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SUMMARY

The aim of this study was to analyse the selection signals by the integrated
haplotype homozygosity score (iHS) in dual-purpose Slovak Spotted cattle in
order to clarify the effects of natural or artificial selection. Overall, 85 animals
genotyped by a high-density SNP array were included in the analysis. After
quality control, 35995 autosomal loci with an average adjacent SNP spacing of
69.3 kb were included in the analysis. Then, haplotypes were reconstructed for
each chromosome. Next, the R package rehh was used to compute the score based
on a matrix of integrated extended haplotype homozygosity statistics for both
ancestral and derived alleles. The average iHS score across the genome was 0.83.
The selection signals in the genome had positive iHS values. A common iHS
score (higher than 2.5) was chosen to indicate genomic regions with extreme iHS
frequency due to outliers (according to the boxplot distribution). In each region
with selection signals, quantitative trait loci (QTLs) were identified. For BTA s 3,
6, 8 and 21, signals were identified in regions of milk production. Marbling
scores, QTLs and signals within BTA 12 were placed around QTLs for calving
ease. Based on the results, we can conclude that the identified regions in the
genome that are affected by positive selection correspond to the breeding goals
for Slovak Spotted cattle.

Keywords: artificial selection, cattle, genomic region, homozygosity, iHS
score.

INTRODUCTION

The bovine genome was one of the first among livestock sequenced. The
reason could be the importance of cattle in human nutrition and their evolutionary
position as representative of ruminants (Tellam et al., 2009). It is assumed that
since cattle domestication have been selected by the human 800 breeds, due to
various economic, social and religious reasons. Those breeds represent a
significant part of the world heritage (Mason et al., 1998).
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Natural and artificial selection has led to the formation of cattle breeds
which are specialized in particular directions. Several specific regions in the
genome were under pressure due to selection and it is generally accepted that
these genomic sequences or selection signatures, which control key phenotypes
are involved in specific traits. Positive selection pressure can reduce or eliminate
the negative allele frequency in the genome of offsprings (Biswas and Akey,
2006). Therefore, selection signals in populations could provide genomic
information to simplify selection and provide information about history of
selection (Akey et al., 2002; Willing et al., 2010).

Determination of selection signals can be accomplished using several
methods. For this study, extended haplotype homozygosity (EHH) test (Sabeti et
al., 2002) and integrated haplotype homozygosity score (iHS) (Voight, 2006)
were chosen. EHH is used for identifying long haplotypes that carry a so-called
core allele with high frequency within the population and detection of genomic
regions that are candidates for having undergone recent selection (Sabeti et al.,
2002). The iHS method compares EHH between ancestral and derived alleles
within the population. The iHS test can avoid the impact of heterogeneous
recombination rates across whole genome of cattle. This iHS method is best
performed when the selected allele segregates at intermediate frequencies in the
population (Zhang et al., 2017).

Recently, selection signals have been found in several local cattle breeds in
Slovakia (Kasarda et al., 2015). Based on this, the aim of our study was to find
selection signals in the genome of Slovak Spotted cattle by calculation of
integrated haplotype homozygosity score (iHS). For each region with selection
signal was identified quantitative traits loci and explore their potential functional
genes in Slovak Spotted cattle using high-density single nucleotide polymorphism
(SNP) genotyping data.

MATERIAL AND METHODS

For this study dataset of 85 Slovak spotted cattle were used to detect
signatures of selection in the genome. These animals were genotyped by two
platforms: Illumina BovineSNP50v2 BeadChip (sire 37) and ICBF International
Dairy and Beef v3 (dams 48), respectively.

Standard quality control of genotyping data was performed to exclude
individuals with >10% missing genotype across the autosomal loci, markers
missing in >10% of individuals, and loci with minor allele frequency <0.01 using
the PLINK software (Purcell et al., 2007). After quality control remained in
dataset information about 35995 autosomal loci. Analysis of selection signals
using iHS statistic was based on haplotype frequencies as specified Voight et al.
(2006). The haplotypes were reconstructed for each autosome by using software
fastPHASE (Sheet and Stephen, 2006). The iHS statistic reflects the structure of
haplotype and indicates abnormal long haplotypes carrying the ancestral and
derived allele (Qanbari et al., 2011). Standardized iHS was calculated as follows:
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iHH,
iHH,

iHS =In

Where iHHA represents the integrated EHH score for ancestral allele and iHHD
represents integrated EHH score for derived allele. The positive iHS values
indicate higher homozygosity outlying the derived allele and negative values
indicate higher homozygosity outlying the ancestral allele. This analysis was
performed in the R software environment using package rehh (Gautier and
Vitalis, 2012).

The genome-wide significance threshold of selected SNPs with positive
value of iHS was determined by the outliers according the boxplot distribution
and then all SNPs above the average of significance were assigned to the genomic
QTL s location according to the Bovine genome database (animalgenome.org).
For identification of these genes the Genome data viewer was used
(https://mwww.ncbi.nlm.nih.gov/genome/gdv/?org=bos-taurus).

