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GENETIC POLYMORPHISM OF THE RED
WHITE BELTED BREED PIGS BASED
ON MICROSATELLITE MARKERS

S. Lugovoy, PhD (Agr.), Ass. Professor
S. Kramarenko, DSc (Biol.), Ass. Professor
S. Galimov, PhD (Agr.), Ass. Professor
Mykolayiv National Agrarian University

The aim of this study was to analyze the genetic variability and
population structure of the Red White Belted breed pigs. Twelve
microsatellite loci were selected and belong to the list of microsatellite
markers recommended by FAO/ISAG. The number of observed alleles
(Na) detected ranged from 4 to 8, with an overall mean of 6.67 and
a total of 80 alleles were observed at these loci. The overall means
for observed (Ho) and expected (He) heterozygosities were 0.649 and
0.693, respectively. The population effective size (Ne) estimate based
on LD-method is 59.2 (95% CI: 36-129) individuals. This population
has not undergone any recent and/or sudden reduction in the effective
population size and remained at mutation-drift equilibrium.

Key words: genetic polymorphism, microsatellite loci, pigs, the Red
White Belted breed.

The Red White Belted breed pigs was established from 1976
to 2007 at the Institute of Pig Breeding and Agro-industrial
Production of the National Academy of Agricultural Sciences
(Poltava, Ukraine) through complex crossing methods, which
comprised the Duroc (43.75%), the Poltava Meat (21.88%),
the Hampshire (21.87%), the Landrace (6.25%) and the Large
White (6.25%) pigs. This synthetic breed retains the white belt
characteristic of the Hampshire breed and the red coat color of
the Duroc breed [1].

Analysis of the recent research and publications. The Red
White Belted pigs reach a live weight of 100 kg in 185 days [1].
According to I. Bankovska and J. Sales [2], the Red White Belted
pigs present comparable carcass lean contents to the Landrace
and the Large White pigs, notwithstanding lower carcass yields
and greater backfat thickness. Greater (p < 0.05) pH values were
measured at 24 hours post-mortem in the musculus longissimus
thoracis et lumborum of the Red White Belted pigs compared
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to the Landrace. In recent years, knowledge of the commercial
and local pig resources of the Ukraine has increased, following a
similar trend in other countries. However, to date no studies have
been done on the Red White Belted pig population to understand
the population diversity and structure at molecular level.

Aim. Thus, the aim of this study was to analyze the genetic
variability and population structure of the Red White Belted pig
population by using microsatellite markers.

Methods of research. A total of 46 pigs representing the Red
White Belted pig breed were sampled. The animals belonged to
the breeding group of the agricultural private enterprise (APE)
“Tehmet-Yuh” located in Mykolayiv region, Ukraine.

PCRanalysiswas carried outon DNA extracted from 46 ethanol-
fixed small pieces of ear tissue samples. A DNA extraction using
the Nexttec Clean Column kit (Nexttec, Leverkusen, Germany)
according to the manufacturer's instructions was performed.
Twelve microsatellite loci which presented reliable amplification
standards (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/
I[SAG. 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 3130xl
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. Ernst, where this experiment was developed.

GenAlEx version 6.5 [3] was used to calculate the allele
frequencies, effective number of alleles (Ae), observed (H ) and
expected (H) heterozygosity, within-population inbreeding
estimate (F, ), Shannon’s information index (I, ). GENEPOP version
4.2 [4] was used to perform deviations form Hardy-Weinberg
equilibrium (HWE) per locus using Markov chain algorithm
implemented according to authors recommendation with 10,000
dememorizations, 200 batches and 5,000 interactions per batch.
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The BOTTLENECK (version 1.2.03) [5] analysis was performed
to know whether this pig population exhibits a significant number
of loci with excess of heterozygosity. Genetic diversity was
assessed by effective population size (N ) and it was calculated by
linkage disequilibrium method (LD-method), as implemented in
the software package NeEstimator v. 2.01 [6].

Results of research. The genetic diversity parameters in the
Red White Belted pig population, such as allele number, effective
number of allele, observed and expected heterozygosity, within-
population inbreeding estimate (F,) and Shannon’s information
index are presented in Table 1.

