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Establishment of new rice fish species

Dong Hyun Son

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

Medaka (Orizias latipes), as small fresh water fish is relatively
easy to culture and to stimulate spawning in indoor tanks, and due to
the reasons above mentioned, medaka was selected for microinjection
of gene to make transgenic fish to use the analysis of hazard model
in the ecosystem of aquatic area.

In this study, medaka was used in order to develop as a fish for
the analysis of hazard model and to establish the technical method of
microinjection of gene. Growth Hormone (GH) of Mud loach
mizolepis), Catfish (Siurus asotus), Greenling (Hexagrammos otakii)
etc. were microinjected to fertilization eggs to PB-actin promoter,
gene injected mud loach GH and common carp (Cyprinus carpio) GH
into lectin.

After the microinjection, PCR analysis was conducted to analyze



transgenic fish as the results, various homology band were appeared
according to primer in the ML B-actin ML GH. In the OL B-actin ML
GH, positive band were only appeared in the female site and in CP
lectin ML GH, positive band were appeared in the all individuals. And
Hx B-actin Hx GH, ML lectin ML GH, Sa B-actin Sa GH, many
homology band were appeared, as the result, it was known not easy
to develop fast growth transgenic of medaka through the molecular
biological analysis.

The above reasons, hybrid between Orizias latipes and Orizias
sinensis was made to develop the model fish having the
morphological marker for hazard prevention of ecosystyem and the
hybrid were used to analyze gonad to know the abilities of
fertilization.

As the result, in the female fish of total length of 1.0 cm, the
early stage like chromatin nucleolus stage and early peri—nucleolus
stage were mainly appeared and the stages of oocyte development
between the species were appeared as a similar result. In the female
fish of length of 1.5 cm, Chromatin nucleolus stage and early
peri—nucleolus stage were mainly appeared as well and late
peri-nucleous stage was relatively much appeared by contrast with
the female fish of 1.5 cm. The development stage of oocyte between
the species was appeared without any difference, too. In the female
fish of total length of 2.0 cm and 2.5 cm, all the same development
stage were appeared by contrast with the total length of 1.0 cm and
1.5 em. The sperm cell were showed, but the difference of the
species was not appeared.

The hybrid induced from Orizias latipes and Okizias sinensis have the
metits not to be appeared in the natural world, for the reasons, which is
able to use the morphological marker and have the possibities to develop the
hazard analysis model fish for IMO through the study of transgenic.
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¥3te 2F F5olE AZA 14Fol RuFen, dF3 FAE &
olF F Olatipest =3 B, T g EXIe TOoEAN, 3319
zHz $YdHE SR H BE 33, Osinensists =27 Fo RIS}
T FoR 3T MR Fdsle M EXstn JHAFA & 1987
Sakaizumi®} Jeon, 1987; Uwa$} Jeon,1987;Kim# LEE, 1992; Z3 7
1993; 7,1997). =3 $A}e] & oFe A7t Fa Algo] gdoe A, A
W7t #on Fexde A% AFAYl hsd 4 LIMOS fjsid 3
7HE % Bd Aoz AR FHE 2 Aok

4 IMO 9314 H7HE A8l $AkE & o /<] sl O.latipesE
ol &3 FAAFIIYE = 67149 FAAE Olatipese] FA B F
Yate FAABAP S HAAEAT mFetA dFsd 74z v
A B-actin, FAME] B-actin HEE Bl {FAAS} vjerx] S 2L
Ztzh W) etA] lectind Jof lectin MEE £ A2, 2231 Hxdn|
B-actin Hx @ v] GH, ©7] p-actin W7] GH #HAE o| &3l HHEA
o}.

HAME S 9% PCREAH, 4o E/Hs¥ Hxo homology
band7} veht BAYESAHQ E400 ojH:S TAA HU webA
el markerE Ad 29 o F JiEe daAe =74 HA-

a2Ee AdAdE EAZA Y= A2 markerE AP F4F LMO
AaA Brt 2 offF NEg A Olatipess}t Osinensis®] FF& UEU
o B3 ZFe] AN S Brpsky) 8 #FESAE S AHaE 24
Aoz BFst FA ot dFEAI S Ao AAIIE, TADAE
2 dlasted A5 S Qs s FFA LMOA B RdojFEA

o FsAe HAsted 242 Tk



1. $AHEe] 32HE A7

11 A3 2 A

Adole FAUTR AFFASETYE dFLAA AHAHE oloiA
2n AR FAEE AHEEAT A9 A S fxd] A BgE
Ztz} 142123 104702 ¥hESte A% {FASHAY St I
S A8 @52 26T F2& FASA 4 45E F=d W of
3 ArastA stk dEFLS A3 Alse @H v oks} ofAERle] F
T8 gAAAAEE FASGATG HAHY ofxE e FEE dotr7]
A3 1X, 5X, 10X =9 o}28ihlE Atgd] H7stY FFsdch A
Folel A E 15 ¢ 2FFFRd 378 2FTF vig 4z 245
1702}y 83t 643 AFEAT 2 A3 1X B3] 5X, 10XAM &
FEY ddo] FL& AL dAnjF oz T|HIHAL 10X ofxEFAle] F
8 AR E Fd st (Table 1).

1-2. §-A=}

A F3T &dd FYE 6714 fFAAE v FEA(Mud Loach :
ML) A% 3 2&(Growth Hormone: GH)ol ML B-actinS promoter2 3§k
ML B-actin ML GH<®} $A}&](Orizias latipes ; OL) B-acting promoter=
3l OL B-actin ML GHE A}&3lt). %3 lectin promoterE A3+ ML



lectin ML GH¢} % oJ(Cyprinus Carpio :CP) lectin ML GHE A}&-3%th.

4ol HAxdv] AFF =& F ) v|(Hexagrammos otakii : Hx) B
-actin® promoterZ 3 Hx B-actin Hx GH9} @4=0iQl w|7] 4Zs2 &
o) 7)(Silurus asotus : Sa) B-acting promoterZ2 3} Sa B-actin Sa GH7} A}
£ 5 1 th(Table 2).

