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Introduction 

Epistasis, also known as gene interaction, is often neglected in genetic evaluation studies. 

The effect of epistasis can be clearly defined and proofed in a situation, where a combination 

of two mutations yields an unexpected phenotype that cannot be explained by the 

independent effects of each mutation (Roth et al. 2009). Up to now, epistasis has been 

studied either in QTL approaches by consideration of interacting QTL pairs, or by 

transcriptional profiling. Techniques of genetical genomics allow combining the two 

approaches described above and help to clarify the biological background of complex traits 

(Jansen and Nap 2001).  

A previous study by Große-Brinkhaus et al. (2009) showed many epistatic QTL pairs for 

carcass composition and meat quality traits in pigs. Three interactions were observed 

between SSC8 and SSC15 for early pH measurement in loin, pH decline in loin and thawing 

loss. Furthermore a subset out of these analyzed animals was used for transcriptional 

profiling according to drip loss (Ponsuksili et al. 2008). 

The aim of our study was to combine epistatic QTL and gene expression profiling 

approaches in order to identify potential candidate genes on SSC8 and SSC15. 

 

Material and methods 

Animals and experimental design. Our study is based on 330 reciprocal cross of purebred 

Duroc and Pietrain animals. All animals were kept and tested on the experimental station of 

the University of Bonn. A subset of 72 animals were selected to perform an expression 

analysis (Ponsuksili et al. 2008) using the Porcine Genome Array provided by Affymetrix.   

 

Statistical analysis. Three statistical methods (A-C) were used to analyze the expression 

profiles for pH in loin, recorded 1 hour postmortem (pH1).  

Method A: Considering the distribution of pH1 records, pigs with extreme values were 

allocated to two groups consisting of six animals each. Differences in gene expression of 

these groups were analyzed by a linear contrast, following the method of Smyth (2004). 

Generally, all arrays were background corrected and normalized with the algorithm gcRMA. 

Along with recommended information from Affymetrix, data were annotated by using 

human probe sets corresponding to the porcine ones referred to Tsai et al. (2006). Genes 
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were significant differentially expressed when the following thresholds were fulfilled: logFC 

> 1, P < 0.05 and FDR < 0.3. 

Method B: The 2
nd

 approach is based on differences between the genotype combinations of 

the epistatic QTL pairs between SSC8 and SSC15 comparing extreme groups of animals. 

Cardoso et al. (2008) suggested a phenotypic within-genotype selection. On the basis of the 

calculated line of origin probability taken from the MCMC algorithm of Qxpak (Perez-

Enciso and Misztal 2004) for the specific positions on SSC8 (1 cM – QQ, Qq, qq) and 

SSC15 (69 cM – PP, Pp, pp), the QTL combinations were assigned to the highest value of 

the probability for all 330 animals. The genotypes Pp and pP as well as Qq and qQ were 

treated as identical genotypes, resulting in 9 different groups. A linear model was used to 

identify significantly different genotypes: 
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Along with the effect of the genotype, the model comprises the fixed effect of the slaughter 

season (S), and age and weight at slaughtering as covariables. Differences between all 

genotype combinations were tested by multiple mean comparisons (Tukey Test, P < 0.05). 

Following the ideas of Wang and Nettleton (2006), the two extreme genotypes were chosen 

for further analysis. As described in method A, a linear contrast was used to test the gene 

expression differences of the two extreme groups.  

Method C: To concentrate on the specific regions of the epistatic QTL pairs, the data were 

filtered by the homologous human chromosomal regions according the information of 

comparative maps (Fridolfsson et al. 1997). Transcripts were included, if they have been 

located in HSA2 or HSA4. A subset of 2747 transcript probes out of ~24000 was created and 

analyzed with the linear model used in method B. Instead of the phenotype pH1, the gene 

expression was included as dependent variable. F-test (P > 0.05) was used to test interacting 

genotype effects. Significant interacting gene combinations were chosen for further analysis. 

A gene set enrichment test according to GO terms, using the DAVID bioinformatics recourse 

was performed to identify gene cluster (Dennis et al. 2003). 

All analysis were performed with the statistical software R and related packages from 

Bioconductor.  

 

Results and discussion 

All analysis used a subset of 72 pigs out of 330 animals. As can be seen in figure 1, the 

distribution and moments of pH1 in data sets are very similar.  

Considering method A, the means of the extreme groups were 6.3 for the low and 6.8 for the 

high pH1 group. The transcriptom analysis showed 21 differentially expressed genes. Within 

the high group, three genes were up and 18 were down regulated. 

Applying method B, the three differences between interacting genotype combinations were 

significant (Fig. 2). The partial heterozygous combination QqPP showed significantly higher 

pH1 values compared to the homozygous combinations QQpp and qqPP. These effects were 

observed in both completed (N = 330) as well as in reduced (N = 72) data set. 

Considering the expression profile of six animals having the extreme genotypes QqPP and 

qqPP, 89 differentially expressed genes could be identified. Out of these, 21 genes were up 



and 68 were down regulated in QqPP. Comparing method A and B, 10 genes were identified 

by both method. However, none of these potential candidate genes were found in accordance 

with the previously reported epistatic QTL pair (Große-Brinkhaus et al. 2009). 

 

 
Figure 1: Distribution of the pH1 phenotype (A) of the whole data set (330 animals) and 

(B) of the subset (72 animals). 
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Figure 2: Mean values of different genotype combinations of SSC8 (1cM) and SSC15 

(69cM) for pH1 in loin 

 

Method C: As described above, human probe sets corresponding to the porcine ones referred 

to Tsai et al. (2006) allowes to narrow potential transcripts of QTL regions on SSC8 and 

SSC15. Applying method C, 68 genes were influenced by the interaction term SSC8*SSC15. 

Functional annotation clustering related to the homologues human transcripts showed four 

main groups of biological processes: organ development, multicellular organismal 



development and multicellular organismal process. This result shows an evidence for the 

biological background of muscle biology. In the next step, it is necessary to concentrate on 

the single effects of each genotype to identify potential candidate gene for further analysis. 

 

Conclusion 

In contrast to single QTL expression studies, which look for additive genetic dissimilarities, 

this approach deals with the association of a specific interaction with a transcriptional 

profile. Method A and B were frequently used in the evaluation of gene expression data. 

However, in compare to method A, method B includes epistatic genotype informations. It 

can be expected that the transcriptional profiles of  extreme genotype groups used in method 

B are more homogenous than the extreme groups of method A. This advantage could be used 

as an explanation, why Method B revealed more additional significant differentially 

expressed genes.  

Under the assumption that human and pig genome show chromosomal homologies, method 

C seems to be particularly efficient to concentrate on the relationship between SSC8 and 

SSC15.  
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