5 ikE REPOATS

URSREE WA E MR ZEE 2 4> Dmrt ZE DM 1053 47
Am#E, HEE, ko', BAE, 0xs, £ 7 AFE

(1. , , , 266071,
2. , 2013006)

WE: AR R B N (Patinopecten yessoensis)h 5| 4 & A= 1 B AT ik 69 o F A, 18 & 5+31 4,
VAW o LA B 28 DNA ) SR bbbt &3 At e T 3F & N Dmrt AL B 49 DM 5 #3K, Mebe, bt ol
MR 3 A A 3K AT 2 Aﬂﬁmﬁ] DM 36 5%, B3l KEHH 141bp, 5 A& % A PyDmrt3 =
PyDmrtd. PyDmrt3 £ 3 AP MR KA b ¥4 o, Mgl i &R PyDmrtd, SR AW, AFRHN
TEVEA T, Dmrt KB R G MR THRAH TR, #Hik pyDmre3 &) DM 4 #3834 F i fe B AR E 70
23 HORRMMEIR, MERGRRT, 5HARIKRI Y DM LM, ZEAR RaE# EBRS
FBART, sk, AT 4 fiﬂii?’i:\"i%éﬁﬂfﬁiﬁmw, XA EL 3 69 M T AT MR AR ) AR
8 — A4 5, PyDmrtd ¥T 865 5 45 bk 5 69 7 AR,

XA ¥F & B W (Patinopecten yessoensis); " 5|; DM %M 3%; Dmrt KB ; tif 4%
HFESES: Q751 XEAFRIRAD: A X EHE: 1000-3096(2015)03-0019-07
doi: 10.11759/hykx20140125001

(Patinopecten(Mizuhopecten) yessoensis DNA , ,
(Jay)), (Lamellibranchia) (2-4] (5] ,
(Pterioida) (Pectinidae), Dmrt
s 2~5 ,
5 ) Dmrt
’ , DM
t 3 (2011~2013 )
’ 681 Dmrtl
’ s Dmrtl
AFLP , ’
DNA ’ ’
Xia
Dmrt
Dmrt R
DNA ,
Dmrt DM : 1,
Dmrt
Dmrt(Doublesex and Mab-3 related transcription
factor) Dsx :2014-05-28; :2014-10-05
Mab-3 ) (20603022012003); (2013CXC80202)
DNA : (1974-),
, E-mail: zhoulq@ysfn ac.cn;
—DM > s s : 0532-85811982, E-mail: yangag@ysfri.ac.cn

Marine Sciences / Vol. 39, No. 3 /2015 19



e IRkE REPOATS

[11]
b 2 HREM
[12] Cf-dmrt4- b 4x
like , 21 FEER
3 DNA
. 141bp ,
1 FEAF (1
11 SREAH
2011 3 ~5 2012 1~5
) 2000 bp
1000 by
; 2~3 750 bp.
, , 500 bp
250 bp
’ 100 bp
) 30
7.5~9.5cm
g : 1 (F) (M) (H)3
1.2 DNA IR, PCR ¥ 3 DM L% DM PCR
( )Sambrook(1989) Fig.1 The PCR amplification result of DM domain in three
sex types of Patinopecten yessoensis
) DNA
DNA PCR DN 2.2 Dmrt 4B DM #5413,
(61, : D5: 5-TGCG(AGC) 3 60
(AC)G(AG)TGC(AC)G(AG)AA(CT)CACGG-3'; Dé6:
5'-C(GT)(GC)AG(GC)GC(GC)ACCTG(GC)AGCT)GG ; 42 ) ;
CCAT-3, (H)44 (M)53 139 139  Dmrt
25uL; , DM UPGMA , 2
50uL 95°C 5min, 94°C 30s, ; 3 ,
58C 30s, 72°C 1min, 35 ,72°C DM 3
10min PCR 1.2% )
PCR TA , blastn , GenBank
PCR Dmrt Sequence ID 4
. ABS88697.1(Crassostrea gigasl) EKC22641.1
(Crassostrea gigas2) ADKS55063.1(Azumapecten farreri)
1.3 DM K38 5-#1 A 3]
XP_005096932.1(Aplysia californica)
Pinctada matensii(Dunker)
www.ncbi.nlm.nih.gov , blastn , 3 Dmrt DM (pmDmrt2
Dmrt DM pmDmrt3  pmDmrt4) DM
DNA , , 3
Clustal X (2
, MEGA 5.2 UPGMA , M-F09 M-Cl11
UPGMA DM DNA Crassostrea gigasl Azumapecten farrveri pmDmrt4
, R PyDmrt4; .
(F) ; (H) (M)
20 /201s /39 / 3



