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The progress in fish sex-determ ination and its research m ethods
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Abstract In the past few decades significant advances have been made in research of fish sex detem nation

mainly centered in the aspects of sex differentiation regulation such as temperature homone and the sex
related genes ( sex-linked gene BKM, ZFY, ammatases gene H-Y antigen Sox SRY, DMRTL DMY,

DAX-L FizFl genel. SF-1 and WT-1), and hybridization and molecular sex-specific markers provide valid
technique means These findings lay a foundation for further studies on the function and regulation of sex genes
aiming at elucidation of the mechanisan of detem ination and provide potential tool for fish sex detem ination

but there are still sane questions that needed further research In thismini-reviews progress in the past few
decades on sex related genes and research method of fish were summarized Prospects significance and
possible future directions of the studies on fish sex detem ination were also discussed Through this paper

systematic research on mechanisn of fish sex detem mation is expected to provide
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AP 0ERY 24 0005 F, 738 STAH 48248} 4 25648, 2 P B HESh Iy — ) 2
PR e TR, SRS HE SR B 0 A B ke 1 SRR R A SR R R[] B A
Z 2, ORI R R A BB A b TR R B B e @ IR B SR B 2 2 5 3V ke
W, T8 TERTE IR, FEBE AR YRR 2R K O R DL R AR SR T e R ek
AZHLIR B TR R R S e A Sy SE e AR A A R TSI £ 26 B PR3 734 (i £
R e L a5 B A2 AR . 325 ik AN T 2 PR 8 V0] vk 2 7R 2R A PR S (AR /Y U7 3%
HE 20ibeg Y04 BEE 0T M BOR Y AT S NS ke S 22 PR 67 i A B 2 R e e 8 P03 phe
FER B WFFEA 2 JRIT s T T Z MBS i AL T AL T B B B 2 PG g P R PR e T2 ML K5 A )
RE A1 S HESH I PE G PR AL P RE . [T X3 K IR AR U » e ot A A i P 4 O i e 1 A
sl it v AT AT, P LR R m AT, L R A BB ST B, DA — 225 LAY
i R e s IR R IR i — T S gk

L fa 28900 v Ak ge o iR

R SEAHE S P B e R R G R N AT L AN LB XXOXY. 2K AW /Z7%, Ak
FRFFRI, BRI e JLF- 6 T i g AL R SR, 48 B AT 2 00 58 T 28 1 vk e
RS s S ME S AR U TT DAAS AN S 4598 . f A MR e (0 MR 31 ke 22 1k R R3S 5T Xl
— MRFEE SR, BT Mol @M o ke KM FBA 52K, (1) XXAXY AL K
SOt I P Y £ PR 2 Y, 4 R B (Mastacanbelus aculeatus)%: (2) 2W /22 2L, 4k wh @ U8 8
(Param isgumus dablyanus)%v?"f%ﬁai W /ZZﬁLJ//I\ac XX /S(Yﬁiﬁ%'{ﬁﬂ‘v XX /XY'% 7w /ZZ’_ﬁ_JE@J@
SRy 1004 (3) 20 /225 XX /XOBL, B Ky MEVERC T35, tnsEfist (Coilia brachygnathus);
Ja & MHEYEEC T FEC RS, andE i 1 (Stemoptyx diaphana); (4)XiXiXeXe X Xo Y B AR BT 02K, dnfik
FIEIEH (Pamblennius tentacularis); (9) & Gt AR RY, B A HOR T BOR AR & AT A S BV et 1k 4
AT RE By i PR e g NBF D (Brachydanio rerio), ZD%K 28 BAG &8 2 HER e 2 248, tn o 2
1 (Xiphophoms spp A WXY, A L HEL T IE M (O reochrom is spp AT AA (aa)W XY,

SRV AR B S B MR R R SR G TTOe, IR IR e R AT
B TIREAS R 0 73 S5 rh . B R A R I —BOR 7 SRR ELA AR [7] (4 PR e 8 1A phe S 1k R A 40 E

