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INTRODUCTION 
The existence of a gene with a great effect on intramuscular fat (IMF) content was postulated 
by Janss et al. (1997) who studied a Chinese-European population. The gene, named MI, had a 
recessive allele (imf) that increased IMF content and originated from the Chinese Meishan 
breed. Duroc pigs, as well as Meishan pigs, are known for their high IMF content (Bout et al. 
1990; Gandemer et al. 1990). Moreover, in contrast to Chinese pigs, Duroc animals have good 
performance levels in growth and body composition (Young 1992). If the imf allele was 
displayed in Duroc animals, they could thus be a genetic resource to improve IMF content. 
The objective of the present study was to test the presence of the imf allele in a Duroc 
population using a segregation analysis. Furthermore, molecular analysis will be performed on 
the same experimental animals in order to locate the putative gene on pig genome.  
 
MATERIALS AND METHODS 
Animals and measurements. Experimental design was an F2 cross between Duroc and Large 
White pigs. Duroc pigs came from the nucleus herd of SELPA (Allier, France) and Large 
White, F1 and F2 pigs were housed at the INRA experimental farm of Le Magneraud 
(Charente-Maritime, France). At a live weight of 70 kg, IMF content was measured in Duroc, 
F1 and F2 animals. Lipids were extracted and IMF content was determined in a muscle biopsy 
sample, taken from the longissimus dorsi muscle at the level of the last rib. For more details on 
measurement procedure, see Sanchez et al. (2002). Among 204 Duroc pigs measured for IMF 
content, 8 boars with high IMF content values (from 3.3 to 5.8%) were selected and mated to 
37 Large White sows. Ten sires and 32 dams among their offspring (345 F1 animals) were 
randomly selected and produced 775 F2 pigs, each F1 dam producing 3 litters.  
 
Statistical analyses.  
Correction for environmental effects. The effects of batch, sex and weight at biopsy were tested 
using the GLM procedure of SAS (SAS Institute 1992). Only batch and sex effects were 
significant on IMF content and therefore included in the model. For computational reasons, 
IMF content was adjusted for fixed effects prior to segregation analysis. 
 
Segregation analysis. A segregation analysis was applied (Elston and Stewart 1971). This 
method was based on comparing the likelihood of the data under a mixed model (H1: one 
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major gene + polygenes) and under a polygenic model (H0). We assumed that data originated 
from independent sire families. The major gene was modelled as an autosomal biallelic (A and 
B) locus with Mendelian transmission probabilities. Three genotypes could thus be 
encountered: AA, AB and BB. Under H1, the model depended on 7 parameters: µAA, µAB and µBB 
(genotype means), σg and σe (genetic and residual standard deviations, respectively), PAA and 
PAB (genotype frequencies of breeding animals). H0 was a sub-hypothesis of H1 and was given 
by µAA=µAB=µBB=µ0. Under H0, the model thus depended on 3 parameters (µ0, σg and σe). The 
test statistics was the likelihood ratio l=-2ln(M0/M1) where M1 and M0 were the maximised 
likelihoods under H1 and H0, respectively. We supposed that the likelihood ratio was 
asymptotically distributed according to a χ² with 4 degrees of freedom (Le Roy et al. 1989).  
 
Box-Cox transformation. The F2 distribution of adjusted IMF content appeared strongly 
skewed (Figure 1). A skewed distribution is indeed expected in F2 when a major gene is 
segregating. However, Demenais et al. (1986) have  shown that skewness may lead to the false 
inference of a major gene. In order to resolve between skewness of the trait and segregation at 
a major locus, penetrance functions were written under H0 and H1 using a Box-Cox 
transformation (MacLean et al. 1976). The transformation parameters were estimated jointly 
with the other model parameters, under both H0 and H1 hypotheses. In order to test the effect 
of the Box-Cox transformation on segregation analysis results, segregation analysis was also 
performed without Box-Cox transformation. 
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Figure 1. Distribution of adjusted intramuscular fat content in the F2 population 
 
