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Japanese Black cattle as the primary beef 
breed of Wagyu

Wagyu is a general term used for modern native Japanese 
beef cattle breeds in Japan. Wagyu cattle consist of four 
beef breeds: the Japanese Black, Japanese Brown, Japanese 
Shorthorn, and Japanese Polled. The Japanese Black cattle 
is the primary Wagyu breed and is well known to excel 
in meat quality, especially in marbling. For the detailed 
description about establishing the Japanese Black breed, see, 
for example, Hirooka (2014), Motoyama et al. (2016), and 
Gotoh et al. (2018). In short, native Japanese cattle in Japan 
were crossed with British and Continental breeds during an 
approximately 10-year period in the early 1900s. And then, 
under a completely closed breeding system, the four breeds 
of Wagyu were fixed through strict selection over many years 
(Namikawa, 1992).

In Japanese Black cattle, the genetic abilities (breeding 
values) have been evaluated for several economically 
important traits relating to carcass performance of fattened 
progeny, growth and feed efficiency of young bulls, and 
female reproductive efficiency of dams. For the detailed 
explanation about the progeny-testing for the representative 

carcass traits in this breed, see, for example, Inoue (2004) 
and Sasaki (2007). Beef quality traits including the degree 
of marbling have received more emphasis in domestic beef 
production of Japanese Black cattle since the relaxation of beef 
import restrictions in Japan in 1991. In the same year, genetic 
evaluation of carcass traits using a mixed model methodology 
(Henderson, 1973) based on a deep pedigree information 
was introduced using relevant field data collected at carcass 
markets (Wagyu Registry Association, 2007). Assuming the 
infinitesimal model to breeding value (Fisher, 1918; Bulmer, 
1980), the whole genome is targeted in the genetic evaluation 
but is treated as an unobserved black box. Subsequently, while 
there has been steady genetic improvement attained in carcass 
traits, it is known that there is a sharp decline occurred in 
effective population size of this breed, because of intensive use 
of few sires with higher predicted breeding values for degree 
of marbling (e.g., Nomura et al., 2001; Nomura, 2002; Honda 
et al., 2004).

Numerous studies have reported the estimated heritabilities 
of, and genetic correlations among various kinds of traits 
in Japanese Black cattle. Oyama (2011) summarized the 
estimated values of direct and maternal heritabilities for 
body weight and daily gain traits of calves, those of direct 
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Abstract

The Japanese Black is a representative of the beef cattle breeds constructing 
Wagyu in Japan. The beef produced are high quality, especially highly marbled 
(shimofuri), and they are also famous overseas. Carcass traits including the degree 
of marbling have been remarkably improved through use of a low number of elite 
sires with high predicted genetic abilities (breeding values) for meat quality. Breeding 
values are predicted by using a deep pedigree information and a large amount of 
carcass performance data of fattened steers and heifers. Breeding values for growth 
performance and feed efficiency of young bulls and those for female reproductivity 
of cows have been also evaluated using pedigree information. Recently, prediction of 
breeding values by using genotype information on genome-wide high-density single 
nucleotide polymorphisms (SNPs) as DNA markers, also referred to as genomic 
prediction, have been studied in Japanese Black cattle. Genomic prediction is 
believed to have a potential to achieve more efficient breeding in livestock species. In 
this review, some relevant topics for genomic prediction in Japanese Black cattle, as 
well as the possibility of genomic prediction and the future issues in this breed, will 
be discussed.
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heritability for body weight, daily gain, feed intake, and feed 
conversion traits of young bulls, those of direct heritability for 
and genetic correlation among carcass traits of fattened steers 
and heifers, and those of direct and maternal heritabilities for 
female reproductive traits of dams. In general, carcass and 
growth traits were moderately to highly heritable but female 
reproductive traits had low heritabilities, and the genetic 
correlation between two fat deposition traits, marbling and 
subcutaneous fat thickness, was low (Oyama, 2011).

