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ABSTRACT
Selective breeding of cattle increases the level of inbreeding and, as a result, the risk of transmitting deleterious recessive alleles in a 
population. Numerous genetic disorders have been identified in various breeds of cattle. Although these disorders occur sporadically, 
the widespread use of semen from carrier sires can increase their prevalence in a population. In this regard, routine testing and 
elimination of carrier bulls is essential. The availability of a large amount of genomic data enables the screening and identification of 
causal alleles in the absence of phenotypes. This study aimed to investigate the presence of candidate variants of genetic disorders 
in Hanwoo cattle using whole genome data. 16,970 cattle were genotyped using the 50K Illumina Bovine chip and imputed to the 
whole genome sequence level using reference data from 203 bulls. Genetic coordinates of previously reported mutations in cattle 
were obtained from the OMIA online database. The information was then used to screen for harmful alleles in Hanwoo cattle. 
Fortunately, we did not identify any candidate variants in the tested population. However, this study was limited to a small sample. 
Moreover, the reliability of the results could have been affected by low imputation accuracy and genotype liftover errors. In this 
regard, we recommend regular screening of the breeding cattle to minimize the prevalence of genetic disorders in Hanwoo cattle.
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INTRODUCTION
Animal breeders aim to increase the productivity of cattle through selective breeding. Intensive artificial selection increases inbreeding in a 

population, which raises the risk of the expression of recessive deleterious alleles (Doublet et al., 2019). Harmful recessive alleles can cause genetic 

disorders that may affect the well-being and productivity of cattle (Sasaki et al., 2021). Inbreeding has been shown to adversely affect fitness traits 

in livestock species (Bolormaa et al., 2015).

Inherited genetic disorders in cattle occur in a wide spectrum of phenotypes that affect different body systems, including the reproductive and 

musculoskeletal systems (Gholap et al., 2014). Up to date, approximately 639 genetic disorders have been reported in cattle (https://omia.org/). 

The genetic disorders and their causal genes are comprehensively documented on the Online Mendelian Inheritance in Animals (OMIA) platform 

(Nicholas et al., 1995).

Genetic disorders are inherited as monogenic traits (Cieploch et al., 2017). They occur sporadically when an offspring is homozygous or when the 

allele is partially expressed. The causal variants occur at a low frequency in the population and may be of minor significance (Gholap et al., 2014). 

However, the extensive use of elite sires in artificial insemination programs increases the risk of spreading these alleles across the herd (Uffo et al., 

2009). Periodic screening of breeding cattle is critical to preventing an increased frequency of harmful alleles in a population (Gholap et al., 2014).
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The Hanwoo cattle breed is native to the Korean Peninsula, where it is bred for meat production. It is a popular breed among beef producers 

and consumers due to its excellent meat quality (Lee et al., 2014). Originally used as a draft animal, the Hanwoo cattle breed has been subjected 

to selective breeding to improve its meat quality. The Hanwoo cattle are believed to share a common ancestry with Japanese cattle (Lee et al., 

2014).

Numerous inherited genetic conditions have been reported in Japanese cattle breeds, and their causal mutations have been identified (Kunieda 

et al., 2005; Sasaki et al., 2009). These include mutations associated with embryonic lethality, low calf survival and skeletal deformities. Being 

descendants of a common ancestor, Japanese and Korean cattle could share many genetic features, including recessive alleles (Kim et al., 2003).

Using molecular methods, previous studies in Hanwoo cattle attempted to identify disease-causing variants that had previously been reported 

in Japanese cattle (Lim et al., 2016). No other mutations were found, except heterozygous carriers of plasma thromboplastin antecedent factor 

(F11) deficiency (Cho et al., 2019). Recently, a study utilizing whole genome sequencing data reported 45 candidate variants in Hanwoo cattle. 

However, the reported variants had low minor allele frequencies, indicating that they are rare in the Hanwoo cattle population (Arora et al., 

2021).

The advent of next-generation sequencing (NGS) has made it feasible to explore the genetic architecture of various traits in cattle (Georges 

et al., 2019). The technology has been applied to screen for causal mutations of Mendelian-inherited genetic disorders in livestock (Charlier et 

al., 2016). In the current study, we used imputed whole genome data to screen for the recently reported causal variants of genetic disorders in 

Hanwoo cattle. The candidate variants examined in this study are displayed in Table 1.

Table 1. A summary of genetic disorders and causal variants that were investigated in this study.
Disease Clinical syndrome Causal mutation
Embryonic lethality Embryonic death at the blastocyst stage. g.74743512G>T of CDC45 gene in BTA 17
Perinatal weak calf 
syndrome

Intrauterine growth retardation, Low birth weight, 
weakness, inability to suckle and perinatal death.

g.83909754C>G of IARs gene in BTA 8

Skeletal dysplasia Animals with abnormally long and thick bones, 
and disproportionate narrow chest width.

g.85826989_85826990delinsTG missense 
mutation of the FDG3 gene in BTA 8

Chondrodysplasia Short limbs, joint laxity and underdevelopment. g.103594013C>T, g.103651709_103651710del and
g.103609778_103609779delinsG mutations of 
EVC2 gene in BTA 6

MATERIALS AND METHODS

Samples, SNP genotyping, and quality control
A total of 16,970 samples from Hanwoo cattle were used in this study. Genomic DNA was extracted from the longissimus muscle samples 

using the DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA). DNA concentration and quality were determined using a nanodrop 1000 

spectrophotometer (Thermo Fisher Scientific Korea Ltd., Seoul, Korea). SNP genotyping was carried out using the Illumina Bovine SNP 50K 

Beadchip (Illumina Inc., San Diego, CA, USA). Data quality control was performed using the PLINK 1.9 software (Purcell et al., 2007) based 

on the following criteria: call rate (CR) >0.90; minor allele frequency (MAF) > 0.01; Hardy-Weinberg equilibrium test (HWE) p >1.0e-04.

