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ABSTRACT

Meiotic gynogenesis was optimized in the far eastern catfish, Silurus asotus, using
both UV-irradiated heterospecific sperm and thermal shock treatment. Eggs were
activated with the sperm of mud loach (Misgurnus mizolepis) which had been

- irradiated with UV at dose levels ranged from 1,020 to 15,000 ergs/mm’. By examining
haploidy incidence and survival of the embryos, the optimal dose for genetic
inactivation of the sperm was proven to be 7,020 ergslmmz. Combination of the initial
treatment timing (5 min post fertilization) and duration of cold shock (40 mins at 4TC)
yielded 92.4% of hatching success. Restoration of diploid status was verified using
karyological analysis. The sex ratios of offsprings from control crosses and gynogenetic
groups were different: control group showed no deviation from 1:1 ratio (P> 0.05),

 while gynogenetic groups displayed all femaleness (P < 0.05). This result indicates that
genetic sex determinism of far eastern catfish is based on the XX-XY system (female
homogamety), and this advance also has implication on the production of genetically
improved all-female far eastern catfish stock.
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*Towhomcorrespondenceshouldbeadch&sed.Corrwponding 606-791, Korea. This research was supported by Korea Research
author’s present address: Division of Ocean Science, College of Foundation Grant to I. -S. Park, Fishery Genetics and Breeding
Ocean Science and Technology, Korea Maritime University, Pusan I.abomtor){, Contribution Number KRF-2000-044-H00002.

-59-



Im JH et al.

A

O)FE ILE & AAHRA AL whrA] =&
Oppermann (1913)¢] 2]&ld brown trout Salmo trutta
dlA olFoizith o]F XA ZAE Az} £3F gAI3}
Al R i) PPN 20057} Qo) Cyprinus carpio,
weatherfish Misgurnus fossilis$} sterlet Acipenser
ruthenuso) $=I9T. 53, AL Aol 3 Ay

&

o] $43h= weatherfishol] A AArA} 2uj3e] §=&

< 3720 vt Q1) (Thorgaard and Allen, 1987): oiF
© Hlud e A8}, viEsted G4 7199 wis
Aol BFHA A2Y 22 oF AAY Aoz
AT vt A9 &41¢ 22y 5o 38, oJFE ol
o2 AgEAy 2uA o) B3I A77) Az B
3] o] 0|1 Slt} (Thorgaard, 1986). o}&d Aol A
AR FEA FAe) B B 71918 B4 2u)
A 2¥ 7V wiAlE] 8, B & ZAE A4S )
2| Misgurnus anguillicaudatus, V|32 Misgurnus
mizolepis, 3% Pagrus major, Gnathopogon cauru-
lescens, g *| Paralichthys olivaceus, ™|7)| Clarias macro-
cephalus, sole Solea solea 2 paddlefish Polydon spa-
thuladl X9 23284 2947 =€ ub Yok (Mims
et al., 1997; Fujioka, 1998; Nam et al., 1999).

A 20T ArED AAN ADLAA 20

(meiotic gynogenetic diploid)= <74 A3kl f-83 i
HY ek ofz} 543 A% FAol 5831t} (Thor-
gaard, 1986). tj9] ojF oA WHH o], v} AR
7177F o] FBAYA (homogamete)l 73-$ pAdut
Aol 23t olF Agl A 1 AdlE A YA B g
F4E  glon, dog AL Ealo A R A
o] AT AW ALEH- olFe 4R 7)1t
P FEHIALE 758 4 9o} (Thorgaard and Allen,
1987). A 93 AL 2uiA= Yo} Cyprinus carpio,
%0] Ctenopharyngodon idella, S-A7N40) Salmo
gairdneri, 299 Oncorhynchus kisutch, &H9] O.
gorbuscha R |Xo|A BuF 1 o} (Refstie et al.,
1982; Kim et al., 1994; Jeong et al., 1996).

