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 E aRREEEIYPRMSEANR FRRZN - REY. SESE R AR R, A0 0% 5 k2R
TREEEENEWN SN AR QEEKTFRE BE AWM B SN WRE TR T EEEM, B HAE N e
55 AR L E 2. B A B % R R AR R 2 B g 5 44k Y AR R R . S SO ke o B B 2 R e
Bt g RER (B3 sox, dmril, amh, gsdf, cypl9ala, foxl2 BV PeE K b #HEF H Rspol / Wnt/§-cate-
nin {55 BO M5 sh & 5 # RHFTER W IR AN RER AR E 5 a0l a2,

SRR A 2 B B A

HESES 80174 XHERERERG A

P T3 R K S 8 2R A3 P R o B B340 2 () A L5 1) Ak R W S AR AT R A A AR S A R R E
Sy A5 B PR B 2 22 (Genetic Sex Determination, GSD) 1 ¥ 5% A 4 91| 2 52 (Environmental Sex Determination,
ESD). fE i 4 R kg R (XX/XY s ZW/ZZ S0 v PEgL A b itttk il ke a8 6 TR 1) 3 36 3 3 — 2R 90k ) e
S5 AR S TR R A 5T A T 75 5 D s A L 1) O B8 mORG BE R T JE PR B B P R g L A
SR PN ERAEN. WA HES Y, LS, SRR G ) 2 B R M PR T ) R R TR R Y
1% ARG BHES Y 28 PSS A28, By T HEAL b R i e, oM e R TETE & POP R AR I ) W 3 22
S, SR IREE GRS PP D6 R 6 R B2 [ B3R 56 IR AR e nd 12 h s 5 s A A

TERIA R FR b, 2R 22 I T 46 B 368 L VA AR B8 2o AR 0 Oy AR AR A ST R RS i D
CHHESD Y T B RS0 . R W8 28 M e s 5 4 e ML B4 B 9 0 B HE 3 1 1 ) e i R A AL B R M B 4
BCER 43 52 B E N SR B TR, B i T A 7 R BR M A DGR B A S M AR S 5 e R R — B
N B F) 2002 4 HASH 8 (Oryzias latipes) W) dmy FEPRIWER I TEB] 1M 300 P 5 9 2248 40 i R AR
SPACIAE RIS, XX — XY M P i RN O TE 0 5 2 By R W R 7L 2h ) 55 2 Fh s h ARARSY . B AR T
FUAHE S ) R BILR (4 T AT S W ik o J , 221 o ke o TR R 0 o R I L B0 B SR FF 8 (O, Luzomensis) 1Y
Gsd f ETHE = 05 8 (Taki fugu rubripes) B Amhy2 F1 BT 88 (Oncorhynchus mykiss) B sdY. 8 I 1 (Odontesthes
hatcheri ¥ Amhy 2B I8 & 83 (Cynoglossusse milaevis Giinther Y1) Dmrt]l JEW 8 (O. dancena) ) Sox3* . J& B %
kA (Oreochromis niloticus) W) Amhy SR e S T E FE TR 1 B BRI 5. X T T R A 2 e 2 ML
AIRAH 1.

HETA G AR e 5 0 4 B R PF R EEZE D TE dmrtl s sox9, gsd f s cypl9ala, foxl2 55 FI
Rspol/Wnt/B-catenin {55 & I, FiE B H 4 i HoR B9 R 028 Btk 2 5 40 AL DLBR R 7045 8] T 28 AR
R J&. AR SCHEC A MR R Al b, X AF ke B 8 A P 8 5 0 A A G JR [ B A5 5l B I BE R BT T R
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1 BEREEXENRENSHBXER

