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Ghrelin (GHRL) is a gastric endocrine hormone, which has biological functions of regulation of appetite, 
body weight, gastrointestinal motility and growth hormone secretion. The aim of this study was to 
investigate the novel single nucleotide polymorphisms (SNPs) at GHRL gene in three different pig breeds, 
including Duroc, Yorkshire and Landrace, and the association of the novel SNPs with growth traits. PCR-
SSCP and sequencing were used to detect the GHRL gene polymorphisms in the present study. Three 
SNPs were detected, one in the exon 1 (g.3734 G>T), which was synonymous, and two SNPs in intron 
4 (g.7691 A>C and g.8523 T>C). The sites g.3734 G>T and g.7691 A>C had significantly impact on 
body weight at 21 days (BW21) and body weight at 70 days (BW70), the days when the pigs reached the 
target weights of 30 kg(D30) and 100 kg(D100), average daily gain between 30 kg and 100 kg (ADG), 
and backfat thickness of 100kg body weight (BFT) (P < 0.05 or P < 0.01), while did not contribute birth 
weight and days to 50 kg body weight(D50) (P > 0.05). At g.8523 T>C site, compared to TC genotype, 
the individuals with TT genotype in Duroc had greater D100 and BFT (P < 0.05 or P < 0.01), which had 
lower ADG between 30 kg and 100 kg (P < 0.01). In Yorkshire and Landrace, the polymorphism g.8523 
T>C had no effect on the tested traits (P > 0.05). Our findings suggested that the 3 sites (g.3734 G>T, 
g.7691 A>C and g.8523 T>C) polymorphism in porcine GHRL gene might be one of the useful genetic 
marker in pig breeding and which needed to be further studied.

INTRODUCTION

Ghrelin is a 28 amino acid peptide produced primarily by 
the oxyntic cells of the stomach, which expressed the 

marked effects through binding to the endogenous ligand 
of the growth hormone secretagogue receptor (GHS-R) 
(Kojima et al., 1999). It requires an octanoyl group on the 
third amino acid for biological activity (Sun et al., 2011; 
Van et al., 2005) and involves in a series of biological 
functions including regulation of food intake, body weight 
(Wu et al., 2008; Carroll et al., 1998), hormone secretion 
(Hashizume et al., 2003; Rak et al., 2008), gastrointestinal 
(GI) motility (Kotunia et al., 2006), glucose release 
(Gaytan et al., 2004), cardiovascular functions (Hedayati 
et al., 2009), enzyme release (Rak et al., 2008), cell 
proliferation and reproduction in pigs through binding   
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to GHS-R 1a or unidentified receptors (Rak et al., 2008).
Many biological functions and their mechanisms of action 
have been implicated in other species such as human, 
fish and bird, but they are still unclear in pigs. Therefore, 
further research on this species needs to be performed in 
order to gain a better understanding of ghrelin peptide.

The pig GHRL gene is located in the q31 region of 
chromosome 13 and the cDNA sequence is about 2 kb, 
including 5 exons and 4 introns (Kojima et al., 1999). 
The GHRL gene is associated with growth traits and meat 
productivities in pigs, explicitly with lion-eye area, backfat 
thickness, residual feed intake, FCR and partial efficiency 
of growth (Tanaka et al., 2015; Ropkamolik et al., 2011; 
Wojtysiak et al., 2011; Kim et al., 2004).

The objectives of this study were to detect GHRL 
polymorphisms in terms of SNP and to test the impacts of 
polymorphisms on growth traits in three commercial pig 
breeds, including Duroc, Yorkshire and Landrace.

