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Simple Summary: The aim of the study was to analyze the association between single nucleotide
polymorphism (SNP) rs80860411A>C located in the intergenic region of chromosome 13 (near the GALNTI15
gene encoding Polypeptide N-Acetylgalactosaminyltransferasel5, GALNTL2) and fattening and slaughter
traits of pigs. The study was conducted on 426 individuals belonging to three breeds: Polish Landrace (n=192),
Polish Large White (n=187) and Pulawska (n =48). The rs80860411 genotypes were determined using the PCR-
RFLP method. Association analysis was performed for each breed separately, as well as for the entire study
group. The study showed that rs80860411A>C had a significant effect on fattening performance traits, as well
as on several slaughter performance traits, including: width of the loin eye, loin and ham weights without skin
and backfat and carcass meat content (P <0.01, P <0.05). The obtained results indicate that the studied SNP has
the potential to be included in pig selection programs, thus potentially influencing the improvement of
fattening and slaughter traits of different pig breeds.
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1. Introduction

Meat quality is a very important aspect of pig breeding. The definition of quality was created
centuries ago, and the first mentions in the literature indicate the ancient period. This concept is not
easy to define, because it depends on many factors. In addition to genetic factors, such as breed and
sex, and physiological factors (age, condition, health), meat quality is also influenced by
environmental factors (animal husbandry system, nutrition, transport, slaughter and post-slaughter
processing). One of the most important economic characteristics of pigs is the skeletal muscle mass
of fattening pigs. Their development and growth is a factor that ensures the profitability of breeding
and an adequate supply of meat consumed by humans [1,2].

Analysis of genes regulating skeletal muscle development is of great importance for
understanding the molecular basis of this phenomenon. Polymorphic variants of many genes affect
the differentiation of fattening efficiency. The results of genetic and genomic studies published in
recent years have significantly contributed to a better understanding of many molecular mechanisms
involved in the process of muscle tissue synthesis [3,4]. Genetic markers that are predictive of pork
quality can be used in selection programs [5]. The recessive allele of the RYRI gene was considered
for years to be the most important genetic marker in pig breeding [6]. Currently, polymorphism in
intron 3 of the IGF2 gene, encoding insulin like growth factor 2, is the most important genetic marker
for fattening, slaughter and meat quality traits in pigs [7-9]. Mutation in the IGF2 gene has been
introduced in recent years (thanks to the availability of genome editing techniques) to the gene pool
in breeds in which it does not occur naturally [10]. Other important genetic polymorphisms for pig
breeding have been located in the MC4R, CAST, PRKAG3 genes [5,11].

Whole genome sequencing (WGS) is an effective technique for identifying common DNA
sequence variation, including genetic variants that affect various traits of farm animals [12]. Genotype
is one of the main factors determining carcass composition and quality, therefore, ongoing studies
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for years have been aimed at identifying QTL (Quantitative Trait Loci) and QTN (Quantitative Trait
Nucleotide) [13,14]. Thanks to the use of genome-wide association studies (GWAS), the identification
of polymorphic variants with QTN potential has become feasible. The analysis of the occurrence of
polymorphic variants (most often SNPs) is widely used to detect genotype-phenotype associations
[15-17].

The aim of this study was to analyze the association between the rs80860411 polymorphism
located in intergenic region, which was selected in genomic analyses [18] and fattening and slaughter
traits of Polish Landrace, Polish Large White and Pulawska pigs.

2. Materials and Methods

Animals and Nutrition

The research was conducted using material from 426 individuals of three breeds: Polish
Landrace (n = 192), Polish Large White (n = 187) and the native Pulawska breed (n = 48). The Polish
Landrace animals came from 29 sires and 100 dams, the Polish Large White from 40 sires and 114
dams, and the Pulawska from 15 sires and 32 dams. The studied groups of animals were not
significantly related to each other, therefore the sire effect was not included in the statistical models.

The material was obtained from Pig Performance Control Stations located in Poland, where
routine pig assessment is conducted. Therefore, there was no need for the approval of the research
by the bioethics committee.