Genetic parameters for different traits have been also 
estimated. For example, several studies estimated the 
heritabilities of body measurement traits and their genetic 
correlation with carcass and female reproductive traits (e.g., 
Baco et al., 1997; Kuchida et al., 1994; Munim et al., 2012; 
Oyama et al., 1996). Heritabilities of traits relating to meat 
quality and their genetic correlations with carcass traits 
have been also reported (e.g., Inoue et al., 2008; Komatsu 
et al., 2014; Nogi et al., 2011; Onogi et al., 2017; Sakuma 
et al., 2016). Heritabilities of image analysis traits for the 
shape of ribeye and marbling in ribeye and other muscles 
have been estimated (e.g., Goto et al., 2020; Kuchida et al., 
2006; Osawa et al., 2008). Moderate to high heritability has 
been estimated for growth curve parameters (e.g., Inoue et 
al., 2020; Onogi et al., 2019; Takeda et al., 2018; Wada & 
Nishida, 1987), residual feed intake, residual daily gain, and 
residual feed intake and daily gain (e.g., Hoque & Oikawa, 
2004; Okanishi et al., 2008; Takeda et al., 2018), and 
predicted methane emission traits (Uemoto et al., 2020). For 
female reproductive efficiency for heifer, Inoue et al. (2020) 
estimated the heritability of first service conception rate to be 
0.03 and Setiaji and Oikawa (2020) estimated the heritability 
of non-return rate, the number of inseminations, and interval 
from first to successful insemination to be 0.027, 0.019, and 
0.011, respectively. Ogawa and Satoh (2021) reported that 
the estimated heritability of calving interval was low but 
the genetic correlation between different ages of dam was 
consistently high. Inoue et al (2017) estimated the direct and 
maternal heritabilities of calving difficulty to be 0.24 and 0.61, 
respectively. Nishida et al. (2006) estimated the heritability 
of the number of services per conception at different parity to 
be ~0.1 in most cases. Nishimura et al. (2010) estimated the 
heritability for semen characteristics traits in bulls to be around 
0.1. Nishi et al. (2016) estimated the heritabilities of carcass 
defects including blood splash, intramuscular edema, muscle 
steatosis, bruising, trim loss, and other defects, and Oyama et 
al. (2020) estimated the heritabilities of defective appearances 
including white spotting, tongue defect, and nipple defect. 
Inoue et al. (2015) estimated the heritabilities of internal 
diseases of fattened steers and their genetic correlations with 
carcass traits. Takeda et al. (2017) estimated the heritability of 
temperament of calves and its genetic correlation with carcass 
traits. These estimates could provide valuable information for 
the development of appropriate, sound future breeding plans in 
Japanese Black cattle (Oyama, 2011).

Studies for genomic prediction for carcass 
traits in Japanese Black cattle

In the late twentieth-century, breakthroughs occurred in 
molecular biology and genetic engineering that established the 

technological basis for modern genomics and biotechnology. 
This facilitated quantitative trait locus (QTL) mapping and 
marker-assisted selection (MAS). The MAS assumes the use 
of a small number of DNA markers for major causative genes 
with large effects. However, there is now a general consensus 
that most complex and quantitative traits are usually affected 
by a large number of small-effect genes (de los Campos et al., 
2013).

Meuwissen et al. (2001) proposed the idea of a new type of 
MAS that simultaneously treats all chromosome segments by 
using genome-wide DNA markers such as single nucleotide 
polymorphisms (SNPs). Genome-wide high-density SNPs 
are used with the expectation of tracing all underlying QTLs, 
or to explain all additive genetic variances of a trait by 
exploiting the status in linkage disequilibrium between QTLs 
and SNPs. Prediction of breeding values using genome-wide 
DNA markers is often referred to as genomic prediction (GP), 
and selection based on the result of GP is genomic selection 
(GS). For the detailed explanation for GP and GS written 
in Japanese, see, for example, Matsuda et al. (2013) and 
Nagamine (2012).

After developing the commercial SNP chip which can 
determine the genotypes of SNPs identified using samples 
other than Japanese Black cattle (Matukumalli et al., 2009), 
GS following GP was introduced into routine genetic 
evaluation and selection of dairy cattle, especially Holstein 
cattle (e.g., Hayes et al., 2009; VanRaden et al., 2009); this 
is partly because of the possibility of reducing the costs of 
progeny testing schemes (Schaeffer, 2006). Even though the 
potential for GS to improve genetic gain in beef cattle would 
be substantial (Pimentel et al., 2012; Van Eenennaam et al., 
2011), there are no reports providing the information on 
GP accuracy for Japanese Black cattle. Ogawa et al. (2014) 
estimated the variance of carcass weight and marbling score 
explained by the genome-wide 38,502 SNP markers using 872 
fattened steers (Fig. 1). This study showed that the genome-
wide SNP markers genotyped by using the commercial chip 
can capture most additive genetic variances of carcass weight 
and marbling score in Japanese Black cattle. Ogawa et al. 
(2016a) assessed the accuracy of GP for carcass weight and 
marbling score, using 1,791 steers as the training population 
and 189 animals as the validation population (Fig. 2). The 
accuracy of GP was middle to high for both traits, implying 

