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Detection of genomic variations and selection signatures in Wagyu
using whole-genome sequencing data

Abstract

Wagyu is recognized for producing marbled beef with
high nutritional value and flavor. Reportedly, Wagyu
has been widely used to improve the meat quality of
local breeds around the world. However, studies on
the genetic mechanism of meat quality in Wagyu at
the whole-genome level are rarely reported. Here,
whole-genome sequencing data of 11 Wagyu and 115
other individuals were used to explore the genomic
variations and genes under selection pressure in
Wagyu. A total of 31 349 non-synonymous variants and
53102 synonymous variants were identified in Wagyu.
The population structure analysis showed that Wagyu
had the closest genetic relationship with Mishima—
Ushi cattle and was apparently separated from other
cattle breeds. Then, composite likelihood ratio (CLR),
integrated haplotype score, fixation index and cross-
population composite likelihood ratio (XP-CLR) tests
were performed to identify the candidate genes under
positive selection in Wagyu. In total, 770 regions
containing 312 genes were identified by at least three
methods. Among them, 97 regions containing 27 genes
were detected by all four methods. We specifically
illustrate a list of interesting genes, including LR P2BP,
GAA, CACNG6, CXADR, GPCPDI, KLF2, KLFI3,
SOX5, MYBPCI, SLC25410, ATP8AI and MYHIS,
which are associated with lipid metabolism, fat
deposition, muscle development, bone development,
feed intake and growth traits in Wagyu. This is the
first study to explore the genomic variations and
selection signatures of Wagyu at the whole-genome
level. These results will provide significant help to beef
cattle improvement and breeding.

Beef has been of great interest as a high-quality dietary
protein. One of the criteria for evaluating the quality of
beef quality is marbling (Platter et al., 2005). Wagyu is
well known for its ability to produce high-quality mar-
bled beef (Gotoh et al., 2018). It is reported that the
number of Wagyu raised in Australia, New Zealand,

China and other countries reached about 400000 cattle
in 2020 (Ueda et al., 2022). In China, the frozen semen
of Wagyu is used for crossing with native breeds to pro-
duce crossbred offspring with good meat quality traits
(Li et al., 2013; Wang et al., 2019). Previous studies used
SNP arrays (Ishii et al., 2013; Kawaguchi et al., 2022) and
transcriptome sequencing (Fang et al., 2021) to identify
molecular markers and genes that correlated with meat
quality traits. However, no studies have used whole-
genome sequencing (WGS) data to identify genomic
variations in Wagyu. In this study, a comprehensive
analysis of genomic variations and selective signatures
was performed using WGS data for Wagyu.

The sperm (n=9) and blood (n=2) samples were
from the commercial bull stations. DNA was extracted
using the EasyPure Blood Genomic DNA Kit (Trans-
Gen Biotech) for WGS. A total of 428.11 Gb raw data
were obtained from DNBSEQ-T7 platform (Table S1).
Additionally, the genomic data of 115 individuals were
downloaded from the NCBI SRA database (Table S2).
All clean reads were mapped to the Bos taurus reference
assembly ARS-UCDI.2 using swa-mMEM v0.7.13 (Li &
Durbin, 2010), the average depth and the average map-
ping ratio were 14.93x and 98.95% (Tables S1 and S2).
The catk v4.4.1 (McKenna et al., 2010) pipeline was used
to perform downstream SNP calling, and the details
are provided in Appendix Sl. Overall, 22935485 high-
quality autosomal bi-allelic SNPs were obtained.

There were a total of 16171320 (70.51%) transitions
(Ts) and 6764165 (29.49%) transversions (Tv) in all
SNPs. For the Wagyu in this study, 10155213 autoso-
mal bi-allelic SNPs were discovered. The average vari-
ant rate was 0.41% (this means that there is variant per
245 bases) and the Ts/Tv ratio was 2.35 in Wagyu. In all,
2.03% of the SNPs (containing 31349 non-synonymous
variants and 53 102 synonymous variants) were detected
in exons, 49.59% in intergenic, 38.16% in introns and
10.22% upstream and downstream of genes (Table S3
and Figure S1).