7] Silurus asotuse B33 w7 2 (Siluriformes)
7} 3 (Siluridae)ol] &3k o]F o2, S8 Uglel A 5
Aol Aajsin} dB, F32 HEF SHopo} DAl
de] X3 U (Kim, 1997). £ £ mlo] Fol o2
58 2 Ul Agog de) ojgsx gk 2 U
Zhel A w7] Aage Aisle 4 94d] 7%
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AQ 87 A5 Asje] A Yalzgo] 1985d9] 1,000
ES 435 R0 19959 371802 37 7AW
WHA, FA4F W 7)9) Az RS 1986 RE EF &
7t FAE Ho] 199539 E 1,700 JES Aing
B 2A w7 FAae glo] gdite] Ao Az
& 2R3 Y& AAolth (MAF, 1996). 121} o]
§ 23] w7 F Adae Fviske At A, aA
7] AN AAL AR dsiso] JAFEe A
& e dAeloh

ul7)590 10] Ictalurus punctatus (Goudie et al., 1995),
Rhamdia sapo (Valcarcel et al, 1994) 2 Clarias
gariepinus (Volckaert et al., 1994)E thAto 28t z}Aut
Aol AFE oy, £ A7 AHE wIIE tes
g gAY Bet Hue ofF7A AR Aot
olgig H& 18, & dFe W dyeE ¢4+ F
29 74 447 59 clone YL wEo] w77 W
of FABAA FFL olF7] Y3 A7 YgozF,
7I9he bE 9 BAE AHElY 24EE A4 A
A 20AE FESGT B3 ALY FES 9

@ #9209 A H58 AASY G979 A

Ao, =8 9L 7 ANES dye=
JUIE ZAL - EASY w7l M e 4B 717 E 79
k3t stglch

As 2y

B} & Azl Q3 w|7) Silurus asotus 5EE A
A AIH4 2038 A7) ek, 1R2A] Misgu-
rnus mizolepis 713} WEX| Rhynchocypris oxycephalus
FRE AHEIATE W7 ATAA 29 fxo &3
H9 3 AAE $4 sekd §, A gaed
Aol EFAH 21E& ARG oFey Aitd w7
AP 20AE oz JAA 24 2 ANE 241
3tk

Aoje] W Fx 2 AWF 44

AHEE FHo AT 33 UFE od 9uzE
=AM AREQ A H71E FUsk B Ao AL
3ATh Aol AL A% uly) Hojo HWE AF 2 P
T ATE G- F 42340+ 15cm, 2722 +43 g
2 260 + 0.7 cm, 80.9 + 1.2 g o]tk Aol AL E
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0 RE] SRS FHGE AHe) JANF AR Po] £
A2oM 79T A& AASZ, oS0 BT A% 2 BT
AFe 424 120 + 0.3 cm, 89 + 0.4 g o|Uch A¥d)
AHEE HEX SR AT 957 Fold FHT
A2 AN AAY T FA S opygaek 54
FASFE ARSAA i) ARSEQ A% A, o5
o] B A Yt AT 4483+ 04 cm, 73 +
06 g oItk & AT 53PN AR 522 24 + 05T
g $AsKack

A7) s £, 323 As )R £

AT A FEdT: AT 4 =S 913 human

chorionic gonadotropin (hCG) (Sigma, USA)$} lutenizing
hormone releasing hormone - analogue (dw-Glyw[D-Ala(’]
LHRH-Ethylamide, LHRHa) (Sigma, USA)E 87 =
Abtarh. A& w7) L 2,000 TU hCG/kg BWS) 50 ug
LHRHa/kg BWE W3 AHzslgon, A fix 3=2&
FANE 12A7HE 247} k42 2 Kim et al. (1988b)2] 1t
el e} 100 ppme] FARIE712)/1,000 ppm NaHCO: 2
% wEE AL w7 3 v PeA] SR
AF WAL Y3 w7 YN FHE AP 45 2R
Az w7 SUdsA Astgon, Ba A fE 52
2 FE 44 42 39

ol A9 7] 4o ERE JpA kst A 3k
o, g @ ¢ JaAS FFHh o), v)yrei) 2

X9 F3 A AR AEL 7] gReN HH9) 4
&3S 48 & Y A gEEE sk W £
Ao} vzt 319 - Kim et al. (1994)9] o]
met 2-s BF A F 445 A4S HE F50ml &
2ol vlo|Af &4 AFHE J7I2 AHs AL 5
I, viEA £ 29 242 fE 528 A2 Qo]
A A4S FE3gck AF 2 229 YL Dulbe-
cco’s phosphate buffered saline (Difco, USA)2E 1:40
&2 343l g0 ARSIt FAHLS FAHOR
9oy £4 F AFE M@ 31y petridishol] 43
& BAANAT g2EoE v7)E, W) ¢ x e
A FE (ybrid)F, wl7] SHAXHMEX 3 FFE, 1
A1 ALAe) FF5e BHET HEA AHE B 2 A7
o ofF ALAN 2047 AAsHAT

