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The aim of this study was to analyze the genetic variability and population structure of the Landrace population by using 12 mi-
crosatellite markers. A total of 90 pigs representing one commercial breed (Landrace) were sampled. Twelve microsatellite loci
(SW24, S0155, SW72, SW951, S0386, S0355, SW240, SW857, S0101, SW936 SW911 and S0228) were selected and belong to the list
of microsatellite markers recommended by FAO/ISAG.

GenAIEx software was used to calculate the allele frequencies, effective number of alleles (Ae), observed (Ho) and expected (He)
heterozygosity, within-population inbreeding estimate (Fis), Shannon’s information index (Is,). Overall allele frequency values
ranged from 0.006 to 0.9333 (at allele SW951120). The number of observed alleles (Na) detected ranged from 5 (S0155 and SW911)
to 13 (SW72), with an overall mean of 9.00 £ 0.80 and a total of 108 alleles were observed at these loci. However, the effective num-
ber of alleles (Ae) ranged from 1.57 (SW951) to 5.49 (SW240) with a mean of 3.29 + 0.33. Shannon’s information index (Ig;) which
measures the level of diversity, was sufficiently high — from 0.79 (for SW951) to 2.01 (for SW240) — with a mean of 1.43 + 0.09. The
overall means for observed (Ho) and expected (He) heterozygosities were 0.578 + 0.009 and 0.662 + 0.004, respectively, which
ranged from 0.307 (SW951) to 0.814 (SW857) and 0.361 (SW951) to 0.818 (SW240), respectively. Of the 12 microsatellites analyzed
using Fisher’s exact test, 50% were in Hardy-Weinberg equilibrium, and 6 were out of equilibrium (P < 0.05).

Three mutation models namely, infinite allele model (1L.A.M.), two phase model (T.P.M.), stepwise mutation model (S.M.M.) were
estimated using the BOTTLENECK software. The results are indicated that the Landrace pig population is non-bottlenecked and
remained at mutation-drift equilibrium.

The study stands first in genetic characterization of the Ukrainian Landrace pig population through microsatellite markers. The
various parameters and values used to quantify genetic variability, such as the high mean (and effective) number of alleles and the
expected and observed heterozygosities, indicated high genetic variability in the Ukrainian Landrace pigs. The population has not
undergone any recent and/or sudden reduction in the effective population size and remained at mutation-drift equilibrium.
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Huxonaegckuti HAYUOHATLHBII azpaphbvlil yHugepcumen,
ya. Teopeusi I'oneaose, 9, o. Huxonaes, 54020, Yxpauna

Lenv smozo uccredosanus cocmosna 6 mom, ¥mobbl NPOAHATUIUPOBAMb 2EHEMUYECKYIO USMEHYUBOCTNb U CIPYKMYPY NONYIA-
yuu ceumeti NOpoobl TAHOPAC C UCNOAb306aAHUEM 12 MUKpOCamerTumHbIX 10Kyco8. Beezo 6vino ucciedosano 90 ceunetl, npedcmag-
JAOUUX OOHY KOMMepUeCcKyro nopody (nanopac). bBvinu evibpanst 12 muxpocameniumuuix noxkycos (SW24, S0155, SW72, SW951,
S0386, S0355, SW240, SW857, S0101, SW936 SW911 u S0228), komopvie 6x005m 8 CRUCOK MUKPOCAMENTUMHBIX MAPKEPO8, PeKo-
menoogannvix PAO/ISAG.
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I pacuema uacmom anneneti, 3¢pghexmuenoeo uucia anneneu (Ae), nabnooaemoii (Ho) u oxcudaemoui (He) eemepozucommo-
cmu, oyenxu unbpuounea (Fis), ungopmayuonnozo undexca lllennona (Ig,) ucnonvzosanocy npoepammuoe obecneuenue GenAIEx. B
yenrom yacmoma anneneu sapvuposana om 0,006 oo 0,9333 (ona annens SW951 20) Yueno anneneii (Na) sapvuposano om 5 (S0155 u
SW911) oo 13 (SW72) npu cpeonem 3nauenuu 9,00 + 0,80. B obweii crosxcnocmu, 8 3mux 10Kycax ovino oouapyxcenol08 annenetl.
Oonako 3¢pgpexmusnoe uucao anneneu (Ae) eapvuposano om 1,57 (SW951) oo 5,49 (SW240) npu cpeonem 3uauenuu 3,29 + 0,33.
Hugpopmayuonnwiti unoexc Llennona (Ig,), komopulii ceudemenvcmsyem ob ypogue paznoobpasus, 6wl 00CMAmo4Ho bICOKUM — OM
0,79 (onss SW951) oo 2,01 (0na SW240) npu cpeonem 3navenuu 1,43 + 0,09. Cpednue snauenus oyenox nadmooaemoti (Ho) u oocu-
odaemoti (He) ecemeposuzommnocmu cocmasnau 0,578 + 0,009 u 0,662 + 0,004 coomeemcmeenno u sapvuposanu om 0,307 (SW951)
00 0,814 (SW857) u om 0,361 (SW951) 0o 0,818 (SW240) coomeemcmesenno. U3z 12 10Kyco8 MUKDOCAMENTUMOS, NPOAHAIUIUPOSAH-
HBIX C UCNONb306aHUeM moyHo2o mecma Puuepa, 50% Haxoounucy 6 cocmosiHuu pashosecuss Xapou-Batinbepea, a ewge 6 — omkio-
usuce om neeo (P < 0,05).