1.1 Dmrtl A

Dmrtd A5y R RH = A n B i 25 22 S iy 5% SRR B 7 7T DL R R iy DNA R 9045 & 3 1 98 45
HEAPEF LR B LR, &4, CTEARE HEsh i dn R s Rk Ay, DU ROE MESh # 4n f6. 28 IR AT 28 | & 28 R L
B R B T Dol FEIH O % %R R S 5 M AR 58 5 41 I Dy e A ) 2 S I OGS AR SR
dmrtl {EB I35 J e E WP IR AR T2 BT SE. 88 | 40 K (Tetraodon nigroviridis) J3E Dy (Danio
rerio) AEBESI R M (Xiphophorus macularus )W s dmrtl 1EXG B R IE, £ I P ARR B 121 185 85,
BB BT dmrtl BF RS AR AERIR R XA R MEN dnrtl BE2WNS 5 T M
PR SE oL R 5 R ZE N s B R [ o S 6 [ A IR I dmere] R 2 0 SRR M A P g L TN B R — AR
T dmrt] FEREHAE N PCE PR EE AT RS A, dmrd [ 5848 2 T BORES A MR AN R R A 1
B WA T MRAE AR WS I T RE & B IOHE P, (530 2 e R A A I R S 45 A O L LR R A A A T
FEREME B 8 dmoel W9 5E78 235 R ARG SEAE 78 40 AR L 2 T R AR R S DL B R BT dmorel 38 2 9R B
A= B A0 P T T I B R 1 B BT R 5 e PO SR R B RN A R A R B OGS . PRt 2 A TR
Y Gk BB dmrd WEB B A R dmy IR T M R T P E R L B Y 5 R T SOME 1 T
MR BRI dmy RS AE A 1 7 8 ot 22 047 ) B At P R 8 24 4, 98 O B G [l Bk [
1.2 Sox EEKK

Sox RGeS It J ke E 2 A Sry # HMG box (7 # 2 [Al AL FE 60 % DL EDO B —
RN, RN RIBIZ S BRI Sox ZIGEF 43 7 A WHEDS . HEAH RE G 428 Sox £ K M 1 B 52
RARAS B TER IR Z W, A OC T Re B A D

SRY(Sex-determining region of the Y)VYEN Sox R F G LE R W E R, ¥ 2 2L sh 4 i 4
P E R e B RS DA IR (Misgurnus anguillicaudatus) . 8 & (Mono prerus albus) B Ap &
Sy R T SRY MR A B BRI A BB 2R B L A AR S R A M R A A AR %
PEARK.

TE N 7L 3 Wy MR ) 2 At A2 b, Dimre ] FERE 5 5 T Socd JE Y 335 » M I 2K 434 1 1 SR 5
K5 1m) . T Soxd BB R ALY E SR AT LR PR, HT. CER Y
1 8 (Pelteobagrus fulvidraco) JF 8 B[R (Aci penser schrenckii) JAF| B A (Oreochromisco au-
reus) VP SVl (Sebastes schlegelii ) 46 205 R B4y B2 B sox9 HHU 2 B9 kW sox9 HHNEE S
BRPIAERHIE A EAFIE XN sox9 Fe[H 1A F R 826 T R AT O A F. £ D soxda LERIE
THEHL, T sox9b R 3238 THRHETS (A G MR (Allotri ploid Cruciancarp) F sox9a Fl sox9b H H LG 5
Fik  MAEOR AT B LB Z B LR, sox9a 1R IKE AR & 5T LA, BAE
O F U S b Rk B B X I sox9a DR X FG R — T A — M R RO iR A0 I 1 T R B AR T AR
b, sox90 WSEAE 43 BOMEE S Ut PR 2 20, 3X W] 68 15 A R A I A H BB A 56 L R BT sox9 TEREE M
Feh Al e B BTN R, B AE A 5 A0 I R AER RIS 5 R I T EZAEHTY. AWK sox8 5 sox9 )
BEAE L, B F AR sox9 BYTB A T BE AT RELL sox9 F35 . X UEHH soxd FEA R s Bl B R & T AR
PR B AR SR Hp ik TR TP 31 DR S v B 1 P 2% R v At 2R B A i H I ) T 5 B ok
7 soxd [R5 B 8 2 v Bl Z R VTR 0 BB AFF Y B CATDD 2 5 5 7 T 7L 30 40 v O A8 A A 4 1 3 43 b e 4
AR - P IRER.