Fig. 1.  Changes in proportions of estimated genetic variances 
with increasing SNP marker density. Circles: carcass weight; 
triangle: marbling score (Ogawa et al., 2014).
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that GP for carcass traits could be available in pre-selecting 
young Japanese Black breeding animals. Watanabe (2016) 
compared the accuracies of GP for six carcass traits with 
those of parent average of breeding value, which is used as 
a classical indicator for pre-selection, and showed that the 
accuracy was higher for GP than parent average.

Some possible future challenges in this breed

In Japanese Black cattle, the study about GP for fatty acid 
composition in meat (Onogi et al., 2015), semen production 
traits (Atagi et al., 2017), and feed efficiency traits (Takeda et 
al., 2020) were also reported. In the future, GP for other traits 
including female reproductive efficiency, resistance to disease 
and heat stress, and traits related to environmental load should 
be performed.

Integrating multi-omics data is a hot topic (e.g., Snelling 
et al., 2013; Suravajhala et al., 2016; Takagi et al., 2014). 
Okada et al. (2018) estimated candidate gene-gene interaction 
network for feed efficiency in cattle combining the results of 
the genome-wide association study for seven feed utilization 
traits in Japanese black cattle and public RNA-expression data 
from different tissues of multiple foreign breeds (Fig. 3). The 
results could give meaningful insight into the trait, and GP 
incorporating such a biological information might increase the 
performance of GP in cattle (e.g., Gao et al., 2017; Melzer et 
al., 2013; Tiezzi et al., 2018).

The study about long-term implementation of GP and GS 
in Japanese Black cattle is essential (e.g., Maltecca et al., 
2020; Neyhart et al., 2017; Ogawa et al., 2016b). For example, 

GS can boost the speed of genetic improvement, while this 
might also bring further decrease in genetic diversity of 
this breed, as already observed in dairy cattle (Doekes et 
al., 2018; Doublet et al., 2019). High-density SNP markers 
could be also available for assessing the genetic diversity of 
cattle populations (e.g., Decker et al., 2014; Eusebi et al., 
2019; VanRaden et al., 2011). Therefore, genome-wide DNA 
markers might be a powerful tool to achieve the efficient 
genetic improvement while considering the genetic diversity 
of Japanese Black cattle (e.g., Gómez-Romano et al., 2016; 
Thomasen et al., 2013; Wang et al., 2017).
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Fig. 2.  Changes in the accuracy of genomic prediction. Triangles, 
squares and rhombuses show the results obtained using high-
density, 50K and low-density single nucleotide polymorphism 
(SNP) sets, respectively (Ogawa et al., 2016a).

Fig. 3.  Subnetwork extracted from the top 3 hub transcription factors 
(TFs) and their neighboring genes (Okada et al., 2018). Node 
colors correspond to gene tissue specificity: gland (red), 
nervous system (blue), and nontissue-specific genes (white). 
Node shapes indicate gene classification: triangle (TF) and 
circle (other genes).



Genomic prediction in Japanese Black cattle  23

References

Atagi, Y., A. Onogi, M. Kinukawa, A. Ogino, K. Kurogi, K. Uchiyama, 
T. Yasumori, K. Adachi, K. Togashi and H. Iwata (2017) Genetic 
analysis of semen production traits of Japanese Black and Holstein 
bulls: genome-wide marker-based estimation of genetic parameters 
and environmental effect trends. Journal of Animal Science, 95(5): 
1900-1912. DOI: 10.2527/jas.2016.1186

Baco, S., H. Harada and R. Fukuhara (1997) Genetic relationships 
of body measurements at registration to a couple of reproductive 
traits in Japanese Black cows. Animal Science Technology (Japan), 
69(1): 1-7. DOI: 10.2508/chikusan.69.1

Bulmer, M. G. (1980) The mathematical theory of quantitative 
genetics. Oxford University Press, Oxford, UK.