C ucnonvzosanuem npoepammnozo obecnevenus BOTTLENECK oyenusanuce mpu mMymayuonuvie Mooeau, a UMEeHHO: MOOelb
beckoneunoeo yuciaa annenei (LA.M.), 0syxpasnas mooenv (T.P.M.), modens nowazosoti mymayuu (S.M.M.). Pe3ynrvmamuer nokaswvi-
8arom, umo 051 NONYIAYUU CEUHell NOpodbl T1aHopac He ommeyeno bottleneck-agppexma u ona naxooumes 6 cocmoanuu pasHogecus
MedHCOY MYMAYUOHHBIM NPOYECCOM U OPElhoM 2eHO8.

B uccneoosanuu enepsvle npueedena 2eHemuuecKas Xapakmepucmuka YKPAuHCKOU NONYISAYuU CeUHeti nopoosl J1aHOpac ¢ uc-
NOb306AHUEM NOTUMOPPDUIMA MUKPOCAMENTUMHBIX IOKYCO8. Pasnuunvie napamempul, UChoab3yemble O KOIUYEeCMEEHHOU OYeHKU
2EHEMUYECKOU UBMEHUUBOCTU, OQIOM BbICOKUE OYeHKU OJis Cpedne2o (U 3¢hghexmueno2o) uucna anienetl, oxcudaemol u Habnooae-
MOTL 2emepo3UeOMHOCIU, YMO YKA3bIBAEN! HA 6bICOKYVIO 2EHEMUYECKYI0 USMEHYUBOCHb YKPAUHCKOU NONYIAYUU C8UHEl NOPOObl NaH-
opac. Ionynayus ne npemepnena KaKux-abo HeOagHUX W/unu 6He3anHblX COKpaujeHull YPHekmueHou YUCIEHHOCMU U OCMABANACH 6
COCMOSHUU PABHOBECUS MENCOY MYMAYUOHHBIM NPOYECCOM U OPelihpOM 2eHO8.

Knrouesvie cnosa: cenemuieckutl ROIUMOPHUIM, MUKDOCAMELTUMHbIE TOKYCbL, CEUHbU, NOPOOd NAHOPAC
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Muxkonaiscokuti HayioHATbHULL aepapHull YyHigepcumenn,
eyn. I'eopeis ['oneaose, 9, m. Muxonais, 54020, Yxpaina

Mema yvoeo docnidsicenns noasieana 8 momy, Wod npoananizyeamu ceHemudry MiHIUGICMy i CMpYKmypy nonyasayii ceuneil no-
poou nanopac 3 euxopucmauuam 12 mikpocamenimuux 10xycie. Bevoeo 6yno docniooceno 90 ceunetl, saKi npedcmagnaoms 00HY
Komepyitny nopoody (namopac). Byno obpano 12 mikpocamenimnux noxycig (SW24, S0155, SW72, SW951, S0386, S0355, SW240,
SW857, 80101, SW936 SW911 i S0228), saixi 6x00smb 00 CRUCKY MIKpocamenimuux mapkepis, pexkomenoosanux PAO / ISAG.

