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The HMGA1 (High Mobility Group AT-hook 1) gene is con-
sidered a candidate locus for growth- and fatness-related traits
in pigs due to its involvement in transcriptional regulation and
energy metabolism and its localization within a quantitative trait
locus (QTL) region on Sus scrofa chromosome 7. The aim of
this study was to characterize a previously described intronic
polymorphism of the HMGA1 gene in the population of Ukraini-
an Large White pig breed and to evaluate its population genetic
parameters for potential application in marker-assisted selection.
An in silico analysis based on the Sscrofa11.1 reference
genome was performed to define the genomic localization of
the amplified fragment, describe the polymorphism according
to Ensembl nomenclature, and identify its rsID in the European
Variation Archive. Genotyping of 30 Ukrainian Large White pigs
was carried out using the polymerase chain reaction—restriction
fragment length polymorphism (PCR—RFLP) method with the
restriction endonuclease Nael. The polymorphic site was lo-
calized at position 7:30,326,531 and identified as rs80981303
(c.220-170C>T). Population analysis revealed genotype fre-
quencies of 0.10 (CC), 0.40 (CT), and 0.50 (TT), with allele
frequencies of 0.30 for C and 0.70 for T. The distribution of
genotypes did not deviate from Hardy—\Weinberg equilibrium
(x2 =0.068, p = 0.794). The polymorphic information content
value (P1C=0.3318) indicated that the locus is sufficiently infor-
mative. The obtained results confirm the polymorphic nature of
the HMGA1 gene in the Ukrainian Large White pig breed and
support the potential utility of rs80981303 as a genetic marker.
Further association studies with productive traits could substan-
tiate its practical application in pig breeding programs.

Key words: HMGAT1 gene, pig, Ukrainian Large White breed,
intronic polymorphism, PCR-RFLP, population genetics, marker-
assisted selection

Introduction

Single nucleotide polymorphisms (SNPs) repre-
sent common genetic variants distributed throughout
the porcine genome and constitute a valuable source
of information for dissecting the genetic basis of eco-
nomically important traits in pigs [17]. High-density
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SNP genotyping and genome-wide association studies
(GWAS) have substantially contributed to the identifi-
cation of quantitative trait loci (QTLs) associated with
growth, fatness, carcass composition, and meat quality
traits in diverse pig populations, thereby enhancing the
prospects of marker-assisted and genomic selection
in swine breeding programs [20-21, 29]. The Pig QTL
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database [13—14] currently catalogs multiple QTLs for
growth and fatness attributes, highlighting the complex
nature of the relationships between genes and produc-
tivity traits and the importance of considering animal
genotypes to ensure efficient livestock production.

Among the candidate genes for animal productivity,
the HMGA1 (High Mobility Group AT-hook 1) gene has
emerged as a locus of interest in porcine genetics [6,
9-12, 16, 18-19, 22-24, 27, 29, 31, 34-35]. The HMGA1
gene encodes a non-histone chromatin structural protein
that functions in transcriptional regulation through modu-
lation of chromatin architecture, with documented roles
in cell proliferation, differentiation, and metabolic regu-
lation in mammals [4, 15, 30]. Although most functional
characterizations of HMGA1 have been conducted in hu-
man and model systems [4, 8, 15, 30], its genomic posi-
tion on Sus scrofa chromosome 7 (SSC7) coincides with
loci repeatedly implicated in backfat and growth traits in
GWAS and QTL mapping studies, rendering it a biologi-
cally plausible candidate gene for performance traits
in pigs [6, 9-10, 16, 22-23, 27, 29, 31, 34-35].

Genome-wide association studies in multiple pig pop-
ulations have identified HMGA 1 among candidate genes
associated with external and carcass traits. In large-scale
analyses of growth traits, SNPs mapping near or within
the HMGA1 locus have been linked with body size and
body length [10, 16, 22, 29, 31], indicating a potential role
in skeletal and overall growth dynamics. HMGA1 also ex-
hibited associations with backfat thickness, supporting its
relevance for fat deposition traits and and carcass com-
position [6, 9]. Expression profiling and polymorphism
analyses demonstrated that HMGA 1 mRNA is widely ex-
pressed across tissues, and specific coding and 3-UTR
SNPs were significantly correlated with backfat thickness
in pigs [11]. Furthermore, genome scans have implicated
HMGAT1 as a candidate influencing the size of forelimb
bones, suggesting its multifunctional involvement in both
growth and carcass structure [34—35].

