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1 Dmrt1

Tab. 1 Primers used for cloning and tissue expression of C. semilaevis Dmrt1
 Primer  Sequen e /bp  Position of bases

Dmrt1-fw1 5 - AARGGMCACAARCGCTTCTG -3 165 184
Dmrt1-rv1 5'- WAGGARTGCATVCGGTACTG -3 588 607
Dmrt1-fw2 5'-GCCCTCTTCCATCAGCACCTCCACTT-3' 390 415
Dmrt1-rv2 5'-ACAGCGACACTCCCTCCAGTCACAGAAG -3 180 207
Dmrt1-fw3 5'- GTCGCTGTGACAAGTGTAACCTC -3' 200 222
Dmrt1-fw4 5'- TGAGACATCTGCTGGTATTGCTG -3' 529 551

-a tin-fw 5'-GTAGGTGATGAAGCCCAGAGCA-3'
-a tin-rv 5'-CTGGGTCATCTTCTCCCTGT-3'

1

1.1 DNA
863

80 
RNA 25~100 d

20~100  g/L Methyltestosterone
MT

15 7

Bouin S
DNA

1.2 
Bouin s

HE Olympus

DNA

PCR 14

1.3  
Dmrt1

1 Dmrt1-fw1 Dmrt1-rv1
Dmrt11

RNA 2 g
Dmrt1 Dmrt1-fw2 

Dmrt1-rv2
Dmrt1 DNA 3 5 

Dmrt1-fw3 Dmrt1-rv3
DNA
Dmrt1 352 bp -a tin

204 bp
Invitrogen

1.4 RNA cDNA
0.1 g

Trizol Invitrogen
RNA DNA M-MLV  Promega

RACE-Ready- DNA BD SmartTM RACE 
DNA  Clonte h

3 Ra e ready- DNA RNA 3 L 3 -CDS 
1 L ddH2O 1 L 5 L 5 Ra e ready-

DNA RNA 3 L 5 -CDS 1 L BD SMART 
II ™ A Oligonu leotide ddH2O 1 L 5 L

PCR 70 2 min
2 min 5  First -strand buffer 2 L DTT 
1 L 20 mmol/L dNTP mix 1 L 10 mmol/L

Powers ript reverse trans riptase 1 L PCR 42 
1.5 h Tri ine-EDTA buffer

100 L PCR 72 7 min 20 

1.5 SMART-RACE RT-PCR
SMART-RACE-PCR SmartTM RACE 

DNA Clonte h
3 5 Ra e ready- DNA

Dmrt1-fw2 Dmrt1-rv2
PCR 3 5 RACE RACE-
PCR 94  5 min 94  30 s 72  3 min

5 94  30 s 70  30 s 72  3 min
5 94  30 s 68  30 s 72  3 min 27

RT-PCR 94 30 s 59 30 s
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4  579Dmrt1 DNA

72 60 s 35 72 10 min  
1.6 RACE

 
Dmrt1-fw1 Dmrt1-rv1

50 L 3'-RACE 5'-RACE 1%
QIAEX Gel 

Extra tion Kit QIAGEN
3 1

pMD18-T Takara
5 L E.coli DH5

EcoR I Hind 
Invitrogen

1.7 
NCBI BLAST

DNAMAN version 5.1
Dmrt1  DNA

DNAstar MEGA 3.1
Neighbor-joining NJ

2 

2.1 Dmrt1 cDNA

Dmrt1
Dmrt1-fw1 Dmrt1-rv1 443 bp
BLAST Dmrt1

Dmrt1-fw2 Dmrt1-rv2
3'-RACE 5'-RACE
Dnaman

1 149 bp DNA 1  45 bp
5 -UTR 327 bp 3 UTR
258 DM DM domain

DNAstar
Dmrt1 DM

79%~88.9% 2
Acanthopagrus schlegelii AAP84972

Epinephelus coioides ABK15558
Halichoeres tenuispinis AAO18650
Odontesthes bonariensis AAP84606

Takifugu rubripes BAE16952 55.4%
Pseudolabrus japonicus AAY64468

Oryzias latipes AAL02165
Clarias gariepinus AAQ04554 DMY DM 

domain gene on Y- hromosome BAB92012
Oncorhynchus mykiss AAG17544

Danio rerio AAQ04555
58.1% 58.1% 57% 56.6% 55.4% 53.1% 48.1%
46.9% 46.1% 45.3% 41.9% Mus 
musculus NP 056641 Homo sapiens NP 
068770.2 32.6% 33.7%

Oreochromis aureus DMO DM-region gene 
in ovary AAR34460 25.6%

MEGA3.1 Neighbor-joining
1 000

3
2.2 Dmrt1

Dmrt1 DNA
Dmrt1-fw3 Dmrt1-rv3

Dmrt1
Dmrt1

Dmrt1 4
2.3 Dmrt1

7 RT-PCR
Dmrt1  mRNA

24 MT 5
6

Dmrt1 MT
MT

3

Dmrt1 1 9 16

Dmrt1 Dmrt1
DM DM

79%~88.9%

aaaaaaaaaaa
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\

 1 Dmrt1  DNA EU070761 ABW87296
Poly A ATG * 5 - 3 -UTR.

Fig. 1 DNA nu leotide EU070761  and predi ted amino-a id sequen es ABW87296  of Cynoglossus semilaevis Dmrt1

