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cDNA J741 o RIS E 5 PCR EARWIE AiDmre] TEARFHLL IR AT By Bo SRS T4l Uk 7 B By ki =,
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e K F £ L (Caenorhabditis elegans) Mab-3
(maleabnormal-3) 3% [ [ #5117 32 3 K 5% % Ak
DA RSP EES DNA 454 45+ 38 (doublesex
and mab-3, DM domain), H:H', Dmrtl 7E 36401 2
B B AR ST NS, HLESUERA Dmrel 40T
SR Y U, TR R B SR R R MR M AR
stk ZF A ZUES E B B DI RE R RE T A 15
FEAEAE T SR, Dmrt FERFE DL b
WA S, FEETARE TR FEE . Kb
O B BUE AP e B B R 2 5 D
BRI S Pl BCE AR, DL 2 e e AH
KL PIBFRERIFIRA

TRE TS i DL SR Jm 64X (Lamellibranchia) . 2
¥k D1 H (Pterioida) . B3 W1 B} (Pectinidae), 2 F&
1982 4 MK R R PG AT 7 5| HERI SR — 1> Argope-
cten BB i FHAE KM, R, B
ZFRFEN PG, JF Gk T IRIEDK T SR 5
v Y XA S, i 3 b Ty i i
DUSRFEFNE, FH, A S b [ A B DL iR
Al SO DUR A R EE D o A5 LA i )
AT B U T B DL R AE SR 4, A A T T R U
Dmrtl FEF T HNVFE SOZIE R EA R L, P
IR A 8 By Be S R TG A 4y B & B B AR RRAE,
FH RNA T#(RNA interference, RNAi): A filf 5
Dmrt] R EIBIE, Kl 1 B VUK S HoAth
PR A A SRR R IR A8k, B T8 N W5 A [)
AT i DL oAb ) DR ML B S Al

1 HREH%

1.1 LEMBSHERE

2019 4F 3 1, TS Fs DURP DUAE SIEMN 7 56 4 E
TR M 520, ZRETEARR LT B
(ZHREON . 2~4 4. AR, FIAME . D BLh AR
MR 5 %)) O HURE, FF 5 IR R R )5 -80  C IR A7 1+
Mo MHERWHEN SwmsEh RIS R, FEHEET
R IX AR5 . 2019 4F 7—12 H, &W
JEVOREVES B DU R 1 Uk, IRV B DL AT SE 56
FEH AR 24 h BURE . b, PERR A O SRR S5
ST ARG -80 CLRAERE T, [RIEE, PRy
[F# T 4% RHPEESEE 24 h, SR OB

(70%, 80%, 90%, 95%, 100%)7K, T = H 27 ]
JE AT A, PERRH SN R RN 5 um, —
FH R Hp e I 286 B 2L BE(100%, 95%, 80%, 70%)
K, PERRVI R ZOR ARG L e o R
oM I B R S OB A R, T I S e D
PENR R BRI . AN, SR A 5 AR TRV
DUfg R OB 8L KRS8 ShE R, 6E . FREAR
MM, WEHEKIE T-80 CIRAF

1.2 2 RNA $ZEL5 cDNA &/

KA TRIzol {57 & (Invitrogen, 3 [E)451] 4
BN S BRE S B RNA, A TE RNA Y
DNA fif I (TaKaRa, H'[E)i&FRIEH 4 DNA, FIH
Nanodrop 2000 (Thermo Scientific, FE[E)F1 1.0%
TR e R VR T RINA R (5 1) Wk B R S 3
FfiJ5, {8 PrimeScript™fz % 5% {7 & (TaKaRa,
T E B RNA S5 cDNA, —20 CLRAFARFH
1.3 BiEH N Dmrtl £ E cDNA F 53 18 5 5