e IRkE REPOATS

) pmDmrt3 , 23 5 ,
PyDmrt3( 3), DM
, PyDmrt3  PyDmrt4 pmDmrt3  pmDmrt4
, ; , DNA 4,
; ( 1 , PyDmrt3 pmDmrt3 , PyDmrt4
2) , DM 47 pmDmrt4
necies/abbry | bebebelofbed | bl bbelobel 11 bl LD bl [0 Dbl o L1 b LT bl ]
il ijDmHE CoBCENHG SC ECHEE'CREWEDCQCPNC ERQER ] I
7. ‘rmd)mrﬂi C.ACRNHG = ECHER'CRWRDC UV CLECT ERQT ] I
1. M-Cl1 RACRENHG 2 ECHEBRYCRWRDC U CLECT EROQER ] I
4. M-F09 RICENHG '8 (KGHERYCRWRDCUCIKCT ELQE Q i1
5. Azumapecien farveri|lc ICDNHC U U8 HCHERYCDWRLCUCOKCT EDQD Q ]
&. Crassospreagigas 1 | pcowEc 72 0  ECHEDYCOWRLCVCAECT EDQR Q I
1. Aplysia californica |c- 3cRN¥HG W HCHHEBHCQYEDCTCPKCN ERQR Q K
g. Crassostrea gigas 2 |c - BCRNHG) " SW KGCHEBHCE KDCHNGCOKGS ERQE n E
9. pmDmrd CoBCRENHG! VSW KGHERHCEEDCTCPECHN ERQR Q ]
10.F-C04 RICENHG SW_.EGCHERHCE'EDC . CQECH ERQE ] I
11. F-EQ01 RICENHG SW ECHERHCEVYEDC CQECHN ERQR ] I
1z F-Go0l RAICENHG SW KCHERHCE'EDC . COEKCH EROE ] I
12.H-D01 LICONHCHUSWLECHENHCEFEDCACQRCN EDHD ] I
14 . H-D03 ELCRNHGHVSWI KGHKRHCREFKDYTLCQRCN ERQE ] R
15. H-HO1 RALCRNHGT /SUW KGHERHCE KDCLCQRCN ERQE ] L
16 . M-2-1 LRICENHG SW EKGCHERHCE'EDCLCQECH ERQER ] I
17 .M - AD2 RICENHG SW EKECHERHCEFEDRLCQECH TERQE ] I
15. M- 03 RICENHG GSW EGHERHCE 'KDC . CQKCN ERQE Q B
IS.M-CU“ RICRENHG SW . ECHERHCE EDCICQECH ERQC 0 I
20.M-C12 DICDNHCY SW HECHRDHCE EDC/.CQECN EDQD Q ]
2 13 Dmrt DM

Fig.2 Amino acid sequence alignment of DM domain in Dmrt gene between Patinopecten yessoensis and related species

3 )ﬁ- % , dmrt4
[16, 17] e
3.1 ﬁi/%)rl 2/|\Dmrt£§[’§]‘]‘ﬁlé‘,ﬂﬁ1ﬁﬁ€ (X) (A)
PCR | , X A
3 DNA ,
, 2  Dmrt DM X:A=1 , sxl (sexual lethal)
pyDmrt3  pyDmrt4 pyDmrta , tra(transformer)
, pyDmrt4 ,
dsx(doublesex) , dsx
[12] , ’
Cf-dmrt4-like mRNA X: A<0.5 , sx/
, , 5 5 tra
20, , dsx
Dmrtd ) )
, Dmrtd , dsx ,
fili W dmrtd ,
DMI [14-15, 4] [18]
Marine Sciences / Vol. 39, No. 3 /2015 21



e IRkE REPOATS

F-C04
91 F-Go1
F-E01

2 M-2-1
2 H-HO1
H-DO1
2 H-D03
M-C03
26 M-C04
M-C12
87 L M-AO2

87

Crassostre agigas 2

78 E— Aplysia californica
oL pmDmrt3

pmDmrt2
88| M-cll
M-F09

97| ——— pmDmrtd

Azumapecten farren

0
82! Crassostre agigas 1

0.15 0.10 0.05 0.00

3 13 Dmrt DM UPGMA

Fig.3 The UPGMA clustering figure of amino acid sequence of DM domain in Dmrt gene between Patinopecten yessoensis
and related species