FE9 27 AEE A

w712, -w7] SR X meRA] 3 T R 7] AR X
A 3 AFTE WEog R BEEE 24}
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3tk &, A7 13 cm9] petridishol 2+ AT 7 300
A Wele) g RRAAA w71EY R 347 2+
02, FAF 2719} 37) YAME A wige] By
74 (MC 80 DX, Zeiss, Germany)2.2 A4 ¥4 §-5-5
ZARBRL $3F D7) SAGNNE Ak we o
HE FAGE ZABIET AEES AP AR ASE
Z} QP2 3 49 OiF 7 APPY AE £
o MESE AN 2 YT L 33 v AYs)
Atk

Hertwig 83 XA}

o)) A Qg vl7] AALAA 2804 FEE
3, o3 A2 BEAEE 3 Hentwig EHE FA}
Sk 14 A¥ (trial 1)3} 23} A9 (trial 1)L 242} 2
3] uhE. AXElgh 13 £ 0.5CE A3 BOD incu-
bator WollA] 10 W] UV-lamp (Sankyo Denki, Japan)
£ 15 cm ®olo|A ZAEIEY. 349 v|ReA] Hd4g
Z} petridish (@ 90 X H 26 mm) H#}=o] 1 mm FH7}
HEE £¥39oH 84 Fdo] FAF AYM RAE
93l petridish7} 9= 287} S aluminum foil
2 93 B3z & el AYA B (erg/mm’)
£ radiometer (UVP, USA)Z ZA3lgon, & Ay %
AolM ©9) Ke)H FAL FE7} 60 erg/mm’ - sec) 7
& 13, AM ZANNE ZHEA A9)M 24 F FE
7} 1,020 ~ 15,000 erg/mm’ ¥/} HEE 34k

ok 100719) w7) o] 489 petridishe]l 2t zAH =
A EEHE AN 2AL B ARE A Wb F 5
ANA AFEAN wEATES RS ol o3
JAY PAS Q&) (Valcarcel et al., 1994) )M ZA}
F A7 BE AU GzAslIM HAENer A
Z £ ANHE o AL Y8 ARE Wlshe AT
o2 APtk 2 A9 FxolA ulela] ZAjol 2
Hertwig 3= LA dedl7) B8 S-S Ho
BAEAGAN, T8 Ee ¥R WA 237
(haploid syndrome)g Hole @4 SAlelA 242}t AR
Ak ALHA wkeAFe] wEA] 37 A WEg
AEEE Az A o Sl Ui A9 HREE Al
o, Y2 BEZAL A% A AYd F=E FASH.
olg3] B3 A Fg WA FIFLE Hole A}
AN w7 bqr)EE e oA #ag

=

.

ALgstel B4g AAD F, frdnF stelA A W

2 A% AR 298
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AR 200 R 23 =4

olpea) AR g LA 29F WrIE fEsh

7] 5, oul 4PE B3 2R AR AU FE=
gAY vReA AA= b)) &g $3AN0 F £3F
3%, 58 2 78] 212 308, 408 2 5083 4°CE A
< ARtk AL A7t FEE FAGE AL A4+
0.5°ColX RAAL 2 W71T, sham diz2Q
7] SR x oA 3 FFT R OFA BAE £
848} AA £33 AL 29AT e 2 Az =10E
27} AESS BT 27 AEE &4 ¥EL A
&, 3348 9 71¥8EA 4EEL FAF 27N
AEE=(BE ¢ $/48 AR AE & $)x100, R
&L FAF 7ATNARY FEAAA REe = (R
8 AR FEAF 274 AE )% 100, 18
3 718EL 718E = (FAAF 718 AA 4% #3A
A $)%100 22 AR 7 B 33) WE AP
9o & X7 27E2 Ueid 27] 48 53 5
123 s AEg A7 2dE gdsien, s
He) zoz AJHAA 240 E iF LB

