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Abstract. One of the main tasks of genetics and animal breeding is the assessment of genetic diversity and the
study of genetic relationships between different breeds and populations using molecular genetic analysis me-
thods. We analysed the polymorphism of microsatellites and the information on the state of genetic diversity and
the population structure of local breeds in Russia: the Kemerovo, the Berkshire, the Liven, the Mangalitsa, and the
Civilian; in the Republic of Belarus: the Large White and the Black-and-White; and in Ukraine: the White Steppe, as
well as commercial breeds of imported origin of domestic reproduction: the Large White, the Landrace, and the
Duroc. The materials used for this study were the tissue and DNA samples extracted from 1,194 pigs and DNA of
the UNU “Genetic material bank of domestic and wild animal species and birds” of the L.K. Ernst Federal Research
Center for Animal Husbandry. Polymorphisms of 10 microsatellites (50155, S0355, S0386, SW24, SO005, SW72,
SW951, S0101, SW240, and SW857) were determined according to the previously developed technique using DNA
analyser ABI3130xl. To estimate the allele pool of each population, the average number of alleles (N,), the effec-
tive number of alleles (Ng) based on the locus, the rarified allelic richness (Ag), the observed (H,) and expected (Hg)
heterozygosity, and the fixation index (Fis) were calculated. The degree of genetic differentiation of the breeds was
assessed based on the pairwise values of Fs; and D. The analysis of the allelic and genetic diversity parameters of
the local breeds showed that the maximum and minimum levels of polymorphism were observed in pigs of the
Ukrainian White Steppe breed (N, = 6.500, N = 3.709, and Ag = 6.020) and in pigs of the Duroc breed (N, = 4.875,
N =2.119, and Ag = 3.821), respectively. The highest level of genetic diversity was found in the Large White breed
of the Republic of Belarus (Hy = 0.707 and N¢ = 0.702). The minimum level of genetic diversity was found in pigs of
the imported breeds - the Landrace (Hy = 0.459, Hg = 0.400) and the Duroc (Hg = 0.480, Hg = 0.469) - indicating a
high selection pressure in these breeds. Based on the results of phylogenetic analysis, the genetic origin of Large
White pigs, the breeds, from which the Berkshire pigs originated, and the genetic detachment of the Landrace from
the Mangalitsa breeds were revealed. The cluster analysis showed a genetic consolidation of the Black-and-White,
the Berkshire, and the Mangalitsa pigs. Additionally, the imported breeds with clustering depending on the origin
were characterised by a genetic structure different from that of the other breeds. The information obtained from
these studies can serve as a guide for the management and breeding strategies of the pig breeds studied, to allow
their better use and conservation.