The animals were fed, kept and slaughtered under standard conditions to determine their
fattening and slaughter performance and to estimate their breeding value. The pigs were kept in
individual pens until they reached 30 kg of body weight. During fattening, they received two types
of feed (from 30 to 80 kg of body weight and from 80 to 100 kg of body weight) administered ad
libitum until they reached a body weight of 100 (+ 2.5) kg. The slaughter was carried out by
exsanguination after stunning with high-voltage electric forceps.

Fattening Performance Test

During the experiment, the following fattening traits were recorded at the experimental stations:
average daily gain from 30 to 100 kg of body weight as test daily gain (g/day), lifetime daily gain
(g/day), daily feed intake (kg), feed conversion ratio (kg/kg gain), age at slaughter (days) and number
of days in the test (days) [19,20].

Carcass Traits

After slaughter, the half carcasses were cut into pieces taking into account the parameters of
muscle content, fat content and basic meat quality features in accordance with the station
methodology procedure. The following measurements were made: carcass yield (%), middle length
of carcass (cm), loin weight (kg), loin and ham weights without skin and backfat (kg), width of loin
eye (cm), height of loin eye (cm), loin eye area (cm?), carcass meat content (%), average backfat
thickness (cm) and weight of primary cuts (kg).

The average backfat thickness was determined using five measurements, which included: the
thickest point over the shoulder blade, the place on the back above the joint located between the last
thoracic vertebra and the first lumbar vertebra, and three measurement over the loin — above the
rostral, middle and caudal edge of the gluteus muscle cross-section [21]. The loin eye area was
determined by cutting the muscle between the last thoracic vertebra and the first lumbar vertebra.
The measurement was made based on the contour made in the cephalic plane of the plane of cut.
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Genotyping

Genomic DNA was isolated from samples of the longissimus dorsi muscle. The following kits
were used for this purpose: Genomic Mini and Sherlock AX (A&A Biotechnology, Poland) and
ReliaPrep™ gDNA Tissue Miniprep System (Promega, USA).

Genotypes were analyzed by PCR-RFLP. PCR products were amplified using two pairs of
primers (Table 1) that were designed using the PRIMER3 program (https://primer3.ut.ee/). Due to the
lack of PCR product in the Pulawska breed, the second pair of primers was designed. Additionally,
DNA sequencing of the longer PCR product was performed to determine the cause of the lack of PCR
product in the Pulawska breed (potential polymorphism at the primer(s) annealing site for the first
set of primers). The existence of the A/C polymorphism was also confirmed by sequencing (Sanger
method) of homozygous genotypes (AA and CC) for the rs80860411. Chromas software
(https://technelysium.com.au/wp/, version 2.6.6) was used to analyze the sequencing results.

The PCR mixture contained ~100 ng of genomic DNA, 12 pmol of each primer, 1x PCR buffer
(with 2 mM MgCl), 0.2 mM dNTP mix, 0.3 U Tag polymerase, and deionized water (up to 12 ul). The
following thermal profile was used: 94°C for 5 minutes, followed by 35 cycles of 94°C for 30 seconds,
60°C for 35 seconds, and 72°C for 35 seconds (50 seconds for the longer PCR product in the Pulawska
breed), and a final extension at 72°C for 5 minutes. The obtained amplicons (424 and 842 bp) were
digested with the restriction enzyme Dral (EURX) for 1 h at 37°C. The resulting DNA fragments were
separated electrophoretically in 2% agarose gels stained with ethidium bromide in 1x TBE buffer (120
V, 40 min). The results were visualized under UV light and archived (Quantum, VILBER).

Table 1. Primer sequences and restriction fragment lengths (A/C, rs80860411).

Polish Large White
Breed Polish Landrace Pulawska
Forward 5-GTGCCTTCCTAGTGTCCCTT-3’ 5- CCACCCCAGACCTCTTGAAT-3’
Reverse 5-TCATGGACCACACACTCTAACA -3’ 5- GACTCTAGACTGAAGGCCCC-3’
Amplicon length o 840
(bp)
Restriction AA - 316 and 108 AA —474 and 368
fragments lengths AC —424,316 and 108 AC — 842,474 and 368
(bp) CC - 424 (no digestion) CC - 842 (no digestion)
Statistical Analysis

In each analyzed herd of pigs, the frequencies of genotypes and alleles were estimated. The
frequencies of individual genotypes within breeds were compared using the chi-square test.