Decker, J. E., S. D. McKay, M. M. Rolf, J. Kim, A. Molina Alcalá, 
T. S. Sonstegard, O. Hanotte, A. Götherström, C. M. Seabury, L. 
Praharani, M. E. Babar, L. C. A. Regitano, M. A. Yildiz, M. P. 
Heaton, W. -S. Liu, C. -Z. Lei, J. M. Reecy, M. Saif-Ur-Rehman, 
R. D. Schnabel and J. F. Taylor (2014) Worldwide patterns of 
ancestry, divergence, and admixture in domesticated cattle. PLoS 
Genetics, 10(3): e1004254. DOI: 10.1371/journal.pgen.1004254

de los Campos, G., J. M. Hickey, R. Pong-Wong, H. D. Daetwyler and 
M. P. L. Calus (2013) Whole-genome regression and prediction 
methods applied to plant and animal breeding. Genetics, 193(2), 
327-345. DOI: 10.1534/genetics.112.143313

Doekes, H. P., R. F. Veerkamp, P. Bijma, S. J. Hiemstra and J. J. 
Windig (2018) Trends in genome-wide and region-specific genetic 
diversity in the Dutch-Flemish Holstein–Friesian breeding program 
from 1986 to 2015. Genetics Selection Evolution, 50: 15. DOI: 
10.1186/s12711-018-0385-y

Doublet, A. -C., P. Croiseau, S. Fritz, A. Michenet, C. Hozé, C. 
Danchin-Burge, D. Laloë and G. Restoux (2019) The impact of 
genomic selection on genetic diversity and genetic gain in three 
French dairy cattle breeds. Genetics Selection Evolution, 51: 52. 
DOI: 10.1186/s12711-019-0495-1

Eusebi, P. G., A. Martinez and O. Cortes (2020) Genomic tools for 
effective conservation of livestock breed diversity. Diversity, 12(1): 
8. DOI: 10.3390/d12010008

Fisher, R. A. (1918) The correlation between relatives on the 
supposition of mendelian inheritance. Earth and Environmental 
Science Transactions of The Royal Society of Edinburgh, 52(2): 
399-433. DOI: 10.1017/S0080456800012163

Gao, N., J. W. R. Martini, Z. Zhang, X. Yuan, H. Zhang, H. Simianer 
and J. Li (2017) Incorporating gene annotation into genomic 
prediction of complex phenotypes. Genetics, 207: 489-501. DOI: 
10.1534/genetics.117.300198

Gómez-Romano, F., B. Villanuva, J. Fernández and J. A. Woolliams 
(2016) The use of genomic coancestry matrices in the optimisation 
of contributions to maintain genetic diversity at specific regions of 
the genome. Genetics Selection Evolution, 48: 2. DOI: 10.1186/
s12711-015-0172-y

Goto, Y., R. Asa, K. Hagiya and K. Kuchida (2020) A new evaluation 
method of marbling fineness in M. longissimus thoratic of 
Japanese Black Cattle. Nihon chikusan Gakkaiho, 91(2): 103-110. 
(in Japanese) DOI: 10.2508/chikusan.91.103

Gotoh, T., T. Nishimura, K. Kuchida and H. Mannen (2018) The 
Japanese Wagyu beef industry: current situation and future 
prospects – A review. Asian-Australasian Journal of Animal 
Sciences, 31(7): 933-950. DOI: 10.5713/ajas.18.0333

Hayes, B. J., P. J. Bowman, A. J. Chamberlain and M. E. Goddard 
(2009) Invited review: genomic selection in dairy cattle: progress 
and challenge. Journal of Dairy Science, 92(2): 433-443. DOI: 
10.3168/jds.2008-1646

Henderson, C. R. (1973) Sire evaluation and genetic trends. In: 
Proceedings of the Animal Breeding and Genetics Symposium 
in Honour of J. L. Lush. American Society for Animal Science, 
Blackburgh, Champaign, IL, pp. 10-41.