2 PR e S

H RE £ 28R 51 e 22 500 Ak g S 9 IR sl et XE0A 0 2 o0, BF Rl BRI 275 T
8 28I N 20 S L S PR BB R A RIE L N s i e ) Sk 2 B B P e g BN, f e i
Lk 7 S Al e i A R BT SRR BB AR PR a2 i EAY (B R % e fan ik L 3
FIVEF AT RERE AL EATT, T H AR R A2, Geto pc gl e AV e 2 HR A AR VE ISR B AN Y . 04k
FFE LA 2 0 J LI e e BE R an S
2.1 HRESIIER (Sex-linked gene)

MatsudaZs UVS BB T 50 (O ryztas latipes) i PEBIESEH SLIAN SL2 I Southem EP 75 IF
SL2 g 52 FE 9 H R WU Yo ph B 3L AR S5 89 TS, Sakamoto 28] 1 ML 6044 T2 vE A )
il 15 MR R R K AR AR, Aleida Toledo Ui CHIH AT T Gymnotiforn s( LT
08 VMR Y Yufn R R X AMEPEAR R S D, & B0 Y Qe fa ik EAEfEA R 6 T CREEH HiIAv %
A BETE MR B FE R b i) iz 3
2.2 HEEJFH (Banded K aitM inor BKM )

FEFHEIER A TR IR 2 — FEER QR B /b B Rl e — B RVEH . BRM i 2
FF3 (GATA E S e et h — & E A R e ks s —, aFhRMA K
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ST R B (R B TR R EA TR A A I T, Nanada [ 4 00 A9 7 5 8 1
B HVWEGRE X TR R YL O R A R (Poeciliidae ) L PRI T 2238 /34T Z5 3 HBL T VL 3R S A0 22 58 &
WG CAHT BRI M S (Poecilia reticu la ta YHEYE N 7 AL YLt R, (H LB (Poecilia sphenops)HfEPE
Sy AR, A T PG R R MR R R AR E G TR, B2 BRI
R AUE P R — 2 VR R (B2 S — @ i U e B KR B e AT

23 SRY(Sex related Region of Y )3E[A

SRY A B 2L A LB e AL P B T R RO T Y et b, R R
F Southem EIE 4258 1 7775 » UEBHEHFHR FIEE S (o JE [ 240 DNA ¥JRE 5 A B SRYIREF4E & RIHX P fp
EHERAEAE SRY LN A [T T 51 (ER 20 A B SR S iR v 4= 28, BRTo v Re et e ik,
ik SR 2 Srae P AR B O SRY B [P PEADRRLSEgR 45 3R . AR SRY [RIJE JE K 4 e o 7E i fik
(Monopterus albus)#y5% 15 getafk £, MEE, SRYER TR AL R ENH T, HE BL
75 ] REAR T LS ABFERT PRI 2 0 T RELA (15180 SoxOFE[R Y AR, B RTEBAIEYE .,

2 4 PHRYEEIER (ZFY)

JTEERMIAF R R, Y R ik B SFREE M L (zinefingerY gene ZFY)@4k SRYZJFX—15
PESMEA ety S b UL, I SRS T R U, AN B4 D 4 26 13 T 45 4 L o A SR 1y
IR Z AR IR v ] By PGS Rk 2 O “BF 48 "B H . XFEBRREAHEA TS DNA %S
BHI AR, N AT fES SR FA WY, UL ZFY F BOS RS £ £ (Anthias squam ipinnis), KE
M (Teta s Puncta tus) ML AR ANEE = A M1 Re VR R 28387 . BB EA RS e iy 12
BG5S M AT RETEPER 7 AU PR AE A P AR AR — M B SR — IR SR K
2.5 FHEAEEHH (Aramatases gene)

