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INTRODUCTION 
In pig breeding, fat reduction is surveyed by a selection for decreased backfat thickness (BFT), 
which also creates a reduction in intramuscular fat (IMF) content. The reduction in IMF is 
unwanted because of positive correlations with meat tenderness, juiciness, and taste (DeVol et 
al., 1988; Cameron, 1990). Other traits like pH, drip loss, fatty acid composition, and colour 
also affect meat quality, and altogether the traits make a complex picture. This complexity, 
together with measurement difficulties, makes genetic improvement of IMF and other meat 
quality traits by selective breeding difficult and expensive. Marker or gene-assisted selection 
has been suggested as a promising strategy for genetic improvement of recording intensive 
traits (Meuwissen and Goddard, 1996), and much focus is now on mapping individual loci 
(QTL) affecting meat quality traits. A genome/chromosome scan approach using anonymous 
molecular markers has proved to be an efficient way of detecting QTL. Thus, a primary scan 
for QTL affecting meat quality traits in a commercial Norwegian slaughterpig cross was 
completed for chromosomes 4, 6, and 7 (Grindflek et al., 2001). Of the most promising results, 
a QTL was detected for intramuscular fat (IMF) on porcine chromosome 6 (SSC6). These 
results are supported by a number of findings in other studies (de Koning et al., 1999; 2000, 
Gerbens et al., 1999; 2000, Òvilo et al., 2000). One drawback of the QTL mapping method is 
low mapping resolution due to limited recombinations available in most research populations. 
Therefore, the detection of QTL on SSC6 in this study is followed by a fine-mapping approach. 
Preliminary results and ongoing studies on SSC6 are described in the paper. 
 
MATERIAL AND METHODS 
Animals and phenotypic records. Pigs in this experiment were from a commercial slaughter 
pig cross in Norway. The experiment was designed by mating five Duroc boars to five 
Norwegian Landrace sows in the parental generation to produce five Landrace/Duroc boars 
(F1). Each of the F1 boars was mated to five Norwegian Slaughter Pig cross (50% Norwegian 
Landrace - 50% Yorkshire) sows to produce 305 F2 individuals. Phenotypic data on 44 traits 
describing carcass characteristics, sensory observations, drip loss, fatty acid content, amount of 
intramuscular fat (IMF), protein in muscle, and connective tissue protein were collected on the 
305 F2 individuals. Details about the cross and trait recordings are given by Grindflek et al. 
(2001). 
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Genotyping and map construction. Marker genotypes were produced for F1 and F2 
individuals. The original marker map for SSC6 consisted of nine markers as described by 
Grindflek et al. (2001). In order to increase the marker density within the QTL region on 
SSC6, another six microsatellites selected from the USMARC Genome Database (2000) and 
polymorphisms within three functional genes were genotyped. Marker linkage maps were 
constructed using the CRIMAP package (Green et al., 1990).  
For the preliminary QTL mapping the interval mapping method (Lander and Botstein, 1989) 
was applied. QTL mapping analyses used in the first part of the fine-mapping approach was 
based on the mixed inheritance model (MIM; Szyda et al., 2002).  
 
RESULTS AND DISCUSSION 
All of the available traits were subjected to QTL mapping in the preliminary QTL study. The 
most convincing result in the analyses was a QTL affecting IMF content on SSC6 (Figure 1), 
for which a genomewise significance level of 0.015 was obtained. The most probable QTL 
position was located between markers SW1823 and S0003. The same QTL may also influence 
meat tenderness as indicated by the likelihood profile, but this result did not reach a 5% 
chromosomewise significance level. No effect of the QTL was observed for backfat traits 
(BFT), and the QTL detected for meat% seems to be located more telomeric compared to the 
QTL for IMF (Figure 1).  
The first generation map constructed on SSC6 in the Norwegian slaughter pig cross, contained 
nine markers with average marker distance 14.8 cM (Grindflek et al., 2001). In order to narrow 
down the location of the QTL on SSC6 and build more exact evolutionary breakage points 
between humans and porcine chromosome maps, a higher resolution map including a 
combination of microsatellites and functional genes was constructed (Fig. 2). The order and 
distances of loci in this map are very similar to other linkage maps constructed for SSC6 (de 
Koning et al., 2000; Òvilo et al., 2000; USMARC Genome Database, 2000). The high-

resolution map covers 
approximately 25.2 
cM, and average 
marker distance in this 

