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ABSTRACT 
The presented study provides a genome-wide scan of selection signals in cattle by 
principal component analysis (PCA). The aim was to identify SNP affected by 
intensive selection based on package PCAdapt implemented under software R. This 
analysis provided insight into the association between the SNP frequencies related 
to population differentiation. The four cattle populations were involved in the 
analysis (Slovak Spotted cattle, Ayrshire, Swiss Simmental and Holstein) with 
overall 272 of genotyped individuals. After applying quality control, the final 
dataset consisted of 35 675 SNPs, with an overall length of 2496.14 Mb and 
average space between adjacent SNP 70.03 ± 76.1 kb. After performing PCA 
analysis, the uniqueness of the breeds was revealed. On the other hand, a close 
genetic relationship and eleven SNPs affected by selection were found, with a 
position close to 162 genes involved in the various biological processes. The 
majority of genes were involved in the positive regulation of adenylate cyclase 
activity, embryo development and somatic diversification of immune receptors via 
somatic mutation. Several candidate genes for genetic control of the immune 
system (DNAJB9), muscle development (SEPT7, TRIM32, ROCK1, NRAP, 
PZDZ8, HSPA12A and FGFR2), milk production (SOCS5, CD46), reproduction 
(LHCGR, EEPD1, FSHR) and coat colour (KIT) were identified. Our results 
provide insights into the regions of the genome affected by the intensive selection 
of analysed cattle populations.  
 
Keywords: biological process, Bos Taurus, footprints of selection, PCAdapt, 
production traits.  
 

INTRODUCTION 
Nowadays, cattle are one of the most important livestock species in the world. 
Cattle is significant because humanity benefits through their production of milk, 
meat, leather, and traction force. Since the domestication process, directional 
selection has caused different phenotypic and biological characteristics of different 
cattle breeds (Randhawa et al., 2016). In Slovakia, cattle breeding is part of a 
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closed agricultural system and a vital co-creator of the environment. Non-
productive functions of cattle breeding significantly contribute to maintaining the 
cultural character of the country and its social function (Brestenský et al., 2015). 
Bovine breeds that are considered local are a source of significant genetic variation 
because they may have alleles that allow them to adapt to the local environment 
and feed (Bahati et al., 2020). Directional selection has been focused on achieving 
the breeding objectives provided the individual's adaptation to the specific 
production environment (Duforet-Frebourg et al., 2015). Such an impact of 
selection has left distinct genomic signatures that can be used to retrospectively 
understand breeding objectives, detect economically important alleles, and 
potentially allow for a better understanding of biologically specific phenotypes 
(Joukharad et al., 2019; Moradian et al., 2020).  
For identification of the selection impact on genome architecture and detection of 
particular candidate genomic regions affected by intense selection, various 
analytical methods have been developed. Previous studies in cattle provide 
information about selection which affected genome variation and architecture. 
Selection for individual breeds led to the fixation of specific variants, which in 
comparison with others became specific signatures for each breed. Such selection 
signals were observed in different populations using several methods, e.g. based on 
the allelic frequency spectrum, differentiation of populations (FST) an extent of 
linkage disequilibrium (Mustafa et al., 2018; Cheruiyot et al., 2018; Moravčíková 
et al., 2017). Using principal component analysis (PCA), whole-genome selection 
scans can be performed. The standard FST index of genetic differentiation between 
populations can be considered as the variance ratio explained by the major 
principal components (Duforet-Frebourg et al., 2015).  
The objectives of this study were to describe population structure, identify 
footprints of selection based on PCA analysis as well as genes in particular 
genomic regions and their function in the biological processes in cattle with a focus 
on the genome of Slovak Spotted, Swiss Simmental, Holstein and Ayrshire breeds. 
 

MATERIAL AND METHODS  
For this analysis, 272 genotyped animals belonging to four cattle breeds (Slovak 
Spotted - SS, Swiss Simmental - SIM, Holstein – HOL, Ayrshire – AYR) were 
used. The final dataset included data for 85 SS animals genotyped by the Illumina 
BovineSNP50v2 BeadChip (bulls) and ICBF International Dairy and Beef v3 
(dams). The genotypes of other breeds: 78 SIM, 99 HOL and 10 AYR described in 
McTavish et al. (2013) were used. After data merging, quality control was done 
according to Moravčíková et al. (2017).  
Outlier loci signalising selection signals in particular genomic regions were 
identified based on the principal component analysis (PCA) by package PCAdapt 
(Luu et al., 2020). Genetic differentiation within and across analysed breeds was 
tested based on the Mahalanobis distance approach. The Mahalanobis distance is a 
multi-dimensional method to find out the distance of a point from the mean based 
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on the Z-scores gained from the regression of SNPs with K principal components. 
The Mahalanobis distance is defined as:  

��
� = ��� − �̅�

�
Σ��(�� − �)�  

where Σ is the (K × K) covariance matrix of the z-scores and �̅ is the vector of the 
K z-score means. The Mahalanobis distance had to be transformed to P-values to 
achieve a real value of number between 0 and 1. The P-values less than 0.05 was 
considered as outliers signalising significant impact of selection on the particular 
region in the autosomal genome (Luu et al., 2020). For visualisation of p-values 
was used package qqman under R software environment (Turner 2017). After 
targeted the outlier loci, genes involved in various biological processes (Genome 
data viewer, WebGestalt) and QTLs (CattleQTLdb) were identified.  
 

