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Over the decade, rapid progress has been made in the application of gene manipulation technology
to aquaculture for the genetic improvement of aquacultured species. Two basic fields of genetic
improvement involve the endocrinal control such as control of spawning seasons, induced and multiple
spawning and cryopreservation of gametes, and the gene manipulation using chromosome engineering,
sex reversal, hybridization, selective breeding and gone trasnfer techniques.

Chromosome engineering of induced polyploidy, gynogeneris and androgenesis have been extensively
investigated in fish. The major goal of thease stueies has been to develop methods for the incressing
productibility by controlsex and by rapid establishment of inbreeding lines.

Sex reversal techniques has been applied to the species which has been applied to the species which
has sex related significant differences in growth, behavour pattern, breeding time, body shape and
size etc. so, culture of monosex population is highly desirable. physiological sex reversal by hormonal
treatment or genetic sex reversal by matings between specipic genotypes have been carried out.

Hybridization in fish are performed in the hope of buliding the desirable characters, according to
some parameters such as viaility, growth potential, sexual maturation and disease resistance. Maternal
or paternal genomes can be manipulated before and/or after heterospecipic inseminations.

Selective breeding has been carried out to improve the performances or obtain fish products most
desirable to the producer by modifying genotypic frequences using specific mating system such as
inbreeding or outbreeding and by changing alle frequences toward ones more favorable to the beeder’s
golds through accumulationof the favored alles.

Gene transfer technology has been introduced, aimed at the production of transgenic fish showing
the improved charateristics and performances such as enhanced growth, disease resistance and cold
resistance in their environment. Researches of transgenesis in fish are focused on the identification
of desiable piscine genes, development of expression vector, optimization of introducing techniques,
stable expression and transmission to germ line.

Key words: %% (genetic improvement), ok41% (aquaculturedspecies), $a=} =2} (gene manipulation)
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2] AAhe AAge] W8 guehs JaioA Y4
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ol F24 uwl-Bol 1970d) FukLE o)F-
2] A=} 2ol o7t A4 dRake] W Ao o
F5lo] 1975'd FAOS] oFY 7l¢ 3l9lellA = o] &
9] fAx} ANFE F3 §Fo] o2 A 5o
o 1982d0ll+= Genetics in Aquaculture k= 3=
A zlol Al 13] A ZEx]go] o4 AP ol
1986 dell+= Al 23} 3l9)7l, =22z 1991 el &
ol 2] 33} 3]ef7} AH=gict =3 sk e F
goll ¥t A= Al A= 1986 9ol = el
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i At ol LT Aot} e AFE
FAoz MdA7x] AYP=lw Yes +F {589
AFgol AB71Y a2z olF-&FE Fob 7|
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A 28t (Chromosome Engineering)

Al FAEEY S50l ALsly UMz
71L& AZEdg dxsle] 2 A= = o
AAE F7RI7IE wi4A] fFEof SFHF ol F
ZAute] FAEL2YE AAE FEsde 2
A4 olulal, FANMYA olujA & F 4 Uk

ti=x| (Polyploidy) sl =+ A4
(chromosome) =3 °9dAWAl=Z (chromosome
set) 2] FFoll4] dka] (haploid) =+ o]l
(diploid) & o1 FAY AAsk =2hg £}
(Thogaard, 1986). ui=dl f5& 984 #
B54Re B9 Rt} AAE #3412 F Al 254
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o] ula-g g siAU $A3e A 1dEE A4
t} ola| A Zgd AAE fslME gl 2
=27 49k 22 B2l A9} cytocha-
lasin B, colchicin, colemid$9] Al 244
#32o Helrl olg=lm 9ot (Aldridge e
a, 1990).

71 3uhA 3ulalE A4 olulA] Al vk
A uhge] dAAzE o Zxz v JIME £
ot $=¥ A AR A 2dE Y
7] F3lme Ry 75l 2ok A%
off ale} Axle] Ao Yadt JPE-g =l
7] o3 MAIE AFos AF AAF o] #E
AAg, §4F7L AE &€ i A Ui
50| ¥ 1% ulglch (Lincoln and Bye, 1984).
Hal §8 oJF F < 20 5ol HAH Az}
Sxslo] Adsisln YA ARisE fig A7
chalo] £0i7} glck. H 2ot e AR
£.02 Qg AIFAY fAA} Lo G FHepd
A)9] upxl& 9% Qo2 JujA|7} o] &= FY
& o} Kim e al, 1994).