F1 MRER PyDmr3 BERSREBREFR AN LB FHERIER

Tab.1 The DNA and amino acid variation in PyDmrt3 sequences of three sex types of Patinopecten yessoensis

42 5
43 11 9
44 5

'_ SPecies
PVOMAY b oEo-GRGRTECADEANCEACGOCATGETOICCTCECITAAGOOTCATAAACETCACTITARAT TCAAGEA 72
PUmA) T et oA TECECE L ACCATECAATCETATEAT CECITARACCACATAALACAEATTETAAATTCALAGL 72
Peimrd T oCo- AAGKTRCAGAAATCACEGAGTGRTATCCSCACTICALGEOTCACAAGCRCIALTETCOATCRARARL 72
pulmitd  |-TCCCCCACETECACEAACCACCCOETCCTETOAGCLC ICAMCCOOCACAARACCIALTCTACATCCACADR 72

% Speches —H‘H UJ_ & o f b |ulef |ef+ * + H |[: hlthltl: H.”'H_hhl_hlll iH | Hol

WOmAY | cTcCoCATCTCACAAATCTAACTICLTTGCCCAACCTCAMCCGTATAATCCCACCCCACETECECETCACA 141
PmDmrl  |cTcCACATCTCCARARTCCAATCIGLTCGCAEACAGACACCCOGTGATCECCGCCCACETCCICETOCEA 141
PV | croreToTGCGECAAATECACECTIGLT TGEAGAARGACARCGEGTGATCGC TGCOCAGETEGEGETEARA 14]
PUMI |y oy 17 67 GO AAAATETACTC I TATAGCAGAAACACACAGEET CATE BE LG CE CAALTEGEEETEE 6A 4]

pmDmrt3
pyDmrit3
| pmDmrt4
|
79 pyDmrt4
0.15 0.10 0.05 0.00
4  PyDmrt3 PyDmrtd  pmDmrt3  pmDmrtd DNA UPGMA

Fig.4 Alignment and UPGMA clustering figure of DNA sequences of DM domain of PyDmrt3, PyDmrt4, pmDmrt3 and pmDmrt4.

22 /2015 / 39 / 3



e IRkE REPOATS

(3]

pyDmrtd  Cf-dmrtd-likeDM

pvDmrt3  pyDmrt4

) 6 )
> Dmrt DM ,
dmrt , S S
pyDmrt3  PyDmrt4
(9] , Dmrt DM 5 : LRRCRNHG
, SW(A)LKGH RH(Y)CK  (R)F(W)K(R)D
Kondo [ Oryzias latipes ~ Dmrt2  Dmrtd  A(V)CQ(A)KCN(T)LI I(V)MAAQVALR, 38
, 47 80.9%,
pyDmrt3 ,
s s pyDmrt3 S
: : (231 CCHC HCCC
, , (26] C2/H2
, pyDmrt3 R , 75
(21] Dmrt3 H-D03 M-A02
. 24 ©) .
, Dmrt3 Dmrtl 3,
Dmrtl 9
Dmrtl
, Matsuda (221
fof Y (1] ; ; ,
dmy,  Dmrtl , fi [J]. ,
(231 2011, 41(11): 23-26.
Dmrtl [2] Hong C S, Park B Y, Saint-Jeannet J P. The function of
24 ) , Dmrt3 Dmrt genes in vertebrate development: It is not just
> > about sex[J]. Developmental Biology, 2007, 310(1):
(shift), Dmrt 1-9.
[3] Naimi A, Martinez A S, Specq M L, et al. Identification
> and expression of a factor of the DM family in the
i ( oyster Crassostrea gigas[J].Comparative Biochemistry
), pyDmrt3 R

2001:
32 SFERHN Dmrt 2 FH DM £H3RGK 5
F ik
blastn , Dmrt (6]
, Dmrt [7]

Dmrt DM

and Physiology(Part A), 2009, 152(2): 189-196.

[M]. : ;
92-93.
, . DMRT [J1.
, 2013, 345(11): 1660-1665.
s , , . 3 Dmrt
[J1. , 2005, 12(1): 5-9.
, , , . dmrtl
P450arom [J]. s

Marine Sciences / Vol. 39, No. 3 /2015 23



[11]

[12]

[15]

[16]

24

e IRkE REPOATS

2010, 34(1): 97-102.
, , . 7
1. ;

Dmrt
DM

2008, 12(2): 110-114.