1-3. Microinjection

A9 FAHE e & 6TE incubatord] B33 one celled
embryo stageol]A] blastmere®] F %ol vl d v]F¢) (microinjection)d} .
7 2834 vAFYEE K3 FEE #9Er] 98 ML B-actin ML
GHE 05X(350ng/ ), 1.0X(700ng/ ), 1.5X(1050ng/ uf), 2.0X(1400ng/ ul)
47HA =2 MAFYESASt FA3F 590 A xVIBEE, FIe,
57 AEE, 2 HFTALES S8t HTable 3). 2 A3 2.0XA
o] FA7t 7B XA Fxo BlE & oyt UA Kol 20Xm 747
9 671A FAAE $AE Y FA B vAFASAT vAFdE D
2 26CoA B3N, 74 F3&F 2V|PEEE SN



Table 1. Rate of Egg quality and hatching out percentage by density

of Astaxanthin included in diet

No.of fish o Egg quality (%)
Fertilization Hatchout
spawned
. rate (%) (%)
(%) 0 ++ +++
1X 49,51+ 49.51% 94.06 5.94 91.81+£1.62
(control) 3.47% 3.47° + 2.39° +2.39° 2

44,61+ 84.23t 60.44 38.46

5X . R \ ., 1.1+1.5° 93.6+3.73°
2.07 10.1 +452°  +7.52
4451+ 29.35 4891  21.74

10X o 78.21% 2.8° . , ., 92.26%0.1°
2.07 +15.64° +15.98° +14.8




Table 2 Genes used in this experiment

Name of gene Promoter Structure of gene
ML B-actin ML GH ML B-actin ML GH
OL B-actin ML GH OL B-actin ML GH
ML lectin ML. GH ML lectin ML GH
CP lectin ML GH CP lectin ML GH
Hx B-actin Hx GH Hx B-actin Hx GH
Sa B-actin Sa GH Sa B-actin Sa GH




Table 3. Result of microinjection to medaka fertilized eggs by
density of ML B-actin ML GH

Early survival Early survival
No.of to 5d t 1k
f)f) cggs up to oaays Hatch out up to o Yield (%)
injected after sac
Fertilization absorbtion
0.5X 106 21 21 20 18.87
(350ng/ut) )
10X 119 22 22 22 18.49
(700ng/ 1t) )
1.5X 95 19 18 18 18.95
(1050ng/ut) )
2.0 120 16 16 16 13.33
(1400ng/ut) )




1-4 DNA isolation and PCR (polymerase chain reaction)

7} §7AE microinjectiondt FAME]lE Aojd= A HAANEHE Ao
e mgR=gnE st Rapid gDNA isolation buffero] o] pkE
H713 & 23S 3% 2 F phenol chroloform3} isopropanolS % 3|
gDNAE %Z3}5ct. PCRL total 20 wz EAM3stgen), gDNA 2 u,
frimer= forward primer 2 £, reverse primer 2 & F A3 3xDW 14
WE ¥ol 4340

6714 AR 24z T & primerg 2o} A&t ML B-actin ML
GH+=  mgf39} mgrl(220bp), mgf39} mgrd(240bp), mgf4e} mgr2(530bp),
mgf59 mgrl(130bp), mgf59} mgr2(490bp), mgf69} mgrl(70bp), mgf6S}
mgr2(420bp)E AH2-31 4t} OL B-actin ML GH+= OL b-act 2F9} mGR2E
A8, ML lectin ML GHE mlectP 2F9} mGR2E A}&3tHo). &3
CP lectin ML GHY mlectP 2F¢} CGHIRE A}£3+9 3, Hx p-actin Hx
GHE= Hexa GH 1F9} Heca GH 1RE AE3l9 2 Sa B-actin Sa GH+
Sab-actP¢} saGH 3RS primerZ AM2-3} T

ML B-actin ML GH= CycleldA] 95T 15% 1cycleZ Cycle2o] A 94T
30%, 50C 30%, 72T 1822 4535 HtB 3P o Cycle 34A 72T 10&
leycleZ PCR B41& 39tk OL B-actin ML GHE Cyclelo|A] 94C 2%
leycle2 Cycle2o] 4] 94T 30%, 64TC 30%, 72T 30x=2 403 HHE 3RS
™ Cycle 30]4 4T 12 PCR ¥A4& 39t ML lectin ML 3+ Cyclel
o /] 94T 2% 1cycleZ Cycle2ol 4 94T 30%, 64T 30%, 72T 30 40
3] HhEstg e Cycle 394 4CE PCR 4 3ttt CP lectin ML
GHE Cycleld| A 94T 2% 1cycleZ Cycle2ol|A] 94C 60%, 60C 60%, 6
8°C 6022 363 WE3IG oD Cycle 39| 4C 132 PCR 4L 3%
t}. Hx B-actin Hx GHE Cyclelo]l A 94C 28 lcycle2 Cycle2d] A 94C



602, 50T 60%, 64T 60XZ 333 wEatdom Cycle 394 4T 132
PCR E4& 34}t Sa B-actin Sa GHE= Cyclelol A 94T 2% 1cycleZ
Cycle2ol X 94°C 60x, 60°C 30%, 68T 602 403 W53 o7 Cycle 3
dlA 4T 13& PCR 48 sttt}

2. A diFSAE S A

@A e EAA de 2L FE3H markerE Ad LMOH 3|4
Bt 29 ofF MEE A3 $AE S dESAEE 742 1000ty AdE
st wuiAlA JFF FAEE AdEAT diEEFARI(R)xFAE(S)S
SL, A< ESALE(8)E LS, AEFAEE 0S5, HAMEE OLZ
gste] ®718Yh

2-1 &% FAkE ALY 2AEH A

LMO9I#lA Hr7t Y oj{F9 xd& 237 Ad ¥Hs8S FUst
71 A8 ZFEALELS, SL)Y A4, dFEAE Y B4s 2 A9
AAAL2E zZs Hog HAsHPTE WA AE Bouin's solutiond] 11743}
A, At AAYHY w2} 6mE AHI F Hematoxylin-Eosin®. 2 & A
st AAAE 242 A& 1.0 om, 15 cm, 2.0 cm, 25 cn9] 47}x] A7
2 FE3to #FAstgo
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m. A 3

1. $AEe] JAAE AT
1-1 ML B-actin ML GH microinjection and PCR analysis

ML B-actin ML GHE =5 283jo] ZA $Ale] A& 3178eggsel v
A% ¢ (microinjection) 3tQATh FY ¥ & 26T incubatoroll A 4 o
B3A At microinjection & 143 56.65%2 HEES BY3, 3
3 594H e 3587%7F LAY HIE&L 3477%A3 £ T F3t
A 7~890] £8¥oH, #4974 54 FFH FEA AEE2S
a}olE Holx gtk 271X 7) AR AEE(Yield) L 7.06%S LEFR
t}(Table 4).