F R R E R R SRy LA E RS B TR AR POOZEN — . ) AT KE
HOEHESh YR Bl Atk o, AT AL SE SRR S A0y MERR - R MEVRER A= & i ) S B g A PR T2 g »
TSR AE AR 2 TR . DFARERH, M Sii AN iR o i 05 & KT L oAb B AE S =
H 100 ~1 00045, 2L R B Rk AT RES: 55 T fa 2K VE IR 0 AL A9 5, 7E N84 Fn B 4F f4 ( Tilapia
nilotica A ESMEI, 25 F AL EEAE T A XX PEIR B 8 K  Fak, TAE XY YRR R A ERAE T, Kitano
2 UV TS A AT o) 0] SEL DB AT 60, 55 A e RS R B A 6 PR A SO BR VNG SR 7 1 . B
GRS . J7 B ACEEAE B HESh MR A5 B VR R R KIS 2 R AL B 2% H Ar = A
ESYSR G BN S SHALE R0 R ., B 575 Zi— 45T,

26 HYPUHE (HY antigen)

HY Hi 4Ry LR+ TR HEsh b MBS0 R ECrE IR 46 ¢, T Hd BA
U RSP, B HY BUBHYE ()R SR, X IR R B AR A fa 2 n S i S ek R £ 28
KA R R 2, H Y PrRAEMERE A 3R0K, U H Y PUR RA W RE T fefE b b g
A, BLEFIIUIRLL St (Salvelines alpinus), M8 $L1EE (Rutilus mtius), 8070 MEHE B AR AR HY
oI HPUR Bk SO AR BEA L (EAEA = S (2R B AR QLA (R0 B HY PR an i il %
e A Y PR, MR Y, H Y PR O SRR, BA RIS RY, Y HY R
EHEAARSCRT . B 5RO A PERR A %

2.7 SoxFENFIE

Sox BRI TEMHFL RN g i E R EZMIER, BRTEF 2R @ 2KXPE O IR T Sox B[ 1

K., WMEEEN Sod P EM T 6 S Yefafh, Soxl7 BT 55 Yk U, Wk s M A A Bt
(Epinephelus&7R T Sox3 @ FRFEER B g L A A5 ) B R EUA AN [ B 77 1) 364 T, aX — R BRAIE 5K
T Sox3TEINF A A ANECF A /AL H A AR VEEAE A IF001E Sox3TEINF A= H VR EETERE K
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ERRER RIS 2. 8 PR ETE RN A h R B Soxk K 52715 Hh iy — SE 5 K B A PIASAS [ [7 91
PEULA LS e BE A Soxdafll SoxIbFEMA , ML BAPIANAFIAY SoxI FE[A, HERT X E & nRe
TERE B 0 AL R P A AT S, 1/ S i AR B A TR DR 21 ) &2 T DG R & A — L ) R R I e
T EE (BAREHER LB T IR BER A TREYE T, BRI EIR, Sock RN IR 2 AL
T, HEMFIDIRE R — e IR SR EL RS VA, HECA A IR S5 I H R 2 0 v e
FE
2.8 DMY(DM danain gene on Y ~chram osan e )FE[A]
VEAFFPE A e 2 FE R S BRI fE e B[R] B 200 2 W 20 DA f 2R B (1) BE TR 20 vh 25 2 for fn 4%
PSR BE R 58 DNABMC, 7EX T BT A A5 20 45 R fe o NS, NEE Y Jefa ik
43H DMY(Double Sex /mab3dmai of Y chmnosane)[lg]i%f@/ﬁ\@g’éﬁ Y Qi ik F3eEIR . S5RE
R MDA BHASGIE 7T 0 IR g IR N . 5 SRYTEMFLERVE R ZERL. DMY{XUAE
HE Y YERRR A N RS REEVEER LB I F . B RIKAEFES]— & nl BE, d0 15 7 A4
XY MEHEAMAR P BORIEHE 1N B BB 5 5 XY MEPEAMA T2, (B DMYHAFEE T H 0 T
TR A REAE LAt 8 B 0 S R B L R RIER T DA 2P 1) e e 2 0 T PR L 28 1 - FEAS [y oL
AR 0 i FR 2 TTREAFAEAS A A M e e BE A
29 DMRT 1(DM related transcription factor)[A]

