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Introduction. Modern pig breeding increasingly combines classical
breeding methods with advances in molecular genetics. The main goal of
breeding programs remains the formation of livestock that surpasses previous
generations in terms of a complex of productive and reproductive traits.
The implementation of this task is based on the use of crossing and interbreed
hybridization, which makes it possible to realize the effect of heterosis—an
increase in the productivity, viability, and reproductive capacity of hybrids
compared with parental forms.

The magnitude of the heterosis effect is largely determined by the level of
genetic distance between the breeds involved. The more diverse their genetic
pool, the higher the probability of obtaining offspring with optimal combinations of
desirable alleles [1-4]. In contrast, excessive relatedness or the uncontrolled use
of closely related lines contributes to the accumulation of inbreeding, which can
lead to reduced viability, deterioration of reproductive performance, and the loss
of economically valuable traits. In this regard, the assessment of genetic
distances between breeds is an important component of scientifically grounded
planning of breeding schemes.

Of particular importance is the analysis not only of the overall level of genetic
variability but also of the variability of individual loci that are directly related to the
productive and reproductive characteristics of pigs. In this context, the ESR1
(estrogen receptor 1) and PRLR (prolactin receptor) genes are of considerable
interest. Polymorphism of the ESR1 gene is associated with sow prolificacy, the
duration of reproductive use, and overall reproductive efficiency [5-7]. The PRLR
gene plays a key role in the regulation of lactation and mammary gland
development and also indirectly affects offspring survival and growth [8-10].

The study of variability in the ESR1 and PRLR genes makes it possible to
assess genetic differences between breeds, identify promising combinations for
interbreed crossing aimed at improving reproductive performance, cluster
populations to determine their degree of relatedness and genetic uniqueness,
and contribute to the preservation of local gene pools through the control of
inbreeding and the maintenance of genetic diversity.

Thus, the use of the ESR1 and PRLR genes as markers of quantitative traits
expands the possibilities for developing effective breeding programs focused not
only on improving meat productivity but also on optimizing the reproductive
characteristics of pigs.

The aim of this work was to compare the Myrhorod, Poltava Meat, and
Welsh pig breeds at the ESR7 and PRLR loci, to calculate genetic distances
between breeds, and to outline the practical significance of the obtained results
for breeding practice and reproduction systems.

Materials and methods. The study was conducted using DNA samples
obtained from pigs of three breeds: the Myrhorod breed (a local Ukrainian breed
of a dual-purpose type, n = 20), the Poltava Meat breed (a domestic meat-type
breed, n = 20), and the Welsh breed (a foreign breed characterized by high meat
productivity, n = 20). The animals originated from private agricultural enterprise
“ORACH’” and farm “SAM-12” located in the Poltava region, Ukraine.

DNA extraction was performed using a rapid method with the Chelex 100
reagent [11]. The resulting DNA preparations were stored at —20 °C until further
analysis. Polymerase chain reaction (PCR) was carried out using a “Tertsyk-2"
thermal cycler. PCR amplification and restriction fragment length polymorphism
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(PCR-RFLP) analysis [12, 13] of the PRLR and ESR1 loci were performed in
accordance with previously published protocols [14, 15]. The restriction
fragments were separated by electrophoresis in an 8 % polyacrylamide gel.
Fragment sizes were determined using the pBR322/Mspl molecular weight
marker. The PCR amplification parameters and PCR-RFLP patterns are
presented in Table 1.

Table 1. Parameters of PRLR and ESR1 loci analysis in PCR-RFLP

Gene Structure of primers for PCR Amplican Restristion en’zy_me And
length m fragments’ sizes
Pvu Il
F.5-CCTG ACAGTGAC ACAGAG3 .
ESR1 | R 5-CACTTCGAGGGTCAGTCCAATTAG-3' 120 | g | 4 aliele: 120 bp
B allele: 65 bp, 55 bp
Alu I
F: 5-CGTGGCTCCGTTTGAAGAACC-3' .
RPRL R 5-CTGAAAGGAGTGCATAAAGCC-3! 163 0 Aallele: 85 bp, 59 bp, 19 bp

B allele: 104 bp, 59 bp

Statistical analysis of the data was performed using the GenAIEx 6.5 add-in [16]
within the Microsoft Office Excel 2019 environment. Genetic distances between
breeds were calculated using Nei's genetic distance algorithm [17]. To visualize
genetic relationships among the studied breeds, a dendrogram was constructed using
the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) clustering
method [18] implemented in the MEGA4 software package [19].