ML B-actin ML GHodlA 87}#] PrimerE A}E-3l40 mgf39}
mgr1(220bp), mgf39} mgr4(240bp), mgf49} mgrl(170bp), mgf49}
mgr2(530bp), mgf5et  mgrl(130bp), mgf59} mgr2(490bp), mgf6}
mgrl(70bp), mgf62} mgr2(420bp)s B2 primerE AME-3tATh. marker=
100bp AHE-31A 3, 1.0% gelo] 100VE A7]9F stA(ch 2 A3} primerd
g 243 %L homology band7} WtEh} positive band7} Y= o F
g TEAW7] o8 A7 Yo (Fig. 1).

_11_



1-2 OL B-actin ML GH microinjection and PCR analysis

OL B-actin ML GH o|M& 25 53] A3 $Alg] 3T 1791eggsell
] 4| 3 ¢] (microinjection) 3}  t}. microinjection ¥ & 26T incubatordi] A
WA 9 BEAAT 1956 BELLS 5954% S Jelldzn, £3EA 59

Tl JEEL 218%2 Vet 732 4032%%H3, £48 F F357
2 7~8Yo] 283 % 5Y & AEEH R3& L Z AAojE HolA AU
27120} 7174 7 o] WEL(Yield)e 1013%E vebychTable 5).

OL B-actin ML GHE #4189l 43 &l microinjection 3+ 7§ A
PCREA3 A} primere OL b-act 2F9} mGR2E A}£-319 T} marker=
100bpE AF23} 3L, 1.0% agarose geldlA 100VE #7195 3ttt

2 Ay, GAYGAE positive band7} YERG AT, A A& positive
band7} YERFA] 9kgtth AW E positive bandE AW AN o2 E
S Z3 glo], PCRE 53 FZAAEF olF9 EAYEFAHA E49 off
=& Edstao-

fir
fr o

_12_



Table 4. Result of ML B-actin ML GH microinjection to fertilized

eggs of medaka

Early

Survival survival up

No.of No. of eggs Hatch out .
ent inected rate to 5days %) Yield (%)
erinen injecte

exp ! (%) after

Fertilization

28 3178 56.65 35.87 34.77 7.06

_.13_



M+ -DW + -DW + -DW+ - DWW+ -DW+ - DW + - DW+ - DW
] 2 3 4 5 b 1 8

Fig 1. Result of PCR analysis of ML B-actin ML GH microinjection to
Fertilized eggs of medaka
¥ M : marker , +: plasmid, —-: DNA of nagative medaka, DW: 3XDW
Primer 1 : mgf3, mgrl (220bp), 2 : mgf3, mgr4 (240bp), 3 : mgfd, mgrl
(170bp), 4 : mgf4, mgr2 (530bp), 5 : mgf5, mgrl (130bp), 6 : mgfb,
mgr2(490bp), 7 : mgf6, mgrl (70bp), 8 : mgf6, mgr2 (420bp)

_14_



Table 5. Result of OL B-actin ML GH microinjection to fertilized
eggs of medaka

Early
Survival survival up
No.of No. of eggs Hatch out i
nent  injected rate to 5days %) Yield (%)
experinen %) after
Fertilization
1 424 57.55 24.76 21.7
2 327 59.02 44.34 41.9
3 518 66.8 50.19 50.19
4 264 66.67 61.36 57.58
5 258 47.67 30.23 30.23

TOTAL 1791 59.54 42.18 40.32 10.13

_15_



(a)

(b)

MP D 219293949596 9798 §9 M P D J&t dd‘3 d435d6 4748

Fig 2. Result of PCR analysis of OL B-actin ML GH microinjection to
Fertilized eggs of medaka
% (a) female, (b) male, M : marker, P : plasmid, D : 3XDW
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1-3. ML lectin ML GH microinjection and PCR analysis

ML lectin ML GH §AAE F 43]d AA $A12]9) 3@ 537eggs
o] v A3 (microinjection) 3Pt F4 F F2 26TCincubatorol Al A AY
2 B3 A} A th microinjection & 19 %) 6352%2] HEEE HAN, +F
"2 5dF e 35.72%9 AEES YT FIE2 3725%% A€
A 50 A Fole YEE Aol7t YEUA ¥t Z27]A] 0} 7]7HA]
o] YEL(Yield)x 8.2%% E}tti(Table 6).

ML lectin ML GH §3AAE $Alg] 434 @9l microinjection 3 7§ A&
< PCREA slQc). primer= mlectP 2F$} mGR2E A}-8-3 ). plasmid,
microinjection 32 & ¥t FAlg] 2 3AFHTE HETE AHESA
t}. 1.0% agarose gelolA 100VZ A7|9FE FIhsAc. 1 Ax,
plasmido] A el positive band$}= ©2 homology band”} Bo|
e FAAG oFE Yolry] FEo|, PCRE T3 FHAEF o7 &
A ES A EA4 9] olgzS TR AHFig. 3).

l

1-4 CP lectin ML GH microinjection and PCR analysis

CP lectin ML GHe 25 153]9] ZAX $AE] 3 352leggsl

Al 5 9] (microinjection) s} Fth. F+Y F F& 26T incubatorolj A YA H F

=

3lA1Z . microinjection ¥ 1Y %o 5541%9 =S HJ{3, ¥4 F
59 Fol= 3473%7F AESATE F3&L 34.08%AYL, 4 F FEIA
E 7~8¥0] Aaxlon 54 FHE R YEEL E AoJE Ko
2] gkokh 271x01717h A o AYE&(Yield)2 6.56%F eI THTable 7).
CP lectin ML GHE <£A}2] 43 &) microinjection 3 WAES

_17_



PCR #2438t} primere mlectP 2F9} CCHIRE A&-3t% T} plasmid,
CP lectin ML GHZ microinjectiond}x] &2 dytEAle] 9 34F/HTE
NzFoZ ALREATH 1.0% agarose gelolA 100VE A7|95L 343}
gtk 1 43, PCR X< 3 RE /RAA positive band?} e

PCRE 58 RAYESAQ 240 o2l $3 HASAcHFig 4).

