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Summary

This study evaluated the performance of two models including imprinting effects based on
genomic data by estimating variance components and assessing prediction accuracy for
average daily gain (DG), backfat thickness (BF), and intramuscular fat (IMF) content in
Japanese Duroc pigs. These two models including imprinting effects were (1) model ADI
based on genotypic values and (2) model DPM based on gametic values. The models were
compared to model A, which included only additive genetic effects. A total of 836 animals
were genotyped using the Illumina PorcineSNP60 BeadChip. The reference population
comprised 444 animals for DG and BF, and 166 animals for IMF. The test population
comprised 136 animals for all traits. Prediction accuracy was evaluated by calculating
Pearson correlation coefficients between the predicted phenotypic values and observed
phenotypic values. For all traits, compared to model A, estimates of total genetic and residual
variances were larger in model ADI and smaller in model DPM. Broad-sense heritabilities of
DG, BF, and IMF estimated from model A exceeded those from model ADI by 13%, 10%,
and 9%, and exceeded those from model DPM by 12%, 8%, and 7%, respectively. Models
ADI and DPM did not improve prediction accuracy in the test population and even yielded
lower prediction accuracies for DG and IMF. In contrast, for all traits, the prediction
accuracies in the reference population obtained from models ADI and DPM were higher than
those from model A. These results might be due to overfitting in models ADI and DPM or the
number of animals in the reference population.

Keywords: imprinting effect, genomic best linear unbiased prediction, Duroc pig

Introduction

Genomic imprinting is an epigenetic process involving DNA methylation and histone
modifications that distinguishes the expressions of maternal and paternal alleles. An
imprinted gene shows lower expression than the copy from the other parent. The imprinting
effect contributes to the variation of quantitative traits such as carcass composition and
growth traits in models based on pedigree information (Neugebauer et al., 2010; Tier &
Meyer, 2012). Nishio & Satoh (2015) recently developed models incorporating the imprinting
effect using genome-wide single nucleotide polymorphisms (SNPs). However, there is little
information on the performance of these models using real livestock data. Therefore, this
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study evaluated the genetic variance components and prediction accuracy determined by two
models using phenotypes and SNP markers in Japanese Duroc pigs.

Material and methods

Data

Genotypes, phenotypes, and pedigree information have been reported previously by Sato
et al. (2016). A total of 836 purebred Duroc pigs from the National Livestock Breeding
Center in Japan were used. Pigs in the first and second generations were regarded as the base
population, and closed breeding was subsequently performed from the third to the seventh
generation. The pigs were selected on the basis of average daily gain (DG) from 30 to 105 kg,
backfat thickness (BF) at 105 kg weight, ultrasonically measured loin eye muscle, and
intramuscular fat (IMF) content. This study focused on DG, BF, and IMF because these traits
are reported to exhibit an imprinting effect (Guo et al., 2016; Neugebauer et al., 2010). DG
and BF were measured in all pigs, and IMF was measured in slaughtered sib-tested pigs. The
descriptive statistics for three traits are shown in Table 1.

All pigs were genotyped using an Illumina PorcineSNP60 BeadChip. A total of 38,114
SNPs across 18 chromosomes met the following requirements: each SNP had a minor allele
frequency greater than 0.01, a call rate score greater than 0.95, and a Hardy–Weinberg
equilibrium test with a P-value <0.001.

Table 1. Descriptive statistics for all traits and numbers of animals with records
Trait1 Number Mean SD Maximum Minimum

DG (kg) 776 1094.0 112.8 1440.1 750.6
BF (cm) 776 3.2 0.6 4.9 1.8
IMF (%) 302 5.0 1.6 9.8 1.5
1DG: daily gain, BF: backfat thickness IMF: intramuscular fat content.

Analyses

The data were analyzed using model A, which included only additive genetic effects,
and two models that included an imprinting effect. The two models proposed by Nishio &
Satoh (2015) were based on genotypic values (model ADI) and gametic values (model DPM)
as follows:

, (A)
, (ADI)
, (DPM)

where is a vector of observation; is a vector of fixed effects including the sex of animals
(three levels; boar, barrow, and gilt) and generation (seven levels); in model A is vector of
additive genetic effects; , , and in model ADI are vectors of genetic effects but have no
biological meaning ( and are additive and dominance effect when there is no imprinting);
and are the vectors of paternal and maternal gametic effects, respectively; is a vector of
random residual effects; and , , , , , and are known incidence matrices.

All models were trained with an implementation of MCMC using the R package BGLR
(Pérez & de los Campos, 2014). For each analysis, a single Markov chain was run for
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100,000 iterations; the first 50,000 iterations discarded as burn-in, and the rest were thinned
by a factor of 10.

Heritability estimation and prediction accuracy

Variance components were estimated by using the phenotypes of all animals with
records. Broad-sense heritability (H2) was defined as the proportion of total genetic variance
relative to phenotypic variance. The dataset was divided into the reference population with
genotypes and phenotypes, and the test population with only genotypes. All animals from the
first to fifth generation were used as the reference population. Meanwhile, the test population
comprised sib-tested animals from the sixth to seventh generation. The reference population
comprised 444 animals for DG and BF, and 166 animals for IMF (Table 2). In the analysis of
IMF, there were few animals in the reference population, because IMF was only measured in
sib-tested animals. The test population comprised 136 animals for all traits. For DG and BF,
there were 332 animals from the sixth to seventh generation. However, only 136 sib-tested
animals were selected from among 332 animals to evaluate the prediction accuracy of the
same animals for DG, BF, and IMF. Prediction accuracy in the reference population () and
test population () was evaluated by calculating Pearson correlation coefficients between the
predicted phenotypic values () and .