AN R sox3 TEAZEME R E P &35 T EZ MR 78 MEHE R R0 B A 38 (Epinephelus co-
ioides )W sox3 Rk THEELANNE , AN 2R sox3 FpELR NN T B0 J5 40 M 1) B9 5 O BR 40 M 2 7 5 AR sox3 {5 1R
KRB RS KENEF. W, sox3 EIBE K F P R9/EH AT RE 3R T8 B0 LE1E W 8% (Oryzias dan-
cena) L AFAET Y G AR B sox3” 78 XX AMAH R IKEE 7R XY A b Bk #8280 no & 4k
PRI sox3Y BT Ay Jo HE R 3 o 1 1 ) e s R TR %)
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BRI, TEA I P A L sox BRI RIBEM IR C KB IZ RS T 5 M5 P 8 R4 40 AH 56 1 &= R 7E
W P iV R SRS T E AT IR AR
1.3 TGF-p#BKK

TGF-8, Bl transforming growth factor B(E LK H F DB E KR LB 0K TGFR.BESEAEEA
(BMP) . A K3 H 7 (GDEF) (5L & Cactivin) 5. RGN R AEH Al @ f il B B T EZ/EH . H
RO SE R W ambsamhrll, gsd [ Je Bmp15 S5 A8 50 FE A

TEMELS Y T Amh(BERERFOBARAWEMMNMET L ER. FEfESE ZF P, Amh 2
BSR4 = A, AT LU R 2 W IR IR L. AN A AP REEZE Y R, WAL amh BH, FT LU
CAETE B 2 5 T BE A R B ST I TE S BE RN AR B, amh 7R R RE BL R GA L R T R AR T L
MR amh Frg F B MER 7 0 & A Z B R0 HEW amh B HAE 7R ERGEZYATIER. B
B E 8 amh FEATERS AL R RE, MAENRAL P RE BB HAERMAS 70 d WKL 8, BRI
Z b s amh B PR TEME 35 0 OO R £B R MR D SRR B AR S T SR AE U T R 1 4 Ak M IR R B R R
P AR AR T AB R B — e . TETT 86, amh BRI TE IR R AG R rh iRk B L2, H R B TER 50 1R
G151 1) FOURL 40 B 3R 3, 15 T2 TR X i 8l o B 00 O I RN A R HL A T R T TR B 0 R AR e e AR
B, amh FEFRTEHR P RREE LA 2 IR > R BB TR E R R R LB T8
S5 1 SR A BB 43k TR T 20 DRI A 0 B B v R B RIORG BB Rr P b 5. DL R AR A R R L amh
SRR IR KB SR B FREN B A EEWREEM Btz ER P P Ead
amh [ 5 H 5 H amhy 3058 THRE BSR40 L {8 ] CRISPR/ Cas9 iR P AR 1 amhy HeH R XY MK
P I 5 O BE T ) KB U amhy S 5P A A R ) e R TR

AmhrII(Anti-millerian hormone receptor type ID & amh Z:[F ) 11 B2, FEME I s D Amh 3244
52 Ambrll (R T 02 anh B amhy 0 BRI A 4R 469 I f P I 15 40 (i o
amhrIl R BBXA amh samhy — 3, amhy WRZARIR ] e JE amhrIT ;78 XY MR RER amhrIT 2 HF
A kA 10096 iy M ET R AE T 8l XY MR Hotel 45 2848 (URET I 50 M0k kA M i e, i v
A i 7 B F1JE B B AR B R e E B AR B 2. DL R85 SR amhy/amhr 1 {5 S HEAIE | e E b &
HT EEZEH.

Gsd f(gonadal soma derived factor) & [N 4 BEFE 3745 4 g A2 J00R: 40 i Hh 235 7RI ég v, i L RNA $
REL R gsd f, BTG A 7 A0 A H B0 JR 41 0] S0 5 76 5 8 1 ) 40 AL B ) gsd f B 2R 25 5 A A 7 4 i
HH 2 R A B et R F T U] gsd f AT RE I Sk IR 4% A AR A I R H0H SR R e I B R I
TERP B, gsd f 52781 XY BUE NG EPE ] 20 fo w0 1, AP ) e 4 8% 25 2 JF Bl T gsdf Bk
S R D) A o A T S A DA T (0 AR e ¢ R T o D B B L L HTE I R e T OGS B O A Ak
RSN 4 700 b 2, U 2 7y AE RS SR by BUHE N, g5 A 2ol 910 SRR SR A9 A BT R A B A AL R IR e B
IR T ATTERBVER. W] gsd f 1Dy TGF-8 155 1 — G, m] R8 3@ ok 9 45 26 A 40 B g K0 H L 3 )
R B W A S o AR AR M Al P R I AR T A RS TGF-8 2 H A IR Camb s amhr 11 2 [8] 1)
RKE RN B S TR ZE PR,