Table 1
Microsatellite analysis in the Red White Belted pig population
Locus n N, A, I, H, H, F. HWE
Sw24 44 8 4.96 1.77 0.727 | 0.799 | 0.089 *
S0155 46 8 4,91 1.76 0.739 | 0.796 | 0.072 ns
SW72 46 6 3.61 1.41 0.848 | 0.723 | -0.173 *
SW951 46 4 1.51 0.70 0.304 | 0.339 | 0.101 ns
S0386 44 7 3.48 1.48 0.477 | 0.713 | 0.330 ook
S0355 44 7 1.98 1.07 0.409 | 0.495 | 0.173 ook
SW240 38 6 4.22 1.55 0.763 | 0.763 0 ns
SW857 45 8 3.69 1.56 0.800 | 0.729 | -0.097 ns
S0101 46 4 2.85 1.15 0.630 | 0.649 | 0.029 ns
SW936 46 6 3.32 1.39 0.783 | 0.699 | -0.120 ns
SwWo11 22 8 4.40 1.65 0.545 | 0.773 | 0.294 ok
S0228 46 8 6.06 1.90 0.761 | 0.835 | 0.089 ok

*-p <0.05;, ** - p <0.01; *** - p <0.001;, ns - p > 0.05.

All the loci studied were polymorphic. Overall allele frequency
values ranged from 0.011 to 0.804 (at allele SW951120).

The number of observed alleles (N ) detected ranged from
4 (SW951 and S0101) to 8 (SW24, S0155, SW857, SW911 and
S0228), with an overall mean of 6.67 £ 0.43 and a total of 80 alleles
were observed at these loci. However, the effective number of alleles
(Ae) ranged from 1.51 (SW951) to 4.91-4.96 (S0155 and SW24) with

a mean of 3.75 + 0.37. Shannon’s information index (I,) which
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measures the level of diversity, was sufficiently high — from 0.70 (for
SW951) to 1.90 (for S0228) — with a mean of 1.45 £ 0.10.

The overall means for observed (H) and expected (H)
heterozygosities were 0.649+0.051 and 0.693£0.04 1, respectively,
which ranged from 0.304 (SW951) to 0.848 (SW72) and 0.339
(SW951) to 0.835 (S0228), 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).

The within-population inbreeding estimates (Fis) observed
at 9 loci were positive (or equal to zero) and three loci revealed
negative with a mean of 0.066 = 0.044 is indicating non-significant
heterozygosity shortage in the Red White Belted pig population.

Three mutation models namely, infinite allele model (I.A.M.),
two phase model (T.P.M.), stepwise mutation model (S.M.M.) were
estimated using the BOTTLENECK software (Table 2). The results
are indicated that the Red White Belted pig population is non-
bottlenecked and remained at mutation-drift equilibrium.

Table 2
Bottleneck analysis in the Red White Belted pig population

Model Sign rank test — Number of loci with heterozygosity excess
Expected Observed Probability
LLA.M. 7.12 8 0.419
T.P.M. 7.11 6 0.355
S.M.M. 7.08 4 0.067

Effective population size (N ) is an useful criterion in classifying
a breed population in view of degree of endangerment [7]. For the
Red White Belted pig population effective population size estimate
based on LD-method is 59.2 (95% CI: 36-129) individuals.

The mean number of alleles per population (6.67) in the study
is less than the mean number reported for Brazilian (8.96) [8] and
Chinese (13.31) [9] pig breeds. According to R. Ayizanga et al. [10]
for four Ghanaian local pig breeds, the mean number of alleles per
population ranged from 5.75 for the Tingoli population to 10.60
recorded for the pigs sampled from Papu with an overall mean of
8.43 alleles. However, for the Red White Belted pig population,
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the mean number of alleles observed is higher than the mean
number reported Indian native pig breeds — Meghalaya - 3.90;
[11], Ghungroo — 4.90 [12], Doom — 5.45 [13].

Factors such as the level of inbreeding, population size, the
history or origin of the breeding population, the level of selection
pressure and the rate of mutation and husbandry practices affect
the genetic diversity of populations [14]. For the Red White Belted
pig effective population size (estimated by the LD-method) is 59.2
(95% CI: 36-129) individuals. A value is similar to some local
breeds — Brazilian Moura pig (N, = 30; [15]), Cinta Senese pig
from Italia (N_ = 40; [16]), Iberian local pigs (N, = 46-151; [17]).
Thus, effective population size in the Red White Belted pig breed
is clearly under the threshold defined by FAO (N_ = 50-100).

