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Accepted 24.05.2026 The study investigated the association between IGF2 gene polymorphism and productive traits of commercial hybrid

pigs obtained by crossing Danish Large White and Landrace sows with Duroc and Pietrain boars. The objective of the re-
search was to evaluate the influence of IGF2 genotypes on fattening, carcass, meat productivity, and economic efficiency
traits in modern commercial crossbreeding combinations. Genotyping was performed using PCR-RFLP analysis. Four hybrid
combinations were studied: LWXLXD, LXLWxD, LWXLxP, and LxLWxP. Allele and genotype frequencies, Hardy—
Weinberg equilibrium parameters, productive performance, carcass characteristics, and economic indicators were analyzed.
The results demonstrated moderate heterozygosity (He = 0.42-0.492) and the absence of significant deviations from Hardy—
Weinberg equilibrium in all experimental groups, indicating stability of the genetic structure at the IGF2 locus. Animals carry-
ing AA and AB genotypes generally showed higher average daily gain, greater absolute weight gain, and shorter fattening
periods compared with BB genotype carriers. Significant differences were observed for average daily gain, age at reaching
100 kg body weight, feed consumption, and absolute gain. The influence of the IGF2 polymorphism on carcass and meat
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Economic evaluation showed that pigs with the AA genotype had the lowest production cost, the highest profitability level,

and the greatest net profit per animal. The obtained results confirm the practical significance of the IGF2 locus as a promising

marker for marker-assisted selection aimed at improving growth performance, meat productivity, and economic efficiency in

Institute of Pig Breeding and
Agroindustrial Production of
National Academy of Agrarian
Sciences of Ukraine,

Shvedska Mohyla St,, 1,
Poltava, 36000, Ukraine.

Tel.: +38-066-727-24-93.
E-mail: pigbreeding@ukr.net

Poltava State Agrarian
University, Skovorody St., 1/3,
Poltava, 36003, Ukraine.

commercial pig production systems.

Keywords: marker-assisted selection; insulin-like growth factor 2; Danish pig breeds; backfat thickness; average daily

gain; economic efficiency; genetic diversity.

Introduction

The importance of implementing marker-assisted selection in ani-
mal breeding extends far beyond merely increasing productivity and
economic efficiency of the livestock sector, as it is directly connected
to addressing global environmental and socioeconomic challenges
(Zos-Kior et al., 2020, 2021; Brockova et al., 2021). The application
of MAS technologies facilitates the accelerated development of high-
ly productive genotypes with improved feed conversion efficiency
(Vashchenko et al., 2023), enhanced disease resistance (Vashchenko
etal., 2022), and greater adaptability to climate change, thereby redu-
cing the resource intensity of production and lowering greenhouse gas
emissions per unit of output (McManus et al., 2020). In this context,
the development of marker-assisted selection aligns with the achieve-
ment of the United Nations Sustainable Development Goals (SDGs),
particularly SDG 2 “Zero Hunger” through ensuring food security
and sustainable agriculture, SDG 12 “Responsible Consumption and
Production” by promoting more efficient use of natural resources, and
SDG 13 “Climate Action” through reducing the environmental im-
pact of the agricultural sector while contributing to more efficient and
sustainable land use (Goncharov et al., 2013; Zos-Kior et al., 2016;
Bilan et al., 2017). Therefore, the integration of modern genetic tech-
nologies into breeding programs represents an important tool for es-
tablishing environmentally sustainable and competitive livestock pro-
duction under conditions of ongoing global climate transformations.

Ensuring further progress in the pig industry requires improving
pig productivity through the use of modern genetic resources and in-
novative technological solutions (Mote & Rothschild, 2020; Lykhach

etal., 2022). Over the past 15-20 years, researchers have increasingly
applied innovative approaches to breeding and selection programs in-
volving a wide range of pig breeds, particularly Marker-Assisted Se-
lection (MAS) technologies, which involve precise genotyping of ani-
mals at specific loci associated with the expression of economically
important traits (Oliinychenko et al., 2019; Kirovych et al., 2023; Sa-
ienko et al., 2023). The subsequent use of obtained molecular genetic
information is essential for accurate animal selection and breeding,
optimal mating pair selection aimed at producing offspring of the de-
sired type, or even pork products with preferred characteristics, such
as lean meat or pork with increased intramuscular fat content (John-
sson, 2023; Rodrigues et al., 2024).

Insulin-like growth factor 2 (IGF2) is of considerable interest in
modern pig breeding programs. It is a maternally imprinted growth
factor that promotes skeletal muscle development by regulating cell
proliferation and differentiation. A single nucleotide polymorphism
(SNP) in intron 3 of the porcine IGF2 gene disrupts the binding site of
BED-type zinc finger containing 6 (ZBEDS), resulting in upregulati-
on of IGF2 expression and exerting a significant effect on muscle
growth, heart size, and backfat thickness. This favorable mutation is
widespread in Western commercial pig populations (Duo et al,
2023). The IGF2 gene (also known as somatomedin A) is located on
chromosome 2 (SSC2). It spans approximately 30 kbp and consists of
nine exons, eight introns, and four promoters. Exons 7, 8, and 9 en-
code the IGF2 preproprotein (Amarger et al., 2002), whereas exons
1-6 are noncoding (O’Dell & Day, 1998). The IGF2 gene is consid-
ered one of the potentially important genetic markers associated with
growth and carcass characteristics in pigs (Malgwi et al., 2022; Ampa-
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porn et al., 2023), since IGF2 concentration is related to body weight
in growing pigs (Lamberson et al., 1996; Wu et al., 2023).

