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Effects of gametic imprinting on beef carcass traits in Japanese Black cattle
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Summary

In total, 11,855 Japanese Black cattle were used to estimate the magnitude of parent-origin
effects for carcass weight (CW) and beef marbling score (BMS). To detect imprinting effects,
a model that included a direct genetic effect as well as paternal and maternal gametic effects
was used in this analysis. Paternal and maternal gametic effects for CW were found in the
models including paternal (model S) and maternal gametic (model D) effects, respectively. In
model F, which has both gametic effects, the paternal gametic effect was lower than that in
model S. Heritability estimates for CW obtained from the models including gametic effects
(S, D, and F) were almost the same as that from model A, which included only a direct
additive genetic effect. In contrast, paternal (maternal) gametic effects in model S (D) were
larger for BMS than for CW. Notably, the maternal effect was particularly large, and its ratio
to the total variance was 0.18. The paternal gametic effect for BMS found in model S was lost
in model F, as observed with the paternal effect for CW. This may indicate the existence of
partial imprinting effects. Heritability for BMS in model S was almost the same as that in
model A. In contrast, those in models D and F were lower due to the large maternal gametic
variance. These results suggest that the maternal gametic effect should be considered when
estimating genetic parameters and predicting breeding values for BMS. In addition, the
estimated imprinting effect for BMS could be used for selecting sires/dams for the production
of superior progeny.
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Introduction

The epigenetic phenomenon of genomic imprinting leads to the partial or complete
suppression of gene expression in a parent-of-origin-specific manner. Imprinting is important
in animal breeding systems because it can lead to bias in estimated genetic parameters and
breeding values. In contrast, estimating imprinting effects separately from the direct genetic
effects for an animal as sire/dam could be useful for breeding. Some studies on the effects of
imprinting on quantitative traits have been published for beef cattle (Engellandt & Tier, 2002)
and pigs (De Vries et al., 1994). In addition, Neugebauer et al. (2010a, b) and Tier & Meyer
(2012) reported imprinting effects for both paternal and maternal gametes for carcass traits in
pigs and beef cattle. However, there are no reports on the effects of imprinting on carcass
traits in Japanese Black cattle.

The objective of this study was to estimate the magnitude of parent-of-origin effects for



carcass traits in Japanese Black cattle; in particular, for carcass weight (CW) and beef
marbling score (BMS), which are the most important traits used for determining carcass price
in the Japanese beef market.

Material and methods

Data

The data used in this study were obtained from the carcass records (i.e., Animal Care and Use
Committee approval was not necessary) of 11,855 Japanese Black steers and heifers fattened
in Japan. The carcass records included CW and BMS, which is scored from 1 (poor) to 12
(abundant). BMS was evaluated between the 6th and 7th rib in accordance with the Japan
Meat Grading Association (JMGA, 1988). These records have been used and published by
Inoue et al. (2016) to evaluate the genetic relationships between meat quality traits; however,
the objective of the present study differed from that of previous studies. Descriptive statistics
for carcass traits are shown in Table 1.

Table 1. Descriptive statistics for carcass traits.
Trait1 Mean SD Minimum Maximum

CW (kg) 437.7 58.41 265 659
BMS (No.) 6.9 2.25 2 12
1CW: carcass weight, BMS: beef marbling score.

Analyses

To detect imprinting effects, a model including a direct genetic effect in addition to paternal
and maternal gametic effects was used. The model can be written as follows (Tier & Meyer,
2012):

where is a vector of the observed traits CW and BMS; is a vector of fixed effects, including
the sex of animals (2 levels; steer and heifer), slaughter year (15 levels; 1998 to 2012),
slaughter month (12 levels), farm (302 levels), linear and quadratic covariates for age at
slaughter (average 31.8 months); is a vector of random additive genetic effects; and are
vectors of paternal and maternal gametic effects, respectively; is a vector of random residual
effects; and , , , and are known incidence matrices. The program AIREMLF90 (Misztal et
al., 2002) was used to estimate variance components. Covariance among random effects was
assumed to be , , , and , where is the numerator relationship matrix; is the gametic
relationship matrix; is an identity matrix; is the additive genetic variance; and are variance
due to the paternal and maternal gametic effects, respectively; and is the residual variance.
All other covariances between random effects were assumed to be zero.

Data were analyzed using a series of subsets of the model defined above. All models
included a direct additive genetic effect. Model A had no imprinting effects, model S (D) had
a paternal (maternal) gametic effect, and model F had both gametic effects. Pedigree
information for 57,523 animals was used for this analysis; therefore, 115,046 gametic
pedigree was built from the animals’ pedigree as described by Henderson (1975) and Tier &
Meyer (2012).



