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ABSTRACT
The aim of this study was to evaluate the level of SNP polymorphisms and describe the
basic characteristic of the analysed population genotyped using the BovineSNP50
genotyping array, which has lot of applications in cattle such as genome association
studies, genetic prediction of breeding values, estimation of genetic diversity and
population genetic parameters and investigation of genetic relationships among cattle
breeds. In total 19 purebred Pinzgau bulls were successfully genotyped with Illumina
BovineSNP50 BeadChip (98.96% of SNPs) with call rate 0.995. Genotyping results from
54,906 SNPs revealed that 43,120 SNPs (78.96%) were polymorphic with average minor
allele frequency 0.273±0.133. Within 43,120 SNPs genotyped, 98.19% were autosomal,
with 776 polymorphic SNP on chromosome X and only one on chromosome Y. The
average values of observed and expected heterozygosity across polymorphic loci were
0.375±0.157 and 0.362±126, respectively. Sufficient proportion of heterozygotes
indicated the value of FIS (0.037±0.031). Genomic data obtained for purebred Pinzgau
bulls from the BovineSNP50 chip can be in further applied for evaluation of genetic
diversity in Pinzgau breed as endangered population of cattle in Slovak republic.
(Keywords: cattle, MAF, polymorphism, SNP50 chip)
INTRODUCTION
Genomics is currently being utilized for genetic evaluations, parentage verification and
screening for lethal recessives, congenital disorders and other mutations with large
effects on performance in cattle populations (Mullen et al., 2013). In recent years the
SNP array has been developed, based on the discovery of numerous SNPs through
genome sequencing. This technology has been evaluated as a new high-throughput
genotyping technology since it enables simultaneous detection of the loci of a large
number of SNPs (Suekawa et al., 2010). The availability of many thousands of single
nucleotide polymorphism (SNP) markers distributed across the genome has led to a new
approach for genetic studies and applications (Van Tassel et al., 2008). SNPs are
currently used in genome wide-association studies (Bolormaa et al., 2011; Schopen et
al., 2011); in genetic prediction of breeding values (Meuwissen and Goddard, 2010) or
for estimation of genetic diversity and population genetic parameters (Engelsma et al.,
2012). Among livestock species, this technology has been applied most successfully in
cattle, because factors such as evolutionary history, genetic structure, economics, etc.
make cattle particularly suitable for the application of genome assisted selection
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(Nicolazzi et al., 2014). Genotyping of cattle using SNP array has become common
practice in dairy cattle breeding programs applying genomic selection (Mulder et al.,
2012).
A number of SNP chips from Illumina and Affymetrix are available for cattle. These
include 3K, 7K, 15K, 25K, 50K and more recently 800K from Illumina, and 650K and 3
million SNP panels from Affymetrix. In addition next generation sequencing
technologies for low-cost sequencing of whole genomes are now available (Khatkar et
al., 2012). The release of the Illumina BovineSNP50 BeadChip in late 2007 has drawn
attention from cattle breeders around the world to develop breeding programs that
leverage association of these single nucleotide polymorphism (SNP) with economically
important quantitative trait loci (QTL) (Lu, 2012). Moreover the availability of large
numbers of SNP markers has resulted in new opportunities to estimate genetic diversity
in more detail, and to improve prioritization of animals for conservation of genetic
diversity. Conservation of genetic diversity in livestock breeds is important since it is,
both within and between breeds, under threat. Over the last decades, genetic diversity of
livestock populations had been alternatively measured using pedigree information or
microsatellite data when genealogy is not available. Currently, the availability of highdensity SNP chips has opened up new opportunities to evaluate genetic diversity based
on genetic markers. Up to now, conservation decisions for gene banks were often based
on pedigree information, while the use of high-dense markers may give a more detailed
picture of the diversity across the genome (Engelsma et al., 2011).
The objective of this study was to evaluate the level of SNP polymorphisms and
describe the basic characteristic of the population genotyped, using the BovineSNP50
BeadChip.
MATERIAL AND METHODS
Breed description
The Pinzgau cattle is traditional dual purpose type breed of mountainous areas of
Slovakia, introduced in 18th century (Kasarda et al., 2008). It was imported from region
of the Austrian Alps and populations’ breeding in Slovakia is from its constitution over
connected (Pšenica, 1990). The first imports of Pinzgau purebred animals were
organized long time ago before 1894 when system of cattle recording has started on
territory of Slovakia. The size of breed was improving and in 1958 it was officially
accepted as Slovak Pinzgau (P) breed (Kadlečík et al., 2013). In 1970 re-building of
purpose and breed type of cattle started. In this period several breeding bulls were
imported, from which 24% were of Pinzgau origin (Pšenica and Tretinova, 1998).
Highest number of cows bred was 162 127 in 1970 (Pšenica, 1998). From 1970 to 1992
in pedigrees of Pinzgau cattle were introduced seven breeds, almost 50% Pinzgau bulls
imported from Austria and 34% from Slovakia. From 1994 Pinzgau cattle in Slovakia is
registered by FAO as endangered. After 1990 considerable decrease of Pinzgau
population size was observed in Slovakia (Kadlečík et al., 2011).
Sample collection and DNA genotyping
For genomic evaluation 19 AI Pinzgau proven sires were selected. Selection criterions
were as follows: sires present on AI stations with reliability of breeding value over 65%
and born from 1998 to 2006 in Slovakia. Except one, all sires were born in Slovakia,
only Nero from lineage Nusil bought as young sire in Austria. Five sires had father of
Slovak origin (26%) and only two grandfather (10%). All sires represent 13 lineages of
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dual purpose Pinzgau cattle. Most frequent lineage was Nobel represented by 4 sires,
followed by lineage Nusil by 3 sires and Origin of foreign sires in pedigrees was
Austrian. In long term scope Austrian sires were often used for mating of sire dams.
Genomic DNA for each of the 19 bulls semen samples was genotyped at a commercial
lab using an Illumina BovineSNP50 Genotyping BeadChip.
Statistical analyses
Quality controls and computation for SNP data was performed with PLINK (Purcell et
al., 2007). The following quality control criteria (filters) were used to remove from
further analysis any SNPs with less than 95% call rate, and SNPs with less than 0.05
MAF. SNP were tested for HWE (P<0.001) to identify possible typing error. Samples
with more than 10% missing genotypes were removed from the study. Heterozygosities
and fixation index (FIS) for analyzed population were estimated.
RESULTS AND DISCUSSION
In this study was evaluated application of the BovineSNP50 genotyping array in the
Slovak Pinzgau cattle population. Nineteen purebred Pinzgau bulls were genotyped with
Illumina BovineSNP50 BeadChip. All samples were successfully genotyped (98.96% of
SNPs). Total call rate (99.45%) was comparable with average rate reported by Cooper et
al. (2013) across 3 dairy cattle breeds and Mullen et al. (2013) across beef and dairy
cattle originating in Bos taurus. Similarly high values of call rates (>98%) were reported
also for cattle breeds originating from Bos indicus (Qwabe et al., 2013; Neves et al.,
2014). These results validated that the BovineSNP50 BeadChip is important genomic
tool for different bovine breeds, which can be subsequently used for multiple application
in GWAS, genomic selection or evaluation of genetic relationship between breeds.
Table 1
Minor allele frequencies
Frequency
0.0–0.1
0.1–0.2
0.2–0.3
0.3–0.4
0.4–0.5
Total # of polymorphic loci

