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The Slovak Pinzgau breed faces the bottleneck effect
and the loss of diversity due to unequal use of founders
and a significant population decline. Further population
size reduction can lead to serious problems. Information
obtained here and in other studies from high-through-
put genotyping of 179 individuals was used to charac-
terise genetic diversity and differentiation of Slovak Pin-
zgau, Austrian Pinzgau, Cika and Piedmontese cattle by
Bayesian clustering algorithm. A gene flow network for
the clusters estimated from admixture results was pro-
duced. The low estimate of genetic differentiation (F;) in
Pinzgau cattle populations indicated that differentiation
among these populations is low, particularly owing to a
common historical origin and high gene flow. Changes
in the log marginal likelihood indicated Austrian Pinzgau
as the most similar breed to Slovak Pinzgau. All popula-
tions except the Piedmontese one displayed two ways of
gene flow among populations, indicating that Piedmon-
tese cattle was involved in producing of the analysed
breeds while these breeds were not involved in creation
of Piedmontese. Genetic evaluation represents an im-
portant tool in breeding and cattle selection. It is more
strategically important than ever to preserve as much of
the livestock diversity as possible, to ensure a prompt
and proper response to the needs of future generations.
Information provided by the fine-scale genetic charac-
terization of this study clearly shows that there is a dif-
ference in genetic composition of Slovak and Austrian
populations, as well as the Cika and Piedmontese cat-
tle. Despite its population size, the Slovak Pinzgau cattle
have a potential to serve as a basic gene reserve of this
breed, with European and world-wide importance.
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INTRODUCTION

Threats to biodiversity in terms of extinction rate, de-
struction of ecosystems and habitat, or loss of genetic
diversity are increasing within livestock. The current
concept of breed was formulated in the mid-1800s, fol-
lowed up by intense artificial selection leading to striking

and large-scale changes in the genetic makeup of indi-
viduals and the production systems. In this process, the
farmers progressively substituted the less productive, lo-
cally adapted, native breeds with highly productive cos-
mopolitan breeds, abandoning marginal production areas.
As a result of this process, a significant number of cat-
tle, sheep, and goat breeds has already disappeared and
many became endangered (Taberlet e al., 2008).

The genetic structure of natural populations is influ-
enced by a limited gene flow occurring when geographi-
cal distances increase between them. Non-random mat-
ing is a result of the preferential mating between geo-
graphically close individuals; this means that the genetic
distance between individuals or populations is propor-
tional to their spatial distance (“isolation by distance”).
The isolation by distance models are used to study de-
mographic, migratory reproductive aspects of popula-
tions (Loiseau ¢/ al., 2009). Gene flow in natural popu-
lations depends on ecological characteristics and global
or local environment, while in the case of livestock it
is mainly influenced by human activities (Allendorf e af.,
2010).

In Central Europe, most breeds were of triple pur-
pose. In remote Alpine valleys, productivity was im-
proved only in the late 19th century by better feeding
and management. Red-pied breeds such as the Dutch
Meuse-Rhine-Yssel were more developed as dual pur-
pose cattle, but in the late 20th century were influenced
by red-pied Holstein sires. Successful breeds had spread
beyond their region of origin and were even exported
to other countries or continents. In contrast, locally
adapted but less productive breeds declined in number
or disappeared. Genetic isolation of breeds decreased the
diversity at the molecular level, which can be monitored
via an increase in homozygosity (Felius e# a/., 2014).

The Slovak Pinzgau breed is endangered cattle in
which selection with intense and highly unbalanced use
of superior bulls magnified the loss of genetic diversi-
ty. The genetic gain increases along with the inbreeding
coefficient, which may cause problems due to its small
population size. Change of breeding goal to preserve the
dual purpose character of Slovak Pinzgau is proposed,
with an expected positive impact on the population
structure (Kasarda ez al, 2014). Polymorphism of genes
encoding leptin, leptin receptor (Trakovicka ef al., 2013)
and five others candidate genes associated with produc-
tion parameters (Miluchova e al, 2014) was evaluated
in the Slovak Pinzgau cattle, with the determination of
genotypic population structure using molecular genetic
methods. The use of most recent results of quantitative
and molecular genetics should help to sustainably man-
age population. With application of genomic selection,
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a routine collection of genomic information provides
an invaluable tool for effective management of breeding
programs in small, endangered populations (Mészaros er
al., 2015).