Despite these associations, the precise causal vari-
ants within the HMGA1 gene that affect phenotypic
variation in growth and fatness traits remain incompletely
resolved. The integration of functional polymorphisms
with well-characterized phenotypes offers a promising
approach to improve selection decisions. In domestic pig
populations characterized by different breeding histories
and trait emphases, the variability of HMGA1 allelic forms
suggests opportunities for selection targeting body size,
fat distribution, and carcass composition.

In the context of Ukrainian pig breeding, including
indigenous and commercial populations such as the
Ukrainian Large White, identifying and validating mo-
lecular markers linked to economically significant traits
is of particularly interest for enhancing meat productiv-
ity and preserving local genetic resources. The HMGA1
gene, with its demonstrated associations with growth
and fatness metrics, presents a candidate marker for in-
corporation into marker-assisted selection (MAS) panels
alongside other well-established markers such as IGF2,
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MCA4R, and RYR1 [2]. Such integration has the poten-
tial to refine genetic evaluation frameworks and support
breeding programs tailored to both production efficiency
and adaptive performance.

Therefore, this study aimed to characterize a previous-
ly described intronic polymorphism of the HMGAT gene,
identifiable by the polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP) method, in
the Ukrainian Large White pig population and to evalu-
ate its allelic and genotypic distribution with respect to its
potential application in genetic improvement strategies.

Materials and Methods

To determine the precise genomic localization of the
studied polymorphism in the HMGA1 gene within the
Sscrofa11.1 reference genome [32], to describe this variant
according to Ensembl [7] nomenclature, and to identify its
rsID in the European Variation Archive (EVA) [3], a multi-
step in silico analysis was performed. First, the positions of
the primers described in [19] were mapped to Sus scrofa
chromosome 7 using the BLAST tool [1] implemented in
the Ensembl genome browser. The chromosomal distance
between the primer binding sites was then calculated and
compared with the expected amplicon length. Based on
the sizes of the restriction fragments obtained after diges-
tion, the putative position of the polymorphic site within the
amplified fragment was inferred. Subsequently, the pres-
ence of the corresponding restriction site was verified, and
the registered polymorphism in EVA matching this genomic
position and its allelic variants was identified.

For laboratory analyses, bristle samples were col-
lected from 30 Ukrainian Large White pigs maintained
at the State Enterprise “Research Farm “Stepne” (Poltava
region, Ukraine). All experimental procedures were car-
ried out in the Genetics Laboratory of the Institute of Pig
Breeding and Agroindustrial Production of the National
Academy of Agrarian Sciences of Ukraine.

Genomic DNA was extracted from bristles using
Chelex 100 reagent according to the method described
in [28]. Isolated DNA samples were stored at —20 °C
until further analysis. Genotyping was performed using
the polymerase chain reaction (PCR) technique, following
approaches described in [5, 33]. PCR was conducted in
a total reaction volume of 25 pl using reagents from New
England Biolabs (USA) in 0.5 ml Eppendorf microcentri-
fuge tubes (Eppendorf, Germany) on a Biometra thermal
cycler (Germany). Structure of primers [19] is shown in
table 1. Amplification parameters, including annealing
temperature and number of cycles, were optimized ex-
perimentally based on primer characteristics and data
from previous studies [19, 24].

Restriction fragment length polymorphism (RFLP)
analysis was performed using the restriction endonucle-
ase Nael [19]. PCR products and restriction fragments
were separated by electrophoresis in 0.2 % agarose gel.
Fragment sizes were determined using the pBR322/Mspl
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molecular weight marker. Gel images were documented
under ultraviolet illumination using a Canon digital camera.

Population genetic analysis was conducted using the
GenAIlEx 6.5 software package [25-26]. Allele frequen-
cies, observed and expected genotype frequencies, ob-
served and expected heterozygosity, and polymorphic
information content (PIC) were calculated. Deviation
from Hardy-Weinberg equilibrium was assessed using
the chi-square (x?) test.

Results and Discussion

According to the results of the BLAST search per-
formed within the Sus scrofa reference genome, the for-
ward primer with the sequence 5-~AGAAGGAGCCCAGC-
GAAGT-3' was localized on chromosome 7 at positions
7:30,325,937-30,325,955, while the reverse primer with
the sequence 5-ACAGTGCTCACCCAATGGC-3" was
mapped to positions 7:30,326,640-30,326,658. This
primer pair spans exon 4 and the majority of intron 4
of the HMGA1 gene (intron numbering according to the
transcript ENSSSCT00000098878.1). Consequently,
the actual length of the amplified fragment is 722 bp.
In earlier studies [19, 24], the amplification of a 700 bp
fragment using this primer system was reported; howev-
er, in the present work, the precise amplicon size was de-
fined based on the current reference genome assembly.