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Ha OCHOBe aHa/Il3a MIUKpPOCaTe/l/INTOB
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AHHoTauusA. OQHOW N3 OCHOBHbIX 3afjay FeHETVKN 1 CeNEeKLMN XNBOTHbIX ABMAETCA OLIeHKa FeHEeTUYEeCKOro pasHo-
06pasma 1 nccnefoBaHne reHeTUYECKMX B3aVMOOTHOLIEHUI MEXAY Pa3UYHbIMK NOpoAamMy 1 MOMyNAUMAMA C
NMOMOLLbIO METOZIOB MOJIEKYIAPHO-TEHETMYECKOTro aHanm3a. Hamy npoBeaeH aHanvs nonnmMmopdrsma Mrukpocaren-
JITOB 1 NOJTyyeHa NHPOPMaLA O COCTOAHUM FEHETUYECKOTro Pa3HO06Pa3na 1 CTPYKTYPbl MOMYAALMIA IOKabHbIX
NopoA CBUHEN, pa3BoAUMbIX Ha Tepputopun Poccun (KemepoBcKas, 6epKLUnpCKas, IMBeHCKas, MaHranmua, um-
BUNbcKas), Pecny6nvku benapych (kpynHasa 6enas, yepHo-necTpas), YKpauHbl (CTenHan 6enas), a Takke Kommep-
YecKux nopos UMMOPTHOIO MPOUCXOXKAEHNA OTeYeCTBEHHON penpoayKummn (KpynHaa G6enas, naHapac, ApoK).
Matepuanom ana uccnefoBaHuin cnyxunm npobbl TkaHn 1194 06pas3uoB cBUHEN M3 GUOPECYPCHOW Konnekuyum
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«baHK reHeTMyeckoro matepuana *muBoTHbIX 1 NTuuy OFBHY OUL BUXK nm. J1.K. pHcTa. Monumopdusm 10 STR-
nokycos (50155, S0355, S0386, SW24, SO005, SW72, SW951, S0101, SW240, SW857) onpepenanu no paHee paspa-
60TaHHOW METOAMKE C MOMOLLbIO reHeTnUYeckoro aHanusaTtopa ABI3130xI (Applied Biosystems, CLLA). ns oueHKM
annenodoHaa Kaxgowm nopopbl paccunTbiBany cpepHee uncno annenen (N,) n appexktusHoe uncno annenen (Ng)
Ha NIOKYC, annenbHoe pasHoobpasue (Ag), BbIUMCIIEHHOE C MPVYIMEHEHNEM NpoLeaypPbl papudurKaumn, Habnogae-
myto (Ho) n oxupaemyio (Hg) rerepo3mroTHOCTb, nHAeKc dukcaumn (Fis). CreneHb reHeTnyeckon anpdepeHumaummn
nopop OLEeHNBaIN Ha OCHOBaHWM NMOMapHbIX 3HaYeHN Fgp 1 D. AHann3 napameTpoB afieNIbHOrO N FeHeTNYEeCKOro
pa3Hoo6pa3zmA NoKanbHbIX MOPOA MoKasan MakCUManbHbI yPOBEHb NOAMMOPGHOCTY Y CBUHEW YKPAaUHCKO cTen-
Holi nopogbl (N, = 6.500, Ng = 3.709, Ag = 6.020), a MUHMMasbHbIN — y CBUHEN Nopoabl Aopok (4.875,2.119 n 3.821
COOTBETCTBEHHO). Hanbonee BbICOKMIA yPOBEHb reHeTNYECKOro pasHo06pasyis BbIABIEH Y CBUHEN KPYMNHOW 6enoii
nopopabl Pecnybnukn benapycb (Hy = 0.707, Hg = 0.702). MMHMManbHbI YypPOBEHb reHeTNYeCKoro pasHoobpasuna
YCTaHOBJIEH Y CBMHEW MMMOPTHbIX nopof naHgpac (Hy = 0.459, He = 0.400) n flopok (Hy = 0.480, Hg = 0.469), uTto,
BO3MOHO, YKa3blBaeT Ha BbICOKOE AAaBfieHne oTbopa B 3Tux nopogax. [Mo pesynsratam GpunoreHeTMYeCKoro aHanm-
3a BblfiBNIeHa reHeTnYeckas 060co6IEHHOCTb MOPOJ CBUHEN KOPHA KPYMHOW 6enoii Nopoabl, B CO3AaHUN KOTOPbIX
NPVHUMaNM yyactne 6epKLUMpPCKMe CBUHbY, U OTAANIEHHOCTb MOPOA NIaHAPAC U MaHranmua. KnactepHbii aHanms
noKasaJs reHeTNYeCKylo KOHCONMANPOBAHHOCTb CBMHEN NOpoJ YepHo-necTpas, bepKwmpckaa u maHranmua. OT-
JINYHOWN OT APYIMX MOPOJ reHeTNYECKOW CTPYKTYPOW XapaKTepr30BainCh TakKe VMMOPTHbIe NOPOAbl CBUHEN C
Knactepusauunen B 3aBUCMMOCTI OT NPOUCXOXAeHNA. HGopmaLma, nonyyeHHasa B XOAe UCCeJOBaHN, MOXeT
CIYXWTb PYKOBOACTBOM AJ1A CTPATErnii ynpasieHNA 1 pa3BefeHNA N3yYeHHbIX MOPOoJ CBUHEN C LieSIbIo NyyLlero nx