RESULTS AND DISCUSSION 
The final dataset consisted of 35 675 SNP with average space between 
adjacent SNP 70.03 ± 76.01 kb and the overall length of the genome was 
2496.14 Mb. Using PCA method, the genetic structure of the analysed 
populations was defined and a whole-genome scan of SNPs associated with 
selection was performed. Obtained individual membership probabilities 
indicated grouping of animals into the genetic clusters concerning specific 
breeding objectives of each breed (Figure 1). The Holstein and Swiss 
Simmental populations created separate genetic clusters. Figure 1 indicated 
that Slovak Spotted and Ayrshire populations were partially linked together 
probably due to use of Ayrshire in the grading-up of Slovak Spotted.  
Huson et al. (2020) reported for Jersey cattle bred in different areas 
homogeneity despite a various geographic origin, compared with Holstein 
and Guernsey. In contrary, Ahmad et al. (2020) found among breeds 
Holstein, Jersey and Brown Swiss high degree of differentiation depending 
on the geographical origin. Cheruiyot et al. (2018) observed dispersion of 
Tanzanian crossbred cattle toward Northern European taurine breeds like 
Holstein, Norwegian Red and Friesian. These results confirm our 
suggestions that close genetic relationships among analysed breeds arise 
most likely due to cross-breeding for improvement of Slovak Spotted 
performance traits. The subsequent analyses of selection signatures showed 
that the artificial selection acted mainly in the genomic regions associated 
with milk and meat production, reproduction and exterior characteristics. 
Signatures of intensive selection in the genome are highlight in Table 1.  
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Figure 1. Structure of analysed populations used to determine SNPs associated with 
selection (Slovak Spotted - SS, Swiss Simmental - SIM, Holstein – HOL, Ayrshire 
– AYR), 
 

Table 1. Description of 10 regions affected by intense selection 

CHR Position (Mb) QTL 

4 56.48 - 63.12 
height (yearling), carpic acid content, clinical mastitis, milk 
palmitoleic content, parasites mean of natural logarithm, milk 
protein percentage, muscle carnosine content, intramuscular fat 

6 69.88 - 80.89 milk yield, milk protein yield, conception rate, milk fat yield 

8 101.50 - 110.65 

milk fat percentage, milk protein percentage, milk butyric acid 
content, milk caproic acid content, milk caprylic acid content, milk 
capric acid content, milk lauric acid content, milk myristic acid 
content, milk palmitic acid content, milk margaric acid content 

11 23.72 - 32.90 shear force, marbling score, milk palmitic, lean meat yield 

13 68.63 -71.01 
teat length, first service conception, conception rate, milk caproic 
acid content, milk caprylic acid content, milk capric acid content, 
milk myristoleic acid content, milk palmitoleic acid content 

16 70.99 - 79.58 

milk kappa-casein percentage, first service conception, conception 
rate, conformation score, social separation - standing alert, milk 
protein percentage, muscle phosphorus content, interval to first 
estrus after calving 

22 43.77 - 45.49 
milk yield, conception rate, dairy form, PTA type, teat placement - 
front, udder attachment, udder height, rump width, udder cleft 
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23 30.16 - 30.71 
milk protein yield, milk conjugated linoleic acid content, milk 
protein percentage, milk yield, milk mid-infrared spectra, 
immunoglobulin G level 

24 29.41 - 37.19 

cooking loss, oleic acid content, stillbirth, body weight (yearling), 
fat thickness at the 12th rib, body temperature, respiratory rate, 
milk tridecylic acid content, bovine respiratory disease 
susceptibility, udder depth 

26 35.59 - 49.14 
milk protein yield, milk fat yield, udder width, milk kappa-casein 
percentage, milk glycosylated kappa-casein percentage, 
conformation score 