Previous publications indicated that the analyzed
polymorphism in the HMGA1 gene is located within a rec-
ognition site of the restriction endonuclease Nael (GCC/
GGC). In the presence of the C allele, digestion was
expected to yield two fragments of approximately 580 bp
and 120 bp, whereas in the presence of the T allele, re-
striction does not occur and a single fragment of 700 bp
is visualized by electrophoresis. Taking into account the
refined amplicon size of 722 bp derived from the refer-
ence genome, cleavage at the Nael site generates frag-
ments of 595 bp and 127 bp. Accordingly, the TT geno-
type is represented by a single band corresponding to the
undigested fragment, the CC genotype by two bands of
595 bp and 127 bp, and the CT genotype by three bands
corresponding to the undigested and digested fragments.

The polymorphic site was localized on chromosome 7
at position 7:30,326,531 in the Sscrofa11.1 reference ge-
nome. According to Ensembl nomenclature, this variant
is designated as ¢.220-170C>T relative to the transcript
ENSSSCT00000098878.1. A single polymorphism regis-
tered at this genomic position is present in the EVA and
is assigned the identifier rs80981303.

The amplified fragment of the HMGA1 gene, including
the positions of the primers and the polymorphic site,
is shown in fig. 1.

During optimization of the PCR amplification con-
ditions, several melting temperatures were evaluated.
The calculated melting temperatures of the forward and
reverse primers were 65.7 °C and 66.7 °C, respectively.
Previous studies recommended melting temperatures of
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Table 1. Primers structure, GC content and melting temperature

Tm °C

Mak-
. GC, Kim  gahle-

Rrimsrs % %ﬁl_' etal, laet

2004 al.,

lated 1197 2009

[24]

5-AGAAGGAGCCCAGCGAAGT-3 57.9 65.7 62 60

5-ACAGTGCTCACCCAATGGC-3 57.9 66.7

Table 2. PCR program used for amplification
of the HMGA1 gene fragment

PCR amplification program

Gene
Temperature, °C ~ Time, s  Number of cycles
95°C 120 1
95 30
HMGA1 60 30 31
68 40
68 300 1

AGAAGGAGCCCAGCGAAGTGCCAACACCTAARAAGACCTCGGGGCCGACCA
AAGGGGAGCAAAAACAAGGGCGCCGCCAAGACCCGGGTGAGGCTTGAAGG
GGTGGCTCCTGGTGGAGGGAAGTGGGAAGTAACCCCCGTCCCCTGCAAGC
AGCTGAGGGAGGTCTGGGAAGGGGTGGGCTTGTCCTGATTCTCTGCATGC
CCTTTCTCTGGTACGTGGGCCCGATGGGTCTTGGCTAGTTGAGGAAAGTG
GGGTGATGGCCGAGGCCTAACTTCTAGGGCCTTGTCTTGCCCAGGACACT
GGGGAAGTCAAGTCAGATGTCCCAGAGCTTTCCTGGTCTGGAGGGAGGCC
AGTTGGGCAGAATGGAGGGCTGTTCCCCCTGGGCTGAGATGTCACCTCCC
CCCCAACCCCAGGCCGCCTGGGTCCTGAGGGTGGGGGAGCAGGCAAGGCC
AGATCTACAGTGGCATTGGCCTTTGGAGAAGTTGTTTTGTTTTTTATTTT
ATTTTTTCTAAGACACGACTCATATCCTCTGAGTCACGGGTGAAGGAGGG
AGTGGGGGCGTGTGTGTGTATGTTGGGGTGGGGGGCGGTGTGGCEGGCCA
GTCATCCCCAGCTGGACTCCGGTGGGCCTGCTGGGCTGAGAGTCCCGGCT
GCCCCTCCCTGCTTGCCCTCGCCCTCCAGGGCACTGGTCACTGCGGGGCA
CCCGCCATTGGGTGAGCACTGT

Fig. 1. Fragment of the HMGA1 gene (genomic location:
7:30,325,937-30,326,658) amplified in this study.

Primer binding sites are underlined. Exon 4 (genomic location:
7:30,325,939-30,326,022) is highlighted in green.

The polymorphic site rs80981303 (c.220-170C>T, genomic location:
7:30,326,531) is highlighted in blue.

62 °C[19] and 60 °C [24]. In the present study, an melting
temperature of 60 °C was found to provide optimal am-
plification efficiency and specificity. The final PCR cycling
program is presented in table 2.

The observed sizes of the PCR products and restric-
tion fragments were consistent with the expected frag-
ment lengths, as confirmed by electrophoretic analysis
(fig. 2).