In the analysis of the association between the tested genotype and fattening and slaughter
performance traits, the following linear model (General Linear Model) was applied using SAS
software (ver. 8.02):

Yijk =+ bi + gj + (bg)ij + BSWk + eijk

where:

Yijx — observation;

L — overall mean;

bi — fixed effect of i breed;

g — fixed effect of j genotype;

(bg)ij — interaction between i breed and j genotype;

BSWk — linear effect of slaughter weight as covariate (for slaughter traits only);

eijk — random residual error.

The least squares method (LSM) was used to determine the significance of differences between

genotype groups.
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3. Results

In order to confirm the occurrence of the rs80860411 polymorphism, sequencing of samples
designated as homozygous genotypes was performed (Figure 1).
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Figure 1. Sequencing results for the polymorphic site rs80860411A>C (A — genotype CC; B — genotype
AA).

The obtained PCR products of 424 bp length were digested with Dral enzyme. This allowed for
the determination of three genotypes based on the obtained restriction fragments (Figure 2).

Figure 2. Results of rs80860411A>C genotyping by PCR-RFLP method; from left: pUC19/Mspl DNA
marker (Thermo Scientific, Waltham, MA, USA); lanes 2, 6, 9 — AC genotype, lanes 3, 4, 5 and 8 - CC
genotype, lane 7 — AA genotype).

In the Pulawska breed, digestion of PCR products (842 bp) with Dral enzyme allowed obtaining
three genotypes; the restriction fragment lengths were consistent with the design (Figure 3).

Figure 3. Results of rs80860411A>C genotyping by PCR-RFLP method; from left: Gene Ruler 100 bp
Plus DNA Ladder DNA Marker (Thermo Fisher Scientific, Waltham, MA, USA); lanes 2, 4, 5,7, 8, 10,

11, 14, and 15 — CC genotype, lanes 3, 6, 9, 12, 13, and 16 — AC genotype, lanes 17, 18 — AA genotype.
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In this study, the AC genotype was found to be most frequent in Polish Landrace and Pulawska
breeds. The CC genotype was most frequently observed in Polish Large White breed, while it was
not found in the Polish Landrace breed. In all the breeds studied, the AA genotype was found to be
least frequent (table 2).

The Hardy-Weinberg equilibrium was checked using the chi-square test. The distribution of
genotypes differed between the breeds studied. The observed and expected genotype frequencies in
Pulawska and Polish Large White breeds did not differ significantly, so these herds were in Hardy-
Weinberg equilibrium. However, Polish Landrace herd was not in Hardy-Weinberg equilibrium.

Table 2. Genotype and allele frequencies of rs80860411A>C SNP and calculation of Hardy-Weinberg

equilibrium.
Genotype Allele HWE
B
reed N AA AC cc A C 7 p
0.27 0.73
i - <
Polish Landrace 192 (n=52) (1 =140) 0.36 0.64 632083  <0.0001
0.04 0.42 0.54
Polish L Whit 187 2 .7 1 .0741
olish Large White 8 (n=7) (n=79) (n=101) 0.25 0.75 3.1896 0.0
0.12 0.48 0.40
Pulawska 48 (1=6) (n=23) (n=19) 0.36 0.64 0.0561 0.8127

n —number of individuals, HWE — Hardy-Weinberg equilibrium.

The presented study showed significant associations between the rs80860411 polymorphism and
fattening traits, as well as slaughter traits in Polish pig breeds (Tables 3 and 4).

A significant effect of the analyzed SNP was demonstrated on all fattening traits examined,
except for daily feed intake, in the Pulawska breed. Individuals with the AC genotype were
characterized by a significantly higher test daily gain (p < 0.01) and lifetime daily gain (p < 0.05)
compared to AA homozygous individuals. However, in pigs with the AA genotype the highest
number of days on test, feed conversion and age at slaughter were observed; these traits were
significantly higher (p <0.01, p < 0.05) than in heterozygotes and CC homozygous pigs. In the case of
the remaining two breeds, no significant differences were found between the values of the analyzed
traits.