NCNoJyib30BaHNA N COXPaHEHUA.

KnioueBble crioBa: nopoabl CBUHeN; MUKPOCaTe/JINTbI; reHeTn4eckoe pa3Hoo6pa3V|e.

Introduction

Currently, the industrial production of pork is based on the
use of a limited number of commercial breeds of imported
pigs. These breeds are well adapted for use in intensive pro-
duction systems, aimed at maximising the genetic potential
of productivity (Muiioz et al., 2019). Along with breeds of
imported origin, there are local breeds that are carriers of
unique forms of variability and constitute the national genetic
resources of agricultural animal species. Despite their small
size, local breeds have not lost their importance in the modern
conditions of the development of animal husbandry. Having
a lower productivity compared to commercial ones, such
breeds are characterised by a greater individual variability,
constitutional strength, stress resistance and good adaptation
to local climatic conditions (Kharzinova et al., 2017).

Nowadays, local breeds are considered irreplaceable genetic
resources for the creation of geographically oriented systems
for organic production of livestock products. According
to Stolpovsky (2013), due to the inclusion of transnational
livestock industries in the agriculture world, there is a danger
of a reduction of the national genetic resources, dependence
on food imports, and breeding achievements, and there is a
threat of globalisation of the spread of infections and hidden
genetic defects. This implies an increasing importance not
only to study the gene pool of species of foreign origin of the
animals but also the conservation of genetic resources of the
local breeds.

According to the guidelines for the development of national
plans for the management of farm animal genetic resources
(FAO, 1998), FAO proposes an integrated global management
of farm animal genetic resources using microsatellite reference
markers (short tandem repeats, STR) (Egito et al., 2007). To
date, there are many publications that show the applied im-
portance of STR for characterising the genetic diversity and
structure of pig breeds for commercial (Zinovieva et al., 2012;
Vrtkova et al., 2012; Szmatota et al., 2016) and local breeding
(Kaul et al., 2002; Kramarenko et al., 2018). However, com-
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parative studies of the entire variety of local and commercial
breeds of pigs bred in Russia have not yet been carried out.
The aim of this study was to characterise the genetic di-
versity and population structure of eight local and three com-
mercial pig breeds based on the analysis of microsatellites.

Materials and methods

The object of research was biological material obtained from
1,194 pigs, which was stored in the UNU “Genetic material
bank of domestic and wild animal species and birds” of the
L.K. Ernst Federal Research Centre for Animal Husbandry.
Tissue samples (ear pinch) were used as biological material.
The presented sample included eight local breeds bred in
Russia: the Kemerovo (Kemerovo region, KEM, n = 35), the
Berkshire (Yaroslavl region, BERK, n = 80), the Liven (Orel
region, LIV, n = 67), the Mangalitsa (Altai Territory, MNG,
n =52), the Civilian (Republic of Chuvashia, CVL, n = 43);
The Republic of Belarus: the Large White (BLW, n =47) and
the Black-and-White (BBP, n = 98); and Ukraine: the White
Steppe (LWUK, n=61), as well as three commercial breeds of
imported origin of domestic reproduction, bred in the breeding
and genetic centres of Oryol, Voronezh, and Lipetsk regions:
the Large White (LW, n=241), the Landrace (LDR, n=250),
and the Duroc (DUR, n = 223).

DNA isolation was performed using DNA-Extraction kits
for genomic DNA isolation (ZAO “Syntol”, Russia), in accor-
dance with the manufacturer’s protocol. Analysis of polymor-
phisms of ten microsatellites (S0155, S0355, S0386, SW24,
SO005, SW72, SW951, S0101, SW240, and SW857) was
carried out according to the previously described method
(Kharzinova et al., 2018). The results of the amplified frag-
ments were visualised using fragment analysis by using Gene
Mapper v. 4 software (Applied Biosystems, USA).