The use of animals in this study was approved by the Scientific Council of
the Institute of Pig Breeding and Agro-Industrial Production (protocol No.1 dated
08.01.2024) and was conducted in accordance with the European Convention for
the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 18 March 1986).

Results and Discussion. During the analysis of genotyping results across
the three pig breeds, allele and genotype frequencies at the ESR7 and PRLR loci
were determined for the Myrhorod, Poltava Meat, and Welsh pig populations. The
obtained results revealed differences in allele and genotype distributions among
the populations, which was reflected in the levels of heterozygosity and the values
of the polymorphism information content (PIC).

The population genetic characteristics of the studied breeds (Table 2)
indicate breed-specific patterns of genetic variability at both loci.

In the Myrhorod breed, allele A predominated at both the ESR7 (0.65) and
PRLR (0.74) loci. This allelic distribution resulted in relatively lower levels of
genetic diversity, with expected heterozygosity (He) equal to 0.38 for PRLR and
to 0.454 for ESR1, while PIC values were 0.31 for PRLR and 0.35 for ESR1.
These results indicate moderate marker informativeness and suggest a tendency
toward the preservation of a traditional allelic structure within this local breed.

In the Poltava Meat breed, allele frequencies were more balanced.
The frequency of A allele was 0.58 for ESR1 and 0.51 for PRLR loci, which was
associated with higher heterozygosity levels and PIC values reaching 0.37.
This pattern may reflect a relatively broader genetic base and a greater potential
for improving productive traits through the application of appropriate breeding
schemes.
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Table 2. Population genetics characteristics of studied pig breeds

Genotype frequencies

Breed Locus X2 F Ho He PIC
AA AB BB
0.46 0.39 0.15
ESR1 (0.43) (0.45) (0.12) 0.870 0.138 0.391 0.454 0.35
Myrhorod
0.55 0.38 0.07
PRLR (0.55) (0.38) (0.07) 0.002 0.007 0.378 | 0.380 0.31
0.27 0.63 0.10
ESR1 (0.34) (0.49) (0.17) 2.752 -0.303 0.633 | 0.486 0.37
Poltava
Meat
0.26 0.50 0.24
PRLR (0.27) (0.50) (0.24) 0.000 -0.001 0.500 | 0.500 0.37
0.19 0.57 0.24
ESR1 (0.23) (0.50) (0.27) 0.444 -0.145 0.571 0.499 0.37
Welsh
PRLR B0 076 | 019 | G481+ | _0556 | 0.762 | 0.490 | 0.37

(0.18) | (0.49) | (0.33)

Note™ indicates the significant deviation of Ho from He under Hardy-Weinberg equilibrium

In the Welsh breed, a predominance of allele B was observed for both genes:
its frequency was 0.52 for ESR7 and 0.58 for PRLR loci. At the same time, a high
level of observed heterozygosity was detected, particularly for the PRLR gene
(Ho = 0.762), which exceeded the expected heterozygosity (He = 0.490). Such a
discrepancy may indicate the action of selection favoring the maintenance of
heterozygous genotypes and suggest potential adaptive advantages associated
with these genotypes in the population.

The obtained allele and genotype frequencies enabled the calculation of
genetic distances between the studied breeds, which represent a key indicator
for assessing the feasibility of crossbreeding strategies. According to the
calculated values (Table 3), the maximum genetic distance was observed
between the Myrhorod and Welsh breeds (0.125), indicating substantial
differences in their genotypic structure. In contrast, the minimum genetic distance
was detected between the Poltava Meat and Welsh breeds (0.019), submitting a
high degree of genetic similarity and convergence in productive orientation.
An intermediate genetic distance (0.052) was recorded between the Myrhorod
and Poltava Meat breeds, reflecting their historical genetic relationship, as the
Myrhorod breed contributed to the development of the Poltava Meat breed.

Table 3. Nei’s genetic distances between the studied breeds based on PRLR and ESR1 loci

Ne Breeds 1 2 3

1 Myrhorod okk 0.052 0.125
2 Poltava Meat 0.052 o 0.019
3 Welsh 0.125 0.019 EE
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The constructed dendrogram (Figure 1) revealed the formation of two major
clusters.