Table 3. Association between gene polymorphism and fattening performance traits in the analyzed
breeds (LSM # SE, least squares mean + standard error).

Trait Genotype Polish Large White Polish Landrace Pulawska WhOI?
population
Number of days on test AA 79.354 +5.39 77.804 +1.54 100.333 + 3.404 82.599 + 1.68
[days] AC 83.738 + 3.65 78.660 +1.15 85.217 +1.748 81.960 +1.17
ccC 82.628 +3.72 - 88.105 +1.918 81.108 +1.39
AA 2.396 +0.15 2.536 +0.04 2.138 + 0.06 2.438 +0.04
Daily feed intake [kg] AC 2.319+£0.10 2.477 £0.03 2.277 £0.03 2.398 £0.03
CcC 2.365+0.10 - 2.244 +0.03 2.439 +0.04
Lifetime daily gain AA 592.653 + 36.73 603.930 + 8.46 498.833 + 23.202 577.517 + 10.58
[g/day] AC 566.227 + 24.86 595.056 + 6.29 569.130 + 11.85° 576.256 + 7.34
ccC 574.518 +25.33 - 535.684 + 13.04b 579.110 + 8.77
AA 883.968 + 58.63 924.189 + 16.93 721.167 +27.9042 873.856 + 17.88
Test daily gain [g/day] AC 858.058 + 39.69 913.801 + 12.60 829.30 + 14.258 877.083 +12.41
CcC 866.307 +40.44 - 805.158 + 15.64b 884.28 +14.82
Feed conversion [kg/kg AA 2.708 £ 0.11 2.762 +0.03 2.988 +0.07a 2.811 +0.03
. AC 2.710 £ 0.08 2.724 +0.02 2.750 + 0.04° 2.749 +0.02
gain] cc 2.737 + 0.08 - 2.798 + 0.040 2.774 +0.03
Age at slaughter [days] AA 169.980 + 11.07 168.592 + 2.55 204.833 + 7.982 177.185 +3.25
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AC 180.444 +7.49 170.854 +1.90 178.304 + 4.08> 177.056 +2.26
CC 176.930 + 7.64 - 189.105 + 4.48> 175.537 +2.69
Values marked with different letters indicate statistically significant differences: p <0.05 (a,b) or p <0.01 (a,B).

The statistical analysis of slaughter traits, taking into account the right half-carcass, showed
highly significant relationships (p < 0.01) between the rs80860411 polymorphism and the width of the
loin eye, the carcass meat content and the weight of primary cuts in the Pulawska breed. The values
of these traits were significantly higher in individuals with the AA and AC genotypes compared to
CC homozygotes. This polymorphism was also significantly associated (p < 0.05) with the loin eye
area in the Pulawska and Polish Landrace breeds. In the case of Polish Large White pigs, no
significant relationships were found between the analyzed polymorphism and the traits included in
the study.

Table 4. Association between rs8§0860411 polymorphism and slaughter traits, taking into account the
right half-carcass, in the analyzed breeds (LSM = SE, least squares mean + standard error).

Trait Genotype Polish Large White Polish Landrace Pulawska Whol.e
population
AA 75.973 +0.40 76.885+0.13 76.230 £ 0.30 76.479 +0.13
Carcass yield [%] AC 76.031 +£0.27 76.861 +0.10 76.420 £ 0.15 76.450 = 0.09
cC 76.097 +0.28 - 76.393 +0.17 76.516 +0.11
Middle length of AA 77.603 +1.04 79.209 +0.74 78.625 + 0.85 79.133 +0.57
carcass [cm] AC 78.764 £ 0.70 79.665 + 0.55 78.452 +0.44 79.464 + 0.39
cC 78.491 +0.71 - 78.203 +0.48 79.220 + 0.47
AA 7.439 +0.27 7.765 +0.09 7.272+0.23 7.681 +0.09
Loin weight [kg] AC 7.327 £0.18 7.648 + 0.07 7.700 +0.12 7.611 +0.06
cC 7.355+0.19 - 7.545+0.13 7.617 +0.08
Loin weight without AA 5.882+0.26 6.121 +0.08 5.736 +0.20 6.019 +0.09
skin and backfat [kg] AC 5.865+0.17 6.041 +0.06 6.079 +0.10 5.987 +0.06
CcC 5.855+0.18 - 5.840+0.11 5.939 + 0.07
Ham weight without AA 9.538 +0.26 9.272 +0.09 9.184 +0.22 9.223 +0.09
. AC 9.294 +0.17 9.302 +0.07 9.214+0.11 9.201 +0.06

