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Abstract

The research was aimed at determination of genetic variability of Prestice Black-Pied (PC) pig breed
(Czech national breed and genetic resource) and to evaluate possible presence of recent bottleneck in
this closed small pig population. One hundred and eighty of breeding boars were analysed by eleven
tetramer Short Tandem Repeats (STR) panel specifically developed for the genotyping of breeding
livestock. Despite the fact that appearance of rare alleles, which may be relatively increased after
recent bottleneck, was discovered, the heterozygosity excess was not significant. The PC breed has
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not undergone recent bottleneck and remained at mutation-drift equilibrium.
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INTRODUCTION

The Prestice Black-Pied pig breed is registered
as threatened with extinction by the UN FAO and
was declared as a unique breed in 1964. Since 1992
the breed has been classified as Animal Genetic
Resource (Vaclavkova et al, 2012) and since 1996
has been bred in a closed population.

The genetic resources provide a wide and
important pool of study. The using of genetic
markers gives knowledge of molecular structure
of the population and helps to protect them.
These populations are not affected by selection
as commercial hybrids. In general, low genetic
diversity poses extinction danger and requires
conservation measures. The research of genetic
diversity helps to manage a preservation and
conservation process. The irreversible genetic
diversity loss is caused by extinction of endangered
farm animal breeds. The usage of various genetic
markers leads to evaluation of the observed
phenotypic variability. A crucial importance for

ability of population to acclimatize to environmental
changes and a pressure of selection is played by
its genetic variability — diversity. One of the first
steps in the creation of conservation programs
for endangered population is to evaluate the real
situation of its genetic variability (Toro et al., 2011).
Acknowledgement of genetic population structure,
among populations and inside population,
is essential in order to assign priorities and
approaches of conservation and sustainability of
small populations. Also, keeping of low inbreeding
level is important for avoiding undesirable effects
on health and economic traits. The livestock genetic
diversity decrease is probably caused by the natural
habitats of livestock breeds damage, the genetic
uniformity by artificial breeding and human
preferences for particular varieties and breeds and
their changes overtime (Gholizadeh et al., 2008).
The molecular markers enable to characterize
genetic variation. For a genetic variability
evaluation, mainly Short Tandem Repeats (STR;
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microsatellites) are used nowadays. However, there
are known many Single Nucleotide Polymorphism
(SNP) markers, which could in the future substitute
STR markers in an evaluation of diversity. To
study population structure and variability of some
species, these markers have been successfully used
(e.g. Vrtkovd et al., 2012; Falkova and Vrtkova, 2017).

The bottleneck effect occurs in endangered species
and leads to genetic diversity and evolutional
potential loss. Considerable decline of allelic diversity,
heterozygosity and loci polymorphism is caused
by bottlenecks, as well as the allele frequencies
distributions changes. Maruyama and Fuerst (1985)
stated that most alleles, especially the alleles with
a low frequency, can be lost after bottleneck. The
occurrence of rare alleles may increase relatively
in the population that has undergone bottleneck.
The genetic variation loss is expected whenever the
population went through bottleneck (Whitehouse
and Harley, 2001). The bottlenecks of populations
can increase rates of inbreeding, genetic variation
loss and deleterious allele fixation. The bottleneck
effect reduces the adaptation potential and
threatens species/populations  with  extinction
(Cornuet and Luikart, 1996). Frantz et al. (2015)
provide strong evidence that selection at candidate
genes (influencing anatomical and nervous
system development) may have counteracted the
homogenizing effect of gene flow.

Piry et al. (1990) created computer program
BOTTLENECK, which is a set of tests that enable to
identify if populations have recently experienced
a severe reduction in effective population size.
Especially in conservation biology the detection
of bottlenecks is highly important because
of population or species extinction. Most loci
will exhibit heterozygosity excess in recently
bottlenecked populations.

Due to the autochthonous origin of the PC breed
and a small population size in the 1950s, the present
study focuses on the analysis of genetic variability
with an emphasis on recognizing a possible recent
bottleneck.