The main objective of this study was to provide a de-
tailed insight into genomic characterisation of the Pin-
zgau cattle (Slovak and Austrian Pinzgau) by utilizing
high-throughput molecular information. Bayesian cluster-
ing algorithms were used to detect gene flow among the
Pinzgau breeds, Cika and Piedmontese cattle.

MATERIALS AND METHODS

The analysed dataset consists of 179 cattle genotypes
(19 Slovak Pinzgau, 105 Austrian Pinzgau, 26 Cika, and
29 Piedmontese). Slovak and Austrian Pinzgau cattle are
dual purpose Alpine cattle breeds suitable for mountain
regions, with good longevity, fertility and adaptability to
poor production conditions. Recently, the Slovak Pinz-
gau cattle population size has declined due to the cross-
ing and replacement with highly intensive breeds, e.g.
Red Holstein-Friesian cattle.

The following sources of information were used: all
active Slovak Pinzgau (SP) breeding bulls were geno-
typed in this study with the Illumina BovineSNP50 v2
BeadChip (Illumina Inc., San Diego, CA); genotyping
information (BovineSNP50 vl BeadChip) for Austrian
Pinzgau (AP) bulls was obtained from Ferencakovi¢ ez
al. (2013); (BovineSNP50 v2 BeadChip) data for Cika
(CK) bulls was provided in Simci¢ ef al. (2015); and (Bo-
vineSNP50 v1 BeadChip) information for Piedmontese
(PI) breed was retrieved from the Dryad Digital Reposi-
tory (http://dx.doi.org/10.5061/dryad.42t£0.2; McTavish
¢t al., 2013b).

The data sets were merged and quality controlled, SNPs
with average heterozygosity >0.5, with call rate <0.8, with
significant deviation from Hardy-Weinberg equilibrium at
P<10-®> were removed, following McTavish and cowork-
ers (McTavish ef al, 2013a2). All individuals with >10%
missing SNPs placed at 29 autosomal chromosomes and
all SNPs that were missing in >10% of individuals were
removed. Minor allele frequency threshold of 0.05 was
imposed in all calculations. The LD-based pruning was
performed to remove SNPs that were in linkage disequi-
librium (LD) with one another by using PLINK’s (Purcell
et al., 2007) simple pairwise threshold model (command:
--indep-pairwise 50 5 0.05). This removed 25,433 SNPs
that exceeded LD threshold of 0.05, after which 9,433
SNPs remained for further analyses.

Bayesian approach using BAPS version 6.0 (Corander
et al., 2008) was used to find admixture and to produce
gene flow network. The optimal number of clusters was
directly inferred by the implemented algorithm. The max-
imum number of clusters was set to 5, as recommended
in case of higher than expected number of populations.
An admixture analysis conditional on the optimal genetic
mixture estimate from the individual level analysis was
performed. Results were based on 1000 simulations from
the posterior allele frequencies. The number of clusters
containing more than 19 individuals as a point estimate
of K was used. Furthermore, to assess the significance
of the admixture estimates, 200 individuals were gener-
ated from each identified ancestral source (initial breed)
to provide an approximation to the distribution of the
estimates under the hypothesis of no admixture. Num-
ber of iterations for the reference individuals was set to
10. A gene flow network for the clusters estimated from
admixture results was produced (Tang e# al., 2009).

