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ABSTRACT Meat and carcass quality attributes are important factors influencing
consumer preference and profitability in the pork industry. Single nucleotide
polymorphisms (SNPs) are essential for livestock breeding and improvement. In the
present study, the pig Perilipin 2 (PLIN2) gene was characterized with the aim of
detecting genetic variation at these loci in relation to economic traits in Berkshire
pigs. Four SNPs (G6714C, G6813A, G10340A, and G10632A) were detected in this
ORCID studied. Statistical analysis indicated that G6714C was significantly associated with
https://orcid.org/0000-0003-1144-016X the National Pork Producers Council (NPPC) color score, G6813A, and G10340A
significantly affected NPPC color score and NPPC marbling score, and G10632A
significantly affected backfat thickness (BF) (p < 0.05). Therefore, the molecular
markers used in the present study might provide a useful basis for identification and
improvement of traits in the Berkshire pigs.
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quality is determined by several factors, including intra-

INTRODUCTION

muscular fat IMF) content, water-holding capacity, ten-

Pigs have been domesticated for over 9,000 years, and
they are one of the most important farm animals today.
The swine industry has focused on improving pork pro-
duction.

In Korea, for the genetic improvement of Korean Berk-
shire pigs, selection should simultaneously consider
productive, meat quality and reproductive traits, which
requires the precise estimation of genetic parameters (Lee
et al., 2015)

Meat quality is a major factor affecting palatability.
Therefore, the improvement of meat quality traits to meet
the rapidly growing demand of consumers is one of the
most important targets of breeding farm animals. Meat

derness, and meat color (Rosenvold and Andersen, 2003).
In general, IMF content correlates with meat tenderness
and marbled meat is a highly favored product in Korea (Lee
et al., 2010).

Meat quality traits are controlled by multiple genes on
the chromosomal regions known as quantitative trait loci
(QTL). Recently, several studies have reported molecular
markers in the candidate genes associated with eco-
nomic traits. The candidate gene approach is an effective
tool for selecting animals with desirable economic traits
(Cheong et al., 2006; Oh et al., 2011).

Perilipin 2 (PLIN2), which is a member of the family of
perilipin lipid droplets coating proteins, is very widely
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expressed. PLIN2 gene (Accession No. NC_010443.5)
consists of eight exons and spans approximately 25,411
bp on Sus scrofa autosome 1. Recently, several studies
have reported that PLIN2 ablation protects mice against
diet-induced obesity, adipose inflammation, and fatty
liver disease by reducing hepatic lipid accumulation,
without changes in TAG synthesis, fatty acid uptake,
or p-oxidation (Chang et al., 2006; McManaman et al.,
2013).

The present study aimed to detect novel single-nucleo-
tide polymorphisms (SNPs) within the PLIN2 gene by se-
quencing and determine the genetic association between
the molecular markers and economic traits, such as meat
quality and carcass traits.

MATERIALS AND METHODS

Sample collection and genomic DNA extraction

A total of 103 Berkshire pigs (41 sows and 62 boars)
were used for the association study. Meat quality traits
were studied. Genomic DNA from tissue samples was ex-
tracted using a Toyobo Mag Extractor Kit (Toyobo, Japan),
according to the manufacturer’s instructions. The DNA
was quantified by NanoDrop ND-1000 UV-Vis Spectro-
photometer (NanoDrop Technologies, USA).