SRS B DL R S SR 40 3R1S 1 4% unigene,
H 5 WM K B U (Pecten maximus) Dmrtl Fe[H 7
G @ik 78.38%, 44 A AiDmrtl. BEit3k
HFE S5 1) Dmrtl-F #1 Dmrtl-R (£ 1), T
4 v (8] #4582 HE (open reading frame, ORF) F
Bt PCR Jx WK RZARF 25 pL, f1F5 2.5 uL 10x
PCR Buffer.2.0 pL dNTP Mix . 1.0 pL cDNA #4g
0.5 pL 1EJZ[A5147(10 umol/L). 18.3 uL DEPC-
H,0 F1 0.2 pL Taq R & fiff(TaKaRa, H ), &
FFoh: 94 CHUAEPE 2 min, 35 NMEH94 CAPE
30s, 58 CiBk 30s, 72 ‘CHEH 90 s), 72 C ZEfH
10 min. #f PCR j=¥iE17 1.2%5i e MEE RS vk, H
H A AL IS B PCR P24 5 pMDI8-T ik %
o W), KRG TR A KT DHSa 18Rz
A, R PCR ¥ 14 0 ik BH P 5 b 26 A4
(ki) By A BRI o e T A 4
5500 A DUBRE DRI | P U O S 2 B Hi R A T LB X
R ZAPHE AiDmrt] FEN Y cDNA 51,

14 EYEBREST

FI I NCBI ##i %2 H BLAST A5k (http://www.
ncbi.nlm.nih.gov/BLAST)# 17 51| LLXF; ORF Fin-
der (http://www.ncbi.nlm.nih.gov/gorf/gorf.html) 7
A TN S5 R 1 T8 98] S AE FH 2 KRR ¥ 51, SMART
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O RSB D Dmrt] F R4y THRAE K DI BE ST 1387

T2 ¥ (http://smart.embl-heidelberg.de/) Fi il AiDmrtl
SR R DI REAL SR S5 R ;i DNAMAN 8.0 #%
419 ClustalW 25 X Dmrtl 25 H #1712 74 He X
FIH MEGA 7.0 {42841 (neighbor-joining,
NI HE R G AR, @R IR B, boot-
strap {H X% & 4 1000,
1.5 SERfREEE PCR

FIFHSERT ¢ 6 2 PCR (quantitative real-time
PCR, qRT-PCR)KG I AiDmrtl PR 7EHE 5 Fi LA
FIZHE . WG & B By Bt DL S R & B By Be i e 1k

i, LR AAIRE 4 MEE . qRT-PCR FrH7r
SRR SRS [ W 1, BT ef-la fER
WZH . RV AE ABI QuantStudioTM 5 266G E
# PCR X147, SYBR green IT /E R 5 e Ye k)

RWAR ZRZLARF 20 pl, 4% 10 pL 2xSYBR
Premix Ex Taq, 0.4 pL 50xROX Reference Dye,
4 uL B cDNA #ifR, 0.4 uL IE 5|4
(10 pmol/L)LA & 4.8 pL ddH,O., qRT-PCR Jz i &
FFA: 95 °C, 30 s; 40 MEHRO5 C, 55, 60 C,
35 s), FIF 27 5 PO R A AR X ek i

F1 AHRRERNSIMFT
Tab.1 Primer sequences used in this study

P ID B A B 3| HF51(5-3") P14 B /bp
gene ID gene name primer sequence (5'—3') fragment length

Cluster-8657.42971 Dmrtl PCR-F: ATGTCTACGAAGAAAGAAACAAAGCC 918
PCR-R: TCACTGGGTGGGGTAGCTC
qRT-PCR-F: GCCGGGGATATGTGTGTCTC 164
qRT-PCR-R: TTATAGGGCGTCCTCGGGTA

Cluster-8657.4824 Dmrt4 qRT-PCR-F: CTGAAGTCAGCATTTTCCCCGATC 106
qRT-PCR-R: CAGGTGGATAGGGCATGGCTAGTAG

Cluster-8657.22125 Sox7 qRT-PCR-F: AGAACTCACAAGCCACAA 106
qRT-PCR-R: GATGAAGACGAGGAAGACT

Cluster-8657.27993 Sox11 qRT-PCR-F: TGCTATGTCAACCTCCAG 102
qRT-PCR-R: ATGTCCAACCACTCATTCT

Cluster-8657.42818 Wnt4 qRT-PCR-F: ACCAAGGATATGAAAAAGCCAACGA 132
qRT-PCR-R: GCCGTAACTGTCCTTCTTGCACTG

Cluster-8657.19471 GATA-1 qRT-PCR-F: TCAAGTAGGCGACATAGTT 139
qRT-PCR-R: CTTTGTGATGGCAGTAGC

Contigl1220.9 GATA-3 qRT-PCR-F: CTCGGAGGTGGATTCAATA 123
qRT-PCR-R: TGTCGTCGTAGATAAGTTCA

Cluster-8657.29825 Vg qRT-PCR-F: ATTCAAGGCCACTGCGAAAC 120
qRT-PCR-R: TGTTGCCTTGTGGGATCAAGA

Cluster-8657.17748 B-catenin qRT-PCR-F: AGGACATTACCGAACCAGCG 101
qRT-PCR-R: TAGACCGTAGTGGAGACGCA