A3a44g e e AN =4

B Y0 A8 H7Z ¢, vIFEA £33 282
AR e A Ee] A ZALE AMES 94
A & 2A L 93 2AS 98 24 2001 o)3el A
AZ Ao, 13 ¥ Aol solid method
(Klingerman and Bloom, 1977)2, 4de AZIHH
2 AHE AAEEY. 4R S BEEDZ (Axio-
skop, Zeiss, Germany) 3o 2} AT 109974 @
E bed 7] 2948 e AF i1 49%
B2aAg AH 893t dP=E A3 93 &
A2 Levan et al. (1964)9] ¥ <A AT

Ay 2o AN R AW 24

v 7123} AHAIEAA 26 A2 Role Adle7t 33
E, #74 50x35%25 cm (WXLXxH)Ql £ 45 [9] ut
<8 A5y A FxoM 47 ARG w7lEs 2
A 2w 7o) Aule RIF 679 23kF 10530
z} 100712}4 & tido e 23 whEdld AR 53}
¥ 659 7 B2 /ide $4 XET™Y 2RALF o
g 223 I H 32 3EE AAY ¥ Bouin’s g0l 24
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Azt 1A stgetk oked formic acid9} sodium citrate
2 149 ¥Ee 9has A 7139 paraffin AHY
& A8ale] 4~6 um S 23 ARG BEOH,
Harris’s hematoxylin¥} eosin-phroxine BE 88 {43}

o] HEYNA oM BASY ¢ £ wEHAc B

3 1039 7 Ade R FA % AAF AHLE
323}, slide glasso] ¥& F cover glass& €o] %
Hog dn7 oA FAse & - +& WEIA

A ¥4

B 44N yehd Fze] B4 Aele AFE FAA
g Z2%<) minitabg A3 2 AY Fate] FoA

& ARsgen, tagd duld Agua 28 A

vl xestZ I F94¢ ARG

4 %

F3d 271 &S

v)7] Silurus asotus, W71 QA X v]FE}A| Misgurnus
mizolepis 7 ZFT 2 v7] A XWMEX| Rhyncho-
cypris oxycephalus 53 FFTE e 339 23
AZ & 22} Ao Figure 13 2o o722 $4F 24
AR 96 99% 9] AEEE B2, FAF 274179
4~5 ARG AEEL 90 £ 09%2 otk
7129 3% 30AM Y BEEL 89 £ 07% 1N
o B3A7)9 $F 3BATIM Y AEELE 86 £ 0.5%
olgitt. 7] FA X uREA FA FF A w7)TLAAM
9] A7 FARHA £3%F 18R 93 ~98%] =
& HELS BRoU FAF 2143 o] FREHE 4SS
o] ZA3le $AF 21X ol 85 £ 0.6%, FAF 244]
ol 80 £ 0.7% 223 £A3F 27/l AAZH R
o] AAE w7 SR X HMER] FA FFA 4
£& A o7] YR X ulpetA] 3 FFe] AELT Hl
TA] FAL e Bl $AE 9A71A] 93 ~98% 9]
AELS QoY AF S Zav) 98 g Jeh 4
I 12AZIE 53% 04%9] BESS BT, ofF HA
Ao A& 728 Jehiol £3F 21421 @ F7)
of Whio] AAHAYLY. B AF A, WEX FA= W7
AgugA 2ujF) FEA AHE 4 SlE °o)F BAEE
BA33qch
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- Normal development of far eastern-catfish.

—— : Hybrid development between female far eastern catfish and male mud loach.
~——g— : Hybrid development between female far eastern catfish and male Rhynchocypris oxycephalus.

Figure 1. Survival curves of the normzil, hybrid eggs bewtween female fal; eastern catfish and male mud loach,
and hybrid eggs between female far eastern catfish and male Rhynchocypris oxycephalus. Arrow indicates the
period when the normal far eastern catfish embryos hatched out. '

Hertwig 83}

njpek AAE ofg 2AEY AH AF: o7
ZR% ALY WA AT 4ARNY &S
3} )72 Wadel] Hlg] & WS Holw, $4F 404
A9 uR] 237 A WSS 23] WEsle] AR
A71= Figure 29} 2t} Figure 29) trial 1<) 2% A
2 AEisA 2e Al 30 £ 11%2] AEEE RO 1,020
erg/mm M= 682 + 2.7%2 AEEo| Z7RIFCH 3000
agmafops 261+ 20%2 1 Aol 743t
4980 ~15000 ergmm’e] AYM FEoXE 415~
482%2) AELL BHYT veA 33T Wee A
AedEA) e A 2.8 + 0.1%3) ¥ 1,020 erg/mm’]
Ae WA 257 Azrt 593 1 21%2 F7REIAC:
3,000 erg/mm’e] AN FEoIME 634 + 3.7%9 Hir
A 257 ¥ES Hglon 4,980 ~ 15,000 erg/mm’ e
87.3 ~94.6%2) E& WA 357 WEE JERIT:

Figure 29| trial [1¢] 7%, tal 13} HlAl A9 +#
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A 2SS JERRGTE Aolig HelshA & A 278 +
13%2] AZ&L 10,980 erg/mm’s} 15,000 erg/mm’S]
242} 17.6 + 0.5%, 119 + 03%2] ¥ AEg 181
7,020 ergmm’alA9] 37.5 £ 1.7%9] && AZLE A9
sae ol Aeld HelseolMe A2 203~312%
z3 AL WA S3E dlee AAS AsA
e A FAF 40N BF UeRfA gred wial, 1,020
erg/mmloAE 568 + 2.2%, 3,000 erg/mm’ o 62.1 +
2.9%, 4,980 erg/mm oA 909 + 4.6%9] WA FF
7 9sE Ba AeA e 7l ne wrA S5
7 WIg7} Z7k5HT) 7,020 ~ 15,000 erg/mm | AlE 1
27 237 WEs} 820~860%2 vl ARYHE
BT AZeN WA 23 WRdA e AFHE 13
A melA AR EgAsE 98 34 A FEE
7,020 erg/mm’ £-& 9,000 erg/mm’S W= Uct #7)
F3 uieA 232 ol AYIA uEAlY K8
A 93 & Figure 33 20k W7]72 A% 93< 22
¥iE (Fig. 3a), ¥4 232 A4 vl7) ¥ vls),
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Figure 2. Changes in survival of embryos and haploid syndrome of far eastern catfish eggs fertilized
with UV-irradiated mud loach sperm. Survival measured at 24 hrs after fertilization and incidence of
haploid syndrome measured at 40 hrs after fertilization. Vertical bars represent mean+s.d..

FASTEN Aol He EF, FoBA BIE x2), Am APBYA 2004 FEE 98 $3F 3%, 5, 780 242 30
PIESLE T, A2 did 2 98T BF AER Ao] B, 408 ¥ 50T 4°CE £AUE A AP A

8 & i EAT BF A4S 2o Fig. 3b). Table 13} 2t} $3F 27412k} AEEL Q27 W72
£ 90.4% O sham TR 7] ¢ x 1| FR}R) SA
AEYA 204 /= 24 FEFL 0% olUch BedslE uidex ARE 4%

ALY WAL £AF 274N ) AEEL, T
9,000 ergimm’S] A4 ZAFE mFEA o) gt A H& AR ZolA T Aelrizle] 308, 408 el 50
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2mm

Figure 3. Embryos at just before hatching of normal (a) and gynogenetic haploid (b) of far eastern catfish
fertilized with UV-irradiated mud loach sperm. The chorion was removed to observe the detailed of
morphology. Note gynogenetic haploid (b) with abnormal retina, short curved caudal vertebrae, short tail

and distorted yolk sac or haploid syndrome.
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Table 1. The Impact of a Cold Shock of 4°C Applied at 3, 5 or 7 min after Fertilization and Lasted for 30, 40 and
50 min on the Survival of Embryos Hatching Rate and Abnormality in Far Eastern Catfish Eggs Fertlhzed with

UV-Irradiated Mud Loach Sperm

Exp. Time of Duration Survival of Hatching Abnormality
Group™ Treatment (min)>  Time (min) Embryos (%) %)” (%)
Intact control Untreated 90.4+7.6 76.4+53 6.8+04

Gynogenetic :
: Untreated o 0 ()}
Gynogens 3 30 31.3+25 518+3.1° 15106
40 274%19 637129 184108
50 218+12° 442+20° 279+1.1°
Gynogens 5 30 282+1.7° 848+4.1° 11.8+04°
40 265+1.5° 924+39° 125+05°
50 165+ 1.0° 71.6+3.0° 19.6+0.8°
Gynogens 7 30 26.6+1.6" 239+ 1.7 10.0+0.3°
40 19.0+0.8° 292+1.5° 15.8+0.6°
50 11.7+04° 215+18° 17.41+0.7°

*! Data (mean=*SD) were based on three replicate treatment. Means with different superscripts within a column were satistiscally different

at P<005.

