46 3 Vol.46, No.3
2015 5 OCEANOLOGIA ET LIMNOLOGIA SINICA May, 2015
(Crassostrea gigas) Dmrt
*
1,2 1,2 1 1 3
(1. 266071; 2. 100049;

3. Haskin Shellfish Research Laboratory, Institute of Marine and Coastal Sciences, Rutgers University, Port Norris, New Jersey USA 08349)

27 5 )
PCR Dmrt 2 (CgDsx  CgDmrtA2)
s CgDsx )
, , D ,
, CgDsx s
CgDmrtA2 , D
; Dmrt ; ; ;
Q78 doi: 10.11693/hyhz20140900249

Dmrt (Doublesex and mab-3 related transcription
factor) s

DM

(Drosophila melanogaster) Doublesex
(Burtis et al, 1989), ,
(Guan et al, 2000; Marchand et al, 2000; Kondo et
al, 2002; Nanda et al, 2002; Koopman et al, 2003;
Ohmuro-Matsuyama et a/, 2003) (Raymond et al,
1999; Smith et al, 1999; Ren et al, 2001)
(Raymond et al, 1999; Smith et al, 1999; Kettlewell et
al, 2000) (Raymond et al, 1998; Raymond et

al, 1999; Smith et al, 1999; De Grandi et al, 2000;
Moniot et al, 2000; Kim et al, 2003)

>

(Crassostrea gigas)
3 DM )

* (973 )
hotmail.com

:2014-09-13, :2014-11-18

,2010CB126401

Cg-DM1(CGI_10015952), CgDsx(CGI_10019568)
CgDmrtA2 (CGI_10001830) (Zhang et al, 2014)

CGI 10015952 Naimi  (2009)
Cg-DMI,
CGI 10019568 DM ,
Doublesex (Dsx) ,
CgDsx (Zhang et al, 2014) Dsx
Mab-3 Dmrtl
Dsx
(Burtis et al, 1989) Mab-3
Dmrtl
(Smith et al, 2009; Kopp, 2012)
CGI 10001830 Dmrt DM
, Dmrt (subfamily)
DmrtA  DMA , DmrtA2(Dmrt5)

, E-mail: zhangnazona@

s H

, E-mail: xguo@hsrl.rutgers.edu
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, CgDmrtA2 (Zhang et al, PCR Zhang
2014) DmrtA Dmrtal(Dmrt4), Dmrta?2 , CgDsx CgDmrtA
(Dmrt5), Dmrta3(Dmrt3) (Volffet al, 2003) , s
Dmrt4 (Balciunieneet al, 2006)
(Paralichthys olivaceus)  Dmrt4 ,
s Dmrt4
1
(Wen et al, 2009) fi 1.1
, (Winkler et al, 2013 5
2004) , Dmrt5 ) )
> > RNA
(Guoet al, >
2004) , Dmrt5 , )
) - , -80°C
(Yoshizawa et al, 2011) Dmrt5
, 1.2 RNA cDNA
(Parlier et al, 2013) , Dmrt5 100mg
Trizol Reagent (Invitrogen)
(Kim et al, 2003; Gennet et al, RAN RNA
2011; Konno et al, 2012; Saulnier et al, 2013) 1% RNA ,

,Dmrta3  Dmrt3 NanoDrop 2000 (Thermo Scientific)
(Li et al, 2008) cDNA PrimeScript® RT reagent Kit With
, Dmrt3 , , gDNA Eraser (TaKaRa) , R
, , 20pL Ing RNA R
(Smith et al, 2002) cDNA PCR
Cg-DMI1(CGI_10015952) 1.3
(Naimiet al, 2009) Zhang (2014) 1
CgDmrtA2 , Primer Premier 5.0 , (Sangon)
CgDsx Zhang 10pmol/mL
*1 ZWHESIVER. FIERFYKE
Tab.1 Primer name, sequence, and product length used in this study
(5'—3") (bp)
CgDsx-F CTCATCCCTGTTTCTCGGTTTC 197
CgDsx-R ATCCAAAAGGCTCCATCTGCT
CgDmrtA2-F GTAAAGCCCTCCGTCCCATC 163
CgDmrtA2-R TCACCAAATCTCCATTACAGCCT
EF2-F AGTCACCAAGGCTGCACAGAAAG
EF2-R TCCGACGTATTTCTTTGCGATGT 214
RS18-F GCCATCAAGGGTATCGGTAGAC 168
RS18-R CTGCCTGTTAAGGAACCAGTCAG
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1.4