The polyA signal is shaded in gray the initiation odon ATG is underlined the termination odon is indi ated by an asterisk the lower ases indi ate 5

and 3 UTR.
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4  581Dmrt1 DNA

 2 Dmrt1 ABW87296 Dmrt

DM DM domain . . GenBank AAQ04555

AAP84972 AAQ04554 AAL02165 ABK15558 AAG17544 NP 056641  NP 

068770.2

Fig. 2 Alignment of amino a id Cynoglossus semilaevis Dmrt1  ABW87296  with other vertebrate
The DM domain are shown in gray. Gaps are shown by dashes. The GenBank a ession numbers of the sequen es used are Danio 

rerio AAQ04555 Acanthopagrus schlegelii AAP84972 Clarias gariepinus AAQ04554 Oryzias latipes AAL02165 Epinephelus 

coioides ABK15558 Oncorhynchus mykiss AAG17544 Mus musculus NP 056641  and Homo sapiens NP 068770.2
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 3 NJ Dmrt1 Dmrt1

bootstraps 1 000 .

Fig. 3 Phylogeneti  tree of Cynoglossus semilaevis and other spe ies Dmrt1 amino a id sequen e based on NJ method

Note Distan es are used to onstru t the phylogeneti  tree and bootstrap values based on 1 000 re-sampling repli ates.

 4  a b Dmrt1

M DL2 000 DNA marker G L K S B

H Mu HK Gi Sk I E .

Fig. 4  RT-PCR analysis of Dmrt1  expression from various 

tissues of two year old female a  and male b  

Cynoglossus semilaevis
M DL2 000 DNA marker G gonad L liver K kidney S spleen

B brain H heart Mu mus le HK head kidney Gi gill Sk skin I

intestine E eye.

 5 Dmrt1

1 2 3 4

5~8 .

Fig. 5  RT-PCR analysis  of Dmrt1  expression in the 

gonads of sex-reversed Cynoglossus semilaevis by 

Methyltestosterone exposure

1 Female of ontrol 2 Female of Methyltestosterone exposure 3

Male of ontrol 4 Male of Methyltestosterone exposure 5 8 Male 

of sex reverse by Methyltestosterone.

 6 Dmrt1

1 2 3 4

5~8 .

Fig. 6  RT-PCR analysis of Dmrt1  expression in the gonads 

of sex-reversed Cynoglossus semilaevis treatment by 

temperature

1 Female of ontrol 2 Female of high temperature treatment 3

Male of ontrol 4 Male of high temperature treatment 5 8 Male of 

sex reverse by high temperature treatment.

Dmrt1

Dmrt1

Dmrt1
2

Dmrt1 1

Dmrt1
Dmrt1 17

18  Dmrt1
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Dmrt1 19

Dmrt1
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5 20 Dmrt1
Dmrt1

XX Dmrt1 Sertoli ell
21 Dmrt1
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2 MT
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Molecular cloning characterization and RT-PCR expression analysis of Dmrt1
from half-smooth tongue-sole Cynoglossus semilaevis

DENG Si-ping 1 2 CHEN Song-lin1

1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resour es Ministry of Agri ulture Yellow Sea Fisheries 
Resear h Institute Chinese A ademy of Fishery S ien e Qingdao 266071 China 2. Fisheries College Guangdong O ean 
University Zhanjiang 524025 China

Abstract Many genes are known to be involved in gonadal differentiation in vertebrates. Doublesex and mab-3-
related trans ription fa tor 1 Dmrt1 a gene that en odes a trans ription fa tor with a DM-domain is onsidered 
to be one of the essential genes ontrolling testi ular differentiation in mammals birds reptiles amphibians 
and fish. Dmrt1 has been suggested to be the first onserved gene involved in sex differentiation found from 
invertebrates to human. Half-smooth tongue-sole Cynoglossus semilaevis  is a newly exploited and ommer ially 
important ultured marine flatfish. Females grow 2 3 times faster than males. To larify the me hanism of sex 
reversal and gain all-female tongue sole sto k would be signifi antly benefi ial for aqua ulture. The full-length 
DNA of the half-smooth tongue-sole Dmrt1  was isolated from testis of tongue sole by using homologous 
loning method whi h was 1 149 bp in length in luding 45 bp of 5  terminal UTR 777 bp en oding region 

and 327 bp of 3  terminal UTR. The putative Dmrt1  amino a id of tongue sole shared 41.9% 58.1% sequen e 
identity with other fish Dmrt1. However there was only 32.6% and 33.7% sequen e identify with that of mouse 
and human. The RT-PCR analysis reveals that Dmrt1  mRNA was only expressed in the testis but not in ovary
brain liver spleen kidney mus le skin heart head kidney gill intestine and eyes. However it also 
expressed in the testis of sex-reversed male treatment by Methyltestosterone or high temperature. These results 
suggested that Dmrt1  may be involved in the male sex determination of tongue sole. Journal of Fishery S ien es 
of China 2008 15 4 577 584
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