MATERIALS AND METHODS

Animals and trait measurements 
Pigs (391) from 3 pure breeds (Yorkshire, 260; 

Landrace, 72; Duroc, 59) were used as the experimental 
populations in this study and only noninbred individuals 
for at least 3 generations were included. These pigs were 
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randomly sampled in four batches and performance tested 
form born to 210 days of age under commercial conditions. 
During the test period, they had ad libitum access to 
commercial diets. The feeding program was based on two 
compound feeds: the first was for growers from 30 kg to 
70 kg of body weight and the second feed was for finishers 
weighing from 70 to 100 kg. The energy, crude protein 
and digestible protein of grower diet was at least 13.5MJ/
Kg, between 17-19% and at least 14.0, respectively. The 
energy, crude protein and digestible protein of finishers diet 
was at least 13.0 MJ/Kg, between 16-18% and at least 12.8 
respectively. The growth traits included live body weight 
at birth (BW0), 21 days (BW21) and 70 days (BW70), 
backfat thickness (BFT), average daily gain (ADG) and 
the age when they reached the target weights (TW). BFT 
was recorded 5 cm off the midline at the position of the 
last rib by ultrasound when the pigs were 100kg (Piglog 
105; SFK-Technology, Herlev, Denmark). The ADG was 
the rate of weight gain per day over the period between the 
pigs reached 30kg and 100kg. The TW were set at 30kg 
(D30), 70kg (D70) and 100kg (D100). All experimental 
procedures were performed according to the Guide for 
Animal Care and Use of Laboratory Animals in the 
Institutional Animal Care and Use Committee of Yunnan 
Agricultural University. The experimental protocol was 
approved by the Department Animal Ethics Committee of 
Yunnan Agricultural University.

Primers and genotype determination by PCR-SSCP
Genomic DNA was extracted from the ear tissues 

using a standard phenol-chloroform method then quantified 
using a NanoDrop spectrophotometer (GE Healthcare Life 
Sciences, Uppsala, Sweden). SNPs of the pig GHRL gene 
(GenBank, accession number NC_010455) were screened 
from the coding region and partial intron region. The 
primers used for SNP screening are shown in Table I. PCR 

amplifications were carried out in 25 μL reaction volumes 
containing at the following final concentrations: 50 ng 
of template DNA, 400 μM of dNTPs (Sangon, China), 
0.25 μM of each primer and 1 unit (U) of Taq polymerase 
(TaKaRa, Japan). The PCR protocol consisted of an initial 
denaturation at 94 °C for 5 min, followed by 36 cycles of 
denaturation at 94 °C for 30 s, annealing at 60°C for 30 
s, and extension at 72 °C for 30 s, with a final extension 
at 72 °C for 10 min. The PCR products were sequenced 
on both strands. The sequences obtained were compared 
with MEGA v4.0 (www.megasoftware.net/). The PCR-
SSCP method was used to scan mutation within the 
amplified region. The detected SNPs were genotyped by 
using PCR-SSCP assays. A 5 μL aliquot of each amplicon 
was diluted in denaturing solution (98% formamide, 10 
mM EDTA, 0.025% bromophenol blue, 0.025% xylene-
cyanol) denatured at 95 °C for 5 min, rapidly cooled on 
ice and resolved in acrylamide: Bisacrylamide (29:1) (Bio-
Rad) gels at 400 V for 4 h at 4 °C, in 1 × TBE buffer (89 
mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.0). 
The gels were silver-stained according to the method of 
(Bassam and Gresshoff, 2007). After electrophoresis, the 
PCR products of different electrophoresis patterns were 
sequenced and polymorphism of the GHRL gene was 
studied.

Statistical analysis
Gene frequencies were determined by direct 

counting. Gene heterozygosity (H) and polymorphism 
information content (PIC) were calculated according to 
Nei’s and Botstein’s methods (Nei and Roychoudhury, 
1974; Botstein et al., 1980), respectively. The formulas 
were as follows:

Table I. Segmental amplification primers of GHRL gene.

No. of primer Sequence of primers (5’→3’) Location Size of products
1 Forward primer: ACCCACGCCAACCCAGCAAT exon1, part intron1

3556-3921 bp
366

Reverse primer: GCAAGGTCCCAGGAGACAAGG
2 Forward primer: TGGAACAGGTGCTTTAGTCGGC part intron1, exon2

4066-4376 bp
311

Reverse primer: TGGAAGGGCTGGCATGAGGT
3 Forward primer: CCCATACCTTGCTCTGCTT part intron2, exon3

4450-4711 bp
262

Reverse primer: ACCCTCCACTCCCTCATCT
4 Forward primer: ATAGCAGGGGCAGGAGGGTGT part intron3, exon4, part intron 4

7535-7792 bp
260

Reverse primer: AGGCAGGGATGGGGAAGGAAA
5 Forward primer: AGCCACAGCAGTGACAACC part intron4, exon5

8446-8816 bp
371

Reverse primer: CCTGACCGTAGACCAAGAATG
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(Pi, Pj are the frequency of the i and j allele, n is the 
number of allele).

