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Abstract
In many birds' species such as Japanese quail (Coturnix japonica), sex determination in

young and many adult birds is very difficult. Nowadays, sex identification of animals throughout
their lives is possible by molecular genetic techniques such as polymerase chain reaction (PCR).
The aim of this study was to determine the sex of Japanese quail by DNA analysis. Chromo
helicase DNA (CHD) genes are preserved within avian Z and W sex chromosomes. The intron
regions of the CHDW and CHDZ genes vary between male (ZZ) and female (ZW) individuals.
The method used in this study was based on this difference. Genomic DNA was extracted from
feathers instead of blood. The intron regions of CHDW and CHDZ genes were amplified by sex
specific primers (Coja-F and Coja-R). PCR products were screened by agarose gel
electrophoresis. These results show single (ZW) amplified fragments, about 320 bp for female,
and no amplified PCR product for male (ZZ) Japanese quails. These results of this study show
that CHD gene amplification is a convenient, inexpensive, safe, and simple technique for sex
typing of Japanese quails and other avian species in the wild.
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INTRODUCTION

Sex identification of quails is important for their rearing especially in many commercial
units, because of its need for different rearing goals. Coturnix japonica (Japanese quail) can be
kept in pairs, trios, or one male for five to six females (Thear, 1998). It is easy to determine the
sex of Japanese quails because from about three weeks onwards, the reddish brown chest of the
male will start to become noticeable. His markings are also more distinct than those of the
female (Vali, 2008).

Before the age of three weeks, it is virtually impossible to determine the sex of the birds.
The colored varieties of Coturnix do not have an apparent difference in feathering between the
male and female. The only way to tell them apart is to go by size difference (the female is
bigger), by sexual behavior patterns and by vent examination (Amoah and Martin, 2010; Vali,
2009). Also, identifying and distinguishing the sex of males and females of most of the Cotunix
is based on an analysis of their external morphology, especially in young birds which is very
difficult (Takagi et al., 1972; Ogawa et al., 1998; Jensen et al., 2003). Extensive deoxyribo
nucleic acid (DNA) sampling could indicate the precise relationship. DNA should provide a
versatile way to discriminate male and female birds. Unfortunately, the selection of a suitable
sex-linked marker has proved difficult (Griffiths et al., 1998). Many species of animals have sex
chromosomes that differ in males and females. For example, mammals have an XX (female)/XY



(male) system of male heterogametic (Baquero et al., 2009). Birds have the opposite; the sex
chromosome of birds is ZW for females and ZZ for males.

Most birds have two chromo helicase DNA (CHD)' binding protein sex-linked genes, one
W-linked (CHD-W) and one Z-linked (CHD-Z) (Doosti et al., 2009). The CHD-Z gene is found
in both sexes, while the CHD-W gene is unique to females. Recent studies showed the difference
in length between introns in the CHD-Z and CHD-W genes (Ellegren, 1996). Therefore they can
be used for sex determination and differentiation between male and female birds (Caetano and
Ramos, 2008). Application of the polymerase chain reaction (PCR) in the identification of
genetic sexes of birds is ideal because it requires only a small sample, such as a drop of blood or
a single plucked feather for DNA extraction, thus minimizing trauma to individual birds (Itoh et
al.,, 2001). This technique is very smart, cheap and high sensitive for sex determination of
monomorphic birds, while other techniques including avian laparoscopy and laparotomy, cloacal
examination, biochemical surgical examination and cyto-genetic analysis have inconveniences,
such as being time-consuming, costly, low sensibility, or sometimes even cause harm to the
organism (Doosti et al., 2009). The purpose of this study was to determine CHD gene for sex
identification in Japanese quail using PCR technique and to present a novel set of primers for sex
determination.

MATERIALS AND METHODS

Sampling

Adult, sexually matured Japanese quail (ten males and ten females), were selected for sex
typing by a molecular technique. Their sex was also identified by conventional techniques. After
setting the molecular sex typing in the adult birds, 20 young Japanese quails were analyzed by
this method.

Genomic DNA extraction

Genomic DNA extraction from one to three feather bulb of each Japanese quail was
performed using the Qiagen DNA extraction kit (Qiagen, Hilden, Germany) according to the
manufacturer’s recommendation. The extracted DNA was quantified by spectrophotometric
measurement at a wavelength of 260 nm according to the method described by Sambrook and
Russell (2001).
Gene amplification

The primers used in this project were designed according to the sequence of the CHD-W
gene (Accession No: AB189143.1) of Japanese quail. The primers sequences are: Coja-F: 5'-
GTACTGAACACCCCTCCAAG-3' (sense) and Coja-R: 5'- TCCCTATCCATAAGCTCATTC-
3' (anti-sense). PCR was carried out in a 25 pl mixture containing 100 ng of genomic DNA, 0.2
pM of each primer, 1X PCR buffer, 1.5 mM MgCI2, 200 mM dNTPs, and 1 unit of Tag DNA
polymerase (Fermentas, Germany). The procedure of the PCR reaction included 5 min of
denaturation at 94°C; followed by 32 cycles of 1 min at 94°C, 1 min at 54°C, and 1 min at 72°C
and a final extension of 72°C for 5 min. The PCR amplification products (10 pl) were subjected
to electrophoresis in a 1% agarose gel in 1X TBE buffer at 80 V for 30 min, stained with
ethidium bromide, and images were obtained in UVIdoc gel documentation systems (UK).

