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Abstract

The objective of the study was to determine the membership probability and level of admixture 
among Slovak Spotted cattle and historically related breeds (Ayshire, Holstein, Swiss Simmental and 
Slovak Pinzgau). The analysis was based on the panel of 35 934 SNPs that were used for genotyping 
of  423 individuals. The optimal number of clusters was estimated in two ways; by analysis 
of Bayesian information criterion and Bayesian clustering algorithm. The optimal number of clusters 
ranged from 3 to 5, depending on the applied approach. Subsequently, the population structure was 
tested by discriminant analysis of principal components (DAPC) and unsupervised Bayesian analysis 
based on the correlated allele frequencies model. The first discriminant function revealed three 
genetic clusters in population resulting from the production type and origin of analysed breeds. 
The unsupervised Bayesian analysis showed similar results, where the highest level of admixture 
was found between Slovak Pinzgau and Slovak Spotted cattle (0.6%). Despite that, the results of this 
study clearly showed that the Slovak Spotted cattle is genetically separated from other breeds that 
were involved in its grading-up process.
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INTRODUCTION
The detection and evaluation of population 

structure are one of the basic methods of modern 
population genetics. The populations’ genetic 
structure can be estimated by different methods 
which use pedigree data or molecular markers 
information. The principal component analysis 
(PCA) belongs to the oldest and most widely 
technique of multivariate data analysis (Deperi 
et  al., 2018). According to Price et  al. (2006) the 
PCA is frequently used tool in statistical genetics 
to derive the population structure from genomic 
data mostly based on genotyping of SNP (single 
nucleotide polymorphism) markers. Kadlečík 
et  al. (2017) and Jombart et  al. (2010) reported 

a  summary of the overall variability among 
individuals as one of the objectives of PCA analysis. 
This summary includes divergence between groups 
and genetic variations occurring randomly in 
groups. Therefore, a  different method is needed 
to evaluate the relationships between populations 
(clusters) focusing on the variability between 
clusters, which is the aim of discriminant analysis 
(DA) (Fisher, 1936; Jombart et al., 2010). 

The discriminant analysis is the multivariate 
method which serves to summarize the genetic 
differentiation and variation among groups. DA 
works on a similar principle as Bayesian clustering 
methods, permits for a  probabilistic allotment of 
individuals to each group (Jombart et  al., 2010). 
However, the application of discrimination 
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analysis on the genetic dataset is partially limited 
(Reyment, 2005). The new methodological approach 
that respects all limitations of DA without being 
hampered by its constraints is discriminant analysis 
of principal components (DAPC). The DAPC analysis 
allows to identify regions of the genome driving 
genetic divergence among clusters even if analysed 
groups are genetically related. The DAPC analysis 
implemented in R package Adegenet provides 
information about the visual evaluation of genetic 
structures among population (Jombart et al., 2010). 
DAPC analysis similarly as Bayesian algorithm 
adopted in software STRUCTURE (Pritchard et  al., 
2000) offers information about membership 
probabilities for each individual to each identified 
group. The Bayesian clustering algorithm is a  tool 
for inferring population structure in population 
genetics which exploit genetic information to 
determine the membership of individuals in 
a population without predefined populations (Chen 
et al., 2007).

Aim of this study was to determine the genetic 
structure of the Slovak Spotted cattle in comparison 
to the historically relates breeds based on the 
medium-density SNP panel.

MATERIALS AND METHODS
SNP dataset was created by joining new and 

previously published data. In this study, we used 
genotypes of 35 934 autosomal SNP markers to 
characterize population structure. The dataset 
consisted of 423 animals representing Slovak Spotted 
cattle (N = 85) and historically related breeds; Holstein 
(N  =  99), Swiss Simmental (N  =  78), Slovak Pinzgau 
(N = 151) and Ayrshire (N = 10). The Slovak Spotted 
and Slovak Pinzgau cattle were genotyped by two 

platforms: Illumina BovineSNP50v2 BeadChip and 
ICBF International Dairy and Beef v3. The genotyping 
data of Holstein, Swiss Simmental and Ayrshire were 
obtained from web-based data repository (McTavish 
et  al., 2013). The quality control of SNP data was 
performed by program PLINK v1.9 (Chang et al., 2015). 
According to the latest bovine genome assembly 
(Btau 5.0.1), all SNPs with an unknown chromosomal 
position and or located on sex chromosomes were 
excluded from database (Moravčíková et  al., 2018). 
Subsequently, the animals and SNPs with a call rate 
less than 0.90 and minor allele frequency (MAF) of 
0.05 were excluded from the dataset. The final dataset 
included 34 817 SNP markers.

The genetic structure among the analysed breeds 
was estimated by two approaches, the Bayesian 
clustering method and DAPC analysis. The DAPC 
analysis was used to express relationships and 
genetic structure among populations by using the R 
package Adegenet (Jombart and Collins, 2015). The 
optimal number of genetic clusters was determined 
by running the sequential K-means algorithm that 
uses the Bayesian Information Criterion (BIC). The 
model was used to search the likelihood associated 
with each value of the K-means clustering 
algorithm from K  =  1  to K  =  40. We used DAPC 
analysis to assign individuals and determine the 
membership probability that represents the total 
genetic background of an individual. The 100  PC 
and 10 discriminant functions were run used in the 
DAPC analysis.