R aym ond &5 U 7E A6 IS DMRTLEER G, MR AN YL (8 57, UORIZ R 2 151
SAACEER , SHEVEE R R B A %, (E@ETTHE, HATC MDA M6 66 ch e T DMRTL X
R e ARt rh, AU RVER IR I DMRTLIER H Ak b R38R 205 977 A HY XX
Hefa R L DMRTUIER 931k, 7ERL@E ., DMRTL L H7EHs 55 63k PERR ML % & 11, DMRTL
SER 7EAE LRIk, G E A TT, 7ET 8 b, 4 B pe 2 I PERR TP RG] DMRTL 2232 76 Uk 41
Zlrh, DMRTIB R 7EAE i aesk,  FIRgEIRRN], 576 TEHES Ty Tk —RE, 7525+, DMRTL
B IAVERIMEIER , SR A TR AN D R X,

BT bR JURPREDR 0 X ek 70 SRR S i e X e PR DAX PR 5 e L 28
B PesE ML LR PR kR AR A B R R B IO R b s A PR BB R TEREIG R
R R R B R E TR WT-LERE WS T Iz i e,

S G- S e 2

V) i R B e L (H T 32 AN AR A s, QR R, pHL SR DGR K BT B EE R R
PERIA R SFEBRETEA AR Eagma (2R pg vl 125 IR FNES R SRR 2PN &,
31 YRR

Rt i 22 ) 8 2t UE IH L ke 2 A2 TR B AR R [RUU Y R R 2R I TR X PRk £ DS A
Hhg e FE AR A T BRI P € (temperature sex detem ination TSD ), H AT R AESL 20F) frh
RILT TSD (HEFSMIFZE HAE H AR (Menidia menidia Y038 ), COIF ST B 4R DL A 1 51 de i 2 i ik
FEFNIRSE R T ATt 2 B A SN B B L ] 42 ) 04 4 51 7 B8 45 RO BREE (nenill ) ™ & & BUME £, T
TE LA A R (AR ) 5 M fr SR R v s M B I S e e 2 rh i R 4T ), TIAE 0
h Yo s AR P B0t 2 b SRR IR T PR MU BB A, e B BN XX XY Y
PERIB AL 77 2K FEVERI S AE R B2 » 5 R bt s KL 2 PR A MEN 2R 1 43 Wb T i UM B S, . TSD 1Y)
HURHA SR RAEA A A& B 1 AR B 76 025 RSB B TR B AN 2 i e PR RR AR A O 1 . (AR
{2 AR TSD U AT REAT TAERR A1 B
32 SN

ANIEBE AT LU B AR . 7ERE B (R 0 Mt A% S0 b D 655 2RI R B R I TR B 26
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R B B 2R AR YRR AL SR IR PR A HE £, ] 455 PRl A BRPE PP, ©aRAS
YIRS AR E B B R SR ST H AR (O reochram is mossam bicus), F#15% B A Hfl
TP M R 3 BOMEE AL TR 5 SR T A7 0 7, S SR S P VM 3R T 5 M A AR T P MR
WRSEIMEYE MR, XA R E TRt T a7 ML F LR, SISO R TR
e e INEERN R, S, M PR i AR A5 b o £ (ELBSOEAR A5 i B 91 ) e £
AT — 460N BIELAO S ATRE TR S L SR (58 2 22 th T LA R SIS e 2 3 e i 9 P 43
N, A9 EUESS RS S A MR R U SRR R R B 39
TEGHE, PR SCR A B TR X — [l B