Jnst pospaxynky wacmom aneneil, echexmusroeo uucia aneneii (Ae), paxmuunoi (Ho) i ouixysanoi (He) cemeposzucomnocmi, oyi-
uxu inopuounzy (Fis), ingpopmayitinozo inoexcy Illennona (Ig,). suxopucmosgysanoca npocpamue sabesnevenns GenAIEx. B yinomy,
yacmoma aneneii eapirosana 6io 0,006 0o 0,9333 (ona aneni SW951'%°). Queno aneneii (Na) sapirosano 6id 5 (S0155 i SW911) oo 13
(SW72) i3 cepeonim snauennam 9,00 £ 0,80. 3acanom ons yux aokycig Oyno eusenernol 08 aneneu. O0Hax egpekmusHe uucno anenetl
(Ae) sapitosano 6io 1,57 (SW951) 0o 5,49 (SW240) i3 cepeonim snauennam 3,29 + 0,33. Inpopmayiiinuii indexc Llennona (Is;), saxuii
c8I0YUmMb npo pisens piznomanimuocmi, 6ys docums gucoxum — 6io 0,79 (0na SW951) 0o 2,01 (o SW240) — i3 cepeonim suauennam
1,43 £ 0,09. Cepeoni snauenns gpakmuunoi (Ho) ma ouixysanoi (He) cemeposucomnocmi cmanosuau 0,578 £ 0,009 i 0,662 + 0,004,
6i0nosiono i sapiiosanu 6id 0,307 (SW951) oo 0,814 (SW857) i 6io 0,361 (SW951) oo 0,818 (SW240) eionosiono. I3 12 noxycie mix-
pocamenimis, npoaHanizoeanux 3 GUKOpucmanuam mounozo mecmy @iwepa, 50% nepebysanu 6 cmani pisnosazu Xapoi-Batinbepaa,
a pewma — gioxunanucs 6io nvozo (P < 0,05).

3 suxopucmannam npoepamuozo 3abesneuenns BOTTLENECK oyintoganucs mpu mymayiuni mMooeni, a came: MoOenb HeCcKiH-
yennozo uucna aneneii (1.A.M.), osoxpasna moodenv (T.P.M.), modenv nokpoxosoi mymayii (S.M.M.). Pezynomamu ceiouams, wjo 01s
nonyasayii ceuneli nopoou aanopac He sio3nauero bottleneck-eghexmy i 6ona nepedysana 6 cmani pigHosacu MidC MymayitiHuM npo-
yecom i Opetighom zenis.

YV 0ocnioocenni enepue nagedena eenemuyuna Xapakmepucmuka YKpaiHcoKkol nonyasyii ceuretl nopoou 1aHopac 3 6UKOPUCAH-
HAM NOAIMOPGHI3MY MIKpOocamenimuux 10Kycis. Pisni napamempu, sKi 6UKOPUCMOBYIOMbCsL OJisl KIIbKICHOT OYIHKU 2eHeMUYHOT MIHAU-
6ocmi, 0arome BUCOKI OYIHKU CepedHbo2o (i e(pekmugHo2o) uucia anenei, o4ikyeanoi i (pakxmuunoi eemepo3ucomuocni, wo 6Kazye
Ha BUCOKY 2eHemuyHy MIHIUBICMb YKPAIHCLKOI nonyiayii ceuneil nopoou nanopac. Ilonynayis ne 3aznana 6yOb-akux HeOagHix i/abo
PAnmMosux CKOpoueHb epeKmueHoi YUcerbHOCMI i 3aTUANACA 8 CIMAHI PIBHOBASU MINC MYMAYILIHUM NPOYecom i Opelighom 2eHis.