Insulin-like growth factor 2 (IGF2), the first identified maternally
imprinted growth factor in various species, is expressed exclusively
from the paternal allele (Giannoukakis et al., 1993; Duo et al., 2023)
under the control of several promoters. In particular, IGF2 is highly
expressed during embryonic development and shows lower expres-
sion levels in the adult tissues (Van Laere et al., 2003; Criado-Mesas
etal., 2019). It plays an important role in muscle growth by regulating
myoblast proliferation, apoptosis, and differentiation (Saltiel & Kahn,
2001; Zanou & Gailly, 2013). In modern commercial pig breeds, the
naturally occurring IGF2-intron3-G3072A substitution leads to a 5—
6% increase in lean meat content, a 6-8% enlargement of the longis-
simus dorsi muscle area, a 5-8% increase in heart size, and a 6-12%
reduction in backfat thickness (Jeon et al., 1999; Van Laere et al.,
2003; Fontanesi et al., 2010). The importance of the ZBEDG6-IGF2
axis in regulating skeletal muscle growth has been demonstrated in
several animal models (Oczkowicz et al., 2012; Younis et al., 2020),
although its role in intramuscular fat deposition remains largely un-
clear (Duo etal., 2023).

The role of the IGF2 gene in the formation of meat productivity
traits in pigs has been a subject of a considerable number of studies.
However, little research has been conducted on the influence of dif-
ferent genotypes at this locus on a complex of economically impor-
tant traits in modem commercial crossbreeding combinations invol-
ving Danish Large White and Landrace sows crossed with Duroc and
Pietrain boars. Particular attention should be paid to evaluating pro-
ductive traits depending on IGF2 polymorphism under intensive pork
production systems, since the efficiency of genetic potential realiza-
tion is largely determined by the interaction among genotype and
feeding and housing conditions. Investigating associations between
IGF2 genotypes and growth performance, fattening efficiency, and
carcass traits is important for improving breeding programs, optimiz-
ing parental selection, and increasing the efficiency of modern genetic
resource utilization. The obtained results may contribute to the im-
plementation of more precise marker-assisted selection strategies in
pig breeding, thereby improving animal productivity, enhancing pork
quality, and strengthening the competitiveness of the pig industry
under modern agricultural production conditions.

Materials and methods

During the study, all experimental procedures were carried out in
accordance with the requirements of the Law of Ukraine “On Protec-
tion of Animals from Cruel Treatment” No. 3447-1V dated February
21, 2006, with amendments effective as of August 4, 2017. The Bio-
ethics Commission of the Institute of Pig Breeding and Agro-
Industrial Production of the National Academy of Agrarian Sciences
of Ukraine approved the research methodology (protocol No. 4 dated
11/20/2022). Particular attention was paid to ensuring an appropriate
level of animal welfare throughout the entire experimental period.
Blood samples for genetic analyses were collected using procedures
designed to minimize stress and reduce potential discomfort to the
animals. In addition, the physiological condition and health status of
the animals were continuously monitored, allowing timely responses to
any changes and ensuring compliance with proper housing standards.

The study was conducted in accordance with the principles of the
3Rs (Replacement, Reduction, Refinement) established by The Euro-
pean Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg, 1985). In
particular, the principle of replacement involved the use of only those
procedures necessary to achieve the scientific objectives; the principle
of reduction referred to optimizing the number of animals required to
obtain statistically reliable results without excessive use of livestock;
and the principle of refinement involved the implementation of me-
thods aimed at minimizing pain, stress, and negative impacts on the
animals. Adherence to these principles contributed not only to ensu-
ring the ethical conduct of the research, but also to improving the
reliability and scientific value of the obtained results.

According to the general experimental design (Fig. 1), during
2022-2026, molecular genetic studies were initially conducted in the
Genetics Laboratory of the Institute of Pig Breeding and Agroindust-
rial Production of the National Academy of Agrarian Sciences of Uk-
raine, followed by experimental and production studies carried out
under the conditions of LLC WEDA PODILLYA (Ternopil Oblast,
Ukraine).

Determination of IGF-2 gene polymorphism
in pigs of different origins

U

Grouping of animals based on DNA typing results

U

Determination of indicators of fattening
and meat productivity of pigs

U

Association analysis

U

Economic efficiency of research results

Fig. 1. Research organization scheme

According to the experimental design, four groups of Danish Lar-
ge White and Landrace sows were formed, with 15 animals in each
group. The first and third groups included purebred Danish Large
White sows (LW), whereas the second and fourth groups consisted of
their purebred Danish Landrace counterparts (L). Sows of groups Il
and IV were artificially inseminated with semen from Danish Large
White boars (LW) of the same genetic origin. Their counterparts from
groups | and 111 were inseminated with semen from Danish Landrace
boars (L), also of Danish selection. At the final stage of hybridization,
two-breed gilts from groups | and Il were inseminated with semen
from Duroc boars (D), whereas gilts from groups 11l and IV were
inseminated with semen from Pietrain boars (P).

Housing conditions for the sows were identical throughout all sta-
ges of the reproductive cycle. Feeding conditions for all groups were
also identical, based on complete and balanced compound feeds of in-
house production formulated according to feeding standards (lbatullin
etal., 2016).

