
In mammals, testis development is initiated by the expression of the sex-determining gene, SRY, where-
as the genetic trigger for sex determination in birds remains unknown. In the present study, the expres-
sion of seven genes implicated in vertebrate sex determination and differentiation were studied in chick-
en embryonic gonads from day 4 to day 12 of incubation using reverse transcription and the polymerase
chain reaction (RT-PCR). Results showed transcription of cLhx9, cGATA4, cVnn1, cPpt1, cBrd3 were
sexually dimorphic during chicken gonadal development, whereas cEki2, cFog2 were expressed at sim-
ilar levels in both sexes. Results of comparative studies between mammals and chickens show that ver-
tebrate sex-determining pathways comprise both conserved and divergent elements: expression profiles
of cGATA4/cFog2 and cVnn1 are similar to those in mammals, while others appear some differences.
Possible functions of these genes on chicken gonadal development were analyzed based on their expres-
sion profiles.
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INTRODUCTION

Unlike the temperature-dependent sex determination (TSD) which is common
among lower vertebrates [16], mammals and birds exhibit genetic sex determination
(GSD) in which sex is determined at fertilization by the sex chromosomal combina-
tion. Mammals and birds demonstrate different sex chromosome constitution, i.e.
mammals have an XX:XY system with male being the heterogametic sex (XY);
while birds have a ZZ:ZW system where the female gender possesses heterogamety
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(ZW). Sex determination and differentiation in vertebrates involves the expression of
a cascade of genes within the embryonic gonad. In human and mouse, testis devel-
opment is initiated by the expression of the sex-determining gene SRY (Sex-deter-
mining Region of the Y chromosome) [9, 23], and a number of genes associated with
the development of gonads have been identified [15]. In birds, however, the SRY does
not exist and thus, the genetic trigger for sex determination remains unknown. It has
been argued that the avian sex determination depends on either a dominant gene on
W chromosome or a gene on Z chromosome with dosage effects [6, 10]. In recent
years, several promising candidates have emerged: DMRT1 (Doublesex and Mab-3-
related Transcription factor 1), a Z-linked gene, supports the Z-dosage theory of
avian sex determination [21]; and two W-linked genes, ASW (Avian Sex-specific W-
linked gene) and FET1 (Female Expressed Transcription 1), are candidates for
female determination [13, 19]. However, pathways linking these genes to aromatase
activation, a central role in avian sex differentiation, are lacking [25]. 

In birds, as in mammals, embryonic development of the gonad occurs in a series
of sequential steps. Following chromosomal constitution determination at time of
fertilization, bipotential gonads differentiate into either ovaries or testes according to
chromosomal information, then secondary sex characteristics are directed by ovari-
an or testicular-specific hormones [22]. Despite the different sex-determining trig-
gers, the morphology of gonadal sex differentiation among vertebrates is highly con-
served arguing that much of the underlying genetic mechanisms are also likely con-
served with one master switch controlling in the different vertebrate phyla [22].

Indeed, chicken homologues to many genes involved in mammalian gonadal
development have been isolated, and the expression of these homologues genes, such
as SF1 (Steroidogenic Factor-1 gene), WT1 (Wilm’s Tumor gene), Sox9 (SRY-like
HMG box gene 9), DAX1 (Dosage sensitive sex reversal-Adrenal hypoplasia con-
genital region of the human X chromosome 1), AMH (Anti-Müllerian hormone gene)
and Dmrt1 etc., have also been studied during sex differentiation in the chicken [14,
18, 21, 24, 26]. Expression of these genes in chicken gonads revealed both conserved
and divergent patterns compared to mammals. For example, WT1 and SF1 expres-
sion appear similar in the two groups, while AMH expression in chicken is earlier
than that in mammals [26]. Other genes, such as Lhx9 (LIM homeobox gene), GATA4
(Gata binding protein 4), Fog2 (Homo sapiens Friend of GATA2), Vnn1 (Vanin-1),
Eki2 (Ethanolamine kinase 2), Ppt1 (Palmitoyl protein-thioesterase 1) and Brd3
(Bromodomain containing 3), which were shown recently to associate with gonadal
differentiation in mammals have not been closely examined in chicken embryonic
gonads. Therefore, in this present study, expression patterns of these genes were
studied in chicken embryonic gonads during the period of sex differentiation (from
day 4 to day 12) by using semi-quantitative RT-PCR.



