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INTRODUCTION 
In meat-type chicken production, fatness is one of the important secondary traits for which 
molecular information could provide useful tools in the breeding programmes. In order to 
identify QTL for fatness in the broiler chicken, a 3-generation design was performed, by 
intercrossing 2 lines divergently selected on adipose tissue weight (Leclercq et al., 1980).  
QTL analysis is usually based on individual genotyping of a great number of animals using 
many markers. In order to reduce genotyping effort, selective genotyping  has been proposed in 
which only the animals showing an extreme performance are individually genotyped (tail 
analysis) (Darvasi and Soller, 1992). Alternatively, DNA from those animals is pooled, and 
genotyping is performed on the pools (Plotsky et al., 1993) in a procedure named bulked 
segregant analysis. In the present study, we present the results of a two step analysis: first, a 
bulked segregant analysis was performed and allowed to identify chromosome 5 markers with 
differences in allele frequencies between the pools. Then, individual genotyping was 
performed with 5 microsatellite markers from this region, confirming the presence of a fat QTL 
at about 73 cM.  
 
ANIMALS, MATERIALS AND METHODS 
Animal experimental design. Grandparent breeders (F0) were from two chicken lines 
divergently selected for high and low abdominal fat content (Leclercq et al., 1980), named the 
fat (F) and lean (L) lines, respectively. Nine males from the F line were mated to 12 females 
from the L line in order to produce the F1 generation. Five F1 sires were each mated to 7 or 
8 F1 dams (38 in total), to produce the 5 sire families of the F2 generation in 4 hatching 
groups. The number of male offspring for each sire was 114, 127, 116, 122 and 106 in families 
1, 2, 3, 4 and 5 respectively. According to the size of this F2 design and the high divergence for 
fatness of the fat and lean lines, it should be possible to detect an effect of about 0.7 phenotypic 
standard deviation with a probability of 0.9 (Lander and Botstein, 1989). 
The F2 progenies were killed at 8 weeks of age and the fatness was estimated by the abdominal 
fat weight. The whole body weight was also recorded. Individual DNA purification was done 
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from blood samples. Performances were adjusted for the dam and hatch effects by a two-way 
analysis of variance, after which animals were ranked within sire families on adipose tissue 
weight. In each sire family, two extreme sets of 20 animals each were defined (about 40% of 
the phenotyped F2 individuals), taking care to balance the dam contributions. DNA from each 
set of animals was mixed together, giving 5 high and 5 low pools.  
Markers and genotyping. 190 microsatellite markers well distributed along the chicken 
genome were selected. Amplified fragments were analysed on ABI 373 or 377 DNA sequencer 
using the Genescan Analysis software (Perkin-Elmer Applied Biosystems, Foster City, 
USA). Genotypes were interpreted using both the Genotyper Analysis software (Perkin-
Elmer Applied Biosystems, Foster City, USA) and GEMMA databases (Iannucelli et al., 
1996).  
QTL detection. Multi-point QTL detection was performed using QTLmap package modified 
to allow for a mixture of full and half sib families (Le Roy et al., 1998). Significance of the 
QTL was assessed by a simulation procedure. 
 
RESULTS AND DISCUSSION  
Information content of the 190 microsatellite markers was tested on the 5 F1 males. On average 
58% markers per sire were informative. This is a relatively high level of heterozygosity, 
considering we are studying divergent lines from a common origin, and may be explained by 
the high variability of the population from which they were derived (6 different broiler chicken 
lines). Among those markers, 43 were heterozygous in 4 or 5 sires and were used for the 
bulked segregant analysis by genotyping the 10 DNA pools. As a result, 23 markers (53%) 
suggested differences in allele frequencies between the lean and fat DNA pools in the same 
family, based on differences in allele peak heights (figure 1). Although the observed 
differences were not always very large, we detected a region with 3 linked markers: MCW038, 
MCW214 and MCW210, located on chromosome 5, for which they were high.  
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Figure 1. Examples of profiles obtained for microsatellites selected by bulked segregant 
analysis 
 
Only the sire alleles are considered (alleles 1 and 2, sire lane). Peak heights in lean and fat F2 
pools (L1, L2, F1, F2) are used to estimate differences in sire allelic frequencies between the 
pools (lean and fat pool lanes): to avoid errors due to possible differential amplifications 
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between alleles, we compare L1/F1 and L2/F2 ratios. If the difference is more than two fold in 
at least 2 families, the marker is selected for individual genotyping (table 1). 
The peak heights and resulting ratios are shown in Table 1. Two additional markers (MCW193 
and ADL233) were chosen in this region in order to perform individual genotyping. 
 
Table 1. Peak heights obtained for 3 chromosome 5 markers by genotyping on DNA 
pools. L1, L2, F1 and F2: lean and fat sire alleles 1 and 2 (figure 1).  
 
Marker Sire family L1 L2 F1 F2 (L1/L2)/(F1/F2) 
       
MCW038 1 661 627 700 454 0,68  
 2 879 449 1114 222 0,39  
 3 1389 1472 1492 884 0,56  
 4 638 992 815 336 0,27  
 5 1396 882 1095 520 0,75 
       
MCW210 1 779 433 735 304 0,74  
 2 797 339 275 483 4,13  
 3 938 531 636 794 2,21  
 4 486 336 578 500 1,25 
 5 519 450 574 643 1,29 
       
MCW214 1 324 185 251 129 0,90 
 2 349 191 373 131 0,64  
 3 NP NP NP NP / 
 4 155 387 518 194 0,15  
 5 387 143 493 164 0,90 
       

 
Individual QTL analysis. The multipoint analysis result in this region is shown in figure 2. 
A maximum of the test statistic was located at the position 73 cM with the value 79.73 (1% 
significant at the linkage group level) suggesting a QTL in this region. Here, the QTL effect is 
between 0.6 and 0.8 residual standard deviation (substitution effect). More detailed analyses 
will need to be performed, but however the fat phenotype seems to always come from the fat 
line, even if the QTL allelic fixation in the fat and lean lines is not demonstrated.  
 
CONCLUSION 
Multipoint QTL analysis revealed a significant QTL for fatness on chicken chromosome 5. 
With only 43 markers used for the genotyping on DNA pools, the entire genome was not 
scanned. More markers will be used to analyse other regions. To our knowledge, this is the first 
localisation of a fat/lean QTL in poultry, confirming the efficient use of bulked segregant 
analysis for QTL detection in divergent lines. 
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Figure 2. Test statistic from the multipoint QTL analysis of abdominal fat tissue on 
chromosome 5 
Upper line (red) : 1% significant level. Lower line (green) : 5% significant level 
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