CgDsx CgDmrtA2 http://
oysterdb.cn/ s NCBI
1.5 PCR

CgDsx CgDmrtA2

s Ribosomal protein
S18 (RS18), (Eukaryotic
translation elongation factor 2 (EF2))

DM

ABI7500 Fast
PCR , SYBR Green I

2xSYBR Green PCR Mix (TaKaRa) 10pL

10mmol/L F) 0.4uL
10mmol/L (R) 0.4uL
10 cDNA 2uL
20uL
1 95°C 30s, ; 95°C 5s, 60°C

30s, 40 3 , 3
ABI 7500 V2.0.2

Ct H-AACt
2
2.1 CgDsx  CgDmrtA2
2.1.1 CgDsx CgDsx
Zhang (2014)
( D 1 ,
CgDsx )
DM DM
(Kopp, 2012)
2.1.2 CgDmrtA2
CgDmrtA2  ORF  1173bp, 390 ,
2 DM
s DmrtA DMA
Dmrta2/Dmrt5 ,

DmrtA2 (Zhang et al, 2014) CgDmrtA2
Dmrta2(Dmrt5) 79% (e-value Se-31),
77% (e-value 2e-31),
36% (e-value 2e-46),

37% (e-value 3e-44) Dmrta2/
Dmrt5 , )
, CgDmrtA2 Dmrta?2
(Dmrt5)
2.2 CgDsx  CgDmrtA2
2.2.1 CgDsx  CgDmrtA2
27 ( 2) CgDsx D
, D
, D
4.15 CgDmrtA2
, D4 , s Ull1
s U30 ,
F2 HHSHARME
Tab.2 Details of larval stages
Egg 0: 00
TC 1: 17
BS 4:30
GS 7:35
T2 2 9: 35
T6 6 13: 35
D4 D 4 18: 35
D10+ D 10 1d 0: 30: 00
DI11 D 11 2d
D13 D 13 4d
Ul 1 5d
Us 2 9d
Ull 8 15d
uUls 12 19d
ul19 16 23d
U22 19 26d
U30 27 34d
P2 2 38d
F6h 6h
F12h 12h
F24h 24h
F2d 2d
F4d 4d
Fod 6d
F10d 10d
Fl6d 16d
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[0 T E L T S T T T T Y Y MSGNI 5
Dm-M ) NWNSDT. M. ...oiiiiiiieieiens SDSDMI. ..... NDVCG..... GASSSSG 27
Dm-F 4 VT P NWNSDT. M. .....ooviiinnnnnnnnn SDSDMI...... NDVCG. . ... GASSSSG 27
Ce EDPVSEICEAKAVDELAEQEKNYYCQRCLNHGELKPRKGHKPDCRYLKCPCRECTMVRQL. . . NNLLSKKKIHCTPATQT 77
Bm-M MG. ... SWKRRV.P. ... DDCEE..........covunn. RSEPGAS 21
Bm-F MG. .. oovii i SWKRRV.P. ... ..ot DDCEE.........covvvnnn RSEPGAS 21
| 2] T T e e Im I mm T T T MSEEEQTNGSL 11
Mm DD. vt TFGKPSTP. . TEVPHAPGAPPKGKAGGYSKAAGAMAGGSGAGGS. . GGASGSGPSGLGS 57
Hs DE.....ciiiiiiiinnnnn AFSKPSTP. . SEAPHAPGVPPQGRAGGFGKASGALVSGTSAGGSSRGGGSGSGASDLGA 59
CgDsx IIDSELSTRR IR FK®KAMTQLEMKK. . . . WK EKIARDSKIDPLFDTLCQPPVGP 80
Dm-M SSISPRTPPN®AR LTADRQRVMALQTALIW:A QAQDEQRALHMHE. . . . VPPANP 102
Dm-F SSISPRTPPN, FR LTADRQRVMAL QTALINNAQAQDEQRALHMHE. . . . VPPANP 102
Ce RDGKRVRDPH, FVTL®TLVEHRRNLMAAQIKLIN¥S QQKSRDGKEPKRN. S. . RRKSKD 154
Bm-M SSGVPRAPPNY YQ LTADRQRVMAKQTATINNAQAQDEARARALEL. G. IQPPGME 08