LL. 4uiA] 4eisle) SEE olfE 25 ¥ 54
el & S A% AAAF A 134EE AA3)
of AMEE A4 olulale] 2uis} A)7lE Aol
o} 4ulals 2 ol 3ulAs) AR JHE Ze
A% 2ulAlele] o melnhe o woh A
up oz JujxlE A4kshr] 3 fEdch 23
U S5d 4elAle ol 2alo| Sz e
poda] ARE dAasL Az Bg A= X3t
o 2olo]AY &7 sAele AYE deoly
(Bidwell er af, 1985 @@= E%4e] Chou-
rrout groupell o3 F=¥ 4uiA] FxlFlgo]
alo} o] Zao] Hitsle] oz AIH o]l
7k Aoz #HriEln o (Chourrout e al,
1986) .

Xy ofulx] (Gynogenetic diploid) %+
Aol 4 EAutoz A= AAE F3H F
2 AL o]-23l £+ vlol &3} Al AHeElE 3
of Aztel & BAL FEAA e} 4]
71 ¥ o] Be) =& 33bd AeE B3 4=
%o} (Chourrout 1982) =¥ 2HL84 oful
Ax A 54 Axbe] Az Fxol o} 50%
o]Ak9] inbreedinge] ®cl (Guyomard, 1984).

weh o] 5 BAS] A A sHu
2Ae) HAo] of ¢ $4sickd 2 HAE efollA
2R F Qo] $3F Hoje ol ¥ 5
glem, A7A okio] oA ¥ HY (female
homogamety) ¥ A% $58 ZE JalE 43l
et adehd gaiel el obie] 4] AR
Wl AS ojg} e yioz LA % dAHIE
Axgro 24 okalol Y7]Hel oA F7HE 7HHE
4 ik, 28y $23 2HEAA olula 7} o
whebd e 100% Yol 53R e A4 E o]
20520 A AA 7)Fel chF A7 B s
ola} gtk i AL oA E A 13RS
AAAA fEdpd o] AAE A 2E FA
2} 2ol 4 58 FPAE ol A = olF A
Aoll4 Q2L Ptz A oluiAlE e
s oz Pl S £F9 T AL T
(homozygote clone) & THE4 3ol & WEA
o] ojgk Wikl shssAl "ok AR o=
Streisinger group-& dciol2] 1504 4 ofF
£ A v} olch (Streisinger e al, 1981).

A9 O[bllH (Androgenetic diploid)
710] §4 BAglez AMske AANE £ G
of] r-AL AVl fAUAE BRI A
Az} 24212 F A 193ES AAE 53 =
gich (Purdom, 1969). =9 AL A
= 279 4 AR o] od HYHW (male
heterogamety) & 2% e 4 a7 XX
oM, zaE|: ukeE YY) 4 daNE e =
47} (super male) o] TFEoiRt} whehy 2
3} olzg k|7l o AL BF Aol A4k
oz detujole} Fo] 7o) AliH o2 FRF
7% o] 8" £ Qlch Ab] Z)¥ell 2F AlHlE o]
22} Thorgaard &} 12 TR 5ol o Fx7 0%
ool 4 HE FESRT, olH7R @Al o F 2F
ol gt AFH Bwrt9loy, oz Az A
BE3 d@e] ARijH o2 o $ FeAE A
o] 9lc} (Thogaard, 1986). ©-$-7] o] §A¢4
A ojujalEg njEZczelo} DNAE Z#| o2
2 gtoz o]o] odpel &7jAQl 7ldE & e
Zlel gl

A M3 (Sex Reversal)
QAo o] A (sex) 2 A 47 7A
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] Yoz i g & Uk AEAEol A3}
€ T8 dod A FHdA(sex gene) ol 23
AR 4-¢ $3%4 4 (genetic sex) ol2}3i
A =l zufslollA AA A A] A5l
712 B8l P4se S el e Y3y
A A (physiolgical sex) o]z} Fich

A Aol % §H §FL £UEEY od F
ol 4E, A& A7), MM, B E=v §450I
ek =70 Aoz} A F#71R] Aukg ¥4 (mono-
sex culture) sle ZHol Aol A} A&7}
418 74% A)1=3c} (Yamazaki, 1983 Guer-
rero, 1982; Jensen, 1976).