Myrhorod

Poltava Meat

0.052
Welsh

0.019

0.00 0.05 0.10

Figure 1. Dendrogram of genetic relationships among three pig breeds based on
allele frequencies at ESR1 and PRLR loci, constructed using the UPGMA method

The Poltava Meat and Welsh breeds clustered together at the earliest stage
due to their minimal genetic distance and shared meat-oriented productive
direction. The Myrhorod breed joined the cluster at a subsequent stage, indicating
its greater genetic distinctiveness while simultaneously confirming its historical
contribution to the formation of the Poltava Meat breed.

The high level of genetic divergence between the Myrhorod and Welsh
breeds (0.125) indicates the advisability of their use in hybridization programs
aimed at achieving a heterosis effect. The pronounced genetic similarity between
the Poltava Meat and Welsh breeds (0.019) suggests their effective joint use in
meat-oriented breeding programs to enhance desirable productive traits.
The moderate genetic proximity between the Myrhorod and Poltava Meat breeds
(0.052) supports the feasibility of their combination for the conservation of genetic
resources and the maintenance of local Ukrainian pig populations.

Overall, the results confirm pronounced interbreed differentiation and
demonstrate the practical value of applying ESR7 and PRLR markers in pig
breeding. Comparison of the obtained data with previously published studies
supports general trends reported in the literature, indicating that the ESR7 and
PRLR loci are informative markers for evaluating reproductive and productive
traits in pigs [20-22]. Moreover, numerous authors emphasize that the maximum
heterosis effect is achieved when crossing breeds that differ substantially in the
allelic composition of key loci, which is consistent with the observed contrast
between local (Myrhorod and Poltava Meat) and foreign (Welsh) pig populations
in the present study.

Conclusions. It was established that the greatest genetic distance was
observed between the Myrhorod and Welsh breeds (0.125), whereas the
minimum genetic distance (0.019) was recorded between the Poltava Meat and
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Welsh breeds. The constructed dendrogram confirmed the formation of two major
clusters — Poltava Meat with Welsh and Myrhorod — which is consistent with the
breeding history and productive specialization of these breeds. The obtained
results are of practical significance for the development of hybridization strategies,
the conservation, restoration of local pig populations, and the prevention of
inbreeding.

Prospects for further research. Further studies should focus on expanding
the set of quantitative trait genes included in the analysis, involving a broader
range of local Ukrainian pig breeds to assess their genetic uniqueness,
incorporating highly productive foreign breeds as genetic donors in programs
aimed at improving meat quality, and developing integrated breeding schemes
that combine traditional productivity evaluation with modern genomic approaches.
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MONEKYNAPHO-FTEHETUYHA OLIHKA B3AEMOBIOHOCWH MK TPbOMA NOPOJAMU CBUHEN
3ATEHAMU ESR1 TA PRLR TA IX 3HAYEHHA ONA CENEKLUI U PEANISALII EQEKTY
FEETEPO3UCY

A. M. CaeHko, B. B. Maritok, A. B. Kopo6ka, 1. C. Ay6iHin, O. B. IToGuyeHko
IHecmumym ceuHapcmea i agpornpomucinoeozo eupobrHulymea HAAH
eyn. llleedcbka Moeauna, 1, m. lNonmasa, YkpaiHa, 36009
hitps://ror.org/00r693281