Genotype imputation, liftover and annotation.
Genotype imputation was carried out in a two-step procedure using Minimac3 software (Das et al., 2016). Firstly, the 50K genotype of 

16,970 Hanwoo cattle was imputed to a higher density level using the Illumina Bovine HD Beadchip (777k) from 1,295 Hanwoo cattle. 

Subsequently, the final imputation was performed using whole genome reference data from 203 Hanwoo bulls. SNPs with a correlation 

coefficient value (r2) less than 0.6 were excluded during the imputation process. The causal genes and their positions were curated from the 
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OMIA database and used to identify the causal recessive alleles. To identify the target mutations, genomic coordinates were converted from 

UMD 3.1.1 to ARS-UCD1.2 and the imputed sequence-level data was annotated using the SnpEff program (Cingolani et al., 2012).

RESULTS AND DISCUSSION
We attempted to identify recessive alleles associated with genetic disorders using imputed whole genome data. Fortunately, we did not find 

any candidate variants in the analysed data. Homozygous mutants of the CDC45 gene and IARS were assumed to have died during the early 

stages of life. The absence of heterozygous carriers may indicate that the inheritance pattern of genetic diseases in Hanwoo cattle differs from 

that of Japanese black cattle. However, our study was limited to small-size NGS data. Furthermore, the low imputation accuracy and errors 

during liftover processes may have affected the outcome of the study. In this regard, we cannot completely rule out the presence of these 

mutations in the Hanwoo cattle population.

The single nucleotide variant AC_000174.1: g.74743512G>T (OMIA 002626-9913) in the exon 14 of the CDC45 gene was detected 

in Japanese cattle and was shown to affect pre-mRNA splicing and the stability of the resulting mRNA. Homozygous embryos of the risk 

allele die around the blastocyst stage, leading to repeat breeding (Sasaki et al., 2021). The risk allele was reported to be common in a local 

subpopulation of Japanese black cattle (Sasaki et al., 2021).

Figure 1. Illustration of workflow applied in the current study.
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The g.85341291C>G (OMIA 001817-9913) variant located in exon 3 of the IARS gene was identified in Japanese black cattle (Islam et al., 

2021). It is associated with perinatal weak calf syndrome characterized by low birth weight, weakness and prenatal death (Hirano et al., 2013). 

The frequency of the variant is high in Japanese cattle. Calves born with the risk allele have growth retardation and do not survive to adulthood 

(Hirano et al., 2013).

Chondrodysplastic dwarfism has been reported in various cattle breeds with different causal mutations and modes of inheritance (Murgiano 

et al., 2014). Non-genetic factors such as malnutrition have also been implicated as possible causes (White et al., 2012). Among the causative 

mutations of chondroplastic dwarfism are the autosomal deletion and insertions (delins) of the Ellis-Van Crenfeld gene (EVC2) formerly 

known as the LIMBIN (OMIA 002540-9913). The candidate variants were first reported in Japanese brown cattle (Takeda et al., 2002). 

Affected animals present with various deformities, such as short limbs, joint abnormalities and underdevelopment. A similar mutation of the 

EVC2 gene (g.103651709_103651710delG) with similar clinical features was identified in the Italian Tyrolean grey cattle (Murgiano et al., 

2014). Achondroplasia characterized by craniofacial and vertebral deformities has also been reported in Angus, Holstein, and Dexter cattle 

(Cavanagh et al., 2002; Haflinger et al., 2020).

Takasugu et al. (2015) reported three nonsynonymous variants of the FGD3 gene (OMIA002625-9913) which is associated with carcass 

weight and skeletal dysplasia. The CA -TG transition causes the substitution of histidine for cysteine in the FGD3 protein (Mon et al., 2019). 

The FDG3 gene is expressed in the growth cartilage of long bones. The three mutations alter the functionality of the FGD3 gene’s encoded 

protein, leading to columnar disorganisation of chondrocytes and abnormal bone growth (Takasugu et al., 2015). Heterozygous carriers have 

tall stature and increased carcass weight due to high bone mass, while homozygous carriers have asymmetrical narrow chest width and low 

carcass yield (Takasugu et al., 2015).

CONCLUSION
We did not identify any candidate variants associated with genetic disorders that were targeted in the current study. However, our study was 

limited to a small Hanwoo cattle population. Additionally, low genotype imputation accuracy and errors during the liftover process may affect 

the reliability of the results. Periodic testing of breeding animals is highly recommended to detect and prevent an increase in the frequency of 

deleterious alleles in the population.
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