The genotype and allele frequencies were tested 
for Hardy-Weinberg equilibrium using the χ2 test. The 
association analyses between single SNP and measured 
traits were performed with a statistical model using the 
MIXED model procedures (SAS10; SAS Institute, Inc.). 
The following model was used:

yijk= μ + Gi + Sj + eijk 
Where yijk is the observation of the trait; μ is the 

population mean; Gi is the fixed effect of the genotype; Sj 
is the fixed effect of sex; eijk is the random residual error. 
Least square means and respective standard errors for 
genotypes were estimated based on the statistical model 
and significant levels were set at P < 0.05 and P < 0.01, 
respectively.

RESULTS

Polymorphisms and sequence variation of GHRL gene 
In present study, the five fragments were amplified 

from genomic DNA. Thereafter, three unique SSCP 
patterns in the 366 bp, 260 bp and 371bp PCR product 
were detected after PCR-SSCP analysis respectively (Figs. 
1, 2, 3). DNA sequencing analysis showed that, one SNP 
within the coding sequence of GHRL, located in the exon 1 
(g.3734 G>T), and two SNPs in intron 4 (g.7691 A>C and 
g.8523 T>C). However, the exonic SNP was synonymous.

Fig. 1. SSCP results of the PCR products of GHRL gene 
using 1st primer.

Genotype frequencies 
Genotype and allele frequencies of g.3734 G>T, 

g.7691 A>C and g.8523 T>C within the three breeds is 
shown in Table II. Middle genetic diversity of GHRL gene 
was revealed from the values of PIC. The g.3734 G>T 

polymorphism are showed the similar pattern in the studied 
groups, which means that the frequency of the G allele was 
always greater than that of the T allele. The frequency of 
the GG homozygote was higher than the TT genotype, 
and the frequency of the GT heterozygote was in the 
middle. The breeds were at Hardy-Weinberg equilibrium 
with respect to this marker. The heterozygosity (H) of the 
mutant loci was 0.4677, 0.4297 and 0.4200 respectively in 
the three pig breeds.

Fig. 2. SSCP results of the PCR products of GHRL gene 
using 4th primer.

Fig. 3. SSCP results of the PCR products of GHRL gene 
using 5th primer.

At the g.7691 A>C site, the frequency of the A allele 
was higher than the C allele and the AA genotype was higher 
than AC, CC genotypes in the three breeds. The genetic 
diversity of this site was at a moderate polymorphism, and 
the heterozygosity of Yorkshire (0.4638) was higher than 
that of Duroc (0.3240) and Landrace (0.3133). The SNP 
deviated from Hardy-Weinberg equilibrium in the three 
pig populations (P<0.01).

At the g.8523 T>C site, the frequency of TC genotype 
was the highest in Duroc and Landrace pigs (0.6441 and 
0.6111, respectively). Genotype CC was not found in 
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Duroc. The frequency of the T allele was higher than the C 
allele in the three breeds.

Based on the χ2 statistics, the breeds were not at 
Hardy-Weinberg equilibrium with respect to this marker 
(P<0.01).

Relationship between GHRL gene genotypes and recorded 
traits

The results of the association analyses of GHRL gene 
genotypes and the growth traits within the three different 
populations are shown in Table III. 

In the Duroc breed, individuals with TT genotype of 
G3734T had higher BW70 than those with the GT genotype 
(P<0.05). However, heterozygote GT showed significantly 
higher D30 than the homozygote TT (P<0.01). In the 
Landrace breed, individuals with TT genotype at G3734T 
had larger BW21, BW70, D100, BFT and less ADG than 
those with the other two genotypes. In the Yorkshire breed, 
individuals with GT genotype had larger BW70, than 

those with TT genotype (P<0.05). The TT genotype had 
significantly larger D100 and BFT than those with the CT 
and TT genotype (P<0.01 for D100 and P<0.05 for BFT). 