_18_



Table 6. Result of ML lectin ML GH microinjection to fertilized eggs
of medaka

Early
Survival  survival up
No.of No. of eggs Hatch out .
ent injected rate to S5days (%) Yield (%)
experinen @) after
Fertilization
1 235 53.19 27.66 27.66
2 157 64.08 41.63 40.41
3 75 68.18 36.36 36.36
4 70 68.63 37.25 37.25
TOTAL 537 63.52 35.72 35.42 8.2
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) ) ®» U:-2008snw,
M PC3+DWl 234 56 7 8910111213141516173+-DW

Fig. 3. Result of PCR analysis of ML lectin ML GH microinjection to

Fertilized eggs of medaka
¥ M : marker, P : plasmid, C : non-injected medaka

1~17: samples from microinjected medaka
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Table 7. Result of CP lectin ML GH microinjection to fertilized eggs
of medaka

Early

Survival survival up

No.of No. of eggs Hatch out .
cent  iniected rate to bdays ) Yield (%)
experinen injecte

P W (%) after

Fertilization

15 3521 55.41 34.73 34.08 6.56
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Fig 4. Result of PCR analysis of CP lectin ML GH microinjection to
Fertilized eggs of medaka
¥ M: marker, P: plasmid C: non-injected medaka

1~20: samples from microinjected medaka
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1-5 Hx B-actin Hx GH microinjection and PCR analysis

Hx B-actin Hx GHE 2% 223]0] ZAX $Ate] A7 2007eggsell vl
A%<} (microinjection) 3t th. FY ¥ 42 26C incubatoro A Ay R 7
3}A)Z T} microinjection ¥ 1Y Foff 57.7% 2 HELE BRI, FHIDA
5¢ Hojl& 24.81%7F BEIQ(TE B3-S 2352% (1, A F B3A
E 7-8Uo] zaon 54 FRH FHnAY HEEL Z FolE Ho
A Fkth 27)X 17| AR Y AEE(Yield)E 3.37% S e} THTable 8).

Hx B-actin Hx GHf-AAE $AM2] 24 @l microinjection g 7| A&
& PCREA 3ttt primert Hexa GH 1F9} Heca GH 1R(638bp)E Al-&-
3ttt 1.0% agarose gelolA 100VE 7|95 & Fhstdch
=1 A3}, plasmido| A t}eEl}E positive band9}= tHE homology band7}
Yol Ueh} FFAY oJFE Yolry] PEo], PCRE T3 FAHE of
FY EAAETLH B4 o5 $S 2E}AHFig. 5).

1-6 Sa B-actin Sa GH microinjection and PCR analysis

Sa B-actin Sa GHe R5F 53]0] A3 $Ae] A& 860eggsell v HF
9] (microinjection)3tYth. FY F £ 26T incubatorof A T 2L F3}A)
71t} microinjection ¥ 14 Fof 393%<] YELEL BA3, FHEA 5¢
Hole 2481%7F AE3FTG. F3}&L 1791% A3, 4 F F37A=
7~8¥0] Lagon 59 FTRE A YELL F AClE HOA
2ty 271201 7|1 74A ] Ay E&(Yield)= 10.7%E e TH(Table 9).

Sa B-actin Sa GHf @A $Ate] 4= @oll microinjection & HAES
PCR¥2A 3l4dc}. primere Sab-actP9} saGH 3R& A}-8-3}9t}.plasmid,

microinjection 3}%] & Auk FAlE] @ 3AFHFFE UERFE AHEEA
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t}. 1.0% agarose gelolx 100VZ H7149%5& F334dc. 2 A,
plasmidol] A UEl}= positive band9}= T homology band”?} @Wo] 1}
B FAAS AFE golrR7] FEof, PCRE T FEAME olF9 ¥
A ESHAQ EA4 9 o3-S RS THFig. 6).
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Table 8 Result of
eggs of medaka

Hx B-actin Hx GH microinjection to fertilized

Early

Survival survival up

No.of No. of eggs Hatch out .
) o rate to 5days Yield (%)
experinent injected (%)

(%) after

Fertilization

22 2007 57.7 24.81 23.52 3.37
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"+ M1 23 456 78 8 1011 12

Fig. 5. Result of PCR analysis of Hx B-actin Hx GH microinjection
to Fertilized eggs of medaka
% M : marker, +: plasmid 1~12: samples from microinjected medaka
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Table 9. Result of table 8. of Sa B-actin Sa GH microinjection to
fertilized eggs of medaka

Early
Survival survival up
No.of No. of eggs Hatch out .
) o rate to 5days Yield (%)
experinent injected (%)
(%) after
Fertilization
1 194 43.3 17.01 16.5
2 212 28.3 16.04 16.04
3 42 92.68 41.46 39.02
4 198 40.4 16.67 16.67
) 215 35.35 17.21 17.21
TOTAL 860 39.30 17.91 17.67 10.7
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M+-DW1234567 8910111213 14 1516 1718192021

Fig 6. Result of PCR analysis of Sa B-actin Sa GH microinjection to
Fertilized eggs of medaka
¥ M : marker +: plasmid -: non-injected medaka, DW: 3xDW

1~21: samples from microinjected medaka
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2. d§5442(0S), $AH8(OL), FF4AH (LS, SL)9] =33 3 #&F
E5EAE, $A4 2 ZAESRAEE aVEE 47 J%F 1.0 on, 15
cm, 2.0 cm, 25 cns 47FA Z7OA BAAE AF3H

21 A% 1.0emoll X9} G 2 F4 T4,

A% 1.0emoll M dae vt AALE AT Hog AFHG
71 ZChromatin nucleolus stage7} 7}3 ®#-& Hl&& AAI}IY. =
Late stageql Y47} 234 Ho|7] A& 3 tH(Table 10)(Fig7). WhEFAHE]
(0S), $2121(0L), FF4AI2(LS, SL)o A A HIdAV} Hzg AHAE
etk JidMe FAMEL ARA X7 B2 H AHFig.8).

2-2 AR 15 co A2 G4 L A4 A,

A4 15 ol A dash F2E ¢ - & oty BAAY 1 A A
A 1.0cmoll Bla] Chromatin nucleolus stage®] Hl80] ZFo]& ulH, Late
peri-nucleous stage?] H]-&o] Hojxtx, Cortical alveolus stageZ7} #2 =
7] A&t} (Table 11)(Fig.9) =& A 1.0 cm¢t Zo] i F55AH(0S),F
AL (OL), FEHAME(LS, SL)o] A4 A2 dAZ v 2438 YER
. AArME ARAEI} F2 B35 QoHFig.10).
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23 A 20 el 9 d4 2 AL R

A% 20 enoll A dAg Aie o - 5 kY AT 2 AR o
49 dadA 7} Chromatin nucleolus stagef-E] Migratory nucleus stage
AR oleigAle] dast BaH, 8% 15 cmst D% 20 a Aol 44
27 FEE2 298E 4 F Aok (Table 12)(Fig11) =3+ d) &A1
(0S), %A+ (OL), FEEALE(LS, SL)e] A4 wadA 7} nlxd d3s
Ueldth i ARAEG FAE7 FF = A oHFig12).

