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Abstract

Lien Minh chicken is an indigenous breed with several favorable
properties, such as high productivity and good meat quality, and is
associated with the economic development of the people in the Lien
Minh village, Cat Hai, Hai Phong. The objective of the current
research was to investigate the single nucleotide polymorphisms
(SNPs) of candidate genes, which might be associated with
broodiness and egg production traits. Ninety Lien Minh chicken
individuals were genotyped for five SNPs of chicken prolactin
(PRL), Vasoactive Intestinal Peptide (VIP), neuropeptide Y gene
(NPY), growth hormone (GH), and growth hormone receptor (GHR)
genes. Blood samples were used for DNA extraction and then for
genotyping by the PCR-RFLP method. The allele frequencies
obtained were as follows: 0.19 and 0.81 for alleles C and T (PRL-
C2161G), respectively; in VIP (G5138982T), 0.55 for the G allele
and 0.45 for T; in GH-Sacl (the intron 4), 0.02 for A and 0.98 for B;
and in GHR-Nspl, 0.82 for C and 0.18 for T. The NPY gene (four
nucleotide indel) had the frequencies of 0.86 for | and 0.14 for D.
The four studied polymorphic loci (PRL, VIP, NPY, and GH) were
in Hardy-Weinberg equilibrium in the Lien Minh chicken
population. These are the initial results, which can be used to
analyze the correlation of molecular markers and egg production
traits in Lien Minh chickens.
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Introduction

Lien Minh chicken is a native breed of Lien Minh village, Tran
Chau commune, Cat Hai district, Haiphong city, Viet Nam. This is a
chicken with beautiful features, nice feather color, yellow skin,
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good meat quality, and a thin fat layer under
the skin. The Lien Minh chicken was assessed
at the level of dangerous threat (FAO, 2007),
and has been listed on the conservation list
since 2008. Since 2013, polices concerning the
conservation and effective use of Lien Minh
chicken have been carried out. The production
capacity of Lien Minh chicken eggs is
relatively low compared to other native
chickens, with an average of 75.6
eggs/hen/year (Doan et al., 2016).

To study the low reproductive rate in Lien
Minh chickens, candidate genes, the loci
associated with reproductive traits, were
selected derived from the knowledge of
reproductive physiology and reports as to
whether these genes showed an association with
reproductive  performance in commercial
poultry lines. Prolactin is a polypeptide
hormone secreted by the anterior pituitary
gland, which is involved in many physiological
pathways: osmotic  regulation, luteolysis
(regressive ovary), and the maintenance of
incubation behavior in hens. Studies have
shown that the PRL is present in the
hypothalamus, the pituitary gland, the oviduct,
and the egg, with the highest levels found in the
pituitary gland (Li et al., 2009a). In chickens,
the hormone prolactin is one of the hormones
that plays an important role in egg production.
Prolactin concentrations increase sharply in
plasma, may induce broody behavior (Sockman
et al.,, 2000), and results in reduced egg
production (Reddy et al., 2002). A mutation that
occurs in the promoter region can affect the
expression of the PRL gene, so it may affect egg
production. Prolactin secretion in birds is
predominantly regulated by releasing factors,
one of which is a vasoactive intestinal peptide
(Kagya-Agyemang et al., 2012). Vasoactive
intestinal peptide (VIP) is a prolactin-releasing
factor in birds (EI Halawani et al., 1990; 1997).
VIP increases PRL secretion from pituitary
glands, especially when the pituitary gland
responsiveness is enhanced with estrogen pre-
treatment (Sharp et al., 2005). VIP binds with
the vasoactive intestinal peptide receptor to give
rise to the secretion and release of PRL (El
Halawani et al., 1990). Neuropeptide Y (NPY)
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is an important neuromodulator, which is
associated with gonadal function in birds and
mammals (Hilal et al., 1996). NPY may affect
the egg production rate through its role in
controlling owvulation (Dunn et al., 2004).
Genetic encoding for the neuropeptide Y gene is
associated with the age of having the first egg
and the number of eggs laid (Xu et al., 2011a,
Xu et al., 2011b, Dunn et al., 2004, Li et al.,
2009b). The NPY gene might produce markers
for the age of the onset of lay, and through its
role in the control of ovulation, influence the
egg production rate. Injections of NPY change
the plasma concentration of the luteinizing
hormone and growth hormone (Pierroz et al.,
1996), suggesting that it may play a significant
role in the secretion of these hormones (Wang et
al., 2001). Growth hormone (GH), when
combined with the growth hormone receptor in
the liver and when forming the GH-GHR-IGFs
signal pathway, affects chicken development
(Lau et al., 2007). The identified alleles of the
GH gene of White leghorn have been linked to
the egg production phenotype (Kuhnlein et al.,
1997). The growth hormone receptor (GHR)
controls the number of follicles in animals that
are recruited to the rapid growth phase (Roberts
et al., 1994; Monget et al., 2002).