skin and backfat [kg]

cC 9.310+0.18 - 8.823 +0.12 9.119 +0.07
AA 53.631 +2.35 49.993 +0.707 52.217 +2.362 51.042 +0.78
Loin eye area [cm?] AC 51.196 +1.58 51.661 +0.52° 53.972 +1.207 51.971 +0.54
CcC 51.518 +1.61 - 49.587 +1.32> 51.114 + 0.65
AA 10.188 £ 0.35 10.091 £0.11 10.431 £ 0.324 10.239 £ 0.12
Width of loin eye [cm] AC 10.195+0.23 10.307 £ 0.08 10.554 = 0.164 10.357 £ 0.08
CcC 10.295 + 0.24 - 9.778 +0.18? 10.262 + 0.10
AA 6.741 +0.28 6.894 +0.09 6.977 +0.25 6.898 + 0.09
Height of loin eye [cm] AC 6.562 +0.18 6.851 = 0.07 6.924 +0.13 6.834 +0.06
CcC 6.608 + 0.19 - 6.772 +0.14 6.837 +0.08
Average backfat AA 1.123+0.14 1.341 +0.04 1.295+0.13 1.339 £ 0.05
thickness of five AC 1.122 £ 0.09 1.292 +0.03 1.371 +0.07 1.311 +0.03
measurements [cm] cC 1.177 £ 0.10 - 1.527 +0.07 1.396 + 0.04
Carcass meat content AA 63.155+1.35 61.766 + 0.44 61.339 +1.18~ 61.798 + 0.46
(%] AC 61.939 +0.90 61.890 +0.33 62.276 +0.604 61.687 +0.32
CcC 62.117 +0.92 - 59.254 + 0.66° 61.155 +0.38
Weight of primary cuts AA 24.261 +0.53 23.995+0.17 23.621 +0.454 23.862 +0.18
[kg] AC 23.797 +0.35 24.049 +0.13 23.993 +0.234 23.828 +0.12
CcC 23.859 +0.36 - 22.838 + 0.25P 23.618 +0.15

Values marked with different letters indicate statistically significant differences: p < 0.05 (a,b) or p <0.01 (a, B).
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4. Discussion

The main factor that determines the profitability of pig farming is the appropriate feed. It is
assumed that feed costs account for about 70% of expenses. Rational feeding has a positive effect on
the growth, development, health of individuals, as well as on reproductive and slaughter
performance. A balanced diet also affects the better achievement of genetic potential by animals. Feed
conversion describes the degree to which the animal uses the food or energy contained in the feed
and other nutrients taken with it. The average feed conversion is about 2.8-3 kg/kg of body weight
gain for fattening pigs. Carcass yield is the ratio of the carcass weight to the pre-slaughter weight of
the animal expressed as a percentage (%), and its average value is from 75 to 78% and depends on
the age and degree of fattening of individuals [22]. Feed intake and feed conversion ratio are among
the main factors that influence the economic efficiency of pig production. Fatness traits are
characterized by high phenotypic variability, and the heritability coefficient was estimated at about
0.5. This indicates a significant contribution of genetic background in the formation of this group of
traits. Hence, it is indicated that they can be improved or modified using appropriate genetic markers
[16].

Our study shows variable occurrence of alleles for rs80860411A>C between the studied breeds.
Compared to the study conducted by Terman et al. [23], which aimed to estimate the association
between ACLY gene polymorphism and fattening and quality traits of pork, the frequency of
genotypes and alleles in our study was distributed in a similar way, but the CC genotype did not
occur in the Polish Landrace breed. The heterozygous genotype occurred with the highest frequency
in the Polish Landrace and Pulawska breeds. The AA genotype occurred with the lowest frequency
in all studied breeds. The genotype distribution differs between the breeds studied. Polish Landrace
herd was out of Hardy-Weinberg equilibrium, which this may be due to the selection carried out in
the herd. The pig breeds selected in the study are among the most popular breeds in Poland, of which
Polish Landrace and Polish Large White are meat breeds. The fat-meat type representative is the
Pulawska breed, which is a native breed covered by the protection program. Additionally, this breed
is characterized by resistance to diseases, excellent adaptation to environmental conditions, and
longevity [24].

