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ABSTRACT

The aim of this study was to evaluate the impact of artificial selection on Slovak Spotted and Slovak Pinzgau genomes
through identification of selection signatures and to characterize most important genomic regions reflecting the selective
breeding for traits of interest during the formation of those breeds. The genotyping data for in total of 236 animals were
included in this study. Two approaches were used to identify genomic footprints of selection: Wright's F statistic and
variation in genome-wide linkage disequilibrium patterns between selected populations. Based on applied methods, in
total of 18 genomic regions under strong selection pressure were detected across 10 autosomes (BTA 4, MTA5, BTA6,
BTA7, BTA11, BTA12, BTA20, BTA22, and BTA23). The longest region was identified on BTA6 close to genes affecting
milk production and coat colour pattern, while the shortest one was found on BTA11. In addition, inside the identified
regions some of the other genes affecting the milk production traits (casein family, HAL, IGF1, ABCG2, SPP1), carcass
traits and body composition (MYBPC1, MYH9, PACRGL), reproduction (AMDHD1), temperament (SNRPF), and coat
colour (KIT, KDR) were found. Because of this, all of the detected regions can be attributed mostly to improvement of

milk production and muscle development, thus selection for dual-purpose performance.
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Introduction

The identification of genomic regions affected by
natural and artificial selection is high of relevance in
livestock population genetics. Identifying the selection
signatures gives an insight into the history of selection
for economically important traits and genetic adaptation
to specific environments of the populations under
consideration (Ma et al.,, 2015; Taye et al, 2017).
Moreover, the elucidation of these signatures of selection
may help to further genetically improve economically
important breeds (Qanbari and Simianer, 2014).

The availability of huge amount of genomic data
resulting from high-throughput genotyping and NGS
sequencing as well as development of improved statistical

tools allows to apply various highly sophisticated
analyses for identifying the footprints of selection.
Generally, selection signatures can be detected through
the variation of allele frequencies in a certain genomic
regions and decay of linkage disequilibrium (LD). When
a part of the genome that confers enhanced fitness or
productive ability is preferentially kept in a population
by increasing the frequency of favourable alleles,
neutral loci that surround this region and that are in LD
with it, are also retained, thus driving the frequency of
particular haplotypes in the region towards fixation
in a pattern that decays progressively with distance
from the causative location. Such signals of selection
can be detected for example based on the reduced
haplotype diversity and different LD pattern compared
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to those of the surrounding background (Pérez O’Brien
et al., 2014). This approach is included for example in
extended haplotype homozygosity (EHH) test (Sabeti et
al., 2002) and integrated haplotype score (iHS) statistics
(Voight et al., 2006). On the other hand, signatures of
selection can be alternatively quantified also by the FST
statistic (Weir and Cockerham, 1984) as locus-specific
allele frequencies resulting from genetic differentiation
between populations. The F . index provides information
on the genomic variation at a locus among populations
relative to that within populations. Thus, F . represents
also a test for evidence of selection i. e. high F . values
indicate local positive adaptation while low F values

suggest negative or neutral selection (Zhao et al., 2015).

The aim of this study was to analyse the impact
of artificial selection on Slovak Spotted and Slovak
Pinzgau genomes through identification of selection
signatures and to characterize genomic regions reflecting
the selective breeding for traits of interest during the
formation of those breeds.

Materials and methods

The genotyping data for in total of 236 animals,
representing the nucleus of both Slovak Spotted and
Slovak Pinzgau cattle, were included in this study.
The sample of Slovak Spotted cattle consisted of 37
Al sires and 48 dams that were genotyped using two
platforms, lllumina BovineSNP50v2 BeadChip and ICBF
International Dairy and Beef v3, respectively. In case of
Slovak Pinzgau cattle, all of animals (37 Al sires, 35 dams
of sires, and 79 dams of dams) were genotyped by using
Illumina BovineSNP50v2 BeadChip.

The data cleaning was performed by using PLINK
1.9 (Chang et al., 2015). Because of the two different
genotyping platforms used for animals’ genotyping, the
consensus map had to be firstly constructed. The final
consensus map file consisted of 40,033 markers. The
quality control of genotyping data was performed to
remove markers assigned to unmapped regions or with
unknown chromosomal position and SNPs positioned
to sex chromosomes. In the subsequent SNP pruning

only samples with lower than 10% of missing genotypes,
autosomal SNPs with call rate higher than 90% and minor
allele frequency higher than 1% were retained in the
dataset.

Two approaches were used to identify selection
signatures in the genomes of Slovak Spotted and Slovak
Pinzgau cattle: Wright's F . statistic and variation in
genome-wide linkage disequilibrium patterns between
populations. The F values were calculated according to
Weir and Cockerham (1984) for each syntenic loci by using
PLINK 1.9 (Chang et al., 2015) and then averaged over 10
consecutive SNPs using sliding windows approach. The
genome-wide significance threshold for regions under
selection were determined based on the corresponding
boxplot distribution. The differences in genome-wide
LD patterns between populations were quantified by
using VarLD software (Ong and Teo, 2010) over sliding
windows of 50 SNPs. Genomic regions under selection
were defined by the top 0.01, 0.1, 1, and 5 percentiles
of signals. For identifying genes located directly in the
identified regions the Genome data viewer of the bovine
genome UMD3.1.1 was used (https:/www.ncbi.nim.nih.

gov/genome/gdv/).