Hirooka, H. (2014) Marbled Japanese Black cattle. Journal of Animal 
Breeding and Genetics, 131(1): 1-2. DOI: 10.1111/jbg.12073

Honda, T., T. Nomura, Y. Yamaguchi and F. Mukai (2004) Monitoring 
of genetic diversity in the Japanese Black cattle population by 
the use of pedigree information. Journal of Animal Breeding and 
Genetics, 121(4): 242-252. DOI: 10.1111/j.1439-0388.2004.00452.x

Hoque, M. A. and T. Oikawa (2004) Comparison and relation among 
different estimates of residual feed intake for Japanese Black 
(Wagyu) bulls. Animal Science Journal, 75(3): 201-205. DOI: 
10.1111/j.1740-0929.2004.00176.x

Inoue, K. (2004). A Challenge to a national genetic evaluation for 
Japanese Black Cattle in Japan (An inter-prefecture progeny testing 
scheme for beef cattle). The Journal of Animal Genetics, 32(1): 17-
28. (In Japanese) DOI:10.5924/ABGRI2000.32.17

Inoue, K., T. Honda and K. Oyama (2015) Genetic relationships 
between internal diseases diagnosed at slaughter and carcass traits 
in Japanese Black cattle. Journal of Animal Science, 93(6): 2714-
2721. DOI: 10.2527/jas.2014-8497

Inoue, K., M. Hosono, H. Oyama and H. Hirooka (2020) Genetic 
associations between reproductive traits for first calving and 
growth curve characteristics of Japanese Black cattle. Animal 
Science Journal, 91(1): e13467. DOI: 10.1111/asj.13467

Inoue, K., M. Hosono and Y. Tanimoto (2017) Inferring causal 
structures and comparing the causal effects among calving 
difficulty, gestation length and calf size in Japanese Black cattle. 
Animal, 11(12): 2120-2128. DOI: 10.1017/S1751731117000957

Inoue, K., N. Shoji and M. Kobayashi (2008) Genetic relations among 
fat melting point, fatty acid composition and carcass traits in 
Japanese Black Cattle. Nihon Chikusan Gakkaiho, 79(1): 1-8. (in 
Japanese) DOI: 10.2508/chikusan.79.1

Komatsu, T., N. Shoji, K. Saito and K. Suzuki (2014) Effects of 
genetic and environmental factors on muscle glycogen content in 
Japanese black cattle. Animal Science Journal, 85(8), 793-798. 
DOI: 10.1111/asj.12201

Kuchida, K., K. Chiba, T. Yamagishi, H. Uchida and A. Nishida (1994) 
The relationship between the body measurements of cows and 
the growth traits of their calves in Japanese Black cattle. Animal 
Science Technology (Japan), 65(4): 334-339. (in Japanese) DOI: 
10.2508/chikusan.65.334

Kuchida, K., T. Osawa, T. Hori, H. Kotaka and S. Mariyama (2006) 
Evaluation and genetics of carcass cross section of beef carcass by 
computer image analysis. The Journal of Animal Genetics, 34(2): 
45-52. (in Japanese) DOI: 10.5924/abgri2000.34.2_45

Maltecca, C., F. Tiezzi, J. B. Cole and C. Baes (2020) Symposium 
review: Exploiting homozygosity in the era of genomics—
Selection, inbreeding, and mating programs. Journal of Dairy 
Science, 103(6): 5302-5313. DOI: 10.3168/jds.2019-17846

Matsuda, H., Y. Taniguchi and H. Iwaisaki (2013) Representative 
methods for genomic prediction and current status of the 
approaches using biological knowledge. The Journal of Animal 
Genetics, 41(2): 93-99. (in Japanese) DOI: 10.5924/abgri.41.93

Matukumalli, L. K., C. T. Lawley, R. D. Schnabel, J. F. Taylor, M. F. 
Allan, M. P. Heaton, J. C’Connell, S. S. Moore, T. P. L. Smith, 
T. S. Sonstegard and C. P. Van Tassell (2009) Development and 
characterization of a high density SNP genotyping assay for cattle. 
PLoS ONE, 4(4): e5350. DOI: 10.1371/journal.pone.0005350

Melzer, N., D.Wittenburg and D. Repsilber (2013) Integrating milk 
metabolite profile information for the prediction of traditional milk 
traits based on SNP information for Holstein cows. PLoS One, 
8(8): e70256. DOI: 10.1371/journal.pone.0070256

Meuwissen, T. H. E., B. J. Hayes and M. E. Goddard (2001) Prediction 
of total genetic value using genome-wide dense marker maps. 
Genetics, 157(4): 1819-1829.