Conclusions. The study stands first in genetic characterization
of the Red White Belted pig population through 12 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
moderate genetic variability in the Ukrainian Red White Belted pigs.
The population effective population size (Ne) estimate based on LD-
method is 59.2 (95% CI: 36-129) individuals. This 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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C. I Jlyrosuii, C. C. KpamapeHko, C. M. lanimos. FeHeTuyHunii nosimMop-
¢izmM cBuHeH yepBOHOI 6innonosicoi nopoagn Ha nigcraBi MikpocaTeniTHUx
MapkKepis.

MeTor gaHoro 4ocnigxeHHs1 6yB aHasni3 reHeTMYHOI MiHAMBOCTI Ta CTPYKTypu
nonynsayii cBuHen 4epBoHOI 6inonosicoi nopoau. bynau BigibpaHi ABaHaAUSATb MIKPO-
caTtenitHux nokycis (SW24, S0155, SW72, SW951, S0386, S0355, SW240, SW857,
S0101, SW936 SW911 i S0228), siki BKJIIOHEHO A0 CMUCKY MapKepiB, peKoMeHAo-
BaHnx ®AO/ISAG. Y KoxXHOMY JIOKYCi KiflbkicTb anenis (Na) BapitoBana Big 4 4o 8
rnpw 3araibHOMy cepeAHbOMYy 3HayeHHi 6,67; 3arasom 6ys0 BusiBieHo 80 asesis.
CepegHi 3HadyeHHs1 pakTnyHoi (Ho) Ta ouvikyBaHoi (He) reTepo3mnroTHOCTi CTaHOBUIN
0,649 i 0,693, BianosiagHo. OuiHka epeKTUBHOI YyncesbHocTi nonynsadii (Ne), po3-
paxoBaHa 3a LD-metogomM, cknana 59,2 ocobuH (95% [I: 36-129). L{s nonynsyis He
3a3Hasna byab-sIKux HedaBHix i/abo parToBux CKOPOYEHb e(heKTUBHOI YNCEJIbHOCTI i
nepebyBa€e B CTaHi piBHOBaru Mixx My TayiiHnM rpoLEeCcoM i APENGDOM reHis.

KnroyoBi cnoBa: reHeTu4YHui MosiiMopiaM, MiKpocaTesniTHI JIOKYyCu, CBUHI,
yepBoHa bisonosica nopoaa.

118 Bicuux acpapnoi nayku IHpuuopromop’s. — 2017. — Bun. 1



C. W. Nlyrososi, C. C. KpamapeHko, C. H. laniumoB. FeHeTnmyeckuii mno-
AuMop¢gmsmM cBUMHEH KpacHoW 6esionosicol nopoAabli Ha OCHOBaHWUU
MUKpOCaTe/I/IMTHbIX MapKepoB.

Lenbto pgaHHOro wuccrefoBaHusi 6bi1 aHasan3 reHeTUYeCcKoN U3MEHYNBOCTH
M CTPYKTYpbl MOAyasymn CBUHEN KpacHou 6es0Mosicos noposdbi. bblin 0TO6paHbl
ABEeHaauatb MUKPOCATEJ/UINTHBIX, KOTOpbl€ OTHOCSATCS K CIUCKY MapKepos,
pekomeH0BaHHbIx PAO/ISAG. B kaxgoMm siokyce ko/myectBo annenev (N,) Bapbu-
poBasio ot 4 g0 8 npn obuwem cpegHeEM 3Ha4YeHun 6,67; B obLyel CI0XKHOCTHU 6bl/10
06HapyxeHo 80 annenei. CpegHmne 3HayeHns Habrogaemon (H) n oxuaaemori (H)
rerepo3nrotHocTn coctasuam 0,649 n 0,693, cooTBeTCTBEHHO. OLjeHKa 3¢hheKTUBHOM
uncneHHoctu nonynsaumu (N,), paccumtaHHas rno LD-metoady, coctasusia 59,2 oco-
6eit (95% [N: 36-129). aHHas nonynsiunsi He rnpeteprena Kakmx-anbo HeaaBHux n/
WJIN BHE3arHbIX COKPaLUeHNI 3PHEKTUBHOMN YNCIIEHHOCTH U IPEOLIBAET B COCTOSAHUMN
paBHOBECUS MeXAY MyTalNOHHbIM MPOLIECCOM M APENGDOM reHOB.

KnroyeBble cnoBa: reHeTUYECKUii I'IOHMMOpCpMBM, MUKPpOCaTeslJInTHbIE
JIOKYCbl, CBUHbU, KpaCHas 6enonosicas rnopoja.
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