Feeding of the experimental pigs was organized according to
their live body weight and physiological nutrient requirements. As
body weight increased, the energy and nutritional value of the diets
were gradually adjusted upward to support intensive growth and effi-
cient fattening performance. For pigs weighing 40-50 kg, the daily
ration provided 24.5 MJ of metabolizable energy and 1.80 kg of dry
matter. The content of crude protein was 293 g, digestible protein
229 g, and lysine 14.7 g, while calcium and phosphorus levels amo-
unted to 15.1 and 12.6 g, respectively. For pigs weighing 50-60 kg,
dietary nutritional value was increased to 29.0 MJ of metabolizable
energy and 2.13 kg of dry matter. Crude protein content increased to
347 g and digestible protein to 272 g. Lysine content reached 17.4 g,
calcium 17.9 g, and phosphorus 14.9 g. In pigs weighing 60-70 kg,
diets contained 32.4 MJ of metabolizable energy and 2.38 kg of dry
matter. Crude and digestible protein levels reached 388 and 303 g,
respectively. During this period, pigs received 19.4 g of lysine, 20.0 g
of calcium, and 16.7 g of phosphorus per day. During the subsequent
fattening stages (70-80 and 80-90 Kkg), the nutritional value of the
diets continued to increase. Metabolizable energy content reached
34.8 and 38.2 MJ, while crude protein content amounted to 387 and
424 g, respectively. Mineral requirements also increased, with calci-
um levels ranging from 20.7 to 22.8 g and phosphorus levels from
17.2 to 18.8 g per animal per day. For pigs weighing 90-100 kg, the
daily ration contained 40.7 MJ of metabolizable energy, 451 g of
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crude protein, and 353 g of digestible protein. Lysine, calcium, and
phosphorus contents reached 21.7, 24.2, and 20.0 g, respectively.
At the final stage of fattening, when pigs reached 100-120 kg body
weight, the nutritional value of the diets was the highest. Animals
received 43.5 MJ of metabolizable energy, 3.20 kg of dry matter, 483
g of crude protein, and 378 g of digestible protein. Lysine content
reached 23.2 g, calcium 25.9 g, and phosphorus 21.4 g. All animals
received the same protein-mineral-vitamin supplement. This level of
nutritional support ensured high productivity and intensive growth
rates during the final fattening period.
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Feed distribution in the pig housing facility was carried out auto-
matically using a liquid feeding system manufactured by WEDA
(Germany). The system provided automatic preparation, mixing, and
delivery of feed mixtures according to predefined technological pa-
rameters. The use of liquid feeding enabled uniform distribution of
nutrients within the diet, improved feed intake, and enhanced feed
utilization efficiency. Automation of the feeding process ensured a
stable feeding regime, minimized the influence of the human factor,
and maintained appropriate sanitary and hygienic conditions in the
facility by preventing feed residue accumulation (Fig. 2).

Fig. 2. Maintenance conditions of the experimental fattened pigs in the LLC WEDA PODILLYA (Ternopil Oblast, Ukraine).

Manure was removed through a slatted-floor system with subse-
quent storage in lagoons, which contributed to maintaining appropri-
ate sanitary and hygienic conditions in the facility and ensured opti-
mal housing conditions for the animals. The experimental pigs had
unlimited access to drinking water throughout the entire study period.
Water was supplied via automatic drinkers, the proper functioning of
which was regularly monitored. Housing conditions were checked
daily, including monitoring of microclimate parameters, the availabil-
ity and condition of bedding, the operation of feeding and watering
systems, as well as clinical observation of the animals’ health status.

Before the beginning of the experiment, the housing facilities
were thoroughly cleaned and disinfected in accordance with veterina-
ry and sanitary requirements. In addition, the animals underwent pre-
ventive deworming to avoid parasitic diseases and to ensure uniform
initial conditions for the study.

During the experimental period, the average air temperature in
the pig housing facility was maintained at 19.92 + 2.48 °C, while rela-
tive humidity ranged from 70% to 75%. Such microclimate parame-
ters correspond to optimal conditions for pig fattening and contribute

to maintaining physiological comfort, which is consistent with the
findings reported by Lykhach et al. (2023).

Genetic analyses were carried out in the laboratory of the Institute
of Pig Breeding and Agro-Industrial Production accredited in accord-
ance with DSTU ISO 10012:2005, which holds Certificate of Accred-
itation No. 039-22 dated June 3, 2022, issued by the Ministry of Eco-
nomic Development and Trade of Ukraine (State Enterprise “Poltava
Regional Scientific and Technical Center for Standardization, Metro-
logy and Certification”). Genomic DNA was isolated from bristles
using Chelex 100 (Bio-Rad Laboratories Inc., USA) according to the
method described by Walsh et al. (2013). For DNA typing, we used
PCR-RFLP.

A fragment of the IGF2-in7-G162C (IGF2-Ncil) gene located in
intron 7 (NCBI sequence accession number AY?242107), consisting
of 336 base pairs, was amplified using the following specific primers:
the forward primer 5-CACAGCAGGTGCTCCATCGG-3' and the
reverse primer 5-GACAGGCTGTCATCCTGTGGG-3' (Vykouka-
lova et al., 2006). PCR reactions were performed in a final reaction
volume of 25 pL containing 10-100 mg of genomic DNA, 200 nM of
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each forward and reverse primer, 2.5 mM MgCL, 0.25 mM of each
dNTP, and one unit of recombinant Taq DNA polymerase (Thermo-
scientific, EU).

The PCR amplification program included an initial denaturation
step at 95 °C for 2 min, followed by 30 cycles of denaturation at
95 °C for 30 s, primer annealing at 62 °C for 30 s, extension at 72 °C
for 60 s, and a final elongation step at 72 °C for 7 min. PCR amplifi-
cation was performed using a Tertsik-2 thermocycler (DNA Technol-
ogy, RF).

