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Aim. To determine genetic characteristics of the Mirgorod pig breed by analysis of 25 SNPs of 22 genes and to
conduct the associative analysis of genes MC4R (SNP ¢.1426 G > A), LEP (SNP g.2845 A > T), GH (BsuRI-
polymorphism), CTSF (SNP g. 22 G > C) with productive traits of animals. Methods. Blood samples of
pedigree Mirgorod pigs, bred at SI «Experimental farm named after Decemberists», Poltava region, were used
for the studies. DNA genotyping was performed by PCR-RFLP and TagMan. Results. Specific features of the
breed were determined in terms of gene allele frequencies, high level of genetic variability (He — 0.326) and
allelic diversity (mean number of alleles per locus — 1.96). The KPL2/m allele that causes genetic anomaly of
ISTS is absent among investigated Mirgorod pigs, and the recessive RYRI g.1843T allele, responsible for stress
sensitivity of pigs, occurs at a low frequency (0.04). Unlike other breeds, a relatively high frequency of the
minor allele g.15A (0.16) of CTSK and polymorphism of the LEP gene (SNP 2.3996 T > C) (He — 0.455) was
observed. Statistically significant associations of polymorphisms have been established: MC4R (SNP ¢.1426
G > A) with age of gaining 100 kg, the thickness of backfat and the Eye Muscle Area, GH/BsuRI with the
age of gaining 100 kg, and CTSF (SNP g. 22G > C) with Eye Muscle Area. There was a trend of statistically
significant differences between groups of pigs with different genotypes of LEP (SNP g.2845 A > T) and the
thickness of the backfat (p = 0.09). Conclusions. It is reasonable to carry out the restoration of the gene pool
of the Mirgorod pig breed, taking into account the SNPs of the studied genes and their associations with the
productive traits. It is expedient to give preference to pigs with SNP genotypes ¢.1426 MC4R GA, MC4R AA,
g.22 CTSF CC, g.2845 LEP TT for breed reproduction.
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Introduction. One of negative consequences, re-
sulting from the distribution of industrial technology
of animal production, has become the decrease in ge-
netic diversity of agricultural breeds. In pig breeding,
the main bulk of the global livestock is presented with
three breeds — Large White (Yorkshire), Landrace
and Duroc. In general, these breeds are more produc-
tive and better adapted to the conditions of industrial
technology compared to local ones. However, local
breeds, most of which are at the verge of extinction,
have some unique traits, which could be useful in
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case of changes in economic conditions and the loss
of which could result in depauperation of the glob-
al gene fund of animals. Among these traits of local
breed pigs, one can distinguish high adaptation and
resistance abilities, conformational and performance
stability, high viability, plasticity, plain feeding, ex-
cellent reproduction and maternal characteristics,
high product quality [1-3].

Mirgorod pig breed is one of such local breeds, which
has come to the verge of extinction, regardless of
unique useful characteristics. This breed was approved
in 1940. It was obtained via complicated reproductive
crossing of local short-eared pigs with English breeds —
Berkshire, Tamworth, Middle Large, and Large White.
Long-term mass selection while breeding local pigs of
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Poltava region «within themselves» played a great role
in the process of establishment [4, 5].

It is well known that the content of intramuscular fat
is one of the main factors, impacting the tenderness and
energy value of meat. According to the data, presented
in the articles [6—8], muscular tissue of purebred Mir-
gorod pigs contains extra-high level of intramuscular
fat (6.56 %) and is remarkable for a low content of pro-
teins (20.33 %). Along with low content of moisture in
the meat of this breed, this trait conditions its excellent
taste qualities. In addition to the abovementioned, an-
other specific feature of this breed is its ability to use
pastures and a considerable percentage of non-concen-
trated fodder in the ratio [9]. This is conditioned by the
fact that Mirgorod breed was established on the basis
of local pigs, which had been better adapted to digest-
ing fibers.

Until recently, the main problem in preserving the
gene fund of Mirgorod breed was its low number of
livestock and, as a result, forced use of in-breeding in
its selection.

However, the situation was not critical. The studies,
conducted in 2010-2014, noted a low degree of in-
breeding, and thus, a possibility of purebred selection
without the risk of inbred depression [9]. This conclu-
sion is also confirmed by the analysis of microsatellite
loci of Mirgorod breed, which determined that its ge-
netic variability was high, but lower (Na = 2.92; H =
= 0.382; FIS = 0.178), compared to three other Ukrai-
nian local pig breeds — Ukrainian Meat, Ukrainian White
Steppe and Ukrainian Spotted Steppe (mean Na = 5.00—
8.42; H = 0.549-0.668; FIS = 0.027-0.066) [10].

However, the spreading of African swine fever (ASF)
in Ukraine has become the highest threat for breed
preservation. According to the data of the World Or-
ganization for Animal Health [11], since the beginning
0f 2016, 123 thousand pigs were eliminated in Ukraine
due to the outbreak of ASF, not counting the ones,
eliminated in private households.

