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INTRODUCTION 
Meat quality traits have received an increasing attention from the pig industry over the last ten 
years. Variation in meat quality is to a notable extent genetically determined. Yet, improving 
meat quality by standard selection methods is not trivial because of measurement difficulties, 
so that marker or gene-assisted selection appears as a promising strategy for genetic 
improvement of these traits. This strategy requires individual genes responsible for meat 
quality variation to be identified and mapped. An experiment has been conducted at INRA to 
map loci affecting a number of economically important traits in a Meishan x Large White F2 
population using microsatellite markers (Bidanel et al. 2001). The objective of this study was 
to perform a genome-wide scan for intramuscular fat (IMF) content, which is an important 
component of pork meat sensory characteristics, and for lipogenic enzyme activities which 
might be involved in variations of IMF content. 
 
MATERIAL AND METHODS 
Animals and measurements. A 3-generation resource population was developed by first 
mating 6 unrelated Large White boars to 6 lowly related Meishan sows (one boar/sow). One 
boar and 4 gilts were kept for breeding in each of the 6 litters produced. Three or 4 F1 females 
were assigned to each of the F1 boars and were mated to produce F2 piglets. A total of 530 F2 
entire male piglets were raised at the INRA experimental herd of Rouillé (Vienne) in collective 
pens and fed ad libitum. They were slaughtered when they reached 90 kg live weight or 180 
days of age at the INRA experimental slaughterhouse of Saint-Gilles (Ille-et-Vilaine). Backfat 
and loin samples were collected on carcasses of 226 and 245 pigs, respectively, issued from 4 
F1 sires and 15 F1 dams. Total lipids were extracted from the Longissimus dorsi (LD) muscle 
by chloroform-methanol according to the method of Folch et al. (1957). The activities of three 
enzymes involved in lipid metabolism, i.e. Acetyl-CoA-carboxylase (ACX), malic enzyme 
(ME) and glucose 6 phosphate déshydrogenase (G6PD) were measured in LD muscle and 
backfat (BF) tissues. ME and G6PD activities were determined using modifications of the 
methods of Fitch et al. (1959) and Hsu and Lardy (1969), respectively. ACX activity was 
assayed by the H14CO3

-  fixation method (Chang et al. 1967). 
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Genotyping and map construction. A whole-genome scan was performed using a panel of 
136 microsatellite markers and the major histocompatibility complex (SLA) covering all 18 
autosomes and the X chromosome. The number of markers per chromosome ranged from 3 
(SSC 18) to 12 (SSC 7) . Genotypes were obtained for all F0, F1 and F2 pigs as described by 
Bidanel et al. (2001). Multipoint linkage analyses were carried out for males, females and both 
sexes with the 2.4 version of the CriMap software (Green et al. 1990). Recombination units 
were then transformed to map distances using the Haldane mapping function. A graphic 
representation of the average map obtained can be found in Bidanel et al. (2001). 
 
Statistical analyses. The data were first adjusted for the effects of contemporary group and 
slaughter weight. Two types of analyses were performed: 1) a line cross analysis assuming that 
founder populations are fixed for different QTL alleles (referred to as LC model hereafter) ; 2) 
a model assuming that the F2 population is a mixture of full and half-sib families and making 
no assumption about the number of QTL alleles and allele frequencies within the founder 
populations (referred to as HFS model hereafter). The LC analysis was performed as described 
by Haley et al. (1994). At each location (each cM), a F-ratio was computed comparing the 
model with one QTL (1) to an equivalent model without any linked QTL. Estimates for a and d 
were calculated at the location with the highest F ratio. Additional analyses were performed to 
investigate the presence of imprinting effects by adding a third effect to model 1 in order to test 
differences between the two classes of heterozygotes as described in Knott et al. (1998). 
To better investigate the possibility that a QTL segregates in founder populations, we also 
carried out analyses under a HFS approach with a single QTL model. The F2 population was 
supposed to be structured in 15 full-sib families nested within 4 independent sire families. The 
test statistics was computed as the ratio of likelihoods under the hypotheses of one (H1) vs no 
(H0) QTL linked to the set of markers considered (Le Roy et al. 1998). Under H1 hypothesis, a 
QTL with a gene substitution effect for each sire and each dam was fitted to the data. Average 
substitution effects, which in the present case are equivalent to additive values (a), were 
estimated within each sire and dam families as explained by Bidanel et al. (2001) at the 
location with the highest likelihood ratio.  
Chromosome-wide significance thresholds were determined empirically by data permutation 
(Churchill and Doerge 1994) for LC analyses and by simulating the data assuming a polygenic 
infinitesimal model and a normal distribution of performance traits for the half/full sib analysis 
(Le Roy et al. 1998). A total of 10,000 to 50,000 permutations or simulations were performed 
for each chromosome x trait combination. Approximate genome-wide thresholds were obtained 
applying the Bonferroni correction as described in Knott et al. (1998). Suggestive linkage was 
defined as the probability to obtain, by chance, one significant result per genome analysis. 
 