At the g.7691 A>C site, individuals with AA and 
AC genotypes had higher BW21 than those with the 
CC genotype (P<0.05) in the Duroc breed, however the 
two genotypes were associated with higher BW70 in the 
Yorkshire breed. In the Duroc breed, individuals with AC 
genotype reached the TW of 30kg and 100 kg at 69.15 
days and 161.05 days and were about 4 (for D30) and 7 
days (for D100) shorter than individuals with the other two 
genotypes (P<0.05). Interestingly, in the Yorkshire breed, 
CC genotype reduced BW70 and slowed the D30, but it 
shortened D100 and benefited ADG.

At the g.8523 T>C site, Duroc pigs with TT genotype 
had slower ADG and consequently lengthened the days 
reached TW 100kg, but thicker BFT was also found for the 
genotype No significant difference was found for Landrace 
and Yorkshire breed.

Table II. The genotypic and allelic frequencies of SNPs in GHRL gene in three pig breeds.

SNP site Breed Genotype Genotype frequency Allele Allele frequency χ2 H PIC
g.3734 G>T D GG 0.4576(27) G 0.6271 4.4679* 0.4677 0.3583

GT 0.3390(20)
TT 0.2034(12) T 0.3729

L GG 0.4722(34) G 0.6875 0.0003 0.4297 0.3374
GT 0.4306(31)
TT 0.0972(7) T 0.3125

Y GG 0.5192(135) G 0.7000 5.0375* 0.4200 0.3318
GT 0.3615(94)
TT 0.1192(31) T 0.3000

g.7691 A>C D AA 0.7627(45) A 0.7966 36.8947** 0.3240 0.2715
AC 0.0678 (4)
CC 0.1695(10) C 0.2034

L AA 0.7361(53) A 0.8056 22.3099** 0.3133 0.2642
AC 0.1389(10)
CC 0.1250(9) C 0.1944

Y AA 0.5154(134) A 0.6385 62.5092** 0.4589 0.3577
AC 0.2385 (62)
CC 0.2462(64) C 0.3615

g.8523 T>C D TT 0.3559(21) T 0.6780 13.3119** 0.4367 0.3413
TC 0.6441(38)
CC 0.0000(0) C 0.3220

L TT 0.3750(27) T 0.6806 11.8391** 0.4348 0.3403
TC 0.6111(44)
CC 0.0139(1) C 0.3194

Y TT 0.5115(133) T 0.7462 14.8111** 0.3788 0.3071
TC 0.4692(122)
CC 0.0192(5) C 0.2538

Note: D, Duroc; L, Landrace; Y, Yorkshire; 3.84 < χ2 < 6.63 represents P < 0.05; χ2 > 6.63 represents P < 0.01. * P < 0.05; ** P < 0.01. 
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Table III. Least squares means and standard error of genotypes of three SNP in GHRL gene for growth traits.

Site Breed Geno-
type

# Ani-
mal

BW0 BW21 BW70 D30 D50 D100 ADG BFT

G
37

34
T

D GG 27 1.87±0.07 7.59±0.13 28.13±0.40AB 72.77±0.68AB 101.60±0.73 167.37±0.99 743±9 9.20±0.21
GT 20 1.86±0.07 7.45±0.14 27.04±0.45B 74.50±0.75A 101.78±0.81 169.01±1.10 746±10 9.54±0.23
TT 12 1.77±0.09 7.55±0.17 29.17±0.61A 70.73±1.02B 101.16±1.10 167.12±1.50 728±13 9.38±0.31

L GG 34 1.74±0.04 6.84±0.16b 26.95±0.46b 73.97±0.80 102.99±0.79 168.57±0.85b 743±9A 9.55±0.18b

GT 31 1.73±0.03 7.32±0.13b 27.74±0.46ab 73.27±0.80 102.25±0.79 167.59±0.86b 745±9A 9.02±0.18c

TT 7 1.63±0.08 7.70±0.32a 29.69±0.99a 70.62±1.71 101.99±1.70 172.44±1.83a 691±18B 10.04±0.39a

Y GG 135 1.72±0.03 7.22±0.11 27.00±0.23ab 73.61±0.42 102.34±0.44 169.65±0.46B 736±5 9.44±0.09b