Bm-F SSGVPRAPPN, YQ LTADRQRVMAKQTATINYAQAQDEARARALEL. G. IQPPGME 08
Dr SIRKPSRMPK WR LIAERQRVMAAQVALIMQQAQEEEMGICSPI. . ... .. NL 83
Mm GSKKSPRLPK, WR LIAERQRVMAAQVALIQQAQEEELGISHPI. . .. ... PLP 129
Hs GSKKSPRLPK 24 LIAERQRVMAAQVALIRQQAQEEELGISHPI. ... ... PLP 131
DM %5 f2) 11
CgDsx CLVRYQPYKAMCNNPSSGSMVESCMVRYQPHRAPIKGQCY. . ... ....covvevnnnn.. SPPDTLVITLSLPSLHAAS 139
Dm-M AATTL. ..... SHHHHVA. . APAHVHAHHVHAHHAHGGHHSHHGHVLHHQQAAAAAAAAPSAPASHLGTAASSIHGHAHA 174
Dm-F AATTL. ..... SHHHHVA. . APAHVHAHHVHAHHAHGGHHSHHGHVLHHQQAAAAAAAAPSAPASHLGTAASSIHGHAHA 174
Ce MDMEM. . .... VVTATDG. . QK............ IIG. .o v v v TSASPSPSSTTDTMS. . .. SMSP. . PC 192
Bm-M e ...VVKAPRSP. .. . 113
Bm-F VVKAPRSP. . ............... 113
Dr GSDTL. ..... VKNEAVG. . ENVFTLS. .SGP. . .............. PSPASSSATASPTNLGSRSMSPAMSSRGHTDC 137
Mm SAAEL...... VKRENNA. . SNPCLMAENSSS. . .............. AQPPPA. STPTPAASEGRMVIPAVTSRGHMEN 184
Hs SAAER...... VKRENNG. . SNPCLMTECSGT. . ...........u.. SQPPPA. SVPTTAASEGRMVIPAVTSRGHVEN 186
CgDsx NSKTSSTSYKTEM. ... RRYSNI....... TKSIMPTSKTTMDTSPSIEVLKQNLLVSTNNVIQQVPITYWITQSTNTHH 208
Dm-M HHVHMAAAAAASVAQHQHQSHPHSHHHHHQNHHQHPHQQPATQTAPPHSDHGGSVGPATSSSGGGAPSSSNAAAATS. SN 253
Dm-F HHVHMAAAAAASVAQHQHQSHPHSHHHHHQNHHQHPHQQPATQTAPPHSDHGGSVGPATSSSGGGAPSSSNAAAATS SN 253
Ce SPSPLLAQYTLTLAAPIPIYPPIPMN..... QQLISLQQQQFLMS...... IQNMAPS. .. IGQQAPL.......... 248
=] T [ 1 e e MI....... PPSA. . PRSLGSASCDS ................ VP 132
8 = MIcsaaass PPSA. . PRSLGSASCDS. .. .....cvvvunn. VP 132
Dr ] ) MVDASYYNLTPYSSYYSNLY........ NYQQYQMPSGNGR. . . 174
Mm TED L s x s s nasanbmsndmnsREUn naks®ssnh VSDPAYYSSPSLFPYYNNLY........ NYPQYSMALSAES. SS 223
Hs TPDL. ottt e e VSDSTYYSSPSLFPYYNNLY. ....... NCPQYSMALAADS. AS 225
CgDsx AIQQ........ PRGSQAA.G. I........cvvvivuunnn. SHPCF............... SVSSSFHRAPACS. . .. 239
Dm-M GSSGGGGGGGGGSSGGGAGGGRTSVITSADHHMTTVPTPAQSLEGSCDSSSPSPSSTSGAAILPISVSVNRKNGANVPLV 333
Dm-F GSSGGGGGGGGGSSGGGAGGGRTSVITSADHHMTTVPTPAQSLEGSCDSSSPSPSSTSGAAILPISVSVNRKNGANVPLV 333
Ce ISA. .o, [ Ve 256
Bm-M GSP.......oiiii VOP. o e YAPPPSVPPPPTMPPL. . .... IPTPQPPVT 163
Bm-F GSP. .. VSP. oo YAPPPSVPPPPTMPPL. . . ... IPTPQPPVT 163