Analysis of population genetic parameters, the degree of
genetic differentiation based on matrices of pairwise values of
Fgyr and D and the construction of phylogenetic trees using the
Neighbor-Net algorithm were performed in GenAlEx 6.503
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(Peakall, Smouse, 2012), SplitsTree 4.14.5 software (Huson,
Bryant, 2006) and R package ‘diveRsity’, with subsequent
visualisation using the package ‘pophelper’ (Keenan et al.,
2013).

The genetic structure of the studied pig breeds was assessed
using principal component analysis (PCA) in R package
‘adegenet’ (Jombart, 2008) and was visualised using R pack-
age ‘ggplot2’ (Wickham, 2009) and through clustering using
STRUCTURE 2.3.4 software (Pritchard et al., 2000), using
a mixed model (the number of assumed clusters, K — from 1
to 20; length of the burn-in period — 100,000; model of Mar-
kov chains of Monte Carlo — 100,000). For each value of K,
10 iterations were performed. Structure Harvester (Earl, von
Holdt, 2012) was used to determine the optimal number of
clusters (AK), according to the method proposed by Evanno
et al. (2005). Source files were generated in Microsoft Excel
format and R 3.5.0 software environment (R Core Team).

Results and discussion

In the analysis of genotypes of ten microsatellites for the entire
sample, 69 alleles were detected, which exceeded the number
of alleles (48 alleles) detected in the molecular genetic analysis
of the Chinese pig breed with a similar number of markers
(Yue, Wang, 2003). Locus SW951 had the lowest number of
alleles (5 alleles). A similar trend for this locus was revealed
in studies of pigs bred in Ukraine (2 alleles) (Kramarenko et
al., 2018) and Thailand (7 alleles) (Charoensook et al., 2019).
The greatest number of alleles (22) was found at the SO005 lo-
cus, which was consistent with the results of the studies by
Guastella et al. (2010) and Salamon et al. (2019), in which
this locus exceeded the others in the number of alleles: 19 and
17 alleles, respectively. The minimum mean values of both
observed (H,) and expected () heterozygosity were noted
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at the SW951 locus: 0.437+0.067 and 0.482+0.071, respec-
tively. Locus SW857 had the maximum values of indicators:
H,=0.868+0.018 and H, = 0.783+0.018.

The analysis of the distribution of genotype frequencies to
the Hardy—Weinberg genetic equilibrium for the entire sample
(Table 1) showed significant deviations from the state of ge-
netic equilibrium at individual loci in all the breeds studied. In
Landrace pigs, deviations from the genetic equilibrium were
found at all loci, in Duroc and Large White pigs, at nine and
eight loci, respectively. It should be noted that local breeds
of pigs were inferior to commercial breeds in terms of the
number of loci with significant deviations from the state of
genetic equilibrium. The number of such loci varied from three
in the Liven breed to seven in the Ukrainian White Steppe
breed. These findings can indicate greater selection pressures
in commercial pig breeds, compared to local breeds. Of the
ten studied loci, highly significant deviations from the genetic
equilibrium were established for the SO005 locus, according
to Hardy—Weinberg (p < 0.001).

An interesting research result published by Kramarenko et
al. (2018) showed that in pigs of the Duroc breed bred in the
regions of Ukraine, eight out of twelve loci had insignificant
deviations from the state of genetic equilibrium.