 

Figure 1. Likelihood profiles (LRT) for QTLs on SSC6, 
affecting IMF, tenderness, meat %, subacid smell and BFT
(Grindflek et al. 2001) 
region is 2.1 cM 
(Fig. 2). Results 
from the analysis of 
the fine mapping 
data with a mixed 
model interval 
mapping method 
(Szyda et al., 2002), 
showed that the 
highest probability 
for QTL location 
(P>0.018) is between 
S0003 and S0228. 
However, nearly 
significant evidence 
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was also found for the neighbouring intervals S0228-S0299 and SW71-SW1059.  
The mapping of a QTL for IMF in this part of the chromosome is highly supported by recent 
studies in other populations (Gerbens et al., 1999; de Koning et al., 1999; Gerbens et al., 2000; 
Óvilo et al., 2000). In all the studies, a QTL affecting both IMF and BFT was detected in 

approximately the same region of SSC6. Gerbens et al. 
(1999) used the candidate gene approach and found 
significant associations between polymorphisms in the 
heart fatty-acid binding protein (H-FABP) and IMF in 
Duroc pigs. In our study the contrast between the 
homozygous genotypes of H-FABP markers was found to 
be 0.4 to 0.5% IMF, which is very similar to the results 
obtained by Gerbens et al. (1999). The average content of 
IMF in our population was 1.6% which may indicate that 
the polymorphism explain as much as 30-35% of the 
variation in IMF. However, in a cross between two widely 
separated breeds a great degree of linkage disequilibrium is 
generated, which involve large chromosomal blocks 
containing many hundreds of genes. Although the 
polymorphism in H-FABP is in linkage disequilibrium 
with the functional site, our fine mapping results indicate 
that the QTL is located some distance from this gene. 
Consequently, other candidate genes should be suggested 
for the QTL. Conservation of synteny between the human 
and pig makes it possible to identify regions on the human 
map that are homologous to the QTL region in pig. For the 
q arm of SSC6 the homologous human region is mainly on 
human chromosome (HSA) 1. However, comparative 
mapping in this region is complicated by the fact that the 
QTL region for IMF on SSC6 is also found on HSA18 
(Goureau et al., 1996). 
Different from other reports, the QTL in our study seems to 
specifically affect IMF, and not BFT. If the QTL on SSC6 

in our study specifically affects IMF content, and not BFT, it may have a potential use in 
marker assisted selection (MAS) to increase the amount of IMF without simultaneously getting 
a higher unwanted BFT content. Moreover, additional analyses indicate that the QTL on SSC6 
affects exclusively IMF and not meat%, tenderness and intensity of smell.  

Figure 2. Genetic map around 
the QTL region on SSC6 

The data set of 305 F2 individuals does not contain enough information (i.e. recombinations) to 
position the QTL for IMF within a single marker interval of the fine map. Consequently, the 
results are currently followed up by the production of 1000 new F2 individuals of the same 
cross. Our plan is to first genotype parents and all these F2 animals for polymorphic markers 
flanking the QTL region. Secondly, individuals that are recombinant within the QTL interval 
(80-100 animals) will be selected and analysed for amount of IMF and meat%. Thirdly a new 
high-resolution map, consisting of both microsatellites and genes, will be constructed. With 
this effort we hope to narrow the QTL position considerably and also determine more exact 
evolutionary breakage points between humans and porcine chromosome maps. In parallel we 
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want to use DNA-microarray technology to identify genes that are differentially expressed in 
relevant tissues of pigs sorted by QTL genotype. This approach, named transcript profiling, 
allows for a gene by gene determination of differences in transcript abundance between two 
mRNA preparations. Identifying a differentially expressed gene that maps to the chromosome 
interval of interest will become a very strong candidate for the QTL.  
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