5 174
Mm GEVG....... NSL. .. .G...GSPVK. . it it it ettt e e NSLRSLPAPYVPA. 249
Hs GEVG....... NPL. ... G . GOPVK. et it ittt it NSLRGLPGPYVPG. 251
CgDsX  siiieii..n VQSMPWLCEPTYTTLKPVSHVGLSYS. . . ADGAFWMQQEQGSQ. . .. .. oo ovvvennnnennnn SREA 283
Dm-M FLDYCQKLLEKFRYP'ELMPLMYVILKDADANIEEASRRIEEARVEINRTVAQIYYTPM ALVNGAPMYLTYPSIEQGRY 412
Dm-F FLDYCQKLLEKFRYPWELMPLMYVILKDADANIEEASRRIEEGQYVVNEYSRQHNLDGG. ELRNTTRQCG. . ........ 402
Ce  eeiieiaann LNEFWSMYLKNYGLQA. . o vttt ittt et ettt ienenenesnenessansasnnnnens 272
Bm-M LVENCHRLLEKFHYSWEMMPLVLVIMNYARSDLDEASRKIYEGYWMMHQWRLQQYSGAL. ELSARKDVAALCCLRDTC. . 240
Bm-F LVENCHRLLEKFHYSWEMMPLVLVIMNYARSDLDEASRKIYEGKMIVDEYARKHNLDGL. ELRNSTRQKMLEINNISG. . 240
[ S B s esnsnnnsosnnnenns SSHNVSPQYRTHS. . SS. . YLSQGLGAACVQP. . ..... 203
Y TGNQWQMKTSE. . . - oo SRHPVSSQYRMHS. . GPPSYLGQSMSQIFTFEEG. . . . . 292
Hs  eeereeinnnn TGNQWQMKNME. . . . ... ... ........ NRHAMSSQYRMHS. . PPPSYLGQSVPQFFTFEDA. . . . . 594
CgDsx GAMY R TN, 4ttt ettt ettt ettt et et et e e e e ea e e e e enae e e ee e et 291
Dm-M GAHFTHLPLTQICPPTPEPLALSRSPSSPSGPSNQKPSRPGSSNGTVHSAASPTMVTTMATTSSTPTLSRRQRSRSATPT 492
15 T =P PP 402
08 st e e et e s e s e eise s mine s e e s e e i es s s e e e nssesiensenn s saesneaneeeseeeesnsens 272
Bm-M WRP RS RV P S S, o ottt ittt ettt ittt teeneseaseansennsennsennennnnnn 253
Bm-F VLS S SME LR CE. . . ittt ittt ettt et ettt et e s teenesnaeaanseeneanasaensennnnn 251
Dr  eeeeieeaan STCPEPKAAAAFSD. GAQDS. . V... S..MINAENKLECESS. SESGS. .. FSVDSIIEGATK. ...... 254
Mm e PSYSEAKAS. VFSPPSSQDSGLVSSSPMSNESSKGVLECESASSEPSS. . . YAVNQVLEEDEDE. . . ... 352
Hs = ceeeivenens PSYPEARAS. VFSPPSSQDSGLVSSSPISNKSTKAVLECEPA. SEPSS. . . FTVTPVIEEDE........ 351
CgDSX  cieiiiiiei i 291
Dm-M TPPPPPPAHSGAYHHGHHLVSSTAA 517
DM-F e 402
(0= 272
BmM-M e 253
BMm-F @ it it it iaees 251
DI seesiessccsionsescsnnsans 254
MM ettt 352
HS = sascessssscsssasinassamens 351
1 Doublesex
Fig.1 Alignment of Doublesex homolog amino acid sequences of C. gigas and other species
s =75%, =50% “...” Dm-M:
Doublesex ; Dm-F: Doublesex ; Ce: Mab-3 ; Bm-M: Doublesex ; Bm-F:
Doublesex ; Dr: Dmrtl ; Mm: Dmrtl ; Hs: Dmrtl