In August 2018, the only purebred herd of Mirgorod
pig breed in the world, which belonged to SI “EF
named after Decemberists” was eliminated too, due
to the outbreak of ASF. As of December 2018, only 9
animals of Mirgorod breed remained alive in the ex-
perimental station of the Institute of Swine Production
and Agroindustrial Production, NAAS, and 14 pigs —
in private households. In addition, the genetic material
bank of the Institute of Animal Breeding and Genetics,
NAAS, keeps the sperm of 5 Mirgorod breed boars,
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obtained in 2016. Therefore, there are some prerequi-
sites for restoration of Mirgorod breed. Here, one of
possible constituents of solving this task is using the
genetic material of Belorussian Black-and-Spotted pig
breed, the selection scheme of establishing of which
was similar to the scheme of establishing the Mirgorod
breed, and which is close to the latter by the pheno-
type features. Another possibility is the involvement of
Poltava Meat breed, which was created using Mirgorod
breed sows and inherited specific mitochondrial haplo-
type from the latter. It is important for the population of
the restored breed to be maximally genetically similar
to the initial Mirgorod breed, which is practically non-
existent at present.

Taking this fact into consideration, it is relevant to
obtain genetic characteristics of the Mirgorod breed
using the information about single nucleotide polymor-
phisms. Genetic characterization is supplemented with
the associative analysis of the relationship between
some SNPs and the manifestation of productive fea-
tures of purebred pigs.

MATERIALS AND METHODS

The population studies involved the use of blood
samples of pedigree Mirgorod pigs, bred at SI «Experi-
mental farm named after Decemberists», the Institute
of Swine Production and the Agroindustrial Production
of NAAS in Poltava region, which were obtained in
2015-2017. The number of pigs, genotyped by each
gene under investigation, is presented in Table 1.

The association of genetic markers with productive
traits was determined for the pigs of Mirgorod breed
(the breeding farm of SI «Experimental farm named
after Decemberists»),yusing the following indices: age
of reaching the bodyweight of 100 kg (days), thick-
ness of backfat, measured at the level of vertebrae 67
(mm) at the bodyweight of 100 kg, average daily gain
(g) during the feeding period, length of a semi-carcass
(cm) and Eye Muscle Area (sq.cm.). DNA from blood
samples was extracted using Chelex 100 reagent [12].

DNA-typing using PCR-RFLP by gene ESR1 (ge-
netic marker ESR1/Pvull) was performed according
to [13], by gene RYR1(g.1843C > T SNP) [14], PRLR
(PRLR/AIul,SNPc.1789 G>A) [15], GH (GH/BsuRI)
[16], IGF2 (IGF2/Ncil (Bcnl) [17], GHRH (GHRH/
Alul) [18], CTSB (g. 72 A > C SNP) [19], CTSL
(g.143C > T SNP) i CTSS (g.171G > A SNP) [20],
CTSF (SNP g.22 G > C) [21], MC4R (c.1426 G > A)
[22], LEP (SNP g.2845 A>T) and LEP (SNP g.3996
T > C) [23], LEP (SNP g.3469 T > C) [24], LEPR
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(SNP g.2856C > T) [25], MUC4 (SNP g.1849G >
> C) [26] and FUT1 (SNP g.307 G > A) [27]. DNA-
typing by gene KPL2 was performed using the meth-
od, presented in the work [28].

DNA amplification with PCR was conducted us-
ing a programmed thermostat TERTSIK-2 (DNA-
Technologies, Russian Federation) according to the
instructions of DNA-polymerase manufacturer (Ther-
mo Fisher Scientific). The restriction analysis using
relevant endonucleases was conducted according to
the manufacturer’s instructions (Thermo Fisher Sci-
entific). PCR products were separated using 2 % aga-
rose gel-electrophoresis in 1 x Tris-borate electrode
buffer (TBE) for 2 h at the current of 50 mA in the

electrophoretic chamber (Cleaver Scientific Ltd, UK).
DNA of plasmid pUC19, hydrolyzed by endonucle-
ase Msp I (Thermo Fisher Scientific), was used as a
marker of molecular mass. After electrophoresis, the
gel was stained with the solution of ethidium bromide
(10 mg/cc) and the electrophoresis results were docu-
mented with the digital camera using the transillumi-
nator [29].

DNA-typing of animals by gene CTSK (SNPg.15G>A)
was conducted by the method of allele discrimination
(Tag Man — analysis), and by SNP c.1987C>T of gene
LEPR — by HRM (High Resolution Melting) using
CFX96 TouchTM Real Time PCR Detection System
(Bio-Rad, Laboratories Inc., USA) [30].

Table 1. Frequencies of alleles and genetic variability in the population of pigs of Mirgorod breed by 22 genes of quantitative

trait loci
. Frequencies
Gene (polymorphism) n of alleles PIC H.

