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Abstract

The Sox9 gene is one of the important transcription factors in the development of many tissues and organs, particularly in

sex determination and chondrogenesis. We amplified the genomic DNA of Cyprinus carpio using degenerate primers, and

found that there were two versions of Sox9 in this species: Sox9a and Sox9b, that differ in having an intron of different length

(704 bp and 616 bp, respectively) in the conserved HMG box region that codes for identical amino acid sequences. We used

a two-phase rapid amplification of cDNA ends (RACE) for the isolation of full-length cDNA of Sox9b. Sequence analyses

revealed a 2447-bp cDNA containing 233-bp 5′ untranslated region, a 927-bp 3′ untranslated region, including poly(A), and

a 1287 bp open reading frame (ORF) encoding a protein of 428 amino acids. The HMG box of 79 amino acid motif was

confirmed from positions 96–174. Sequence alignment showed that the identity of amino acids of Sox9 among ten animal

species, including C. carpio, is 75%, indicating that the Sox9 gene is evolutionarily quite conserved. The expression level of

Sox9b gene varied among several organs of adult C. carpio, with the level of expression being highest in the brain and testis.

[Qi-Yan D., Feng-Yu W., Hui-Ying H. and Zhong-Jie C. 2007 Cloning and study of adult-tissue-specific expression of Sox9 in Cyprinus
carpio. J. Genet. 86, 85–91]

Introduction
There are more than 24,000 species of fish worldwide, inhab-

iting a wide range of aquatic habitats (Kirpichnikov 1981).

A great deal is known regarding the process of sex differen-

tiation in fish and the mechanisms involved in primary sex

determination are now beginning to be defined (Devlin and

Nagahama 2002). Sex determination in fish is a very plas-

tic, primitive, labile process with respect to other vertebrates,

with most of the karyotype species not showing sex chro-

mosomes. Extensive studies on the structure and function of

genes related to sex determination in fishes, followed by a

comparison with results obtained from mammals, can there-

fore provide important insights into the evolutionary mecha-

nism of sex determination in vertebrates (Baron et al. 2005).

In the twentieth century extensive studies on sex deter-

mination in mammals led to the belief that there is testis-

determining factor (TDF) on the Y chromosome which plays

a key role in sex determination (Kanai et al. 2005). Sinclair

et al. (1990) identified the SRY gene (sex-determining region
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of Y) on the Y chromosome in humans, and it has gener-

ally been considered that the SRY gene is equated with TDF

(Morrish and Sinclair 2002). However, the role of SRY in sex

determination is known only in mammals, as corresponding

genes have not been found in other vertebrates yet (Knower

et al. 2003). Nevertheless, the discovery of SRY and Sry in

human and mouse, respectively, rapidly led to the identifica-

tion of a new gene family — the Sox (SRY related HMG-box
gene) gene family — encoding a protein with an SRY-type

conservative HMG-box. At present, it is believed that Sox
genes are related to sexual development and play a diverse

roles in sex determination and spermatogenesis (Bowles et
al. 2000). Here, we report on studies of structure and tissue-

specific expression patterns of the Sox9 gene of C. carpio, a

common and commercially valuable species of fish in China.

Materials and methods
Materials

C. carpio were purchased from Xinxiang (Henan, China)

market and were maintained at room temperature.
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The degenerate primers were designed on the basis

of the HMG-box amino acid sequence of the Sox9
genes registered in GenBank, as follows: forward

5′GG(C/T)(C/T)(G/T)(A/G)TA(C/T)TT(A/G)TA(A/G)T(C/

T)(G/C)GG 3′, reverse 5′CC(A/C)ATGAA(C/T)GC(G/C)TT

(C/T)AT(G/C)GT(G/C)TGG 3′.

Preparation of genomic DNA

DNA was extracted from fish blood samples by centrifuging

0.1–0.5 ml total blood, anticoagulated by ACD, at 3000 rpm

for 10 min, followed by several rinses with 0.85% NaCl. The

blood cells were diluted in suitable volume of lysis buffer

(0.5 mol LEDTA, pH 8.0, 0.5% SDS). Proteinase K was

added at the final concentration of 150 μg/ml and the solu-

tion was incubated overnight at 50◦C. This was followed by

three phenol-chloroform and chloroform extractions, respec-

tively. After precipitation with ethanol, the pellet was rinsed

in 70% ethanol, moderately dried, and dissolved in TE.

PCR amplification of the genomic DNA

The degenerate PCR was performed in a volume of 20 μl
with about 200 ng genomic DNA, 1 μmol/l of each primer,

200 μmol/l dNTP, and 2U of Taq DNA polymerase. 35 cy-

cles were performed with annealing temperature 52◦C for 40

s and extension at 72◦C for 1min. The amplification products

were electrophorosed on 1.5% agarose gels.