Cluster-8306.81811 Fem-1 qRT-PCR-F: GAAATTCGAGCATTGGTGGCAG 150
qRT-PCR-R: GCGCTGGTAGTGAGAAGAACGAG

Cluster-8657.14582 FoxL2 qRT-PCR-F: TGAACGCAACAAGAAAGGATGGC 164
qRT-PCR-R: GTCGGCAAAAAGGGGTTTAGGAA

Cluster-8657.28347 ef-la qRT-PCR-F: CCTTTGCCCCATCTCAACTGTC 144

qRT-PCR-R: CAGCAACGTTTCCTCTCTTCAATTC

1.6 RNA F#o#r

SCIG /4L RNA (small interfering RNA,
SIRNAYFIFH T7 Ji sh TS 56857 &2 (TaKaRa,
H A4 OB B i 17 & o glifk . 4iDmrtl-
siRNA J¥%1)(5'-GGCAACCUUGUUAUCGAUA-3")
AR SIRNA FHSETTER AiDmrt] JE B FE3k . K

L3 siRNA FEHLIT KL 2R3 BA X B8 4iDmrel -
random-siRNA J3* %1 (5-AGUGUCAACUGUAU-
CCAUG-3"), &l siRNAs 4lifbJ5iE T siRNA
2% 4P (50 mmol/L Tris—HCI, 100 mmol/L NaCl, pH
7.5), FIH 1.0%35 5 b EE B H UK F1 Nanodrop 2000
(Thermo Scientific, 3¢ HE)RM siRNA i) 7 B¢ %
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RNAi 280 BAREAE AR o F i 5 4 K
15 uL AiDmrt1-siRNA (30 pg)sk 4iDmrtl-random-
siRNA (30 pg) A U1 (24.59 g+5.08 g)fl.L»
Erh TR — KR TES R B9 24 h 1048 h, LARKEDY
TE PR ATV 3 DU S 30 pg 19 AiDmrt]-siRNA
&Y, AiDmrtl-random-siRNA ., [F]R}, 25767 B D1
SIARTRV AR PBS A FRAE X B 755 3 it 5¢
JHY 240, 48 h Fl 72 h, B FEHLES 5 H
TRV B DU S ARG B, MU RS -80 CHRAERY
F o FIF qRT-PCR K5l AiDmrt] PR A S50 B
DGR SLRIRG SR A2, FHT 0BT siRNA HYT-408%
K, RNAL LR B % 4 MEYFEE
1.7 mxPE AiDmrtl EEREFHMMEANEXE
Ry RIEER

Wi AiDmrtl FEFRFRIL)E, FIH qRT-PCR
R T 10 ASENR & AR Ok PR TE 1 T8 B DL i
) AR R, X S PR A 45 5L & B A O L A
Dmrt4, Sox7. SoxI1l 1 Fem-1(Ferminazatione-1),
DU OREE  B AL R Wnt4 (Wingless-type MMTV
integration site family) . GATA-1 (GATA zinc finger

domain-containing protein 1), GATA-3. FoxL2.
p-catenin Fll Vg (Vitellogenin), T qRT-PCR 43
Mri SRR e g ) R 1, IR F ef-1a fE N
WS,
1.8 Zitah

FIH SPSS 16.0 B Fx S B dls 17 5t 127
g3 M, Bl LASF S E AR HE 22 (¥ £SD) RS, R
AR 2 5 22 (one-way ANOVA)FI Duncan’s 43 #7
B ] i 22 S WP, P<0.05 (*)F1 P<0.01 (**)7)
| e 78 BB [B) 7 S AN i 25 S

2 #R59MH

Y R I AiDmrtl B B B

PG BT R 1 FR, WS bR DL
Dmrt] FER ) mRNA 1 3 MME T, KES
S12h 259 bp. 212 bp 1 463 bp, AiDmrtl ) cDNA
P & —B 132 bp 19 5'4E4iH X (untranslated
region, UTR), — B¢ 230 bp ) 3' UTR, DA K—E K
J&°h 918 bp 1) ORF, %t 305 MR IERR , 51K
45 B B IR, AiDmrt] () DM 25380 55 17~70
IR

21

349 3 259 212 463 230
1238 e D 4278 R 1 W& F intron
gDNA /]! 1/ RSN
S— 5’|~ﬂ?exon
132 375
mRNA ESA RS EREERRRRE |11
132 230
cDNA ]] ORF ||
5'UTR 3'UTR
1 W7 B D Dmrt] Je R 25 R HEZR IR

gDNA . mRNA Fll ¢cDNA 1450 b B E AT R4 (bp).