In the current literature, there is an increasing number of publications on gene searches for the
detection of single SNPs (QTN). Ahmed et al. [25] in their work recorded nearly 56.5 million SNPs in
genomic data of 155 cattle samples. About 25.87 million biallelic SNPs were identified in Cashmere
cattle, occurring mainly in intergenic (58.20%) and intronic (37.71) regions. Only 0.85% of all SNPs
were detected in exons. Additionally, 0.9% of SNPs were found in untranslated regions and 0.1% in
splicing sites.

In the study conducted by Piérkowska et al. [26] the region of chromosome 15 of pigs (SSC15)
was described. This region is very rich in quantitative trait loci (QTL) related to pork quality, growth
performance, fat and meat content in the carcass. The study included two pig breeds, Pulawska and
Polish Landrace. In the Pulawska breed, characterized by high meat quality, mutations were
observed mainly in non-coding regions, such as introns and intergenic regions. An interesting panel
of gene variants was indicated, which can be used to understand the impact on important production
traits of pigs in further association studies.

Since most of the significant variants identified in genome-wide association studies are located
in introns and intergenic regions [27], it is worth paying more attention to them. The rs80860411A>C
polymorphism analyzed in the presented work is located relatively close to the GALNT15 gene.

The GLANT15 (GALNTL2) gene is localized on porcine chromosome 13 (NCBI, Gene ID:
100157572, updated on 17-Aug-2024). The gene product catalyses the initial reaction in O-linked
oligosaccharide biosynthesis (the transfer of an N-acetyl-D-galactosamine residue to a serine or
threonine residue on the protein receptor). It is able to transfer GalNAc residues to the Muc5AC
peptide [28]. Protein glycosylation is an essential process in all eukaryotes. Studies have shown that
a wide variety of types of protein glycosylation occur in animals, plants, and microorganisms. It plays
a significant role in the process of protein folding, their transport to target sites, as well as their
activity and localization within the cell. In the body, glycoproteins participate in many biological


https://doi.org/10.20944/preprints202410.0789.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 October 2024 d0i:10.20944/preprints202410.0789.v1

processes, and their most important functions include cell recognition, differentiation, development.
They also participate in signal transduction [29].

One of the most numerous forms of protein glycosylation in animals is considered to be mucin-
type O-glycosylation, consisting of glycans attached via O-linked N-acetylgalactosamine (GalNAc)
to serine and threonine residues. In most cases, the initiation of glycosylation, i.e., the attachment of
the first glycan to the appropriate amino acid residue in the protein, is controlled by one or two genes
encoding enzymes responsible for this step. However, a large family of up to 20 homologous genes
encoding UDP-GalNAc:polypeptide GalNAc-transferases (GalNAc-Ts) is involved in the control of
mucin-type O-glycosylation. Therefore, this type of glycosylation is characterized by the highest
potential for differential regulation in cells. The GalNAc-T family is the largest family of
glycosyltransferase enzymes with a high degree of evolutionary conservation in animals. However,
it has not been found in bacteria, yeast, and plants. It has been shown that single GALNT genes
encoding GalNAc-T are important in animals, but their large number does not provide full functional
redundancy [30].

GALNTSs enzymes catalyze the addition of GalNAc sugar to Ser and Thr residues, resulting in
the formation of Tn glycan. GALNTSs are activated following relocation from the Golgi apparatus to
the endoplasmic reticulum. This process is mediated by Src tyrosine kinase, as well as by the Arfl-
COFPI protein complex. The GALNTSs activity constitutes a powerful mechanism of control of O-
glycosylation, which has been termed the GALA pathway [31]. O-GIcNAc glycosylation, as an
important mechanism of protein glycosylation coordinated by the aforementioned O-GlcNAc
transferase, as well as O-GlcNAcase, helps maintain skeletal muscle structure and function. As a
result of glycosylation, the conformational stability and solubility of proteins as well as the thermal
stability of enzymes are significantly increased [32]. Muscle proteome analysis revealed the presence
of many O-GlcNAc-modified proteins [33] and among them several key contractile proteins of
striated muscles were identified [34]. A specific role of O-GlcNAcylation in acute skeletal muscle
damage has also been demonstrated. It may become an important issue in the field of non-hereditary
muscle diseases [32].

