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Identification of epistasis by comparing SNP effects estimated based on EBVs and on phenotypes
T. Suchocki1, A. Zarnecki2 and J. Szyda1
1Wrocław University of Environmental and Life Sciences, Department of Genetics, Kożuchowska 7, 51-631 
Wrocław, Poland, 2National Research Institute of Animal Production, Institute of Animal Breeding and 
Genetics, Krakowska 1, 32-083 Kraków, Poland; tomasz.suchocki@up.wroc.pl

In genomic selection of dairy cattle pseudo-phenotypes in form of deregressed breeding values are widely 
used for the estimation of SNP effects. From the nature of the dependent variable use in the model, SNP 
estimates largely express the additive genetic contributions of the genomic regions marked by them, which 
is plausible from the breeding perspective. However, from the genetic perspective, such estimates are biased 
since they lack the dominance and epistatic components. A reliable detection of dominance and epistasis 
using conventional statistical models suffers from lack of power and a very high dimentionality due to a 
very large number of possible SNP pairs (in case of a two-locus epistasis) to consider. Therefore, the major 
goal of this study is the comparison of SNP effects estimated for the Polish Holstein-Friesian dairy cattle 
using bulls’ EBVs and using cows’ phenotypes. Differences in effects estimated by both data sets indicate 
the presence of dominance and/or epistasis within the genomic regions, which can then be formally tested 
using model comparison cirteria. The data set consisted of 3,438 proven bulls and 2,172 cows. Each animal 
was genotyped using 54K Illumina Bead Chip. Genotypic data was edited based on technical quality of the 
chip by removing single nucleotide polymorphisms with call rate lower than 95%. In our analysis milk, fat 
and protein yield, somatic cell score and the non-return rate of heifers were considered. To estimate of the 
additive effects of SNPs a SNP-BLUP model was used. Using this model two evaluations separately for 
bulls and cows were carried out. Finally, statistical significance of the particular SNP estimates and genomic 
region estimates were compared between these two data sets in order to detect regions of nonadditive 
contribution to the analysed phenotypes.
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Estimated breeding values (EBVs) obtained from high-density SNP chips have a higher accuracy than EBVs 
obtained from pedigree information. Additionally, these genome-based EBVs lead to lower increases in 
inbreeding compared with EBVs based on pedigree information. Using simulated data, we performed a 
pedigree-based BLUP and genomic BLUPs based on three different genomic coancestries: firstly, an estimate 
based on shared segments of homozygosity; secondly, an approach based on SNP-by-SNP count corrected 
by allelic frequencies; and thirdly, we used the identity by state methodology. We simulated a truncation 
selection scheme involving different population sizes, different number of genomic markers and different 
heritabilities for a quantitative trait. The performance of the four measures of coancestry is evaluated in 
terms of genetic gain, changes in coancestry and maintained diversity. Our results show that the genetic 
gain is very similar for all evaluated coancestries. However, genomic-based BLUPs are superior to BLUP 
based on pedigree information in terms of maintaining diversity. Furthermore, the coancestry measure 
based on shared segments seems to provide slightly better results in terms of genetic gain under some 
scenarios and the increase in inbreeding and loss in diversity is only slightly larger with selection based on 
this coancestry measure than in the other genome-based measures. Our results show that genome-based 
information can maintain more diversity without losing genetic gains, and thus secure the future success 
of selection programmes.
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