The amplified IGF2 fragment was digested with the restriction
enzyme Ncil (Thermo Fisher Scientific, Lithuania) at 37 °C for 3 h,
resulting in restriction fragments specific for the following IGF2 gen-
otypes: GG — 336 bp; CG — 336, 208, 100, and 28 bp; CC — 208, 100,
and 28 bp. Electrophoretic analysis of amplification products was per-
formed in a 2% agarose gel at a current of 76 mA and a voltage of
275 V. Visualization was carried out by staining the gel with ethidium
bromide followed by examination under ultraviolet light using a
transilluminator. According to electrophoresis results, the sizes of the
obtained DNA fragments corresponded to the expected fragment
sizes relative to the molecular weight marker pBR322 DNA-Mspl
Digest (Fig. 3).
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Fig. 3. Electrophoregram of Taq| restriction products of the IGF2
DNA locus in 3.5% agarose gel: lanes 1, 2, 5, and 6 correspond to
experimental animals with the CC genotype; lanes 3 and 7 correspond
to animals with the GG genotype; lanes 4 and 8 correspond to ani-
mals with the GC genotype; M represents the molecular weight
marker pBR322 DNA-Mspl Digest

For each group, expected genotype frequencies were calculated
according to the Hardy—Weinberg law (p?, 2pq, ¢?). The GenAIEXx 6.0
software package (Peakall, Australia, 2012) was used to calculate
allele and genotype frequencies and to determine the level of hetero-
zygosity (Peakall, 2012).

In the experimental animals, a complex of fattening and meat in-
dicators was determined during the experiment. The weight of ani-
mals when placed and removed from fattening was determined by in-
dividual weighing on 150VP1-S electronic scales (Vahovymiriuvalni
Systemy, Ukraine) with a division value of 0.05 kg and a maximum
permissible weighing limit of 150 kg. Based on the data obtained, the
average daily and absolute live weight gains for the fattening period
were calculated, as well as the age of reaching a live weight of 100
kg. Additionally, feed consumption per head per day (kg) and feed
conversion rates (%) were determined. After the completion of fatten-
ing, the preslaughter weight (kg), weight after transportation (kg),
weight of steamed and chilled carcasses (kg) were taken into account.
Morphometric indicators of the carcasses were determined in accord-
ance with the requirements of the current DSTU 7158:2010 “Pigs for
Slaughter. Technical Conditions”. Carcass length was measured from
the anterior edge of the first cervical vertebra to the anterior edge of
the pubic symphysis using a measuring tape graduated in 1 mm in-
crements. Carcass length from the first rib was measured from the
anterior edge of the first rib to the anterior edge of the pubic symphy-
sis using the same measuring tape. Backfat thickness at the level of
the 6th—7th thoracic vertebrae was measured with a metal ruler with
an accuracy of 1 mm. The loin eye area of the longissimus dorsi mus-
cle was determined using a Placom planimeter (Placom, Japan).

Statistical processing of productive and morphological traits was
performed using SAS/STAT® 15.1 (SAS Institute Inc., USA, 2018).
The tables present the arithmetic means and their standard errors (x +
SE). Differences among the groups were evaluated using one-way
analysis of variance (ANOVA). The ratio of intergroup to intragroup
variability was estimated with Fisher’s F-test. Multiple comparisons
were performed using Tukey’s HSD test, and differences were con-
sidered statistically significant at P < 0.05.

Results
The results of the conducted studies revealed a moderate hetero-

zygosity (He), which indicates a sufficient level of genetic diversity at
the locus IGF2 (Table 1).

Table 1
Distribution of allele frequencies, genotypes and heterozygosity in four groups of three-breed pigs for the IGF2 gene, n= 15

Indicator Group

LWxLxD LxLWxD LWxLxP LXLWxP

Genotypes (AA/AB/BB), n 2/81/5 2/9/4 1/9/5 2/5/8
Genotype frequencies (AA/AB/BB) 0.133/0.533/0.333 0.133/0.600/0.267 0.067/0.600/0.333 0.133/0.333/0.533
Allele frequencies (A/B) 0.400/0.600 0.433/0.567 0.367/0.633 0.300/0.700
Expected genotype frequencies (E) 0.16/0.48/0.36 0.19/0.49/0.32 0.14/0.46/0.40 0.09/0.42/0.49
a 0.186 0.730 1.297 0.657
Heterozygosity (He) 0.480 0.492 0.464 0.420

The groups where Duroc boars were used as the terminal sire line
(LWXLxD, LxLWxD) were characterized by a higher frequency of
allele A and greater heterozygosity compared with the groups in
which Pietrain boars were used as the terminal sire line (LWXxLxP,
LXLWxP). Overall, allele B occurred more frequently than allele A,
with a 1.31-2.33-fold difference. In all experimental groups, no statis-
tically significant deviations from Hardy—Weinberg equilibrium were
detected in genotype distributions (P > 0.05).

Based on pairwise comparisons of groups by IGF2 allele frequ-
encies (Table 2), the null hypothesis of no differences was not rejec-
ted: In all cases, p-values exceeded the threshold of statistical signifi-
cance (P > 0.05), indicating the absence of statistically significant dif-
ferences between the studied groups. It was found that the allelic
structure of the IGF2 locus is similar in all four groups, despite minor
variations that may be due to breed characteristics. A moderate level
of heterozygosity indicates a sufficient level of genetic diversity in the
studied populations. In addition, no deviations from Hardy—Weinberg
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equilibrium were recorded in all groups, which indicates the stability
of the genetic structure of the populations.

The analysis of variance revealed a significant effect of IGF2
gene polymorphism on certain fattening performance traits of grow-
ing pigs. The greatest number of significant intergroup differences
was observed for average daily gain, age at reaching 100 kg live
weight, daily feed intake, and absolute weight gain (Table 3).