Valdés-Hernandez et al. [35] identified potential target genes related to FA (fatty acids)
metabolism, which play a role in lipid metabolism (e.g. ADIPOQ, FGFR4, PLIN1, NEU3, TFRC),
carbohydrate metabolism (e.g. GALNT15, ADIPOQ, NEU3, PPP1R3D), glucose metabolism (MAFA)
and ion binding (e.g. ADIPOQ, GOT1, SOD3, NUDT14). Among the listed FA-correlated genes,
GALNT15 is included in the group of genes involved in meat quality. The results of this experiment
may facilitate the implementation of breeding strategies based on the use of functional information
and deepen the knowledge of gene regulation in pig muscle.

Many GWAS conducted in pigs focus on meat quality traits, hematological parameters and
leukocyte function. There are also studies in which genetic markers were associated with slaughter
traits, such as carcass meat content, which is currently one of the most important commercial traits.
It is worth mentioning that ham is one of the most valuable pork products on the world markets.
Thanks to the use of GWAS, 18 significant SNPs were detected in SSC2, which were associated with
muscle mass traits [36]. These results were the basis for further studies for later use in marker-assisted
selection programs aimed at improving muscle mass in pigs. The effect of iron overload on gene
expression in mouse skeletal muscle and heart was investigated. Some of the identified genes were
involved in modulation of lipid and glucose metabolism, transcription as well as responses to cellular
stress. As a result of the study, a list of 14 genes, including the GALNTL2 gene, was obtained, whose
expression in skeletal muscle was increased by iron [37].

It has been described that due to the increasing incidence of obesity, insulin resistance and
hyperlipidemia, the number of patients with fatty liver disease is still increasing. There are
differences in susceptibility to steatohepatitis, as well as in progression to cirrhosis. This is attributed
to the complex interaction of extrinsic and genetic factors that affect the intracellular network. Thanks
to multidisciplinary studies, a list of 208 genes co-expressed in fibroblasts from two patients with
fatty liver disease was obtained. Among them was the GALNTL2 gene and other related genes, such
as: DACT1, MAPK14, PCNXL2, RGN, TLR4, ZNF521 [38].
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In the study by Funari et al. [39], 161 cartilage-selective genes were identified, and among them
was GALNTL2 gene. These genes have been identified as highly expressed in cartilage, but with low
expression and low variability in 34 non-cartilage tissues. Among these 161 genes, a number of genes
specific to cartilage were identified, such as cartilage collagen genes, as well as 25 genes associated
with skeletal phenotypes in humans and/or mice. In addition, many other cartilage-selective genes
were identified, the role of which in cartilage has not yet been determined, or new, as yet undescribed
genes.

Through the integrative analysis of GWAS, eQTL (expression quantitative trait loci) and QTT
(quantitative trait transcript), GALNT15/GALNTL2 were shown to be strong candidate genes for drip
loss in pork [18]. Recent studies provide valuable information on the genetic basis of qualitative and
quantitative meat traits. This significantly expands the number of candidate genes that can be used
for future functional analysis and genetic improvement of pork quality.

5. Conclusions

The results of the studies on pigs belonging to the breeds: Polish Large White, Polish Landrace
and Pulawska prove that the studied polymorphic site, rs80860411, may be responsible for fattening
traits and contribute to a better understanding of the functionality of the region located near the not
yet well-known GALNTI15 gene. Statistically significant differences were found between the
genotypes and selected fattening and slaughter traits of pigs. To sum up, our studies can be
considered the first step towards determining the functionality of the rs80860411 region located near
the GALNT15 gene and its effect on improving fattening and slaughter traits of polish pigs.
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