AB|8f=| A X$# (physiological sex rever-
sal) ZiA Y 2AAF 4 T2 E8 Hesl dE
A 7)= w2 ool gle] olA7AA 15F
Axule] B3 =3 gict (Hunter and Donald-
son, 1983). ol AAAHQ FudoA olF9] 4
Aol 3 FA §Fo] g i AL W4
sledl, 2ol A AL AT HAP 3=
o] AMejo] W3y, ey F=Polalx F
Aol 55 AHE stodof stn, AP Al 4]
7l % 2 7|7te] Hasle] o HE WYHE olf-
FolE& g23ledo} 3] wjEeolct (Lovshine,
1982).

KM MXE (genstic sex reversal) 4]
A FEellA] Aledt Az o] Hate} dxpr}
FAE o A Ade] g == AN 4 e
2E FAY o] 59 v E FE3kd TE A
€ 93, 7 mE 288 E902 ghEo] o
of AHg3ke wWloltt (Hunter e of, 1982).

ol F2 A 4 Aol H 2N H
Aahg F2FE o ofeidt A, xRl fAHe
2 Eelo] 4 §AAE ZFn glemg olEd AA
A, dAE alAFlE o AL 2 E R e
<AL A 42 4 U Kim e af, 1986,
1988a).

&= 84 (Hybridization)

T Az A g Fof d=r} 7Rz Qe
Hal=le] 1Al gAof 2 Al S Bakshe=
7 £at ohe} 3 Fof dxlel o Fo AxE

£9JA17]= A (heterospecific insemination) &

& A% = AF3etn ¥} (Chevassus,
1983).

Ao Agshe AF £4E A7) Al A,
yzle] AHalof] ofe] F57-2 AE|Egozsy §HA
o2 #3® Az Ja}E A2 meii|7le Uy
& AH gl §A 85 7ol o8 g
Qe THsE AFE 7L F4AS AR
AAA B AR A BE AE A
AF 4ae f 2= hssich

EEe| MM AFE AIA]] FdelA 1y
T o g2 By 2] DAl olE AEYo]
oFgtZlo] EAolc). oleidt AF Al & 27]
2AakgL A A Y Aoz A=Y
opr] A7} olug AAo|c} W, A7 Al
A AFe £33 ASE FEol 2 gv 30l
velde A$7k ok o, Fxlslgole} &
odoje] Age HN virus of of-¢ 73], el
Fol9} BEFolo] AAFL #4 £X7} ol HE
zE 734 (heterosis) & Z3¥-g HolZ|x Jjic
ey AAgel Ydolsde A BE AFo] H2
2 AHE 559 F7 A5 4FEE Hol2E
2AF g ohid ozl AGETe 43 §5 oA
o2 e AF sjale 7] P DAl A HE
fo] 2 HE uE o ol P Lok 4
%7)7} slad A2 Ao BE AF Al £l
7] wl-Foll oFo] Qlo] £ o] 5-& A&+ %
o} Ak FE| A old FEL AT ANYA
gtz A4 Ad%o] o]Foj=& A} ez FF
AXEY A&7l lojAe BAde g4 3
A, ulex ¥4 gl ARl H¥A § Fol o)
ZAAgc) Az 4 o]F-2 plaice ¢} flounder
9] #F Julale A4 ML} Yadsdo] B uso]
et

Myt 2= (Selective Breeding)

AEAE guatd, Aelad o Aned Sef

oFg Wol & 7Hxlx gleh oleld WelE e £
ol Phsgt A% wesl 87 2ol oY Aoz
2 JE 4 ok BB 70l b5 Aol
% 97 2900l A AL BE AL T
I gtk ARgFeld f30] 7Hsd HelF
AAH o2 §4 HolE 7R ANE AhE A
oA 2elgto A $3 ol S o
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CHAISIE AFSE S 913 82 o A
o] 22 A8slE ¥HL o Aot

71 Mg A 5g-UF AEE FIEA 5
3 A2 AT ARE AYsp AgHo2 AR
§ 4 gl FiMe §Fo] otk 24 =x 3
At SB4 A4 A ES ALEZe] v]HER
EEAY olFe Agolle Bot & AR A¥ 7
£2 71 Az §Fol tiF Z24] ot