4 E R VER O RS IC AR R S Fr BEEI I BIE T TV

HI T K 28t 2R Qe R AR B A B A e e ) AT IR R, S BRI st (L FEA A — 20 1k
RF RO B B A A AN DR & e —Fh T LR s A A e ny fRTE 7 i B A+ EEW =
o W ARGR T ER M BRI Je e R RIS T S AR T FC TR T
KEB TAEHBUS T — 2R mst ™. FIH SMERIEHA > B o fk (i X ekl v ik s
ST B G 0 PR B IR SCPE AR ARG A2 R TR e S PR DNA F BE AR P01 e g 1t A% BE Al 1 73 5
iese VPR RIRERY e 5k . AN B 70 FARCEORTE 28 © 24k 3 T — eVl 5 0 SorE e 4
(4 DNA J1 Bt e AN e VgL (R DL e 7 B 2R st AR PR | B8 12k, 0 FARiC KR ] 73 5T
SouthemZ& XK 73 TARCHE T PCR BRI TR, ATE EZA RFLP(REIEABRKEZS
YEOMUNTLR DNA, Ja#5 W T 28 V! te g 82 JL Al 1) 2847 . RAPD bRic (FEHLS |4 1 2 254
DNA)., SSRARC (L2 DNA)FI AFLPHRIC @ B EZ S ). 276 L EILRRE, A1
B ARG RFLP AT SEEAT RAPD fRj i R SUPER) AFLPEORBN Jy2 B AT —Fh -+ 20 BEAR 28000 7
FHARIC AIFRZ R 73 FARCH AR B SR E R, (R M AR E A= I [R] 5k B 2% A & 5. X DNA B 28
JERNNDIRG R BT BESRIR E , BEE 2 T A R IE— 20 L&, DNA 7> FhRid SRR 23 5 56 3
AR ERE ERO 2 TARCR S AW I, RS RS X —# R 0 AEIEOR B AN W 56 3 AT R
I B A A A 2 5T 8 0 B R AT P Fagt A Bl HEA T IR N AT, Sl N 2Rt 23 E
T B BN 7 T SR BE IR Z ) A2 A

FISHH: AR (fluorescence in situ hybridization eI 7650 FARSHARME G 7Y, HAK
TEfZRIBAR A TR S FL SR L IR B IR (T2, EE AT e AL A 55 | Ge 0 (kA2 57 F it
AU FPlB S T AT TSRS T — g s, JUH R SR LR 4 AL AT R AR S S A
FISH B A B A2 MR BE R DNA B2 X NOR s(R% A2 X )R BF ST T AT 2 5 i BR 14 4
— R AL DNARY FISH 145 AR e SR — B0 T 2R —2C . SR, B ]
e 518 MAHESI R BN AR X EA G, I H. TE4EH R A RAR A1 DNA#A FEiE v
AR, BAOSRIUL, FISHBOAR BRSBTS PRI ATt . — 7 2 R AR F A REMT A HF L FISH
FiHA, @ MuticolorFISH, CGH, GISH, CISS, BAC FISH, Chranosome Paintingu& R reverse Chramosame
Painting™; 75— 75 TH W25 ) 32 70 HE 2 K58 B An b W e 0 1A K e 31 DNA 248, 1 7 B i
L Mbi ] 1 kb EE—DHH R T FISHEOAR BB U (A 7 T A Rs fE 251 1 RERER

O R

B RIE— S BA Y ST RRIER (0 (R LR 12K rh, B88 T X TR ek R 4
XU TARNAE B 240 Kb IR MV b e L (X B ), b T se B R e P31 bk e LN B85 T 9028
Sefdi, (HR MR ER BT TR Z M fff e, EEA . (1)l T @I ik (LR R
& Iz Gt g/ N AL H A2 FE 08 H RTEY MG 1% B BoR, TH IR 3 2 1 2R A PGt AR bRie A
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SEREBORIFNE: (2 ER SR a2 rh, R MEREVE B Y PR 4] (R 4 )25 5/, SeREHREHE00E, FISH
S S R ) BN B . A ) e R R M LA P A PR L i B K B RE T 3RS (3) L
A BB IR M 1 £ 2550, T L3S 6 258 ) BT 2 B0 R AR — 3 4 T S JBR 0 1 e 31 e 28780
(4 YL 22 B PR e s Ve RS AR