To assess the degree of genetic diversity of populations
and breeds, two main indicators are most often used — the
level of polymorphism and the degree of homozygosity
(heterozygosity) (Khrabrova et al., 2011), whose results are
presented in Table 2. The minimum values of the average
number of alleles per locus (N, = 4.875) were observed in
three breeds: CVL, MNG, and DUR, and the maximum values
(more than 6.000) were observed in Landrace pigs (LDR,
N, =6.001) and in the Large White breed bred in the territories
of our country (LW, N, = 6.250) and in Ukraine (LWUK,

Table 1. Results of the test of ten microsatellites in the analysis of the studied breeds of pigs,

for compliance with the Hardy-Weinberg genetic equilibrium

Breed Locus STR

Sw24 S0155 SO005 SW72
LDR *x *x *x% *%%
CVL * ns wxK ns
LIV ns * ** ns
BLW * ns HRE ns
MNG ns ns i *
BERK ns ** HEX ns
KEM * ns HEE ns
LWUK ns %% x% *
BBP ns ns HEX ns
DUR %% %% *x% *%%
LW xx% X% % ns

SW951 S0386 S0355 SW240 SW857 S0101
*% *% * *¥¥* *%¥ *X¥
ns wEE wEE ns ns ns
ns ns ns ** ns ns
ns ns ns * ns *
ns * *XK¥ ns *¥% ns
*X% ns *X¥ ns *¥% ns
* KKK ns HX¥ ns *
ns HEX * ns * ns
*X¥ ns *XX HK¥ A¥* AX¥
*¥% *X¥ ns HX¥ *¥% *¥%

Note.® p < 0.05;** p < 0.01; *** p < 0.001; ns - not significant.

Breed hereinafter: KEM - the Kemerovo, BERK - the Berkshire, LIV - the Liven, MNG - the Mangalitsa, CVL - the Civilian; BLW - the Large White and BBP - the Black-
and-White of The Republic of Belarus, LWUK - the White Steppe of Ukraine, LW - the Large White, LDR - the Landrace, DUR - the Duroc.
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Table 2. Parameters of genetic diversity of the studied breeds of pigs based on the microsatellite analysis

Breed n Ny Ne AR Ho He Fis

(Fis 95 %, Cl > 0)
CVL 43 4.875+0.398 2.807+0.295 4.810+0.391 0.590+0.074 0.611+0.047 0.059

[-0.100; 0.218]
LIV 67 5.375+0.596 2.979+0.306 5.073+0.514 0.672+0.041 0.639+0.037 -0.060

[-0.159; 0.039]
BLW 47 5.000+0.535 3.672+0.492 4.934+0.527 0.707 £0.052 0.702+0.029 -0.002

[-0.088; 0.084]
MNG 52 4.875+0.639 2.723+0.376 4.659+0.613 0.524+0.113 0.545+0.095 0.100

[-0.120; 0.320]
BERK 80 5.125+0.441 2.789+0.206 4.769+0.342 0.575+0.048 0.627 +£0.028 0.079

[-0.062; 0.220]
KEM 35 5.125+0.611 3.246+0.443 5.444+0.626 0.550+0.055 0.644+0.054 0.139

[0.034; 0.244]
LWUK 61 6.500+0.802 3.709+0.427 6.020+0.657 0.627+0.043 0.709+0.028 0.118

[0.041;0.195]
BBP 98 5.375+0.595 3.057+£0.331 4.828+0.550 0.645+0.062 0.639+0.049 -0.008

[-0.097;0.081]
DUR 223 4.875+0.295 2.119+0.274 3.821+0.305 0.480+0.088 0.469+0.070 -0.014

[-0.178;0.150]
LW 241 6.250+0.559 3.349+0.467 5.126+0.518 0.651+0.047 0.672+0.030 0.036

[-0.039;0.111]
LDR 249 6.001+0.463 2.396+0.492 4.634+0.475 0.459+0.095 0.490+0.073 0.098

[-0.037; 0.233]

Note. n - the number of samples; N, - the average number of alleles per locus; Ng - the number of effective alleles per locus; Ag - allelic diversity; Hy - the
observed heterozygosity; Hg - the expected heterozygosity; Fs — inbreeding coefficient with a 95 % confidence interval.

N, = 6.500). The values of the number of effective alleles
per locus (V) ranged from 2.119 (DUR) to 3.709 (LWUK).