Motoyama, M., K. Sasaki and A. Watanabe (2016) Wagyu 
and the factors contributing to its beef quality: A Japanese 
industry overview. Meat Science, 120: 10-18. DOI: 10.1016/
j.meatsci.2016.04.026

Munim, T., T. Oikawa, T. Ibi and T. Kunieda (2013) Genetic 
relationship of body measurement traits at early age with carcass 
traits in Japanese black cattle. Animal Science Journal, 84(3): 206-
212. DOI: 10.1111/asj.12005

Nagamine, Y. (2012). Genomic study using large number of 
SNP markers and future of livestock animal breeding. Nihon 
Chikusan Gakkaiho, 83(1): 1-8. (in Japanese) DOI: 10.2508/
CHIKUSAN.83.1

Namikawa, K. (1992) Wagyu: Japanese Beef Cattle - Historical 
Breeding Processes of Japanese Beef Cattle and Preservation of 
Genetic Resources as Economic Farm Animal. Kyoto, Japan, 
Wagyu Registry Association.



S. OGAWA24

Neyhart, J. L., T. Tiede, A. J. Lorenz and K. P. Smith (2017) 
Evaluating methods of updating training data in long-term 
genomewide selection. G3 (Bethesda), 7(5): 1499-1510. DOI: 
10.1534/g3.117.040550

Nishi, K., T. Shimogiri, A. Kusano, S. Sakamoto, K. Shiromoto, K. 
Kawabe, S. Okamoto, T. Honda and K. Oyama (2016) Estimation 
of genetic parameters for carcass defects of Japanese Black cattle 
in Kagoshima. Animal Science Journal, 87(5): 655-660. DOI: 
10.1111/asj.12475

Nishida, A., M. A. Aziz, S. Nishida and K. Suzuki (2006) Modelling 
number of services per conception of Japanese Black cattle by 
random regression. Journal of Animal Breeding and Genetics, 
123(1): 56-53. DOI: 10.1111/j.1439-0388.2006.00560.x

Nishimura, K, T. Honda and K. Oyama (2010) Genetic variability 
of semen characteristics in Japanese Black bulls. The Journal of 
Animal Genetic, 38(2): 73-76. DOI: 10.5924/abgri.38.73

Nogi, T., T. Honda, F. Mukai, T. Okagaki and K. Oyama (2011) 
Heritabilities and genetic correlations of fatty acid compositions 
in longissimus muscle lipid with carcass traits in Japanese black 
cattle. Journal of Animal Science, 89(3), 615-621. DOI: 10.2527/
jas.2009-2300

Nomura, T. (2002) Effective size of populations with unequal sex ratio 
and variation in mating success. Journal of Animal Breeding and 
Genetics, 119(5): 297-310. DOI: 10.1046/j.1439-0388.2002.00347.
x

Nomura, T., T. Honda and F. Mukai (2001) Inbreeding and effective 
population size of Japanese Black cattle. Journal of Animal 
Science, 79(2): 366-370. DOI: 10.2527/2001.792366x

Ogawa, S., H. Matsuda, Y. Taniguchi, T. Watanabe, S. Nishimura, 
Y. Sugimoto and H. Iwaisaki. (2014) Effects of single nucleotide 
polymorphism marker density on degree of genetic variance 
explained and genomic evaluation for carcass traits in Japanese 
Black beef cattle. BMC Genetics, 15: 15. DOI: 10.1186/1471-
2156-15-15

Ogawa, S., H. Matsuda, Y. Taniguchi, T. Watanabe, Y. Kitagawa, I. 
Tabuchi, Y. Sugimoto and H. Iwaisaki (2016a) Genomic prediction 
for carcass traits in Japanese Black cattle using single nucleotide 
polymorphism markers of different densities. Animal Production 
Science, 57(8): 1631-1636. DOI: 10.1071/AN15696

Ogawa, S., H. Matsuda, Y. Taniguchi, T. Watanabe, A. Takasuga, Y. 
Sugimoto and H. Iwaisaki (2016b) Accuracy of imputation of 
single nucleotide polymorphism marker genotypes from low-
density panels in Japanese Black cattle. Animal Science Journal, 
87(1): 3-12. DOI: 10.1111/asj.12393

Ogawa, S. and M. Satoh (2021) Random regression analysis of calving 
interval of Japanese Black cows. Animals, 11(1): 202. DOI: 
10.3390/ani11010202

Okada, D., S. Endo, H. Matsuda, S. Ogawa, Y. Taniguchi, T. Katsuta, 
T. Watanabe and H. Iwaisaki (2018) An intersection network based 
on combining SNP coassociation and RNA coexpression networks 
for feed utilization traits in Japanese Black cattle. Journal of 
Animal Science, 96(7): 2553-2566. DOI: 10.1093/jas/sky170