244 A 25 cmol A9 dA 2 B4 A

A 25 oA dadt Aoae & -5 3vkEy #FAY. 1 A% 3
29 BaaA 7} Chromatin nucleolus stage®E] Migratory nucleus stage
7HA A gAY dAavE AFEHAL, A 2.0 cnoll v da FEEATL
tg 1% R2¥xste o] BAHUCKTable 13)(Figl2). £ dFFAH
(09), £AIE1(OL), FZEAE (LS, SL)o] A4 dadAr vsd 2345
el JidAe ZHAEZL AR 20 cnoll HIE G &LEA #EE
21 tHFig.13)
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Table 10. The development stage of oocyte of OL, OS, LS, SL of total
length of 1.0 cem

I I I v VIl TOTAL
OL 46 27 3 76
(%) 606 351 39 100
oS 41 18 2 61
(%) 67.2 295 33 100
LS 47 28 5 80
(%) 588 35 6.2 100
SL 75 53 4 132
(%) 56.8 402 3 100

1. Chromatin

nucleolus stage 2. Early peri-nucleous stage 3. Late

peri-nucleous stage 4. Cortical alveolus stage 5. Primary yolk globule

stage 6. Secondary yolk globule stage 7. Tertiary yolk globule stage 8.

Migratory nucleus stage
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LS

Fig.7. The tissue of oocyte of OS, OL, LS, SL of total length of 1.0
cm

¥ OL - Oryzias latipes $ X O. latipes 8 ,0S - O. sinensis ¥ X O. sinensis &,
LS - 0. Iatipes ¥ X O. sinensis & , SL - O. sinensis ¥ X O. latipes &
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LS

Fig.8. The tissue of sperm of OS, OL, LS, SL of total length of 1.0
cm

X OL - Oryzias latipes $ X O. latipes & ,0S - O. sinensis ¥ X O. sinensis &,
LS - O. Jatipes & X O. sinensis & , SL. ~ O. sinensis ¥ X O. latipes &
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Table 11. The development stage of oocyte of OL, OS, LS, SL of
total length of 1.5 cm

TOTA
I I I v \ VI

L
OL 29 26 12 4 71
(%) 409 36.6 169 56 100
OS 59 48 18 1 126
(%) 468 381 143 08 100
Ls 37 19 18 74
(%) 50 257 243 100
SL 44 27 18 2 91
(%) 483 296 198 2.1 100

1. Chromatin nucleolus stage ,2. Early peri—nucleous stage 3. Late
peri-nucleous stage 4. Cortical alveolus stage 5. Primary yolk globule
stage 6. Secondary yolk globule stage 7. Tertiary yolk globule stage 8.
Migratory nucleus stage
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SL
Fig. 9. The tissue of oocyte of OS, OL, LS, SL of total length of
1.5 cm

¥ OL - Oryzias latipes $ X O. latipes & ,0S - O. sinensis ¥ X O. sinensis &,
LS - O. fatipes ¥ X O. sinensis & , SL. — O. sinensis ¥ X O. latipes &
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SL

Fig. 10. The tissue of sperm of OS, OL, LS, SL of total length of 1.5

cm

¥ OL - Oryzias Iatipes ¥ X O. latipes & ,0S - O. sinensis ¥ X O. sinensis &,
LS - O. /atipes & X O. sinensis & , SL - O. sinensis ¥ X O. latipes &

_36_



Table 12. The development stage of oocyte of OL, OS, LS, SL of
total length of 2.0 cm

I I I v \ VI vl VIITL TOTAL
OL 23 18 9 8 3 6 3 2 72
(%) 32 25 125 11 42 83 4.2 2.8 100
OS 61 38 31 13 8 4 6 5} 166
(%) 367 229 187 78 49 24 3.6 3.0 100
LS 41 30 27 6 7 5 6 3 125
(%) 328 24 216 48 56 4 4.8 2.4 100
SL 27 33 18 10 6 8 4 0 106
(%) 255 3l1 17 94 57 75 3.7 0 100

1.

Chromatin nucleolus stage 2. Early peri-nucleous stage 3. Late

peri-nucleous stage 4. Cortical alveolus stage 5. Primary yolk globule

stage 6. Secondary yolk globule stage 7. Tertiary yolk globule stage 8.

Migratory nucleus stage
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Fig.11. The tissue of oocyte of OS, OL, LS, SL of total length of 2.0

cm

¥ OL - Oryzias latipes 3 X O. Iatipes & ,0S - O. sinensis ¥ X O. sinensis &
LS - O. /latipes § X O. sinensis & , SL - O. sinensis ¥ X O. latipes &
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Fig .12. The tissue of sperm of OS, OL, LS, SL of total length of 2.0

cm

¥ OL - Oryzias latipes § X O. latipes & ,0S - O. sinensis ¥ X O. sinensis &
LS - O. Iatipes ¥ X O. sinensis & ,SL - O. sinensis $ X O. latipes &
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Table 13. The development stage of ococyte of OL, OS, LS, SL of

total length of 2.5 cm

I I il v \ VI Vi Vi TOTAL
OL 44 35 44 36 12 9 9 9 198
(%) 222 178 222 182 6.1 45 4.5 4.5 100
OS 43 28 42 29 11 9 8 8 178
(%) 242 156 236 163 62 5.1 4.5 4.5 100
LS 45 42 42 25 17 14 10 8 203
(%) 222 207 207 123 84 69 4.9 3.9 100
SL 30 29 22 34 34 12 13 7 181
(%) 166 16 122 188 188 6.6 7.2 3.8 100

1. Chromatin nucleolus stage ,2. Early peri-nucleous stage 3. Late

peri-nucleous stage 4. Cortical alveolus stage 5. Primary yolk globule

stage 6. Secondary yolk globule stage 7. Tertiary yolk globule stage 8.