Table 2. Characteristics of the reference and test populations for all traits

Generation Animal group
Number of animals

DG1 BF1 IMF1

1–5 Reference population
Sib-tested 166 166 166
Non-sib-tested 278 278 0

6–7
Test population Sib-tested 136 136 136

Non-sib-tested 196 196 0
All 776 776 302
1DG: daily gain, BF: backfat thickness IMF: intramuscular fat content.

Results and discussion

For all traits, compared to model A, estimates of total genetic and residual variance were
larger in model ADI and smaller in model DPM (Table 3). This resulted in high broad-sense
heritabilities in models ADI and DPM. Broad-sense heritabilities for DG, BF, and IMF from
model A exceeded those from model ADI by 13%, 10%, and 9% as well as those from model
DPM by 12%, 8%, and 7%, respectively. In model DPM, maternal gametic variance for DG
was larger than paternal gametic variance, whereas there were no differences between the
variances of maternal and paternal gametic effects for BF or IMF.

For all traits, the prediction accuracies in the reference population obtained from models
ADI and DPM were higher than those from model A. In the test population, for DG and IMF,
model A provided the highest accuracies in the test population, followed by models ADI and
DPM. Meanwhile, for BF, there were no differences in prediction accuracies in the test
population among the three models. These results might be due to overfitting in models ADI
and DPM. Guo et al. (2016) estimated the genetic parameters of additive, dominance, and
imprinting effects, and used model ADI to assess their impacts on the prediction accuracies
for DG and BF in Danish Duroc pigs. They report that imprinting variance accounts for
approximately 1.4% of the phenotypic variance for DG and 1.3% for BF. However, model
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ADI did not improve prediction accuracy. Hence, the present results are consistent with those
of Guo et al. (2016). The lack of superiority of models ADI or DPM compared to model A
could also be due to the number of animals in the reference population. The prediction
accuracy of models ADI and DPM was low for IMF, because the reference population
comprised only 166 animals. Thus, the advantage of including imprinting effects is expected
to be larger when a larger dataset is available.

Table 3. Estimates of variance components (standard errors) and prediction accuracy of
models A, ADI, and DPM
Trait1 Model2 3 4 5

DG

A
3792
(781)

6872
(557)

0.36 0.79 0.46

ADI
3132
(773)

1064
(373)

1114
(374)

5441
(632)

0.49 0.92 0.45

DPM
1120
(402)

1479
(502)

2500
(670)

5472
(650)

0.48 0.93 0.44

BF

A
0.10
(0.02)

0.14
(0.01)

0.42 0.80 0.41

ADI
0.08
(0.02)

0.02
(0.01)

0.02
(0.01)

0.11
(0.01)

0.52 0.92 0.41

DPM
0.02
(0.01)

0.05
(0.01)

0.04
(0.01)

0.11
(0.01)

0.50 0.92 0.41

IMF

A
1.17
(0.31)

1.23
(0.23)

0.49 0.96 0.37

ADI
0.82
(0.29)

0.26
(0.11)

0.32
(0.15)

1.00
(0.22)

0.58 0.99 0.30

DPM
0.28
(0.13)

0.51
(0.23)

0.53
(0.23)

1.05
(0.24)

0.56 0.99 0.28

1DG: daily gain, BF: backfat thickness IMF: intramuscular fat content.
2A: additive effect model; ADI: model including additive, dominance, and imprinting effects; DPM: model
including paternal and maternal gametic effects, and dominance effect.
3Broad-sense heritability.
4Prediction accuracy in the reference population.
5Prediction accuracy in the test population.

In conclusion, imprinting effects contribute to the genetic variation of DG, BF, and IMF
in Japanese Duroc pigs. However, genomic prediction considering imprinting effects did not
improve prediction accuracy because of an overfitting problem and the small number of
animals in reference population.

Acknowledgements

This research was supported by grants from the Project of the Bio-oriented Technology
Research Advancement Institution, NARO (the special scheme project on advanced research
and development for next-generation technology). Funding for PorcineSNP60 BeadChip
genotyping was provided by the Private Association Project for Stepped-up Measures of
Agricultural Competitive Positions in 2013 to 2014 from the Ministry of Agriculture,
Forestry and Fisheries of Japan.



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11. 376

List of References

Guo X., O. F. Christensen, T. Ostersen, Y. Wang, M. S. Lund & G. Su. 2016. Genomic
prediction using models with dominance and imprinting effects for backfat thickness and
average daily gain in Danish Duroc pigs. Genet. Sel. Evol. 48: 67.

Neugebauer, N., H. Luther & N. Reinsch. 2010. Parent-of-origin effects cause genetic
variation in pig performance traits. Animal 4: 672-681.

Nishio, M. & M. Satoh. 2015. Genomic best linear unbiased prediction method including
imprinting effects for genomic evaluation. Genet. Sel. Evol. 47: 32.

Pérez, P. & de los Campos G. 2014. Genome-wide regression and prediction with the BGLR
statistical package. Genetics 198: 483-495.

Sato S., Y. Uemoto, T. Kikuchi, S. Egawa, K. Kohira, T. Saito, H. Sakuma, S. Miyashita, S.
Araya, T. Kojima & K. Suzuki. 2016. SNP- and haplotype-based genome wide association
studies for growth, carcass, and meat quality traits in a Duroc multigenerational
population. BMC Genet. 17: 60.

Tier, B. & K. Meyer, 2012. Analysing quantative parent-of-origin effects with examples from
ultrasonic measures of body composition in Australian beef cattle. J. Anim. Breed. Genet.
129: 359-368.