Results and discussion

Estimated variance components and ratios for carcass traits are shown in Table 2. Paternal
and maternal gametic effects for CW were found in models S and D, respectively, although
the ratios of the variances were small and not significant. In model F, which had both gametic
effects, the paternal effect was lower than that in model S, which did not include maternal
effect. Heritability estimates for CW obtained from the model with gametic effects (S, D, and
F) were almost the same as those from model A, which included only a direct additive genetic
effect.

In contrast, paternal and maternal gametic effects in models S and D were larger for
BMS than for CW. Notably, the maternal effect was particularly large and its ratio to the total
variance was rather high, at 0.18. The paternal gametic effect for BMS found in model S was
lost in model F, as observed for the paternal effect in CW. This may indicate existing partial
imprinting effects, as proposed by Tier & Meyer (2012). Estimated standard errors in model F
may be incorrect. This could also be due to partial imprinting. Heritability for BMS in model
S was almost the same as that in model A. In contrast, those in models D and F were lower
(0.49) due to large maternal gametic variance (0.87).

Table 2. Variance components and ratios of variance (s.e.) for carcass traits.
Trait1 Model2 σp2 σe2 σa2 σgs2 σgd2 h2 gs2 gd2

CW A 1803.33 700.33 1103.00 - - 0.61 - -
(kg) (73.50) (108.07) - - (0.05) - -

S 1811.46 688.60 1102.10 20.76 - 0.61 0.01 -
(74.18) (109.16) (18.35) - (0.05) (0.03) -

D 1794.84 695.90 1064.10 - 34.84 0.59 - 0.02
(72.61) (110.93) - (27.20) (0.05) - (0.04)

F 1794.84 695.88 1064.10 0.07 34.78 0.59 0.00 0.02
(72.57) (110.48) (0.18) (25.87) (0.05) (0.00) (0.03)

BMS A 5.15 1.48 3.67 - - 0.71 - -
(No.) (0.23) (0.34) - - (0.05) - -

S 5.21 1.43 3.58 0.20 - 0.69 0.04 -
(0.23) (0.34) (0.12) - (0.05) (0.07) -

D 4.86 1.61 2.38 - 0.87 0.49 - 0.18
(0.20) (0.35) - (0.22) (0.06) - (0.07)

F 4.86 1.61 2.38 0.00 0.87 0.49 0.00 0.18
(0.02) (0.01) (0.00) (0.00) (0.00) (0.00) (0.00)

1CW: carcass weight, BMS: beef marbling score.
2A: additive effect model, S: additive and paternal gametic effects model, D: additive and maternal gametic
effects model, F: full effect (additive, paternal, and maternal gametic effects) model.

Neugebauer et al. (2010b) reported a significant imprinting effect for maternal
gametes on (hot) round weight in German Simmental fattening bulls, whereas no imprinting
effect for CW was found in the present study. The authors also found a significant paternal
gametic effect for fat score, and it was 24.77% of the relative imprinting variance to the total
additive genetic variance. Tier & Meyer (2012) reported paternal and maternal gametic
effects for intramuscular fat percentage (IMF) in Australian Angus heifer and bull calves.
Analysis of Angus bulls by Tier & Meyer (2012) showed that the maternal gametic effect was



larger than the paternal effect, and the ratios of paternal and maternal gametic variance to
phenotypic variance were 0.03 and 0.05, respectively. In contrast, Tier & Meyer (2012) also
reported a larger paternal gametic effect in Angus heifers, and the ratios of gametic variance
were 0.07 and 0.03 for paternal and maternal effects, respectively. The variance ratio for
maternal gametic effects on BMS in the present study was larger than that reported in
previous studies.

In Japanese breeds (Wagyu breeds), Moriya et al. (1994) reported lower heritability
estimates for BMS obtained from a sire model (0.454 to 0.469) compared with that obtained
from an animal model (0.644 to 0.676) using the same dataset with three different amounts of
pedigree information in Japanese Black cattle. In Japanese Brown cattle, heritability for BMS
from a sire model was estimated to be lower (0.40; Hirooka et al., 1996) than that from an
animal model (0.46; Hirooka & Matsumoto, 1996) in the same dataset. It is possible that
these reductions in the genetic variance of BMS from sire models were due to the effect of
maternally expressed genes, i.e., paternally imprinted, because maternal pedigree information
is not included in the sire model.

In conclusion, a maternal gametic effect was found for BMS, but not for CW in the
present study. Therefore, maternal gametic effects should be considered when estimating
genetic parameters and predicting breeding values for BMS. In addition, the estimated
imprinting effect for BMS could be used for selecting sires/dams to produce superior
progeny.
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