The aim of this study was to investigate
polymorphisms in the PRL, VIP, NPY, GH, and
GHR genes, that are associated with egg
production traits in Lien Minh chicken. These
are the initial results, which can be used to
analyze the correlation of molecular markers
and egg production traits in Lien Minh chickens
in a larger population, and to provide
information to support the breeding and
development of the Lien Minh chicken.

Materials and Methods

Experimental animals

This experiment was conducted on Lien
Minh indigenous chickens, which were raised at
an experimental farm at the Center of Applied
Science and Technology, Hai Phong. A total of
90 hens were studied, which were hatched from
eggs collected in Lien Minh village (from 15
households).
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DNA extraction and PCR amplification

Chicken blood samples from individuals were
collected in anti-coagulant tubes with EDTA and
stored at 4°C. Genomic DNA was extracted by a
standard procedure using Proteinase K digestion
followed by phenol-chloroform extraction and
precipitation with ethanol (Ausubel et al., 1995).
Based on the primer sequences that have been
previously published, information for primer pairs
and polymorphisms are shown in Table 1 and
Table 2.

PCR was performed in a 25 pL reaction
containing 1x PCR Buffer, 1.5 mM MgCl,, 1.25
mM each dNTPs, 5 pM forward and reverse
primers, 1U Tag-polymerase (Fermentas), and
100 ng genomic DNA. In PCR amplification, an
initial denaturation at 94°C for 3 min followed
by 35 cycles of denaturation at 94°C for 45 sec,
annealing for 45 sec, and extension at 72°C for
90 sec, and an additional extension of 72°C for
7 min was set. The PCR products were digested
with restriction enzymes (RE) overnight at 37°C
for all enzymes. The restriction fragments were
separated on 2.0% agarose gel.

Table 1. Information for primers and polymorphisms

Statistical analyses

The data were recorded using Excel
software. The gene frequencies were calculated
by the counting method as: p = 2(AA) +
(AB)/2N and q = 2(BB) + (AB)/2N where p =
the gene frequency of allele A, q = the gene
frequency of allele B, and N = the total number
of chickens tested. The Hardy-Weinberg
Equilibrium (HWE) was estimated using the
method of Rodriguez et al. (2009)
(http://www.0ege.org/software/hwe-mr-
calc.shtml).

Results and Discussion

PCR-RFLP analysis

Figure 1 shows the results of the PCR-
RFLP analysis of the candidate genes. Bands in
the gels represent the distinguishable genotypes
in each of the polymophisms observed. In
detail: two genotypes were found at the sites of
GH/sacl (AB, BB) and GHR/Nspl (CC, TT),
and three genotypes at the sites of PRL/Csp6l
(CC, CG, GG), VIP/Apol (GG, TG, TT), and
NPY/Dral (Il, ID, DD).

Locus Polymorphism Sequence (5’ -3’) Ta (°C) GenBank (N°)
PRL  C2161G F: AGAGGCAGCCCAGGCATTTTAC 56 AB011438
R: CCTGGGTCTGGTTTGGAAATTG
VIP G5138982T F: GCTTGGACTGATGCGTACTT 55 NC_006090
R: GTATCACTGCAAATGCTCTG
NPY  AATA Indel F: TCTCAGAGCTCCAACGTATGA 56 M87298
(13139135D) R: ATATTTCTGTGCCTGAACAACA
GH C-2983T F: CTAAAGGACCTGGAAGAAGGG 61 NC_006114
R: AACTTGTCGTAGGTGGGTCTG
GHR  C571T F: ACGAAAAGTGTTTCAGTGTTGA 60 NC_006127
R: TTTATCCCGTGTTCTCTTGACA
Note: F: Forward primer; R: Reverse primer; Ta: Annealing temperature; N°: accession number.
Table 2. Information for the restriction enzymes and PCR-RFLP size
Locus PCR-RFLP size (bp) T (°C) RE Reference
PRL 439/405/34 37 Cspél Cui et al. (2006)
VIP 520/486/34 37 Apol Xu et al. (2011a)
NPY 248(252) 167/81 37 Dral Xu et al. (2011a)
GH 1164/1020/570/450/144 37 Sacl Makhsous et al. (2013)
GHR 740/571/169 37 Nspl Li et al. (2008)

Note: RE: restriction enzyme.
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For the insertion/deletion mutation of four
nucleotides in the NPY gene, the PCR product
resulted in two DNA bands with the molecular
sizes of 252 bp (insertion) or 248 bp (deletion).
The PCR product of the NPY/Dral offered two
types of cutting: 252 bp (NPY/252 bp no cut
point with Sacl) and 167/81 bp (NPY/248bp cut
with Sacl), which corresponded to two | and D
alleles, respectively. The GH gene contained two
cut sites with Sacl, but only one polymorphic cut
site. Specifically, when the products were
separated on 2% agarose for the two types of
cutting the sizes were 570/450/144 bp or
1020/144 bp, corresponding to the A and B