ST AR TG R £ 2V e SERF R AR T A B AR T Be, © BB 5t 1 264 5]
P Bk, B AR TR RS RO 4R A SR A B 5 SELE LA B 43 4 A A A
Sy T AL TR AN A X 8 20 B e S 9 4 T IR R S0 B S B AR AR E . Bl TE 2 AR
B XTI B B2 R R A TR IE R (0 RsIL AT RsR 3L 1, ObSE R % ), e vl 4E 54k
B R R e, HF R BURAE AL (0 R [ R ) 3 0 U, R T
PP E WL TR B TR R S, (R A TR B, 75 A 2 i A= A PR 5 P 31
B EARKE Do F AMEDE 5 I 0 1 A K3 Pl Ll 2 e, OHEME S M 2 1 A K 3 5 EEREREAN PR e, B
TAVERED A 255 MBI FRAH Ak e T AR P4 R0 B PR 5 o 2K 1 e s AL B L
FAEREE AR BT 12 MR NI BFFE SCREA T LA 7 B A BT ST 7347 3 ) A B8 A 3o 7
25 5 T EL T LA 4 1 2 SRl i /K P 3 7 B AN TR 35

SE -
[1] DevlnR H Nagahana Y- Sex detem ination and sex differentiation in fish: an overview of genetic physiological and environmental
influences [ J]- Aquaculure 2002, 208(3—4), 191—364.
[2] E&H, KFEE R Ao BB ESERITT ML (1] K24, 2003, 27(2), 169176
[3] MatsudaM, Matsuda C: HamaguchiS etal Identification of the sex chranosames of the medaka O 1yzias latipes by fliorescence in situ
hybridization [ J]- Cytogenet Cell Genet 1998, 82 (3— 4), 262—275.
[4] Sakamoto T Danznann R G. GhahiK. etal A micmsatellite linkagemap of rainbow trout (Oncothynchusmykiss) characterized by large
sex specific differences in recanbination mtes [ J]. Genetics 2000, 155 (3), 1331—1345.
[5] AmeiddaTLF ForestiF. DanielM FE etal Sex chranosame evolution in fish: the fomation of the neoY chramosane in Eigenmannia
(Gymnotifomes) [J] Chromosana 2000, 109(3), 197—200.
[6] Wachied S Danas$ Tiersch T etal BKM satellitt DNA and ZFY in the coml reef fish Anthias squam ipinnim [J]- Genane 1991,
34(3), 612—617.
[7] Nanada I SchartiM, Epplen JT etal Prinitive sex chranosanes in poeciiliid fishes hatbor sinple repetitive DNA sequences [ J]- J
Exp Zool 1993, 265(3), 301—308.
[8] JHZRF. RHEM, BN, SRYEIEFEEHED @ RH i b R 1] 8%, 1996 18(1) . 1—3
[91 Z= %, KHE BUF.F. Qo B SRYSER®SPFXEUE L [J] HEAKRE, 1998 5(4), 101—103
[10] AoA. Erickson R P Winston R M, etal Transcription of patemal Y linked genes in the human zygole as early as the prenudeate slage
[J] Zygote 1994, 2(4), 281—287.
[11] Calland G V. PeterZ RyanK J Estiogen synthesis in vitto and in vivo in the brain of amarine teleost (M yoxocephalus) [ J]- Gen Canp
Endocrinal 1981, 43(2), 245—255.
[12] Bamwiller JE D 'Cotta H. Envirment and sex detem ination in fanned fish [ J]- Canparative Biochem istry and Physiology Part C. 2001,
130(2), 399—409.
[13] Kitano T Takamune K, Nagahama Y. etal Armmatase mhibitors and 17 methytestosterone cause sex-reversal fran genetical famale to
phenotypic males and suppression of PA50 armatase gene expression in Japanese flounder (Pamlichthys olivaceus) [ J]- MolReprod Dew
2000, 56(1), 1—5
[14] SRffpc. AP (E e (M T, JEIT k2 Rk 1991, 152158
[15] JAZEZR. AHEX, BIE, 4. PCRYMEE MG SRYGRN [J] BlumiR. 1996 47(7), 640642
[16] YaoB ZhouL GuiJ]F etal Differential expression and dynam ic changes of SOX3 during gam elogenesis and sex reversal in protogynous
hemaphmditic fish [ J]- Joumal of Experinental Zoology Part A; Ecological Genetics and Physiology 2007, 4(307A), 207 —219.
[17] ¥E B BUUE. Wi % AN SockM M R L AN [ 1] 5240, 2002 29(11), 990994
[18] KondaM, Nanda I HomungU, etal Absence of the candidate male sex-detem ining gene dmrtlb (Y) ofmedaka fram other fish species
[J]- CurmentBiol 2003 13(5), 416—420.
[197 Raymond C'S Shanu C E. Shen M M, et al Evidence for evolutionary conservation of sex detem ining genes[ J]- Namre 1998, 391