Okanishi, T., M. Shojo, T. Katsuta, K. Oyama and F. Mukai (2008) 
Genetic analysis of residual feed intakes and other performance 
test traits of Japanese Black cattle from revised protocol. 
Animal Science Journal, 79(3): 291-296. DOI: 10.1111/j.1740-
0929.2008.00529.x

Onogi, A., A. Ogino, T. Komatsu, N. Shoji, K. Shimizu, K. Kurogi, 
T. Yasumori, K. Togashi and H. Iwata (2015) Whole-genome 
prediction of fatty acid composition in meat of Japanese Black 
cattle. Animal Genetics, 46(5):557-559. DOI: 10.1111/age.12300

Onogi, A., A. Ogino, A. Sato, K. Kurogi, T. Yasumori and K. Togashi 
(2019) Development of a structural growth curve model that 
considers the causal effect of initial phenotypes. Genetics Selection 
Evolution, 51: 19. DOI: 10.1186/s12711-019-0461-y

Onogi, A., S. Sasaki, M. Kobayashi, A. Ogino, T. Nozaki, K. Kurogi, 
T. Yasumori, K. Togashi and H. Iwata (2017) A genetic analysis of 
meat compositions in Japanese Black cattle: Genetic parameters 
and sex influence. Journal of Animal Breeding and Genetics, 
134(5): 373-382. DOI: 10.1111/jbg.12280

Osawa, T., K. Kuchida, S. Hidaka and T. Kato (2008) Genetic 
parameters for image analysis traits on M. longissimus thoracis 
and M. trapezius of carcass cross section in Japanese Black steers. 

Journal of Animal Science, 86(1): 40-46. DOI: 10.2527/jas.2007-
0359

Oyama, H., K. Imamura, S. Sakamoto, K. Nishi, K. Kawabe, S. 
Okamoto, T. Honda, K. Oyama and T. Shimogiri (2020) Estimation 
of genetic parameters of defective appearances in Japanese Black 
heifer calves in Kagoshima. Animal Science Journal, 91(1): 
e13338. DOI: 10.1111/asj.13338

Oyama, K. (2011) Genetic variability of Wagyu cattle estimated by 
statistical approaches. Animal Science Journal, 82(3): 367-373. 
DOI: 10.1111/j.1740-0929.2011.00895.x

Oyama, K., F. Mukai and T. Yoshimura (1996) Genetic relationships 
among traits recorded at registry judgment, reproductive traits of 
breeding females and carcass traits of fattening animals in Japanese 
Black cattle. Animal Science Technology (Japan), 67(6): 511-518. 
DOI: 10.2508/CHIKUSAN.67.511

Pimentel, E. C. G. and S. König (2012) Genomic selection for the 
improvement of meat quality in beef. Journal of Animal Science, 
90(10): 3418-3426. DOI: 10.2527/jas.2011-5005.

Sakuma, H., K. Saito, K. Kohira, F. Ohhashi, N. Shoji and Y. Uemoto 
(2016) Estimates of genetic parameters for chemical traits of meat 
quality in Japanese black cattle. Animal Science Journal, 88(2), 
203-212. DOI: 10.1111/asj.12622

Sasaki, Y. (2007). Selection criterion for Wagyu cattle - visual judging 
to gene diagnosis -. The Journal of Animal Genetics, 35(1): 33-49. 
DOI: 10.5924/abgri2000.35.33

Schaeffer, L. R. (2006) Strategy for applying genome-wide selection 
in dairy cattle. Journal of Animal Breeding and Genetics, 123(4): 
218-223. DOI: 10.1111/j.1439-0388.2006.00595.x

Setiaji, A. and T. Oikawa (2020) Genetics of heifer reproductive traits 
in Japanese Black cattle. Asian-Australasian Journal of Animal 
Sciences, 33(2): 197-202. DOI: 10.5713/ajas.19.0118

Snelling, W. M., R. A. Cushman, J. W. Keele, C. Maltecca, M. G. 
Thomas, M. R. Fortes and A. Reverter (2013) Breeding and 
genetics symposium: networks and pathways to guide genomic 
selection. Journal of Animal Science, 91(2): 537-552. DOI: 
10.2527/jas.2012-5784

