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PR R E B A 4, H8 AR X A JE AT G (A
AEATIE I, Wb s R H RN, FE a2 B
TEMER & B (gynogenesis) . HE# & & (androgenesis) &
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TR RE . AR DO A HRE & R S e 2,
FEUCER FHEANAREROKRBEEN T LRSS
B ATPERON DA KA 2 AL A i R 5 N
1 REBEXAXBEXTEAH#E
L1 BEAFHK

WEAZ R B AR T ) — A, — R R A A
P i 3845 2 % (genetic inactivation) (ks T-I4T%, &
Jetafmpsm g E R A RER . BT AR ARTE R
LR G SEASREAF TG, WCRs ZEE AT e A A5 B — A%
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K, W Ze s ki 0 S ORI, B TR
] 34 5S M 75 5y, e R | Jm 1) A8 # b Y,
WA T A R] RE A R AR AL TS Ty, W S IR Tk
Fratfl K&, AN Tl i M & & 120 o K3
K 5IEH I 720 e, T AT A A LU S A
P e B AR A TR A R M R B
(meiogynogenesis) 5 [A] 51 i #% & & (mitogynogenesis)
PR S JTUMERZ R B SRR ISR MR R, A2 A
S AN 8 HE I 20K ORG24 o T B A
KRB XA 22y R R T, 158 AR 0
) A PRS2 ORE O B B 2, AR DY B0 7 A e (5 R 4 58
8, AR R, T AR ARk I R
AU, EOCFR LA 1A (double haploid)., A T
VR EHRIE, b9 A5 T I fh it 4 e
TEA AR R MBI E MR . BT R G
EARTTHEOR DNA F 55 55 [a] 45 07 ¥ 4 465 4

HLOEATAEIK . B ASIX R YR,
MK N T M K F UG T 20 T
70 AR, SIROK AR, W AMMSEED . BT
KV Gadus morhua . B4 Pagrosomus major .
WK i Dicentrarchus labrax . K ¥ fi Larimichthys
crocea ., ¥i APt Epinephelus fuscoguttatus . 7 ¥
Paralichthys olivaceus . <35 Verasper moseri .
W5 85 Cynoglossus semilaevis %5 JL a2 i S
R 1), T EHEKGEM L LT IE T A LR
AT, e RRIE DY 20 tHhad 90 4EAR . (B & REGHE,
25l 20 ZAEMMR, C&7EIK E LK SR A2
HOIE I T 8 RGN EIR, Je R Telifiias . K
A, W Nibea albiflora. AR AR
T IS BIMER L B AR, AR R T L s
EEMT, LR T AW FIIGE | TP RS g
R4 5 DR 2L 00 5 TR 1 )4 g g R A

£1 ERMATSSHREETKEXRESHE
Tab.1 Artificially-induced gynogenetic marine fish and the induction methods
. KX e A s ik .
i Wirkm T O s
W REMEERE FEMZER
KPS Gadus morhua [A] 5 uv K [17]
=N Pagrus major 5 uv BRTE KR [18]
43k 1 Sparus aurata i uv PR [19]
[F] Y5 uv K [20]
R fifi Dicentrarchus lab
icentrarchus labrax i UV W 21]
4 IRAR f Morone chrysops Sy uv RS [22]
filk uv N [23]
fal . .
i Paralichthys olivaceus i v KT (24]
ESEZ KEEfif Scophthalmus maximus [=] 5 uv N [25]
R . A UV el N [26]
BABEFGE  Paralichthys lethosti .
” TS THOTIETE e Bt UV K [27]
BT T Paralichthys dentatus B AR uv HKE [28]
1] Platichthys flesus [F] P4 EIE IR [29]
i e 1 Pleuronectes platessa [=] 5 EIE VN [29]
KB AL Verasper moseri [=] uv N K [30]
J B Hippoglossus hippoglossus [7] 5 uv HoK R [31]
FEN IR 5 Solea senegalensis [A] 5 uv N [32]
Gk UV gl N [33]
%m . .
K Larimichthys crocea T v KR [34]
- B Nibea albiflora [F] Y5 A% N [35]
-6 Rhabolosargus sarba [=] 5 uv I [36]
FRASABE L Epinephelus fuscoguttatus ¥ A BT uv BARTE [37]
Rl A B Epinephelus coioides By A B uv &N [38]
70 MEVERL /2020 4F /25 44 46 /55 8 1)
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sk
Ki¥K Je R 75 i
h fp KR s s - 2% 3k
! WOk REMBRE WL E
Gk uv gl N [39][40]
- P j j
7t aralichthys olivaceus T UV oK. etk [41]
. o EL uv KN [42][43]
Py :
P Scophthalmus maximus S R UV kR [44]45]
168 %

EHH e EE Cynoglossus semilaevis i Zi@i Ez M KR Eisj
WA EE  Paralichthys lethostigma FLAR; TR uv N [48][49]
(] 3 A dt Verasper variegatus o [ 4K B uv IR [50]

B VT M Platichthys stellatus AE fiyi uv HK R [51]
ST B Verasper moseri ALt uv LN [52]

1.2 REHKERXFFEELE GART LR

T K A0 28 S SO MEAZ i 7 100 At A8 AR A HE T 3
BORANRBER 5E 1, JCH LAV IR e b il )iz
A A A Sl 2 A FH K R 0 5 A iR HE .
PITE IR LI | 1 ol 428 ol B s 4% 35 45y oD 2 B
fa—se ki
1.2.1 #EEHFE

WHT IR, MERZ R B 5 S 15— 20 R Tt A
YK, B EE AR 2R AR T s o TR BT
rh, AR S B A5 A 58 AN X A RS - AT K,
HCERI WY 5 Y Hertwig R0, BIFE— & B G 57 B I,
SN I R IR A 16 3T [ s B — s IR AR i s
ZHG J5 A AT TG R M T £E 36 000 erg/mm’* il fie 42 18
SRR R HORS TS M . AR RIS IR OR
ARAk, AT AT D IE 8 00 095 AR R
WRFE kS, IRl BRI S AR (A IR 25
A AE haploid syndrome, 3 WIEMACKLSE . HIF T4
2 R NN € ¢ ]35S BN R GR N 3 R &
AL TR, B0 3RA 100% M M R &
i, 75 KZZHE Scophthalmus maximus H, T4 & 5 F
MAABERG 724 UV KGR, s @R ses Sl
AT K EE L5 MR & AR, HRr, AR
AT, L2 R [A)IEORS 0 K75 R 22 61 S T
MK E -
1.2.2  iFSHLH SR

WERZ R B 5T B T AL B 2 | A B R
FAb ] =22 E X A6 KEEREAE AR I
FEUEAT 20 240 4 I ER 500 i i e AT A i R HE
TR, i S RSCR A R AL T AR, AR B |

WIRA T AR T S B A0 BRI 20043 50 Z K5 S 5 min
M6 min(15.0 CTF), I &M AT 588 5k
XL G BRI TE 22 5 o X R MERZ R A R
WEIG & B AT G B, H 5l AR A A
DX, AFLBEAZ R 7 AR A VS i 0 A S A X AR, T
B A £ T SEAR X i % 7 R AE LR T
i Platichthys stellatus 1A HGE, BAMZ LT —
R R TG B T8 25 B % 8 I I 453830 A% A 9 TS Xl
TRRIRISTE 35 . AL ALY,

H T 75 U0l 50 2 T % 0 AR 2 3% 3 R v I Ak
RS LY T B & AR sc i, B — LA Y
Fety o LR T RS RN TR AR IS B AR PV M & B,
SRR K B B ) 22 A PR R 3 A AR A B
BEAR, HFEZ A7 b kA SR -3 22 5 2 8] () &
M. ERE MR, AR Sl A o A7 7 22
FIO SE AR L, MR A TAAEE AR
P TR ST R I, MEAZ & K fh 3k M Ay 4l
AR A AR T 81.9%°'

1.2.3  FrFp R S50 FAHR BT

WEAZ & B 0] A o A B AR, SRR E A
Yt MR A TAEh A B . X T
s 2o XX-XY R £ 28 0 o 602 5 i e A%
KB AR RALMEE XX, TS A 7
S I BE A SZ R, AT DA Ao v R R U R A B A
KRB HARAG O e, a8 1 ME TR O A B, T
55 TE A (XX) 28 B B AT RS A 7= 4 . T X
T R BC (ZW-ZZ) B R 22 BF 45 1 28 3 o A
B A5 BN HEVE O(ZZ) T SR 5 IS A AE 1Y M £
(WW), A n] 5IER it 27 s8le, A:r=4ififa
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ZW S S S R R B BRI R f 2 M e s A
PEN S R B YA ) TR