Another measure that characterises the level of polymor-
phism is allelic diversity (4y), which is considered as a strong
indicator of the evolutionary potential of a population (Al-
lendorf, 1986; Caballero, Garcia-Dorado, 2013), and it has
been suggested that this indicator is of key importance for the
conservation and management of the population (Greenbaum
et al., 2014). The minimum values of this indicator, which
were corrected using the rarefaction method, were detected for
DUR -4y =3.821, and were maximal in LWUK — 4 = 6.020.
According to Greenbaum et al. (2014), a decrease in allelic
diversity may lead to a decrease in the population’s ability to
adapt to future environmental changes. Moreover, according
to Wagner (2008), there is evidence that a high allelic diver-
sity, even of simple neutral alleles, increases the evolution-
ary potential by making less genotypic space available for
mutational events.

To date, the most commonly used indicators of the ge-
netic characteristics of populations presented in most studies
(Vonholdt et al., 2008; Toro et al., 2009; Andras et al., 2011)
are the observed (H) and expected (/) heterozygosity
(Greenbaum et al., 2014). The H, in the studied breeds of
pigs ranged from 0.459+0.095 for LDR to 0.707+0.052 for
BLW. According to some authors, a decrease in H, can lead
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to a decrease in the average fitness of individuals, and, there-
fore, this indicator has clear ecological consequences (Reed,
Frankham, 2003; Szulkin et al., 2010). Moderate levels of H,
(above 0.5) were observed in nine pig breeds, ranging from
0.545+0.095 for MNG, to 0.709+0.028 for LWUK. Pigs
of the Duroc and the Lansrace breeds were an exception, in
which this indicator had minimum values: 0.469+0.070 and
0.490+0.073, respectively.

According to the fixation index values, a slight lack of he-
terozygotes was found in seven breeds of pigs (CVL, MNG,
BERK, KEM, LWUK, LW, and LDR) with a variation of
positive values of the indicator from 0.036 for LW, to 0.139
for KEM. However, for these breeds, with the exception of
KEM and LWUK, the 95 % confidence interval (CI) of the
fixation index included the zero value, which indicates non-
significant deviations in the number of heterozygotes from
the theoretically expected, in these breeds. A slight shift in
the genetic balance towards an excess of heterozygotes was
noted in four breeds: LIV, BLW, BBP, and DUR, in which the
fixation index had negative values, which amounted to 0.060,
0.002, 0.008 and 0.014, respectively.

Among the local breeds, the maximum level of polymor-
phism was observed in LWUK (N, = 6.500, N = 3.709,
Ap = 6.020), and the maximum level of genetic diversity was
found in BLW (H,= 0.707, H; = 0.702). At the same time,
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Fig. 1. Results of the cluster analysis of eleven pig breeds based on microsatellites using the STRUCTURE 2.3.4 software.

Breeds: 7 - Civilian; 2 - Liven; 3 — White Steppe of Ukraine; 4 - Large White; 5 — Large White of The Republic of Belarus; 6 - Kemerovo; 7 - Mangalitsa; 8 — Black-

and-White of The Republic of Belarus; 9 - Berkshire; 70 - Duroc; 117 - Landrace.
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Fig. 2. Projection of the studied samples of the pig breeds on the plane of two coordinates according to PCA analysis.

pigs of the Mangalitsa breed had minimum values for all the
analysed parameters: N, = 4.875, N = 2.723, A = 0.659,
Hy=0.524, and H = 0.545. However, in an study by Druml
et al. (2012), the values of genetic parameters characterising
the level of genetic diversity of pigs of the Mangalitsa breed of
Austria and the National Reserve of Serbia were even lower:
N,=3.8,Hy=0.49,and H;=0.54 and N, = 3.94, ;= 0.58,
and H = 0.54, respectively. When comparing the animals of
imported origin of domestic reproduction, the group of large
white pigs exceeded the other two in all aspects: N, = 6.250,
Np=3.349,4,=5.126, H,=0.651, and H;=0.672. Of all the
studied pig breeds, the minimum level of polymorphism and
genetic diversity was found in the Duroc breed: N, = 4.875,
Ng=2.119, Ay = 3.821, Hy= 0.480, and H= 0.469. A simi-
lar trend towards a relatively low level of genetic diversity
of this breed was noted in the works of other authors. In a
comparative analysis of local breeds of Brazil with pigs of
specialised breeds (Duroc, Landrace, and Large White), the
minimum values of both the average number of alleles per
locus and the effective number of alleles were identified in the
Duroc breed, which amounted to N, = 3.65 and N;=3.01 (da
Silva et al., 2011). In his work, Szmatota et al. (2016), while
studying the genetic diversity of four commercial breeds and
one local breed of pigs in Poland using five microsatellites,
he revealed the lowest values of the average number of alleles

