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Introduction

The Japanese Shorthorn cattle is one of the Japanese Wagyu breeds that are maintained at a
small population size (Uemoto et al., 2021). They are raised in the northern region of Tohoku
and Hokkaido (Motoyama et al, 2016). This breed has been selected for adaptation to grazing
in hilly and mountainous areas after crossing imported Western Shorthorn bulls with Nambu-
ushi, a Japanese native breed. The size of the Japanese Shorthorn population has fallen to 5000-
6000 individuals (NLBC, 2026). This is because the degree of beef marbling standard (BMS)
and its variance are lower in Japanese Shorthorn cattle than those in Japanese Black cattle
(MAFF, 2025). For this reason, the number of this breed is decreasing year by year, raising a
concern about an increase in the inbreeding. The population size of this breed in Iwate
prefecture, which has the largest number of animals in Japan, were approximately 8,000 in
1999 and 2,000 in 2022. The Japanese Shorthorn cattle have a unique genetic background
compared to that of other Japanese Wagyu breeds (Mannen et al., 2020; Noda et al., 2018),
and the maintenance of genetic diversity in this breed is important for future genetic resources.
To suppress increase in the inbreeding, it is necessary to investigate genetic diversity in a
population. At present, the pedigree-based inbreeding coefficient is monitored and is increasing
in the Japanese Shorthorn population (Uemoto ef al., 2021). Thus, the evaluation of genetic
structure and effective population size (N.) is essential. In addition, single nucleotide
polymorphism (SNP) information can be used to estimate genetic structure and effective
population size at the genome level. Therefore, the objective of this study is to investigate the
genetic structure and Ne in Japanese Shorthorn cattle in Iwate prefecture using pedigree and
SNP information.

Materials & Methods

Pedigree and genomic data. DNA samples were collected from Japanese Shorthorn cattle
born between 1999 and 2022 from five ranches within Iwate Prefecture. These cattle were
genotyped using the Illumina SNP array customized by the Livestock Improvement
Association of Japan (LIAJ) ver. 1.0 (50K). We used only data with individual call rates >
0.95. Then, the missing SNP genotype was imputed using the Beagle 5.4 software (Browning
etal.,2018). Subsequently, we retained SNPs with a minor allele frequency > 0.01 and p-value
> 0.000001 in the Hardy-Weinberg equilibrium test on autosomal chromosomes. Quality
control for these SNPs was performed using the PLINK 1.9 software (Purcell ef al., 2007). In
addition, the pedigrees of the animals in the population were traced back as far as possible. A
total of 1,226 genotyped animals (74 bulls and 1,152 cows) with 41,840 SNPs were available
for the subsequent analyses.

F-statistics. We calculated Wright’s F-statistics (£7r, Fst, and Fis) using pedigree information.
Fis, Fsr and Fir describe the relative extent of inbreeding at the individual (within a
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subpopulation), subpopulation (within a population) and population levels, respectively, with
arelation (1 — F;r) = (1 — Fi5)(1 — Fgr) (Wright, 1951 and Wang, 2012). Firis the average
inbreeding coefficient of the population and the inbreeding coefficient of each individual in the
pedigree was calculated according to Meuwissen and Luo (1992). Fsr is the inbreeding
coefficient expected under random mating and was calculated as the average coancestry
between the sires and the dams in the population. Fis is the inbreeding coefficient within
subpopulations and was calculated using the above formula.

Principal component analysis. We also performed principal component analysis (PCA) to
evaluate how the genetic diversity of Japanese Shorthorn has changed between two periods
(1999-2009 and 2010-2022). The PCA was performed by using the genomic relationship
matrix (GRM) based on VanRaden et al. (2008) with the allele frequency fixed at 0.5. We
plotted first two principal component (PC) scores separately by two periods.

Rate of inbreeding and coancestry. We calculated the inbreeding and coancestry coefficients
using three approaches: the pedigree-based (F#pep and Cpep), SNP-based (Fory and Carar), and
homozygous segments-based approaches (Froy and Csegc). We calculated the additive
relationships matrix (A) by using tabular method, while we used the same GRM as in the PCA.
Fpep was calculated from the diagonal elements of A minus 1 and Cpep was the half of the oft-
diagonal elements of A. Similarly, Fcry and Cery were calculated from the GRM. Runs of
homozygosity (ROH) was estimated using the PLINK 1.9 software (Purcell ez al., 2007), which
uses a sliding window approach with the minimum length of an ROH = 4.0 Mbp. Frox for an
individual was calculated as Froy = 2. Lrou/2: Lauto» Where Lgoy is the length of the ROH,
and Lgy¢, 1s the total length of the autosomes (2,489,385 kbp). Cseg for individuals i and j
(C SEGU.) is a segment of identity by descent (IBD) shared between two individuals (de Cara et

al.,2013; Wellmann, 2019) and was defined as:

Coegyy = Zkz; ) Zz:l{LSEGk(ai: bj)}/(4L)

where L is the total length of the autosomes, Lggg, (ai, bj) is the k-th ROH region between
chromosome a of individual i and chromosome b of individual j. Csgc was predicted
using the optisel package in R software (Wellmann, 2019). We used segments greater than 4
Mbp. The rate of inbreeding (4F) and coancestry (AC) per year was calculated as the slope of
the regression of the natural log of (1 — F;) and (1 — C;) on birth year ¢, and F, and C, are
the average of inbreeding and coancestry coefficients in each birth year, respectively (Hillestad
et al., 2014; Makanjuola et al., 2020). In this research, we calculated AF and AC using Fpep,
FGru, Fron, Crep, Coru, and Csge in the old (1999-2009) and the current (2010-2022) periods.

Effective population size. N. from each AF and AC (Ne Frep, Ne FGru, Ne From, Ne Cpep,
Ne Coru, and N, Csec) was then calculated as: N, = 1/(2LAF) , N, = 1/(2LAC), where
L is the generation interval by assuming: L = (Lgg + Lgq + Lgs + Lqq)/4, where Lgg, Lgg,
L4s and Ly, are the generation intervals of four gametic pathways: sire to son, sire to
daughter, dam to son and dam to daughter, respectively. Two types of effective population
sizes (N,p; and N,.;) were calculated based on the individual inbreeding rate (AF;) (Gutiérrez
et al., 2009) and individual coancestry rate (AC;;) (Cervantes et al., 2011), respectively, as

2

AF, =1— W= Fy, ACij =1-— (qi+qj)/1/1 — Cjj,where F; is the inbreeding coefficient of
animal i, C;; is the coancestry between animals i and j, and q; and gq; are their
respective complete generation equivalents (CGEs). Then N_g; and N,; were calculated for

the population using the averages of AF; (AF)and AC; j (AC) as: Nep; = 7 Neci = %.



Results & Discussion

For the genetic structure, the Fr value increased from 0.030 in 1999 to 0.059 in 2022 and the
Fsrvalue increased from 0.034 in 1999 to 0.061 in 2022, while the Fis value remained negative
and almost constant at approximately -0.003 over the observed years. The Fis value suggests
that Japanese Shorthorn cattle were not subdivided in Iwate prefecture.

The results of PCA revealed that the group with earlier birth years exhibited a wider range of
principal component scores compared to the group with later birth years (Fig. 1). Consequently,
the inbreeding coefficient has increased in this population, while the population was not
genetically subdivided. For the periods 2010-2022, corresponding N. was estimated to be 81,
78, 58, 82, 191, 57, 76, and 254, respectively.
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Figure 1. Results of principal component analysis (PCA) for the Japanese Shorthorn cattle
across two periods. PCA was conducted as explained in the main text. The red plots show
principal component score for individual born between 1999-2009 (Old), and the blue plots
show principal component score for individual born between 2010-2022 (Current).

Table 1. Realized effective population size (N.) and estimated N. based on the rate of
inbreeding (4F) and coancestry (4C)
Realized Ne Estimated N. based on AF and AC!
Periods N Ngpi  Nggi Frep  Frow  Form  Cpep  Cseg  Coru
1999-2009 428 90 86 148 NA NA 82 207 372
2010-2022 798 81 78 58 192 82 57 118 76

" Frep and Cpep are estimated Ne based on pedigree information; Frox and Cseg are estimated N, based on
homozygous segments; Fgrir and Ceras are estimated N, based on genomic relationship matrix (GRM) with

allele frequency fixed at 0.5. NA indicates that the values of AF is negative and cannot be estimated.




The results for realized N, were similar to those reported by Uemoto et al. (2021). For the
periods 1999-2009, the results of N. Frow and Ne_Fcru are negative due to negative values of
AF. Furthermore, the results of N. Csec and N. Cgrum are positive and higher than N. Cpep.
This result indicates that there is a risk of overestimating the N. based on genomic information
in case of AF and AC were low. The results also suggested that genetic structure and N, could
be evaluated using SNP information alone in populations with incomplete pedigree
information. Ne Form and Ne Cory may be useful to monitor Japanese Shorthorn cattle
population.

Conclusions

This study investigated the genetic structure and effective population size in Japanese
Shorthorn cattle using pedigree and SNP information. The results of F-statistic and PCA
suggested that the inbreeding coefficient is increased in Japanese Shorthorn cattle, while the
population was not genetically subdivided. The results of N, indicated that SNP-based N, is the
closest to realized N. compared with pedigree-based and segments-based approaches and N.
could be evaluated using SNP information alone in populations with incomplete pedigree
information. Further study is necessary to develop optimal selection strategies that utilize the
SNP-based relationships to increase the target trait while maintaining genetic diversity.
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