Table 2
Pairwise comparison matrix of groups
based on IGF?2 allele frequencies, y2 / P-value

Group LWXLXD LXLWxD LWXLXP LXLWxP
LWxLxD - 0.000/1.000 0.000/1.000  0.293/0.588
LxLWxD 0.000/1.000 - 0.069/0.792  0.646/0.422
LWxLxP 0.000/1.000  0.069/0.792 - 0.075/0.784
LxLWxP 0.293/0.588  0.646/0.422  0.075/0.784 -
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By the average daily gain, a significant advantage was established
for animals of the LWxLxD combination with the AB genotype over
young pigs of the LXLWxP combination with AB and BB genotypes.
The difference between the AB groups amounted to 27 g, or 2.6%,
while compared with the BB genotype the advantage reached 78 g, or
7.9%. Similarly, animals of the LXLWxD combination with the AB
genotype exceeded young pigs of the LXLWxP combination with the
AB genotype by 34 g, or 3.3%, and those with the BB genotype by
85 g, or 8.6%. Young pigs of the LWXLxP combination with the AB
genotype were also characterized by higher growth intensity than
animals of the LXLWxP combination. Their advantage over the AB
genotype was 17 g, or 1.6%, while over the BB genotype it reached
68 g, or 6.9%.

Regarding the age of reaching a live weight of 100 kg, a signifi-
cant difference was found between animals of the LWxLxD combi-
nation with the AB genotype and young pigs of the LXLWxP combi-
nation with the BB genotype. Animals of the first group reached a
live weight of 100 kg 6.45 days earlier, corresponding to a 4.0% re-
duction in the fattening period. In terms of daily feed intake, a number
of significant intergroup differences were identified. In particular,
young pigs of the LWxLxD combination with the AB genotype con-
sumed 0.134 kg/day more feed than animals of the LWxLxP combi-
nation with the BB genotype, or 5.6%, and 0.167 kg/day more than
the LXLWxP combination with the AB genotype, or 7.1% (P < 0.05).
Compared with young pigs of the LXLWXxP combination with the BB

Table 3

genotype, the difference amounted to 0.289 kg/day, or 12.9%. Ani-
mals of the LWxXLxD combination with the BB genotype also ex-
ceeded young pigs of the LXLWxP combination with the BB geno-
type in daily feed intake by 0.258 kg/day, or 11.5% (P < 0.05). A si-
milar pattern was established for animals of the LWxLxP combinati-
on with the AB genotype, which consumed 0.155 kg/day, or 6.9%
more feed than young pigs of the LXLWxP combination with the BB
genotype (P < 0.05).

Regarding absolute gain, significant differences were found bet-
ween young pigs of the LWxLxD combination with the AB genotype
and animals of the LxLWxP combination with the BB genotype.
The advantage of the first group amounted to 8.8 kg, or 13.6% (P <
0.05). A similar trend was observed between animals of the LWxLxP
combination with the AB genotype and young pigs of the LXLWxP
combination with the BB genotype, where the difference amounted to
7.8 kg, or 12.0% (P < 0.05). The results emphasize the practical im-
portance of using the IGF2 genotype and optimal breed combinations
for intensive pig production, particularly for reducing feed costs and
shortening the period required to reach a live weight of 100 kg.

The influence of the IGF2 gene genotype on certain slaughter and
meat productivity traits of young pigs from different breed combinati-
ons was established. The greatest number of significant intergroup
differences was found for preslaughter weight, post-transportation
weight, carcass length measured from the first cervical vertebra, car-
cass length measured from the first rib, and backfat thickness (Table 4).

Association of IGF2 gene genotypes with productive indicators of fattening young animals (x + SE)

Group / genotype IGF2

Trait LWxxD [ LXLWxD [ LWxLxP [ LXLWxP
AA AB BB AA AB BB AA AB BB AA AB BB
n 2 7 4 2 8 4 1 10 4 2 6 6
Initial body weight, kg 31.18 31.23 31.25 32.84 30.67 30.68 3175 30.62 30.33 30.85 30.52 30.12
+053 +0.95 +039 115 +038 £0.75 +024 £061
Average daily gain, g/day 1083 1063 1053 1044 1076 1070 1071 1068 1053 1071 1036 985
+18 +32 +14° +41° +13° +26° +8 +20°
Age at reaching 100 kg live weight, 153.7 15472 15554 15425 15448 15542 15438 155.02 15628 15456 157.18 161.17
days +3250 +4.45% +275% +6.76® +6.18° +7.67® +228% +157°
Feed intake/day, kg/day 2.567 2.523 2.492 2.500 2.492 2.445 2.455 2434 2.389 2422 2.356 2.234
+0.033% +0.017* +0.018% +0.035% +0.032% +0.036° +0.056° +0.033°
Feed conversion ratio, % 2.605 2.620 2.652 2.644 2.594 2.626 2531 2.582 2.676 2.557 2.649 2.861
+0.019 +0.035 +0.035 +0.053 +0.016 +0.035 +0.033 +0.024
Absolute weight gain, kg 74.2 73.6 2.7 72 734 725 74 72.6 70 725 70 64.8
+15  +31® +260  +26° +222  +26% £20° +15°

Notes: different letters within the same row indicate significant differences according to Tukey’s test (P < 0.05); statistical analysis was not performed for groups with

fewer than three animals (n < 3).