: Cgdsx-KJ489413, Dm-M-AAF54169.1, Dm-F-AAN13385.1, Ce-CAB16489.1, Bm-M-NP_001104815.1, Bm-F-NP_001036871.1, Dr-
AAQO04555.1, Mm- AAF12826.1, Hs-AAD40474.1
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Cg .................................................. MNPVTAMYPVTE[GT ARCIRNHG KGHKR[ICL4
Dr  MDLRPEIPPASQAGS........... QVHPGAAAAAAAAAS | PVS MAGS DLRAPPLMURATE[LYP ARCIRNHG
L1 S MAGNLLRGPPLIILRAS DISYP ARCRNHG
Mm  MELRSELPSVPGAAT. AAATATGPPVASVASVAAAAAAAAS LPVS VAGGLLRAPPLIILRAAE[NYP ARCIRNHG
Hs  MELRSELPSVPGAATAAAATATGPPVASVASVAAAAAAAASLPVSVAGGLLRGPPLILRAAE[SYP ARCRNHG ‘
DMEZ5H41%,
Cg P I MTQGP 94
Dr - PUSNESNSG. . . ..o ESNI QRFELEPKTP 170
Tr ENEVRELQLLYGTAEGLALAAANGI | PPRPNYEVE[SVSSESNS. ... ..o DSSVQKFETESKGQ 135
Mm ENEARELQLLYGTAEGLALAAANGI | PPRPAYEVEES VCATDGGGPGAGAPAGSAG. . . GAGGAEAKLQKEDLEPKTL 196
Hs [BENEARELQLLYGTAEGLALAAANGI | BRRPAYEVEES VCAADGGGPGAGAPAGTGGGAAGAGGS EAKLQKEDLEPKTL 200
Cg  [WGrGTvS[EPEDKDREKGTDS DS BDLDDNGYDDNEPA. TTVVETAPEPTNS REDTSTPDSGE. . .. oo EMDBARVKPSVPSTYPHSLL 174
Dr  [PG.. TVTEHQAAGMS VETD. TESVPGMISPDMRHG. §GSENGDREST vSS[§1 AKPLKDGE. . ... .......... ETPGS1 SPBI GSDSGS DTDKDEQEP 251
Tr {sG. . PTT[QQAAGS ASAE. SDSAPGMIYPDGRHGGS GS ENGDS [3S F1 NSEVS KPLKDGG. . . .. .. ... ..... ETPGSVSSI GS DS GSETDKDEQEP 217
Mm QAGRPDSQPPPG PLSPDGADS GPRTYSPEVRPG. SGS ENGDGHS FS GS[JLARAS KEAGGS CPGSAGAGGGGEEDS PGS SSPLGSESGS EADKEEAEA 295
Hs MoAGRPGS[ELSPPVEPLSPDGADS GRGTREPEVRPG. 5GSENGDGHS Fs GS[ILARAS KEAGGS CPGSAGPGGGGEEDS PGS ASPLGSESGSEADKEEGEA 299
Cg PENA..... FLPGRLS NLE] W= ARFERKS VIBATATHING SSQESMLSSPHI KSDLRPHP. . . . . . . .. YLQPFQYGSAMKSLNGI SR 260
Dr  S[Ess..... AAsRQMNAT D ITRVERNEKRS VIS GK NNSG. .. Q... AKGE. .. .. [ ETWT. . AERMLQSVQ. ... 321
Tr  sfss..... AAs RHMNAT Df Mr(viEEs BIkRs | YOG < NNSG. . . AQGSNKAGR. . . . . Do, EGMT. . AERMLQGAQQ. . . 292
Mm  AFTPGLGGGPGPRQRTPLD] TRV G RRGVIEIYIEeGG NHHRGGLAAGLGPAAPLEKAAV. . S AAVEDAWPGRVEAAAAGGAG. . . 390
Hs  AlAPGLGGGS GPRQRTPL D] rvEECERRGVIENINNINGG NHHRGGLAAGL GPAABPDKAAVGAAAAADDAWPS RVDAAAAAAAGGPG 309
DMAZ:#3,
Cg LSQNGPGSAFT|gFSSAG|gF NPS Al HS AF QS NFYTDY. [BRIFTYMAGS TRPDI ETPNNQITYP . APFPGF[§SGSEPLTPYRLDMSDVSS 355
Dr ..... PTMSSTY. . . . RAMUPGTMT. . . . . . NRSAFS PHQENAP HE GS DPS TYPIS THIGLNP . BHS RGLARMAPYS TTGUMPTLGERPE 403
Tr . PPPPPAASTART. .. RINLLPGAMT. . . . .. NRSAFS PHQIENT P HF GADPS TYPLGTHIGLNP 8. .. AHGRGLAGMTPYSTTGLMPTLGERPP 379
Mm  LPAPLQTGPTA[PH. HRIELLAGAMTPGAL GSHYs RYAFS PAQIEINAS HE GADAGAYPLGAPIGLS PARLAYS AAAAHS RGLARMAPYS TAGLVPTLGERPR 489
Hs  LPAPLQAGPAA[PH. HRIELLAGAMAPGAL GS[BYs REAFS PIQIINAS HEGADAGAYPLGAPHGLS PIRLAYSAAAAHS RGLAGMAPYS TAGLVPTLGERPE 498
Cg KLTEKG. . . . . . LTPEKGHEADMWBDAS RE RE RE 390
Dr IRDR. . . .. TLLHKDQS ¥ TNGL Y GPLVNNTQEK 439
Tr IRDR. . ... TMLHKEQGYS GGLYGPLVNNTTEK 415
Mm MRDRS AAAAAAVHKEP GYGGGLYGP MUNGTPEK 530
Hs MRDRS AAAAAAVHKEP TY GGGLYGP MVNGAPEK 539
2 Dmrta2/Dmrt5
Fig.2 Alignment of Dmrta2/Dmrt5 homolog amino acids sequences of C. gigas and other species
=75%, =50% “...” Cg: ; Dr: ; Tr: ; Mm:
; Hs:
: KC22641.1, Dr- NP_001007065.2, Tr- NP_001033039.1, Mm- AAN10254.1, Hs- AAI43801.1
2.2.2 CgDsx CgDmrtA2
(Zarkower, 2001, 2002) Dmrtl
S CgDsx (Bennett et al, 1993;
(P<0.01) , Crocker et al, 1988; Flejter et al, 1998; Guioli et al,
89 , 1998; Veitia et al, 1997, 1998), Dmrtl
CgDsx , CgDmrtA2 (Raymond et al, 2000)
DM ,
b b
, (Miller et
5 3 al, 2003)
3 3 DM
Dmrt , Cg-DM1 (CGI_10015952),
Dmrt CgDsx (CGI_10019568) CgDmrtA2 (CGI_10001830)
DNA -DM (Naimi et al, 2009; Zhang et al, 2014)
(Dmrt8 (Veith et al, 2006)) 11 4
s , 7 (Matson et al, 2012) Cg-DMI1(CGI _10015952)
, (Naimi et al, 2009) CgDsx (CGI_10019568)
C. elegans doublesex Mab-3
DM Mab-3 , Dmrtl CgDsx 3 ,
Doublesex (Shen (Zhang et al, 2014)
et al, 1988; Yi et al, 1999) , Dmrtl PCR R
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Fig.4 Expression profiles of CgDsx and CgDmrtA2 in different adult tissues

