
117

Present address: College of Animal Science and Technology,
Henan University of Science and Technology, Luoyang 471003,
China. �Corresponding author e-mail: junyanbai@163.com

Estrogen receptor (ESR) gene is a kind of nucleic acid
receptor in the family of activated transcription factors and
could combine with specific hormone response DNA
element. Ichikawa (2003) cloned the cDNA of the ESR
gene, and since then the cDNAs of ESRα and ESRβ in
several species have been cloned. Many scholars have
carried out the research work of ESR gene in human, pig,
chicken, cattle, sheep, guinea pig, etc. (Zhang et al. 2013,
Wu et al. 2013, Si et al. 2016). Quail can be used as a
research animal in many subjects such as poultry
reproduction, histology, nutrition, endocrinology,
embryology, physiology, pharmacology and so on (Zhang
et al. 2013, Bai et al. 2016a, 2016b, 2016c, 2016d, 2017,
Azhar et al. 2018, Dash et al. 2018, Raju et al. 2019, Li
et al. 2019). But the correlation analysis between ESR gene
and carcass traits of quail has not been reported. Therefore,
in order to provide a reference for marker-assisted selection
of quails, the association of ESR gene with carcass traits
was analyzed by PCR-RFLP technique in egg quails.

In this experiment, egg quails were 80 China quails with
yellow feathers, 80 Beijing quails with white feathers and
80 Korean quails. All egg quails were females. Blood
samples (5 ml each) were collected at vein in wings of each
quail and stored in heparin sodium anticoagulant tubes
which were then kept in a refrigerator under –20°C. DNA
was extracted by poultry whole blood DNA kit and kept
under –20°C.

Primers of ESR gene were designed according to
reference of Pu et al. (2016). The primer sequences of exon
1 were F: CAAAGCCCTTGGAGTTAC and R: AGCAGTT
CTCCCTACTCC with an expected fragment size of 370 bp
and annealing temperature of 55.4°C. The primer sequences
of exon 8 were F: CAACAAAGGAATG GAGCA and R:
CCCTTCTTTTGCTGTTAA with an expected fragment
size of 212 bp and annealing temperature of 53.6°C. Primers
were synthesized by Beijing Dingguo Changsheng
Biotechnology Co., Ltd. The PCR amplification procedure
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was as follows: pre-denaturation at 94°C for 4 min, then
denaturation at 94°C for 40s, annealing at 53–55°C for
1 min, elongation at 72°C for 20 seconds, denaturation,
annealing and elongation were carried out for 35 cycles,
after a final elongation at 72°C for 10 min the reaction was
completed and cooled at 4°C.

The restriction endonuclease Pvu a! was used to digest
the PCR product amplified by exon 1 primers. The reaction
system was 15 µL: dd H2O 5 µL, PCR product 8 µL,
restriction endonuclease Pvu a! (10U/ µL) 0.5 µL, 10 ×
buffer 1.5 µL. The mixture was evenly mixed and digested
in a 37°C water bath for 4 h. The restriction endonuclease
ACC ‘! was used to digest the PCR product amplified by
exon 8 primers. The reaction system was 10 µL: dd H2O
0.5 µL, PCR product 8 µ L, restriction endonuclease ACC‘!
(10U/µL) 0.5 µL, 10 × buffer 1.0 µL. The mixture was
evenly mixed and digested in a 37°C water bath for 4 h.
The digested products were detected by agarose gel
electrophoresis of 2% concentration and then photographed.

SPSS17.0 statistical software was used to analyze the
association between different genotypes and carcass traits,
and Duncan multiple comparison method was used to make
multiple comparison. The final results were represented in
the form of mean value ± standard error.

The polymorphism detection results of exon 1 and exon
8 of ESR gene were shown in Fig. 1.

Exon 1 of ESR gene detected three genotypes of CC,
CT, TT in Chinese and Korean quails and two genotypes of
CC and CT in Beijing white quails. The frequencies of CC
genotype were the highest in China yellow quail, Beijing
white quail and Korean quail (0.515, 0.614 and 0.723,
respectively), while the frequencies of TT genotype were
the lowest (0.088, 0 and 0.015, respectively), the frequencies
of CT genotype were moderate (0.397, 0.386 and 0.262,
respectively). Three genotypes, CC, CT and TT were
detected in exon 8 of ESR gene in both China yellow quail
and Beijing white quail, and only two genotypes, CT and
TT were detected in Korean quail. The highest frequencies
of TT genotype in exon 8 of ESR gene were detected in
Beijing white quail and Korean quail (0.618, 0.540), while
the highest frequency of CT genotype was detected in China
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yellow quail (0.476). In this study, TT, CT and CC genotypes
were detected in exon 1 and exon 8 of egg quail, which is
coincident with the results provided by Pu et al. (2016).

The correlation analysis results between polymorphism
of ESR gene and slaughter traits of egg quails were shown
in table 1, which indicated that the exon 1 of ESR gene had
no significant effects on the carcass traits of Beijing white
quail (P>0.05). The body weight and carcass weight of CC
genotype were significantly higher than that of CT and TT
genotypes (P<0.05) and the pectoral weight of CC and TT
genotypes was significantly higher than that of CT genotype
(P<0.05) in China yellow quail. The heart weight of TT
genotype was significantly higher than that of CT and CC
genotypes (P<0.05) and the leg muscle rates of CC and CT
genotypes were significantly higher than that of TT
genotype (P<0.05) in Korean quail. It was found that
exon 1 of ESR gene was significantly associated with body
weight, carcass weight, pectoral weight, heart weight and
leg muscle rate of egg quail (P<0.05). Exon 8 of ESR gene
had no significant effect on the slaughter traits of China
yellow quail, Beijing white quail and Korean quail (P>0.05).

Wang et al. (2009) and others indicated that individuals
with AA genotype of ESR gene produced greater body
length, and more significant body height, chest
circumference and body weight than that with BB genotype
in Su Jiang pigs. Liu et al. (2007) found that ESR gene had
obvious influences on the daily gain of Jiangxi and Anhui
Large White pigs, but showed little effects on their body
height, body length and chest circumference. Liu et al.
(2016) suggested that there were notable divergence in the
total litter size, number of living piglets and birth weight
between GG genotype and GA genotype of ESR gene in
Jinhua sows. Wu et al. (2013) detected some polymorphisms
at the 5′ lateral region of ESR gene in Female Line of Shaobo
Chicken, and found the egg yields of individuals with EE
and EF genotypes were both higher than that of individuals
with FF genotype. As demonstrated in this study, there were
significant correlations between exon 1 of ESR gene and
body weight, carcass weight, breast muscle weight, heart
weight and percentage of leg muscles of egg quails (P<0.05).

SUMMARY

The polymorphism of estrogen receptor (ESR) gene was
detected by PCR-RFLP in China yellow, Korean and Beijing
white quails and the association between ESR gene
polymorphism and carcass traits of egg quails was analyzed.
The results showed that there were three genotypes
including CC, CT and TT detected in exon 1 and exon 8 of
ESR gene in egg quails. The frequencies of CC genotype
in exon 1 of ESR gene were the highest in China yellow,
Beijing white and Korean quail (0.515, 0.614, 0.723). The
highest frequencies of TT genotype in exon 8 of ESR gene
were detected in Beijing white and Korean quails (0.618
and 0.540), while the highest frequency of CT genotype
was detected in China yellow quail (0.476). As
demonstrated in this study, there were significant
correlations between exon 1 of ESR gene and body weight,
carcass weight, breast muscle weight, heart weight and
percentage of leg muscles in egg quails (P<0.05).
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