Table 4

Association of IGF2 polymorphism in different breed combinations with meat productivity indicators (x + SE)

Group / Genotype IGF2

Feature LWxLxD LxLWxD LWxLxP | LxLWxP
AA AB BB AA AB BB AA AB BB AA AB BB
N 2 8 5 2 9 4 1 10 4 2 5 8
Preslaughter weight, kg 105.02 10448 10344 10510 10445 10254 10545 10324 10146 10553 10216  97.58
+0.92¢  +£0.96% +1.05% +0.56° +1.28 +256% +1.34% +316°
Post-transportation weight, kg 103.88 10224 102.02 10353 10278 10145 10200 100.12 98.36 102.55 99.2 95.9
+1.04%° £142% +0.89 +0.56® +1.02° +2716* +13°  +21d
Carcass weight, kg 78.25 78.28 78.05 78.75 77.56 77.34 78.15 75.65 74.28 79.57 75.35 74.76
+145 +267 +137 +267 +156 144 +148 152
Chilled carcass weight, kg 76.50 76.45 75.88 76.20 75.76 75.42 76.35 73.24 72.62 76.53 73.23 72.14
+145 +256 +167 +228 +152 +1.36 +167 *135
Carcass length measured from the 85.45 85.92 88.78 84.55 85.57 87.68 85.60 84.72 83.82 85.26 82.67 83.54
first cervical vertebra, cm +1.63% +3012 +1.89% +0.78 +1.53% +1.24% +153 +1.67°
Carcass length measured from the 74.60 75.28 77.24 73.53 74.24 75.81 74.30 73.34 73.58 73.92 71.64 72.48
first rib,cm +1.63% +2912 +205* +£1.022 +1.35% +1.44% +152° +158%°
Backfat thickness at the level of the 18.30 19.41 21.74 16.80 19.34 23.77 20.00 17.42 15.18 19.30 17.76 16.65
6th-7th thoracic vertebra, mm +0.28 +0.39° +034° +037 +0.19° +0.12° +023° +017°
Loineye area, cn? 46.5 48.8 45.8 51.0 48.6 45.3 48.0 49.7 51.0 475 494 50.9
+2.6 +29 +3.6 +4.1 +22 +26 +3.7 +3.1

Notes: see Table 3.

A significant advantage in preslaughter weight was established
for young pigs of the LWxLxD combination with AB and BB geno-
types over animals of the LxLWxP combination with the BB genoty-
pe. In particular, animals with the AB genotype exceeded their coun-

terparts of the LxLWxP combination with the BB genotype by
6.90 kg, or 7.1%, while the advantage of the BB genotype amounted
to 5.86 kg, or 6.0%. Similarly, young pigs of the LXxLWxD combina-
tion with AB and BB genotypes were characterized by higher pres-
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laughter weight compared with animals of the LXLWxP combination
with the BB genotype. The difference between the AB groups
amounted to 4.58 kg, or 4.7%, and between the BB groups to 4.96 kg,
or 5.1%. Animals of the LWxLxP combination with the AB genotype
also exceeded young pigs of the LXLWxP combination with the BB
genotype by 3.88 kg, or 4.0%.

A considerable number of significant intergroup differences were
established for post-transportation weight. Young pigs of the
LxLWxD combination with the AB genotype exceeded animals of
the LWXxLxP combination with the BB and AB genotypes by 4.42 kg
(4.5%) and 2.66 kg (2.7%), respectively. Compared with young pigs
of the LXLWxP combination with the AB and BB genotypes, the
advantage amounted to 3.58 kg (3.6%) and 6.88 kg (7.2%), respec-
tively. Animals of the LWxLxP combination with the AB genotype
exceeded young pigs of the LXLWxP combination with the AB and
BB genotypes by 0.92 kg (0.9%) and 4.22 kg (4.4%), respectively. In
turn, young pigs of the LXLWxP combination with the AB genotype
were characterized by higher post-transportation weight compared
with the BB genotype of the same combination by 3.30 kg, or 3.4%.

Regarding carcass length, a significant advantage was established
for animals of the LWxLxD combination with the BB genotype over
young pigs of the LxLWxP combination with the AB genotype,
measuring 6.11 cm, or 7.4%. Similarly, animals of the LxLWxD
combination with the BB genotype exceeded young pigs of the
LWXLxP combination with the AB and BB genotypes by 2.96 cm
(3.5%) and 3.86 cm (4.6%), respectively, as well as animals of the
LxLWxP combination with the AB genotype by 5.01 cm, or 6.1%.

A similar pattern was observed for carcass length measured from
the first rib. Young pigs of the LWxLXD combination with the BB
genotype exceeded animals of the LxLWxP combination with the AB

Table5

and BB genotypes by 5.60 cm (7.8%) and 4.76 cm (6.6%), respec-
tively. Animals of the LXLWxD combination with the BB genotype
were also characterized by greater bacon half-carcass length com-
pared with young pigs of the LXLWxP combination with the BB
genotype by 3.33cm, or 4.6%.

Regarding backfat thickness at the level of the 6-7th thoracic ver-
tebra, we determined a significant effect of the IGF2 gene genotype
on the meat productivity traits of young pigs. The highest values were
observed in young pigs of the LXLWxD combination with the BB
genotype, whose backfat thickness was 8.59 mm greater compared
with animals of the LWXLxP combination with the BB genotype, or
56.6%. Compared with young pigs of the LXLWxP combination with
the BB genotype, the difference amounted to 7.12 mm, or 42.8%.

