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ABSTRACT

Moravcikova N., Simci¢ M., Mészaros G., Solkner J., Kukuckovd V., Vi¢ek M., Trakovickd A., Kadleé¢ik O.,
Kasarda R.(2018): Genomic response to natural selection within alpine cattle breeds. Czech J. Anim. Sci.,
63, 136-143.

The aim of this study was to analyse the genomic regions that have been target of natural selection with respect
to identifying the loci responsible mainly for fitness traits across six alpine cattle breeds. The genome-wide
scan for selection signatures was performed using genotyping data from totally 465 animals. After applying
data quality control, overall 35 873 single nucleotide polymorphisms were useable for the subsequent analysis.
The detection of genomic regions affected by natural selection was carried out using the approach of principal
component analysis. The analysis was based on the assumption that markers extremely related to the popula-
tion structure are also candidates for local adaptation potential of the population. Based on the expected false
discovery rate equal to 10% up to 1138 loci were identified as outliers. The strongest signals of selection were
found in genomic regions on BTA 1, 2, 3, 6, 9, 11, 13, and 22. Most genes located in the identified regions have
been previously associated with immunity system as well as body growth and muscle formation that mainly
reflect the pressure of both natural and artificial selection in respect to adaptation of analysed breeds to the
local environmental conditions. The results also signalized that those regions represent a correlated selection
response in way to maintain the fitness of analysed breeds.

Keywords: cattle; fitness; footprints of selection; genomics; local adaptation; PCAdapt

Modern cattle breeds are a result of selective provides remarkable resources to study the effects
breeding for many traits of economic and adaptive  of domestication and selection on the architecture
importance. Access to bovine genome sequence of the bovine genome. Organized breeding systems
assemblies and high-density genotyping panels with large well characterized cattle populations
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also provide essential resources for the discovery
of genes contributing to complex traits (Taberlet
etal. 2011). Approaches that integrate quantitative
trait loci (QTLs) mapping studies, genome-wide
association studies (GWAS), and selection signa-
tures have led the way to fine-map and localize
functional mutations of many genes contributing
to phenotypic diversity (Randhawa et al. 2016).
In cattle, various GWAS have been carried out to
analyse genetic differences for a variety of traits like
production and reproduction and for susceptibility
or resistance to certain diseases such as Johne’s
disease, bovine tuberculosis, mastitis or somatic
cell score (Meredith et al. 2013).

Although the contribution of natural (adapta-
tion) and artificial (domestication and subsequent
directional selection) selection remains challenging
to differentiate, the rapid expansion of genomic
data generated from global sequencing and geno-
typing projects is providing greater insights into
the impact of selection on genomes (Randhawa et
al. 2016). It is known that the aspects of selection
signatures depend on three main factors: time, age,
and strength of selection events. Natural selection,
as the process where organisms best adapted to the
environment have higher genetic contribution to
the future generations, acts in at least three ways,
which are balancing, purifying, and positive se-
lection (Martins et al. 2016). Local adaptation or
positive natural selection is the driving force behind
the adaptation of individuals to their environment
(Fischer et al. 2014). On the other hand, artificial
selection in cattle has resulted in divided breeds that
are specialized for either dairy or beef production
or raised as dual-purpose breeds. Such selection
strategies are likely to have imposed selection pres-
sures on the particular regions in the genome that
controlled economically important traits as well
as other important animal characteristics such as
disease resistance or general immune competence
(Zhao et al. 2015). In order to provide a list of vari-
ants that are potentially involved in the natural or
artificial selection, genome scans measure the ge-
netic differentiation between populations consid-
ering that extreme values correspond to candidate
regions. Although high levels of differentiation could
have various causes, the adaptation of individuals to
their local environment is a prominent explanation
to such patterns of differentiation for adaptive loci
exceeding neutral expectations (Duforet-Frebourg
et al. 2016).