GG GG CC GG CG M GG GG GG GG GG Ctrl

PRL/Csp6l, CC: 439 bp; CG: 439/405/34 bp; GG: 405/34 bp

ID I I IDID I DDII DD II Cal M

252 bp
167 bp

81 bp

NPY/Dral, II: 252 bp; ID: 252/167/81 bp; DD: 167/81 bp

Tran Thi Binh Nguyen et al. (2018)

alleles, respectively, which were in accordance
with results reported by Kansaku et al. (2003).
The SNPs of the VIP gene were genotyped after
digestion of the PCR products with the restriction
enzyme Apol. The restriction fragment lengths
for the T and G alleles of the VIP/Apol locus
were 520 and 486/34 bp. The following DNA
restriction fragments were obtained for the GHR-
Nspl polymorphism: 571/169 bp for the CC
genotype and 740 bp for the TT genotype. In the
case of the single nucleotide polymorphisms at
position C2161G in the prolactin gene, there
were fragments of 439 bp and 405/34 bp in size,
indicating the C and G alleles (Figure 1).

TG IT TG GG TG M TG TG TG GG TG Ctrl

__520bp

VIP/Apol, GG: 520 bp; TG: 520/486 bp; TT: 486 bp

BB BB _AB AB BB M BB BB BB BB BB Ctrl

1164 bp
1020 bp

570 bp
450 bp

144 bp

GH/Sacl, BB: 1020 bp; AB: 1020/570/450/144 bp

TT CC CC TT CC CC M Ctrl CC CCCC CC

GHR/Nspl, TT: 740 bp, CC: 751/169 bp
Note: M: 100-bp DNA ladder, Fermentas; Ctrl: PCR product.

Figure 1. PCR-RFLP analysis of candidate genes
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Genotypic and allelic frequencies

The frequencies of the alleles and
genotypes of the loci tested are presented in
Table 3. In this study, four single nucleotide
polymorphisms  (SNPs) and one indel
(insertion/deletion) belonging to five candidate
genes were identified from Lien Minh chickens.
The results also showed that the observed
distribution of genotypes in the four loci (PRL,
VIP, NPY, and GH) were not significantly
different from the distribution expected under
the assumption of Hardy Weinberg equilibrium
(P>0.05). This study only analyzed samples
from Lien Minh hens, thus genotypic
frequencies of GHR/Nspl were not appropriate
for use with the GHR locus because this locus is
sex-linked. The growth hormone receptor
(GHR) gene is located on the Z chromosome,
which determines the hemizygous state in hens
(Table 3).

For the PRL, the number of Lien Minh
chickens that had C allele accounted for a low
proportion of the population (0.19). The
frequency of allele C of PRL appears to be quite
different in chicken breeds. A study on six
Chinese chicken breeds showed that the
frequency of allele C appeared to have a wide
range, 0.05 (Yangshan), 0.13 (Taihe Silkies 2),
0.3 (Taihe Silkies 1), 0.35 (White Rock), 0.42
(Nongdahe), and 1.00 in White Leghorn
chickens. Analysis of SNPs located in PRL

carried out by Cui et al. (2006) showed that a
high-frequency of the C allele in Chinese
chickens gave better egg yields. Specifically,
Taihe Silkies and Yangshan chickens, which are
Chinese native breeds with strong broodiness,
produced less than 90 eggs/hen/year. On the
other hand, the Nongdahe and White Leghorn
chicken breeds produced 160 and 300
eggs/hen/year, respectively. The frequency of
the C allele was found in a Vietnamese chicken,
Noi chickens (0.33), which produced 40-50
eggs/hen/year (Ngu et al., 2015). Therefore, it
may be assumed that the C allele at position
2161 of PRL affected egg production by
regulating reproduction in the chickens.