IR — TGF-B AWM A —Bmpl5, X MMM I 4EFRF T B8 BEA M AR R Rk, 7
DASE 2o £ 2 FTURL 40 10 1) 2 B R 3R i MEUECR K T 3 I E 4E R M MR AE b R IR AR R R AR 2 5]
PR AR R B AT B RS FE T R S R AR B A B R FoxI2b [A)Ag B AR B 5 R AR B
L4 FEUBER

5 AR A M B R P450 IR — P A8, R B S 5K A MEBCGR A . ERCER A Dy 2 RE 2 O
BB RN TS T4 TR P E OB A  n SR IR b oA MR B 1, AN T8 AL P T AR 1 R A
BANNE R HEREETIREER. S - IR (cypl9ala) BTEE P B HE M SO AT 2] 1Y, bl
JG 14 i (Carassius auratus) B4 W08 KK BB 45 (Dicentrarchus labrax) 8 BS54 2K L #F 0 e 56 40
BRI, R FEE DA A B R P IEa  H e A ERE WA (Astatotilapia burtoni ) ZE B
B FE A B, 55 Al e 400 ) 70 Ak 3 FT A R AT M 3R I T T SO e ) M 1 0 e LA A R A
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Beadk AR R & B0 A AL S A B AR O RE 40 B YR T LA RORS R A0 B A A RS T R S R B E B S A v
cypl9ala MR 2 FEOL ML 1 R AN XL R cyplala B HERBRM S RT 255 7T
TSR B 5 2 1 B B R R 8 o R AR )02 2 52 MR U R A M ) A R A SR AR R 8 2K P cypl9ala
TEOR AR Bk B R EE LB WIEN, cyvploala b 8XT T fih A& F04E £ 09 8 40 16 B % 7% 095 45 52,
cypl9ala FiRfX T2 R LR —DBFHRER.

1.5 Foxl2

Foxl2 (Winged helix/forkhead transcription factor gene 2), @ TH FH THEX K, B/ U#H T
cypl9ala Fik , T X B (1 2 A6 AL B 2 4E H. A2 L 2E b Foxl2 A S J HoMe R M op e s B MY 4R T
Foxl2 32 B 2h 4 8 1 48 3 0 43 T ML 6 i o (B F 58 R AR Z R B B P AR E S foxl2 FEA, B
foxl2a M foxl2b( foxI3)™, B AL, BIe foxl2 BYMEME A, 2 230 H A R R B (% 00 JR 40 i 58 £k Fr
cypl9ala FiR g0 L K il o MESLER S 0 B AIG BR kT & o B8 At BT XU foacl2 T LU
T 3 1R A 05 A A T I 3R IR K OT R 5 S R A3 AR T 1. DL R R R foxl2 HE cypl9ala FRik, HEM
200 kB KO I A S M R E RO B TR I R dE R AR B T EEA/EA. Hal R 2R
Foxl2 WAEFHBIMLH S MMM R A MR R R, BT foxl2 & 158 18 1 7 32 b 58 1) 37 35 T 6 31
HRE 5 046 B R ff 0 — 2B AR

T T W B 58 S0 7 7 86 A A ML RE R R B foxl31 (foxl20) R T3 XX AR = A Dy gett ks 7, R A4
B A 0 FRAE N Foard3 S 265 M R P s AR LA AR YL 5 R MM R, 7E BB B AR M R B o
Foarl3 Fet i 7 B A S A BB A1 M A4 AR £k A SORE TR AT I PR T RO T B B AR A B D A B R A B
RER BN, foxl2b TR LT foxlla GEMERR LT 54 R P RIEEREM. HE foxl2a ML,
Foxl2b FEB 1k BF S04 0ok BE o B p B T R FHLAE LA LB foxl3 FEA TR 2 T BE AT BEAS
fR5F.