Migratory nucleus stage
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LS

Fig. 13. The tissue of oocyte of OS, OL, LS, SL of total length of

2.5cm

¥ OL - Oryzias latipes § X O. latipes & ,0S - O. sinensis ¥ X O. sinensis &
LS - O. ilatipes $ X O. sinensis & ,SL - O. sinensis ¥ X O. latipes &
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Fig. 14. The tissue of sperm of OS, OL, LS, SL of total length of 2.5

cm

¥ OL - Oryzias latipes % X O. latipes & ,0S - O. sinensis % X O. sinensis &
LS - O. latipes ¥ X O. sinensis & , SL - O. sinensis ¥ X O. latipes &
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B AgoMe dFFA IMOSA Hrhrles AYsrl A% =24
AFE2AN FAHEIE AT Skl A fElvEdA dA 77 F
A1, = A7t ol FAHE o] Fo] Ao thF EA3Y] Hi, £
A2 T3 oid Addvie HelA AFl AP AT

v #RFQYL FAd & FFS 7] dEe FAE Fol7] Al
ofx~gtatalo] Ff{H Alg el GHu|olE RIAA FIFIATH NS &
2 g 24 9000 FASIY & 6T R#ste] TS AAXNH 3, |
A @) F UL one-celled stagedl] 4] blastomere2] Fo2 FU3IAT.

FAAY Ao kg AEe A 6712 {AAE AHEEAT A
) etx] ARz age Z2RHE td2A & 471 FHAE A
T2 REE AA PB-actin promoter?} lectin promoter2 ATk B-actin
promoter+= U]H2}A] B-actin promoter9} $A}g] P-actin promotero] i,
lectin promoter= U] Z2g}A] lectin promoter®} Yoi lectin promoterE A}
3t =3 slgole] @ FA FAxdvY HFz2EA HxHv b
-actin promoterE £l Hx B-actin Hx GH$} @509 & £<1 w79 A4
s 22 v)7] B-actin promoterE £-¢l Sa B-actin Sa GHE AH&-3t4th

ML p-actin ML GHe] n]A%¢] & PCRE A3 879 primernjct
747} 223 We homology band7} W}s}h positive bandS F23}7] ol
2t 4% ML B-actin ML GH{- 2] EAAAEEAQ 4 ojH &2
st

OL B-actin ML GH¢| mA|F<¢] & PCREA Az}, ¢7loj ATt positive
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band7} Yete A#E YEH T FHAAE pasitive band7} YERLUYA]
okgtth. FALE] B-actin promotero]] W& AHo| FAEH WA T ofHE
< 7274 9. OL p-actin ML GHE PCR B4 & £3 3AA# o] 79
FAYESHY 249 oldES s

ML lectin ML GH9] ®|A|F¢] § PCRE4] 23, plamide] vehte
positive band¢}= T2 homology band”’} @o] Ueh} FAAE o{FE
TFEHN7] PE], PCREAS 53 FAHF oJF9 EARAYETHA &
Aol o3& LA}A

CP lectin ML GH9] ®lAF¢] ¥ PCREA A#, BAg ZE /HAS
ol AlA positive band7} Uel FAAE oJFE TR FEof, PCR
BEHS 53 FZAE oFf BAAETHA BA9 ofzS AN
o}

Hx B-actin Hx GH$} Sa B-actin Sa GH¢] ©4F¢} % PCR ¥4 4
3}, plamidol YEl= positive band9t= ©& homology band7} @Weol
Bl 8448 ojFE TEIUY FEo], PCREM S 5T F2AE oF
o] BAAAESAQ EA9] oEF& HEEA HAY

6712 #AAE FAAE A7 A& £4% A3, primerd] WE
4%& homology band9} Ao w}& positive band9] §F, EE WA
o] A9 positive band7} Mol § EAYENLH £4& FF $AHY &
Ao LMOSIsE 37t 2 oF e o3 g8 w3 HAd. o
2t BEAAMESH EAS 5% Y ofFf Ade] oid, AgGAdN= EA
814 % markerg Ad MEE 29 ofF 7ol FasiA HAG-

HAFgMe $dugedr MAsta e dEFAEE o &3te $A
2)(O.latipes) ¢t ™ FH A (O.sinensis) S wujsle] FFE HEAG. A
E @379 Tz fdste FHAGe F2 £¥33, EFAEE 5
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o] MAZ2 §Yste stdd B JuHAFA ¥ 1987; Sakaizumi®}
Jeon, 1987; Uwa$®} Jeon, 1987; Kim3} Lee, 1992, Z 3} 7} 1993; 7, 1997).
welA AEgHo gz Art ol flo] AA AHAANMNE JFFSAE &
AN&A kot FFEFATE Y] e H A markerE 71 | F4E LMOHA S
4 B7t 24 o|{FE MEstaA st

FEE5AE Y AFFAF IMOAEE 7l =Y ofF AES d3, BF
FAtele] AAFES gAsazt Ak wuiA] HEFAE($)xFAH
()0 SLe} FALl(f)<dEFFA(8)Q] LSE Z42r =a7] ¥2 M3 10
cm, 1.5 cm, 2.0 cm, 25 cm W} AAALE AT Hoz AAIAY. HFF
Atglsl AR E dE2FoE 3o Zo] #FAI{AT 2 A dFEAE,
218 92 ZAESALE Y AL BEPAC vksithe Zo] BFHJL,
A% 1.5 cnoll A 2.0 cmAbololl A L7F FAHEA AEdthes Aol ARH
Aot FEEAE S AATEHS A FEFSA Y FAYE LMO A8
4 7t 24 o794 7teAS S

YoZ FEHFAEE 83 LMO 34 7t 48S §F LMOY
A8 HFA Hrb V1ES FHEY, AQdste) o] 833 Yoyt LMO9
gk kAT JINkE FEET, 9 oA AGFAAEA dF 2 H 3
FEAE A BrrlES AdE vrtor & Aotk

__45_



A & olf e 2GRN ALKo] &oldn HAFAH W AdTfH
=7F A9 9 FAAlAE B FAABARI F = 2 AL WY F
A LMOS] AeiA {Aslg @7t 2l 2 AR 7Hed ofFoln