AL 5 A I MERZ B A st 15 B ME S,
W R MRS R AR, X eypl9a. cyplla 5
FE PR e FLAG SR DRI foxI2  nrSa2 Rl nrOb1 18 7 64 fif
I3 AT Y 23k R0 Ak 3l A OK P 19 R A i, WP
M T i B cypl9a WGTFERILE, FF50 8T 1 1R
AT o A R v B Rk s 2 . miRNA, H fig
BT A F R £ 2k R A AR DL AR AL T AR HETO00) %
IMERZ R B AR — & LB i AT R 2 B AN IE
W, WA MR R B A BRI R B RN R
MR, ARG K B & 7%, T AEAE
[F] R B o D e £ ARG SR AT IR AL IR 52, o5 BEAE R
72 I I A S 110

b A R B AECR B IN, 98 2R N RAE AR DL
B Wt w, BIELSL 3 MER &K H A 670wl ik
99%LA I+, Frla TR, WA & F AT P E T AR
FRIFES, TEBHEF T AARZENE. LRk
BT 10 ARRL RIS A Re v — A2l
#, M—fCHER & B G A Y T 42 ) i 2g il
8~10 1Y, —Lifg /K 2 (S AR R M B ) [) — i
2 WL L, MBI TR T 20 4E T TAE, I
HARTS A 5 AR A A > s st AL AR ARLEE, I 1548 K
BEINTT W W RietiE] . Nie 271 Lu 27
TEMERZ R B A 0P 5 R rh i de BRI . T e Tt R
FRAEE A o “BEfE 157 T “iEf 2 5 U)K
Wt R 15T VISR SR SRR R ST A
WL T S B MERZ R B HOR

1.3 KREBHKEEXBFMAZLT ARG H

i 3

T 7K 2 () o A K 7 0 o) A O 5 R
K e o BT A R IR vk 1, (H i T AL 3R
B . BORBARTT H B R ARAS S, 8O B R
Ao TR & B M 22 25 R R,
BTG FRAIG, [ NAHE A KR 0E | 2 T AR
1 55 /DB LD 0 A D ARG, I A A A B
K isi A & FhAE A — i e .
1.3.1 BRMHRHRE

ARSI W K RAERF B KR 15202°C . 2
¥ )5 85 min, A 60 MPa 4bBH 6 min i 53R 45 [A] 5T M
¥R T ABE, Ik A SRR I TR IRk Y,

X 4 SF AR B K 17°C 32 K5 )5 60 min, FH 65 MPa
AbEE 6 min th ] 75 3[R MR & B A BT A e
fFE K 15.5+£0.5°C . ZH5J5 75 min, ] 55 MPa 4b 3§
6 min [FFEFS 2[R BTHER & & A 6F, I & AR LA
AIAEREAHAR I FELETT . Meng 25 FH T Y ELHRAES WK
WS KEE 6PN F, IFAESZKE 5 85~90 min, H] 75 MPa
AbF 6 min 15 2[R TR & B RZEHF, TRATIERFIE
ORI, TEGE Y =2k, A BRI 2% [ 5T A A
BEFRCR K, R IHORE b RS 220 FH 25—k Bl 2
BF (RIS R E RS B O EA TITAl, 72 15.0CF, BR&
A 15 min, F 65 MPa #7K EALEE 6 min, 752 [F] i
MRS B REE ), g A S A ST BT KEE
B 2% WA K, 75 22~23CF, ZHKi)5 21.5min,
70 MPa Ab 3 4 min 753 [ SR & & AR K fa
WITE 2245°C . Z¥5 )5 51 min, JT] 40 MPa ZbBH 3 min
75 AR [ A & B AR P,
1.3.2 B ALE AR BF5E

AL 5 i R VOERR L, WER T 2K U0 1Y)
s T IR AE i —g A 5 hoao R B S AR L, R
TR A IR T M ER K R IE R T 6] . RS 6 [R]
WEAZ & B AR RS S A O AR IS HLE . 7R — Ik
P 4R R 17 Ak B AE 0 A B R O R A R,
5TE 58 A 20 B S 30 A B9 24 K 9 35 T8 B — > A
E2ik 3 NNITITE (1K | =3t/ @ L S 5@ R R N ) | E
He K IR M 2 T AR ik — 2 ]
WERZ & B 8 BT R 0P 24 0 Y AR R AT Y SR, JF
K X SRR A0 2 A [ Bk LB G0 2H 2 R 20 Ji A% 1
RO 2 R . (R R LA — R O L B A o 2R A
JE oy S4AE W UEAT; WAE AR R A, Yo ik
2873 T TR w AT T, (RS A T RS B,
R SR I 43 44 ol 051
1.3.3  [FIFRMER AT BAHCN AR

i o [T AR T AR AR IR B R, BR T AT L%
EHFRALE A BEAR B AZ Y Ak, 38 w] L4728
AR, 55 MR E AL, Be L, —RIER,
W e A% K B SR E 2 RAaAR T, SR
B Y ] Y5 E 2H 7E (W] 5T A% R BRAS A
ARFNES S8 HA A R R A S
GETAEDPorEE, WML FURE R EUR,
FEHAA 10%24 47140 0 77 HIRIG & & 4 A ARt
MRAE I A W W E g, ek LR
E2FULT Meng ZEHVRN Wu ST [ RMER & B
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KEFEEFACAYPE E AT ER R, & BEEL M 50 HE 91 B
Ty, MR AR, 45 R T R ZEEEAY P e
J7 XN MEME R RERY(ZZ-ZW)

7] SO A% K R T R AR, AR — ARk AT 3R
e A AR DL B A S B TR PR Z &
Mo HAAHRA Sy B A T4 i, Wu S8 R3S
B[] JFRG 58 A0 I I 3l o K R 75 T 3R A R o
Bk E RZEE, RMHEARKMREFR P HESE,
FEFAFE R FAARAGF AR T RE 6T £
HAA KIS, R IE B & F SR i 15 2] 6
Wi fr, 55 0t AR AR B T A MR SEEETS S T
FhoCdu®E 1 =27 F BB 2 57 dis R MR
KT R R 55 1 00 4 e o
2 REHEAKEXZEERIEIAHE
2.1 BAEAREK

KRB A5, RN Ay YLt ARt 50 2
A, Z 451K (polyploid) & F8 i A — sl L4 41 Y
AR AR, AR 4 Gt iR 2 BRI B o =
fi R (triploid) . PUAFIA (tetraploid)&F . Z 5K AY HEE
T B HESh 0tk by R b S T E A R i
ZURIK AR RAFAE IR A5, QAR BT 8 £ )
— SR YR HE 100 A4, AT LABEIA
N R AR DA A i s | 50 2% g e (o (AR B
F 4 200, BN AERIR /B K a3 KAk
AT AR WARGE . HAih A2 M 245 AT
P EE Oy AR AR R

£ 51 20 JiHE AR SR B Ab T2 R R S
TEZRG R HE & 1 B R n 8 AR AR 58 SR — ik
VRS SE, I SR A AR R HE R, T AR E] A
TAES =S T =5 e R TR 5
SERIRE T 3, MR AR R B SUEINE, SO ae R
W2 rRe s H ALK, mH R TR AT B B
BB I N RN L AR L ST R
m, AN T FR5 i R G % IRl LU
Bi7 Lk % k3 X AR A 1 35 (R 95 e A S A BT
IR, O 48 ol 7 5 0 2 04 ik B A RN R SRR BT 9 R 1Y
PRy BN B E L, X F =R TES
IR ELA — E B8 1T 32 B F5 58 FAIE 9 3 114 5%
o (0, =R S AR a A K AR AT 2=
SENBRTSE, FEAR K s rh = A5 R R N, —
s R A K S AR U PP R T A, R
Al —HEmie .

R B NTE A F A b B A
) R S, AEJE BT A5 R A2 R AN TIERN
TS, BREB, MR ARG, #2T =RE
RIS FH o 17T DO A5 A 1) Az B A 5 A (R A £ R
H, EFTE Y B DA TE R 1) A% A2 2g W
AL AT R R L — 57 AR I = AR AL, SR Y
HERARE N -G ZEN,

22 KEBKEEX=ZHRFFHLLER

H AT = A5 N T R AE Rk a2 i )
1z, TEATEg . KP4 Salmo salar. B8 KRG
Oncorhynchus masu S5 #ERES D) J —SL R} 0 25 rp ik
T TERRGER, I LT TR Aer N,
] A %) 8 2 ) 5 — SR K £ 2 — A5 AR S A AT 7
Wi 10 12, R EPRATTR K e ik a2,
ST 20 t22 70 ARACTF IR0 32 2SR5 10 R PR |
FOPRE . R SRR R RETEARL. AR
RS AT TR ARAE R 9T . 12 AR N
R AW ARZHE, CalER T ILTHFFH
FH AR AR R o 0 A AR A5 AR W R
H—Sersy, ED . 43k Sparus aurata®®
IR B 7RI 2 0 O848 i o 4 L VK R 2 A
TR N T35 S0 e 5 DL T AR S 596 25 ) I B AR v 12
T R A HE R AT = A AR R Y R E Y RS
7 ZUHEIO-I0 o g [102103] 2R grl104]  fogegpl105)
2y 0 o E ARyl Takifugu rubripes!® | XL
BEA 7 i Takifugu bimaculatus' "2 vh Y5 il S 4k
1537 ZAERGR 2)0 W il i v PRy FI K s 5,
AT EA S x RE@QUP L R BS < F
i QU e 58 = A5, TE K SE B AEAN Bl P b AT
FUBLAL A 7= g
221 Z=ZREEFESBIR