Preparation of total RNA and RT-PCR

For the isolation of total RNA, approximately 20 mg of adult

tissues were homogenized using a glass tissue homogenizer.

Homogenization of these tissues was carried out in 1 ml

of trizol reagent. The RNA was precipitated from the tri-

zol reagent with isopropyl alcohol and was resuspended in

nuclease-free water. RNA concentration and purity was de-

termined by spectrophotometry and the total RNA was stored

at −80◦C.

To produce cDNA, reverse transcriptase (RT) reactions

were performed with RevertAidTM FIRST Strand cDNA

Synthesis Kit (Fermentas, Lithuania, USA) and total RNA

isolated from adult brain. Approximately 5μl of total RNA

was used in each 20μl reaction along with oligo(dT) primers.

The RT reactions were conducted according to manufac-

turer’s protocol.

Cloning and sequencing of PCR products

PCR products were cloned into pGEM®-T vector and se-

quenced by the dideoxy-chain-termination method using Sp6

and T7 promoter sequences as primer. The nucleotide se-

quences were analysed by the BLASTx program on the

NCBI Blast Server (http://www.ncbi.nlm.nih.gov/BLAST/

Blast.cgi).

5′ and 3′ RACE analysis of Sox9

According to the HMG-box sequences of the Sox9 gene that

have been identified, the gene specific and nested primers

were designed for the 5′ and 3′ RACE, respectively. The 5′
and 3′ RACE was performed using a SMART RACE cDNA

Amplification Kit (Takara, Shiga, Japan), according to the

manufacturer’s instructions. PCR was performed with gene-

specific primers and universal primers, with the primer se-

quences as follows:

5′ RACE Gsp1 5′ TCTTGTGCTGGACCCTCAGACGC 3′
Ngsp1 5′ CACAAATGGACGCTTCTCGCCCT 3′

3′ RACE Gsp2 5′ TTTATGGTCTGGGCTCAAGCGGC 3′
Ngsp2 5′ GTATCCACACCTGCACAACGCCG 3′
The PCR products were cloned and sequenced as de-

scribed above.

Semiquantitative RT-PCR

We designed a pair of specific primers on the basis of the full-

length cDNA sequence of the Sox9 gene and analysed the ex-

pression in different tissues of adult C. carpio by using semi-

quantitative RT-PCR method as described in Chiang et al.
(2001). The total RNA samples were isolated directly from

the brain, liver, heart, kidney, testis and ovary, and their con-

centration determined by spectrophotometric methods. The

quantification of total RNA in each tissue was precisely 1μg
in the reverse transcription reaction. The standard PCR reac-

tions were performed at 94◦C for 30 s, 57◦C for 30 s, 72◦C
for 60 s, for 30 cycles with 2 μl cDNA template and the fi-

nal extension reaction was carried out at 72◦C for 10 min.

The referential gene was GAPDH. Sox9b primers were: for-

ward 5′ AGGAGGGCATTGACTTCG 3′, reverse 5′ TGTA-

CATGGGCCTCTGGT 3′. The GAPDHP primers were: for-

ward 5′ GCCTCCTGCACCACCAACTG 3′, reverse 5′ CG-

GAAGGCCATGCCGGTCAG 3′.

Homology search and dendrogram analysis

The amino acid sequences of C. carpio Sox9b were aligned

with other full-length Sox9b gene sequences taken from Gen-

Bank, using ClustalW multiple alignment software (http://

www.bioinformatics.nl/tools/clustalw.html). The aligned se-

quences were used to construct a phylogenetic tree by the

neighbor-joining method, using the same software.

Results
Cloning and structural analysis of the Sox9 HMG-box in C.
carpio

Using the degenerate primer set specific to the HMG-box

motif, designed on the basis of published Sox gene sequences

from different species, we observed three bands of lengths

210 bp, 850 bp and 900 bp, respectively, with genomic DNA

of C. carpio as template (figure 1). The results were same

between the male and female individuals. No sex-specific

bands were observed.

The amplified fragments were purified and cloned, finally

yielding two different fragments of 830 bp and 910 bp. Us-

ing PCGENE program (Intelligenetics, Mountainview, CA,
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Figure 1. The result of TD-PCR on C. carpio genome. M, 100-bp
DNA ladder; 1,2 males; 3,4 females.