, (Cole, 1941;
, 89 Guo et al, 1998; Zhang et al, 2014)
, DM ,
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CgDsx doublesex CgDsx

>

Dmrtl (Zhang et al, 2014) CgDsx

b

CgDsx
Cg01830(CGI_10001830) Dmrt
DmrtA R
Cg01830  Dmrta2/Dmrt5 (Zhang et al,
2014) , Dmrt5
(Kim et al, 2003; Guo et al, 2004,

Gennetet al, 2011; Yoshizawa et al, 2011; Konno et al,
2012; Parlier et al, 2013; Saulnier et al, 2013)

> >

, U22 ,
U30 , )
CgDmrtA2 D U22

E

Balciuniene J, Bardwell V J, Zarkower D, 2006. Mice mutant in
the DM domain gene Dmrt4 are viable and fertile but have
polyovular follicles. Mol Cell Biol, 26(23): 8984—8991

Bennett C P, Docherty Z, Robb S A et al, 1993. Deletion 9p and
sex reversal. ] Med Genet, 30(6): 518—520

Burtis K C, Baker B S, 1989. Drosophila doublesex gene controls
somatic sexual differentiation by producing alternatively
spliced mRNAs encoding related sex-specific polypeptides.
Cell, 56(6): 997—1010

Cole H A, 1941. Sex-Ratio in Urosalpinx cinerea, the American
Oyster Drill. Nature, 147: 116—117

Crocker M, Coghill S B, Cortinho R, 1988. An unbalanced
autosomal translocation (7;9) associated with feminization.
Clin Genet, 34(1): 70—73

De Grandi A, Calvari V, Bertini V et al, 2000. The expression
pattern of a mouse doublesex-related gene is consistent with
a role in gonadal differentiation. Mech Dev, 90(2): 323—326

Flejter W L, Fergestad J, Gorski J ef al, 1998. A gene involved in
XY sex reversal is located on chromosome 9, distal to
marker D9S1779. Am J Hum Genet, 63(3): 794—802

Gennet N, Gale E, Nan X S ef al, 2011. Doublesex and
mab-3-related transcription factor 5 promotes midbrain
dopaminergic identity in pluripotent stem cells by enforcing
a ventral-medial progenitor fate. P Natl Acad Sci USA,
108(22): 9131—9136

Guan G J, Kobayashi T, Nagahama Y, 2000. Sexually dimorphic

expression of two types of DM (Doublesex/Mab-3)-domain
genes in a teleost fish, the Tilapia (Oreochromis niloticus).
Biochem Bioph Res Co, 272(3): 662—666