MATERIALS AND METHODS

Embryos and sexing

Fertilized white leghorn chicken (Gallus gallus) eggs were incubated under humid
conditions at 37.8 °C. Embryos were removed from eggs and the urogenital systems
(gonads and mesonephros) were excised at 4, 5, 6, 7, 8 and 12 d post-fertilization,
which corresponding to 24, 27, 29, 31, 34 and 38 stage of development-respectively,
according to the criteria established by Hamburger and Hamilton [7].

Genomic DNA was extracted from a limb or tail tissue of each embryo based on
phenol/chloroform method. Embryos were sexed using the W-linked EE0.6 unique
sequence (female-specific), and amplification of chicken OVR (oocyte vitellogenesis
receptor) gene located on the Z chromosome was used as a control. EE0.6 primers
were: EE0.6/f, 5’-CAGTTATGGTCCTATGCCTAC-3’; EE0.6/r, 5’-GTAATGGG-
TTCAGGTTGAGTC-3’, which generating a 360-bp fragment. OVR primers were:
OVR/f, 5’-TGGTGATGAAGACTGTTCAGACGG-3’, and OVR/r, 5’-CACACACT-
GACCACTG TTACACAC-3’, amplifying a 970-bp fragment. Duplex PCR reac-
tions were carried out in a 20 μl mixture containing 0.25 mM each of dNTP, 0.2 μM
each of four primers, 0.5 μl genomic DNA, 1 U Taq polymerase (Fermentas Life
Sciences, Lietuva) with the following program: 94 °C × 5 min, 35 cycles of
(94 °C × 40 s, 61 °C × 1 min, 72 °C × 1 min) and a final extension step at 72 °C for 5
min. Five micro liter PCR products were run on 1.2% agarose gels in 1 × TAE buffer
(10 mM Tris, 4 mM acetic acid, 0.5 mM EDTA) at 100 V and stained with ethidium
bromide. Amplification products of female (ZW) embryos contained two detectable
bands and males (ZZ) produced only one band [5].

RNA extraction and cDNA preparation

Fifteen to twenty pairs of gonads were pooled by sex at each stage of development
and total RNA was extracted using Trizol reagent (Invitrogen Life Technologies,
USA). RNA quality was monitored using agarose gel electrophoresis and RNA quan-
tity was determined by spectrophotometry at 260 nm. Total RNA (2 μg) was reverse
transcribed in 1 × buffer containing 1 mM dNTPs, 2 U/μl RNase-inhibitor, 2.5 mM
oligo d(T)15 primers and 2.5 U/μl M-MLV reverse transcriptase (Promega Life
Science, USA) into cDNA based on following protocol: incubation at 70 °C for 5
min, then at 42 °C for 1 h in the thermal cycle, and at last the reverse transcriptase
was inactivated by heating to 70 °C for 10 min.

Amplification of chicken sequences and semi-quantitative analysis

Combining the predicted sequences of genes in GenBank (www.ncbi.nlm.
nih.gov/Genbank/index.html) with the genomic DNA informations in chicken
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genome database (www.ncbi.nlm.nih.gov/genome/guide/chicken/), primers were
designed spanning known or putative introns to test the amplification of contaminat-
ing genomic DNA. Primers, cycle parameters and expected product size for each
gene are shown in Table 1. As a positive control for RT-PCR, primers cGAPDHf,
5’-GCCATCACTACTTCCAGG-3’ and cGAPDHr, 5’-CTCTGTCATCTCTCCA
CAGC-3’ were used to amplify a 387-bp fragment from the chicken glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene expressing in all tissues [21].

PCR reactions were carried out for each gene in 15 μl mixture containing 0.2 mM
dNTPs, 0.2 μM each of primer, 0.8 U Taq DNA polymerase and 1 μl cDNA as tem-
plate, and repeated at least twice to ensure results. Equal volume of PCR amplifica-
tion products were run on 1.2% agarose gels stained with ethidium bromide, and
visualized with a Bio-Rad imaging system (BIO-RAD, USA). A semi-quantitative
measurement of gene expression was obtained using the Quantity-one software
(BIO-RAD) to quantify the density of bands on a gel. For each gene, the linear range
of amplification was determined by amplifying stage 24 and 34 cDNA for varying
numbers of cycles. For each gene at each time point, band density was normalized to
GAPDH expression and relative expression data was plotted against development.