RYRI (SNP g.1843C>T) 68 C=0.96 7=0.04 0.074 0.077
KPL2 (presence/absence ins.) 50 M=1.00 m=10.00 0.000 0.000
ESR1 (ESR1/Pvull) 28 A=0.62 B=038 0.360 0.471
PRLR (SNP c.1789 G>A) 61 A=0.27 B=0.73 0.317 0.394
GH (GH/BsuRI) 37 A=0.89 B=0.11 0.177 0.196
IGF2 (IGF2/Ncil (Benl)) 17 A=0.74 B=0.26 0.311 0.385
CTSB (SNP g.72 A>C) 20 A=093 Cc=0.07 0.122 0.130
CTSK (SNP g.15G>A) 43 A=0.16 G=0.84 0.233 0.269
CTSS (SNP g.171G>A) 20 A=0.23 G=0.77 0.292 0.354
CTSL (SNP g.143C>T) 50 C=0.99 7=0.01 0.019 0.020
CTSF (SNP g. 22 G>C) 50 C=0.59 G=041 0.367 0.484
MCA4R (SNP c.1426 G>A) 38 A=0.75 G=0.25 0.305 0.375
GHRH (GHRH/Alul) 14 A=0.32 B=0.68 0.341 0.435
LEPR (SNP ¢.1987C>T) 36 C=0.56 7=0.44 0.371 0.493
LEPR (SNP ¢.232T>A)* 50 A=0.86 7=0.14 0.212 0.241
LEP (SNP g.2845 A>T) 50 A=0.64 7=0.36 0.355 0.461
LEP (SNP g.3469 T>C) 50 T=0.79 Cc=0.21 0.277 0.332
LEP (SNP g.3996 T>C) 50 T=0.65 C=0.35 0.352 0.455
FUT1 (SNP g. 307 G >A) 49 G=0.79 A=0.21 0.277 0.332
MUC4 (SNP g.1849G>C) 50 G=0.80 C=0.20 0.269 0.320
OPNin6 (ins/del of SINE element)2 50 A=0.14 B=10.86 0.212 0.241
ACTNI (ACTN/BstE IT) * * 50 G=10.68 A=10.32 0.341 0.435
FSHP (FSHP/HaellI) * * 50 A=0.82 B=0.18 0.252 0.295
PLIN (SNP g.4119A>G) * * 50 A=0.58 G=042 0.369 0.487
PLIN (SNP g.7966T>C) * * 50 C=0.63 T7=0.37 0.358 0.466
Share of polymorphic loci 88.0

Average expected heterozygosity 0.326

Average number of alleles per locus 1.96

Effective number of alleles 1.48

Note. n — number of animals; PIC — polymorphism informational content of a genetic marker;* — data about the frequencies

of alleles, obtained in the work of N.K. Sarantseva et al. [32];

of V.Yu. Nora et al. [33]; H_ — expected heterozygosity
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**— data about the frequencies of alleles, obtained in the work
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GENALEX 6 program was used to estimate popula-
tion characteristics [31]. The analysis of associations
between genotypes and indices of productive traits of
pigs was conducted using single-factor disperse analy-
sis (ANOVA, analysis of variance) in Excel 2007.

RESULTS AND DISCUSSION

Table 1 presents the frequencies of alleles of 22 genes
of quantitative trait loci, determined both by the results
of our own genotyping of pedigree stock of Mirgorod
pig breed, and in the investigations of other authors, the
works of which have been referenced.

The analysis of allele frequencies demonstrated some
specificities of the Mirgorod breed in comparison with
local and transborder breeds of different performance
lines [34].

For instance, by ryanodine receptor 1 gene (RYRI),
the frequency of minor allele g.1843T, associated
with the hereditary drawback of pigs — enhanced
stress sensitivity, the critical manifestation of which is
malignant hyperthermia [14], was 0.04. However, the
phenotypic manifestation of the mentioned allele was
not registered in the Mirgorod breed herd. At the same
time, allele g.1843T is absent in local breeds — Ukrai-
nian White Steppe and Ukrainian Spotted Steppe, and
in meat breeds it occurs with the frequency from 0.1
to 1.00.

Estrogen receptor 1 gene (ESRI), traditionally
viewed as a genetic marker of reproductive qualities of
sows (Pvull-polymorphism of 3rd intron of the gene)
[35-37] in the Mirgorod breed, was remarkable for
polymorphism similar to most other domestic and for-
eign breeds. However, according to our data, contrary
to the Large White breed, the «desired» allele ESR1
was not associated with multiple pregnancy of sows in
the Mirgorod breed.

Enhancing reproductive traits in pig breeding in-
volves the use of genetic markers, based on polymor-
phism of prolactin receptor gene (PRLR, Alul-polymor-
phism, SNP ¢.1789 G>A) [38] and follicle-stimulating
hormone beta-subunit gene, Haelll-polymorphism)
[39]. According to our data and the results, obtained
in the work [40], the mentioned genes are notable for
polymorphism in the Mirgorod breed; no specificities
in terms of allele frequencies and differences from oth-
er breeds were determined.