Guioli S, Schmitt K, Critcher R ef al, 1998. Molecular analysis of
9p deletions associated with XY sex reversal: Refining the
localization of a sex-determining gene to the tip of the
chromosome. Am J Hum Genet, 63(3): 905—908

Guo X M, Hedgecock D, Hershberger W K et al, 1998. Genetic
determinants of protandric sex in the Pacific oyster,
Crassostrea gigas Thunberg. Evolution, 52(2): 394—402

GuoY Q, Li Q, Gao Set al, 2004. Molecular cloning,
characterization, and expression in brain and gonad of
Dmrt5 of zebrafish. Biochem Bioph Res Co, 324(2):
569—575

Kettlewell J R, Raymond C S, Zarkower D, 2000. Temperature-
dependent expression of turtle Dmrtl prior to sexual
differentiation. Genesis, 26(3): 174—178

Kim S, Kettlewell J R, Anderson R C et al, 2003. Sexually
dimorphic expression of multiple doublesex-related genes in
the embryonic mouse gonad. Gene Expr Patterns, 3(1):
77—82

Kondo M, Froschauer A, Kitano A et al, 2002. Molecular cloning
and characterization of DMRT genes from the medaka
Oryzias latipes and the platyfish Xiphophorus maculatus.
Gene, 295(2): 213—222

Konno D, Iwashita M, Satoh Y et al, 2012. The mammalian DM
domain transcription factor dmrta2 is required for early
embryonic development of the cerebral cortex. PLoS One,
7(10): e46577

Koopman P, Loffler K A, 2003. Sex determination: The fishy tale
of Dmrtl. Curr Biol, 13(5): R177—R179

Kopp A, 2012. Dmrt genes in the development and evolution of
sexual dimorphism. Trends Genet, 28(4): 175—184

Li Q, Zhou X, Guo Y Q ef al, 2008. Nuclear localization, DNA
binding and restricted expression in neural and germ cells of
zebrafish Dmrt3. Biol Cell, 100(8): 453—463

Marchand O, GovorounM, D'Cotta H et al, 2000. DMRTI
expression during gonadal differentiation and
spermatogenesis in the rainbow trout, Oncorhynchus mykiss.
BBA-Gene Struct Expr, 1493(1—2): 180—187

Matson C K, Zarkower D, 2012. Sex and the singular DM
domain: insights into sexual regulation, evolution and
plasticity. Nat Rev Genet, 13(3): 163—174

Miller S W, Hayward D C, Bunch T A et al, 2003. A DM domain
protein from a coral, Acropora millepora, homologous to
proteins important for sex determination. Evol Dev, 5(3):
251—258

Moniot B, Berta P, Scherer G et al, 2000. Male specific
expression suggests role of DMRTI in human sex
determination. Mech Develop, 91(1—2): 323—325

Naimi A, Martinez A S, Specq M L et al, 2009. Identification and
expression of a factor of the DM family in the oyster
Crassostrea gigas. Comp Biochem Phys A Mol Inteqr
Physiol, 152(2): 189—196

Nanda I, Kondo M, Hornung U et al, 2002. A duplicated copy of
DMRT! in the sex-determining region of the Y chromosome
of the medaka, Oryzias latipes. P Natl Acad Sci USA, 99(18):
11778—11783

Ohmuro-Matsuyama Y, Matsuda M, Kobayashi T et al, 2003.
Expression of DMY and DMRTI in the various tissues of the
medaka, Oryzias latipes. Fish PhysiolBiochem, 28(1—4): 171



724

46

Parlier D, Moers V, Van Campenhout C ef al, 2013. The Xenopus
doublesex-related gene Dmrt5 is required for olfactory
placode neurogenesis. Dev Biol, 373(1): 39—52

Raymond C S, Kettlewell J R, Hirsch B ef al, 1999. Expression
of Dmrtl in the genital ridge of mouse and chicken embryos
suggests a role in vertebrate sexual development. Dev Biol,
215(2): 208—220

Raymond C S, Murphy M W, O'Sullivan M G et al, 2000. Dmrtl,
a gene related to worm and fly sexual regulators, is required
for mammalian testis differentiation. Gene Dev, 14(20):
2587—2595

Raymond C S, Shamu C E, Shen M M et al, 1998. Evidence for
evolutionary conservation of sex-determining genes. Nature,
391(6668): 691—695

Ren L L, Cheng H H, Guo Y Q et al, 2001. Evolutionary
conservation of Dmrt gene family in amphibians, reptiles
and birds. Chin Sci Bull, 46(23): 1992—1994