1.6 Rspol/Wnt/p-catenin {5 S iE i%

M 7L 3h 4 R 95 & PR L B-catenin 4§ 1 Rspol/Wnt/B-catenin {5 518 # 7 O B 104010 .k F LA TORE 810
Hefrh A ERAEM. Repol FRIM A 52455 H H B B BTE Wnt/B-catenin {55 18 Bk 8 45 280 4 4
&8, ROVER P DA i 58 45 R 7E XX MK Rspol s featenin FANTEATE MM KRS, HHEE
P R BB L B Rspol B featenin 525 5 BOMEM: AR A5 24 48R 4 14 38 3% L [ Ceyp 1102,
dmrtl s soxD W RALFRIE , R B AEFEE 7S 11-KT EEEO 19 1, 28] Rspol/B-catenin {55 1 #% 7] G
T 0 58 A R IR 0 3R R R MESR 5 R B B A R R B R A R W L (E B R L IS AT A
Rspol Jg Wtk ek I, ZEMEME M ok s 5 20 A G SEE T 4 1, XY M h o 33K Rspol 20 wud Fl
Breatenin Fik i, B 2 S B IR BP0 4R X B R A W E T B Rspol oI LA H#IE Wnt/B-cate
nin {55 B AR MR 5 . AR S AT, Rspol EER B THME A MBS REEREIL YW RET
240 ML AZ ), 08 55 A DR R 2 T A B 1 R R R T S 4 R T P T K 3 O v IR A PR BT 2R B BT
i, T F 2 Rspol/B-catenin {55 18 B A AT BB - AN 2 M M 4 2 3236 (A ZE MM 1 0 0tk H U E FHAD L
AR FJEHAR G PR I PL B T8 A6 8. i Rspol/ Wit/ B-catenin {551 % 8 1 910 ) 2 44 2 1K) 1
FIk AR R AR B A 4 LG Tl AR I R RO AR K R R AT B 28 R Ak (H R A DG R T LA
JESE.

2 HHRESESUBXREREHREXR

2.1 Dmrtl/dmy BEE 5 Gsdf ,Sox EREMRANRESHUPHEEXER

WIS, SRY FIKTE Dmrtl ZJG , Bt A, Dmrel A f6 2 F SRY W 137, Dmrel 193635 55 3 SRY
Tk TEARAEHES Y b, QA6 28 CTAT 25 LR AT 28 Dt ]l F2 TR FIXG 1Y sox9 F (R I FE R 4040 19 It b 3R
BT AR AR LB S D dmre] F sox9 HBAT BEAL T 5 ke B £ [ B, 7R 80 dmy 3813 R BOH
T gsd fosoxd B3I IE HEE P 3 D R 18 B 5 TEE I F &P sox3 FEPRA] LA AT B HRIF gsd f 2
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PRI 114 282 325 R A i R R 160 A o T 3 — 5t R A Ay i 0 20 P P ) ke s T B R Y T B RGRR . i LT DL
L TERE R e R MEVE R S s SRR R AR ) L AH dmrel s gsd f s sox TEREVEPE B € 5 70 fH i 72 o R]
REFA R <3 B AT 22 18] A SRR S L BE A8 A 0 HR) A1 18 R 2 A P R 10 0 SR 07 1) 234
2.2 Dmrtl EE5 FoxI2 ZER . FEHEUBERZ BRFEEXR

Foxl2 W] L i 18 4% 5 52 8 55 7 A Wl 14 3 125 R 52 00 ME 9880 3R /0 o DT £ 2 it 1y B 8077 1) e 7 s AR
dmrt] AT LA 55 75 Al TR 190 2 125 o AR ME 33 3R 701 o ol P R 1) 0 807 1) R 7. 2R domre 1 — 7 S (L
RS 1 A S5 1) T A U 0 e B S5 1) K

3 RES5RE

AR B ARSI b B R — 2R LR i e E 0 A i B A R st A B LB S S SR S A
Lo 25 5 32 b FEIR SR RS2 o HLE ) e 5 ik TR Bk 2 R ST L A () A 2R L S [R] 0 1 ol s B A BV ) b £ 2
P e 5 Fk R A RAAE AH dmrtl, gsd f s foxl2,cypl9ala 25 I L & Rspol/Wnt/B-catenin {5 5 i # .
TGF —B 15 5 i B AR P 5 e i€ 5 40k it 72 vb AT B8 B R <7 M. X 31 e s LB A TR AR 580 25 N T 4l Uk
7 Bl Wy B R A AR A BOR SRR L I 1 S B G A 2R i o S R A R 4 T 4 [

Germ cell number]

5y

?