Mema. Memoto Ubozo OocnidxeHHs 6yno MopieHAHHS MUpaopodChbKol, nonmascekoi M'sicHoOi ma
yenbceKol nopid ceuHell 3a nokycamu ESR1 ma PRLR, po3paxyHok aeHemuyHux eidcmanel Mix nopodamu
ma oUjHKa Npakmu4yHo20 3HaYeHHs ompuMaHux pesynbmamie 0ns cenekujiHux npoaspam ma aibpudusauji
3 ypaxysaHHAM Moxueozo echekmy eemepo3sucy. Memodu. 3pasku [JHK 6ynu 3i6paHri y 20 0cobUH KOXHOI
nopodu, wo ympumyrombcsi Ha cpepmax [lonmaecekoi obnacmi. [enHomHy [HK ekcmpaesyeanu 3a
donomoeoro Chelex 100. NeHomunyesarHsa nokycie ESR1 ma PRLR npogodunu 3a donomozoro MN/IP-MP®,
ekmodaroyu  [fIP-amnnichikaujro 3 nodanbuwiuM  aHanmi3oM  pecmpukyjliHux  pasMmeHmie Ha
noniakpunamionux eenax. bynu pospaxogaHi Yacmomu anenie ma seHomurnie, a MmakoXx eU3Ha4yeHi
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thakmuyHa ma ouikyeaHa eemeposuzomuicmb (Ho, He), emicm nonimopgpHoi iHcbopmauyi (PIC) ma
koeivjieHmu iHbpudurey (F). NeHemuyHi eidcmani Mix nopodamu oUjHIo8anu 3a AornomMozoo ansopummy
Hes, a nopodHi 3e’a3ku eisyanisysanu 3a donomozoro memody UPGMA. Peaynbmamu. Y mupaopodcekili
nopodi anenb A nepesaxae sk 0na ESR1 (0,65), mak i dns PRLR (0,74), wo npuseeno Ao rnopieHAHO
HU3bKOI 2eHemuyHoi piaHomarnimHocmi (He = 0,38-0,45; PIC = 0,31-0,35). [lonmaecbka m'sicHa rnopoda
nokasana 3b6anaHcosaHiwull posnodin anenie (ESR1: A = 0,68, PRLR: A = 051) 3 suuwpoio
eemeposuzomuicmio (Ho = 0,50-0,63) ma iHgbopmamusericmio nokycy (PIC = 0,37). B yenbcbkili nopodi
anenb B 6ys domiHaHmHum (ESR1: 0,62; PRLR: 0,58), a cnocmepexeHa eemeposueomsicmb 0ns PRLR
(Ho = 0,762) 6yna cmamucmuy4Ho euwoio 3a ouikysaHy aemeposuzomHicmp (He = 0.49), dmoeipHo,
eidobpaxarouu 6i0bip Ha Kopucmb 2emeposuzom. AHaniz seHemuyHux OucmaHujil euseue Halbinbuwly
OueepaeHUjio Mix Mupaopodcbkoro ma yenbcbkoro nopodamu (0,125) ma HaliMeHWY — MiXK M0O1MasChKoo
M’sacHoro ma yenbcebkoto (0,019), npu yboMy npomixkHa ducmaryjs crnocmepizanacs MiX MupaopodcbKoto
ma nosmaecekoto M’ssicHoto nopodamu (0,052), ujo y3200Xyembcs 3 iCMOPUYHUM 8HECKOM MUP20pOOCHKUX
ceuHeli y nonmaesceKky M’acHy nopody. [eHOpozpama UPGMA nidmeepduna 0ea ocHoeHi knacmepu:
nonmaschKa M’sicHa ma yesnbcbka nopodu posmillytomscs pa3oM Ha deHOpoapami, modi Ak Mupaopodcbka
nopoda posmiulyembca okpemo, wjo eidobpaxae K crneujanizayjio nopodu, mak i eeHemMUYH 38’A3KU.
BucHoeku. Pesynbmamu docnidxeHHs ceidyamp, W0 eeHemuyHo eiddaneHi mupaopodcbka ma yernbCcbka
nopodu € npudamHumu kaHOudamamu 0nsa npozspaM eibpudusauii, crnpsaMogaHux Ha 6UKOpUCMaHHS
2emepo3sucy, modi K cxpeulysaHHs No1mMaschbKoi M'sCHOI ma yenbChKol Mopid Moxe onmumisyeamu M’ICHY
npodykmuericmb WaxoM KoHconiGauji 6axaHux os3Hak. [eHemuyHa 6nusbKicmb Mupaopolcbkol ma
nonmaschKoi M’sIcCHOI nopi® ceidyumb npo IxHit nomenryjan 0na nNidMpUMKU f1oKanbHUX eeHogoHdie ma
nidsuweHHs xummesdamHocmi nonynauir.

Knroyoei cnoea: eeHemuyHa OucmaHyja, Mapkep-acucmosaruli eidbip, [HK-mapkepu,
o0HoHyKkneomudHUl nonimopgbism, nopodu ceuHel, ESR1, PRLR.
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