Xia W, Zhou L, Yao B, et al. Differential and
spermatogenic cell-specific expression of Dmrt1 during
sex reversal in protogynous hermaphroditic groupers[J].
Molecular and Cellular Endocrinology, 2007, 263(1-2):
156-172.

H 5 >

, 2007, 31(4): 576-

580.

> ) > Dmrt5

[J1. , 2009,

844-850.

, B, , Cf-dmrt4-
like ]

, 2010, 17(5): 930-939.

R , , (Pinctada

matensii)3 DM [J1.

, 2007, 15(5): 905-906.
Yamaguchi A, Lee K H, Fujimoto H, et al. Expression
of the DMRT gene and its roles in early gonadal
development of the Japanese pufferfish Takifugu
rubripes[J].
(Part D), 2006, 1(1): 59-68.
Winkler C,

Comparative Biochemistry Physiology

Hornung U, Kondo M, et al

Developmentally regulated and non-sex-specific
expression of autosomal dmrt genes in embryos of the
Medaka fish (Oryzias latipes)[J]. of
Development, 2004, 121(7-8): 997-1005.

Cao J L, Cao Z M, Wu T T. Generation of antibodies

against DMRT1 and DMRT4 of Oreochromis aurea and

Mechanisms

analysis of their expression profile in Oreochromis

/2015

/

aurea tissues[J]. Journal of Genetics and Genomics,
2007, 34(6): 497-509.
[17] Guan G J, Kobayashi T, Nagahama Y. Sexually
dimorphic expression of two types of DM(Doublesex/
Mab-3)-domain gens in a teleost fish, the tilapia
(oreochromis niloticus)[J]. Biochemical and
Biophysical Research Communications, 2000, 272(3):
662-666.
[18] ,
,2001: 217-219.
[19] )

PCR-SSCP

(M].
Sox Dmrt
[J]. , 2007, 26(2): 319-322.
[20] Kondo M, Froschauer A, Kitano A, et al. Molecular
cloning and characterization of DMRT genes from the

medaka Oryzias latipes and the platyfish Xiphophorus
maculatus[J]. Gene, 2002, 295(2): 213-222.

[21] s s , Dmrt 4
(. , 2004, 31(5):

468-473.
[22] Matsuda M, Nagahama Y, Shinomiya A, et al. DMY is a

Y-specific DM-domain gene required for male devel-

opment in the medaka fish[J]. Nature, 2002, 417: 559-

563.
(23] ,
[J1. ,2007,29(1): 81-86.
[24] , , . Dmrt3
] (
), 2012, 39(5): 564-570.

[25] > 5 . 3 Dmrt
DM [J1. , 2008, 30(11):
1448-1452.

[26] > ) > - 5  Dmrt

[J]. , 2005, 14(5):
343-347.
39 /3



e IRkE REPOATS

Sequence analysis of DM domain in two Dmrt genes of three
sex types of Patinopecten yessoensis

ZHOU Li-qing’, YANG Ai-guo’, WANG Qing-yin', ZHENG Li-bing?, LIU Zhi-hong’,
HOU Ya?, ZHENG Yan-xin®

(1 Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea
Fisheries Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2 College of Fisheries and
Life , Shanghai Ocean University, Shanghai 201306, China)

Received: May, 28, 2014
Key words: Patinopecten yessoensis; sex; DM domain; Dmrt gene; sex reversal

Abstract: In order to study the molecular mechanism of sex determination and the causes of formation of her-
maphrodite scallops in cultured Patinopecten yessoensis populations, we used degenerate PCR to amplify the Dmrt
gene conserved DM domain from three sex types of genomic DNA. The PCR products have a length of 141 bp, and
after DNA cloning and sequencing analysis, 2 different DM domain sequences were identified and named as
pyDmrt3 and pyDmrt4. pyDmrt3 existed in three sex types, while pyDmrt4 was only cloned from male scallops ge-
nomic DNA. Differences presented in Dmrt gene sequences of different sex types. Comparing to other mollusks, the
DM domain is evolutionarily conserved, while the highest variation frequency of the DNA and amino acid se-
quences was in male pyDmrt3, secondly in hermaphrodite pyDmrt3, but relatively high degree of sequence homol-
ogy in female DM domain. It is inferred that part of males might come from hermaphrodite sex reversal, and the
higher degree variation frequency may be one feature of hermaphrodite scallops. PyDmrt4 participates in the male

sex determination possibly.
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