According to the data, presented in [40], secreted
phosphoprotein 1 gene (OPN or SPP1) [41], which has
registered impact on such reproductive traits of pigs as
a number of piglets at birth and motility of spermia in
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boars, was notable for not a high level of polymorphism
(indel in SINE element) at the frequency of a minor al-
lele A —0.136. The distribution of allele frequencies in
the population of the Mirgorod breed had slight differ-
ences from that for Large White, Large Black, Poltava
Meat and Landrace breeds.

As for the growth hormone gene (GH), involved in
the control of meat and finishing qualities of pigs [42],
as of 2017, both alleles of the gene (BsuRI-polymor-
phism) were found in the population of the Mirgorod
breed, whereas our previous studies of this breed did
not determine allele B of this marker. Allele B was
absent in local breeds of Ukrainian White Steppe and
Ukrainian Spotted Steppe, and in a number of other
breeds, produced in Ukraine, this gene occurred with
different frequencies of alternative alleles.

In terms of a physiological function of encoded pro-
teins and localization of some QTLs in regions, cathep-
sin genes are referred to the candidate genes, involved
in the control of meat productivity traits, meat quality
and carcass structure [19-21, 43—46]. As for allele fre-
quencies of cathepsin genes S, F, and B, the Mirgorod
breed does not have any significant differences from
other domestic and foreign breeds, for which relevant
population studies were conducted [47]. At the same
time, its specificity was a relatively high frequency
of the minor allele 4 by SNP of gene CTSK g.15G>A
(¢ = 0.16) and practically no polymorphism of gene
CTSL by SNP g.143C>T (¢ = 0.01).

Leptin genes (LEP) and leptin receptor genes (LEPR)
are also candidate genes to QTL, as they play an impor-
tant role in regulating lipid exchange [48, 49]. In the
Mirgorod breed, allele frequencies by genetic markers
LEPR (SNP ¢.1987C>T) and LEPR (SNP c.232T>A),
associated with the features of finishing and meat traits,
had no significant differences from the frequencies of
these alleles in the populations of other breeds, in par-
ticular, in Large White, according to the data, obtained
in [32]. Among genetic markers of leptin gene SNP
2.2845 A>T, SNP 2.3469 T>C and SNP 2.3996 T>C,
the Mirgorod breed differed from other breeds in terms
of allele frequency only by the latter. For instance,
Yorkshire and Large White breed of Ukrainian selec-
tion had only one allele (LEP g.3996 C) [23], whereas
the Mirgorod breed demonstrated the prevalence of al-
lele LEP g.3996 T.

Melanocortin 4 receptor gene (MC4R) (SNP c.1426
G>A)) and growth hormone-releasing hormone gene
(GHRH)( Alul-polymorphism), impacting the finish-
ing traits of pigs and fat deposition [50, 51] in the Mir-
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gorod breed were characterized by a considerable level
of polymorphism by the corresponding genetic mark-
ers. However, these genes were also polymorphic in a
number of other breeds, bred in Ukraine [52, 30].

Genes, impacting the processes of fat deposition,
include perilipin gene (PLIN) [53]. According to [40]
polymorphisms SNP g.4119A > G and SNP g.7966T >
> C occurred in the Mirgorod breed with rather high
frequencies of alternative alleles (Table 1), which were
close to the frequencies of these alleles in the Large
White breed.

Actinin alpha 1 gene (ACTN1), associated with the
development of muscle tissue, meat quality and repro-
ductive traits, was represented in the population of Mir-
gorod breed by two alleles G and A (BstE II — polymor-
phism) with the prevalence of the former [40], which
did not distinguish it from other breeds, investigated by
this locus [54].

The mutant allele of calpastatin 2 gene (KPL2/m),
which differs from the normal («wild» type), by the
insertion of transposon in the area of intron 30, and is
known to be responsible for immotile, short-tail sperm
defect (ISTS) in boars, was not found in the population
of the Mirgorod breed [55]. This defect is manifested
in animals, homozygous by the mutant allele, and in
Finnish Yorkshire, mainly. It has recently been dem-
onstrated that the carriers of this allele may be pigs of
other breeds [56].

Mucin 4 gene (MUC4) encodes mucin 4 — glyco-
protein, playing a relevant role in protecting intestinal
epithelium from pathogenic microorganisms, in par-
ticular, from adhesive strains of Escherichia coli. A
point replacement of g.1849 G > C in intron 7 of the
gene conditions the existence of two alleles, includ-
ing g.1849 G, associated with the resistance of pigs to
Escherichia coli bacteria, causing colibacteriosis [57].
One of the specificities of the Mirgorod pig breed was
found to be high frequency of allele g.1849 G of mu-
cin 4 gene. Contrary to a number of other breeds, it
was 0.8, whereas, for instance, in the populations of the
Large White the allele g.1849 G frequency was in the
range of 0.16—0.67 [58].