Saulnier A, Keruzore M, De Clercq S et al, 2013. The doublesex
homolog Dmrt5 is required for the development of the
caudomedial cerebral cortex in mammals. Cereb Cortex,
23(11): 2552—2567

Shen M M, Hodgkin J, 1988. Mab-3, a gene required for
sex-specific yolk protein expression and a male-specific
lineage in C. elegans. Cell, 54(7): 1019—1031

Smith C A, Hurley T M, McClive P J et al, 2002. Restricted
expression of DMRT3 in chicken and mouse embryos. Mech
Develop, 119(Suppl): S73—S76

Smith C A, McClive P J, Western P S et al, 1999. Evolution-
Conservation of a sex-determining gene. Nature, 402(6762):
601—602

Smith C A, Roeszler K N, Ohnesorg T et al, 2009. The avian
Z-linked gene DMRTI is required for male sex
determination in the chicken. Nature, 461(7261): 267—271

Veith A M, Klattig J, Dettai A et al, 2006. Male-biased expression
of X-chromosomal DM domain-less Dmrt§8 genes in the

mouse. Genomics, 88(2): 185—195

Veitia R A, Nunes M, Quintana-Murci L et al, 1998. Swyer
syndrome and 46, XY partial gonadal dysgenesis associated
with 9p deletions in the absence of monosomy-9p syndrome.
Am J Hum Genet, 63(3): 901—905

Veitia R, Nunes M, Brauner R ef al, 1997. Deletions of distal 9p
associated with 46, XY male to female sex reversal:
definition of the breakpoints at 9p23.3-p24.1. Genomics,
41(2): 271—274

Volff J N, Zarkower D, Bardwell V J et al, 2003. Evolutionary
dynamics of the DM domain gene family in metazoans. J
Mol Evol, 57(Suppl 1): S241—S249

Wen A Y, You F, Tan X G et al, 2009. Expression pattern of
dmrt4 from olive flounder (Paralichthys olivaceus) in adult
gonads and during embryogenesis. Fish Physiol Biochem,
35(3): 421—433

Winkler C, Hornung U, Kondo M et al, 2004. Developmentally
regulated and non-sex-specific expression of autosomal dmrt
genes in embryos of the Medaka fish (Oryzias latipes).
Mech Develop, 121(7—38): 997—1005

Yi W, Zarkower D, 1999. Similarity of DNA binding and
transcriptional regulation by Caenorhabditis elegans MAB-3
and Drosophila melanogaster DSX suggests conservation of
sex determining mechanisms. Development, 126(5): 873—881

Yoshizawa A, Nakahara Y, Izawa T et al, 2011. Zebrafish Dmrta2
regulates neurogenesis in the telencephalon. Genes Cells,
16(11): 1097—1109

Zarkower D, 2001. Establishing sexual dimorphism: Conservation
amidst diversity? Nat Rev Genet, 2(3): 175—185

Zarkower D, 2002. Invertebrates may not be so different after all.
Novart Found Symp, 244: 115—126

Zhang N, Xu F, Guo X M, 2014. Genomic analysis of the Pacific
oyster (Crassostrea gigas) reveals possible conservation of
vertebrate sex determination in a mollusc. Genes Genomes
Genetics, 4(11): 2207—2217

EXPRESSION OF TWO Dmrt FAMILY GENES IN THE PACIFIC OYSTER
CRASSOSTREA GIGAS

ZHANG Na"?, HUANG Wen"?, XU Fei', LILi', ZHANG Guo-Fan', GUO Xi-Ming’

(1. National & Local Joint Engineering Laboratory of Ecological Mariculture, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China,
3. Rutgers University, New Jersey, USA, 08349)

Abstract

and their possible roles were also conducted in the Pacific oyster Crassostrea gigas. Quantitative real-time PCR was used

We detected the expression profiles of two Dmrt family genes in the larval of different stages in adult tissues,

to determine mRNA expression at 27 larval stages in 5 adult tissues. The result shows that the CgDsx gene was expressed
during early embryonic development and peaked between blastula and early trochophore stages, then decreased after
D-stage. Our findings indicate that CgDsx may play a role in regulating embryonic development in addition to its role in
sex determination. CgDmrtA2 was expressed in all adult tissues with no significant difference; it was highly expressed in
swimming larvae between D- and late umbo stages, suggesting that CgDmrt42 may be involved in larval development,
perhaps related to nerve development. More studies are called in the future on exact function of the genes.
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