" Intact control: far eastern catfish sperm mediated, gynogenetic control: mud loach sperm mediated.

" Time to start cold shock treatment after fertilization.
" Survival of embryos at 27 hours after fertilization.

"> Hatching from the number of live embryos at 27 hours after fertilization.

Eo2 Zojdsrs voglon, £3F AL Ael9 A= A
gAlto] BESTE FolAle FFE BT .
£33l U270l 76.4%, sham tzFo] 0%E et
her 4°C2 AL AT Z AILF TAF 589
30E7F 2 4087 AT 47 84.8%, 924%9) w2
T2 HYon(P<0.05), FHF 5—‘?"—°ﬂ 5083t AT
< 716%9) FE&L BT 1BEL tRTo) 6.8%,
sham tZF0] 0% ¥4, 4°C A2 21?4?} 7t A9
M FAF Hx AYAT] BESFS 281 Aol
7‘°1’£-r1 71880 Sk A% Btk AEEH
&S 12N ERAsE vpea Az £38 A
E—'._Vg"é A FA7 e AT BRI 2de
A% SEel 4°CE 747} 3087 % 4083 Ak RY
o] #EATh maM AF APAN A9EAA 2eAE
FHF 5E 4°CZ 40%3 AL Asle] YAt

Ay 2 o] 44H
Figure 49] at £ A%0] A& w7 439 57] £¢

o zx YA 4= 2n=58 ojglon, AFPL 1229 F
H- ) (metacentrics), 12%¢] AFH DA (submeta-
centrics) 3 5%¢] THFMA (acrocentrics)2 FAHA
t}. Figure 49] b B Ao} AL2d 0| FeA] £49 @
AR F7] BQAoEN ANA & 2n=48 ojglon,
Y2 642 THANA, 249 AFEFAH 2 1649
SR Z YA Figure 49) c= A3EAPA 24]
AT F713e2A £ Aol ARSE vy] ¢A9] 84
A 4 9 A3 LA AL 2u)A FYol=
u] 2R P BEFo 2 7RIS, WY A4
& 438 4tk

Ay e A4 R Al

Figure 59] a= F31F 1059 #7] iz 43R Y&
squash Ao g ZF#H<l7] d(oocyte in the perinucleus
stage) 2 FA=|1 e, Figure 59 b H3MF 1059
o7} 2T 43 A4 squash 02 oide] A4 23
T} A YM X (spermatogonia)Z T/t AGLEA 2
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Figure 4. Metaphases and idiograms of female far. eastern catfish (a), male mud loach (b) and all
female gynogenetic diploid far eastern catfish (c). Bars are 10 -im.

wiAe] ANre dZF vl7] AT #AH squash A& 3NF 659 WYl URT o - 7o Al M2 fARE O
2tk B3k% 1059 o)7] 2T ¢ - £ e A2 (P>0.05), F3HF 639 ALY 2uiAle 2T @3l
A uHE (P>0.05), 3318 1059) AAuAA 28 QUTH(P<0.05) (Table 2). & A% 23} v7le] 423 7
25 ¢310|00h (P<0.05) (Table 2). Figure 59 c& ¥ 7€ A TIARAY Wizt

¥ 659 vl7] t2Z ¢ da 2AY0E dhid

(endoovarian canal)o] ZA3Qen ¢ FHUY| &H

o)9it}. Figure 59] d& %315 6529 AALAA 2u)H) o &

ALY ZA o8 YA YEOm, Figure 5c9 78 _ .

% 679 vj7] =T 4R 2L 2} £ A% ¥ ojF9 gAlo] FIAFA AL /Y, e
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Fokl A A4 HEe F4Y 4 Yot (hssen et al,
1990). oI5 AL FE3k7) Hdl +4 FAE 2
3 AA FAstedol shzul, A9 AR X439 “Cog)
7 Aol A7t oj2hlel tiEe] AR fAH A

et al

Figure 5. Squash prepara-
tion at 10 weeks after
hatching (a, b) and histolo-
gical section at 6 weeks
after hatching (c, d) of the
gonads in gynogenetic di-
ploid and control Silurus
asotus. a, ¢: control female
(scale bars represent 40 and
50 m, respectively), b: con-
trol male (scale bar repre-
sents 150 (m), d: gynoge-
netic diploid female (scale
bar represents 50 um).