MATERIALS AND METHODS

180 individuals of the local Prestice Black-Pied (PC)
were analysed. DNA was isolated from blood, tissue
or hair samples according to the isolation kit manual
(Macharay Nagel). The Animaltype Pig Amplification
Kit specifically developed for the genotyping of
breeding livestock was used according to the
manufacturer's recommendations. The multiplex
PCR was applied for amplification of 11 STR markers:
387A12F, S0655, SBH1, SBH2, SBH4, SBH10, SBH13,
SBH18, SBH19, SBH20, and SBH22 to specify various
parameters of genetic diversity. STRs markers were
separated by fragment analysis on genetic analyzer
ABI PRISM 310 (Applied Biosystems, Foster City,
USA). The fragment analysis was carried out using
GeneScan 3.7 and Genotyper 3.7 software.

The heterozygosity excess test was used in the
BOTTLENECK program. Tests for heterozygosity
excess were performed by using three mutation
models - the Infinite Allele Model (IAM), Two Phase
Model of mutation (TPM) and Stepwise Mutation
Model (SMM), which were used for running the
BOTTLENECK program to test for population
bottlenecks.

The BOTTLENECK v.1.2.02 (Cornuet and
Luikart, 1996) software was used to find out basic
population descriptive statistics —allelic frequencies,
observed total number of alleles (TNA), effective
number of alleles (Ae), observed (Ho) and expected
heterozygosity (He). The IAM and SMM represent
two extreme models of mutation, therefore the
BOTTLENECK program uses both independently for
testing bottlenecks. The sign test, the standardized
differences test and the Wilcoxon's signed rank
test were used to detect the significant number
of loci with heterozygosity excess. For few (< 20)
polymorphic loci the Wilcoxon's test is considered
as the most powerful and robust.

One-tailed test requires at least four polymorphic
loci to have possibility of obtaining a significant
(P < 0.05) test result. For bottlenecks testing the null
hypothesis of the Wilcoxon's test is not significant
for heterozygosity excess. The alternate hypothesis
is significant heterozygosity excess thus evidence of
a recent bottleneck. As the second test for potential
bottleneck the Mode-shift indicator test was used.

RESULTS

The average number of tested alleles was 349.70
and the mean number of alleles in each locus was
7.50 (varied between 4-12). The lowest number
of tested alleles occurred in SBH18 (presence of
putative null allele). The highest total number of
alleles in locus was detected in SBH2 and the lowest

I: Measures of 10 STR loct in the Prestice Black-Pied pig
population

Observed
Locus n TNA H,
387A12F 360 7 0.699
S0655 360 5 0.634
SBH1 360 7 0.766
SBH2 358 12 0.830
SBH4 358 9 0.838
SBH10 354 8 0.788
SBH13 360 6 0.381
SBH18 267 9 0.737
SBH19 360 4 0.642
SBH20 360 8 0.653

n: number of analysed alleles; TNA: total number of alleles
in locus; H : observed heterozygosity
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II: Mutation models and heterozygosity tests in the PC population

Models Sign test Standardized differences test Wilcoxon test
Hee =5.77 T2 =2.983 P (one tail for H excess): 0.00146
Hd=1 p=0.00143 P (one tail for H deficiency): 0.99903
1A He=9 P (two tails for H excess and deficiency): 0.00293
p =0.03404
Hee = 5.90 T2 =-2.789 P (one tail for H excess): 0.09668
SMM Hd=6 p =0.00265 P (one tail for H deficiency): 0.91992
He=4 P (two tails for H excess and deficiency): 0.19336
p=0.18287*

Hee: heterozygosity excess expected; Hd: heterozygosity deficiency; He: heterozygosity excess; p: probability; * non-
significant p-value; IAM: Infinite allele model; SMM: Stepwise mutation model

number of alleles was in SBH19 locus. Observed
heterozygosity ranged between 0.381 (SBH13) and
0.838 (SBH4) and mean H was 0.697 (Tab. D).

The results of the sign test show the expected
number of loci with heterozygosity excess
under IAM was 5.77, 1locus with heterozygosity
deficiency and 9 loci with heterozygosity excess,
p = 0.034. All loci fit IAM and mutation-drift
equilibrium. Under SMM the expected number of
loci with heterozygosity excess was 5.90 (p = 0.183),
6 loci with heterozygosity deficiency and 4loci
with heterozygosity excess. All loci fit SMM and
mutation-drift equilibrium. Standardized difference
test shows that the hypothesis of mutation-drift
equilibrium was rejected for IAM (p = 0.00143) and
SMM (p = 0.00265). The Wilcoxon's test confirmed
that all loci fit IAM and SMM as same as population
stays at mutation-drift equilibrium under both
models (Tab. ID).