Fucosyltransferase 1 gene (FUT1), encoding o-fu-
cosyltransferase 1, is also associated with the resis-
tance of pigs to diseases, caused by coliform bacilli.
The animals, homozygous by recessive allele A of gene
FUTI (SNP g.307 G>A), are notable for resistance to
colibacteriosis, the mutation of gene G—A in position
307 b.p. is «desired» in pigs. In the Mirgorod breed, the
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frequency of allele g.307 A was at the level, close to the
frequency of this allele in Duroc breed (0.21 and 0.28,
respectively), and in different populations of the Large
White it was in the range of 0.06—0.43 [27]. Thus, no
specific features in terms of the distribution of gene
FUT1 alleles were found in the Mirgorod breed.

In general, the analysis of 25 SNPs of 22 genes dem-
onstrated a high level of genetic variability in the popu-
lation of pigs of Mirgorod breed. Only three out of all
the investigated genes were found to be monomorphic
(the accepted criterion of polymorphism was the fre-
quency of a minor allele > 0.05). Therefore, the percent-
age of polymorphic loci was 88.0 % with the consid-
eration of several polymorphisms, present in one gene.
To compare the Mirgorod breed against other breeds
(in particular, Large White of different selection, Large
Black, Landrace, Ukrainian White Steppe, Ukrainian
Spotted Steppe, and Poltava Meat), the percentage
of polymorphic loci was calculated separately for 12
genes of QTL from the investigated ones, namely, the
ones, previously used by us for genotyping in subpopu-
lations of these breeds (RYRI, ESRI, PRLR, GH, IGF2,
CTSB, CTSK, CTSS, CTSL, MC4R, GHRH, LEPR) [47,
30]. In this case, the percentage of polymorphic loci in
the Mirgorod breed was 83.3 %, whereas, for instance,
in different subpopulations of Large White (of English
selection and intrabreed types of ULW-1 and ULW-3)
it fluctuated in the range of 58.3—66.7 %, in the popula-
tion of Large Black — 75.0 %. The percentage of poly-
morphic loci was also lower (75 % and 50 %, respec-
tively) in the local breeds, Ukrainian White Steppe and
Ukrainian Spotted Steppe, which are «closed» and in
which the selection is conducted similar to that for the
Mirgorod breed, mostly without the involvement of ge-
netic material of other breeds.

Noteworthy is the fact that the average expected het-
erozygosity H, (Nei’s genetic diversity) was at a rela-
tively high level — 0.326, which is another feature of
high genetic variability in the Mirgorod breed. The latter
is also confirmed by the average number of alleles per
locus — 1.96 and the effective number of alleles — 1.48.

In addition, a high level of QTL gene polymorphism
in the population of the Mirgorod breed, as one of the
factors of genetic variability, is indicated by the indi-
ces of PIC, estimated for each genetic marker, used
for typing. For instance, PIC values of 17 out of 25
genetic markers in the investigated population were at
the level, exceeding 0.250, which corresponded to their
high informative value, sufficient to conduct associa-
tive studies in marker-associated selection [59].
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The abovementioned data demonstrate the absence
of genetic erosion and contraction of genetic variability
in the population of pigs of Mirgorod breed. This is in
good agreement with the conclusions, obtained via the
analysis of its genetic structure by immunological [60]
and ISSR [61] markers and microsatellite loci [10].
This also corresponds to the conclusion, made by the
results of the analysis of genealogy of intrabreed struc-
tures about the possibility of avoiding affinity breeding
and preserving the gene fund [62].

More detailed genetic characterization of the Mir-
gorod breed involved the analysis of the association of
specific genetic markers with the main productive traits
of the pigs of Mirgorod breed (Table 2). The animals of
the experimental group under investigation were esti-
mated by five parameters of the productive traits and
genotypes by genetic markers /GF2/Ncil (Benl), RYRI
(SNP g.1843C > T), MC4R (SNP ¢.1426 G > A), LEP
(SNP g.2845 A > T), GH/BsuR1, CTSF (SNP g. 22 G
> (). By the first two markers, all the animals in the ex-
perimental group had similar genotypes, /GF2 AA and
RYRI g.1843CC, respectively. As for the rest of genetic

markers, pigs were divided into groups in accordance
to the genotypes, among which the groups of animals
with genotypes MC4R ¢.1426 GG and GH BB were
absent. Unfortunately, the latter is explained by a small
sampling of the animals for associative analysis.