The Bayesian statistics adopted in program 
Structure 2.3.4 (Pritchard et  al., 2000) was then 
used for the estimation of population structure. 
The analysis was performed using the correlated 
allele frequencies model across all individuals 
using the burn-in period of 1 000 permutations 
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  2 1: The BIC statistic referred to the differentiation between inferred (inf) 
and original clusters among evaluated breeds (SIM – Swiss Simmental, 
HOL – Holstein, AYR – Ayrshire, PIN – Slovak Pinzgau, SS – Slovak 
Spotted.) 
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followed by 10 000 MCMC replications. The runs 
were performed from K = 1 to K = 10. According to 
Evanno et  al. (2005) the optimal value of clusters 
were analysed based on the logarithmic delta K (ΔK) 
probability assessment by program STRUCTURE 
HARVESTER v0.3 (Earl and von Holdt, 2012).

RESULT AND DISCUSSION
The optimal number of clusters was estimated by 

two approaches; analysis of Bayesian information 
criterion (BIC) and Bayesian clustering algorithm. 
The BIC analysis showed that the division of 
individuals inferred clusters corresponded to 
the initial groups and the optimal value was 
K  =  5  (Fig.  1). The method according to Evanno 
et al. (2005) that analyse the differences of change 
of the likelihood with respect to ΔK showed as the 
optimal number of clusters K = 3 (Fig. 2A). However, 
the likelihood of the observed database considering 
the number of the expected population of origin 
[Ln Pr(X|K)] revealed as optimal K = 5 (Fig. 2B). 

The DAPC analysis showed certain level of genetic 
differentiation among historically related breeds. 
The results indicated that some of the analysed 
breeds were clustered together probably due to 
common historical origin. The first discrimination 
function revealed formation of three clusters; first 
formed from Ayrshire, second from Holstein and 
Swiss Simmental, and third composed from Slovak 
Spotted and Slovak Pinzgau cattle (Fig.  3). Based 
on the first and second discriminant function we 
were able to describe 62% of variability in dataset. 
As shown in Fig.  4, the origin of analysed breeds 
resulted in formation of three clusters, but each 
breeds can be regarded as genetically separated. 
The close genetic affinity between Slovak Spotted 
and Slovak Pinzgau cattle was previously reported 
by Židek et al. (2008).

To confirm the results from DAPC analysis, 
the proportion of admixture among breeds was 
tested by the Bayesian clustering algorithm. 
Tab.  І summarizes the membership probability 
resulted from STRUCTURE analysis. The first 
cluster corresponded to the Holstein cattle with 
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2: Delta K calculated by method proposed by Evanno et al. (2005) (A) and mean of estimated likelihood L(K) and variance 
per K values (B)
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 5 
  6 3: The first discriminant function determined the genetic clusters
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membership probability higher than 91%. The 
second cluster is composed from Slovak Pinzgau 
cattle (55%), but the membership probability showed 
that this population is affected by admixture. The 
third cluster corresponded to Slovak Spotted cattle 
(94%), with only negligible proportion of admixture. 
The fourth cluster included Ayrshire breed with 
membership probability at level 68%. The Swiss 
Simmental breed was assigned in the fifth cluster 
with membership probability up to 84%.

With respect to the genome of Slovak Spotted cattle 
the highest proportion of admixture was found 

for Slovak Pinzgau (0.6%) and Swiss Simmental 
cattle (1%). The obtained results reflected the 
grading-up process of Slovak Spotted cattle. From 
a  historical point of view, the Slovak Spotted and 
the Slovak Pinzgau cattle have consisted of extinct 
autochthonous Carpathian Red and Carpathian 
Grey breeds. In the 18th and 19th centuries, Swiss 
Simmental and Austrian Pinzgau were involved 
in breeding on the Slovak dual-purpose breeds 
(Kasarda et al., 2015). After 1972, the Ayrshire and 
Holstein bulls were used in the selection process to 
increase production.
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 7 
 8 4: The first two discriminant functions determined the genetic clusters

I: The proportion of the membership probability based on the Bayesian clustering approach

Predefined populations Inferred clusters Number of individual

1 2 3 4 5

SIM 0.067 0.043 0.049 0.176 0.84 78

HOL 0.914 0.019 0.004 0.055 0.01 99

AYR 0.133 0.162 0.002 0.687 0.02 10

PIN 0.014 0.551 0.042 0.004 0.002 151

SS 0.0093 0.034 0.944 0.006 0.01 85

CONCLUSION
In conclusion, this study provides insight into the genetic structure of Slovak Spotted cattle, which 
belongs to one of two autochthonous breeds kept in Slovakia. Slovak Spotted cattle based on our 
results can be referred to as a relative genetic distinct breed. The results clearly showed a high level 
of admixture among Slovak Spotted and among evaluated breeds. The highest values of admixture 
were achieved in Slovak Pinzgau and Swiss Simmental breeds due to the grading-up process in 
history. The results will provide important information that can be used for the conservation of 
genetic diversity as well as in the development of sustainable breeding strategies.
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