Fig. 1

Schematic structures of Dmrtl in Argopecten irradians irradians

The numbers on different elements in gDNA, mRNA and cDNA represent the nucleotide number (bp).

W5 TRV F5 D1 DM 2544388 5 2L 4R G He At 4 ol
DM Z5 b3k T 2 )7 90 L, 25 ANl 2 fos,
7 5 DL DM 25 1 85 5 A L B DL A IR 3 A D
(Mizuhopecten yessoensis)f) DM 25 ¥4 35 [] Y5 P
=, BIRE] 98%., A, TS R D5 B D i (Danio
rerio) . 4% (Trionyx sinensis) . i ¥ (Gallus

gallus)F/N B (Mus musculus)f DM 25 #4385 14 [7] I
AR 58%, [HY5 = It 78 (Portunus trituber-
culatus) DM 258 351 [FI IR 341, AR 42%.
FIFHASTE S%17] 18 4~ Dmrtl {48 H ¥ 51 48
NI SR, aniEl 3 pros, dEAeRs g gt Bl
PN 2 AN KA. TSR DU Dmrtl 5 565 25 I



%11 WO MRS B DL Dmrt] FR Y TARAE B BE AT 1389
RSB D Argopecten irradians irradians MW661037 AVGLS P LISS I9KS LWKQE. . .. ... MGL VAP
FEFLA N Chlamys farreri AHW85419.1 AACLSPLIIS IgKl LWRQE. . . .... MGL VAP 98%
HFFE A I Mizuhopecten yessoensis XP021353714.1 ATCLSPLISSIgKi® LWRQE. . ..... MGL VAP 98%
YRR T Portunus trituberculatus MK355619.1 AAKQKPR| MGS F KKF S WQQREMERBINTSEGEG 42%
AR Trionyx sinensis AFP50144.1 SG. KKSP AR QAQE. . . .. .. LGI SHP 58%
BET 44 Danio rerio AAQ04555.1 QPRAPLQE (QQANESLESLI PISLRALPG 58%
JE Gallus gallus NP001095301.2 AG. KKLPQ QQAQE. . . .. .. LGI SHP 58%
JNB, Mus musculus NPO56641.2 SGSKKSP|JL QQAQE. . . .. .. LGI SHP 58%
Bl 2 REYF Dmrtl H DM S5 M350 £ 1551 LX)

TR B 438 5+ LL 2T AE (SnF 1) FI4E (G HE (SnF2) KR .

Fig. 2 Multiple sequence alignment of the DM domain in Dmrt! from different species
The predicted zinc finger domains are shown in red (SnF1) and green (SnF2) boxes.
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10— N Homo sapiens NP068770.2
L JNB. Mus musculus NP056641.2

100

98

95 JEXY Gallus gallus NP001095301.2
{ EIE RS Oxyura jamaicensis XM035311002.1
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100l 511 Argopecten purpuratus
=M T Portunus trituberculatus MK355619.1

66— BriXtUF Penaeus monodon ACC94178.1
BED, £ Danio rerio AAQ04555.1

KVLEH YR Crassostrea gigas NP001295834.1

1 I
100 =ML Hyriopsis cumingii MK158296.1

AFHF Dmrtl 3 H 19 R G AT

A 3

FIH MEGA 7.0 Z R EE NT #E46RE, bootstrap fH K 1000, LRI Rt in ABUE/ER AL 3R,

HEVS B3 W AiDmrt] VA = kR,

Fig. 3 Phylogenetic analysis of Dmrtl proteins from different species

Neighbor-joining tree was constructed with MEGA 7.0 software. A bootstrap analysis of 1000 replications was
carried out on the tree; the values are shown at each branch of the tree. AiDmrtl from

RAE—IL, Argopecten J& Fi3 D Dmrtl B g 58 —37,

Argopecten irradians irradians is marked with the black triangle.