Carcass and meat quality measurement
Slaughtering followed standard procedures under the
supervision of a Korean grading service for animal prod-

ucts. After slaughter, 103 pigs were used for the analysis
and a total of 13 traits including: carcass weight (CW),
backfat thickness (BF), pH value after 45 minutes (pH45m),
pH value after 24 hours (pH24h), meat color L, a, b, filter-
paper fluid uptake (FFU), drip loss (DL), cooking loss (CL),
muscle shear force (SF) national pork producers council
(NPPC) color score and NPPC marbling score. Following
slaughter, the CW was recorded and the BF was measured
between the 10th and 11th ribs. The pH was measured 45
min and 24 h after slaughter. Meat color was measured
using three coordinates from the Hunter L, a, b system,
where “L” is a general indication of lightness, “a” repre-
sents the degree of redness, and “b” represents the degree
of yellowness. To measure FFU (Kauffman et al., 1986),
the filter paper was pre-weighed, placed on the surface
of a sample to absorb the fluids, and was then weighed
again. DL during vacuum storage was determined one day
after slaughter by weighing samples before and after stor-
age. CL was measured as the difference between sample
weights before and after incubation at 75T for 10 min. SF
was determined using a Warner-Bratzler shear force me-
ter (G-R Electrical, USA). The surface color and marbling
scores of each loin was categorized based on NPPC stan-
dard, NPPC color standards (1 to 6) and marbling [1 (1.0%
IMF) to 10 (10% IMF)] were evaluated according to the
NPPC (2000). The means, standard deviations, and ranges
of the 13 traits are shown in Table 1.

Table 1. Mean, standard deviation (SD), minimum (Min), and maximum (Max) of meat quality traits in Berkshire pigs

Trait® Mean SD Min Max
CwW 87.019 4.555 77.0 101.0
BF 22.738 4130 13.0 35.0
pH45 6.130 0.308 5.3 6.7
pH24 5.761 0.161 5.3 6.3
Color L 50.592 2.760 44.2 56.7
Color a 16.927 1.147 13.9 20.0
Color b 5.930 1.169 3.2 8.3
FFU 46.505 19.986 10.0 120.0
DL 4.064 2.366 0.2 13.2
CL 17.906 3.475 10.0 25.6
SF 2.821 0.758 15 5.5
NPPC color score 3.621 0.600 1.9 4.8
NPPC marbling score 2.065 0.5637 1.0 3.7

CW: carcass weight, BF: backfat thickness, pH45: pH recorded 45 min after slaughter, pH24: pH at 24 h after slaughter, color L: brightness, color a:
redness, color b: yellowness, FFU: filter-paper fluid uptake, DL: drip loss, CL: cooking loss, SF: shear force, NPPC: National Pork Producers Council.
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Primer design and polymerase chain reaction (PCR)

Primers used in the present study were based on the nu-
cleotide sequence of the Pig PLIN2 gene available in the
GenBank database (Accession No. NC_010443.5). Detailed
information on oligonucleotide primers, amplicon size,
and corresponding annealing temperature has been pro-
vided in Table 2. PCR amplification was performed using
genomic DNA (20-200 ng/uL), 10 pmole of each primer,
2 uL of 10 X buffer (10 mM Tris-HCl, 50 mM KCl, 1.5 mM
MgCl,, pH 8.3), 40 uM dNTPs, and 0.5 units Taq poly-
merase (Genetbio, Korea). Thermal cycling included an
initial denaturation step of 94C for 5 min, followed by 35
cycles of 94T for 1 min, optimized annealing temperature
(see Table 2) for 30 s, and 72T for 30 s, and a final exten-
sion at 72C for 5 min using a GeneAmp PCR System 9700
(Applied Biosystems, USA).

Sequencing analysis

The amplified PCR product of each sample was excised
from a 2.0% agarose gel and purified with AccuPrep” Gel
Purification Kit (Bioneer™, Korea). The purified products
were sequenced using BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems, USA). Sequencing re-
actions were purified by Ethanol and run on ABI 3130 XL
Genetic Analyzer (Applied Biosystems, USA) to determine
nucleotide sequences. SNPs were detected with the soft-
ware Seq Man II (DNA Star, USA).