ARG AR N T8 S W G (A A8 i A AN 5 ik
R EEEA B, HATFEREF RGN #2  BaE
FE LA SR BRI A 1 0 1 38 A AR HE
(1, 05V IR sa 5 A0 L, FAPR 5 1k Ak 3R ] J AN 4
L, HRECRARE, #KEEHRRERKR, |
BTG AR, HEREER, R ARBAR, i
BARTOEXT IR i 3/, RO, BIER N
fAj 2, BE T A, B, I AE SRR s T H
Mo =5 FEEm gt fk | i =Can A e i 20 i
ARG T S o 0 AT AR o B et A A 7
R 2n=48, TiXf N TS = A5 6T 1% 5 53 B & 2L,
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*2 MIMALES=ZEREBREXRIEFESHE
Tab. 2 Artificially-induced triploid marine fish and the induction methods

ffh Vi IReS 2% 3k
K Oryzias dancena N [112]
KPGHES Gadus morhua ARTE [113]
L fi Pagrus major N [95]
LR Acanthopagrus schlegeli BARTE [114]
. b N [115]
43k 1 Sparus aurata N [96]
FIKE [116]
R oy Dicentrarchus labrax LN [117]
41 i | | ) @%fﬂ%mm [21]
LU NEER Nibea mitsukurii BARTE [118]
R Paralichthys olivaceus eI NTA [119]
K2 b Scophthalmus maximus N [120]
i V6 B Pleuronectes platessa LN [121-122]
2RI L 1 Verasper moseri N [30]

R Hippoglossus hippoglossus AR TR 5T [123]
YN B A Limanda ferruginea KT [124]
FE VIR 5 Solea senegalensis g N [32]
BRI Takifugu niphobles N [125]

o LN [102]
Kt Larimichthys crocea Vo ph e Tk R [126]
P fi Acanthopagrus schlegelii PR TR 5T [99, 127]
B Pagrus major BARTE [100]
M It Paralichthys olivaceus 1IN [104]
K b Scophthalmus maximus N [111]
P 7 7 Cynoglossus semilaevis VR [106]
21 B8 IR Iyt Takifugu rubripes NN [107]
BB AR Tt Takifugu bimaculatus AR T R [108, 128]

Hye A8, 3n=72, J& 5 RR 1.5 1, Xu
SEXT N 5 5 0 =A% AR B e 4 =X A A Sz,
HARXT DNA F 88 A5 R ) 1.5 510 BRAs AR %R
FH A B o BT T A8 5 5 40 1 40 i DNA
i, L DNA SR AR AOG IRt Y 1.5 50,
RS A W A0 YR R A A R I = AR R EE
6 i 200 it P AR R AR AR I (R 155, HEE T 1S,
I+ [) Fsf 308 3 e o A A 78 R a7 X 4 LSRG I B8 T
TS =R EE SR AT Y RIF T RGE,
I = AR SRR A, ATRLGAE] 95%LA I,
1—%\:£ 100%[103, 111, 129]O
222 BEYLHMTIR

X B ST = AR R A P EAT T A T, A5 R
S B AR B33 A5 2 BEME AKSE R A5 A TR
W, HILHRABAEAE—E 25, A NE =/HERE

X B (5 A A A T R T R U0 SR A A
X PR 05 5 (9 R B A0 (@) < B I 48 (8) 7+ TR = AR K
R, ARE AR TSR 2 DR
BASENAR 1 AR AL, ek T =5
SR AR P AR HE R B M O
223 ARETRIAMERTR

Xt N T G B R 8 28 =R i R KR/
FUMATEZMIE . WA T I, 8 =A%
21 i ST R MR i A T A AR, (EAE R R R,
HEE 5 AR EA B, B = ARG R
%, AFamIER G, 5220, KR =5 KR
kB R R AR, (ER T R R A
PRI 5350 — 5 L, AR TEE A ik
AW 2250, (AR AT R U = A5k
PRI HA S D E I Ak s 3 1 A [ 42 ol
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s [F] — AR [FAE S OB R i e, £
ST e B = A A CF B AE R R S AR A
—5, B 348 HIRE A 3w T A, AT
55 E W R H & I =A% R 6 AR R R B —
AR A, (XA S 11 A 5 2 e,
P AR 2K IRETE 240 HIBHT 5 A%
TRV 2 2 S U3 = AR B i A /N T A
TR, 7E 630 H & B AT A 2 G e P R P 0% M i 4
B e =5 RA 3.3 £ A 3.1 51 AR ARk
TR MR & B S BR T AR, A A
PELL LSy 11%, SR T AR AR ) s
85 I = A A i T A M E e R 43 Ry
ZWW/ZZZ R, Wik LB ZZW RIMEfa, AN 215
iy 7 Ye (ORI WYt A 2 [ ) 5 41 5% E 9 ] )
Liu %75 N TS AR 6F R AR & L HEAA
PR R4 . MEROBUTED R 4 FHE R B AL 55 -1 T 9
%, WP B & T AR, EXME A, —
R AT = A5 A LA 38 SR 0 R 28 S R K, A AR
T b 24 f) 2 5 R A i P R 2

BT, Mok mss =R b T A TifkS
FIUA ) BRI 45 20, R e 3K A 22 BRIV RIS 5
35 AU AR B, G AT I8 BIROK 5 EER 0 2 A
FERE . H AR R R E Y, BEiC SEMET
Jif | JE DR i B AP A AL R R T AT, A
R P e 0 = A5 A B T AT T A AR AR Y, WK £
A IETE A 6T . REE 6T AE T R A A5 R IR A E 1Y
R 1 T T A A LR AT AH DG A S
23 EBERKBRWERMBXFRER

T = A5 R AT RN T35 S0 U1, &
NEB, AT AR RN, TR E
Fofr o T DA A4 (%) A= B 40 B 5 A RO R L, =T A
(o B PO A R 55 TE 5 0 A AR 2% 28 W AT 647 K
L . — IR AR AR 7, IR AT AR IR E
IR R A B A2 B (HA SRR &
SRR K b, WA Ictalurus punctatus'™!
AR An 1OV g K A0 e B B 10T 8 4 5 Perca
flavescens' VA A P HF S T AHSEI ST (R 3). HET
XU R 2 R TS 7k i 5% R S 5
oo X WAERK LT, U ZEEE 8 B a5
Ao WKt T SR B A B 22 R A R AR AT AR
0. FEE RG] E A AR AR oA o & A
I DA, BIE AR 7E AR AL R R AR B

B A S8 M AR AL E R A fr Ao, e £ IS S5 g K
e, JLP AR WA T S AR R A K R E 1
Rl . HT R, TR S R PUG IR RIS, IS
BRI ARG | 0BT ) B DU AT S A
A E Rk 100%, (HRS R & A, i
SASET R R &, PR R T REWAR B2,
VA B A A R £ T, AT R TR T 24 T 8 288 O A
R, ST S = AR B

®3 BERAMNIFESOFEEREKEERESHE

Tab. 3 Artificially-induced tetraploid marine fish and
the induction methods

i LT

. ’ itk

s D ic;”;:;’:b”s oK IR [137]
4

W4T Perca flavescens KR [138]

K [140]
BRTEREKE [141]

oF fif Parc.zlzchthys
olivaceus

T Scophti.zalmus oK R [142]
" maximus

pygy  Cynoglossus HK R [143]
semilaevis

ot Larimichthys otk o B [144]

crocea

AT PN T K £ 2 D A 3 0F 5 3 R D
2 3 S I K R 5 A5 31 T 2 T 0 A% DO A% 4
i, R, 2~5 H & af H iR
KF] 68.3%; A H AR I F K A S5 80
B ) DU A5 AR, 38 2o e o AT S0 s IR 230 = Ak
ARG DU A R e T ik 31 63.3% 400, J5 014
PSR R H LM A WL B RE . Wang S 78 A 6
HELEIEAT T VR S 300 55 A A ORI K R 0 )
YRI5 S, R ARAS T O DU A5 () AT f0, I 6
TERUE T Hast ey ok AR Wa 458 i
K A0 ] B9 23R4T 1 KSR PR T & 3 H AT
1 DU AR R 22 i AT AR Il 80% A2 A, T
EEWLIEE] 100%!", fERRIE Sk
T A ARV SRR S, BIRFEM
NG =Tl . 3 B F ), kSl
TR FEMIN 5 v, (ELRE 25 0 iR BT 0 0 % 75 DU A A 3R
BWREAL, %2 30 HISEE, HIURFR N 1.3%, [F
USRS S AL T S i, 7 SR 3 KR AL R

Marine Sciences / Vol. 44, No. 8 / 2020 75



R gk @
EVIEWS

JRHELT 2 AULRASET R AU A E W
Bk MR WY I, ) B0 BRI L O3, IR A
BREELIET H AR T K A28 A5 AR AR
{7 23 D DAL A 0 B 45 5 S 0 AR PO AR T ARG R,
PO AR A PR T /PR T e AR Bk, LKA S
BOF LR B o> B 2 o (HLRL b FRh a2 — 28 4Ee,
W B R AT

3 BAREAXFREAREDURRE

T A% & B AR P 4l Ak B T AR A S A A
ke s, AR F M A /E Bk g EN, H
I Y IE R SEA T () 2 Fp 20 d A s B T AR
MATHREBREA., BTHZEEEMIENER
ARG ) T R, H AR T R b B T R
T2 T UIMERZ & B RAEREARBTRFEEE . midn
SoW MR A B RS GEN R BRE M S L B ML A,
AT DAY LB T, AR R AR AR Rl O X,
REHE & 70 R AR BT B8, OORIE T 5 AR B
71, AT LATE A SR M 1) PR B B T YRR
A, BB E ) BRI — MR R
AR B OB R, H RS D5 R AR AR 1 &
J&, T I 1 22 1) RSURT ] 42 7 22 Ak o T 2 BRES 43 fE
BREB MR ERERE SRS R D, HEEM
YL 588 AR 220, S EER LT
PE, T R MER R B B ARG 7 e R B AR
HFARXTMER R B AR R E . REE R DR 5
i, (R H & AR R RHL S B IS iR 09 I . A,
T B I RGN R R R B, TR 2R R
Z AV [ R 22 (8] (9 25 5755 . R, 107 TF e A%
R 06 SR PR A M A T T RIS, A MERE R
B E A FRUAE P b R BRI T 2 ARG . AR
ke, A LR A QI o3 B R AR A = % B R AR i, 7
S IR ALK A28 S MR A DG B L N, FEAK 7= B
Yo Fhnicki B E AR . S ER
FARLES, PO RIS R R A 4l &R, nT 2 ik
AR IC B IR R AR, DR N T DA A R R A O
5. [RIEF, LA CRISPR/Cas9 £ WAt 34k Romk
KRARE T HFE g ReE A Taf s, ti
B M BCAE A A TR K ok Uk, BEARAS Al 5
AR T B> — AR, A RS M & B %
Pt g b B RS G, IR 4G 28 AR K, Kk
B HME