The results of the population genetic analysis based
on genotyping of Ukrainian Large White pigs are sum-
marized in Table 3. In total, 3 animals with the CC geno-
type, 15 animals with the TT genotype, and 12 animals
with the heterozygous CT genotype were identified.
Accordingly, the observed genotype frequencies were
0.10 for CC homozygotes, 0.50 for TT homozygotes,
and 0.40 for CT heterozygotes. The calculated allele
frequencies were 0.30 for the C allele and 0.70 for the
T allele.
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622 bp
527 bp
404 bp

622 bp
527 bp
404 bp

Fig. 2. Electropherograms of the HMGA1 gene amplicon (a) and Nael/ restriction fragments (b)
Note. 1, 2 — amplicon (722 bp); 4, 7, 8, and 10 — CT genotypes (722 bp and 595 bp); 3, 5, 6, 9, and 11 — genotypes TT (722 bp),

M — pBR322/Mspl molecular weight marker.

The expected heterozygosity slightly exceeded the
observed heterozygosity (0.42 versus 0.40), indicating
a near-equilibrium population structure for this locus.
No statistically significant deviation from Hardy-Wein-
berg equilibrium was detected according to the x? test
(x? = 0.068, P=0.794). The PIC value was 0.3318, which
is considered relatively high for a biallelic locus and sug-
gests that this polymorphism is informative and potentially
suitable for use in directional selection within the Ukrai-
nian Large White pig population.

Comparison of the obtained results with previously
published data demonstrates substantial variability in al-
lele and genotype frequencies of the HMGA1 polymor-
phism among pig breeds and populations. In the study
by Kim et al. [19], nearly equal frequencies of CCand TT
homozygotes were reported in the Large White breed,
with a predominance of heterozygous CT animals.
In contrast, a higher frequency of TT homozygotes was
observed in Landrace and Duroc pigs. Conversely, in
a later study by Kim et al. [18], the Duroc population ex-

Table 3. Population genetic parameters of Ukrainian Large White pigs
based on the rs80981303 (c.220-170C>T) polymorphism
in the HMGA1 gene

Alleles:

C 0.30

T 0.70

Genotypes: 0.40 0.42 0.068 0.794 0.3318

CC(n=3) 0.10  0.09
CT(n=12) 040 042
TT(n=15) 050 0.49

Note. Ho — observed heterozygosity, He — expected heterozygosity.

70

hibited an opposite pattern, with genotype frequencies
of 0.43, 0.45, and 0.12 for CC, CT, and TT genotypes,
respectively, indicating a predominance of CC homo-
zygotes over TT homozygotes.

These discrepancies confirm that the distribution of
HMGAT1 alleles and genotypes may vary considerably
not only between breeds but also among populations
within the same breed, reflecting differences in breed-
ing history, selection pressure, and genetic background.
Importantly, Kim et al. [19] demonstrated that in Landra-
ce and Large White pigs, carriers of the C allele exhibit-
ed increased backfat thickness, with the highest values
observed in CC homozygotes; the differences between
genotypes were statistically significant (P<0.05). In the
present study, the frequency of the minor C allele was
0.30, indicating that animals carrying the potentially fa-
vorable genotype were relatively less common. Never-
theless, this minor allele frequency provides sufficient
genetic variation to enable effective directional selec-
tion, allowing for an increase in the frequency of the
target allele over successive generations.

The present study provided a detailed characteriza-
tion of a previously described intronic polymorphism of
the HMGA1 gene in the Ukrainian Large White pig popu-
lation. Using in silico analysis of the Sscrofa11.1 reference
genome, the exact genomic localization of the amplified
fragment and the polymorphic site was defined, and the
variant was identified as rs80981303 (c.220-170C>T)
according to Ensembl and European Variation Archive
nomenclature. Refinement of the amplicon length and
restriction fragment sizes allowed for a precise interpreta-
tion of PCR—RFLP genotyping results.