FEHETUKA U CENTIEKUMA XXUBOTHDbIX / ANIMAL GENETICS AND BREEDING

per locus (N, = 4.6), the number of effective alleles per locus
(Ng = 2.78) and allelic diversity (4g = 4.6). However, the
studies by Kim et al. (2005), which focused on the descrip-
tion of the genetic diversity and population structure of four
European, two Korean and three Chinese pig breeds, showed
that Duroc pigs outnumbered others in these parameters. At
the same time, local Korean pigs showed consistently low
levels of allelic diversity and heterozygosity, while Chinese
pig breeds, except for the Wuzhishan breed, had a relatively
high degree of genetic diversity compared to commercial
and local Korean pig breeds. The lower values of population
genetic parameters detected in our work, both in pigs of the
Mangalitsa and the Duroc breeds, possibly indicates a high
selection pressure and a minimal or no migration of new
genes in the breeds.

To assess the genetic structure of the studied pig breeds,
Bayesian cluster analysis was carried out using STRUCTURE
(Fig. 1), as well as coordination analysis, using PCA (Fig. 2).
Despite the fact that the algorithm based on the values of AK
(Earl etal., 2012) revealed that the optimal number of clusters
for this sample is equal to 9, K =9 (AK = 136.79), the results
at K =11 were also presented.

The breeds LIV, BLW, and LW are characterised by a
mixed genetic origin. In addition, a similar genetic pattern
was observed in the CVL and LWUK breeds. A clear genetic
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Table 3. Genetic distances between the studied breeds of pigs based on the microsatellite analysis

Breed CvVL LIV BLW MNG BERK
CVLO 0101 0158 0175 0271 ........
LIVOO98 O 0107 0147 0187 ........
BLWOO98 0062 0 0242 0267 ........
MNG()”] 0”4 0132 0 0265 ........
BERK0195 0120 0135 0178 0 ...............
KEM0152 0088 0071 0099 0125 ........
LWUK0094 0125 0086 0169 0168 ........
BBP(”SO 0080 0062 0”8 0088 ........
DUR0189 0158 0199 0208 0181 ........
LWOH1 0102 0037 0162 0131 ........
LDR0244 0171 0190 0146 0189 ........

KEM LWUK BBP DUR Lw LDR
0212 0097 0207 0176 0153 0250 .........
0138 0195 0122 0189 0168 0186 .........
0113 0112 OHO 0285 0064 0271 ..........
0146 0269 0185 0246 0225 0150 .........
0200 0277 0113 0191 0221 0224 .........
O 0179 0113 0270 0151 0143 .........
0116 O 0178 0267 0077 0238 .........
0064 0120 O 0249 0132 0144 .........
0208 0222 0195 0 0291 0186 .........
0107 0083 0096 0190 O 0224 .........
0140 0171 0115 0222 0185 0 ................

Note. D values are shown above the diagonal. The Fsy values are below the diagonal for pairwise comparison.

structure has been identified in black-and-white, Berkshire,
and Mangalitsa pigs. The formation of several clusters of
breeds of imported origin is explained by both different origins
and different strategies of selection and the breeding work
used in the enterprises.