Suravajhala, P., L. J. A. Kogelman and H. N. Kadarmideen (2016) 
Multi-omic data integration and analysis using systems genomics 
approaches: methods and applications in animal production, health 
and welfare. Genetics Selection Evolution, 48: 38. DOI: 10.1186/
s12711-016-0217-x

Takagi, Y., H. Matsuda, Y. Taniguchi and H. Iwaisaki (2014) Predicting 
the phenotypic values of physiological traits using SNP genotype 
and gene expression data in mice. PLoS One, 9(12): e115532. DOI: 
10.1371/journal.pone.0115532

Takeda, K., H. Uchida and K. Inoue (2017) Genetic relationships 
between temperament of calves at auction and carcass traits in 
Japanese Black cattle. Animal Science Journal, 88(10): 1475-1481. 
DOI: 10.1111/asj.12787

Takeda, M., Y. Uemoto, K. Inoue, A. Ogino, T. Nozaki, K. Kurogi, 
T. Yasumori and M. Satoh (2017) Evaluation of feed efficiency 
traits for genetic improvement in Japanese Black cattle. Journal of 
Animal Science, 96(3): 797-805. DOI: 10.1093/jas/skx054

Takeda, M., Y. Uemoto, K. Inoue, A. Ogino, T. Nozaki, K. Kurogi, T. 
Yasumori and M. Satoh (2020) Genome-wide association study 
and genomic evaluation of feed efficiency traits in Japanese Black 
cattle using single-step genomic best linear unbiased prediction 
method. Animal Science Journal, 91(1): e13316. DOI: 10.1111/
asj.13316

Thomasen, J. R., A. C. Sørensen, G. Su, P. Madsen, M. S. Lund and 
B. Guldbrandtsen (2013) The admixed population structure in 
Danish Jersey dairy cattle challenges accurate genomic predictions. 
Journal Animal Science, 91(7): 3105-3112. DOI: 10.2527/jas.2012-
5490

Tiezzi, F., M. E. Arceo, J. B. Cole and C. Maltecca (2018) Including 
gene networks to predict calving difficulty in Holstein, Brown 
Swiss and Jersey cattle. BMC Genetics, 19: 20. DOI: 10.1186/
s12863-018-0606-y

Uemoto, Y., M. Takeda, A. Ogino, K. Kurogi, S. Ogawa, M. Satoh 
and F. Terada (2020) Genetic and genomic analyses for predicted 
methane-related traits in Japanese Black steers. Animal Science 
Journal, 91(1): e13383. DOI: 10.1111/asj.13383

Van Eenennaam, A. L., J. H. J. van der Werf and M. E. Goddard 



Genomic prediction in Japanese Black cattle  25

(2011) The value of using DNA markers for beef bull selection in 
the seedstock sector. Journal of Animal Science, 89(2): 307-320. 
DOI: 10.2527/jas.2010-3223

VanRaden, P. M., K. M. Olson, G. R. Wiggans, J. B. Cole and M. 
E. Tooker (2011) Genomic inbreeding and relationships among 
Holsteins, Jerseys, and Brown Swiss. Journal of Dairy Science, 
94(11): 5673-5682. DOI: 10.3168/jds.2011-4500

VanRaden, P. M., C. P. Van Tassell, G. R. Wiggans, T. S. Sonstegard, 
R. D. Schnabel, J. F. Taylor and F. S. Schenkel (2009) Invited 
review: Reliability of genomic predictions for North American 
Holstein bulls. Journal of Dairy Science, 92(1): 16-24. DOI: 
10.3168/jds.2008-1514

Wada, Y. and A. Nishida (1987) Genetic aspects of the growth curve 
characteristics in Japanese Black cows. Japanese Journal of 

Zootechnological Science, 58(12): 1078-1085.
Wagyu Registry Association (2007) Breeding and Improvement of 

Wagyu. 2nd edition. Wagyu Registry Association, Kyoto, Japan. 
(in Japanese)

Wang, Y., D. Segelke, R. Emmerling, J. Bennewitz and R. Wellmann 
(2017) Long-term impact of optimum contribution selection 
strategies on local livestock breeds with historical introgression 
using the example of German Angler cattle. G3 (Bethesda), 7(12): 
4009-4018. DOI: 10.1534/g3.117.300272

Watanabe, T. (2016) Genomic breeding value evaluation for 
economically important traits of Japanese Black cattle. The Journal 
of Animal Genetics, 44(1-2): 3-10. (in Japanese) DOI: 10.1534/
g3.117.300272


