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INTRODUCTION 
The current swine linkage maps contain more than a thousand genetic markers, providing a 
powerful tool for searching quantitative trait loci (QTL). Andersson et al. (1994) first reported a 
cluster of loci affecting growth and fatness of chromosome 4. QTLs for carcass and growth traits 
have been recently assigned to swine chromosomes 1, 4, 7, 10, 13 and X (Knott et al., 1998 ; 
Rohrer and Keele, 1998a, b ; Walling et al., 1998 ; de Koning et al., 1999 ; Paszek et al., 1999). 
In order to carry out further investigation of swine QTL, some swine resource populations were 
constructed in Japan using Meishan, Jimpha, Wild Boar, Landrace, Yorkshire, Berkshire and so 
on. Among them, the presence of two QTLs affecting carcass length had been suggested in 
Meishan Landrace crossbred population on chromosomes 1 (SSC1) and 7 (SSC7) in a 
preliminary analysis (Naito et al., 2000). However, since only a small number of markers were 
available in the regions of the suggestive QTLs detected, the locations and genetic contributions 
of the QTLs were poorly estimated. In this report, we performed more a detailed analysis of 
SSC1 and SSC7 in the same population by adding new markers in the suggestive QTL regions. 
As a result of reanalyzing SSC1 of SSC7, two QTLs were confirmed in the same regions as 
previously reported and more precisely located. Moreover, it was revealed that each of these two 
QTLs had almost same effect and, in both cases, alleles of Landrace enlarged carcass length 
additively. Furthermore, the two QTLs acted additively and independently of each other. 
 
MATERIALS AND METHODS 
Genetic resource. A three-generation family was generated by crossing a Landrace male with 
two Meishan females. One F1 male and 7 F1 females were inter-crossed to generate a total of 
430 F2 offspring. In this study, we used trait and genotype data from 138 F2 offspring. 
 
Genetic marker, genotyping and linkage map. To perform a genome-wide scan for QTL 
effects, 137 genetic markers (Rohrer et al., 1996) had been used for genotyping the resource 
population. For a more detailed assignment of QTLs on SSC1 and SSC7, 9 and 8 other genetic 
markers (Rohrer et al., 1996) were added, respectively. The genetic markers genotyping 
procedure was described in our previous study (Mikawa et al., 1999). A linkage map with the 
154 markers used was constructed for the current resource population using CRI-MAP 2.4 
(Green et al., 1990). However, all available markers on SSC1 could not be assigned to one 
linkage group. Thus, a USDA map (Rohrer et al., 1996) was used for this analysis of SSC1 and 
SSC7. 
Trait measurements. The animals under study were scored for carcass length along with other 
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traits. Piglets were weaned at 4 weeks of age. They were slaughtered at 70 kg and carcass traits 
were scored.  
 
Statistical analyses. The genetic mapping of QTLs affecting carcass length was performed on 
SSC1 and SSC7 using the approach developed by Haley et al. (1994) for a three generation 
pedigree derived from a cross between outbred lines. Initially, the regions of SSC1 and SSC7 
covered with markers were searched to detect QTLs and estimate their genetic effects with a 
single-QTL model incorporating additive and dominance effects and covariates absorbing the 
genetic effects of QTLs in other regions than the searched one. A test statistics was constructed 
based on the ratio of residual sums of squares (RSS) under the null model (no QTL exists) and 
the full model (a QTL with additive and dominance effects exists), i.e. nlog(RSSnull/RSSfull), 
where n is sample size and RSSnull (RSSfull) is RSS under null (full) model. A significance 
threshold was calculated using data permutation (Churchill and Doerge, 1994) with 5,000 
repetitions. Two QTLs were detected on SSC1 and SSC7, respectively, as previously reported. 
One was located near the q-terminal region of SSC1 and the second one was near the middle of 
SSC7 (Figure 1). 95 % confidence intervals for the estimates of QTL locations were obtained 
with 5,000 repetitions of bootstrap sample. Secondly, we tested the existence of epistatic 
interactions between the two QTLs. Using a model incorporating the effects of the two QTLs 
simultaneously, a two-dimensional search was carried out on SSC1 and SSC7 for testing 
hypotheses H0 (no epistasis exists) vs. H1 (epistasis exists). The test statistics to detect epistasis 
was nlog(RSS0/RSS1), where RSS0 (RSS1) is RSS under model of H0 (H1). A threshold for this 
statistics was determined using data permutation with 500 repetitions  
 
RESULTS AND DISCUSSION 
The estimated locations of the two detected QTLs were 122.6cM on SSC1 and 99.4cM on SSC7, 
respectively (Figure 1). The markers nearest to these QTLs were Sw705 and Sw1083 on SSC1 
and SSC7, respectively. The 95% bootstrap confidence interval for the locations of the QTLs 
were 92.7~128.6 (cM) and 96.2~112.5 on SSC1 and SSC7, respectively. The estimated additive 
and dominance effects of the QTLs were 1.42 cm and – 0.32 cm on SSC1, 1.72 cm and 0.04 cm 
on SSC7, respectively. Allelic effects appeared to be additive and the effect of Landrace allele 
was positive.  QTL SSC1 and SSC7 explained 21.1% and 21.4% of the trait phenotypic variance 
in the F2 population respectively. The maximum value of the statistics to detect epistasis in the 
two-dimensional search was much lower than the 5% significance threshold value. 
Correspondingly, there seems be no espistatic interaction between the two QTLs. In conclusion, 
the variation of carcass length in F2 population derived from a cross between Meishan and 
Landrace breeds can be explained up to 42.5% by two QTLs on SSC1 and SSC7 which have 
additive effects. These two QTLs affect carcass length additively without any epistatic 
interaction between them.  
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Figure 1. The analysis of QTL affecting carcass length on SSC1 (a) and SSC7 (b) 
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CONCLUSION 
Carcass length is one of the most economically important traits, since the trait is closely related 
to meat productivity of swine. In the analysis, we showed that about half of variation of carcass 
length can be explained by two QTLs with almost the same effect located on SSC1 and SSC7 in 
our pedigree derived from a cross between Meishan and Landrace breeds. Since the two QTLs 
detected in the analysis have relatively large effects and appear to act additively and 
independently of each other, they are expected to be of great use for marker assisted selection.    
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