-1 Fox12 =™ Cypl9ala —=— W
l‘}. . /
i

Rspol = B-catenin
Bipotential gonad \ /
IE_:E' Wnt
dmy (dmrt1b)
dmrtl

— gsdf

¥ TE

TGF- B {55 18 B%

(amh, amhy, amnr11) /

Germ cell number I

A 5 5 A SRR U1 A= 0 T ) 2 S S8 A > ) | by i 9 i R 1) 43 i
BT IR, AEBLAN RS RN BRITIAH LR P AEIX B B 2 e T 2 (U I BV LA
JEME AL BN -5 AR A0 A AL D 5 e ¢ L BB AU M Ak 30 52 LB 1) ) A
g, 1 Honl LAEIRspol /Wnt/ B -catenin,  Fox I2-MERZE B ANMEREYE IR 5E 55 40 A0AH
SR (1 T It ) 98 e Mt 28 ) R 7 1) R R MR T dimrr €145 Fox 12 P38 1) T4, BRUE
A, K R s I AR AN B B 5 B T . B, X T M g
P S e S AT (AR, B4 B IS b 6 IS £ 5 U B 5 AR 3L DRI 1 2k, i o
SR [ 85 FrE M It 22 141 43 A 5 ) O SR B L) . {HUE, Rspol/Wnt/ B —cateninfii 5 il # 5
WM S B, A Fox | 2 Tl S Ml I 28 M 5 I 2 BN SR B EANS 2. @ , 70
a1 ; @, R4, H i AT 5T,

B R L RE RIS L iR
z % X W

(1] 8IS S WRAR M. A5 M 2l A P 390 Db s R DR 5 4 e G (AR AR LRI [T ). A ZE W R "% 41, 2012, 20(12) £ 1463-1474.

[2]  Shi H,Gao T,Liu Z,et al. Blockage of androgen and administration of estrogen induce transdifferentiation of testis into ovary [ J]. ] Endo-
crinol,2017,233(1) :65-80.

[3] MATSUDA M,NAGAHAMA Y.,SHINOMIYA A.,et al. DMY is a Y-specific DM-domain gene required for male development in the
medaka fish [J]. Nature,2002,417(6888) :559-563.

(4T WPF. SE—1 2 Je B B A0 P 2 ] W R 2 i P MR 77 LA B V30 23 Jr a5 9 DG S D [ D). DK < W g K%, 2016.

[5] ATALA A.DMRTI prevents female reprogramming in the postnatal mammalian testis[J]. ] Urol,2012,187(5):1924-1925.



i FARHFFRTEERAN AT S XA BHTHE 77

(6]
[7]
[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]
[28]

[29]

[30]
[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

FE IR, KEF . Dort B H 7 MEsh Wi Bl e 5ok b st R ], P EAHAL S S 2R, 2013,22(3) . 269-276.
b, AR 3095 L 5F. F IS 8 DMRTL RN 0 s 5 3R IR a4 LT ], IR 23R (B2 D , 2008,54(2) 1 221-226.

WA KT BB F G Durd BRI HEREAFHE FRIFRKT] BRI E S ,2008,47(7) . 754-757.

CIIEN Songlin, ZITANG Guojie, SITAO Changwei, et al. Whole-genome sequence ol a [latlish provides insights into ZW sex chromosome
evolution and adaptation to a benthic lilestyle [J]. Nat Genet,2014,46(3) :253-260.

CUI Zhongkai, LIU Yun WANG Wenen, et al. Genome editing reveals dmrtl as an essential male sex-determining gene in Chinese tongue
sole (Cynoglossus semilaevis)[J]. Sci Rep,2017,7:42213.

WEBSTER K A, SCITACII U, ORDAZ A, et al. Dmrtl is necessary lor male sexual development in zebralish [J]. Dev Biol, 2017,
422(1) :33-46.

MASUYAMA II,YAMADA M,KAMEI Y, et al. Dmrt]l mutation causes a male-to-[emale sex reversal alter the sex determination by
Dmy in the medaka [J]. Chromosome Res,2012,20(1);163-176.