To determine the population structure of Wagyu,
the parameter (--indep-pair-wise 50 25 0.2) in PLINK
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v1.9 (Purcell et al., 2007) was used to prune the SNPs
with high-level pair-wise linkage disequilibrium. Then
1975542 SNPs were used to conduct the admixture anal-
ysis using ADMIXTURE (Alexander et al., 2009) with the
ancestral compositions (K) set from 2 to 8. The results
showed that Wagyu has the greatest ancestry composi-
tion from Mishima-Ushi when K=3-4 (Figure la). The
phylogenetic tree (Figure 1b) reconstructed using the
neighbor-joining method in MEGax (Kumar et al., 2018)
and PCA (Figure S2) performed using gcta v1.92.3 (Yang
et al., 2013) showed similar results, with Wagyu having a
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closer genetic relationship with Mishima-Ushi than with
other breeds.

To identify the genomic regions that are under se-
lection in Wagyu, four complementary methods were
used to detect the selection signatures. BEAGLE v5.1
(Ayres et al., 2012) was applied to impute and phase our
data. After that, the seLscan v1.4.0 (Szpiech & Hernan-
dez, 2014) was used to compute the raw integrated hap-
lotype score (iHS) across the genome. The scores were
then normalized using the companion program norm
of selscan and the fraction of |[iHS|>2 was calculated
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Population structure and selection signatures of Wagyu. (a) Model-based clustering of cattle breeds using ADMIXTURE with

K=2-5. (b) Neighbor-joining tree of the relationship between 13 cattle breeds. (c) Manhattan plot of selective sweeps used composite likelihood
ratioR, integrated haplotype score, fixation index and cross-population composite likelihood ratio tests in Wagyu. The red line means the
thresholds of the top 5% of windows with extreme values. (d) Haplotype patterns of GA4 and LRP2BP genes.
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in each 50kb window. sweeDp (Pavlidis et al., 2013) was
used to perform the composite likelihood ratio (CLR)
with 50 kb windows. The fixation index (Fg) and cross-
population composite likelihood ratio (XP-CLR) test
were used to perform comparisons between Wagyu and
Chinese indigenous breeds (Mongolian, Kazakh, and
Yanbian). The Fg; was calculated using vcrrooLs (Dan-
ecek et al., 2011) with 50kb windows and 25kb steps.
The xpclr (https://github.com/hardingnj/xpclr) software
was used to conduct XP-CLR analysis with the same
sliding windows strategy. Then, the top 5% of windows
with extreme values were considered as potential candi-
date regions in four methods (Figure Ic). To reduce the
false-positive results of the potential candidate regions,
we only focused on the regions detected by at least three
methods. The candidate regions were annotated using
BIOMART tools (http://asia.ensembl.org/index.html).

A total of 312 genes were obtained in the 770 candidate
regions which were identified by at least three methods
(Table S4). The genes identified by at least three methods
were used to perform Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGGQG) analyses.
From the KOBAS enrichment results, there are 15 and
2 significant (corrected p<0.05) GO terms and KEGG
pathways (Table S5), respectively. The most significant
GO term and KEGG pathway were ‘Synapse assembly,
G0:0007416” and ‘Calcium signaling pathway, bta04020’,
respectively.

It is noteworthy that there are 97 candidate regions
containing 27 genes that were detected by all four meth-
ods (Table 1; Table S6). Among them, LRP2BP took part
in the regulation of lipid metabolism (May et al., 2007);
GAA was associated with the regulation of adipose tis-
sues (Zhu et al., 2018); CACNG6 and CXADR were
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related to feed efficiency (de Oliveira et al., 2014; Olivieri
et al., 2016); and GPCPDI was a fatty acid metabolism-
related gene in chicken (Yuan et al., 2022). A haplotype
comparison analysis of LRP2BP and GAA indicated an
obvious differentiation between Wagyu and Chinese in-
digenous breeds (Figure 1d). Itis worth noting that the fre-
quency of two missense variants (BTA19:2.52494418C>T
and BTA19:2.52495927A>G) in GA A showed significant
differences in Wagyu and Chinese indigenous breeds
(Figure S3a,b).