Animals of the LWxLxD combination with the AB genotype
were also characterized by greater backfat thickness than young pigs
of the LWxLxP combination with the BB genotype and the LXLWxP
combination with the BB genotype. The difference amounted to 4.23
mm, or 27.9%, and 2.76 mm, or 16.6%, respectively. A similar pat-
tern was established for young pigs of the LXLWxD combination
with the AB genotype, whose backfat thickness was 4.16 mm, or
27.4%, greater compared with animals of the LWxLxP combination
with the BB genotype and 2.69 mm, or 16.2%, greater compared with
young pigs of the LxLWxP combination with the BB genotype.

No significant difference was found for the loin eye area; only a
tendency toward superiority of the AA and AB genotypes was obser-
ved, as they exceeded the minimum values in the sample by 8-12%.

The assessment of the economic efficiency of fattening final hy-
brid young pigs of different IGF2 gene genotypes indicated that,
under identical feeding and housing conditions, the most efficient
group consisted of animals with the IGF2-AA genotype (Table 5).

Economic efficiency of fattening pigs with different genotypes according to the IGF2 gene per animal (x = SE)

Indicator

Groups of animals with different IGF2 genotypes

AA(N=7) AB(n=32) BB (n=21)
Fattening period, days 155 155 155
Average daily gain over the entire fattening period, g 912.50 +9.38° 914.84 + 4.29° 867.86 + 9.98°
Production output per animal for the entire fattening period, kg 105.00 +0.728% 103.88 +0.228* 100.29 + 0.686°
Production cost per unit of output, UAH/kg 66.14 66.71 68.95
Total production costs for gross output, UAH 6945.0 6929.7 6914.6
Procurement price per unit of output, UAH/kg 82.00 82.00 82.00
Value of gross output at procurement prices, UAH 8610.2 8518.2 8223.8
Net profit per animal, UAH 1665.2 1588.5 1309.2
Additional profit obtained per animal, UAH 356.0 286.5 -
Profitability of producing 1 kg of gain, % 2397 22.92 18.93

Notes. See Table 3.

Regarding the production cost per unit of output, it was establi-
shed that in animals with the AA genotype this indicator was
0.57 UAH/Kg, or 0.9%, lower compared with their counterparts with
the AB genotype and 2.81 UAH/kg, or 4.1%, lower compared with
the BB genotype. In turmn, young pigs with the AB genotype were
characterized by 2.24 UAH/kg, or 3.2%, lower production cost com-
pared with animals with the BB genotype.

The value of gross output at procurement prices in animals with
the AA genotype was 91.84 UAH, or 1.1%, higher compared with
young pigs with the AB genotype and 386.22 UAH, or 4.7%, com-
pared with the BB genotype. Similarly, animals with the AB geno-
type exceeded their counterparts with the BB genotype for this indica-
tor by 294.38 UAH, or 3.6%.

In terms of net profit per animal, young pigs with the AA genoty-
pe exceeded animals with the AB genotype by 76.53 UAH, or 4.8%,
and those with the BB genotype by 355.84 UAH, or 27.2%. The ad-
vantage of animals with the AB genotype over counterparts with the
BB genotype amounted to 279.31 UAH, or 21.3%. The additionally
obtained profit per animal in carriers of the AA genotype was higher
compared with the AB genotype by 76.53 UAH, or 27.4%.

Regarding the profitability of producing 1 kg of gain, animals
with the AA genotype showed an advantage of 1.05 percentage points
over young pigs with the AB genotype and an advantage of 5.04 per-
centage points over those with the BB genotype. In turn, animals with
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the AB genotype exceeded their BB counterparts in profitability by
3.99 percentage points.

Thus, the results of the study indicate the feasibility of using the
IGF2 AA genotype in breeding programs, as it ensures improvement
in the main indicators of meat productivity and carcass quality. At the
same time, the BB genotype may be of interest from the perspective
of producing longer carcasses and bacon, which may be important
depending on the production direction.

Discussion

The analysis of literature sources and the data obtained from our
own studies demonstrated that the pig breeding industry has a consid-
erable potential for further production growth through the targeted
application of scientific and methodological approaches at both bree-
ding and commercial farm levels. In order to provide the population
with a sufficient amount of complete animal protein during the post-
war reconstruction period, the pig industry may play a significant role.
At the same time, it is necessary to take into account the specific cha-
racteristics of imported breeds that can be used in further breeding
processes within domestic pig breeds in order to gradually increase
their competitiveness and reduce dependence on imported breeding
material. An important role in this process is assigned to marker-
assisted selection (Sukhno et al., 2022; Sharma et al., 2024).
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The study of IGF2 gene polymorphism in experimental hybrid
pigs obtained by crossing Large White, Landrace, Duroc, and Pietrain
breeds showed that 2 values ranged from 0.186 to 1.297, with P >
0.05 in all groups. This indicates the absence of significant deviation
from Hardy—Weinberg equilibrium, suggesting the lack of strong
within-group selection, uneven reproduction, or other factors that
could alter allele composition. The obtained results indicate that the
IGF2 gene is characterized by stability of allele distribution in differ-
ent pig breed combinations and does not demonstrate signs of intra-
population selection or structural shifts.

The absence of statistically significant intergroup differences and
the Hardy—Weinberg equilibrium indicate a relatively uniform distri-
bution of genetic variants within the studied populations. The ob-
served level of heterozygosity was moderate and may be considered
favorable for maintaining genetic diversity, which is important for
future breeding programs. Thus, the IGF2 locus may be regarded as a
stable genetic marker potentially suitable for use in marker-assisted
selection programs aimed at improving pig productivity in different
genotypic combinations.

Our findings are consistent with the data of other researchers who
also did not detect signs of significant reduction in genetic variability
at the IGF2 locus in modem industrial pig populations (Ojeda et al.,
2008). In particular, an international study of haplotype variability of
the IGF2 gene established that, despite intensive selection pressure for
meat production traits, no general reduction in genetic variability
between international and local European breeds was observed.

