102 markers including 47 genes were integrated to the radiation 
hybrid map which showed only slight differences with previous genetic maps (data not shown). 
Moreover we were able to calculate a simple overall ratio transforming cRay3000 (cR3000) of our 
map into centimorgan (cM) of the IBRP map (Barendse et al., 1997) and the USDA map 
(Kappes et al., 1997), respectively. This was done by using the two most distant markers 
shared by our radiation hybrid map and the corresponding genetic map. Similar results were 
obtained in both cases, 1 cRay3000 was equivalent to 0.0481 cM for the IBRP map and 0.0482 
cM for the USDA map. Thus a ratio of 1 cRay3000 to 0.05 cM was used to transform radiation 
hybrid distances into genetic distances for QTL mapping purposes. 
The comprehensive map of BTA7 was integrated to the human physical map taken from the 
Ensembl database (http://www.ensembl.org/) of HSA5 and HSA19 refining the corresponding 
comparative map (Gautier et al., in preparation). 
 
QTL fine mapping and identification of an homeologous region on HSA5. The 95 % 
confidence interval of the QTL location covered a ~160 cR3000 region on the distal region of 
BTA7 between ILSTS006 and BMS1979 (figure 1) around INRA053 which remains the 
closest marker to the maximum LRT peak (figure 1). However, these new data have moved 
and sharpened the shape of the maximum LRT peak compared to the primo-location analysis 
since INRA053 was then the most distal marker (Boichard et al., 2002a). 
Moreover, using comparative mapping data, this interval was anchored to HSA5 (figure 1) 
since it belongs to a synteny segment expanding from the CRTL1 gene to the PAM gene and 
containing five genes mapped both in man and cattle. The order of these genes is strictly 
conserved between the two species allowing us to calculate a correspondence between cR3000 
and the physical distance from HSA5. Indeed CRTL1 and PAM are separated by 16,3 Mb on 
the human physical map and by 275 cR3000 on the cattle radiation hybrid map giving a ratio of 
1 cR3000 for 60 kb. Thus the 95 % confidence interval of the QTL location identified above 
represents about 9,5 Mb. 
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Identification of candidate genes in the homeologous region of HSA5. The region of HSA5 
homeologous to the 95 % confidence interval of the QTL location lies from CAST to 5 Mb 
from PAM, assuming this region is still syntenic with BTA7. This interval currently contains 
about 40 identified genes and about 30 of these have homologous ESTs described in cattle. 
Interestingly the human oxytocinase (LNPEP) gene is located in this interval and human 
HSD17B4 (Estradiol 17 beta-Dehydrogenase 4) maps near the upper limit of this interval : they 
could therefore constitute potential positional candidate genes if their localisation on BTA7 
were confirmed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Identification of a homeologous segment on chromosome HSA5 corresponding 
to the 95 % location confidence interval of a QTL affecting female post-partum fertility 
on bovine chromosome 7 using the newly built 3000 rad radiation hybrid map. A) shows 
the likelihood ratio test profile for post partum fertility on bovine chromosome 7 (BTA7). 
The radiation hybrid map of the region including the confidence interval of BTA7 is 
drawn in B). Distances are given in cRay3000. Markers in bold characters correspond to 
genes and the microsatellite markers genotyped in the QTL experiment are linked to the 
LRT profile by a dotted line. C) displays the corresponding homeologous region of HSA5 
(http://www.ensembl.org/) with distances given in Mb which is identified by genes 
mapped in both maps. The putative location of the corresponding confidence interval is 
reported as a grey area. 
 
However mapping of additional genes in the region of interest is required for building a high 
resolution comparative map. Further development of new polymorphic markers using our BAC 
library will help to refine the QTL location and to test the candidate gene status of both LNPEP 
and HSD17B4. 
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Additional families will also be studied, particularly those used in the marker-assisted selection 
program (Boichard et al., 2002b) and found to be informative for this QTL. It is expected that 
these new pieces of information will narrow the confidence interval of QTL location and 
contribute to a better definition of the candidate genes. 
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