RESULTS AND DISCUSSION

The selection signals in Slovak spotted cattle were detected based on the
set of 35995 SNPs markers, with the average distance of 69.3 kb between
adjacent SNPs. The average value of iHS was 0.83 + 0.68. The highest iHS value
was observed for marker located on chromosome 15 (8.03) in position 33.6 Mb.
Throughout the entire genome, the lowest iHS (0.0001) was found for SNP on
chromosome 5 in genomic position 115.5 Mb. The iHS method identified 15
regions in the genome of Slovak spotted cattle that were significantly affected by
positive selection (Table 1). Genome-wide distribution of the iHS score was
visualized to obtain the chromosomal distribution of selection signals (Figure 1).
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Figure 1. Genome-wide plot of the iHS score, A) the distribution of iHS values
within the autosomes, B) the genome-wide significance threshold.
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The genome-wide significance threshold of iHS score was set to 2.5,
according to boxplot distribution, where outliers were identified as values over
the maximum (Fig. 1B). Annotation of genomic regions with identified selection
signals revealed several candidate genes, and those significant iHS genomic
regions in Slovak Spotted cattle comprised 28 genes. BMPR1B genes were
identified in the region on BTAG, Yao et al. (2018) demonstrated that by targeting
BMPR1B the miR-125B regulates GC apoptosis in the yak ovary. In the region
BTA21 CSK gene, affecting the immune system, was observed (Zimin et al.,
2009). In the region on BTA3 the SCMHL1 gene, upregulating the expression of
several bone biomarkers, was found (Pei et al., 2019). The LPAR1 gene able to
the response to tissue damage and infections agens was identified in the region on
BTAG (Zimin et al., 2009). In the region BTA8 PTGR1 gene which affects the
prostaglandin reduce activity, was observed (Zimin et al., 2009). In the region
BTA12 SOX21 gene affecting the hair follicle development, was obtained (Kiso
et al., 2009). In the region BTA21 RHCG gene, able to regulate of pH, was found
(Zimin et al., 2009). Using this analysis and by the describes QTL’s, we found
that Slovak Spotted cattle were previously selected based on important traits for
milk and beef production, muscle development, stature and reproduction (Table
1).

Schawanrzenbacher et al. (2012) detected the significant selection signals
on BTAL7 and 28 for Brown Swiss and on BTA14 observed SNP under strong
selection in close neighbourhood to the DGAT1 K232A polymorphism, with
strong effects on milk production traits. Iso-Touru et al. (2016) identified
selection signals for Finnish Ayrshire and Eastern Finncattle on BTA 20, both
breeds being used mainly to dairy production and the region on BTA21 harbored
44 different genes within Yakutian and Ukrainian Gray. Maiorano et al. (2018)
observed the most significant signatures of selection for Gir cattle within dairy
population on chromosome 16 (23 candidate genes) and within beef population
on chromosome 6 (43 candidate genes).

The SLC24A4 gene located on BTA21 was common in the dairy and beef
populations (Maiorano et al., 2018). Simianer et al. (2010) observed for Holstein,
that candidate regions identified through the iHS test comprised genes involved in
the biological processes such as anatomical structure development, muscle
development, spermatogenesis and fertilisation and these findings are consistent
also with Flori et al. (2009). Zhao et al. (2015) identified 80 significant regions
with selection signals by iHS test for several commercial dairy and beef breeds,
including Angus, Belgian Blue, Charolais, Hereford, Simmental cattle, Limousin
and Holstein-Friesian. Kasarda et al. (2015) observed only seven regions with
several genes (HGD, LOC101904412, DCAF15, EYA4, NUMAL, FTO, CA10)
affected by selection in Slovak Pinzgau cattle. Zang et al. (2017) identified for
Chinese Jinnan cattle QTL regions associated with meat and carcass traits on
chromosome 8. These findings confirm that during the evolution of each breed
has been performed selection for improvement of important phenotypic traits and
to achieve breeding objectives.



Identification of selection signals through haplotype structure in genome...

37

Table 1. Genomic regions with significant iHS score in Slovak spotted cattle.

BTA Position iHS value QTL’s

3 | 104999360-105064402 4.1

6 | 31016787-31126062 2.81 carcass weight, body weight,
calving ease

6 | 54456990-54554982 2.61 milk yield, milk fat yield,
marbling score, calving ease

8 | 37192348-37451820 3.1 stillbirth, clinical mastitis,
dystocia, calving ease, body
weight (birth)

8 | 102530898-102664941 3.56

8 | 102664941-103083474 2.8 udder swelling score, shear force

12 | 35324036-35454037 2.72 shear force, milk fat yield, body
weight, structural soundness,
height (mature)

12 | 68453584-68628611 3.11 milk fat yield, milk fat content,
muscle iron content

12 | 68628611-68784880 3.6 muscle iron content

12 | 69874053-69925933 3.2 muscle iron content

12 | 69925933-69969069 2.87 muscle iron content

12 | 69969069-70000094 3.45 calving ease, daughter pregnancy
rate

21 | 21090081-21442215 3.31 marbling score, milking speed,
milk fat yield, body weight

21 | 34165847-34339514 3.1 shear force, somatic cell score,
calving ease, body weight

21 | 36136065-36341943 2.93 somatic cell score, body weight

CONCLUSIONS
Studies of mapping selection signals in cattle provides an ideal opportunity

to investigate how the artificial selection has influenced the variability and
architecture of the bovine genome. In this study, several regions under strong
selection pressure have been found by a genome-wide scan of iHS score in
Slovak Spotted cattle.

This test showed that the breeding history of Slovak Spotted cattle has been

subject to positive selection similarly as commercial dairy and beef breeds. Our
analysis discovers genes under positive selection, which are related to beef
production, immunity and reproduction and revealed quantitative traits loci under
positive selection, which are reflecting the selection of the required traits
according to the breeding objectives. These results confirm the importance of
Slovak Spotted cattle as important dual-purpose genetic resource in Slovakia.
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