 
RESULTS AND DISCUSSION 
 
Segregation analysis, with or without transformation of the data, revealed the presence of a 
recessive allele with a major effect on IMF content (Table 1). Yet, it should be noted that 
correction for skewness strongly decreased the likelihood ratio and to a lesser extent, the 
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estimated gene effects. When data were transformed, likelihood ratio was indeed 7 times lower 
and the mean difference between homozygotes was decreased by 0.4%. Nevertheless, the 
likelihood ratio remained significant at the 2% level and the mean difference between 
homozygotes was estimated to be 1.4%, i.e. 1.7 phenotypic standard deviations. This difference 
was estimated to be 1.8% (2.6 phenotypic standard deviations) when data were not 
transformed. These results illustrated the lack of robustness of segregation analysis in presence 
of a skewed distribution. On the other hand, Demenais et al. (1986) have  shown a decrease of 
the power of the test statistics by the Box-Cox transformation. Because we can accept the 
mixed transmission model with a risk of 2% with data transformation, we therefore conclude to 
the presence of a major gene for IMF content. The recessive allele, detected in the Duroc 
breed, could be the same as the one detected in Meishan pigs (Janss et al. 1997). The difference 
between Meishan homozygous pigs, obtained from non-transformed data, was indeed 2.1% i.e. 
close to the value obtained here (1.8%). Estimated genotype frequencies revealed that 100% of 
the F1 breeding animals were heterozygous at the MI locus. As we expected, the F0 
grandparents were therefore homozygous: the Duroc grand-sires were probably imf/imf and the 
Large White grand-dams IMF/IMF. However, the imf allele was not necessarily fixed in the 
Duroc population because only boars with a very high IMF content were chosen to produce the 
F1 generation. 
  
Table 1. Segregation analysis results: parameter values under H1A and likelihood test  
 
ParametersA µAA µAB µBB σe σg PAA PAB l P 
Without Box-Cox 
transformation 1.42 -0.34 -0.36 0.63 0.30 0 1 83.0 <1.10-10 

With Box-Cox 
transformation 0.95 -0.40 -0.47 0.73 0.37 0 1 11.9 0.02 
A µAA, µAB and µBB = means of AA, AB and BB genotypes, respectively; σe = residual standard 
deviation; σg = genetic standard deviation; PAA and PAB = genotype frequencies of AA and AB, 
respectively; l = likelihood ratio; P = level of significance. 
 
Individual genotype probabilities of F2 offspring can be a posteriori estimated using 
segregation analysis (Elsen et al. 1988). Offspring can thus be sorted by genotype at the MI 
locus (imf/imf, imf/IMF or IMF/IMF). Moreover, the F2 animals, their parents and their 
grandparents will be typed for a set of molecular markers. Transmission probabilities of marker 
alleles (probability for each F2 offspring to receive a given allele for its sire and dam) will then 
be computed via an interval mapping analysis using a half-full sib model (Le Roy et al. 1998). 
By comparing genotypes at the MI locus and genotypes at the molecular markers, it could then 
be possible to locate the major gene for IMF content. Regions on chromosomes 2, 4, 6 and 7 
could first be explored because recent studies have reported quantitative trait loci (QTL) in 
these regions (De Koning et al. 1999; Ovilo et al. 2000; Rattink et al. 2000; Bidanel et al. 
2000; Grindflek et al. 2001). These studies were performed on crosses involving Meishan or 
Duroc populations, except the one of Ovilo et al. (2000) in which experimental design was an 
F2 cross between Iberian and Landrace pigs. However, estimated individual QTL effects 
ranged from 0.34 to 0.90% : they were thus lower than the major gene effect estimated in our 
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study and the one estimated by Janss et al. (1997). Exploration of other pig genome regions 
will therefore be certainly required in order to locate the major locus. 
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