Similar to our results, the aforementioned study (Ojeda et al.,
2008) demonstrated that even under directed selection aimed at incre-
asing meatiness and the frequency of “desirable” IGF2 alleles, pig po-
pulations maintain a sufficient level of genetic variability and do not
exhibit critical disturbances in population structure. The conformity of
genotype distribution to Hardy—Weinberg equilibrium, established in
our study, along with the absence of statistically significant intergroup
differences, also confirms the absence of excessive selection pressure
that could lead to narrowing of the genetic basis of the studied popula-
tions.

Moreover, the moderate heterozygosity identified in our studies is
in good agreement with the conclusions of other authors regarding the
preservation of genetic diversity in modern commercial and local pig
populations. This indicates that the use of the IGF2 locus in marker-
assisted selection programs can improve productive traits without
substantial depletion of the genetic diversity of populations (Xu et al.,
2020).

Our studies confirmed that IGF2 polymorphism affects such im-
portant quantitative traits as growth rate and backfat thickness, which
is consistent with the opinion of researchers who state that these traits
are controlled by multiple genes (Han et al., 2014; Lu et al., 2018; Ma
etal., 2013). In addition, a considerable number of genes—including
major genes as well as genes with moderate or minor effects—control
overall meat quality.

Researchers have confirmed that RN, PRKAG3, RYRI],
PHKG1, MC4R, and insulin-like growth factor 2 (IGF2) are the main
genes influencing meat quality traits (Milan et al., 2000; Barbut et al.,
2008; Zhukorskyi et al., 2022).

In our studies, we found that the IGF2 gene influences the devel-
opment of the muscle tissue in hybrid pigs obtained by crossing the
four main commercial breeds (Large White, Landrace, Duroc, and
Pietrain). In general, carriers of the AA and AB genotypes were char-
acterized by higher growth intensity, greater absolute gain, and a shor-
ter period required to reach a live weight of 100 kg compared with
animals with the BB genotype. At the same time, the effect of the
gene was manifested through interaction with breed combination,
indicating that the realization of genetic potential depends on the
combination of parental forms.

It was established that animals with the AA and AB genotypes in
most cases had higher average daily gains and absolute gains, where-
as young pigs with the BB genotype were characterized by lower
growth intensity and a longer fattening period. At the same time, the
AA and AB genotypes were distinguished by a higher level of daily
feed intake, which is probably associated with more intensive meta-

bolic processes and more active formation of the muscle tissue. Our
results are consistent with the studies conducted by other researchers
on purebred Large White pigs (Kolatikova et al., 2003) and on other
animal species (Younis etal., 2018).

Regarding meat production traits, an ambiguous nature of the
IGF2 gene effect was established. In some breed combinations, the
BB genotype was associated with increased backfat thickness, where-
as carriers of the AA and AB genotypes were characterized by a ten-
dency toward a larger loin eye area and a better ratio of muscle to fat
tissue. The obtained results indicate that allelic variants of the IGF2
gene may be associated not only with growth intensity but also with the
peculiarities of nutrient redistribution between the muscle and adipose
tissues.

This is consistent with the opinion of other researchers, who state
that among other genes, the insulin-like growth factor 2 gene (IGF2)
belongs not only to the group of growth factors (including fattening
traits), but also affects muscle tissue development (Carrodeguas et al.,
2005). Considering that in modern commercial pig breeds the presen-
ce of the desirable IGF2 allele leads to improved meat quality traits
(Jeon et al., 1999; Van Laere et al., 2003), the study of the productive
performance of Danish-selected pigs under domestic conditions and
the relationship between IGF2 DNA marker polymorphism and the
subsequent growth and development of final hybrid young pigs will
contribute to improving pig production systems and increasing their
efficiency.

The results of our studies also emphasize the practical importance
of using the IGF2 genotype and optimal breed combinations for in-
tensive pig production, particularly for reducing feed costs and short-
ening the period required to reach a live weight of 100 kg.

Conclusions

The study established a significant influence of IGF2 gene poly-
morphism on fattening, carcass, and economic traits of terminal three-
way hybrid pigs of Danish selection obtained using Large White,
Landrace, Duroc, and Pietrain breeds. Animals carrying AA and AB
genotypes generally demonstrated higher average daily gain, greater
absolute gain, shorter periods required to reach 100 kg live weight,
and improved economic efficiency compared with BB genotype
carriers. The analysis of the genetic structure of the studied populati-
ons revealed moderate heterozygosity levels (He = 0.42-0.492) and
the absence of significant deviations from Hardy—Weinberg equilibri-
um (x* = 0.186-1.297; P > 0.05), indicating sufficient genetic diversi-
ty and stability of the IGF2 locus in the investigated hybrid combina-
tions.

The effect of IGF2 polymorphism on carcass characteristics was
confirmed by significant differences in preslaughter weight, post-
transportation weight, carcass length measured from the first cervical
vertebra, carcass length measured from the first rib, and backfat
thickness. In most cases, animals with the AA and AB genotypes
were characterized by higher growth intensity and more favorable
meat production traits, whereas BB genotype carriers tended to exhib-
it greater backfat thickness.

The economic assessment demonstrated that pigs with the AA
genotype had the lowest production cost, the highest profitability
level, and the greatest additional profit per animal, confirming the
practical value of the IGF2 locus for marker-assisted selection pro-
grams aimed at improving growth performance, carcass quality, and
production efficiency in commercial pig breeding systems.

The authors declare no conflicts of interest.
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