3 I A R AT S5 A K A0 AT T R, AT

g i A ) = A5 RS T ORBE B, BASS:. B
A = A5 A P HOR G — i, i S i RE R AR
AR A TS S ROV AETE 3 B AR TS0 R FRAIT,
il 29 7 H AR o PRI R 2R XX —XER, LA
AN TR K A0 1 0 BIRF AR, i T K £0. 28 = AR
SLZ, HEATIE, H LK 028 AR S AL S
TR ZR, W0 =R AR R A, A el
FFRFERE . [ T = A AR B AR E M, WL
A A il /> o B A b SR IR A 5 e, B Lk X A AR Y
PR3 R o F SR IE R HORSE &, TERAE FFD
1 2 g o 2 07 I EAT AR R A AR S (. UARHA
(3R A BRI = A AT Rl A AT ER 251, HHEAED
AR GE I AR K e rh— EME LIRS 2] . U,
ARAT DU R AR L 28 Pl 20 £ 2 R R B Y 1 2 ) A
X 5 X P AR TE B AN AE A AR AR B BIL i 2R AT TR A2
Bro [, S 29555, WG EAY)
ORI E Y BT 14 E— 20, XX S R A=
Py~ fp B A SO R T K 2 3R 58 A 3R T, B
B e W IE AR A e A Wy AL AR A I 254K,
OSSR A ST

S Z ik

[1] Arai K. Genetic improvement of aquaculture finfish
species by chromosome manipulation techniques in Ja-
pan[J]. Aquaculture, 2001, 197(1-4): 205-228.

[2] Chourrout D. Gynogenesis caused by ultraviolet irra-
diation of salmonid sperm[J]. Journal of Experimental
Zoology, 1982, 223: 175-181.

[3] Johnstone R, Stet R J M. The production of gynoge-
netic Atlantic salmon, Salmo salar L.[J]. Theoretical
and Applied Genetics, 1995, 90: 819-826.

[4] Hubbs C, Hubbs L. Apparent parthenogenesis in nature
in a form of fish of hybrid origin[J]. Science, 1932,
76(1983): 628-630.

[5] ¥, ATSERE, BRASTE, SF. a0 TR R SR HE
MERE]. KALEY2EETR], 1982, 7(4): 471-477.
Jiang Yigui, Yu Haoxiang, Chen Bende, et al. Artificial
and natural gynogenesis in crucian carp[J]. Acta Hy-
drobiologica Sinica, 1982, 7(4): 471-477.

[6] Makino S, Ozima Y. Formation of the diploid egg nu-
cleus due to suppression of the second maturation divi-
sion, induced by refrigeration of fertilized eggs of
common carp, Cyprinus carpio[J]. Cytologia, 1943, 13:
55-60.

[7]1 Chourrout D. Use of grayling sperm (Thymallus thy-
mallus) as a marker for the production of gynogenetic
rainbow trout (Salmo gairdneri)[J]. Theoretical and

76 HEPERLA 12020 4 /5 44 4 /5 8 1Y)



[12]

[13]

[14]

[15]

[18]

[19]

HRLZIR
R EVIEWS

Applied Genetics, 1986, 72: 633-636.

Komen H, Thorgaard G H. Androgenesis, gynogenesis
and the production of clones in fishes: a review[J].
Aquaculture, 2007, 269(1-4): 150-173.

Thorgaard G H. Chromosome set manipulation and sex
control in fish[J]. Fish Physiology, 1983, 9(8): 405-434.
Cherfas N B, Ilyasova V A. Induced gynogenesis in
silver crucian carp and carp hybrids[J]. Genetika, 1980,
16(7): 1260-1269.

XD FE 8 2 2% 58 3 BOR [FAG M i i 0], Hh
B2z Ak, 2010, 40(2): 104-114.

Liu Shaojun. Distant hybridization leads to different
ploidy fishes[J]. Scientia Sinica Vitae, 2010, 40(2):
104-114.

Peruzzi S, Scott A G, Domaniewski J C J, et al. Initia-
tion of gynogenesis in Oreochromis niloticus follow-
ing heterologous fertilization[J]. Journal of Fish Biol-
ogy, 1993, 43(4): 585-591.

Jue, AR, K AR R E R AT M)/
M4, M. \BITEAEYEOR. Ui I ARRHE
JiAt:, 1998: 160-190.

You Feng, Xiang Jianhai. Polyploid breeding and sex
control of marine fishes[M]// Zeng Chengkui, Xiang
Jianhai. Marine Biotechnology. Jinan: Shandong Sci-
ence and Technology Press, 1998: 160-190.

Ji X S, Chen S L, Liao X L, et al. Microsatel-
lite-centromere mapping in Cynoglossus semilaevis us-
ing gynogenetic diploid families produced by the use of
homologous and non-homologous sperm[J]. Journal of
Fish Biology, 2009, 75(2): 422-434.

AoJQ,MuY N, Xiang L X, et al. Genome sequencing
of the perciform fish Larimichthys crocea provides in-
sights into molecular and Genetic mechanisms of stress
adaptation[J]. PLoS Genetics, 2015, 11(4): e1005118.
Shao C, Bao B, Xie Z, et al. The genome and transcrip-
tome of Japanese flounder provide insights into flatfish
asymmetry[J]. Nature Genetics, 2017, 49: 119-124.
Ghigliotti L, Bolla S L, Duc M, et al. Induction of mei-
otic gynogenesis in Atlantic cod (Gadus morhua L.)
through pressure shock[J]. Animal Reproduction Sci-
ence, 2011, 127(1-2): 91-99.

Kato K, Murata O, Yamamoto S, et al. Viability, growth
and external morphology of meiotic- and mi-
totic-gynogenetic diploids red sea bream, Pagrus ma-
jor[J]. Journal of Applied Ichthyology, 2001, 17(3):
97-103.

Gorshkova G, Gorshkov G, Hadani A, et al. Chromo-
some set manipulations and hybridization experiments
in gilthead seabream (Sparus aurata). 1. Induction of
gynogenesis and intergeneric hybridization using males

of the red sea bream, Pagrus major[J]. Israeli Journal

[20]

[21]

[22]

(23]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Cir

of Aquaculture-Bamidgeh, 1998, 50(3): 99-110.
Francescon A, Libertini A, Bertotto D, et al. Shock
timing in mitogynogenesis and tetraploidization of the
European sea bass, Dicentrarchus labrax[J]. Aquacul-
ture, 2004, 236: 201-209.

Peruzzi S, Chatain B. Pressure and cold shock induc-
tion of meiotic gynogenesis and triploidy in the Euro-
pean sea bass, Dicentrarchus labrax L.: relative effi-
ciency of methods and parental variability[J]. Aqua-
culture, 2000, 189(1-2): 23-37.

Gomelsky B, Cherfas N B, Gissis A, et al. Induced
diploid gynogenesis in white bass[J]. The Progressive
Fish-Culturist, 1998, 60: 288-292.

Tabata K, Gorie S, Nakamura K. Induction of gynoge-
netic diploid in hirame Paralichthys olivaceus[J]. Nip-
pon Suisan Gakkaishi (Bulletin of the Japanese Society
of Scientific Fisheries), 1986, 52(11): 1901-1904.
Tabata K, Gorie S. Induction of gynogenetic diploids in
Paralichthys olivaceus by suppression of the 1st cleav-
age with special reference to their survival and growth[J].
Nippon Suisan Gakkaishi, 1988, 54: 1867-1872.

Piferrer F, Cal R M, Gomez C, et al. Induction of gy-
nogenesis in the turbot (Scophthalmus maximus): Ef-
fects of UV irradiation on sperm motility, the Hertwig
effect and viability during the first 6 months of age[J].
Aquaculture, 2004, 238(1-4): 403-419.

Luckenbach J A, Godwin J, Daniels H V, et al. Induc-
tion of diploid gynogenesis in southern flounder
(Paralichthys lethostigma) with homologous and het-

erologous sperm[J]. Aquaculture, 2004, 237(1-4):
499-516.
Morgan A J, Murashige R, Woolridge C A, et al. Effec-

tive UV dose and pressure shock for induction of mei-
otic gynogenesis in southern flounder (Paralichthys
lethostigma) using black sea bass (Centropristis striata)
sperm[J]. Aquaculture, 2006, 259(1-4): 290-299.
Colburn H R, Nardi G C, Borski R J, et al. Induced
meiotic gynogenesis and sex differentiation in summer
flounder (Paralichthys dentatus)[J]. Aquaculture, 2009,
289(1-2): 175-180.