 
Manhattan plot (Figure 2) showed the SNP outliers identified using a whole-
genome scan for selection signatures by principal component analysis. In the 
affected regions, 162 genes affected immune system, muscle development, milk 
production, reproduction and coat colour were identified. Fontanesi et al. (2010) 
reported that gene KIT might affect the coat colour. Gene DNAJB9 was associated 
with inflammatory, immune and stress response in lambs (Sabino et al., 2018). Li 
et al. (2020) observed that gene EEPD1 was associated with meat quality and 
reproduction traits in Holstein bulls. Saatchi et al. (2014) find out that gene SEPT7 
was a candidate gene for QTL affected body weights in Maine-Anjou cattle. 
Bongiorni et al. (2016) observed that gene TRIM32 play a role in regulating 
skeletal muscle differentiation and regeneration of adult skeletal muscle in 
Maremmana and Chianina cattle. Gene SOCS5 was distinctly expressed during the 
lactation in Australian dairy breed (Arun et al., 2015). Wohlres-Viana et al. (2017) 
reported that gene LHCGR control LH effect during follicle growth and ovulation. 
Gene FSHR was associated with promoting follicle of Yaks (Xia et al., 2020). 
Wang et al. (2014) suggested that polymorphism of gene CD46 is associated with 
the occurrence of mastitis in dairy cow. Gene NR5A2 is included in the processes 
of spermatogenesis in mice (Liu et al., 2016). Taye et al. (2017) reported 
relatedness of gene ROCK1 with intramuscular fat. Genes NRAP, PZDZ8 and 
HSPA12A were associated with a muscular function (Masoudi et al., 2008). 
Akizawa et al. (2016) reported that gene FGFR2 was involved in the regulation of 
inner cell mass development and blastocyst formation in cattle. 
Compared to our results, Mustafa et al. (2018) reported for Bos Indicus 11 outlier 
loci with candidate genes associated with the immune system, muscle growth and 
some economically important traits like body growth and longevity. Cheruiyot et 
al. (2018) observed for dairy cattle in Tanzania candidate regions on chromosomes 
6, 7, 14, 18 and 20. Flori et al. (2009) find selection signatures in 16 genomic 
regions for French dairy cattle. These findings indicated that the occurrence of 
selection signatures in genomic regions was caused by improve production 
characteristics or adapt to the environment. Genes involved in various biological 
processes (Table 2) have been identified in genomic regions under selection 
pressure. Observed biological processes suggested that the genome was affected by 
the artificial as well as natural selection to adapt specific production environment. 
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Figure 2. Manhattan plot of genomic regions indicating the SNPs associated with 

selection 
 
Table 2. Biological processes of genes identified in genomic regions of outlier’s 
loci in analysed populations  
 

Gene Set Description p-value Gene Code 

GO:0051096 
positive regulation of 

helicase activity 
0.0005 MSH2, MSH6 

GO:0051095 
regulation of helicase 

activity 
0.0007 MSH2, MSH6 

GO:0045762 
positive regulation of 

adenylate cyclase activity 
0.0010 FSHR, LHCGR 

GO:0009790 embryo development 0.0011 
HOPX, LAMB3, MIN1, MSH2, 
PLCG1, RBBP8, SEPT7, SIX3, 

TBX20, TOP1, WHRN 

GO:0051239 
regulation of multicellular 

organismal process 
0.0013 

AFAP1L2, BMPER, BRINP1, 
HOPX, KDR, LRRN3, MIB1, MSH2, 

MSH6, NMU, PLCG1, PPM1B, 
PRKCE, REST, SEPT7, SIX3, 

SOCS5, TBX20, TLR4, TRIM32 

GO:0007190 
activation of adenylate 

cyclase activity 
0.0013 FSHR, LHCGR 

GO:0002566 
somatic diversification of 

immune receptors via 
somatic mutation 

0.0013 MSH2, MSH6 

GO:0016446 
somatic hypermutation of 

immunoglobulin genes 
0.0013 MSH2, MSH6 

GO:0071229 cellular response to acid 0.0020 BRINP1, KDR, PRKCE, YES1 
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chemical 

GO:0048015 
phosphatidylinositol-
mediated signalling 

0.0021 EXOC1, FSHR, KCNH1, KDR 

GO:0048017 
inositol lipid-mediated 

signalling 
0.0023 EXOC1, FSHR, KCNH1, KDR 

GO:0008340 
determination of adult 

lifespan 
0.0031 MSH2, MSH6 

GO:0051240 
positive regulation of 

multicellular organismal 
process 

0.0036 

AFAP1L2, BMPER, BRINP1, KDR, 
LRRN3, MSH2, MSH6, NMU, 

PLCG1, PRKCE, SOCS5, TBX20, 
TRIM32 

GO:0045830 
positive regulation of 

isotype switching 
0.0036 MSH2, MSH6 

GO:0045761 
regulation of adenylate 

cyclase activity 
0.0042 FSHR, LHCGR 

 
CONCLUSION 

The presented study confirmed that the genome of Slovak Spotted cattle was 
affected mainly by cross-breeding with Ayrshire cattle in the past to increase milk 
production. The genetic differences among analysed breeds were represented by 
ten genomic regions significantly affected by selection. The results showed that in 
the genome of analysed breeds specific alleles associated with adaptation to the 
production environment, performance traits and reproduction were fixed. The 
genes identified in the affected regions were involved in various processes, 
including regulation of immune system (DNAJB9), muscle development (SEPT7, 
TRIM32, ROCK1, NRAP, PZDZ8, HSPA12A and FGFR2), milk production 
(SOCS5, CD46), reproduction (LHCGR, EEPD1, FSHR) and coat colour (KIT). 
This study provided information about the breeding history of Slovak Spotted 
cattle and offer a basis for further studies to complement the knowledge about the 
associations between the genotype and phenotype of the Slovak Spotted cattle. 
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