U AAE- ZE Foll Qo] ¥ ¥HL2 FFHo
2 oje Fesich 53 2 gAe AU AolE
Z2x3ozd QA A7 4 =R e 20
A7} AFsle] o Yibdoz & ANYFH
Zhol ulabmz Telw Afe) A4 Yoz &
32 Asste ASE ot voh Fayd Ae 4
Apo] whE E3l, AF 27\7A e Axse AN
Mo Aibolct.

o}, AlERg (ol i Ag) -oig F2E H
Rol} 2 FAgo) wh$ o} A7t oj2i¢e %
2 Aujolats. B 2ol A &3] el
224 gAo|oh

2} Al - 44 A4S 53 ol F =& AT
ool 47} goue uidoz Fad Yo
2 4 glovh AzMiele} o] o] AF ARER)
Aol ZF2Y 2glo] ok

ul, &4 - clz) §40 S AF YYR A
48 E e AL Fashd £ $EA] Ao
7} ol g olziq] s EAY & Y& PHPE
o] AlF3hch

ul. A4 |7]- Aol i {4 Hojxlzn 4
o] M5l 45715 Ad FAF a2l =%
= 2ol A9 AL Eoll H1M A&71E =
2E ykoz §5¢ A=t

AL AZE-olslFE gL AN YREF X
ge Zgsh g ojokst HAoln2 o] of
H-gol Utk

SXX} 0|4 (Gene Transfer)

24220 glo] FAR} 0|4 FR A7
27 me dgzrll #4438UxE AF
Aae] Waol Yol 2ol YRS FozA T
2 o2 chimeric $52 A4kstazlsie A2
A, Az are] Al e Feo| Aol olJcie}

£ 27z 4% 301 JHEede ol Pl
A 3198400 Azz FANolE o= AlE
@ ol 829 olfol i FA=L ol4ol 33
o} glc}(Chen & Powers, 1990).

A7le] dFe A o5l 3ol F§ FAR
22y (clonng) & 29 37144 &4 (sequen-
cing) o] i3] o] Foixlm glo] & UHE Bx
alch(Agelon & Chen, 1986). oladl, A%
ol9] Cmyc Leh4AzlL $22lFe sle2=d
o} DNAE #i413led 4iHez Fadsls
£ $Ax, A Folol Poizle 4AE2E
A 28z YAl E Mg YA ol32
e A A Aol shsANE ¥IA
(antifreeze) §- A=} L Ao FAdo] A FI&
o] 4L 343 4]7)Ed 7|od 3t methallo-
thionin §Ax}, £o 434 dAol Bz
crystallin §4=F % oo £4E AATE A
o2 gelA esterase FAA Fo| AT
(MaCiean & Penman, 19%0). °l¥ % &3 7=
Meole] Agsel AU APl &
AElo] ARl AR o o) 5 P ALl
Sl 74z Esled glen], o|A Alake A
A5 2 2g ExFgelel B FA3ME 4%l
o< wig Axr} wusiel lck(Agelon « d,
1988).

Qgoz o] Bole F&3 WA AN ER
5l FA2Y Hofo] =88 U o] dAdslEE
& ZIdE Hol Euhglt Holz Al®c

o{Re] 2 fNXe SH X AIZ oiFel o|4
F £8 $AxE T2 A7 A 2E 429 A
T2 fARY AlFolA] EE oA WA 73
27} o 22-g 32 stk 2 olft oA o
2oj) glo] #AA T 3 o4 F AFE ¥
2P gatael ul o] Ajls)x] R3S 2
&, F2 reporter gened AHE¥ HEF, olddl
BajA4o], olo], "alzle}l aElm ApIe7E
Aeolapd 25 AY TE2 AL AFelAY B
Aol Fo)ojcl. (Maclean & Penman, 1990).
ey a7 AHEeE §4 fARRE ol ¢
o] Mo AMxzFe] APAUEolME 29 ARl
Fao]  244E WdxFz glo] 22 §H 4¥
Ao e Aol Y 8 JFozye A
A5 $A3kz cloning3shr) Y =L AF
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3tz 9lck(Chen & Powers, 1990). elol] Chum
salmon} 2 fFoie] 4BaeE FHz} F
Asle] 29 4o] d#zxly (Sekine e d,
1985; Agellon & Chen, 1986), 7}=}u]e) &
ZAFAx7} olu] Az} o]dlel] Algszm gl
(Fletcher et af, 1988). =1 A=}, 2ol My
w@am off-o] fAxbs 4| 52 4ol 7|
£ 2R AT fAxlEc) 2 ARlE D, oS¢
7] 338 si54dx 832 slz 9} (Zhang «
al, 1990).