RESULTS AND DISCUSSION

As a starting point of this study, previous analy-
ses, partly mentioned by Kukuckovda and coworkers
(Kukuckova ef al., 2017), were used. The degree of the
genetic differentiation between analysed cattle popula-
tions (SP, AP) was initially investigated. The level of Fj,
indicating differences between SP and AP was 0.01. The
authors had found a low level of genetic differentiation
between CK and PI as well (0.04), thus a more thor-
ough study was needed. The similarity of 4 evaluated
populations is shown in more detail in Fig. 1. Param-
eter estimation in metapopulations is more valuable and
more accurate (than in isolated populations with no gene
flow), and facilitate investigations of the relative impor-
tance as well as interactions among drift, selection and
migration in populations of conservation concern (Allen-
dotf e al., 2010).

Figure 1B presents 15 exact clusters for the metap-
opulations of 15 European breeds (K=15) using unsu-
pervised clustering without prior information about pop-
ulations, based on 1000 simulations from the posterior
allele frequencies. On the contrary, Fig. 1A visualised re-
sults based on a smaller number of simulations, with the
resulting number of clusters K=13. The Pinzgau popula-
tions are in one cluster (coloured yellow), while the CK
and PI are grouped in another cluster, coloured dark
blue. The influence of the Pinzgau cattle in formation of
the CK population is also apparent.

According to Felius and coworkers (Felius ez al., 2014),
the Piedmontese beef breed belongs to the Central Eu-
ropean cattle but does not belong to a breed cluster of
the spotted dairy cattle from the eastern Alps (Cika and
Pinzgau). By using a Bayesian approach, McTavish and
coworkers (McTavish ¢ al, 2013) have confirmed the
hypothesis that the New World cattle (as well as modern
breeds from Southern Europe, e.g. Piedmontese cattle)
are influenced by an ancestral gene flow from northern
Affica.

To determine the degree of genetic differentiation
among the four studied local populations, the SNP chip
data were analysed here using a genetic mixture model
for unlinked markers. Using BAPS, changes in the log
marginal likelihood based on posterior mode estimates
of the admixture coefficients (set as significant at the
5% level) are shown in Fig. 2. There are 4 estimated
populations (clusters) and cluster 3 was chosen as the
‘source’. According to Tang and coworkers (Tang e al,
2009), changes in the log marginal likelihood close to
zero indicate that the mixture model judges both assign-
ments (source cluster and target cluster) to be statistically
reasonable for an individual. In contrast, values further
away from zero indicate that the relative genetic affinity
of the clusters has decreased. In Fig. 2, it is apparent
that AP is genetically much closer to SP, than CK and
PI. The density curve for AP is shifted more towards
zero than the other populations, hence it implies a closer
relationship to SP. The low estimate of genetic differ-
entiation between SP and AP indicated that differentia-
tion among these populations is low, particularly due to
a common historical origin and high gene flow. Analyses
of Allendorf (Allendorf, 2010) assume that genetic dis-
tance provides an estimation of genetic connectivity, by
reflecting the degree to which gene flow and drift affect
genetic divergence among populations.

The assignment of individuals from high-throughput
genotyping data was achieved using Bayesian inference,
confirming that it is possible to distinguish among the
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Figure 1. Unsupervised hierarchical clustering of the 1040 indi-
viduals belonging to 15 breeds.

The optimal number of clusters was directly inferred by the imple-
mented algorithm. BS, Brown Swiss; TG, Tyrol Grey; AP, Austrian
Pinzgau; CK, Cika; SP, Slovak Pinzgau; AG, Angus; HD, Hereford;
LI, Limousine; CH, Charolais; SM, Simmental; Pl, Piedmontese; RO,
Romagnola; SH, Shorthorn; HF, Holstein; NR, Norwegian Red. (A)
Results were based on 100 simulations from the posterior allele
frequencies. (B) Results were based on 1000 simulations from the
posterior allele frequencies.
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Figure 2. Changes in the log marginal likelihood for the four
evaluated populations (1=Austrian Pinzgau, 2=Cika, 3=Slovak
Pinzgau, 4=Piedmontese) with Slovak Pinzgau as a source clus-
ter.