In the mode-shift test the distribution of allele
frequencies did not show a significant departure
from a standard L-shape in the examined population.

Moreover, special alleles — outside declared range
— were detected in six markers (387A12F, S0655,

III: Next alleles in the PC breed

STR marker Allele Size (bp)
23 491
S0655 24 495
25 499
51 443
SBH10 52 447
53 451
22 259
387A12F
23 261
SBH22 16 283
SBH19 18 417
SBH2 36 200

SBH2, SBH10, SBH18 and SBH19) out of eleven in
PC breed only. Compared with other commercial
breeds just in PC breed there were specified three
additional alleles in two markers, two new alleles
in one marker and one extra allele in three markers
(Tab. III). Putative null allele was detected in
SBH18 marker. In this locus non-amplified alleles
were observed in 16% of all tested PC individuals.
Deviation from Hardy-Weinberg equilibrium
(p < 0.001) can confirm this hypothesis as well as
He/Ho difference (He 0.836, Ho 0.616) — regardless
of this marker variability (eleven different alleles in
PC breed, PIC is 0.818).

DISCUSSION

Our findings of special alleles and putative
null allele in the PC population can be explained
by many causes, such as selection or bottleneck.
Ferreira et al. (2009) pointed out that several
private alleles and fragmented allele distribution
can indicate bottlenecks in Portuguese wild boars.
They found evidence of bottleneck in Portuguese
boar population after the extreme reduction due to
overhunting and swine fever in 1960s. Fragmented
allele distributions frequencies can indicate
bottleneck in population. In our previous study,
specific alleles in Zlotnicka White and Zlotnicka
Spotted were described (Vrtkova et al, 2017). In
this Polish genetic resource breed, we found extra
alleles in 387A12F marker. Similarly, the tested
PC population is not panmictic but a small closed
population. Krupa et al. (2015) claims in their
comprehensive pedigree analysis of the PC breed
that 100% of the genetic pool was explained by
66 ancestors. They describe a high risk of genetic
diversity loss in the PC breed. On the other hand,
Vrtkova (2015) described allelic diversity pool in the
PC and considered Ho = 0.70 as sufficient. Harcet
et al. (2006) illustrated low genetic diversity of
autochthonous Croatian Turopolje pig breed and
the need of further prevention of diversity loss.
They did not find recent genetic bottleneck evidence
and determined observed heterozygosity as 0.306.
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Eleven European pig breeds were examined
by Laval et al (2000) and average observed
heterozygosity was around 0.5. Average breed
heterozygosity was assessed between 0.35-0.60.
They revealed significantly reduced heterozygosity
in the German Landrace compared with other
examined breeds with genotypic frequencies in
Hardy-Weinberg equilibrium. In comparison to
Kramarenko et al. (2018) study of the bottleneck in
Red Steppe cattle the observed heterozygosity was
0.607 and expected heterozygosity was 0.703. They
concluded the genetic variation of this population
as high. It is considered as a good degree of genetic
variation although the observed heterozygosity is
lower than in Ukrainian Black Pied (0.821).

The bottleneck analysis was used for
endangered species worldwide too. Rare alleles
(frequency < 0.1) are most susceptible to loss in the
bottlenecks. The loss of rare alleles rapidly changes
frequency distribution, which is typical of recently
bottlenecked populations. Whitehouse and Harley
(2001) compared post-bottleneck genetic diversity in
two elephant population and described Ho = 0.192
and Ho = 0.422, He = 0.180 and He = 0.444. Waldick
et al. (2002) determined allelic diversity 3.2 and
heterozygosity H = 0.31 in North Atlantic right
whale, which was reduced from 12000 to 300. The
genetic bottleneck did not occur but the genetic
variability according to low frequency alleles has
been reduced.

CONCLUSION

The study determined genetic variability of the national breed the Prestice Black-Pied pig, which is
a genetic resource and at the same time a small closed population. According to different breeding
history of this breed compared with commercial breeds, the question whether the PC breed
suffered from bottleneck was investigated. Genotypes in STR markers were determined and genetic
variability was analysed and examined by bottleneck analysis. The PC breed showed no bottleneck
effect, although the analysis results were not as strong as in commercial breeds.
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