Purdom C E. Radiation-induced gynogenesis and an-
drogenesis in fish[J]. Heredity, 1969, 24(3): 431-444.
Mori T, Saito S, Kishioka C, et al. Induction of triploids
and gynogenetic diploids in barfin flounder Verasper
moseri[J]. Nippon Suisan Gakkaishi, 2004, 70(2): 145-
151.

Tvedt H B, Benfey T J, Martin-Robichaud D J, et al.
Gynogenesis and sex determination in Atlantic halibut
(Hippoglossus hippoglossus)[J]. 2006,
252(2-4): 573-583.

Molina-Luzén M J, Lopez J R, Robles F, et al. Chro-

Aquaculture,

Marine Sciences / Vol. 44, No. 8 / 2020 77



[33]

[34]

[35]

[36]

[37]

[39]

[40]

78

HRLZIR
R EVIEWS

mosomal manipulation in Senegalese sole (Solea sene-
galensis Kaup, 1858): induction of triploidy and gyno-
genesis[J]. Journal of Applied Genetics, 2015, 56(1):
77-84.

VREDR, JURE, RAETR, S5 REMMERRE AT K
RN TAFR[I]. R, 2006, 30(12): 37-42.

Xu Jianhe, You Feng, Wu Xiongfei, et al. Preliminary
study on artificial induction of diploid gynogenesis in
the large yellow croaker Pseudosciaena crocea[J]. Ma-
rine Sciences, 2006, 30(12): 37-42.

RUGH, SRS, XIBEOE, . KREmE ML AT
i T B B EARICHT [ K274l 2009, 33(5):
734-741.

Wu Qingming, Cai Mingyi, Liu Xiande, et al. Induction
and microsatellite analysis of homozygous gynogenesis
in large yellow croaker Pseudosciaena croceall].
Journal of Fisheries of China, 2009, 33(5): 734-741.
TRAL, BE, BEER, %. Hihfi(Nibea albiflora)
WERZ R B BN TAE S S E (], W5 WE, 2013,
44(2): 310-317.

Xu Dongdong, Lou Bao, Xue Baogui, et al. Artificial
induction of diploid gynogenesis in Nibea albiflora and
evidence for female homogamety[J]. Oceanologia et
Limnologia Sinica, 2013, 44(2): 310-317.

PR, WUERE, A S0E, 5. CPERMERCE F AAE
AN T F ()], 7 22 4R (R SO, 2007, 29(3):
114-119.

Cai Zeping, Hu Chaoqun, Niu Wentao, et al. Artificial
induction of gynogenesis in silver sea bream (Rhab-
dosargus sarba). Acta Oceanologica Sinica, 2007,
29(3): 114-119.

B, N SRR A R a i & & (D] #H:
HERI R, 2015.

Fan Jiawei. Induced gynogenesis in brown-marbled
grouper (Epinephelus fuscogutatus)[D]. Haikou: Hainan
University, 2015.

RIEE, WO, K, L Bl A RO T R
A BERMER K B IPESE[CL. DKy 2012 4F
W EDK PR 2 AR AR i SO . TR EDK P 2
TR =2 2x, 2012: 78.

Wu Tingchang, Luo Jian, Huang Fei, et al. Study on the
development of gynogenetic Epinephlus coioides in-
China
Society of Fisheries, Annual academic meeting of
China Fisheries Society, 2012: 78.

FHR. AW SRR E ORI, R, 1994,
18(6): 63-64.

Wang Xincheng. Study on the seeding production of

duced by Epinephelus lanceolatus sperm[C].

feminigation in flounder Paralichthys olivaceus[J].
Marine Sciences, 1994, 18(6): 63-64.
XE, JUEE, TR, . AN TIBSMZE T A

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Cir

e 0 1 N A7 ALGE B (D). T RS W, 1999, 30(1):
68-72.

Liu Jing, You Feng, Wang Xincheng, et al. Chromo-
some and karyotype evidence of artificial-induced gy-
nogenesis in the olive flounder (Paralichthys olivaceus)
(T. ET S.)[J]. Oceanologia et Limnologia Sinica, 1999,
30(1): 68-72.

Jue, VedbRn, i, A5 FEEREMER A B A TE
SFE]. EEAR IR, 2008, 18(8): 874-880.

You Feng, Xu Jianhe, Ni Jing, et al. Study on artificial
induction of mitogynogenetic diploid in Paralichthys
olivaceus[J]. High Technology Letters, 2008, 18(8):
874-880.

Xu J H, You F, Sun W, et al. Induction of diploid gy-
nogenesis in turbot Scophthalmus maximus with
left-eyed flounder Paralichthys olivaceus sperm[J].
Aquaculture International, 2008, 16(6): 623-634.

wlR, XBTE, WSERR, . ORZEETMERL F AA
1 EL I8V RS 115 5 ORI )], IRIUR
W), 2013, 59(4): 343-350.

Meng Zhen, Liu Xinfu, Lei Jilin, et al. Induction and
growth of meiogynogenetic diploids of turbot (Scoph-
thalmus maximus) with cryopreserved sperm of red sea
bream (Pagrus major)[J]. Journal of Wuhan University
(Natural Science Edition), 2013, 59(4): 343-350.

Meng Z, Liu X F, Liu B, et al. Induction of mitotic
gynogenesis in turbot Scophthalmus maximus[J]. Aqua-
culture, 2016, 451: 429-435.

Wu Z H, Wang L J, Wu Q W, et al. Study on artificial
induction, growth and gamete quality of mitogynoge-
netic turbot Scophthalmus maximus[J].
2020, 515: 734585.

Chen S L, Tian Y S, Yang J F, et al. Artificial gyno-

genesis and sex determination in half-smooth tongue

Aquaculture,

sole (Cynoglossus semilaevis)[J]. Marine Biotechnol-
ogy, 2009, 11(2): 243-251.

Chen S L, Ji X S, Shao C W, et al. Induction of mitogy-
nogenetic diploids and identification of WW super- fe-
male using sex-specific SSR markers in half-smooth
tongue sole (Cynoglossus semilaevis)[J]. Marine Bio-
technology, 2012, 14(1): 120-128.

W, T8, AL, . BER U5 S BT 6
BOMERZ AT ] PEDKREE, 2011, 18(6): 1259-1268.
Liu Xuezhou, Ning Xin, Xu Yongjiang, et al. Induction
of diploid gynogenesis in southern flounder (Paralich-
thys lethostigma) with heterologous sperm of Pagro-
somus major[J]. Journal of Fishery Sciences of China,
2011, 18(6): 1259-1268.

Wi, JuEE, VAR, SF. BRERS T S IR B 6
iR R BB K77, 2011, 30(12): 744-748.
Xu Jiatao, You Feng, Xu Jianhe, et al. Induction of

WEHERL /2020 4F /27 44 45/ 55 8 3



[50]

[52]

[53]

[54]

[55]

[57]

[58]

HRLZIR
R EVIEWS

diploid gynogenesis in southern flounder Paralichthys
lethostigma by black porgy Acanthopagrus schlegeli
sperm[J]. Fisheries Science, 2011, 30(12): 744-748.

Ji X S, Chen S L, Yang J F, et al. Artificial gynogenesis
and assessment of homozygosity in meiotic gynogens
of spotted halibut (Verasper variegatus)[J]. Aquacul-
ture International, 2010, 18(6): 1151-1161.

Broxti, WOk, 25300k, 5. BRSO AT —
TR AT A Tl AR A R ARSI R R U]
rhE K PEREE, 2017, 24(3): 477-487.

Duan Huimin, Tian Yongsheng, Li Wenlong, et al. Com-
parison of gynogenetic diploid and haploid embryonic
development and hybridization of starry flounder Platich-
thys stellatus[J]. Journal of Fishery Sciences of China,
2017, 24(3): 477-487.

s, BRRAAK, JRIBAE, &5 RN TIASARA
MR R F (], K24, 2009, 33(3): 372-378.
Yang Jingfeng, Chen Songlin, Su Pengzhi, et al. Study
on gynogenesis induced by heterogenous sperms in
barfin flounder Verasper moseri[J]. Journal of Fisheries
of China, 2009, 33(3): 372-378.

You F, Xu J H, Zhu X P, et al. Effect of UV irradiation
on sperm of the left-eyed flounder, Paralichthys oliva-
ceus[J]. Journal of the World Aquaculture Society, 2008,
39(3): 414-422.

You F, Liu J, Wang X, et al. Study on embryonic de-
velopment and early growth of triploid and gynogenetic
diploid left-eyed flounder, Paralichthys olivaceus (T. et
S.)[J]. Chinese Journal of Oceanology and Limnology,
2001, 19(2): 147-151.

PR, JUBE, SRIGZE, 5. A EPAER AN OR ]
HEERE, 2009, 33(5): 80-85, 91.

Sun Wei, You Feng, Zhang Peijun, et al. Cytological
studies on process of fertilization in olive flounder
(Paralichthys olivaceus)[J]. Marine Sciences, 2009,
33(5): 80-85, 91.

VL, JUEE, SKIEZEE, A5, REEEFAYSZHG A E 5[],
TR, 2005, 29(12): 75-80.

Sun Wei, You Feng, Zhang Peijun, et al. Studies on fer-
tilization biology of turbot (Psetta maxima)[J]. Marine
Sciences, 2005, 29(12): 75-80.

X, FHE, RBEER, &5 FOPRAGH . =k
WEAZ & T AR R A ARV R 2 B R LR D).
T IK =22 B 244, 2008, 23(3): 161-167.