WEI Ling, YANG Chao, TAO Wenjing, et al. Genome-Wide Identilication and Transcriptome-Based Expression Proliling of the Sox Gene
Family in the Nile Tilapia (Oreochromis niloticus)[J]. Int J Mol Sci, 2016,17(3) :270.

E L RE DS S. mERE S SRY BEFERAER ] BAREHEE,2001,11(4) :365-367.

FAZRE 2L B4R, SRY & B 78 36 I fORTE 7 &5 o iy R <P itk 43 7 [T, 3845 ,1996,18(1) : 1-3.

BEMN, FRRK, £H PCR ¥ 8 RE M KRR RH SRY &R FHLT]. sh¥2 5, 1998,33(1) :12-16.

HILK, KB, BIEEE SRY FH PCR § 343 H7 LT ). /K= 5778 ,2003,24(6) : 25-29.

BB B INATE, L WA Soxd B 705 T IR R R B SR R R 3 AR GRARHELT ). WL AR R BF 2, 2014(7)  20-24.
BrAE R TR BN EE . B A Soxd B A KL ] R AR 2, 2005,13(5) :620-623.

BN AT RER . F. BRI M SOX9 BH cDNA 2K A T LN LT]. RS TI ¥, 2008,17(1) . 6-11.

R 2. 15 P A A R IEH Soz3, Soz9 Fl Dmril WI5[D]. F & - EEHE RS, 2014,

Wt R, TR, 5. L IRE Soxd B cDNA MR ERBHRE IR A FARTRFRIBLI]. %8758, 2004,25(6) . 527-533.
NAKAMURA S, WATAKABE I,NISIIIMURA T, et al. Analysis ol Medaka sox9 Orthologue Reveals a Conserved Role in Germ Cell
Maintenance[ ] ]. PLoS One,2012,7(1);e29982.

XU 5 U8 VA 0 2 ) o 3 AH DR R ] sox9 Y ST BE R IABFSR (D], Kb BB TG K 2, 2004,

He AN, SRR AR e R A B RS S R LT ). B3 AR B, 2014,53(13) 1 2981-2986.

NAKAMURA S, WATAKABE I,NISITIMURA T,et al. Analysis ol Medaka sox9 Orthologue Reveals a Conserved Role in Germ Cell
Maintenance[ J]. PLoS One,2012,7(1) :e29982.

KOOPMAN P. Sex determination:a tale ol two Sox genes [ J]. Trends Genet,2005,21(7);367-370.

TAKEITANA Y,MATSUDA M,MYOSIIO T,et al. Co-option ol Sox3 as the male-determining [actor on the Y chromosome in the [ish
Oryzias dancena [J]. Nat Commun,2014,5:4157.

PFENNIG F,STANDKE A,GUTZEIT II O. The role of Amh signaling in teleost [ish-Multiple [unctions not restricted to the gonads
[J]. Gen Comp Endocrinol,2015,223:87-107.

VS, Fh oK, B 2 VT BB B R R (AMID 2 3 i 5g e R R F3R 17 LT ). A B K P22, 2013, 20(1) - 35-43,

KLUVER N,PFENNIG F,PALA I, et al. Dillerential expression ol anti-Miillerian hormone (amh) and anti-Miillerian hormone receptor
type I (amhrID) in the teleost medaka [ J]. Dev Dyn,2007,236(1).271-281.

EAT . B AR A 00 B R A T e R LR AL R B BT 5T DL L. A R R4, 2015,

LI Minghui, SUN Yunlv, ZITAO Jiue, et al. A Tandem Duplicate of Anti-Mullerian ITormone with a Missense SNP on the Y Chromosome
Is Essential [or Male Sex Determination in Nile Tilapia,Oreochromis niloticus [J]. PLoS Genet,2015,11(11) ;1005678

JOSSO N,DI CLEMENTE N,GOU DARD L. Anti-Miillerian hormone and its receptors [J]. Mol Cell Endocrinol,2001,179(1/2):25-
32.

SAWATARI E,SITIKINA S, TAKEUCIII T,et al. A novel translorming growth [actor-beta superlamily member expressed in gonadal
somatic cells enhances primordial germ cell and spermatogonial prolileration in rainbow trout (Oncorhynchus mykiss) []]. Dev Biol,
2007,301(1) :266-275.