Principal component analysis, the key feature that enables
the projection of samples onto orthogonal coordination axes,
each of which consisting of a linear combination of allelic
or genotypic values (Patterson et al., 2006; Novembre et al.,
2008), revealed a genetic mixing and enabled the visualisa-
tion of a slight differentiation for most of the studied breeds.
Independent cluster formed by representatives of commercial
breeds (Duroc, Landrace, and Large White); at the same time,
local breeds formed overlapping arrays. According to Jolliffe
and Cadima (2016), the lack of clear clustering does not mean
the absence of differences but may indicate the similarity of
the largest source of variability. In addition, this analysis made
it possible to characterise the range of variability in three
components. The first component was responsible for most
of the genetic variability of the entire data set (4.3 %), while
the second and third components reflected 3.7 and 2.8 % of
genetic variability, respectively.

To assess the degree of differentiation of populations, two
main classes of indicators that determine the quantitative
structure of populations are used: fixation indices F; and
Nei’s G, and indicators of allelic differentiation, such as
Jost’s D and differential entropy (Jost et al., 2018). One of the
most commonly used indicators in population genetic studies
is the standard method for estimating the Fg fixation index,
described by Weir and Cockerham (1984). However, when
calculating the genetic distances based on the variability of
highly polymorphic markers, the values of the indicator may
be shifted (Meirmans, Hedrick, 2011; Hopper et al., 2018).
Therefore, we additionally performed calculations of the
D index proposed by Jost (2008) that takes into account the
proportion of allelic variations in populations (Table 3).
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The greatest genetic affinity for both indicators was found
for pigs of the Russian and Belarusian populations of the Large
White breed: LW/BLW Fg. = 0.037, D = 0.064. However,
regarding the maximum values of the indices, differences
were detected: the greatest genetic distance, according to the
Fg fixation index, is characteristic of the LDR/CVL = 0.244
group, and the LW/DUR = 0.291 group, according to the
D index.

To visualise the genetic degree of closeness of the studied
pig breeds, the numerical matrices of the pairwise genetic
distances, Fg; and D, were visualised using the Neighbor-Net
algorithm and are presented in Figure 3. A separate massif was
formed by groups of root pigs of a large white breed (CVL,
LWUK, LW, and BLW) and adjacent branches of the Keme-
rovo and Liven breeds. A separate branch is a cluster of breeds
in the creation of which pigs with the blood of the Berkshire
breed took part: BBP, BERK, and DUR. The Landrace and
the Mangalitsa animals are presented in a separate cluster.

Conclusion

Our studies were aimed at analysing the genetic diversity and
studying the relationship between eight local pig breeds and
three pig breeds of imported origin of domestic reproduction.
In general, the studied local breeds exceeded the groups of
imported pigs in both allelic and genetic diversity, which
is probably explained by the lack of a practical program of
continuous improvement of specific characteristics, to which
commercial breeds are subject. On the contrary, the maximum
positive values of the fixation index were detected in local
breeds (Kemerovo and Ukrainian White Steppe), which can
lead to a shift in the genetic equilibrium towards a lack of
heterozygotes. The analysis of the main components, car-
ried out on the basis of the allele frequencies of the studied
breeds of pigs, made it possible to characterise the range of
variability and trace the main patterns of population genetic
differentiation of individuals of the studied breeds of pigs.
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Fig. 3. Phylogenetic dendrogram of the genetic relationships of the studied pig breeds based on the pairwise genetic distances
matrix Fst (a) and Jost’s D (b) using the Neighbor-Net algorithm.

The information obtained from these studies can guide the
management and breeding strategies of the studied breeds in
order to better use and conserve them. At the same time, further
studies of pigs, both local and specialised breeds, with many
microsatellites, using mitochondrial DNA and single nucleo-
tide polymorphism analysis, seem necessary. Future genetic
progress will mainly depend on the availability of sufficient
genetic variation, and a more holistic understanding of the
state of genetic diversity and the structure of pig breeds will
bring tremendous benefits for the entire pig industry.
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