Knruoei cnosa: cenemuunuii nonimopizm, Mikpocamenimui 10KyCu, C8uti, Lopooa 1aHopac

Introduction terms of the growth stage and weight gain of offspring is

also noteworthy. However, the genetic characterization of

In recent years, knowledge of the commercial and lo- the Landrace pigs from Ukrainian populations is still

cal pig resources of the Ukraine has increased, following insufficient. In Ukraine, the first studies using molecular

a similar trend in other countries. The productive life- markers in pigs were done by V. Topiha et al. (Topiha et

span, good maternal ability and high meat production of al., 2010) who analyzed a panel of five microsatellites in
the Landrace pigs is remarkable. In addition, the superior- 241 Large White pigs.

ity of crossbreeding these pigs with Large White breeds in The aim of this study was to analyze the genetic vari-
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ability and population structure of the Landrace popula-
tion by using 12 microsatellite markers.

Material and Methods

A total of 90 pigs representing one commercial breed
(Landrace) were sampled. The animals belonged to the
breeding group of the public joint-stock company (PJSC)
«Plemzavod «Stepnoy» located in Zapovitne village,
Kamensko-Dniprovsky district of Zaporozhia region,
Ukraine.

PCR analysis was carried out on DNA extracted from
90 ethanol-fixed small pieces of ear tissue samples. A
DNA extraction using the Nexttec Clean Column kit
(Nexttec, Germany) according to the manufacturer's in-
structions was performed.

Twelve microsatellite loci which presented reliable
amplification standards (SW24, S0155, SW72, SW951,
850386, S0355, SW240, SW857, S0101, SW936 SW911 and
S0228) were selected and belong to the list of microsatel-
lite markers recommended by FAO/ISAG. The adopted
strategy for the selection of the loci was to represent most
of the autosomic pig chromosome.

Electrophoresis was carried out using an ABI 3130x1
Genetic Analyzer (Applied Biosystems, USA). Allele
sizes of each microsatellite were determined using
GeneMapper ver. 4.0 (Applied Biosystems).

All the samples were stored in the DNA Bank of the
Laboratory of All-Russian Science Institute of Animal
Husbandry named after L.K. Emnst (V1J), Dubrovitzy
(Russian Federation), where this experiment was devel-
oped.

GenAIEx version 6.5 (Peakall and Smouse, 2006) was
used to calculate the allele frequencies, effective number
of alleles (4e), observed (Ho) and expected (He) hetero-
zygosity, within-population inbreeding estimate (Fis),
Shannon’s information index (Zg,).

GENEPOP version 4.2 (Rousset, 2008) was used to
perform deviations form Hardy-Weinberg equilibrium
(HWE) per locus using Markov chain algorithm imple-
mented according to authors recommendation with 10,000
dememorizations, 200 batches and 5,000 interactions per
batch.

The BOTTLENECK (version 1.2.03) (Cornuet and
Luikart, 1996) analysis was performed to know whether
this pig population exhibits a significant number of loci
with excess of heterozygosity.

Results and Discussion

The genetic diversity parameters in the Landrace pig,
such as allele number, effective number of allele, ob-
served and expected heterozygosity, within-population
inbreeding estimate (Fis) and Shannon’s information
index are presented in Table 1.

All the loci studied were polymorphic. Overall allele
frequency values ranged from 0.006 to 0.9333 (at allele
SW951120). The number of observed alleles (Na) detect-
ed ranged from 5 (S0/55 and SW911) to 13 (SW72), with
an overall mean of 9.00 + 0.80 and a total of 108 alleles
were observed at these loci. However, the effective num-
ber of alleles (4e) ranged from 1.57 (SW951) to 5.49
(SW240) with a mean of 3.29 + 0.33.

Shannon’s information index (/g;) which measures the
level of diversity, was sufficiently high — from 0.79 (for
SW951) to 2.01 (for SW240) — with a mean of 1.43 + 0.09.
The overall means for observed (Ho) and expected (He)
heterozygosities were 0.578 + 0.009 and 0.662 + 0.004,
respectively, which ranged from 0.307 (SW951) to 0.814
(SW857) and 0.361 (SW951) to 0.818 (SW240), respec-
tively. Of the 12 microsatellites analyzed using Fisher’s
exact test, 50% were in Hardy-Weinberg equilibrium, and
6 were out of equilibrium (P < 0.05).