It was determined that there were statistically sig-
nificant associations of the genetic marker MC4R SNP
c.1426 G>A with such indices as the age of gaining
100 kg, the thickness of backfat and the Eye Muscle
Area. We also determined the associations between the
growth hormone gene polymorphisms (GH/BsuRI) and
the age of gaining 100 kg and cathepsin gene F (CTSF
SNP g. 22 G > C) with the Eye Muscle Area. There was
a tendency, observed for statistically significant differ-
ences between the groups of pigs with different geno-
types by leptin gene (SNP g.2845 A > T) by thickness
of backfat (»p = 0.09). For comparison, there was no as-
sociation between the genetic marker LEP SNP g.2845
A > T and thickness of backfat in the Large White.

The results regarding the association of SNP and the
productive traits for Mirgorod breed with the consider-

Table 2. The associations of genetic markers and productive traits of the Mirgorod breed pigs

Productive traits
Genotype Age of gaining Thickness of Average daily Length of semi- | Eye Muscle Area
100 kg (days) backfat (mm) gain (g) carcass (cm) (sq.cm.)
MC4R SNP ¢.1426 G > A4
AA 210.3+4.61 32.8+1.02 575.0 £22.47 93.9+1.57 31.7+1.01
AG 196.5 +3.12 29.34+0.86 621.1 +40.22 94.5 +0.64 34.3 £0.64
P 0.03 0.02 0.33 0.76 0.05
LEPSNP g.2845A>T
AA 195.6 +3.81 29.4+0091 579.5+31.50 93.3+1.55 33.0+£0.85
TA 209.3 +4.88 32.6+1.10 606.3 =30.98 93.4+0.63 322+0.75
T 200.1+2.97 29.4+1.40 602.7 +76.92 97.0 +£3.60 34.9+0.77
P 0.13 0.09 0.89 0.30 0.12
GH/BsuRI
AA 199.7+£2.33 31.1+£0.94 581.3+£22.54 94.1+1.32 33.2+0.69
AB 205.5 +6.23 31.2+1.54 633.7 +56.25 94.7 £1.60 33.2+0.83
P 0.03 0.78 0.57 0.88 0.53
CTSFSNPg. 22G>C
ccC 201.3 £4.30 31.9+1.22 571.5+21.15 949 £1.52 33.9+0.63
GC 214.6 + 8.87 29.4+0.74 610.5 +36.97 92.8+1.17 30.8+£1.23
GG 200.1 + 3.01 30.2+0.99 r643.7 £ 69.26 93.4+1.42 32.4+0.81
P 0.25 0.44 0.42 0.67 0.04

Note. The data are presented as LSMeans + SEM; the values of P in italics correspond to statistically significant differences

between the groups.
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ation of a small sampling of the experimental animals
may be viewed as preliminary data only and should
have been validated using a larger number of animals.
However, the elimination of the purebred herd and a
limited number of remaining Mirgorod breed pigs ex-
clude this possibility. However, the associations, deter-
mined in our study, give some ideas about the search
for genetic markers of productive traits in pigs of the
restored population of the Mirgorod breed for marker-
associated selection.

Therefore, the results of the studies on genetic struc-
ture of the Mirgorod breed by a number of SNPs and
associative analysis demonstrate its specificities and
differences from other breeds, bred in Ukraine. First
of all, these specificities refer to the general high lev-
el of genetic variability, determined by the results of
our analysis of SNPs. This is in agreement with the
statements of other authors about the Mirgorod breed,
whose genetic structure was studied using other classes
of genetic markers. The abovementioned proves the
common thesis about local breeds, preserving higher
level of genetic variability compared to the commercial
breeds. The latter are subject to considerable breeding
impact, aimed at the maximal manifestation of produc-
tive traits, which may result in some contraction of al-
lelic diversity in their populations [63].

It should also be noted that the Mirgorod breed is re-
markable for the absence of the mutant allele KPL2/m,
conditioning genetic anomaly of ISTS, and the reces-
sive allele RYR1 g.1843T, associated with stress sen-
sitivity of animals, is present with very low frequency
(0.04). The latter is the consequence of «new incoming
blood» of Pietren — the breed, which was not includ-
ed into the breeds-founders of the Mirgorod breed. It
should be considered that the specificity of the breed is
rather a high frequency of the minor allele CTSK g.15A
(¢ = 0.16) and, thus, rather a high level of informa-
tive value of the genetic marker CTSK (SNP g.15G >
>A) (PIC=0.233). Noteworthy is the polymorphism of
gene LEP in the Mirgorod breed by the genetic marker
of SNP g.3996 T > C, which distinguishes it from the
Large White.

CONCLUSIONS

The associations between some genetic markers and
productive traits have been determined in the herd of
the Mirgorod breed. On the one hand, these associa-
tions may result from the immediate impact of poly-
morphisms of quantitative trait nucleotides (QTN) on
their manifestation. However, they may be considered
as a specific case of population dynamics process, due

AGRICULTURAL SCIENCE AND PRACTICE Vol.6 No.2 2019

to which there are changes in the frequencies of al-
leles in the sampling not only by the candidate genes
of QTL, but also by a number of others, functionally
related or linked to them. The latter is relevant in the
context of preserving genetic structure and variability
of breeds to prevent the loss of their breed specificity,
which is especially urgent for numerically insignificant
local breeds. In both cases, in our opinion, it is rea-
sonable to check the presence of the very associations,
determined in the original breed, during the breeding
process using genetic markers in the restored popula-
tion of the Mirgorod breed.