Table 1
Primers, cycle parameters and expected product size for PCR amplification and

accession number of each gene

Gene Primers (Forward/Reverse) Cycle parameters
Product Accession

size number

cEki2 5’-ATCAGTTTGCACTGGCTTCC-3’ 94°C-30s, 49°C-30s, 277 bp M_416426.1
5’-CAAGAACCACCAAGTGAGCA-3’ 72°C-40s

cVnn1 5’-ATTTCAGCGGACTCATCTTT-3’ 94°C-30s, 58°C-30s, 483 bp XM_419739
5’-CTGTCGGTTGTGGATCTTAT-3’ 72°C-40s

cPpt1 5’-GCTTTCCACGCTGTCCTG-3’ 94°C-30s,61°C-30s, 321 bp XM_417828.1
5’-TTCCTGCTTTGTCCATCTGC-3’ 72°C-40s

cGata4 5’-TTAGCAATGAGAAAAGAGGGC-3’ 94°C-30s, 60°C-30s, 497 bp XM_420041
5’-AGGGGAGGAGGGAAACAAC -3’ 72°C-40s

cFog2 5’-GGGTGAAGAACTGATTGCC-3’ 94°C-30s, 61°C-30s, 510 bp XM_418380.1
5’-GCTTGAGTAAGATGCGAGAAC-3’ 72°C-40s

cLhx9 5’-ATATTACCTGCTGGCTGTTGA-3’ 94°C-30s, 61°C-30s, 218 bp NM_205426 
5’-AAACCGACTCCCTGGCTC-3’ 72°C-40s

cBrd3 5’-CAAACCCATCCACGACAG-3’ 94°C-30s, 58°C-30s, 522 bp XM_425330
5’-CGCTTAGGAGGCATCAAAC-3’ 72°C-40s

Note, “c” in the first letter of the name of genes means “chicken”, indicating that these genes are
chicken homologous to corresponding genes in mammals. The same meaning is in the text.



RESULTS

All genes investigated were expressed in the early chicken embryonic gonads of both
sexes and exhibited sexually dimorphic expression patterns (Fig. 1a–g).

Of all genes studied, cBrd3 was the only gene expressed higher in females. Figure
1a shows that cBrd3 expression was lower in males but higher in females during
stages 24–29 and stages 34–38 of development. cBrd3 expression in males decreased
with time and was nearly undetectable during later stages of development. These data
suggest that cBrd3 may be important in determining gender in chickens because of
its elevated expression in females prior to sex differentiation.

Expression profiles of cVnn1, cPpt1 and cLhx9 in chicken embryonic gonads are
shown in Figure 1b–d, respectively. All three genes studied showed higher expres-
sion in males than in females at certain periods investigated, but the expression pro-
files among them appeared some differences with the exception of the similar level
in both sexes at stage 24. cVnn1 expression in females increased slowly from stage
31 after it remained unchanged with low levels during stage 24 through stage 31; in
males, its expression increased early from stage 24 then decreased to levels similar
in females at stage 34. The expression of cPpt1 kept at similar levels in females
throughout the periods investigated with the exception of lower expression at stage
29, but in males it increased between stage 29 and stage 38 showing moderately
higher than that in females. For cLhx9, its expression decreased quickly in females
from stage 27 through 29 then remained low levels at later periods, whereas in males
it increased at stage 29 and was considerably higher than in females during stage 29
through 38.

In males, cGATA4 expression (Fig. 1e) was up-regulated rapidly during the period
associated with chicken bipotential gonad appearance (stage 27 to 29) and remained
constant after stage 29. However, in females cGATA4 expression was up-regulated
gradually from stage 29, which corresponds to the onset of morphological differen-
tiation, and reached the similar level to males at stage 34. cFog2 expression
decreased throughout the periods investigated (Fig. 1f) and was inversely correlated
to cGATA4 expression.
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Fig. 1a
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Fig. 1b–d
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Fig. 1a–g. RT-PCR analysis and expression profiles during chicken gonadal development for cBrd3 (a),
cVnn1 (b), cPpt1 (c), cLhx9 (d), cGATA4 (e), cFog2 (f) and cEki2 (g). cGAPDH was the control.
f = female, m = male, which following the name of each gene. This figure shows a single representative

RT-PCR experiment and corresponding graph
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cEki2 was highly expressed in both sexes throughout the period of gonad devel-
opment (Fig. 1g). Even though females expressed in slightly higher levels of cEki2
during stage 24 through 27, expression increased in both sexes from stage 29 to stage
31, but declined later to stage 38.