Results and discussion

After SNP pruning, overall 39,261 loci covering 2.49
Gb of the Slovak Spotted and Slovak Pinzgau genomes
were retained in dataset. The average distance between
adjacent syntenic SNPs was 63.67 kb. The minimum
distance between SNPs was 0.02 kb, while the maximum
distance was 4,428.95 kb. Based on applied approaches,
in total of 18 genomic regions under strong selection
were detected across 10 autosomes (Table 1).

According to the boxplot distribution the genome-
wide significance threshold for genomic regions derived
from Wright's F_, statistics was set to 0.09 (Figure 1). The
strongest signals of selection were found within 8 genomic
regions distributed across three autosomes (BTA5, BTA6,
and BTA15). The longest region was identified on BTA6
(62,085,065-73,092,782 bp), while the shortest one was
found on BTA5 (59,598,727-60,642,347 bp). Various
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Table 1. Genomic regions showing the strongest signal of selections across applied approaches

0.05 o

Start position  End position .
BTA (Mb) (Mb) Length (Mb)  No. of genes QTL traits
4 44,09 46.82 2.74 27 Somatic cell score
5 59.6 60.64 1.04 36
Dressing percentage, birth weight, longissimus muscle area,
5 63.65 68.01 4.36 55 backfat EBV, follicle stimulating hormone concentration,
twinning rate
5 70.31 76.92 6.61 95
6 38.58 4318 4.6 15 Birth weight, stature, strepgth, daily gain, milk yield, protein
and fat percentage, protein and fat yield
Rump width, suspensory ligament, teat placement, foot angle,
6 62.09 73.09 11.01 105 quality of foot and leg, quality of udder, marbling score, milk
yield, protein percentage and yield, fat yield
6 109.87 111.88 2.01 11 Protein yield, fat percentage
7 42.06 4492 2.86 110
11 23.97 24.38 0.41 1 Yearling and weaning weight
12 25.79 27.91 2.11 10 Milk yield, protein and fat yield, ribeye muscle area, yield grade
15 30.46 35.2 474 51
15 42.92 48.07 5.15 157 Estimated kidney, pelvic and heart fat
15 51.53 55.64 411 109 Meat tenderness
20 4.61 6.18 1.56 22 Birth weight, protein and fat yield
22 32.76 34.64 1.88 7
23 30.44 30.97 0.53 98 Protein percentage, marbling score
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Figure 1. Genome-wide distribution of F_; values with corresponding boxplot
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quantitative trait loci (QTLs) have been reported inside
the genomic location of identified regions, including those
that affect birth weight (Casas et al., 2003), stature and
strength (Hiendleder et al., 2003), twinning rate (Lien et
al., 2000), milk production (Velmala et al., 1999), quality
of udder (Hiendleder et al., 2003), longissimus muscle
area (Casas et al., 2003), marbling score (Kim et al., 2003),
and meat tenderness (Keele et al., 1999).

The analysis of differences in genome-wide LD
patterns between Slovak Spotted and Slovak Pinzgau
populations revealed in total of 10 genomic regions
distributed across autosomes BTA4, BTA5, BTA6, BTA7,
BTA11, BTA12, BTA20, BTA22, and BTA23 (Figure 2).
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The longest region was found on BTA5 (63,647,446-
68,006,770 bp), including QTLs for longissimus muscle
area (Casas et al., 2003), backfat EBV (Li et al., 2004),
follicle stimulating hormone (Casas et al., 2004). The
shortest region was detected on BTA11 (23,966,836~
24,379,262 bp). Table 1 summarizes the subset of
biologically and economically most important QTLs
located within affected genomic regions. Besides them,
some of the genes involved in a wide variety of biological
processes, including milk production (casein family,
HAL, IGF1, ABCG2, SPP1), muscle formation and body
composition (MYBPC1, MYH9, PACRGL), reproduction
(AMDHD1), temperament (SNRPF), and coat colour (KIT,
KDR) were identified in target regions.

24 26 28

1 12 13 14 15 16 18 20 22

Physical position (Mb)
Figure 2. Differences in genome-wide LD patterns between populations (upper abline is showing the genome-wide significance

threshold)

Conclusions

This study confirmed that the regions displaying
selection signatures in Slovak Spotted and Slovak
Pinzgau cattle are linked mostly to milk production and
muscle development, thus selection for dual-purpose
performance. Both of applied approaches represented
efficient tools to identify the genomic regions as well as
genes related to traits with biological and economical

importance.
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