23 @BERBN ADmrtl EAEE B HTHI R

SR 5 HAW R T HES W Dmrtl R2E . 1
Ay, 53 TP A2 Dmrtl 2 H
MESIYI I K332
22 BEBNADML EFALERESH
LR SRR G IR NE 4 iR, AiDmrt] 3
PRI TE 1 25 B DA S rp e S5 1k 5 3R 3K (P<0.01), 7E
HABASG I A L ZU(OP L . AN . B B AR A A
sEAl) P FRB AL, TUCH AR,

HIRIEEK

AiDmrel ALV B DA R 2 75 S0P i v 4
TR 5 IR, AiDmrt] FERG SrP ) Rk &
A 2 s TR R 7 I 30T A B . (P<0.01) o LA,
AiDmrt] {EXG AN R K 5 I3 A 3205 1 2 A A
5 22 5% (P<0.05), R B FE AR S A KR 3R
WK R, TR SR A | R L S0 A A A

=
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KR 80 E20_
o ﬂﬁg n=4; x+SD
% g 60 n=4; x+SD ﬁf«:
= Z 215t x
240 IS
IE ey
£ 0 8
Q2 27 TEVr
g s ]
20 ¥ s SFLESSF  Tho
o Q B 05}F
e T & B E
$§> %‘%ﬁ %& =
R S 0
¥ & Fe Cs Bs Gs  D-larvae E-larvae

ZHZH tissue

Bl 4 V5B DU AiDmre] BEIR 20 2VRs S A
* IR EE () A AE B 35 22 5 (* P<0.05, ** P<0.01).
Fig. 4 Tissue specific expression of AiDmrtl in Argopecten
irradians irradians

The statistically differences are represented with asterisk
(* P<0.05, ** P<0.01).

A5
‘§ = K5 testis
| | o B ovary
336 n=4; T4SD
=5 b
©
= g 27
i % c
Sam
i
22 9t
R
2o e, e : e
HFH S| %] NI
proliferating  growing mature stage resting stage
stage stage

KB developmental stage

&5 VR AiDmrt] REAFRE
ISP i v ) R A
AT S B R AN TRV B () A7 3 1 2% 57 (P<0.05).
Fig. 5 The expression patterns of AiDmrtl in Argopecten
irradians irradians gonads at different developmental stages

Different letters indicate that there are significant
differences between different data (P<0.05).

24 BERMN ADMrtl ERBMYHRAEELE
AHEAR RIEER

¥ AiDmre] FEZHKG U0 v B R 3K K- 15 A %t i
HATEAE T, S5 RANE 6 iR, AiDmrtl TE4EIE
Wiz pifE e Rk, KRR AN EET &
(P<0.05)J1iKIE(H, BlJG AiDmrel BYFEREIZRHT T
R AEHR S 4l B T 2 A6 A2 0 TP B 23R 7K -
25 @ER N AiDmrtl-siRNA BT E

B ) siRNA X B UURS SErf AiDmre] F
TR R 7, SXTRAMEL, F4
AiDmrt1-siRNA T4t 48 h 1 72 h Al Hg @ 230 Hl

KB W Bt developmental stage
K6 IS B D AiDmrt] TERNGFIS) B
TR I v A R kAR
Bs: ZEMRW, Cs: DI, D-larvae: D %,
E-larvae: HR &4 . Fe: ZHK500, Gs: JRJimil;
R ERBE (] A7 7E 1 35 25 57 (* P<0.05, ** P<0.01).

Fig. 6 The expression patterns of 4iDmrtl in Argopecten
irradians irradians during different embryonic and
larval development stages
Bs: blastula stage, Cs: cleavage stage, D-larvae: D-larvae stage,
E-larvae: eyespot-larvae stage, Fe: fertilized eggs, Gs: gastrula

stage. The statistically differences are represented with
asterisk (* P<0.05, ** P<0.01).

._.
IS

~ Econtrol O random-siRNA @ AiDmrtl-siRNA

—
N
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n=4; x+SD

—
(=]

I
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* %k

¢
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AiDmrtIFER AR FE
o
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relative expression of AiDmrtl

S
%)

S

48 72
HURERT [E]/h sampling duration
Bl 7 siRNA XHEE B VUGS AiDmrel B F 8K
Control {0 4T PBS A BHM: X 1840, random-siRNA {3
4 random-siRNA B APEXS BZL, AiDmrt1-siRNA
S . AU E AT 2 25
(* P<0.05, ** P<0.01).
Fig. 7 The silencing efficiency of siRNA on AiDmrtl
in testis of Argopecten irradians irradians
Control represents positive control group after PBS
injection, Random-siRNA represents negative control
group after random-siRNA injection and 4iDmrt1-siRNA
is injection group. The statistically differences

were represented with asterisk
(* P<0.05, ** P<0.01).