In the genes detected by three methods, some genes
have important functions (Table 1). KLF2 and KLFI3 as
members of Kriippel-like factor family were considered
as positive and negative organizers in the context of mam-
malian adipogenesis (Raza et al., 2022). SLC25410 was
associated with fat deposition in pigs (Chen et al., 2019).
The SOX5 gene was necessary for the formation and
development of bones (Lefebvre et al., 2001). Zhang
et al. demonstrated that the copy number variation of
SOX5 was associated with growth traits in yak (Zhang
et al., 2022). MYBPCI, one of the subtypes of myosin-
binding protein C, has been demonstrated to be located
within genomic regions of quantitative trait loci (QTL)
that are associated with growth-related traits (Offer
et al., 1973; Takasuga et al., 2007). ATP8A1 is considered
to be associated with feed intake, feed conversion ratio
and weight gain in African Ankole cattle and Dehong
humped cattle (Li et al., 2020; Taye et al., 2017). Zhang
et al. found that the myosin heavy chain family gene
(MYHI15) was highly expressed in high-weight chickens,
indicating that it is associated with growth and develop-
ment (Zhang et al., 2019).

Furthermore, the defined candidate regions were
mapped to the latest cattle QTL database (release 49,

TABLE 1 Important genes within the candidate regions of selection in Wagyu.

Chromosome Position (bp)* Gene

1 19500001-19525000 CXADR
1 46875001-46900001 ZPLDI

1 53225001-53250001 MYHIS5
5 65450001-65475000 MYBPCI
5 86225001-86228 571 SOX5

6 61476401-61 500000 ATP8AI
7 6675001-6700000 KLF2

13 47700001-47 725000 GPCPDI
13 60198382-60200001 ANGPT4
18 61664273-61675000 CACNG6
19 51100001-51 144030 SLC25410
19 52494 353-52500000 GAA

21 27700001-27725000 KLFI3
27 1560000115623 771 LRP2BP

Methods Function
CLR, iHS, XP-CLR, Fg Feed efficiency
CLR, iHS, XP-CLR, Fg; Obesity

CLR, F¢, XP-CLR

ST Growth and development

CLR, Fgp, XP-CLR Growth
CLR, Fgp, XP-CLR Growth
CLR, Fgp, XP-CLR Feed intake
CLR, Fgp, XP-CLR Adipogenesis

CLR, iHS, XP-CLR, Fg;
CLR, iHS, XP-CLR, F;
CLR, iHS, XP-CLR, Fg;
CLR, Fg, XP-CLR

CLR, iHS, XP-CLR, Fg;

Lipid metabolism
Body weight
Feed efficiency
Fat deposition

Regulation of adipose
tissues

CLR, Fg, XP-CLR

CLR, iHS, XP-CLR, F;

Adipogenesis

Fat deposition

Abbreviations: CLR, Composite likelihood ratio; Fgy, fixation index; iHS, integrated haplotype score; XP-CLR, cross-population composite likelihood ratio.

“This column presents the position of candidate genes that are within or overlap with the potential regions of selection.
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28 December 2022). There were 3284 cattle QTLs over-
lapped with the candidate regions (Table S7). Notably,
50.37% of these QTLs were associated with production,
meat quality, carcass and reproduction traits, suggest-
ing that these traits were selected during the breeding of
Wagyu and left a trace on the genome.

In conclusion, a comprehensive overview of sequence
variations in Wagyu was provided using WGS data. Four
complementary methods (Fyp, CLR, iHS and XP-CLR)
were applied to identify the potential candidate regions.
A total of 312 genes supported by at least three meth-
ods were detected. Our results provided some candidate
genes including LRP2BP, GAA, CACNG6, CXADR,
GPCPDI, KLF2, KLFI13, SOX5, MYBPCI, SLC25A410,
ATP8AI and MYHI5, which were associated with lipid
metabolism, fat deposition, muscle development, bone
development, feed intake and growth traits in Wagyu.
We provided the first study to explore the genomic vari-
ations and selection signatures of Wagyu at the whole-
genome level. Our results will provide a valuable genomic
resource for the improvement and breeding of beef cattle
in the future.

KEYWORDS
candidate gene, genomic variation, selection signature,
Wagyu
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Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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