Liu Haijin, Wang Changan, Zhu Xiaochen, et al. Em-
bryonic development of gynogenetic diploid and trip-
loid Japanese flounder Paralichthys olivaceus[J].
Journal of Dalian Fisheries University, 2008, 23(3):
161-167.

TR, EAT¥, oKL, 5. MER L E 6 ) TRk
PRl R S A Dy SR TR 3K 0], M S R, 2002

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Cir

33(1): 62-67.

Xu Cheng, Wang Keling, Xu Yongli, et al. Recombina-
tion and expression of paternal gene of isozymes in
gynogenetic olive flounder Paralichthys olivaceus|[J].
Oceanologia et Limnologia Sinica, 2002, 33(1): 62-67.
T, U, mRM, . NTHS A6 5 ek
B RER AR R AR LT 0] R E IR, 2005,
15(7): 107-110.

Wang Wei, You Feng, Gao Tianxiang, et al. Microsatel-
lite markers analysis on artificial meiogynogenetic
stock of Paralichthys olivaceus[J].
Letters, 2005, 15(7): 107-110.
MONEE, B, XGRS R 2 U
KBRS IS ] KAEADIR, 2010,
34(1): 144-151.

Ye Xiaojun, Wang Zhiyong, Liu Xiande, et al. Analysis

High Technology

of genetic homozygosity and diversity of two succes-
sive generation meio-gynogenetic population in Pseu-
dosciaena crocea using microsatellite markers[J]. Acta
Hydrobiologica Sinica, 2010, 34(1): 144-151.

ERTE, EEH, MNE, S OREANTIESHERK
KB MIERILAHI]. #1E, 2006, 28(7):
831-837.

Wang Xiaoqing, Wang Zhiyong, Liu Xiaochun, et al.
Microsatellite marker analysis of gynogenesis by arti-
ficial induction in Pseudosciaena crocea[J]. Hereditas,
2006, 28(7): 831-837.

Yamamoto E. Studies on sex-manipulation and produc-
tion of cloned populations in Hirame flounder, Para-
lichthys olivaceus (Temminck et Schlegel)[J]. Aquacul-
ture, 1999, 173(1-4): 235-246.

X 4x, AR, XIZ5. RO MERL & E IR R (D).
rhE K PR, 2017, 24(4): 902-912.

Liu Haijin, Hou Jilun, Liu Yi. Gynogenesis in Japanese
flounder: A review[J]. Journal of Fishery Sciences of
China, 2017, 24(4): 902-912.

Zou Y, Peng L, Weng S, et al. Characterization and
expression of androgen receptors in olive flounder[J].
Gene, 2019, 683: 184-194.

Fan Z F, Zou Y X, Liang D D, et al. Roles of forkhead
box protein 12 (fox/2) during differentiation and main-
tenance in a fish, the olive flounder (Paralichthys
olivaceus)[J]. Reproduction Fertility and Development,
2019, 31(11): 1742-1752.

Liang D D, Fan Z F, Zou Y X, et al. Characteristics of
cyplla during gonad differentiation of the olive floun-
der Paralichthys olivaceus[J]. International Journal of
Molecular Sciences, 2018, 19(9): 2641.

Ma DY, Wen S D, Sun P, et al. Histological observation
on adult gonads from meiogynogentic olive flounder
Paralichthys olivaceus[J]. International Journal of Ag-

Marine Sciences / Vol. 44, No. 8 / 2020 79



[68]

[69]

[70]

[72]

(73]

[75]

80

R gk @
EVIEWS

riculture and Biology, 2018, 20(3): 689-694.

NS, o, M, SE. F BV IR AL 42U
1] MEEERR, 2009, 33(3): 53-58.
Sun Peng, You Feng, Ni Jing, et al. Histological
evaluation of gonadal differentiation in olive flounder
(Paralichthys olivaceus)[J]. Marine Sciences, 2009,

33(3): 53-58.

FAR, RUAKE, BEER, 55, MU 6F i 1 i
B B R R B RIRESELD). hE TR,
2014, 16(9): 33-41.

Wang Guixing, Zhu Yimei, Hou Jilun, et al. Studies of
the gonadogenesis, gender differentiation and early
stage development of doubled haploid Paralichthys
olivaceus[J]. Strategic Study of CAE, 2014, 16(9):
33-41.

FH, KRE, IR SF P Q*IEH'E?B%Z%
SLMERZ KB R AR IRAL R AT (D], il B 27 3k
2019, 40(6): 48-55.

Wang Guixing, Zhang Xiaoyan, Sun Chaohui, et al.
Genetic analysis of four generations of a successive
meiogynogenetic population in the Japanese flounder,
Paralichthys olivaceus[J]. Progress in Fishery Sciences,
2019, 40(6): 48-55.

Nie M M, HuJ W, Lu Y L, et al. Cold effect analysis
and screening of SNPs associated with cold-tolerance
in the olive flounder Paralichthys olivaceus. Journal of
Applied Ichthyology, 2019, 35(4): 924-932.

LuY L, WuZH, Song Z C, et al. Insight into the heat
resistance of fish via blood: Effects of heat stress on
metabolism, oxidative stress and antioxidant response
of olive flounder Paralichthys olivaceus and turbot
Scophthalmus maximus[J]. Fish and Shellfish Immu-
nology, 2016, 58: 125-135.

HURME, FF3Cih, 22k, 48 “BHL 1 57 FEEHE
AHEAR B2 st A MR AR S M (0], A R (0
X)), 2014, 36(6): 75-86.

Tian Yongsheng, Qi Wenshan, Jiang Jing, et al. Analy-
sis of phenotype and genetic variation of on “Flounder
No.1” Paralichthys olivaceus and their parental popu-
lations[J]. 2014, 36(6):
75-86.

ZME, MUl XIVE, S FEE 6RO 257 RFEFR
B b s A R 136 R ) 5 DR 2 5 A 85 B A 23 B 0]
IKTEEAR, 2020, 44(3): 429-435.

Li Yangzhen, Yang Yingming, Liu Yang, et al. Geno-

Acta Oceanologica Sinica,

type by environment interactions for growth and sur-
vival traits of “Pingyou No. 2” flounder (Paralichthys
olivaceus) in different aquaculture environment[J].
Journal of Fisheries of China, 2020, 44(3): 429-435.

TR KA R 15T PR RS A R 4 B
B RA SRR 0 38 1 Z B TH(D). ] LR

.

[76]

[77]

(78]

[79]

[80]

[81]

[83]

2, 2010.

Zhao Guangtai. Genetic structure analysis and genetic
parameter estimation for growth-related traits for
“Minyou No. 1” strain of large yellow croaker Pseudo-
sciaena crocea[D]. Xiamen: Jimei University, 2010.
XG4, XACGH, EEIF, 5. FEEEUr S 6«
IR R B AL 22 5 (0], K72, 2010, 34(6):
898-904.

Liu Haijin, Liu Yongxin, Wang Yufen, et al. Genetic
difference between meiotic gynogenesis and mitotic
gynogenesis in the Japanese flounder[J]. Journal of
Fisheries of China, 2010, 34(6): 898-904.

FEA, WM, EER, & SFOFE TR R T A
175 M LR AR RBFSE ], h B i R 24 (H
KRB, 2010, 40(6): 96-102.

Zhuang Yan, Lan Xun, Wang Zhigang, et al. Studies on
the induction of mitogynogenetic diploids and their
early growth of olive flounder Paralichthys oliva-
ceus[J]. Periodical of Ocean University of China, 2010,
40(6): 96-102.

FARTC, FRORIE. B T A T SR BT R 3 6 1y
HSEEL 100% “4MfE” [7]. AKFRHEER, 2017, 44(1):
50-51.

Wang Weiwen, Xu Chengxu. Yellow Sea Fisheries Re-
search Institute solved the world's scientific research
the turbot fry achieved 100% of “all fe-
male”[J]. Fisheries Science & Technology Information,
2017, 44(1): 50-51.

Zhu X, You F, Zhang P, et al. Effects of cold shock on
microtubule organization and cell cycle in gynogeneti-

problems:

cally activated eggs of olive flounder (Paralichthys
olivaceus)[J]. Marine Biotechnology, 2006, 8: 312-318.
Lin Z M, Zhu X P, You F et al.

microscopic observation on early embryonic develop-

Nuclei fluorescence

ment of mitogynogenetic diploid induced by hydro-
static pressure treatment in olive flounder (Paralichthys
olivaceus)[J]. Theriogenology, 2015, 83(8): 1310-1320.
Lin Z M, Zhu X P, Zhang T R, et al. Effects of hydro-
static pressure on microtubule organization and nucleus
changes in gynogenetically activated eggs of olive
flounder (Paralichthys olivaceus)[J].
2016, 85(9): 1610-1624.

RIEEE, X3, ?J\AZI - PR RV S A
BEH AGR LA ] zﬂ%mﬁﬁﬁ, 2006, 27(1):
63-67.

Zhu Xiaochen, Liu Haijin, Sun Xiaowen, et al. As-

Theriogenology,

sessment of homozygosity in gynogenetic diploid using
microsatellite markers in Japanese flounder (Paralich-
thys olivaceus)[J]. Zoological Research, 2006, 27(1):
63-67.

Wang W, You F, Xu J H, et al. Genetic analysis of meio-

WEHERL /2020 4F /27 44 45/ 55 8 3



[86]

[87]

[88]

[89]

[93]

[94]

HRLZIR
R EVIEWS

and mitogynogenetic stocks of Paralichthys olivaceus
with microsatellite markers[J]. ACTA Oceanologica
Sinica, 2008, 27(2): 149-156.