RESULTS  
Means, standard deviations and phenotypic correlations between the 7 traits studied are shown 
in table 1. IMF content was highly correlated with malic enzyme activity in LD muscle, 
moderately correlated with G6PD activity and uncorrelated with ACX activity. Enzyme 
activities in backfat and LD muscle were weakly correlated.  
Results showing associations with at least a suggestive level of significance are shown in table 
2. Highly significant effects of the SSC 7 SLA region on IMF content and ME activity in LD 
muscle (MELD) were detected using Both LC and HFS models. The QTLs explained 18 and 21 
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% of the phenotypic variance of IMF content and ME activity, respectively. Two other 
significant QTLs were detected on SSC 7 : in the SLA region for ACXBF and in SW352-
SW632 interval for MEBF. Suggestive QTLs were detected on chromosomes 2 and 14 for IMF, 
on chromosomes 6 and 12 for ACXBF, on SSC 14 for MELD and on SSC 15 for G6PDBF. With 
the exception of the QTLs affecting MELD on SSC 14 and MEBF on SSC 7, Meishan alleles 
were associated with higher trait values. No evidence of significant imprinting effects could be 
found across the entire porcine genome. 
 
Table 1. Means, standard deviations and phenotypic correlations of the 7 traits studied 
 
TraitA N Mean S.D. ACXLD MELD G6PDLD ACXBF MEBF G6PDBF 
IMF (%) 245 1.70 0.46 -0.03 0.62*** 0.20** D 0.05 0.07 0.00 
ACXLD

B
  245 -1.15 0.56 - 0.01 -0.03 -0.03 0.02 0.01 

MELD
C 245 0.78 0.39 - - 0.10 0.14 * 0.12 + 0.03 

G6PDLD
C 245 -1.53 0.69 - - - 0.14 * -0.03 0.04 

ACXBF
B 226 -0.16 0.60 - - - - 0.10 0.16 * 

MEBF
C 226 0.14 0.35 - - - - - 0.37*** 

G6PDBF
C 226 2.71 0.36 - - - - - - 

 

AIMF = fat content in Longissimus dorsi; ACXYY, MEYY, G6PDYY = activities of Acetyl-CoA-
carboxylase, malic enzyme and glucose-6-phosphate deshydrogenase in Longissimus dorsi (YY=LD) or 
backfat (YY=BF), respectively. BExpressed as log (nmol HCO3

- incorporated/min/g muscle or fat); 
CExpressed as log(µmol NADPH incorporated/min/g muscle or fat). D + = P < 0.10 ; * = P<0.05; ** = P < 
0.01 ; *** =  P < 0.001. 
 
DISCUSSION AND CONCLUSION 
Chromosomal regions with significant effects on intramuscular fat content had previously been 
detected on chromosomes 1, 6 and X (reviewed by Bidanel and Rothschild 2002). The present 
study has allowed a new chromosomal region with highly significant effects on intramuscular 
fat content to be detected on chromosome 7. The same chromosomal region has been also been 
shown to influence backfat thickness in the same resource population (Bidanel et al. 2001). It 
has to be noticed that Meishan alleles are associated with a higher intramuscular fat content 
and a lower backfat thickness. This chromosomal region thus provides some opportunity to 
alter the positive genetic correlation between the two traits.  
This study also shows that intramuscular fat content in the population investigated is closely 
related to malic enzyme activity in LD muscle. It may be hypothesized that the large effects on 
both fat content and malic enzyme activity in LD muscle detected on chromosome 7 are due to 
pleiotropic effects of a single locus. The malic enzyme locus itself being localised on a 
different chromosome (SSC 1), the detected locus might be a sequence regulating malic 
enzyme metabolism or activity. 
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Table 2. Results of QTL analyses for the other traits. Position and estimated QTL effects 
at the higher test statistics value 
 

  Line cross model  Half/full sib model % 
TraitA SSC Loc 

(cM) 
F-

ratio 
PB aC 

(s.e.) 
d 

(s.e.) 
 Loc 
(cM) 

LRD PB aC varE 

IMF (%) 2 151 5.4 + 0.18 ±0.06 -0.13±0.11  -F -  - 9.2 
ACXBF 6 156 7.6 + 0.25±0.08 -0.37±0.16  - -  - 18.8 
G6PDLD 7 57 5.4 + 0.20±0.06 -0.07±0.09  - -  - 4.6 
MELD 7 65 29.7 *** 0.25±0.03 0.07±0.05  63 86.5 *** 0.30 22.0 
IMF (%) 7 66 23.0 *** 0.27±0.04 -0.04±0.06  60 93.7 *** 0.31 17.8 
ACXBF 7 70 9.5 * 0.25±0.06 -0.04±0.08  77 65.2 ** 0.25 8.6 
MEBF 7 105 8.8 * -0.02±0.03 -0.23±0.05  - -  - 10.9 
ACXBF 12 50 7.7 + 0.21±0.07 -0.30±0.12  - -  - 12.6 
MELD 14 39 6.1 + -0.13±0.04 -0.09±0.07  - -  - 6.6 
IMF (%) 14 48 6.3 + 0.15±0.05 0.05±0.08  - -  - 5.6 
G6PDBF 15 94 6.0 + 0.13±0.04 -0.04±0.07  - -  - 7.5 

ASee table1 for the definition of the traits and measurement units; B *; **; *** = 5%, 1% and 
0.1% genome-wide significance levels, respectively. + = suggestive linkage; CMeishan – Large 
White allele; DLR = likelihood ratio; Egenetic variance at the QTL; FNot estimated.  
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