Population genetic analysis revealed that the stud-
ied locus is polymorphic in Ukrainian Large White pigs,
with allele frequencies of 0.30 for the C allele and 0.70

bionozia meapuH, 2025, 1. 27, N24
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for the T allele. The genotype distribution did not devi-
ate from Hardy—Weinberg equilibrium. The PIC value
equal to 0.3318 demonstrates that the rs80981303
polymorphism is sufficiently informative and suitable
for use in genetic studies and breeding applications.
Further studies should focus on evaluating the popula-
tion genetic characteristics of this HMGA1 gene polymor-
phism in larger and samples, as well as on its combined
analysis with other polymorphisms within HMGA 1 and
additional candidate genes. Moreover, association stud-
ies are necessary to assess the relationships between
this polymorphism and economically important produc-
tive traits in Ukrainian pig breeds. Such investigations
will be essential to substantiate the practical applicability
of HMGA1 as a molecular marker for implementation in
marker-assisted selection programs in pig breeding.
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FeHOTMNYBaHHA CBUHEW YKpPaAIHCbLKOI Benukoi 6inoi nopoau 3a iHTPOHHUM nonimopdizamom reHa HMGA1

B. Tensieg?, A. CaeHko', M. lNeka*? O. LlepeHtok’
saenko_artem@meta.ua

"lHcTUTYT cBUHApCTBa i arponpomucrioBoro BupobHuuTea HAAH Ykpainum, 36013, Ykpaina, m. MNonTaea, Byn. LLBeaceka Moruna, 1
2XapkiBCbkUiA HaLjioHanbHWii yHiBepcuTeT iMeHi B. H. KapasiHa, 61022, m. Xapkis, nn. Csoboaw, 4

'eH HMGA1 (High Mobility Group AT-hook 1) BBaxaeTbCs NMOKyCOM-KaHAMAATOM [risl 03HaK, NMOB’'A3aHMX i3 POCTOM i BIOAOBAHICTIO Y
CBVIHEN, 3aBASKW VOO y4acTi B perynsuii TpaHCKpunLii Ta eHepreTmyHomy meTtaboniami Ta horo nokanisadii B 06nacTi Ha NTOKycy KinbKiCHUX
o3Hak (QTL) Ha xpomocomi 7 Sus scrofa. MeToto Liboro AoChimKeHHs Byno oxapakTepnayBaTh paHilLe OnMcaHuii iIHTPOHHWI NomniMopadiam
reHa HMGA1 B ykpaiHcbkii monynsiuii Benmkoi 6inoi nopoam cBUHeN Ta OuiHATK Oro NoNynsUiNHO-reHETUYHI NapaMeTpy Ans MOXITMBOO
3aCTOCYBaHHS B MapKep-acoLlioBaHil cenekuii. AHani3 in silico Ha ocHoBi pedpepeHTHOro reHoma Sscrofa11.1 6yB npoBeAeHWIn Ans BU3Ha-
YeHHSs1 reHOMHOI nokanisauii amnnigikoBaHoro parmeHTa, onucy noniMopdiamMy BignosigHoO 40 HOMeHKNaTtypy Ensembl Ta ineHTudikauii
1oro rsID B European Variation Archive. FfeHoTunyBaHHsi 30 CBMHEN yKpaiHCbKOI BeNUKOT 6inoi nopoam NpoBOAUMN METOA0M noriMmepasHol
naHUoroBoi peakuii—noniMopdiamy AOBXUMHN pecTpuKLinHux dpparmenTis (MNP-TOP®) 3 eHgoHykneasoto pectpukuii Nael. Monimopd-
HWI canT ByB nokanizoBaHwn y noauuii 7:30,326,531 Ta ineHTudikosaHuii sk rs80981303 (¢.220-170C>T). MonynsauiiHiin aHani3 BUSIBMB
yacrtotu reHotunis 0,10 (CC), 0,40 (CT) i 0,50 (TT), 3 yactotamu anenis C — 0,30 i T — 0,70. Po3noain reHoTWniB He BiAXWNSIBCS Bif piB-
HoBaru Xapgi—BarH6epra (x? = 0,068, P=0,794). 3Ha4yeHHs iHdopmaLiiiHoro 3micTy noniMopdiamy (P1IC=0,3318) Bka3dyBarno Ha JOCTaTHIO
iHdpopmaTMBHICTL Nokycy. OTprMaHi pesynsraTv NiaTBEPAXKYHOThb NoniMopdHicTe reHa HMGA T y cBuHel yKpaiHCbKOI BenuKkoi 6inoi nopogu
Ta NigTBEPOXKYOTb NOTEHLiINHY KopucHicTb rs80981303 sk reHeTUYHOro Mapkepa. MNoganbLui gochigkeHHs acouiaLii 3 NPoAyKTUBHUMM
03HaKamu MOXYTb OOI'pyHTYBaTU MOro NpakTUYHE 3acCTOCYBaHHS B MporpamMax po3BefeHHs CBUHEN.

KnrovoBi cnoBa: reH HMGA1, cBuHs, ykpaiHcbka Benuvka bina nopoaa, iHTpoHHUI nonimopdiam, MIP-TAP®, nonynsuinHa reHeTvka,
Mapkep-acoLiioBaHa cenekuis
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