USA), the two sequences were analysed and predicted to en-

code the same 68 amino acid protein, with the possibility

that the two fragments differ in possessing introns of 704 bp

and 616 bp, respectively. Homologous search with BLAST

in GenBank showed that the sequences were similar to Sox
genes in different animals, with the highest similarity be-

ing with the Sox9 genes. Consequently, these two fragments

were named CcSox9a and CcSox9b.
To verify the difference in the introns between the two

fragments, two pairs of specific primers were designed ac-

curately on the HMG-box of CcSox9a and CcSox9b, and

used to amplify the total RNA from brain tissue by RT-PCR

method (figure 2). The products were cloned and sequenced.

The cDNA sequences of CcSox9a and CcSox9b were then

compared with the sequences of the genomic DNA. The re-

sults showed that the prediction of the splicing sites of the

introns were correct and also consistent with the “GT-AG”

rule (figures 3,4).

Figure 2. The results of RT-PCR using specific primers of CcSox9a
and CcSox9b. M, 100-bp DNA ladder; 1, negative control; 2, Cc-
Sox9a; 3, CcSox9b.

Cloning and analysis of the full-length CcSox9b cDNA sequence

The 5′ and 3′ RACE results (figures 5,6) were joined to ob-

tain the full length of CcSox9b cDNA sequence using the

DNAMAN software (figure 7). The fragment of the 5′ RACE

Figure 3. The DNA sequence and the predicted amino acid sequence of CcSox9a. Underlined
sequences were used for primers of PCR reactions to confirm the splicing sites. Lower case
letters indicate introns.
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Figure 4. The DNA sequence and the predicted amino acid sequence of CcSox9b. Underlined
sequences were used for primers of PCR reactions to confirm the splicing sites. Lower case
letters indicate introns.

Figure 5. The result of 5′ RACE on C. carpio Sox9b. M1, 100-bp
DNA ladder; 1, the result of 5′ RACE.

includes the cDNA sequence from nucleotide positions −233

to +443, whereas the fragment of the 3′ RACE extends from

nucleotide position +356 to the poly(A). Sequence analyses

indicate a 2447-bp cDNA sequence containing the 233-bp 5′
untranslated region, 927-bp 3′ untranslated region, including

poly(A), and a 1287-bp ORF that encodes a protein of 428

amino acids. The HMG box of 79 amino acid motif was con-

firmed between nucleotide positions 96–174 (figure 8).

Comparison between CcSox9b and Sox9 in other species

The deduced amino acid sequence of CcSox9b protein was

compared with the GenBank sequences of different Sox9

proteins of nine other species: Gasterosteus aculeatus, Tak-
iugu rubripes, Danio rerio, Xenopus laevis, Alligator mis-

sissippiensis, Canis familliaris, Mus musculus, Macaca mu-
latta and Homo sapiens. The similarity between CcSox9b

protein sequence and the sequences from these nine species

was 72%, 69%, 69%, 71%, 68%, 65%, 66%, 66% and 66%,

respectively (figure 9). The high sequence similarity seen in

this comparison indicates that the Sox9 gene is quite highly

conserved across species separated by vast lengths of evolu-

tionary time, suggesting that perhaps the Sox9 protein plays

some fundamental role in vertebrate development. Moreover,

the HMG-box motif is even more highly conserved, with

only two amino acids differing among these species. An-

other highly conserved region is in the C-terminal, which is

the trans-activation domain of Sox9.

Figure 6. The second result of 3′ RACE on C. carpio Sox9b. M2,
lambda DNA/EcoR� + Hind�; 2, the result of 3′ RACE.
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Figure 7. The cDNA sequences of the C. carpio Sox9b. - -shows 5′-untranslated region;

shows 3′ untranslated region; ATG shows initiation codon; TGA shows the termination codon.

Figure 8. The deduced amino acid sequence of the C. carpio Sox9b. The sequences underlined
are the HMG-box motif.
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Figure 9. Dendrogram of Sox9 proteins from various species,
based on homology. Cc, Cyprinus carpio; Ga, Gasterosteus
aculeatus (AAQ62979); Tr, Takiugu rubripes (AAQ18508); Dr,
Danio rerio (AAH67133); Xl, Xenopus laevis (AAK61366); Am,
Alligator mississippiensis (AAD17974); Cf, Canis familliaris
(AAP69840); Mm, Mus musculus (AAH24958); M, Macaca mu-
latta (AAK01651); Hs, Homo sapiens (AAP36231).

Expression of CcSox9b in adult tissues

The adult-tissue-specific expression patterns of CcSox9b
were examined by semiquantitative RT-PCR with the spe-

cific primers outside the HMG-box motif. The referential

gene is GAPDH. The results indicate that CcSox9b is widely

expressed in various adult tissues, such as brain, liver, heart

and testis, especially in brain and testis, but the expression is

quite low in kidney and ovary (figure 10).