B Apo| e $ALE|(Orizias latipes)S 319k 42+ LMO MejA 114
B7t 2l ol {F2 AEsty] 3l ol KAl 7S FHstna sty
t}. o]E 93] lectin promoterol] w|F R AAZT =R Jo] AFIT=E
FAAE AU FAAL B-actin promoterd] v F 2R, W 7|, Hedv]F 9
ARAZZES FATA o4 3tYTh o] & FAHFFY TAHE sl
PCREAS A3 A}, ML B-actin MLGHY| A& primerd)] whe} ohokst
homology band”} YElgtar OL B-actin MLGHOl M= &R oA gt positive
band7} YeElte ™ CP lectin MLGHol A= EE 7lAo)A] positive band
7} BFE ATt =3 FHx#v] B-actin GH} ML lectin GH, W 7] B-actin
GHAlM® @& homology band7} Yeh 2 AEFAHYU #4S F3
47 FAAE FA A4 o gl #FHUG. od  HEeH
markerE 7hd A AsAE A RAFE eI A& wuetel
AA8E & e FAME & R dEEAEE o83ty #FS e
19 ANTHe Adsy] A8 AHLEE dEEAS-

a2 Ax, AF 1.0 cme] A FA A= chromatin nucleolus stage$}
early peri-nucleolus stage’7} Hole § Z7| #AGAZl F2 #FHA oY
SN AALENGA T M2 RIS ARE BT, H81.5cme] ¢F o F

£S5 chromatin nucleolus stage$} early peri-nucleolus stage7} 2 #3# 5
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Q01 1.0 cme] Ao F ol ]3| late peri-nucleous stage7} Bo] #FFH Ach
a8y £39 A FAGAE A Zolvt A g A7 20 cms}
25 cme] ¢A AFEoME AR 1.0 cmP 15 cme] ofFo Hsf 1
LBAGAREE JeEPRdn F2oMe FAXZE BRHAo Y F3He] A}
ol #AHA A4stot.

2 ApdA f28 ZFFSAEE AQANNE EASA dE FH
#ol Fejstd markerZ ©]8F F glorBE FAHJATTE Tl AU
4 LMO A A3l d 371 2d o|f =2 Jigo] 78 ez 444
t}.
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VI. ZHAL]

2 wEol FAHINAA FIFD AdA LuiE B LT AEs
FAT P AFH Az §718 BE} T4 Y54 aFeA 2e 7
g =g

g4 vimy AeUANE B =52 24T 5 UAST oYl £
3 222 ARsd T4 339 el #

Moz ¥ e F4 £39 n5d, AL w5d, H4W 35d, B

AFFASETIAFANAN Edgle BHoR 929 A 74 2F
HhAbd, ol dE b, FAIE BhAbd, 4%, oleld Ila HAREE
$ o] AW °lFid, AAdd okeE Tolol & wEFd F5d F
uid, o1dA Fuld, &0l Fulg, d¥o] dEuritt gL =58 F4 A
2% gabd, 294 Adeid, erd, oldad, iR deA AL AE
=3Uth 22 FojlA gl Ao =85S FA s duid, vl A
vid, Vs duid, &89, ANEd, dEAd, Y3, =499, 93
Ad, A%, F8Ed, 39E9AE BAE =Y

ekl g Bt AV Aoz suebA] sl R 34 71w
o] HolFAW FA MAoldA L& At rhg& =HUTH
vlx|Eto 2 A A ZelA wgglo]l AAFA] shdr o] =& =dHUh

_48_



VI. 353

Alam S.M., A. Popplewell and N. Maclean. 1996. Germ line
and expression of a /acZ containing transgene in tilapia
(Oreochromis Transgenic Res. 5: 87-96.

Bayer T.A. and J.A. Campos-Ortega. 1992. A transgene
containing /acZ is expressed In primary sensory neurons
in zebrafish. Development 115: 421-426.

Billard R., A. Fostier, C. Weil, and B. Breton. 1992. The
endocrine control of spermatogenesis in teleost fish. Can.
J. Fish Aquat. Sci. 39: 65-79.

Caldovic L. and P.B. Hackett. 1995. Development of
expression and their transfer into transgenic fish. Mol.
Mar. Biol. Biol. 4: 51-61.

Coward K. and N.R. Bromage. 1998. Histological classification
of oocyte growth and the dynamics of ovarian
recrudescence in 77//lapia zili. J. Fish Biol. 53: 285-302.

Devlin R.H., T.Y. Yesaki, E.M. Donaldson, S.J. Du, and C.L.
Hew. 1995. Production of germline transgenic Pacific
salmonids with dramatically increased growht
performance. Can. J. Fish. Aquat. Sci. 52: 1376-1384.

Dunham R.A., A.C. Ramboux, P.L. Duncan, M. Hayat, T.T.

-49_



Chen, C.M. Lin, K. Kight, I. Gonzalez—Villasenor and D.A.
Powers. 1992. Transfer, expression, and inheritance of
salmonid growth hormone genes in chammel catfish,
Ictalurus punctatus, and effects on performance traits.
Mol. Mar. Biol. Biotechnol. 1: 380-389.

Fostier A. and B. Jalabert. 1986. Steroidogenesis in rainbow
trout gairdneri ) at various pre-ovulatory stages: changes
in plasma levels and in vivo and in vitro responses of
the ovary to salmon gonadotropin. Fish Physiol. Biochem.
2: 87-89.

Gillet C., B. Breton and R. Billard. 1978. Seasonal effect of
exposure to temperature and photoperiod regimes on
gonad growth and plasma gonadotropin in goldfish
(Carassius auratus). Ann. Biol. Anim. Biochim. Biophys
18: 1045-1049.

Goswami S.V. and B.l. Sundararaj. 1971. In vitro maturation of
oocytes of the catfish, Heteropneustes fossilis (Bloch):
Effects of mammalian hypophyseal hormones, catfish
pituitary homogenate, steroid precursors and metabolites,
and gonadal and steroids. J. Exp. Zool. 178: 467-478.

Gong Z., C.L. Hew and J.R. Vielkind. 1991. Functional analysis
and temporal expression of promoter regions from fish

antifreeze protein genes in transgenic Japanese medaka

_50_



embryos. Mol. Mar. Biol. Biotech., 1: 64-72.

Goswami S.V. and B.I. Sundararaj. 1974. Effects of C18, C19,
and C21 steroids on in vitro maturation of oocytes of the
catfish, Heteropneustes fossilis (Bloch). Gen. Comp.
Endocrinol. 23: 282-285.

Haider S. and N.V. Rao. 1992. Oocyte maturation in Clarias
batrachus III:  purification and characterization of
maturation inducing steroid. Fish Physiol. Biochem. 9:
505-512.