DISCUSSION

Vertebrate gonads develop from the intermediate mesoderm initially as a bipotential
organ anlage (the genital ridge). Though the genetic mechanisms controlling early dif-
ferentiation events in the testis and ovary are still unknown, many genes have been
implicated in early gonad development. Lhx9, SF-1, WT1, Sox9, Dax-1 and AMH, and
many others have been identified as factors involved in sex determination and early
gonad development in some mammalian species [12, 15]. Recently, Vnn1, Eki2, Ppt1
and Brd3 have been regarded as a specific subset of genes differentially expressed in
pre-Sertoli cells within the genital ridge at the moment of sex determination [3, 4, 8].
Based on the assumption that much of the underlying genetic pathway is likely to be
conserved in vertebrate, results of the present study regarding homologous gonadal
gene expression in chicken during gonadogenesis may be helpful in understanding the
interaction between these genes during sex differentiation process.

Birk et al. suggested that Lhx9 may be essential for the formation of gonads and
may lie upstream of SF1 in the developmental cascade because the expression of SF1
is reduced to minimal levels in the Lhx9-deficient genital ridge of mice [2].
Moreover, Smith et al. have reported that SF1 transcript was observed in both sexes
prior to differentiation, and expression increased in developing chicken ovaries at
stages 30–35 (days 6.5–8.5) [26]. In the present study, cLhx9 was expressed in a sex-
ually dimorphic manner during stages 29–34 with higher expression in males. It is
possible that cLhx9 regulates the expression of SF-1 or SF1-related genes in a nega-
tive manner in the chicken gonadal differentiation cascade. Furthermore, rat Lhx9
expression was observed in undifferentiated gonads, disappeared as epithelial cells
differentiate into Sertoli cells and began to express AMH [11]. This is in contrast to
our results that lower cLhx9 expression remained in both sexes after the gonad was
differentiated (stages 34–38).

Transcription factor GATA4 and its co-factor Fog2 are required for gonadal dif-
ferentiation in mammals, and GATA4 transcriptional activation is inhibited by FOG2
during gonadal development [27]. Our results about cGATA4 and cFog2 expression
profiles also showed that the GATA4/FOG2 interaction exists in chickens. In addi-
tion, cGATA4 was expressed at the onset of chicken gonadal development in both
sexes, and the higher expression in males coincided with gonadal development.
Given that the AMH gene is a potential downstream target for GATA4 during mouse
embryonic Sertoli cells [27, 28], this sexually dimorphic expression in chicken at
later stages suggests GATA4 may enhance AMH expression in the male gonad by
binding to specific promoter sequences or by interacting with trans-activating factors
after the AMH gene is transcribed.



Eki2, Vnn1, Ppt1 and Brd3 were specifically expressed early in Sertoli cells of
developing mouse testes [3, 4, 8] and may be involved in inducing cell migration
from the adjacent mesonephros, a process critical for testis development [1]. Based
on our results in the chicken, it is likely that only the expression profile of cVnn1 is
conserved with mammals, suggesting cVnn1 might be linked to the chicken testis dif-
ferentiation pathway. However, the cBrd3 gene had a quite different expression pat-
tern compared to mammals. Some have suggested that Brd3 is a family of potential
transcription factors containing 2 members: Brd2, a gene that is strongly expressed
in ovaries and testis (both Sertoli and germ cells) [20], and BrdT, a gene is only
expressed in the germ cells of the testis [17]. Perhaps the transcription pattern of
cBrd3 is similar to its close-relative Brd2, which may also function both in ovary and
testis development in chicken.

In conclusion, with the exception of the cEki2 and cFog2 genes which had simi-
lar expression in both sexes, the other genes examined here showed sexually dimor-
phic expression profiles during chicken gonadogenesis. According to their functions
in mammalian sex differentiation and the expression patterns during chicken embry-
onic development, they may be involved in sex determination cascade and be relat-
ed directly or indirectly to gonadal development in chickens. Further work must be
done to determine their function in sex determination and differentiation.
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