Discussion
We have found that the C. carpio genome (tetraploid, 2n =
100) contains two duplicate orthologs of the Sox9 gene,

termed Sox9a and Sox9b, respectively. Some other recent

studies on fish have suggested the existence of two versions

of Sox9. Chiang et al. (2001) cloned two Sox9 genes from ze-

brafish, and gene phylogenies showed that both genes were

orthologous to tetrapod Sox9 genes. The expression patterns

of these two genes are distinct, but overlap in some regions

during embryogenesis. Further genetic mapping showed that

these two loci reside on chromosome segments which were

apparently duplicated in a large-scale genomic duplication

event in the ray-fin fish lineage (Chiang et al. 2001). It ap-

pears that duplication of genomic segments during the evolu-

tion of teleost fishes and mutations of duplicated Sox9 genes,

has led to the appearance of different copies of this gene

(Cresko et al. 2003). Zhou et al. (2003) even reported that

the Sox9a gene was duplicated during evolution of the rice-

field eel, Monopterus albus. The duplicated copies of the

gene (named Sox9a1 and Sox9a2) have same expression pat-

terns (Zhou et al. 2003; Lu et al. 2003).

Figure 10. Expression profile of Sox9b in several organs of adult
C. carpio, (A) The result of the CcSox9b expression, (B) the result
of GAPDH expression, and (C) the Sox9b/GAPDH ratio. 1, kidney;
2, liver; 3, testis; 4, ovary; 5, heart; 6, brain.

Sox9 is a transcription factor required for sex determi-

nation and differentiation in vertebrates (Yokoi et al. 2002).

Mutations in human SOX9 cause campomelic dysplasia, a

dominant skeletal dysmorphology syndrome often associated

with male to female sex reversal (Foster et al. 1994; Wag-

ner et al. 1994). In fishes, it has been suggested that the

initial events in sex determination occur in the brain, pri-

marily in the preoptic-anterior-hypothalamic areas. These

initial events lead to the local production or conversion of

sex steroids in brain cells, and different ratios of sex steroids

play an important role in the control of gonadal development

(Devlin and Nagahama 2002). CcSox9b overexpresses in the

adult brain and testis, but is weakly expressed in the ovary.

This pattern indicates that CcSox9 is an upstream gene in the

male sexual differentiation pathway, and possibly may play

a role in the initial events in C. carpio sex differentiation.

Expression of CcSox9 in adult liver, heart and kidney was

detected in both sexes, suggesting that this gene may have a

wider role in the development of the genitourinary system in

fishes.

Zhan and Song (1980) regarded the sex chromosomes of

C. carpio as being XX/XY, based on the analyses of kary-

otypes and banding patterns. However, most studies have

not shown sex chromosomes in these species (Zhan and Song

1980). We found that there is a pair of chromosomes in the B-

group that have obvious differences in size (Chang Zhong-Jie

et al. unpublished data), but whether or not these sex chro-

mosomes remains to be seen. In C. carpio, as in many other

fishes, it is known that sex reversal can occur if a certain con-

centration of sex steroids were added into the water, or as a

result of other environmental changes (Devlin and Nagahama

2002). In consequence, it seems to explain that in fishes the
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genes related to sex-determination function is so limited that

the genes in sexual differentiation pathway cannot entirely

and independently control the initiation of the direction of

sex development.

Members of the Sox family of transcription factors are

found throughout the animal kingdom, and are involved in

a diverse range of developmental processes (Chang et al.
2002), many of them related to sex determination and dif-

ferentiation (Chaboissier et al. 2004). Sox9 expresses shortly

after Sry in the presertoli cells and is a strong candidate for

activation by Sry protein because it is upregulated in Sertoli

cells just after Sry expression. Sox9 is necessary for the acti-

vation of the gene encoding antimullerian hormone (AMH),

also known as Mullerian inhibiting substance (Sekido et al.
2004). AMH is a transforming growth factor β-like glyco-

protein hormone, which is secreted by Sertoli cells and which

causes regression of the female mullerian ducts (Lasala et al.
2004). Other factors, including Sf1 and Wt1, are also in-

volved in the activation of the Amh gene. Thus, Sox9 can

act as a classic transcriptional activator; however, its role

in sex determination must be more extensive than just ac-

tivation of AMH, because AMH-null mice are not sex re-

versed (Rodriguez-Mari et al. 2005). Although several of the

key processes and genes involved in male sexual determi-

nation have been identified, sex determination in vertebrates

involves an intricately regulated network of gene expression

and it will be a challenging task to characterize the role of all

of these genes in the network.
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