Comber S C, Smith C. Polyploidy in fishes: patterns
and processes[J]. Biological Journal of the Linnean So-
ciety, 2004, 82: 431-442.

Levasseur A, Pontarotti P. The role of duplications in
the evolution of genomes highlights the need for evolu-
tionary based approaches in comparative genomics[J].
Biology Direct, 2011, 6: 11.

Zhang J Z. Evolution by gene duplication: an update[J].
Trends in Ecology and Evolution, 2003, 18(6): 292-
298.

Ry, =A% AR T IR Y 5 AL VAN SO A ) o S
li[C]. WIHLE wifE =2 VLV Bfe 2. Wb st
e | ILPAR B L 23 2006 42 RAE B2 AR
WIS AR, WL B L2 2 TV e
BB B EOR B2, 2006: 15.

Gui Jianfang. Genetic evaluation and biological basis
of triploid Carassius auratus[C]. Genetic Society of
Hubei, Genetic Society of Jianxi. Annual Conference of
Genetic Society of Hubei, Genetic Society of Jianxi,
2006: 15.

RUIL, B, mEp e F M LREM]. B b
MR HOR AT, 1999.

Wu Qingjiang, Gui Jianfang. Fish Genetic and Breeding
Engineering[M]. Shanghai: Shanghai Scientific and
Technical Publishers, 1999.

Piferrer F, Beaumont A, Falguiére J C, et al. Polyploid
fish and shellfish: Production, biology and applications
to aquaculture for performance improvement and ge-
netic containment[J]. Aquaculture, 2009, 293: 125-126.
Wu C, Ye Y, Chen R, et al. An artificial multiple triploid
carp and its biological characteristies[J]. Aquaculture,
1993, 111: 255-262.

Cherfas N B, Gomelsky B I, Emelyanova O V, et al.
Induced diploid gynogenesis and polyploidy in crucian
carp, Carassius auratus gibelio (Bloch), xcommon carp,
Cyprinus carpio L., hybrids[J]. Aquaculture Research,
1994, 25: 943-954.

Galbreath P F, Thorgaard G H. Saltwater performance
of triploid Atlantic salmon Salmo salar and brown trout
Salmo trutta hybrids[J]. Aquaculture Research, 1997,
28: 1-8.

Felip A, Piferrer F, Zanuy S, et al. Comparative growth
performance of diploid and triploid European sea bass
over the first four spawning seasons[J]. Journal of Fish
Biology, 2001, 58: 76-88.

X2 R R —— I S 0 2 5 (0], AR,
2018, (16): 27.

Liu Shaojun. A new species of crucian carp—Xiangyun

[95]

[96]

[97]

[98]

(100785 [ . 88 = 1% (A7 540 28 0F 52 (0],

Cir

crucian carp No.2[J]. Rural Know-All, 2018, (16): 27.
Sugama K, Taniguchi N, Seki S, et al. Survival, growth
and gonad development of triploid red sea bream, Pa-
grus major (Temminck Schlegel): use of allozyme
markers for ploidy and family identification[J]. Aqua-
culture Research, 1992, 23(2): 149-159.

Gorshkova G, Gorshkov S, Hadani A, et al. Chromo-
some set manipulation in marine fish[J]. Aquaculture,
1995, 137: 157-158.

Felip A, Zanuy S, Carrillo M, et al. Induction of trip-
loidy and gynogenesis in teleost fish with emphasis on
marine species[J]. Genetica, 2001, 111: 175-195.
Tabata K. Application of the chromosomal manipula-
tion in aquaculture of hirame Paralichthys olivaceus[J].
Bulletin of the Hyogo Prefectural Fisheries Experi-
mental Station, 1991, 28: 1-134.

Jue, hAa, Db, MRS AN TR wIL
WEFE[I]. HEVE S8, 1991, 22(5): 489-491.

You Feng, Sha Xueshen, Ruan Hongchao. Preliminary
study on induced triploidy in Sparus macrocephalus
(Basilewsky)[J]. Oceanologia et Limnologia Sinica,
1991, 22(5): 489-491.

s g
1997, 16(4): 95-98.

Cai Guoxiong. Triploid induction of Pagrosomus major
by cold shock[J]. Tropical Oceanology, 1997, 16(4):
95-98.

[101]Liu J, You F. Preliminary study on chromosomes of

induced triploid in the red sea bream, Pagrosomus ma-
jor[J]. Chinese Journal of Oceanology and Limnology,
2000, 18(2): 190-192.

[102]E%, EL8kE, JUadr, 5. R 5% a0

BWHFE]. TR 22 (A RBERR), 2001, 40(4):
927-930.

Wang Jun, Wang Dexiang, You Yingzhe, et al. Prelimi-
nary study on induction of triploidy in Pseudosciaena
croceal[J]. Journal of Xiamen University (Natural Sci-
ence), 2001, 40(4): 927-930.

[103]Xu J, You F, Wu X, et al. Induction of triploidy in large

yellow croacker Pseudosciaena crocea (Richardson,
1846): effects of pressure shocks and growth perform-
ance in the first rearing year[J]. Aquaculture Research,
2008, 39: 1369-1376.

[104]1 04, XIHr. =5 6F R BE AT, W5,

1995, 26(5): 115-118.

You Feng, Liu Jing. Karyotype evidences of triploidy in
the left-eyed flounder, Paralichthys olivaceus (T. &
S)[J]. Oceanologia et Limnologia Sinica, 1995, 26(5):
115-118.

[105]ddik, T5FEF, XU, 55 AREERE NG K

T BBEBFSEII]. o 6 A3 22 R AAFE D),

Marine Sciences / Vol. 44, No. 8 / 2020 81



R gk @
EVIEWS

2010, 40(7): 36-42.

Meng Zhen, Lei Jilin, Liu Xinfu, et al. Comparative
study in embryonic development of different ploidy of
turbot, Scophthalmus maximus[J]. Periodical of Ocean
University of China, 2010, 40(7): 36-42.

[106]1XIEMS, ERLSE, BAW, 55, p#H = AR5

WEFE[0]. o I R A e Al (AR B2 AR, 2012,
42(6): 77-80.
Liu Zhipeng, Wang Xubo, Zhai Jieming, et al. Study on
triploid induction in the half-smooth tongue sole (Cy-
noglossus semilaevis)[J]. Periodical of Ocean Univer-
sity of China, 2012, 42(6): 77-80.

[107]E bk, ZaE0, 2258, L2088 7 il =5 IR 75 2 19 9)
SEWFFE[I]. K2 REAE, 2006, 25(7): 349-352.

Wang Maolin, Jiang Zhiqiang, Li Rong. Triploidy in-
duction of Takifugu rubripus by cold shock[J]. Fisher-
ies Science, 2006, 25(7): 349-352.

(108 JTRIT . /K J 125 178 3 XUBE AR Jy fi = A5 A O BIF 52 0],
IR 2E IR, 2017, 26(3): 348-352
You Yingzhe. Triploidy induction by hydrostatic pres-
sure treatment in Takifugu bimaculatus[J]. Journal of
Shanghai Ocean University, 2017, 26(3): 348-352.

(10918015, XIBt7E, WrEMR, 4%, R fh 5 Bl fa 55

AR AN BT AR AT (0], KT AR, 2010,
34(11): 1629-1635.
Cai Mingyi, Liu Xiande, Wu Xiangwei, et al. Induction
and microsatellite analysis of allotriploid between
Larimichthys crocea and Nibea albiflora[J]. Journal of
Fisheries of China, 2010, 34(11): 1629-1635.

[110TX < AH, EAEPE, XUHEME, 5. #KEE N TS F
(@) <[5 Bt 2 8 () A 58 AR R IR R (0], T g v
REF2EH(FIRBRARR), 2014, 44(2): 41-47.
Liu Jinxiang, Wang Xubo, Liu Conghui, et al. Induction
of triploid hybrid of Japanese flounder (Paralichthys
olivaceus, Q) x spotted halibut (Verasper Variegatus, &)
by hydrostatic pressure shocks[J]. Periodical of Ocean
University of China, 2014, 44(2): 41-47.

(LR, RER, FuiH, % KEEF =R THE

SR AL BORBALIE S [T]. IR, 2019, 43(12):

42-49.
Song Zongcheng, Wu Zhihao, Wang Lijuan, et al. Op-
timization of artificial induction conditions and
large-scale induction of the triploid turbot Scophthal-
mus maximus[J]. Marine Sciences, 2019, 43(12): 42-49.
[112]Goo I B, Im J H, Gil H W, et al. Comparison of cell and
nuclear size difference between diploid and induced
triploid in marine medaka, Oryzias dancena[J]. Devel-
opment and Reproduction, 2015, 19(3): 127-134.
[113]Peruzzi S, Kettunen A, Primicerio R, et al. Thermal
shock induction of triploidy in Atlantic cod (Gadus
morhua L.)[J]. Aquaculture Research, 2007, 38: 926-932.

[114]Arakawa T, Takaya M, Inoue K, et al. An examination
of the condition for triploid induction by cold shock in
red and black sea breams[J]. Bulletin of Nagasaki Pre-
fectural Institute of Fisheries, 1987, 13: 25-30.

[115]Garrido-Ramos M, De la Herran R, Lozano R, et al.
Induction of triploidy in offspring of gilthead seabream
(Sparus aurata) by means of heat shock[J]. Journal of
Applied Ichthyology, 1996, 12: 53-55.