100

bW w O K ¥ ¥ M 18%

[207

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

(6668), 691—695.
Guan G: KobayashiT. Nagahama Y- Sexually dinomphic expression of wo types of DM (Double sex /Mab3) -damain genes I a teleust
fish the tilapia (O reoehrom is niloticua) [J]- Biochem Biophys Res Commun 2000, 272(3), 662—666.
Marchard 0. Goreronn M. D~ CottaH, etal DMRT! expression during gonadal differentiation and spematogenesis in the rainbow trout
Oncorchynchus mykiss [ J]- Biochin Biophys Acta 2000, 1493 (1—2), 180—187.
Bunner B Hanung Us Shan Z et al Genanic organization and expression of the doublesex relater gene cluster in vertebrates and
detection of pultative regulatory regions for DMRTL [ J]. Genamics 2001 77(3), 8—17
Stussmann C A, Patino R- Sex detem ination environmental[M ] //Knobil . Neill D (eds)- Encyclopedia of Reproduction A cadem ic
Press 1999, 4, 402—409.
ConoverD 0. Kynard B E- Envionmental sex detem ination; Interaction of temperature and genotype in a fish [ J]- Science 1981, 213
(4507, 577—579.
Bamwiller ] F. Chourrout D, Fostier A» et al Tempereture and sex chromosone govem sex ratio of the mouthbrooding cichlid fish
O reochram is niloticus [ J]- J Exp Zool 1995 273(3), 216—223.
Patino R- Manipulation of the reproductive system of fishes by means of exogenous chem icals [ J]- The Progressive Fish Culurists 1997,
59(2), 118—128
Takamatsu N, KandaH, TtoM, etal Rainbow trout Sox9; ¢DNA cloning gene stmcture and expression [ J]- Gene 1997, 202(1),
167—170.
Piferrer ' Zanuy S CarrilloM S etal Brief teamentwith an aramatase inhibitor during sex differentiation causes chramosanally female
salnon to develop as nomal functionalmales [ J]- ] Exp Zool 1994 270(3), 255—262.
Yanamoto T Kajishina T Sex homone induction of sex reversal in the gold fish and evidence formale hetercgamety [ J]- J Exp Zool
1968, 168, 215—222.
Sola L, CipelliO: Gomung E. etal Cytogenetic characterizeation of the greater anberjack Seriola dumerili (Pisces Carangidate), by
different staining techniques and fluorescence in situ hybridization [ J]- MarBiol 1997, 128(4), 122—124.
YoungW P. Wheeler P A, CoryellV H, etal A detailed linkaged map of rainbow trout produced using doubled haploids [ J]- Genetics
1998, 148(2), 1—13
Krebs C J, Lakins L K, Khan SM, etal Expansion and diversification of KRAB zincfinger genes within a cluster ncluding Regulator
of sex-lin itation 1 and 2 [J]- Genamics 2005, 85(6), 752—761
JEOA B, s THRMAKEREIEN leptin M S BT ObRbEER LXMW A EEZNL (1] TEFE (CH),
2003, 33(6), 525—531L
BEHONE, AW, FUE, S YIRS B SR RN 2 RAGKEER (1] 3R, 2007 53(2). 315—324
ZEpfh. SCERZE, B ORF WA R AR R RAEEE N EREMGE L (1) PEEYKY S0 FEY ¥R, 2004 20
(2), 189—194.