Table 1
Microsatellite analysis in the Landrace pig population

Locus n Na Ae I, Ho He Fis HWE
Sw24 69 10 4.22 1.64 0.797 0.763 -0.045 ns
50155 90 5 2.52 1.14 0.589 0.603 0.024 ns
Sw72 85 13 2.97 1.49 0.671 0.664 -0.010 ns
SW951 88 7 1.57 0.79 0.307 0.361 0.151 ok
50386 90 10 2.75 1.46 0.578 0.637 0.093 ns
50355 85 10 3.04 1.42 0.412 0.671 0.386 ok
SW240 77 12 5.49 2.01 0.675 0.818 0.174 o
SW857 86 10 5.22 1.85 0.814 0.809 -0.007 ns
50101 87 6 3.29 1.30 0.747 0.696 -0.074 ns
SW936 85 12 2.67 1.43 0.435 0.625 0.304 ok
SW911 45 5 2.53 1.19 0.422 0.605 0.303 *

50228 86 8 3.25 1.44 0.488 0.693 0.295 ok

* - P<0.05; *** — P<0.001; ns — P> 0.05.

The within-population inbreeding estimates (Fis) ob-
served at 8 loci were positive and 4 loci revealed negative
with a mean of 0.133 + 0.046 is indicating significant
heterozygosity shortage in the Landrace pig population.

Three mutation models namely, infinite allele model
(ILA.M.), two phase model (T.P.M.), stepwise mutation
model (S.M.M.) were estimated using the BOTTLE-
NECK software (Table 2). The results are indicated that

the Landrace pig population is non-bottlenecked and
remained at mutation-drift equilibrium.

The effective number of alleles found in this study
(3.29 £ 0.33) was higher than that in the German Land-
race (2.27), the Vietnam Landrace pigs (2.83) (Thuy et
al., 2006). This value for the Ukrainian Landrace pigs was
comparable to than that found by Vicente et al. (Vicente
et al., 2008) in the Landrace pigs from Portugal (3.47).
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The average expected (0.662) and observed (0.578)
heterozygosities of the Ukrainian Landrace pigs indicated
a high degree of variability. The heterozygosity observed
here resembled the values found for other breeds, such as
the Vietnam Landrace pigs (He = 0.600) (Thuy et al.,
2006), the Spanish Landrace pigs (He = 0.640) (Boitard et

al., 2010) and the Portuguese Landrace pigs (He = 0.670)
(Vicente et al., 2008). The observed heterozygosity found
in present study is also in close agreement with the re-
ported values in Landrace (0.522) by Swart et al. (Swart
et al., 2010) for the Southern African domestic pigs.

Table 2

Bottleneck analysis in the Landrace pig population

Model Sign rank test — Number of loci with heterozygosity excess
Expected Observed Probability
LAM. 7.16 4 0.060
T.P.M. 7.14 4 0.061
S.M.M. 7.10 1 <0.001
The Fis values in the sample of the Ukrainian Land- References

race pigs ranged from —0.074 to 0.386. The mean within
population inbreeding estimate (Fis) was 0.133. The defi-
ciency of heterozygotes (13.3 percent) in the Ukrainian
Landrace pig population is higher to heterozygote short-
fall observed in the Portuguese Landrace pig (3.8 percent)
(Vicente et al., 2008) and the Spanish Landrace pigs (6.0
percent) (Boitard et al., 2010).

Conclusions

The study stands first in genetic characterization of the
Ukrainian Landrace pig population through microsatellite
markers. The various parameters and values used to quan-
tify genetic variability, such as the high mean (and effec-
tive) number of alleles and the expected and observed
heterozygosities, indicated high genetic variability in the
Ukrainian Landrace pigs. The population has not under-
gone any recent and/or sudden reduction in the effective
population size and remained at mutation-drift equilibri-
um.

Researcher’s perspectives

The evaluation of pig genetic resources and the con-
servation of key pig populations will be important to
enable the Ukrainian agriculture and food industries to
respond to future changes in consumer needs. Two breeds
are mainly used as maternal lines in the Ukrainian swine
breeding programs: Landrace and Large White, which
represent 37.3 percent and 51.8 percent of the overall
germplasm used for pork production, respectively (Gladiy
et al., 2015). Evaluating the genetic diversity within a
breed is also a requisite for genetic conservation.
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