AiDmrt] KPR 323K (P<0.01), TR 51k
43.6%F1 60.7%. I, HEHFFH 4iDmrtl-siRNA
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WL WS W Dmrel SRS FHERE L ShREAT 1391

T 72 h 5 AR AiDmre] FEH A EE R,
T AT R L5 .
2.6 FEuPE AiDmrtl RiZFERSULBXERDN
FKix

FikE AiDmrtl FRIKJE, WS Fe DURS S
REMICHER M FRIEBELNE 8 i, MELR
FRER Sox7. Soxll Fl Fem-1 09315 0 & wiHk
W2 FIE(P<0.058 P<0.01), 1 Dmrtd H315 % 3|
I E NI (P<0.05); BPSE & FAHCERE GAT4-3.
GATA-1. Wnt4 . FoxL2 Fl B-catenin ik i) 35 5%,
e i 2 I (P<0.05 B P<0.01), Vg MRIXRTLE
FHEFAEH FIHFRIR R

6. U BIHEXHE negative control
E RNATHEH AiDmrt1-RNAi

| k%

w

n=4; ¥£SD

IS
T

FEEARN 3k

relative gene expression
)
T

—
T

0
$o*q so*\\‘ee“"\()*“ﬁgﬁw%,[’sw «ﬂ“‘b‘?o’}é:co\e“w ®
AR & B HHEFE gonad development related genes
Bl 8 ke AiDmrt] Fik RS BT EIRE B
FHOCHE PR (4 35 70 B
*AFREE [ A AE i) 25 22 5= (*P<0.05; **P<0.01).
Fig. 8 Expression analysis of gonad development-related
genes in the AiDmrtl-knockdown testis

The statistically differences are represented with asterisk
(* P<0.05, ** P<0.01).

3 g

e 5 45 0 D2 o1 22 S M A
R 0K, {ELE BT A0 Do 8 53049 W 1
SRR, 8 e e SRS 0 T 4501
IR ATISE . HEHES PR DL L, Wi
iy 0 5 S5 B HXAE B BETE
Vo, SERIESE . ABIGIIMHT T e R R
DU AiDmrt] SEREFERURE, KWE] AiDmrl 1E
BT SR d0k, AT AP — b ek
WEIE, JF{ERTSLR T 25 2 KW CHE T 2 ) 2
K BE TR . AiDmrtl FEHEY S DUIE R F1)

HERBHNOBARE, IHLEE IR 3R K
IR FWEE , sEAh, FIF RNAL $ R R AiDmrtl
E S S EEIRTE 3 AL TR ¥ a-¥iiPE S
HONSE & BN YR58 W5, W HE
AiDmrt] Z: SRS I DUPERR & B F Ak

VS B3 D1 AiDmrt] W55k AH 3 AN+ Pf
M, VTS b DUAS B S PR B 1 5%
Dmrtl ¥R, KEAETBEERSR, X 5L
W UL Dmrtl (VRN g —2PY, ki, faZk
) Dmrt] FERAAEAAEV BB, W E %
% Dmrt] AP eI AiDmrt] 2 (1 —
B SA S SER 51 1Y DM Z5 k38, SHIFL R D
FIHRFE B U1 Dmrel FE[H DM 25 #3819 [R] J5ME &5 16
98%, H7EH DM 254 3k i 440 % — B AR ~F 1
“CoH,CaBEAR S 1 . W5 DM S5 d rh fR~F
M EEFE 8 5 2 RN B G s F P90 456 DA
U H AR Ak, R Sk F D
IAh, AiDmrtl 5 EHGE Y Argopecten J& i U
Dmrtl B R Kb —2, U AiDmrtl J& T U1 2&
Dmrt] B FGE A