Statistical analysis
Statistical analysis of the association of the genotypes
based on the molecular markers with the economic traits
was evaluated with a general linear model (GLM) fit by the
least squares method using the SAS software package (SAS
institute, USA). The GLM used in the present study was
Yy=p+G+pA+S +e

where Y; is the observation of the performance traits,

ijy

is the overall mean for each trait, G; is the i-th level of
the fixed factor genotype, B is the regression coefficient

Table 2. Nucleotide sequences of primer pairs used for PCR amp-
lification of PLIN2

Primer name Sequence (5'-3’) Tm ('C) Size

PLIN2_1 F-TGAGCCATCTTGGGAAAGG 55 316
R-CCAGGTTGACAGTGGAATGG

PLIN2_2 F-CCTCCTCAGTTCCAGCAAGG 61 714

R-GCAAGCCACACATAAAGCAC

for age, A is the age, S, is the i-th sex effect, and e; is the
random error for the ij-th individual.

RESULTS

SNP genotyping of PLIN2 gene in Berkshire pigs

The DNA samples from 103 Berkshire pigs were ampli-
fied and sequenced for the porcine PLIN2 gene. Four
polymorphic sites (SNPs) were identified by sequencing
analysis of the Berkshire pigs DNA. The 2 pairs of the
PLIN2 gene were designed for the SNP genotyping of
these SNPs on genomic DNA samples.

We identified four SNPs (G6714C, G6813A, G10340A,
and G10632A) in the Berkshire pig PLIN2 gene. Among
the for, one SNP (G6714C) was detected in the intron 5
region, one SNP (G6813A) was detected in the exon 6
region, one SNP (G10340A) was detected in the exon 8 re-
gion, and one SNP (G10632A) was detected 3'UTR region
(Fig. 1). The G6813A displayed a change in amino acid
218 of the PLIN2 protein from valine (V) to isoleucine (I).
The G10340A exhibited a change of amino acid 435 of
PLINZ form arginine (R) to histidine (H) (Table 3).

The frequency of G6714C polymorphism in allele G was
higher than that for allele C, and 0.728, 0.223, and 0.049
for the genotypes GG, GC, and CC, respectively. In addi-
tion, the other genotype frequencies were as follows: 0.627
(GG) 0.324 (GA), and 0.049 (AA) for G6813A, 0.622 (GG),
0.327 (GA) and 0.051 (AA) for G103404, and 0.673 (GG),
0.306 (GA), and 0.020 (AA) for G10632A in PLIN2 gene
(Table 3).

Association between molecular marker and carcass
traits

To investigate the effects of SNPs, we performed asso-
ciation analysis of PLIN2 genotypes to determine their ef-
fects on variations in economic traits. The SNPs G6714C
was associated with a significant effect on NPPC color
score, the GC (3.80 + 0.12) genotype had a higher NPPC
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Fig. 1. Structure of the PLIN2 gene and SNPs detected in the
Berkshire pigs.
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Table 3. Genotype and allele frequencies of the identified PLIN2 gene in Berkshire pigs

Genotype frequency Allele frequency
Locus Amino acid change

AA AB BB A B

G6714C GG GC CC G C
0.728 0.223 0.049 0.840 0.160

G6813A V218l GG GA AA G A
0.627 0.324 0.049 0.789 0.211

G10340A R435H GG GA AA G A
0.622 0.327 0.051 0.786 0.214

G10632A GG GA AA G A
0.673 0.306 0.020 0.827 0.173

Table 4. Association of the polymorphisms in the PLIN2 gene with individual traits in Berkshire pigs
Genotype frequency
Locus Trait P
AA AB BB

G6714C NPPC color score 3.15£0.06 3.80£0.12 3.28£0.25 <0.05
G6813A NPPC color score 3.380.07 3.73£0.10 3.40£0.25 <0.05
NPPC marbling score 2.46 £ 0.236 1.94 +0.092 2.08 £ 0.065 <0.05
G10340A NPPC color score 3.36 £0.07 3.75£0.10 3.41+£0.26 <0.05
NPPC marbling score 2.46£0.233 1.91 +0.092 2.07 £ 0.065 <0.05
G10632A BF 22.15£0.49 24.27 £0.71 25.00£2.75 <0.05