GT 94 1.73±0.02 7.30±0.09 27.24±0.26a 73.56±0.48 101.90±0.50 169.84±0.53B 732±5 9.54±0.11ab

TT 31 1.71±0.04 7.16±0.19 26.19±0.46b 74.69±0.86 101.98±0.89 172.75±0.94A 718±9 9.96±0.19a

A
76

91
C

D AA 45 1.84±0.05 7.62±0.09a 27.87±0.33 73.30±0.55a 101.61±0.57 168.57±0.73a 737±7 9.26±0.16
AC 4 2.08±0.24 7.71±0.43a 29.58±1.04 69.15±1.73b 100.20±1.81 161.05±2.30b 763±22 9.06±0.50
CC 10 1.85±0.17 6.79±0.31b 27.36±0.66 73.66±1.09a 102.06±1.14 168.23±1.46a 748±14 9.92±0.32

L AA 53 1.73±0.03 7.01±0.14 27.31±0.39 73.63±0.65 102.63±0.64 168.20±0.72 744±7 9.18±0.15B

AC 10 1.75±0.05 7.29±0.21 28.82±0.85 71.43±1.43 101.56±1.41 169.11±1.58 718±16 10.13±0.33A

CC 9 1.68±0.06 7.48±0.25 27.47±0.91 74.07±1.54 103.22±1.51 168.71±1.70 742±17 9.61±0.35AB

Y AA 134 1.70±0.02 7.23±0.09 27.23±0.22a 73.23±0.41b 101.64±0.43 170.85±0.45A 721±4B 9.48±0.09
AC 62 1.75±0.03 7.34±0.13 27.22±0.32a 73.45±0.60ab 102.89±0.63 170.50±0.66A 728±6B 9.52±0.13
CC 64 1.77±0.03 7.24±0.14 26.33±0.32b 74.64±0.58a 102.44±0.61 168.08±0.64B 758±6A 9.68±0.13

T8
52

3C

D TT 21 / / 28.04±0.47 72.68±0.78 101.72±0.79 169.75±1.04a 725±9B 9.96±0.20A

TC 38 1.85±0.04 7.53±0.09 27.82±0.36 73.29±0.61 101.51±0.61 166.88±0.81b 751±7A 9.01±0.16B

L TT 27 / / 27.28±0.52 73.39±0.89 103.64±0.84 170.72±0.88 723±9 9.57±0.20
TC 44 1.72±0.03 7.15±0.12 27.63±0.44 73.48±0.74 101.91±0.70 166.86±0.73 752±8 9.15±0.16
CC 1 1.81 8.06 27.92 72.21 100.89 165.67 750 11.57

Y TT 133 / / 27.04±0.22 73.46±0.41 101.59±0.42 171.41±0.44 719±4 9.67±0.09
TC 122 1.73±0.02 7.25±0.07 26.96±0.24 74.00±0.44 102.69±0.45 168.42±0.47 748±5 9.37±1.00
CC 5 1.60±0.10 7.62±0.45 26.92±1.12 73.73±2.08 104.05±2.14 171.48±2.22 719±22 9.89±0.46

Note: A, B, estimates for each SNP and each trait with different superscripts differ (P < 0.01). a, b, estimates for each SNP and each trait with different 
superscripts differ (P < 0.05). # animal, indicates the number of animals. BW21, BW at 21 d of age; BW70, BW at 70 d of age. D30, days to 30 kg body 
weight; D50, days to 50 kg body weight, D100, days to 100 kg body weight. BFT, backfat thickness of 100kg body weight.

DISCUSSION

In previous studies, only one RFLP-BsrI 
polymorphism in the GHRL gene that was identified 
in silico mining porcine sequences was reported to be 
associated with BFT, marbling, and other carcass traits 
in a Berkshire and Yorkshire pigs (Kim et al., 2004). The 
BsrI polymorphism at the ghrelin gene locus is potentially 
associated with carcass and meat quality traits in Polish 
Landrace pigs and could be considered as one of meat 
quality markers in the future (Fang et al., 2011; Wojtysiak 
et al., 2011). However, instead of BsrI polymorphism 
reported in previous studies, three novel SNPs were 

detected in GHRL gene in our study, including one SNP 
located in the exon 1 (g.3734 G>T), and two SNPs in intron 
4 (g.7691 A>C and g.8523 T>C), which were associated 
with growth traits in different breeds. 