Various statistical approaches have been de-
veloped to detect regions, targets of natural and
artificial selection. One of the most frequently
applied approach is based on the extreme values
of the Wright’s F . index that provides an esti-
mate of genetic variability among populations
(Weir et al. 2005). For selectively neutral loci the
F; is determined by genetic drift that affects all
single nucleotide polymorphisms (SNPs) across
the genome in a similar way. In contrast, natural
selection has locus-specific effects that can cause
deviations in F. values at selected and linked loci
(Akey et al. 2002). The genome scan based on
F; can produce many false positives of selection
signature signals due to the various biological
and statistical reasons. There are important ca-
veats with approaches related to Fy.because they
require grouping individuals into populations,
sometimes subjectively, resulting in the loss of
important selection signals (Duforet-Frebourg
et al. 2016). Consequently, Duforet-Frebourg et
al. (2014) proposed an alternative approach to
perform genome-wide scans of natural selection
using principal component analysis (PCA) that
uses multivariate evaluation for the population
structure identification. The obtained correla-
tions among genetic variants and each principal
component provide a conceptual framework to
identify the variants involved in local adaptation
without a priori information on the population
structure. The PCA based statistic implemented
in PCAdapt R package provides three main ad-
vantages compared to the classic Fq; approach.
It works on individual basis, the computation
time is reduced in comparison to methods using
the MCMC algorithms and candidate loci can be
related to the different evolutionary events, which
correspond to different principal components (PCs)
(Duforet-Frebourg et al. 2016; Luu et al. 2016).

The aim of this study was to detect the genomic
regions that have been target of natural selection in
the respect to the identification of loci responsible
for fitness traits across six alpine cattle breeds
with a common historical origin.

MATERIAL AND METHODS

Genotyping data and quality control. The
genome-wide scan of selection signatures was
performed using genotyping data from 465 animals
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of six cattle breeds with a common alpine origin
(Brown Swiss — BS, Tyrol Grey — TG, Pinzgau — P,
Cika — CK, Simmental — SM, and Piedmontese — PI).
The final dataset was created by merging of new
and previously published genotypes. The genotypes
of the following cattle breeds were used: Pinzgau
sires (n = 19) with the Slovak origin (Illumina
BovineSNP50 v2 BeadChip; Illumina Inc., USA),
Austrian Pinzgau (n = 105), Brown Swiss (n = 103),
and Tyrol Grey (n = 105) sires described in Fer-
encakovic et al. (2013) (Illumina BovineSNP50 v1
BeadChip), Slovenian Cika sires and dams (n = 26)
and dams (Illumina BovineSNP50 v2 BeadChip)
described in Simcic et al. (2015), as well as Swiss
Simmental (n = 78) and Italian Piedmontese (n =
29) breeds described in McTavish et al. (2013). To
merge datasets consistently the consensus map with
common SNPs across all breeds was created and
overall 42 262 SNPs were retained in a reduced
panel of loci. From these, all markers assigned to
unmapped regions or with unknown chromosomal
position according to the latest bovine genome
assembly (Btau 4.6) and SNPs positioned to sex
chromosomes were removed. The subsequent
quality control of genotyping data was performed
to exclude samples with more than 10% missing
genotypes, autosomal loci with call rate lower than
90%, and minor allele frequency lower than 0.01.
After applying quality control, the final dataset
included 35 873 autosomal loci in total.

Identification of selection signatures. The detec-
tion of genomic regions affected by natural selection
was carried out based on the approach adopted in
R package PCAdapt (Duforet-Frebourg et al. 2016)
according to Luu et al. (2016). To identify the signals
of selection, the Mahalanobis distance test statistic
as a multivariate method measuring the distance of
the point from the mean, was used. The identification
of outlier loci, the single nucleotide polymorphisms
(SNPs) that are associated with positive selection,
was based on the vector of z-scores obtained when
regressing SNPs with the K principal components.
Denoting by 2/ = (2}, ..., z)) the vector of K z-scores
between the j " SNP and the first K PCs, the squared
Mahalanobis distance is defined according to the
Luu et al. (2016) as:

D} = (2 -2)27 (/- 2)
where:

7z = estimates of the z-score mean
Y. = covariance matrix of z-scores
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Subsequently, the Mahalanobis distance was
transformed into the P-values to perform the
multiple hypothesis testing. To show a significant
deviation from the null hypothesis, the quantile—
quantile (Q-Q) plot was constructed. The false
discovery rate approach (FDR) that provides a list
of candidate markers with an expected proportion
of false discoveries lower than specified value
was applied to the data to determine the thresh-
old of P-values. FDR checking was based on the
q-value procedure that is adopted in the R pack-
age gvalue (Storey 2002) which transforms the
P-values into the q-values and allows checking a
specified value a of FDR and detection of candi-
date SNPs with q-values lower than specified «
(Duforet-Frebourg et al. 2016; Luu et al. 2016).
A SNP with an appropriate level of genome-wide
significance was assigned to the genomic QTL lo-
cation according to the Bovine Genome Database
(http://bovinegenome.org).