Hew C.L., G.L. Fletcher and P.L. Davies. 1995. Transgenic
salmon: tailoring the genome for food production. J. Fish
Biol. 47: 1-19, (Suppl. A).

Higashijima S., H. Okamoto, N. Ueno, Y. Hotta, and G. Eguchi.
1997. High—-frequency generation of transgenic zebrafish
which using promoters of zebrafish origin. Dev. Biol 192:
289-299.

Hurst C.D., A. Knight and 1.J. Bruce. 1999. PCR detection of
modified soy and maize in foodstuffs. Mol. Breed. 5:
579-586.

Iyengar A., F. Muller and N. Maclean. 1996. Regulation and of
in fish—-a review. Transgenic Res. 5: 147-166.

Kim. I. S. and K. C. Moon. 1987. The karyotype of a ricefish.

Oryzias latipes from southern Korea. Korean J. Zool.. 30:

_51_



379-386 (in Korean).

Kim. I. S. and E. H. Lee. 1992. New record of the ricefish.
Oryzias latipes sinensis (Pisces, Oryzidae) from Korea.
Korean J. Syst. Zool.. 8: 177-182.

King W.V., P. Thomas, R.M. Harrell, R.G. Hodson and C.V.
Sulivan. maturation of striped bass, Morone saxatilis L.
Gen. Comp. Endocrinol. 95: 178-191.

Kinoshita M., H. Totohara, M. Sakaguchi, K. Inoue, S.
Yamashita, S. M. Satake, Y. Wakamatsu, and K. Ozato.
1996. A stable line of transgenic medaka (Oryzias latipes)
carrying the CAT gene. Aquaculture 143: 267-276.

Kestemont P. 1990. Dynamic aspects of ovogenesis in an fish,
the gudgeon Gobio gobio L. (Telestoi, Cyprinidae), under
controlled temperature and photoperiod conditions. Aquat.
Living Resour. 3: 61-74.

Koetsier P.A., L. Mangel, B. Schmitz, and W. Doerfler. 1996.
Stability of transgene methylation patterns in mice:
position effects, strain specificity and cellular mosaicism.
Transgenic Res. 5: 235-244.

Lim S.K., H.;. Beak and C.H. Han. 1997. Effects of steroids
and hCG on in vitro maturation and ovulation of oocyte
in Banded catfish, Pseudobagrus fulvidraco. J. Korean

Fish. Soc. 30: 203-210.

._.52_



Malservisi A. and E. Magnin. 1968. Changements cycliques
annuels se produisant dans les ovaires de Perca
flavescens (Mitchill) de region de Montreal. Nat. Can. 95:
929-945. (in French).

Masaru M., T. Yamagishi., M. Sakaizumi and S. R. Joen. 1997.
Mitochondrial DNA  variation in the Korean wild
population of medaka, Oryzias latipes. Korean J. Limnol.
78: 119-128.

Stuart G.W., J.R. Vielkind, J.V. McMurray, and M. Westerfield.
1990. Stable line of transgenic zebrafish exhibit

reproducible patterns of transgens expression.
Development 109: 577-584.
Nam Y.K.,, C.H. Noh, D.S Kim. 1999. Transmission and

expression of an integrated reporter construct in three
generation of transgenic mud loach (Misgurnus mizolepis).
Aquaculture 172: 229-245.

Nam Y.K., Y.S. Cho, Y.J. Chang, J.-Y. Jo and D.S. Kim. 2000a.
Generation of transgenic homolozygous line carrying the
CAT gene in mud loach Misgurnus mizolepis. Fish. Sci.
66: 58-62.

Nam Y.K., Y.S. Cho and D.S. Kim. 2000b. Isogenic

homozygous  transgenic fish induced by artificial

_53_



parthenogenesis. Transgenic Res. 9: 463-469.

Nam Y.K., J.K. Noh, Y.S. Cho, K.N. Cho and D.S. Kim. 2001.
Dramatically accelerated growth and extraordinary
gigantism of transgenic mud loach (Misgurnus mizolepis).
Transgenic Res. 10: 353-362.

Nam Y. K, M. S. Kim, H. H. Lee and D. S. Kim. 1996.
Production of diploid in mud loach (Misgurnus mizolepis).
[. Transfer of gene and evaluation of mud loach
expression vector. J. Aquacult. 9: 293~300.

Nam T. K, C. G. Kim and D. S. Kim. 1997. Production of
homozygous transgenic mud loach (Misgurnus mizolepis).
II. pFVACAT transfer by microinjection. J. Aquacult 10:
33~37.

Ozato K., H. Kondoh, H. Inohara, T. Iwamatsu, Y. Wakamatsu
and T.S. Okada. 1986. Production of transgenic fish:
introduction and expression of chicken d-crtstallin gene in
medaka embryos. Cell Differ. 19: 237-244.

Rahman M.A. and N. Maclean. 1992. Production of transgenic
tilapia (Oreochromis  niloticus) by one—cell-stage
microinjection. Aquaculture 105: 219-232.

Sakaizumi M. and S. R. Jeon. 1987. Two divergent groups in

_54_



the wild populations of medaka Oryzias latipes in Korea.
Korean J. Lim. 20: 13-20.

Simon B.E. and J.A.C. Leong. 2002. Gene transfer to fish cells
by attenuated invasive Escherichia coli. Mar. Biotechnol.
4: 303-309.

Stuart G.W., J.R. Vielkind, J.V. McMurray, and M. Westerfield.
1990. Stable line of transgenic zebrafish exhibit
reproducible patterns of transgens expression.
Development 109: 577-584.

Uwa. H. and S. R. Jeon. 1987. Karyotypes in two divergent
group of a ricefish Oryzias latipes from Korea. Korean J.
Lim., 20: 139-147.

Winkler C., J. R. Vielkind and M. Schartl. (1991). Transient of
foreign DNA during embryonic and larval development of
the medaka fish (Oryzias latipes). Mol. Gen. 226:
129-140.

Aol%, Aad. 1993, B $41) F Fo myAY,

o

I o F
8t3]#] 5: 113-121.

_55_



	표제지
	목차
	초록
	1. 서론
	2. 재료 및 방법
	2.1 송사리의 형질전화 연구
	2.2 송사리와 대륙송사리의 잡종

	3. 결과
	3.1 송사리의 형질전환연구
	3.2 대륙송사리(OS), 송사리(OL), 잡종송사리(LS, SL)의 조직학 적 관찰

	4. 고찰
	국문 요약
	참고문헌