[116]Zanuy S, Carrillo M, Blazquez M, et al. Production of
monosex and sterile sea bass by hormonal and genetic
approaches[J]. Publ Assoc Devélop Aquac, 1994, 119:
409-423.

[117]Colombo L, Barbaro A, Libertini A, et al. Artificial
fertilization and induction of triploidy and meiogyno-
genesis in the European sea bass, Dicentrarchus labrax
L.[J]. Journal of Applied Ichthyology, 1995, 11(1-2):
118-125.

[118]Takeuchi Y, Yatabe T, Yoshikawa H, et al. Production
of functionally sterile triploid Nibe croaker Nibea mit-
sukurii induced by cold-shock treatment with special
emphasis on triploid aptitude as surrogate brood-
stock[J]. Aquaculture, 2018, 494: 45-56.

[119]Tabata K, Gorie S, Kawamura Y. Growth, survival and
maturation in the induced triploid hirame Paralichthys
olivaceus[J]. Aquaculture Science, 2010, 36: 267-276.

[120]Piferrer F, Cal R M, Alvarez-Blézquez B, et al. Induc-
tion of triploidy in the turbot (Scophthalmus maximus).
I. Ploidy determination and the effects of cold shocks[J].
Aquaculture, 2000, 188: 79-90.

[121]Purdom C E. Induced polyploidy in plaice (Pleuronec-
tes platessa) and its hybrid with the flounder (Platich-
thys flesus)[J]. Heredity, 1972, 29(1): 11-24.

[122]Lincoln R F. Sexual maturation in triploid male plaice
(Pleuronectes platessa) and plaice x flounder (Platich-
thys flesus) hybrids[J]. Journal of Fish Biology, 1981,
19: 415-426.

[123]Holmefjord I, Refstie T. Induction of triploidy in At-
lantic halibut by temperature shocks[J]. Aquaculture
International, 1997, 5: 169-173.

[124]Manning A J, Burton M P M. Cytological abnormalities
in the ovaries of triploid yellowtail flounder, Limanda
ferruginea (Storer)[J]. Fish Physiology and Bioche-
mistry, 2003, 29: 269-273.

[125]Hamasaki M, Takeuchi Y, Miyaki K, et al. Gonadal de-
velopment and fertility of triploid grass puffer Takifugu
niphobles induced by cold shock treatment[J]. Marine
Biotechnology, 2013, 15: 133144.

[126]VF @R, JUEE, RMEE, 5. AR RE K EE A
T RE A =AGRD]. P EARE, 2006, 13(2):
206-210.

Xu Jianhe, You Feng, Wu Xiongfei, et al. Artificial in-

82 TEPERLF 12020 4F / 5F 44 45 1 46 8 1Y)



R gk @
EVIEWS

duction of triploidy Pseudosciaena crocea by cold and
hydrostatic pressure shock[J]. Journal of Fishery Sci-
ences of China, 2006, 13(2): 206-210.

(127708 . MREY =K N Tl SO e 0. iS5
1993, 24(3): 248-255, 334.
You Feng. Study on triploidy induction in the black
porgy, Sparus Macrocephalus (Basilewsky)[J]. Ocea-
nologia et Limnologia Sinica, 1993, 24(3): 248-255,
334.

(1281 L4, MUBEA 7 il = R W Fp s H 95 (0], P E
K=, 2005, (12): 65-67.
You Yingzhe. Study on the cultivation of triploid Fugu
bimaculatus seedlings[J]. China Fisheries, 2005, (12):
65-67.

[1291BRFAMR, 25300k, AR, &5 0 0 i = Ak Ik f

BN TIEFRSEEN]. KE¥4R, 2011, 35(6): 925-931.

Chen Songlin, Li Wenlong, Ji Xiangshan, et al. Induc-
tion and identification of artificial triploid fry in Cy-
noglossus semilaevis[J]. Journal of Fisheries of China,
2011, 35(6): 925-931.

[1301x 5k, RS, B, . A5 6F (Paralichthys

olivaceus) FEIR 5 AL Z HEVE L T 4307 (0], k&l
kR, 2015, 36(1): 33-40.
Liu Hui, Wu Zhihao, Li Zhen, et al. Genetic diversity
analysis on artificial triploid stock of Paralichthys
olivaceus using microsatellite DNA marker[J]. Progress
in Fishery Sciences, 2015, 36(1): 33-40.

(131 EA, BRAAbK, IO, &5 F6F =45t il e

KA K AR & B ME D). Kr=2£4k, 2011, 35(8):
1258-1265.
Wang Lei, Chen Songlin, Xie Mingshu, et al. Induction
of triploidy and its effect on growth and gonadal de-
velopment in Paralichthys olivaceus[J]. Journal of
Fisheries of China, 2011, 35(8): 1258-1265.

[132]Liu H, Wu Z H, Zhu X P, et al. Comparative perform-
ance of growth, vertebral structure and muscle compo-
sition in diploid and triploid Paralichthys olivaceus[J].
Journal of Fish Diseases, 2018, 41: 1495-1504.

(13312 30T, 1 h 82 N TS & =R R

HEFMBFD]. L LHEEERE, 2012,
Li Wenlong. Studies on the artificial induction of poly-
ploidy and its effect on growth and development of
triploid in half-smooth tongue sole (Cynoglossus semi-
laevis)[D].
2012.

Shanghai: Shanghai Ocean University,

[134]Okutsu T, Shikina S, Kanno M, et al. Production of
trout offspring from triploid salmon parents. Science,
2007, 317(5844): 1517-1517.

[135]Bidwell C A, Chrisman C L, Libey G. Polyploidy in-
duced by heat shock in channel catfish[J]. Aquaculture,
1985, 51: 25-32.

[136]Myers J M. Tetraploid induction in Oreochromis spp.[J].
Aquaculture, 1986, 57: 281-287.

[137]Peruzzi S, Chatain B. Induction of tetraploid gyno-
genesis in the European sea bass (Dicentrarbus labrax
L)[J]. Genetica, 2003, 119: 225-228.

[138]Malison J A, Kayes T B, Held J A, et al. Manipulation
of ploidy in yellow perch (Perca flavescens) by heat
shock, hydrostatic pressure shock and spermatozoa in-
activation[J]. Aquaculture, 1993, 110: 229-242.

[139]Cherfas N B, Gomelsky B, Peretz Y, et al. Induced gy-
nogenesis and polyploidy in the Israeli common carp line
Dor-70[J]. Israeli Journal of Aquaculture-Bamidgeh,
1993, 45(2): 59-72.

(140143 Bk, TUBTE, E20E, 55, §KEiES T 6

(Paralichthys olivaceus) P95 1K 0 5 4 LAk [7]. 3
5178, 2012, 43(2): 382-388.
Yi Qilin, Yu Haiyang, Wang Xinglian, et al. Production
of viable tetraploid olive flounder (Paralichthys oliva-
ceus) by hydrostatic pressure shock[J]. Oceanologia et
Limnologia Sinica, 2012, 43(2): 382-388.

[141]Wang G, Zhang X, Sun Z, et al. Induction of gyno-
tetraploidy in Japanese flounder Paralichthys oliva-
ceus[J]. Journal of Oceanology and Limnology, 2020,
38(1): 288-293.

[142]Wu Z H, Wang L J, Lu Y L, et al. Artificial induction and
genetic structure analysis of tetraploid turbot Scophtha-
Imus maximus[J]. Frontiers in Marine Science, 2019, 6:
637.

(1431230, WRAABR, ZRARLL, 45, 0 70 5 DU A 0 o i
A% S HE]. PEZKGEREE, 2012, 19(2): 196-201.
Li Wenlong, Chen Songlin, Ji Xiangshan, et al. Induc-
tion and identification of tetraploid fry in Cynoglossus
semilaevis[J]. Journal of Fishery Sciences of China,
2012, 19(2): 196-201.

(14418 .l B2 PR 5 178 5 R o £ DU A (A A 490 20 BF 52 (0],
FRE K2, 2006, (3): 87-89.

Zheng Chunjing. Preliminary study on tetraploid induc-
tion of Pseudosciaena crocea by temperature shock[J].
China Fisheries, 2006, (3): 87-89.

Marine Sciences / Vol. 44, No. 8 / 2020 83



R HREER @
EVIEWS

Progress in the study and application of chromosome ma-
nipulation in marine fishes from China

YOU Feng' 2, WU Zhi-hao" 2

(1. Key Laboratory of Experimental Marine Biology, Center for Ocean Mega-Science, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao 266071, China; 2. Laboratory for Marine Biology and Biotechnology,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Received: Mar. 27, 2020
Key words: gynogenesis; triploid; tetraploid; marine fishes; genetic breeding

Abstract: Chromosome manipulation technology, including artificial induction of gynogenesis and polyploid, is
useful to rapidly purify characteristics and obtain mono-sex, fast growing, low fertility populations. This technology
is an important part of modern genetic breeding and improvement and has been widely developed in the recent years.
The characteristics of rapid purification, infertility/low fertility, and biosafety are of great value when applying ad-
vanced biotechnologies such as fish gene editing and surrogate broodstock. In this study, we presented the concept
and principle of fish chromosome manipulation techniques. Further, we introduced research progress in terms of the
induction and biological mechanism of gynogenesis and polyploid induction of marine fish in China as well as their
application. The present review provided valuable references for genetic breeding and biotechnology research in

marine fish using chromosome manipulation techniques.
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