RESULTS AND DISCUSSION

The PCA as an alternative method to identify
the signal of selection adopted in the R package
PCAdapt (Duforet-Frebourg et al. 2016) was ap-
plied to genotyping data firstly to analyse the
population structure without a priori information
of population subdivision and secondly to detect
the loci associated with the local cattle adapta-
tion potential. As expected, based on the origin of
analysed cattle breeds, the first and the second PCs
clearly divided the individuals into the six separate
genetic clusters (Figure 1A). K = 6 as the optimal
number of clusters confirmed also the decay of
eigenvalues which decreased between K = 5 and
K = 7. Figure 1B shows the proportion of variance
explained by 10 PCs in decreasing order. Most of
the variance was explained by the first five PCs.

A histogram of P-values (Figure 2A) confirmed
that most of them followed the uniform distribu-
tion, and that the excess of small P-values indicated
the presence of outliers. Figure 2A displays that
the P-values were well calibrated since there was
a mixture of uniform distribution and of a peaky
distribution around 0, which corresponded to
outlier loci. The distribution of the P-values was
checked also by using the Q—Q plot (Figure 2B)
that showed the expected uniform distribution of
most of the P-values. The presence of outlier loci
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Figure 1. Scatter-plot representing the population structure across analysed breeds based on the first two principal
components (PCs) (A) and the percentage of variance explained by 10 PCs (B)
PI = Piedmontese, SM = Simmental, CK = Cika, P = Pinzgau, TG = Tyrol Grey, BS = Brown Swiss

indicated the lowest P-values that were smaller be regarded as the strongest signal of selection
than expectations. within the six analysed cattle breeds. Based on

The Manhattan plot (Figure 3) showed the the expected false discovery rate equal to 10%
main outlier loci (coloured in green) that could (P = 0.01) we were able to detect 1138 outlier
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Figure 2. Distribution of P-values based on histogram (A) and the Q-Q plot (B)
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Figure 3. The Manhattan plot of —log,, (P-values). The outlier loci characterizing the strongest signals of selection

are coloured in green

SNPs distributed across all autosomes in totally
322 genomic regions. The strongest signals of
selection (P < 0.0005) were found within eight
genomic regions located on BTA 1, 2, 3, 6, 9, 11,
13, and 22 (Table 1). Most of the genes identified
within these regions were previously associated
mainly with immunity system (IL12A, IL5RA,
SERPI), body growth (GHSR, GFI1), and muscle
formation (MSTN, MYO7B, CAPN13). Even if all
the studied SNPs within a particular region did
not reach cut-off value, the multiple signal of se-
lection can be expected in such a region mainly
due to the impact of artificial selection.

The presence of strong selective footprints across
the bovine genome was tested in multiple cattle
populations using various approaches mainly based
on site frequency spectrum, population differen-
tiation represented by F statistic and haplotype
length (extend of linkage disequilibrium) (Druet
et al. 2013; Mancini et al. 2014; Zhao et al. 2015).
The number of identified selective sweeps varied
across different studies, depending on method-
ological approach and analysed populations. A
large number of selective sweeps was presented
by Stella et al. (2010) for five specialized dairy
cattle breeds (215 regions), and also by Druet et

Table 1. Summary of genomic regions that showed the strongest signal of selection

Region BTA Start pomtl(:an]jnd position I;];P(;f QTL traits I;;'l;sf
1 1 94.59 133.94 1 i{s(siiiteaalli:;tgo“]?:i};firth weight; Adjusted weaning 944
2 2 4.06 7.49 15 Yearling weight; Kidney, pelvic and heart fat 41
3 3 43.69 64.87 13 Marbling score; Estimated kidney, pelvic and heart fat 159
Longissimus muscle area; H I ight;
dooeIs e o e Yearling weight; Marbling score o5
5 9 40.12 56.41 10 Marbling score; Canonical conformation trait 2 110
6 11 57.13 72.84 14 Yield grade 92
7 13 41.95 56.69 Canonical conformation trait 9 226
8 22 20.18 28.71 23
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al. (2013) for 12 breeds of different production
types (147 regions). A much lower proportion
of selective footprints (16 regions) was found by
Flori et al. (2009) for French dairy cattle breeds
and Mancini et al. (2014) for Italian breeds. De-
spite the relatively lower proportion of selective
sweeps identified for the breeds analysed in our
study compared to others, the results indicated
that the approach proposed by Duforet-Frebourg
et al. (2016) could be a perspective alternative for
the identification of selection signatures not only
in human but also in cattle.