TER Z B AR b, Dmrel B 3
SRR SRR SR RPN oA e R (AR 1) 1
Zarh, O A A BB 0 A0 4 Sk B (Sparus  aura-
tus)[%]lfﬁgﬂﬁ%fkﬂ?*%ﬁﬁ%qj, Dmrtl FER ik
KV I T, A 58510 R Y 0 G ST A B
(Epinephlus coioides)® ik SL55 4k 9 U1 S ad i o,
Dmrtl F: R F kKB TR, A 5E
AiDmrt] TERT PR SMERGE, TEOREL | 8 A&
JE L IR R DA e LR (i ik, R AiDmred
FEEAEWETE 5 VUG b & BOT R, i Ho A
MR AR I AiDmrt] V] RESE I SE 538 K
FEFL S UL (F7AE — 22 L il eI [R14A) CfDmrel 1
Y AU A FRAE S AR 5T 45 AL, 2K m a5 R
7~ CfDmrtl TEAEE PR 3Rk, qRT-PCR Z5R K
B CfDmrt] 75 9P S i 2k I S i T
#l(Haliotis asinine) HaDmrt]l WIERSHhsHrE
F3R0N B = MWL (Hyriopsis cumingii) HcDmrtl
TEMARA L 3z 5040, H HeDmrtl TEMEVER M
JiR . ARSI P YRR KOR 3 T TR
25 I, Dmrel FEMEME SR FMEHE [FR S b g 4
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LU AR EAFAE— € 1Y 22 57, [H SRR B ARG 8L
SR RBMRR R, R Dmrel FERTEAR P Fh
P S R R S A TR VR R R AR R SF Y

REWFRY, RENY Dmrel R FKER
AR S, BIAE S YR B b s S M R A BT
R HE KT B B T O A s,
AiDmrt] TEARIR) & B WHORE b i Rs i s T
UEL, HA R AP S ERME, LA, Dmrtl
FE DA ) A B VR R FEAT AL Rt DU AR 52 B D1
A5 LARIET Y, KBRS R Dmrel Fik
M ) S PR B A TR i ARSI o ARV T
DK AT IR T, AiDmrt]l WFREEELTH S
Ja TGS, JFEA KPR RIEME . SRR
gEASL, ML D CfDmrtl TERSHE B EAK
S 2 R 7K P F g P4 LT DL R A BT (1T )
B IELBE FORS i 200 M PR O A T o RBG B, RS
VR VR PORS [ 20 B FORS BRI MR S AR AR, Ab TR
BRAOKE T R AEBAM . AiDmrel A5V B UK $4:
KA RE M m R IR R, AiDmrtl S5 RS
REBMRFRA SR FERIBFR s RAE A
453 T EgPS

G B EERT, BEIE AR Y (mRNAs
IR 1) JL T35 4 LI B 2275 69 45 0
Y B RGO KT, BRI DR 7 3%
A 5L R S s, BIREVR & 7% fb (maternal-
to-zygotic transition) ™!, ABFFTH, AiDmrel )3
K TR RN Z A E g Rk, MR B2 T
T, — 7 DU P R V5 Bt DL 1 5 - 25 D) 2 7 )i s 30
LT, I3 — 5 TH I 7R YRR VS B DL %) D s A B 4
Mo n] s L AR I A . RO RA R R I,
fifi B f01 9 546 A 5 40 i (primordial germ cells)fix
R T R R e

Sox (sry-type HMG box)/&—Z11 7% HMG-
box PRSFET HYFE A 7, 1B HES kT S E
FOMEE & RS b R 1 AR Y Fem-1 3£
A Z: 5 P REVEPE N D, T ELX R R
Il % )y 0 I P 4 7 00 A 7 2 ELA R A )
ek T GATA ZEW M BA R <F I BF R 4 i),
Fr 2 5 3 40 i 0 & B A Aesh, SN sk
BB B A A P, wnea VT WNT

IB-catenin {5 518 [ (%) S HE 4y, TEMEZLS P op
KB MM L EEEEACY, it —
5% AiDmrtl TEWHETE B DUPE R & b s 7R H,
FIFH RNAL BB AiDmrt] (335K 5
M) V63 5 DLOKG B3 & B AH OC A (Sox7 . Soxl1 |
Fem-1 1 Dmrtd) B335, 1100 5 & 7 A G HE K
(GATA-3 ., GATA-1, Wnt4, FoxL2. B-catenin)3%ik
W E L, SAURG RN, e Pk
(Oreochromis niloticus) Dmrt] FE R BFE BAE B4,
FoxL2 “5 Y0 5 % B A CIEIN 1y ik BRI, peah,
Dmrtl FEF 578 ] F8H 85 (Oryzias latipes) K5
[i) 91 SR ALY 25 b, ARG T AR E AiDmrtl
BE A TR TS DU BRI K B 5 o0 b & 4
ERM .
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Molecular characterization and functional analyses of Dmrtl in the
bay scallop Argopecten irradiansirradians