EC: endoovarian canal, FT:
fibrous tissue, PNO: cocyte

‘in the perinucleolus stage,

SG: spermatogonia.

o] ATtFolt}. olge AN ke HFA I,
A3t ohg] AR 2uA] WA o] 23} WAl vl
2 ARE UehA g A 5o Q8 Azl f4F
B8 anHoz AM8E3. 1o (Thorgaard and

Table 2. Sex Ratios of Control and Gynogenetic Diploid Far Eastern Catfish

Age Exp. Replication

Sex ratio (%

)*2

. F
(weeks after hatching) ™' group Female Male emale (%)
Control . 1 52° 48" 52
2 49 s1° - 49
6
o 1 100" 0° 100
Gynogenetic _dlplm@ 5 100° o ‘ 100
1 . 49° 51° 49
Control 2 53 47° 53
10
Gynogenetic diploid 2 100° o 100

" Sex ratio determined by histological analysis at 6 weeks after hatching and gonad squash method at 10 weeks after hatching, respectively.
? Values with different superscripts in éach column indicate significant differences from™ expected 1:1 ratio ( y “-test, P<0:05).
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Allen, 1987), 53] z94lell <3 DNA E@AIsiA] 1
s A2 Q18), Arai et al. (1992)& Y] DNA B8
AN E 2L AHEE vl Aok

2 2389 7] Silurus asotus AL =0 AHS-E
v|2kA| Misgurnus mizolepis 37} £8/93}e] HA =}
A ZA} BTE 7,020~ 9,000 erg/mm’E HHH 00,
ol ulReAg 29F vl M. anguillicaudatus %
Ze] BG4S 913 6,000 ~9,000 erg/mm’e] A)A
ZA} 557 BQ e k= Suzuki et al. (1985)¢) H19}
HA|, A AH A} TR fALe Adjoldt. ut
™, Kim- et al. (1993)0] X Paralichthys olivaceus A}
RAY 26)A 8 Y8l ARE W EkA] Fz} EEA
32 98 HA 29 2A} % 3,600 erg/mm’s} HlI
Al, A AL FroA £ 4837 3ol7} Al ole
Z} AFA] AREE mFtetA] Azle) Eg8As 24 F, A9
A ZA AAY AR HY ulg R A 219 Aol
o8 Roz2x AlgE, AMRE vRER £ A%
Aolol]l 71NEAE 7T wA” 4 flok WER A
o] BEAGSIE Y% AR AYA A T AL, EEA
slg WEX A2 3% v ¢ &, FF9 27 A
&0} vl Fo} oAt ol &L 27 A& AE
frzeol AMEE olr)eh v Feka] AAg F7F 5ol
71918 Ao 2 A5 Y, HEX AAE AMLS A2
A4 2u)A £F o] o] = U FEF = U

ool A Al 2 Z-EE AA F, Al 2 SA HE A
AL A, 12 A, ¢ A 2 35F A=z e
d (hssen et al., 1990; Park et al., 1996), ¥ AJdIA
FAT 3E, SE 2 78 47 30%, 408 ¢ 5083t
4°CE AL A g s A3, 39 AEST 713e2
Hx A A 2 A A& Azt diste] Zk2 wiag)
2 Hldshe 43448 B v, 2382 7 golst
Hzx A2 A 2 A2 AS Az wE HYE 334
o] AR groH, HEE, F3& 11 N¥E&S 1
A A 2 A 3E JAE AT E9HY A 2P
FAF SE, 4°CollA] 3087 2 4087 AL Al A
o2 yehyg.

2 Ay} o] A4 26 QA B 9 A
AE BBAS AA S 2608 fEde 71HL,
B 3 A 9% FE /A B3l AR st
e} $79 JF fUl s AE, § F AR 9%
FAA S JAY & Qlo] B} A3 AA3EA 7)A
2 $58 4= gt (Mims et al., 1997; Fujioka, 1998).
B AgeliMe} o] g} 9] AAlol 93 A A AR
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FrET U132 (Suzuki et al., 1985), &= Pagrus major
(Sugama et al.,.1990), gx (Kim et al, 1993)%
paddlefish Polyodon spathula Mims et al., 1997)9]A4
o]FoiZl v} Sich. & AFel ARG vjFelA] 39 A4
A2} v7) A GAA 4+ Kim et al. (1988a, 1995)
o] A7 A} vl Z 242t 2n=48 2 2n =58 o[}
on 8y 9A) 4zt FYS AHE Bk PP} G4
Fo o] E AYoA fEd AL 20jHEL vl
AT} vlwA] FLEA LY 53], AL 26 2
A oM v]etA| 9] JMAs dAR] e HE 19
Al oA Az AL $hAE] EEA4S) HASS R
T A w7lE ¢ - £ olHY 4 AR EXSA
%o} (Kim et al., 1988a) AN AAES] 48 A
AT e wEdle skt Tk, wviy A G4A
E Wi 5 Ue WHol pdso] AR S F
SO A A HS GHA 2oz ¢
g 5 gleelE Al E:

2 AgelA 24 = 0.5°C AR 2 2spol|A Qul 2
AFE A3 AEd X719 231% 659 BIF 105+,
Choi (1992)71 H 113t o) 7)o A 25°C ALS 4~ Z A A
2313 6U(HF 1.5 cm)oll AAe] E3p} Yojdt=
A5 1A, A 3L 95t FAG 2AF A7IG
£ 439 24 + 0.5°C AL & 243194 F3LF 65
o 255 1079 - 5 AuE 2T A P
Z Hlgo] ¢ 1:1 otk Choi (1992)¢] A+ ZAHKI
25°C AR 27 A% 4099 - 4 Al g
L1:13} B A%< Au] A9E v|nA], HE AL 22
1°C Y92 o7} 9lov), ¢ - & Hlgo] AY FYEE
¢ 7 A F3F 63 2 107949 2T ¢ -
F AH7E 1190 Rl ¥iete fEg A A 24 of
JoiMe BT 4R Aol BEAE o], B AYd AL
g 712 4AA 71Fe XX-XYE o 47 FHHTA
4g FJAZ # U

$EEH 3 AL 200 ANHeT e A
A7 A FAS AN F, olg /R A #R Jun
R4 e sl A 97 AUS ANT 477 ¥A
7§4:0] Salmo gairdneri, Atlantic salmon Salmo salar,
silver carp Hypophthalmichthys molitrix 2 ‘QZ] oA} B
¥ 1 Yot (Kim et al., 1994). £ A AE-H d)71E
Wgozg A7 PAS 2 178 - estradiol S A
M g A AEE de AT FHo] A7t
A BaEo] 91& B (Choi, 1992), A AL AAEA 2
HAE ddosd Aty A 4= T2in ol




ImJH et al. -

=8 7 A SRS Y g i &, fA%
ARg] 43 A 4F AL oA AFE ARl

gzbA ol2|g A& 18 $OF ojd tiF A7t AW

oo} & A= AlgHTH
F FH4% (genetics and breeding) 7|HF F4A)
%% (chromosome engineering) 71HS AMES 2RI}
A F2o A2, QAT Fe Aul2 ¢ AT F
A =28 4 e Wuolth (Thorgaard and Allen,
1987; Jeong et al., 1996). o|&|3 HAAFE 7PF, &
AT 23} AL SRR 2uA o 7)9 vlEA7RAE 7
Ay 79 o) Aate AGEAA 2 A Tk i
%7 ¢ FRFRAY A% A Pez yepd, 47
o gy Hel, A o] AN gHo] FR g
458 4% 9B AFoE Agd & Yot okeE A4
A Al A &, WAl v7E Aol dt 2
o] AJA Sl ofdke] Ak o] 88 & gl FAY £
7] Aol 719% &L 37 ¥ 4 A} F9 At £A)
E AAT 5 o] 44t - FAAloA ARE AHH
a1 9lt} (Thssen et al., 1990; Kim et al., 1994).
Gomlesky et al. (1979)°] B3t 619} o] A4 2
WA RSl FAHA A 5EE 2YL 18, ¥ AF
An fE9 AL 2u)A] A 4] s B H
717h A% glolol & Aog AlgET)h o}2d, I 4
3} A ZAED dAA AGLA 2u)F H71E gL
Z A 33 ¢4 $4€ 95 DNA fingerprinte] 9
3 ¥4, g2 2 HAo) AT Aolu}h. AF, v)7) A4
AR A AAFH A 2FHe A% wart 94 B8
& ol2ig A2 wim Zyhs A9 w7 FAAI6IA
ot 4 AR BFFog Qg At ERjSo] Bes 7
QA ol Z s A3ty A% & wWEHo| E Aol sldidth
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