Figure 3. Admixture analysis in the population of Slovak
Pinzgau (SP - Cluster 1), Piedmontese (Pl - Cluster 2), Cika (CK -
Cluster 3) and Austrian Pinzgau (AP - Cluster 4).

(Top) Each column represents a single individual and is coloured
according to the proportion of genetic information assigned to
each population. The final cluster assignment is shown by the co-
lour underneath. (Bottom) A network of clusters indicating gene
flow by weighted posterior admixture estimates for evaluated
breeds. Direction of the gene flow is represented by arrows.

breeds by using SNPs and that the breeds are genetically
distinct (Fig. 3 Top). To investigate the ancestral admix-
ture of a certain population, one can look at the arrows
pointing at this population. A typical population contains
major sources of its own gene pool, denoted as a self-
looping arrow, and small proportions of gene flow from
other populations (Tang ez al., 2009). The actual rates of
admixture represented by the arrows and corresponding
numbers were randomly generated from a uniform dis-
tribution (Fig. 3 Bottom). Two ways of gene flow be-
tween SP and CK, SP and AP, CK and AP were found.
The PI population contributed to each of the analysed
populations. This was rather surprising as all popula-
tions except PI indicated two ways of gene flow, which
means that PI was involved in formation of the analysed
breeds, while these breeds were not involved in creation
of PI. In numbers, 87% of SP is unique for the breed,
while 12% of its genetic information comes from AP,
0.58% from Cika and 0.26% from Piedmontese cattle.

Gene flow in our study is presented as a proportion
of genetic information identical for a pair of breeds,
while Achmann and cowotkers (Achmann ez al, 2004)
estimated gene flow as a number of migrant horses per
generation from a subpopulation and to a subpopulation.
Furthermore, the pool of genotypes for the entire breed
enables to continuously scan the population and allow a
swift reaction in identifying carriers of lethal or poten-
tially harmful haplotypes. The new information can be
used to eliminate undesirable alleles through the mating
process. Similarly, the breed proportions due to admix-
ture could be estimated with the goal to fix a desirable
ratio or to preserve the purity of the breed (Mészaros et
al., 2015).

Although the diversity of the current cosmopolitan
cattle is still large enough to belie the claim that cattle
becomes an endangered species, the loss of local breeds
does erode genetic resources that are difficult to replace.
Furthermore, these breeds belong to our cultural herit-
age and are of local cultural importance, even if most of
the breeds are only one or two centuries old (Felius ez
al., 2014).

Nielsen and coworkers (Nielsen ef al, 2009) found
that adaptive population divergence may be prevalent
despite seemingly high levels of gene flow, as found in
most marine fishes. Their results have important implica-
tions for understanding of the interplay of evolutionary
forces in general, and for the conservation of marine bi-
odiversity under rapidly increasing evolutionary pressure
from climate and fisheries induced changes in the local
environments.

CONCLUSION

We demonstrated the power of using molecular mark-
ers obtained by high-throughput genotyping in cluster-
ing cattle breeds, even in case of a very weak differen-
tiation, as between AP and SP (Fy,=0.012). Changes in
the log marginal likelihood also indicated AP as the most
similar breed to SP. All populations except the Pied-
montese breed, showed two ways of gene flow among
populations, which means that Pl was involved in for-
mation of the analysed breeds while these breeds were
not involved in creation of PI. The obtained genetic data
shed light on some issues related to the local Pinzgau
breeds’ origin and structure. Our study has shown that
the Slovak, as well as the Austrian cattle, are important
and viable targets for conservation because they display
special traits of phenotypic, cultural and historical na-
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ture. It is more strategically important than ever to pre-
serve as much of the livestock diversity as possible, to
ensure a prompt and proper response to the needs of
future generations. In this context, approaches based on
the combination of genomics and spatial analyses are of
great help.
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