Plasmid vector2 74t 9! AFR e F=x=83
=12} fusion =l 4853 91+ promotere] 749
of L5, Al¥, = virus25E Pdojxlzdo] 4}
B o 24 oF-o ZAlofl4 el PAke of$
tjeksled, 2 Efo] =9 W Jelhdz g
(Ozato e al, 1986). olell, Liu % (1990) 2 all
fish expression vector®] 7j#hg xj=& ujglc)

FAUUH REXL 04| ko] A7E4 gl He A
9} offell glo] A=} o]Ale] Ea Aol 3] AF
U0l o7 G R-ERAA} o4 F=2
14 £>] o]Ao] micromanipulator§ o] &3je] &
A=x}E ojalZ=e] 319k (Maclean & Penman,
1990). zejy oF-9] B2 1 2717} coksln,
WL 2y B 5 glon, 7 g v
2 9le] injection o] ZHF-Rc} o ¢ o oA
o] ek E3|, ¥7zhe microinjection £ needle
o] 717} ol oY FHAH R o] & AA:=
ulglo] JukE]9l o1t o]Zlo] BEFo] F-EEA] £
3= ojz-g&o] Ut (Maclean e al, 1987). o]
of, do] YAAARE of- X2 FHAE o}
o] FAdel] F1sl7] AT Ao} o] FoiA A
215 vector2. AHE-El+ W, electroporatione]
u lipofection& o] &3l vhy 5ol #tslzn gl
o} ol 2 AE ] £slx Slcd(noue
e al, 1990).

SNA MR, EM Y o2 M2 MY
Transgenic fisho] A4k o) LA HFALE 7}
2z 9t akebd, experimental fishell model
geneg A3 Apoyzils o $& AAE
olx] Zaln ok 2@y THF Eve virusy
promoter & AH3 QIZE A 9 40 4 T=Z

Az 439 f3xP} ARIE 237} ok

ARIE 9je) 4=l F¥eil 9le] Fletcher 5
(1988) & 3572 f-Hale} Q7] 4322 44
2 FRAARR § FARE RIS 43l
wl2 o= B w7l Qla, A2 ofojol] Tl 4o
o] ARz e g AR} ARlE 2719 ARl
wlacly ¥ ngh wp glck =3 Ozato 5(1986)
-2 medakaoil4] ©]4]¥ chichen o-crystallin %
A=}zl 28]z A2 Inoue5(1991) & £=x)7 %o
of|4] g-galactosidae FAx}7} WAL ¥
slglon), oA o]l FAlale] okiAlelol A
753 FEFFE Adzeos yil Ros AR
3jck

& o

4 Lol glof 4 T8 ol §-L 1980\H
Fof wlna $us] AE82 gt BF FohzA
2 858 WAZAE AlA 23 25 39 s
of bt Aolch ol 279 olHF B =
Qo] Fgol ool SIE slgiz P Bt o]
Shs ok Z1e] Aol o AlFsisir) wEolsd,
AE 3ol BuR T} o ES L4500 3
F9ozH ople A% ¢ ¢ ok 234 4
2 4ol glod $Y =P o2 T WA 44
€ Foha717) HE Yoz Pus dFsz 3
of olu] u]Fel 4 Al FHe ol 44 2o
R PR RO HEENE BV
48 H5Y viglon JuATY, 4AE AF
35 welohdel 2o 4% YAS voln gk
2R gl Ydo] AT A ¥ HE9A
218) ol4lo] A=z glck

29 Uztel AS F Bl oifel thal 29l
Aol oln] JukA, 4oiH, FE Y 2HE3u
A, 43 $ol EAYT 013 WA A 2
AU AANE o5 $e) DU AN Y A
Hz3uhal AN Aei4dol FESID gles] T
Mgols) A9 A A 39k FEoH Y oM
Gl ofaf e AHSET Sl 5 W BAlo|
Foll Qe AUAolch =4 Sl o4
AFIME & AT modelolFe $4121E
hAo 2 Q7Y HREEL FRAE ol4sld A
3ei7ha) AgsiE Ag I v glom B o
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