! CHD: Chromo helicase DNA



RESULTS AND DISCUSSION

Genomic DNA was purified from feather bulb of old and young Japanese quails and
analysis of PCR products for CHD-W gene on agarose gel revealed a fragment of about 320 bp
for female Japanese quail, but no fragment was detected for male Japanese quail (Figure 1). The
different band patterns were reproducible for all young and old Japanese quails with known
sexes. According to these findings, this method will be useful for sex identification in young
Japanese quails and other birds. Adults and particularly juveniles of many avian species are
monomorphic, making the determination of sex difficult. Besides that, the difference between
males and females for some species is only recognizable in adults or subadults.

DNA analysis is a more reliable method for identifying the sex of birds which are
monomorphic in their plumage (Baquero et al., 2009). In birds, females are heterogametic,
carrying one copy of each of the Z and W sex chromosomes while males are homogametic (ZZ)
(Cerit and Avanus, 2007). The sex of most bird species can be determined by DNA analysis
using a test based on two conserved CHD genes located on the avian sex chromosomes (Griffiths
et al., 1998). Their lengths differ between CHD-W and CHD-Z genes, making sex identification
possible. In this study, DNA was isolated from bird feathers bulb, because feathers bulb sample
collection gives less pain to the bird than blood sample collection. Additionally, its low cost and
reduced risk of contamination, and prevention of breakage of DNA with requirement of less tube
transfer make this method preferable. The method in this study was based on avian CHD genes
(CHDW and CHDZ). After amplifying the varied intronic regions of CHD genes by PCR
primers (Coja-F and Coja-R), PCR products were screened by agarose gel, and in males no
fragment was detected while females clearly showed a specific fragment. The electrophoresis
results of this study were similar to the results reported by Griffiths et al. (1998).

These results show that different band patterns exist between CHD-W and CHD-Z in
young and adult Japanese quails, and it is useful for sex determination of these birds. Saitoh et al.
(1991) were the first to report DNA typing in an avian species. In the method described by
Griffiths et al. (1998), homologous copies of the CHD (chromohelicase-DNA-binding) gene,
located on Z and W avian sex chromosomes, were amplified by PCR using a single pair of
primers P2 and P8. Their findings showed that P2/P8 sexing test is an effective way to
distinguish a male from a female bird (Griffiths et al., 1995, 1998). Dcosta and Petitte (1998)
developed multiplex polymerase chain reaction for identifying the sex of turkeys based upon the
Pstl repeat. Their findings show that this procedure is rapid and permits the determination of
many embryos’ sex in a short time (Dcosta and Petitte, 1998). Suzuki et al. (2001) identified the
sex of a wide range of carinatae birds by PCR. Their findings showed that EEOQ.6-related
sequences on the Z and W chromosomes of the ostrich and emu could not be distinguished either
by Southern blotting (Itoh et al., 2001). Birkhead et al. (2001) reported that P2 and P8 primer
pairs were successfully used for sex identification in the common mure (Uria aagle).

There was conservation projects aimed at determining the sex of some endangered bird
species (Birkhead et al., 2001). Cerit and Avanus (2007) determined the sex of parrot species
Nymphicus hollandicus by P2 - P8 primer pairs without causing it any harm and obtained
accurate results by DNA analysis. In the study, they identified double (ZW) and single (ZZ)
bands in females and males, respectively (Cerit and Avanus, 2007). Shizuka and Lyon (2008)
improved the reliability of molecular sex determination of birds, comprising CHDZ alleles of
coots and common moorhens (Gallinula chloropus) using a W-specific marker, and then
revealed that CHD-Z polymorphism evolved separately in these two closely related species.
Doosti et al. (2009) presened the sex identification system for the first time in canaries. They
established a fast, safe, accurate and inexpensive procedure for sex typing of canary using DNA
extracted from feathers.In conclusion, the sex identification based on Coja-F and Coja-R primers
is a reliable and age independent method that needs a small amount of DNA and its applicable in



both adults and young Japanese quails. Therefore CHD gene amplification is a convenient, safe
and simple technique for sex typing of Japanese quails. Moreover, the procedure of this study
would also be useful for sex identification of these birds and other avian species in the wild.
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Figure 1. Sex identification of Japanese quails using Coja-F and Coja-R primers showing two
different banding patterns for female and male. Lane M, 100 bp DNA ladder (Fermentas,
Germany); lane 1, negative control (without DNA), lanes 2 and 3, adult female and male,
respectively (defined samples); lanes 4 to 8, young birds; 4, 7, and 8, female; 5, 6, two male.
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