It is reasonable to carry out the restoration of the gene
pool of the Mirgorod pig breed, taking into account the
results regarding the SNPs of the studied genes and
their associations with the productive traits, presented
in this article. The selection of animals for restora-
tion should be carried out after typing the young ani-
mals, giving preference to pigs with genotypes ¢.1426
MC4R *, MCAR **, g. 22 CTSF ““, g.2845 LEP ™.

I'eneTn4yHa XapaKTepUCTHKA MHPrOPOACLKOI IOPOAN
CBHHEM, 0TPMMAaHa HIJISIXOM aHAJI3y
OJHOHYKJICOTHIHHUX MOJIMOP(Di3M reHis
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B. M. Bonomryk, B. I'. [lu6enko, A. M. Caenko,
€. K. Omniitangenxo, T. B. Bycnuk, I'. C. Pynoman

[HCTHTYT CBUHApCTBA 1 arpoNPOMHCIIOBOIO BUPOOHUIITBA
HAAH VYxpainu, Byn. IlIBenceka moruia, 1,
ITonrasa, 36013, Ykpaina
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Meta. Bu3zHaunTH TEHETHUYHI XapaKTEPUCTHKH MHPTOPOJI-
cbkoi mopoau cBuHEH 3a 25 SNPs 22 TeHiB Ta MPOBECTH
acomiatuBHUK aHami3 TeHiB MC4R (SNP c.1426 G>A),
LEP (SNP g.2845 A>T), GH (BsuRI-nonimopdizm), CTSF
(SNP g. 22 G>C) 3 03HaKaMH NPOAYKTHUBHOCTI TBapHH.
Metoau. [[ist qocmimpkeHb Oyiu BUKOPUCTaHI 3pa3Ku KpOBi
MJIEMiHHUX CBUHEH MHPTOpOACHKO1 mopoau riem3asoaa JIIT
«AI' im. JlexabpuctiBy» IlontaBchka obmacts. JIHK-THIy-
BaHHs BuKOHyBanu Mmetopamu [UJIP-IIIP® Tta TagMan.
Pe3yabraTu. BcTaHoBIIEHO 0COOIMBOCTI TOPOIH MIOIO0 Yac-
TOT aJielliB TEHIB, BUCOKOTO PiBHS T'€HETUYHOI MIHJIMBOCTI
(He—0,326) Ta anesbHOTO PI3HOMAHITTS (CEpETHS KIIBKICTh
aneriB Ha Jiokyc — 1,96). Asenne KPL2/m, sikuii cripuduHse
reHeTnuHy aHomainito ISTS y cBUHEH MHPropoachbkoi mo-
ponu BiACyTHIH, a penecuBHui anens RYR1 g.1843T, Bix-
MOBITAIBHAN 32 CTPECUYTJIMBICTh CBHHEH, 3yCTPIUAETHCS 3
Hu3bKoto yactororo (0,04). Ha BimMmiHy Bij 1HIIMX MOPIJT
CIIOCTEPITIM BiITHOCHO BHUCOKY YaCTOTy MiHOPHOTO aJieist
CTSK g.15A (0,16) i momimopdizm reny LEP (SNP g2.3996
T > C) (He — 0,455). BcTaHOBIEHO CTaTUCTHYHO 3HAUYIII
acortiarii momimopdizmis. MC4R (SNP ¢.1426 G>A) 3
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BIKOM TOCATHEHHs TBapuHamu Macu 100 Kr, TOBIIWHOIO
IITIAKY Ta TUTOIIEI0 «M’ 5130BOTO Biukay, GH/BsuRI 3 BikoM
nmocsrHerHa 100 xr, 1 CTSF (SNP g. 22 G>C) 3 miomero
«M’s130BOTO Biuka». CriocTepiraid TEHIEHINIO MIOMO CTa-
TUCTHYHO 3HAUYIIMX BIIMIHHOCTEW MIX TpyHaMy CBUHEH
3 pisaumu reHotunamu LEP (SNP g.2845 A > T) 3a
topmuHOIO mmHKy (p = 0,09). BucHoBku. BinHoBneHHS
TeHO(OHIY MHPTOPOACHKOI TMOPOIU IOLITHHO TMPOBOIUTH
3 ypaxyBaHHSAM JaHWX SNPs IOCHiIKeHWX TeHIB Ta iX
acomiariii 3 TPOAYKTUBHIMH O3HaKaMH. {7 BiATBOpEHHS
TTOPOJM BiAIaBaTH MepeBary CBUHAM i3 TeHoTHIaMu c.1426
MC4R GA, MC4R AA, g. 22 CTSF CC, g.2845 LEP TT.