Previous reports have shown that active

immunization with  VIP  could increase
reproduction yield eggs in turkeys (El Halawani
et al, 1995; Caldwell et al., 1999). A

polymophism of the VIP gene was shown to
associate with reproducing eggs and the
hatching habit of chickens (Johnson et al.,
1999). Polymorphisms at the position VIP/Apol
were linked to egg number at 300 days of age
(Xu et al., 2011a). Zhou et al. (2010) also
showed that an indel of 3 nucleotides (AGG) in
the 5' regulatory region of the VIP gene was
associated with reproduction yield eggs at 300
days of age. The presence of a medium
frequency of the G allele found in Lien Minh
chickens (0.55) was in accordance with Ningdu

Table 3. Allele and genotype frequencies of genes in Lien Minh chickens (n = 90)

Observed population

Expected population

Locus HWE x?
Genotype Allele Genotype

PRL CcC CG GG C G CcC CG GG 0.29m™
0.04 0.29 0.67 0.19 0.81 0.04 0.31 0.66

NPY DD ID Il D | DD 1D 1 3.28™
0.04 0.20 0.76 0.14 0.86 0.02 0.25 0.73

VIP TT GT GG G T TT GT GG 1.60™
0.21 0.57 0.22 0.55 0.45 0.24 0.50 0.26

GH AA AB BB A B AA AB BB 0.03™
0.00 0.03 0.97 0.02 0.98 0.00 0.03 0.97
GHR CcC CT TT C T CcC CT TT
0.82 0.00 0.18 0.82 0.18 0.68 0.29 0.03

Note: HWE: Hardy-Weinberg equilibrium, n: number of individuals: ": P>0.05, - Data were not appropriate to Hardy-Weinberg

Equilibrium analysis.
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Sanhuang chickens (0.57) and was higher than
that of Noi chickens (0.44) (Xu et al., 2011; Vu
and Ngu, 2016).

The observed genotypic frequencies at the
NPY/Dral site in Lien Minh chickens were Il
(0.76), ID (0.20), and DD (0.04). The NPY/Dral
ID heterozygous individuals had an earlier age
for laying compared to the DD and Il
homozygous genotypes (Dunn et al., 2004). The
four nucleotide indel of the NPY gene also
showed a genetic correlation with the number of
eggs at 300 days of age (Li et al., 2009b). In a
study by Abdi et al. (2014), chickens with the Il
genotype produced many more eggs until 300
days of age (P<0.05). The association of the
NPY/Dral gene with egg reproduction traits in
Noi chickens was also observed by Ngu et al.
(2015). Thus, these data suggest that the four
nucleotide indel in NPY could be considered a
candidate gene related to the number of eggs
laid in chickens.

The GH fragment, after being digested with
the Sacl restriction enzyme, produced four
fragments with the lengths 1020, 570, 450, and
144 bp, which is in accordance with results
reported by Kansaku et al. (2003). Results for
the genotype calculations of GH on Lien Minh
chickens showed that BB genotype frequency
was 0. 97, while AB genotype accounted for
only 0.03, and there was no AA genotype. The
frequencies of the A and B alleles were 0.02 and
0.98, respectively. The genotyping results in the
Lien Minh chickens were similar to those of
both Ukrainian Poltava Clay chickens, with the
genotype frequencies of AB (0.070) and BB
(0.930), and allele frequencies of A (0.036) and
B (0.964), and Noi chickens, in which the AA
genotype was absent and the AB genotype
frequency was only 0.02. Therefore, the
frequency of the B allele was up to 0.99 while
the A allele only existed at 0.01 (Vu and Ngu,
2016). A similar trend was found in a local Iran
chicken genotype, with the frequencies of AA
(0.021), AB (0.162), and BB (0.817), and the
allele frequencies of A (0.102) and B (0.898).
Reproduction yield eggs of the AB genotype of
the local Iran chicken significantly differed
from the AA and BB genotypes (P>0.05)
(Makhsous et al., 2013).
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The growth hormone receptor (GHR) gene
is located in the Z chromosome, (Zhang et al.,
2016), which determines the hemizygous state
in hens, thus there was no heterozygous AB in
90 Lien Minh hen individuals. The results of
previous studies showed that the Ukrainian
chicken Poltava Clay had genotype frequencies
of A0 (0.28) and BO (0.72) (Kulibaba et al.,
2015) and Wenchang Chinese Chicken Breeds
had genotypic frequencies of A0 (0.20) and BO
(0.80) (Li et al., 2008). However, in a study in
the Mazandaran chicken, the results showed that
the occurrence of genotype A0 (0.99) was
significantly higher than that of genotype BO
(0.01) (Babak and Ghodrat, 2009). Natural
mutations in the GHR gene often alter the rate
of ovulation (Reddy and Siegel, 1977), the
ability to lay eggs (Nagaraja et al., 2000), the
number of double-yolked eggs (Hocking et al.,
1994), and the age at first egg (Feng et al.,

1997). Thus, GHR can be considered a
candidate gene for reproductive traits in
chickens.

Conclusions

In conclusion, our analysis observed the
polymorphisms of five candidate genes in Lien
Minh chickens. The observed distribution of the
genotypes in four loci (PRL, VIP, NPY, and GH)
were not significantly different from the
distribution expected under the assumption of
Hardy Weinberg equilibrium (P>0.05). These
loci should be used for purpose of association
studies between genotype/allele and egg
reproduction traits in Lien Minh chickens.
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