Although the exonic SNP (g.3734 G>T) was 
synonymous, it is also associated with BW21, BW70, 
D30, D100, ADG and BFT. Additionally, not only 
nonsynonymous mutations that alter amino acid a protein 
polypeptide chain are functional in gene expression 
process, but also synonymous mutations that located in 
introns or 5′ UTR regions may determine mRNA stability 
or affect transcriptional efficiency of numerous genes 
(Greenwood et al., 2003; Stefanovic et al., 1999).
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Ghrelin can reduce anorexia time during weaning and 
increase average daily gain. Moreover, it is potentially able 
to improve resistance to pathological and environmental 
challenges during weaning, and then shortens the days 
that required to reach the slaughter weights (Carroll et al., 
1998; Scerif et al., 2011). Analyses of the relationships 
between genotypes of the three SNPs at g.3734 G>T, 
g.7691 A>C and g.8523 T>C and body weight showed 
different patterns in the three breeds. For example, at 
the g.3734 G>T site, TT genotypes increased BW70 for 
Duroc as well as BW21 and BW70 for Landrace pigs, but 
decreased BW70 for Yorkshire breed. Nevertheless, the 
homozygote TT linked with thicker BFT and longer D100 
in Landrace and Yorkshire populations. At the g.7691 A>C 
site, overdominances of heterozygotes was significantly 
different from that of homozygotes, which has attracted 
the attention, e.g., BW21, D30 and D100 in Duroc and 
BFT in Landrace. However, no overdominance presented 
at the A7691C site in Yorkshire pigs, because the extreme 
least square means were only observed for homozygotes. 
Basically, AA genotypes benefited growth in early life 
and CC genotypes favored overall growth as the AA 
genotype was associated with heavier BW at 70 days of 
age and shorter days to reach TW of 30kg, while the CC 
genotype increased ADG and consequently shortened the 
raising periods required from birth to market weight. At 
the g.8523 T>C site, different genotypes had influence on 
D100, ADG of 30-100 kg and BFT of 100kg body weight 
in the Duroc breed. However, the genotype difference did 
not significantly affect growth traits in the Yorkshire breed.

Back fat thickness is a measure of carcass fatness 
and can be easily obtained after slaughtering or in vivo 
by ultrasound measurement. Therefore, this phenotype is 
included as a target trait in breeding programs in purebred 
and commercial lines. Several human obesity-related 
genes have been already investigated in pigs with the 
objective to identify DNA markers associated with fat 
deposition traits (Switonski et al., 2010; Dantas et al., 
2011). The GHRL gene was implicated in playing a role in 
backfat thickness in Italian Large White (Jina et al., 2011; 
Fontanesi et al., 2012). In this research, all SNPs detected 
in GHRL were associated with BFT in the Landrace. 
However, only one significant SNP was found for Duroc 
and Yorkshire breeds. At the g.8523 T>C site, individuals 
with TT genotype had higher BFT of 100kg body weight 
than those of the TC genotype in the Duroc breed. In the 
Yorkshire breed, individuals with TT genotype of G3734T 
had larger BW70, than those with TT genotype (P<0.05). 

Our findings suggested polymorphism in GHRL gene 
might be one of the important genetic factors influencing 
growth and backfat thickness in the three pig breeds. Although 
the mechanisms involved in the association of alternative 

genotypes in the intronic SNP were not understood, the 
important role of the non-coding portion of genomes was 
widely acknowledged. Mutations within introns could 
affect the splice donor, acceptor site or regions nearby and 
regulatory motifs within introns (Cheong et al., 2006). So, 
two mutations in intron 4 of the GHRL gene might influence 
body weight and backfat thickness in pig. The significant 
effects of GHRL genotypes on body weight presented in 
this study provided a basis for further study of the function 
of the GHRL gene in pigs, and show some possibilities for 
the application of the GHRL gene as a molecular marker in 
commercial breeding. Moreover, additional research with a 
bigger population should be carried out in further studies.
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