Autosomes
# loci
%
4713
11.131
9273
21.900
9749
23.024
9832
23.220
8776
20.726
42343

Sex chromosomes
# loci
%
83
10.682
137
17.632
199
25.611
185
23.810
173
22.265
777

Genotyping results from 54,906 SNPs revealed that 43,120 SNPs (78.96%) were
polymorphic with minor allele frequency greater than 0.05 (Table 1). The level of
polymorphic SNPs in the present study was higher than in previously reported study for
cattle (Mai et al., 2010; Hulsegge et al., 2013). Minor allele frequency (MAF) is widely
used to describe the genetic variability of two-allele SNPs, and refers to frequency of the
least common SNP allele (Haynes et al., 2012). Within 43,120 SNPs genotyped, 98.19%
were autosomal, with 776 polymorphic SNP on chromosome X and only one on
chromosome Y. The average MAFs across loci on autosomes were 0.273±0.133 and sex
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chromosomes 0.272±0.132 with minimum value 0.053. The average values of MAF
depend of cattle breeds. Considerable variations in MAF between breeds reported
Matukamelli et al. (2009), who observed higher proportions of polymorphic SNP in
Holstein and Angus cattle in comparison with African N’Dama and Sheko breeds. The
average values of observed and expected heterozygosity across polymorphic loci were
0.375±0.157 and 0.362±126, respectively. Sufficient proportion of heterozygotes
indicated the value of FIS (0.037±0.031).
CONCLUSIONS
Molecular genetic tools are in present preferably used in description of genetic
composition of populations. Statistical analysis of molecularly based data gives deeper
insight into genetic variability and helps in evaluation and monitoring of populations´
diversity. Use of the Illumina BovineSNP50k BeadChip is standard tool in studies such
as genetic diversity, genomic breeding values estimation, evaluation of population
structure and genetic distances. Further research will be oriented on evaluation of
diversity issues of the Pinzgau population.
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