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cDNA  

1.3  AMH  
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,  

, AMH
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RNA , RT-PCR AMH , 

40 
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CLUSTAL W
[14]

AMH
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[15]
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, Bootstrap 1 000
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表 1  相关引物及其碱基序列 

Tab. 1  Primers and sequences used in the study 

 

primer 

 

sequence 

/℃Tm 

annealing temperature 

 

purpose 

CseF783-F 5′-TGATGACACAGGATACGTCTGC-3′ 
57 

  

sex certification CseF783-R 5′-CTGTGGCACTTAGTGGGATGT-3′ 

AMH-L-F1 5′-AGTATGCTGCTGGTGGACG-3′ 
56 

ORF   

ORF frame amplification AMH-L-R1 5′-TCAGCGACATCCACACTCTT-3′ 

AMH-RT-F1 5′-ATGTGGCTGTAGAAGAAGAC-3′ 
60 Real-time PCR 

AMH-RT-R1 5′-CTGTTAGCAGGATGTATCG-3′ 

β-actin-F 5′-GCTGTGCTGTCCCTGTA-3′ 
60 

β-actin  

-actin primer β-actin-R 5′-GAGTAGCC-ACGCTCTGTC-3′ 
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表 2  用于构建系统树的氨基酸序列 GenBank 序列号 

Tab. 2  GenBank accession numbers of amino acid used for the phylogenetic tree construction 

 

classification 

 

species 

GenBank  

GenBank no. 

Pisces   

Pleuronectiformes  Paralichthys olivaceus BAD37138.1 

Perciformes  Lateolabrax japonicas AEZ68609.1 

 Dicentrarchus labrax CAJ78431.1 

  Acanthopagrus schlegelii ADB22521.1 

  Oreochromis aureus ABW98500.1 

 Oreochromis niloticus ABS58513.1 

Atheriniformes Odontesthes bonariensis AAV31752.2 

 Beloniformes 鱂 Oryzias latipes BAF34132.1 

鱂 Cyprinodontiformes 鱂 Kryptolebias marmoratus ACL00867.1 

 Salmoniformes Salmo salar AAU85130.1 

Clupeiformes Oncorhynchus kisutch ADV40928.1 

 Anguilliformes  Anguilla japonica BAB93107.1 

 Cypriniformes Squalius pyrenaicus ABX55992.1 

 Danio rerio AAT77729.2 

 Squalius alburnoides ABX55993.1 

Aves   

Anseriformes Anas platyrhynchos AAY16522.1 

Galliformes Gallus gallus CAA61536.1 

Mammalia   

Diprotodontia Macropus eugenii AAR06911.1 

 Rodentia Rattus norvegicus EDL89230.1 

 Mus musculus AAI50478.1 

Artiodactyla Bos Taurus AAA98765.1 

 Sus scrofa AAC25968.1 

Perissodactyla Equus caballus AEA11205.1 

Primates Homo sapiens AAC25614.1 

 

1.5  PCR(Real-time Quantitative PCR)  

AMH cDNA
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7500 Real-time PCR (Applied Biosystems, USA), 
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5 s, 60℃ 34 s; 95℃ 

15 s, 60℃ 1 min, 95℃ 15 s PCR Real 
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cDNA , 1 563 bp, 
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http://www.ncbi.nlm.nih.gov/protein/374722908?report=genbank&log$=prottop&blast_rank=3&RID=MYS1ND4701N
http://zh.wikipedia.org/wiki/%E9%A2%8C%E9%92%88%E9%B1%BC%E7%9B%AE
http://zh.wikipedia.org/wiki/%E9%AE%AD%E5%BD%A2%E7%9B%AE
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Fig. 1  Alignment of amino acid Cynoglossus semilaevis AMH with other vertebrate fishes 

The AMH-N domain(in the black border) and the TGF-β domain(in the red border) that characterized this family were labeled. 

The nine positions with conserved cysteines were marked by arrows. 
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2  NJ AMH AMH  

Bootstraps 1 000 . 

Fig. 2  Phylogenetic tree of Cynoglossus semilaevis AMH and other species AMH based on the Neighbor-joining method 

Bootstrap values were based on 1 000 re-sampling replicates. 
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 3  AMH  

M: ; SP: ; BR: ; I: ; K: ; BL: ; SK: ; G: ; HE: ; HY: ; L: ; FG: ;  

MG: ; NMG: . 

Fig. 3  Expressions of AMH gene in different Cynoglossus semilaevis tissues 

M: muscle; SP: spleen; BR: brain; I: intestine; K: kidney; BL: blood; SK: skin; G: gill; HE: heart; HY: hypophysis; L: liver;  

FG: female gonad; MG: male gonad; NMG: neo-male gonad. 
 

 
 

 4  AMH  

Fig. 4  Expressions of AMH gene in Cynoglossus semilaevis gonads during different post-embryonic stages 
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5  AMH  

F1 F2: ; M1 M2: ; NM1 NM2: ; ON-F1 ON-F2:  

; ON-M1 ON-M2: ; ON-NM: . 

Fig. 5  Expressions of AMH gene in different Cynoglossus semilaevis gonads from normals’ and neo-males’ offspring 

F1, F2: female of normals’ offspring; M1, M2: male of normals’ offspring; NM1, NM2: neo-male of normals’ offspring; ON-F1, 

ON-F2: female of neo-males’ offspring; ON-M1, ON-M2: male of neo-males’ offspring; ON-NM: neo-male of neo-males’ offspring. 
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Cloning and expression of anti-Müllerian hormone gene in half- 

smooth tongue-sole, Cynoglossus semilaevis  

LIU Shanshan
1,2

, SUN Bing
1,3

, LIANG Zhuo
1,2

, ZHANG Jing
1,2

, CHEN Songlin
1
 

1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources Certificated by the Ministry of Agriculture,   

Yellow Sea Fisheries Research Institute, Qingdao 266071, China;  

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306 , China;  

3. Key Laboratory of Hydrobiology in Liaoning Province, Dalian Ocean University, Dalian 116023, China 

Abstract: Anti-Müllerian hormone (AMH), also known as Müllerian inhibiting substance (MIS), is a glycoprotein 

belonging to the transforming growth factor β superfamily, which plays a major role during reproductive devel-

opment in vertebrates. We isolated and characterized AMH cDNA in the half-smooth tongue-sole, Cynoglossus 

semilaevis. The open reading frame (ORF) of this gene spans a region of 1 563 bp and codes 520 amino acids. 

Sequence alignment analysis revealed that the AMH of half-smooth tongue-sole and pleuronectiformes shared 

61.7% homology. We evaluated the pattern of AMH mRNA expression in 14 tissues of the half-smooth ton-

gue-sole. Expression level was highest in male and neo-male gonads, followed by the blood, skin, and brain. AMH 

expression was low prior to 70 dph (days post hatching) but was highest in the testis 70 dph. In the ovary, AMH 

expression increased then decreased, suggesting it plays a role during reproductive development. Furthermore, in 

contrast with normal offspring, the gonad of male and neo-male non-normal offspring exhibited an increased in ex-

pression, but there was no change in females. This suggests that the AMH gene is required for sex reversal. 

Key words: Cynoglossus semilaevis; anti-Müllerian hormone (AMH); clone; expression; real time quantitative PCR 
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