Each of the breeds analysed in our study is valu-
able for farmers due to the resistance to harsh
conditions, durability, and longevity (Strapak et al.
2010; Meszaros et al. 2013). The results indicated
that identified genomic regions showing selection
signatures are important not only artificially but
naturally to survive local (mountain) conditions.
Two genes, GHSR and SERP1, responsible mainly
for body growth, were found according to the
NCBI database (https://www.ncbi.nlm.nih.gov)
within the genomic region identified on BTA1. The
growth hormone secretagogue receptor (ghrelin
receptor, GHSR) is known to be involved in the
control of growth hormone release by mediating
the strong stimulatory effect of the endogenous
ligand, ghrelin, on growth hormone secretion
(Zhang et al. 2009) and the SERPI gene encodes the
stress-associated endoplasmic reticulum protein 1
(Suarez-Vega et al. 2015). In the genomic region
on BTA2, the myostatin (MSTN) gene necessary
for the muscle formation in cattle was detected.
The mutation in the MSTN gene was previously
associated with the development of double mus-
cling in several cattle breeds including Piedmontese
(Luo et al. 2014). On the BTA11, a gene encoding
calpain (CAPN) was found, that is highly associ-
ated with meat shear force and genetic variation
of meat tenderness (Parra-Bracamonte et al. 2015).

In regards to the immunity response, two genes
(IL12A and ILSRA) were identified in the specific
regions on BTA1 and BTA22, respectively. It is gen-
erally accepted that genes of the immune system
are often related to positive selection due to the
continued resistance to pathogens. The crossbred
animals and composite breeds are characterized by
resistance to endo- and ectoparasites and, therefore,
it is speculated that the identified selection signa-
tures associated with the immune system genes
reflect these selected traits (Urbinati et al. 2016).

The selection for disease resistance is much more
complicated compared to the selection for production
traits which can be measured directly or indirectly
in every animal. Regarding the selection for disease
resistance in livestock, it may not be ethical or cost
efficient to challenge every animal with a pathogen
to determine its level of disease resistance. From
a genetic perspective, understanding the natural,
innate, and acquired immune systems is crucial in
developing selection programs for disease resistance.
One of the tools suggested to improve inherited
animal health is breeding for enhanced immune
response. The mammalian innate immune system
provides host defence against a variety of pathogens
without requiring prior exposure, and genes modu-
lating innate immunity have often been considered
candidate loci for improving the host resistance to
disease (Seabury et al. 2009). The immune system
is regulated by several thousand genes (8—9% of the
genome) that indicate its high genetic priority as a
critical fitness trait providing survival of the species
(Mallard et al. 2015). Moreover, adaptive immune
response traits are heritable, and therefore it is pos-
sible to breed for improved immunity response and
decreasing the occurrence of disease. In dairy cows
with superior antibody-mediated (AMIR) and cell-
mediated immune responses (CMIR) a lower oc-
currence of many diseases including mastitis has
been demonstrated (Thompson-Crispi et al. 2014).

CONCLUSION

Despite the relatively small number of identi-
fied regions in respect to the fitness traits (to-
tally 1138 outlier SNPs) in our study, the results
provided encouraging evidence in support of a
future genome-wide association study based on
the involvement of phenotypic data that could lead
to the estimation of genomic breeding values also
for the immune response. Within the six alpine
cattle breeds analysed, the strongest signals of
selection were found in genomic regions control-
ling immunity system as well as body growth and
muscle formation. Thus, the identified selection
signatures reflected both natural and artificial
selection pressure mainly in respect to adaptation
of the analysed breeds to the local environmental
conditions. The results also signalized that those
regions represent a correlated selection response
in way to maintain fitness of the analysed breeds.
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