ZITIANG Xi,GUAN Guijun, LI Mingyou,et al. Autosomal gsd f acts as a male sex initiator in the [ish medaka [J]. Sci Reports,2016,6;
19738.

JIANG Dongneng, YANG ITuihui,LI Minghui,et al. gsd f is a downstream gene ol dmr¢1 that [unctions in the male sex determination
pathway ol the Nile tilapia [J]. Mol Reprod Dev,2016,83(6) :497-508.

DRANOW D B,IIU K,BIRD A M,et al. Bmp15 Is an Qocyte-Produced Signal Required [or Maintenance ol the Adult Female Sexual
Phenotype in Zebralish [J]. Plos Genetics,2016,12(9) :e1006323.

R BB B AP R I5 5 LB (Cypl9ala M1 Cypl9alb) Fik S5 ThAEAY M BIFE (D). HIK . Fi g K2, 2014,

LAU E SW, ZITANG Zhiwei, QIN Mingming, et al. Knockout of Zebralish Ovarian Aromatase Gene (cypl9ala) by TALEN and



78 @RS FROARAFR 2017 %

CRISPR/Cas9 Leads to All-male Ollspring Due to Failed Ovarian Dillerentiation[ ] ]. Sci Rep,2016,6;37357.

[41] BOULANGER L,PANNETIER M,GALL L,et al. FOXL2 is a [emale sex-determining gene in the goat [J]. Current Biology Cb,2014,
24(4).404-408.

[42] CRESPO B,LAN-CIIOW-WING O, ROCIIA A, et al. [oxI2 and [ox]3 are two ancient paralogs that remain [ully [unctional in teleosts
[J]. Gen Comp Endocrinol,2013,194;81-93.

[43] LI Minghui, YANG Iluiui, LI Mengru, et al. Antagonistic roles ol Dmrt1 and Foxl2 in sex dillerentiation via estrogen production in tila-
pia as demonstrated by TALENs[J]. Endocrinology,2013,154(12) :4814-4825.

[44] NISIIIMURA T,SATO T,YAMAMOTO Y,et al. Sex determination. foxl3 is a germ cell-intrinsic [actor involved in sperm-egg [ate de-
cision in medaka [ J]. Science, 2015,349(6245) ;328-331.

[45] GAO Yu,JIA Dan,IIU Qing,et al. Foxl3,a Target ol miR-9,Stimulates Spermatogenesis in Spermatogonia During Natural Sex Change
in Monopterus albus [J]. Endocrinology,2016,157(11) :4388-4399.

[46] YANG Yanjing, WANG Yang,LI Zhi, et al. Sequential, Divergent,and Cooperative Requirements ol Foxi2a and Foxl2b in Ovary Devel-
opment and Maintenance ol Zebralish [J]. Genetics,2017,205(4) ;1551-1572.

[47] ZIIOU Linyan,CITARKRABORTY T,ZIIOU Qian,et al. Rspol-activated signalling molecules are sullicient to induce ovarian dillerenti-
ation in XY medaka (Oryzias latipes) [J]. Sci Rep,2016,6:19543.

(48] 3kATHE. Rspol SR G AMBERF RAIFID]. W WK, 2010.

A Review on the Genes Related with Sex Determination and

Differentiation in Teleosts

Li Yongjing, Wu Limin, Li Xuejun
(College of Fisheries, ITenan Normal University, Xinxiang 453007, China)

Abstract ; Fish represents the most widespread and diverse group of vertebrates. Unlike mammals and birds, which show
highly conserved master sex determination genes that control a conserved genetic network responsible for gonad differentiation,
a huge diversity of sex determination mechanisms (factors) has been reported in fish, including external environment (hormone
levels, salinity, temperature, oxygen, etc. ) and its endocrine regulation. So the mechanism of sex determination and differenti-
ation is extremely complicated in teleosts. However, the genetic factors play a key role in fish sex determination and differentia-
tion. In order to provide a reference for the further study on the mechanism of sex determination and differentiation in fish., We
reviewed the advances on the genetic factors related with the teleosts sex determination and differentiation, including the sex re-
lated gene such as sox9, dmril, amh, gsdf, cypl9ala, foxi2 and Rspol/Wnt/B-catenin signal pathway.

Keywords: teleosts; sex determination; sex differentiation
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