Ku11040Bi cj10Ba: MUPropojchKka Mopo/ia CBUHEH, TeHETHYHA
xapaxtepuctuka, QTL, SNP.

I'eneTH4yeckasi XapaKTepUCTHKA MUPIOPOACKOH MOPOAbI
CBHHeii, MoJIydeHHasl MyTeM aHAIu3a
OIHOHYKJIEOTH/HBIX MOJIUMOP(H3MOB IreHOB
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B. M. Bomomiyk, B. I'. [ludenko, A. M. Cacnko,
E. K. Oneitanuenxo, T. B. bycnuxk, I. C. Pynoman

WHCTHTYT CBHHOBOZACTBA M arPOIIPOMBIIITICHHOTO
npousBoactBa HAAH Vkpaunst, Yi. llIBenckas moruna, 1,
[onrasa, 36013, Ykpauna

*e-mail: k.f.pochernyaev@gmail.com

Heas. Onpenenuts reHeTUYECKHE XapAKTEPUCTUKU MHUP-
ropoackoil mopoabl cBuHed mo 25 SNPs 22 reHoB u
MIPOBECTH ACCOIMATHBHBIN aHamm3 reHoB MC4R (SNP
c.1426 G>A), LEP (SNP g.2845 A>T), GH (BsuRI-
nmomumopdusm), CTSF (SNP g. 22 G>C) ¢ npusHaKamu
MPOTYKTUBHOCTH KUBOTHBIX. MeToabl. s uccienoBanuit
OBUTM MCTIONB30BaHbI 00pa3Ibl KPOBU TIJIEMEHHBIX CBHHEH
Mupropojackor mnopoxel miaemsasoga I'TI «OmneiTHOe Xo-
3stiictB0 uM. JlexaOpucroB» I[lonraBckas obmacte. JTHK-
Tunuposanue BeionHsn Mmerogamu [LP-TTIP® u TagMan.
Pe3ysnbrarbl. YCTaHOBIICHBI OCOOCHHOCTH TTOPOABI  T10
4acTOTaM aJulelel TeHOB, BEICOKOTO YPOBHsSI T€HETHUECKON
n3menunBocty (He — 0,326) n amnensHOTO pazHOOOpasust
(cpenHee konmmyecTBO ajuienei Ha yokyc — 1,96). Atens
KPL2/m, KOTOpPBIH BBI3BIBACT TEHETHUYECKYIO0 aHOMAJIUIO
ISTS, y cBuHell MuUPropoackoil NOpPOAbI OTCYTCTBYET, a
peneccuBHbli amnens RYRI g.1843T, oTBeTCTBEHHBIN 3a
CTPEeCcC-4yBCTBUTEIIBHOCTE CBUHEW, BCTPEUAETCS ¢ HU3KOM
gactoroi (0,04). B ommume ot npyrux mopoj Habirona-
J1aChb OTHOCHUTEIBHO BBICOKAs 4acTOTa MUHOPHOTO ajllels
CTSK g.15A (0,16) n nomumop¢usm rena LEP (SNP g.3996
T > C) (He — 0,455). YcraHOBICHBI CTATHCTHYCCKA 3HAYH-
Mble acconuanuu noauMopdusmoB: MC4R (SNP c.1426
G > A) ¢ BO3pacTOM JOCTIDKEHHS KUBOTHBIME Macchl 100
KT, TOJIIMHOW IIMHKA U MJIOMIAJbI0 «MBIIIEYHOIO INIa3Ka»,
GH/BsuRI ¢ Bospactom noctwkenust 100 xr, u CTSF
(SNP 2.22G>C) ¢ 1omaapo «MBIIIEYHOTO Ia3ka». Ha-
Ornroganack TEHICHIUS CTATHCTHYECKH 3HAYUMBIX pa3inanii
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MEXIy TpyNIaMH CBHHEH C pPa3TUYIHBIMA TEHOTHIIAMU
LEP (SNP 2.2845A > T) mo tommuue mmuka (p = 0,09).
BsiBonsl. BoccTanoBnenne reHOQOHIa MUPTOPOICKOH ITO-
pompl, 1erIecoo0pa3Ho MPOBOIUTH C yueToM JaHHBIX SNPs
WCCIICIOBAaHHBIX TEHOB W WX AaCCOIMANWN C TIPOIXYKTHB-
HBIMHU TIpu3HaKaM. J{J1s1 BOCIIpOM3BEIEHISI TOPOIBI OT/IaBaTh
TIPEITIOYTEHHE CBUHBAM ¢ TeHoTumamu c.1426 MC4R GA,
MC4R AA, g. 22 CTSF CC, g.2845 LEP TT.

KroueBbie c10Ba: MUpPropojckasl 1mopoja CBUHEH, TeHe-
Tudeckas xapakrepuctuka, QTL, SNP.
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