CAO Wei’an', NING Junhao?, LU Xia’, CHEN Min%, LIU Bo', WANG Chunde"**

1. College of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China

Abstract: In mammals and birds, sex is mainly determined by master sex-determination genes on sex chromo-
somes, which are essential genetic switches controlling sex determination and gonadal differentiation. The
sex-determination genes, such as Sry (Sex-determining region Y), Dmrtl (Doublesex and Mab-3 related transcrip-
tion factor 1) and DM-W (W-linked DM-domain) genes, are highly conserved in higher vertebrates. In lower ver-
tebrates such as teleost fishes, sex determination can be divided into three categories: genetic sex determination,
environmental sex determination and combination of the both. Until now, Dmy/Dmrt1bY (the DM-domain gene on
the Y chromosome), Sox3” (Sry-related high-mobility group box transcription factor 3 on Y chromosome) and
Gsdf' (gonadal soma derived growth factor on the Y chromosome) have been identified as Sex-determination
genes in fishes. In invertebrates, DM domain-containing genes, such as the Dsx, (doublesex) gene first isolated in
Drosophila melanogaster, which was differentially spliced between males and females, are found to be involved in
regulating the differentiation of sex-specific cell types. Dmrt/ and other DM-domain containing genes seem to be
the major sex-determination genes across metazoan animals. Molluscan reproduction has been an interesting issue
in biological research owing to the diverse reproduction strategies evolved in this phylum. In bivalve molluscs,
most are dioecism, and some are lifelong hermaphroditic (e.g., bay scallop), and yet some are capable of sex re-
versal (e.g., Pacific oyster). In addition, the sex of many dioecious bivalves, such as Pinctada fucata and Chlamys
nobilis, is not stable and often shows hermaphroditism and sexual reversal. As the importance of sex control in
commercial bivalve breeding is concerned, further studies on molecular mechanisms of sex determination and
gonad differentiation in molluscs are definitely warranted. To date, there is no clear evidence for the existence of
sex chromosomes in bivalves, and whether their sex is controlled by a major gene or multiple genes is still incon-
clusive. Although some research has been conducted in different bivalves, most have focused on genes homolo-
gous to key sex-related genes in model species. For instance, some male-determining genes, including Dmrt, SoxE
(Sry-box E), SoxH and Dsx, as well as female-determining genes, including pf-catenin, Wnt4 (Wingless-type
MMTYV integration site family), FoxL2 (forkhead box transcription factor) and its natural antisense transcript
FoxL2os, have been reported in some bivalves. Furthermore, genome-wide studies on sex-determining pathways in
molluscs are rare due to lack of reference genomes. Dmrt/ is an evolutionarily conserved gene playing vital roles
in sex determination from lower vertebrates to mammals. The cDNA sequences of Dmrt/ were obtained from Ar-
gopecten irradians irradians by PCR and bioinformatics methods. The expression patterns of AiDmrt! in different
tissues and at different gonadal, embryonic and larval developmental stages were determined by quantitative
real-time PCR. Furthermore, the expression characteristics of gonad development-related genes were detected in
the AiDmrtl-knockdown testis combined with RNA interference (RNAIi) technique. Results showed that the open
reading frame of 4iDmrtl was 918 bp encoding 305 amino acids, and the deduced amino acid sequence contained
a conserved DM domain. The mRNAs of 4iDmrt] were specifically expressed in testis, reaching a peak value in
the testis at growing stage. Compared with fertilized eggs stage, no significant difference in expression levels of
AiDmrt] was observed before the blastula stage, while the expression levels increased significantly at the gastrula
stage. When 4iDmrtl was knocked down, testis development-related genes (Sox7 and Sox/I) were significantly
up-regulated while the expression of Dmrt4 was found to be down-regulated. However, the expression of ovary
development-related genes (FoxL2, Wnt4, [-catenin, GATA-1 and GATA-3) was up-regulated significantly. These
findings suggested that AiDmrtl was a testis-specific gene in A. irradians irradians, which was involved in regu-
lation of gonadal development and differentiation in the bay scallop.
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