BF: back fat thickness, NPPC: National Pork Producers Council.

color score than that in the CC (3.28 + 0.25) and GG
(3.15 £ 0.06) genotype (p < 0.05). G6813A, and G10340A
significantly effect NPPC color score and NPPC marbling
score (p < 0.05). The GA (3.73 + 0.10, 3.75 + 0.10) geno-
type had a higher NPPC color score than that in the AA
(3.40 £ 0.25, 3.41 + 0.26) and GG genotype (3.38 + 0.07,
3.36 + 0.07); GG (2.46 + 0.236, 2.46 + 0.233) genotype
had a higher NPPC marbling score than that in AA (2.08
+ 0.0.065, 2.07 + 0.065) and GA (1.94 + 0.092, 1.91 +
0.092) genotype. In addition G10632A significantly af-
fected BF (p < 0.05), the AA (25.00 £ 2.75) genotype had
thicker than GA (24.27 + 0.71) and GG (22.15 * 0.49)
genotype (Table 4).

DISCUSSION

We identified four SNPs in Berkshire pigs PLIN2 gene;
one SNP (G6714C) was detected in the intron 5 region,
one SNP (G6813A) was detected in the exon 6 region, one
SNP (G10340A) was detected in the exon 8 region, and
one SNP (G10632A) was detected 3’UTR region. G6813A
(vV218]) and G10340A (R435H) were found to be missense
mutations. Previous study have detected six SNP from
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five pig breeds (Italian Large White, Italian Duroc, Ital-
ian Landrace, Belgian Landrace, Pietrain), and two SNPs
(G5011A, G8538A) were identified as missense mutations
(V218I, R435H) (Davoli et al., 2011). These results were
similar our data.

To investigate the effects of SNPs, the association of
the PLIN2 genotypes were analyzed to determine the ef-
fects on variation in the economic traits in Berkshire
pigs. Statistical analysis indicated that G6714C was sig-
nificantly associated with the NPPC color score, G6813A,
and G10340A significantly affected NPPC color score and
NPPC marbling score, and G10632A significantly affected
BF (p < 0.05). In the previous study, PLIN2 stimulates long
chain fatty acid uptake and regulates metabolism of in-
tracellular lipid droplets (Gao and Serrero, 1999; Conte
et al., 2016; Polasik et al., 2019). And expression analysis
showed the presence of PLIN2 transcripts in seven tested
pig tissues with high expression found in adipose tissue
and skeletal muscle (Davoli et al., 2011; Polasik et al.,
2019). These results provide evidence that PLIN2 gene is a
candidate gene for IMF.

Another studies showed that association between PLIN2
genotypes and growth traits in pigs; Polasik et al. (2019)
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showed that PLIN2 SNP is correlated with feed gain ratio
and age at slaughter. Davoli et al. (2011) showed that its
different variants are related to average daily gain, feed
conversion ratio, lean cuts and ham weight estimated
breeding values in Duroc pigs. And PLIN2 SNP is associat-
ed with early growth rate and carcass length in the Duroc
pigs (Gol et al., 2016).

In this study, the efficiency of PLIN2 polymorphisms for
Berkshire pigs economic traits was examined and sug-
gested that polymorphisms might be important genetic
factors influencing economic traits in Berkshire breeds.

CONCLUSION

The purpose of this study was to find a molecular mark-
er for the improved economic traits in pig using candidate
gene analysis. We identified four SNPs (G6714C, G6813A,
G10340A, and G10632A) in the Berkshire pig PLIN2 gene.
The G6714C was significantly associated with the NPPC
color score, G6813A, and G10340A significantly affected
NPPC color score and NPPC marbling score, and G10632A
significantly affects BF (p < 0.05). These results indicate

that PLIN2 may be candidate genes for economic traits.
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