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ABSTRACT

The present study was performed to produce supermales and superfemales in Oreochromis
niloticus by combination of induced sex reversal and diploid gynogenesis.

More than 95% of female was obtained by oral administration of 17B-estradiol (480 mg/kg
diet) to the eutheroembryonic larvae of this species. The result of progeny tests with XY
pseudofemales showed that incidences of male progeny were ranged from 714% to 73.7%.
Proportion of male from XY pseudofemale was not significantly different (P 0.05) from
that of x* (1 : 3), but it was significantly different (P  0.01) from that of X2 (1 : 1). Gynogene-
tic diploids were produced by applying cold shocks 3 min after insemination to the eggs
of XY pseudofemale sperms were genetically inactivated by ultraviolet rays of 4,050 erg/mm?
Fertilization rates of gynogenetic diploids were not different from that of their controls,
however, hatching rates and early survival rates were silghtly lower than those of controls.
In the cytogenetic studies, there was no difference in the size of cell and nucleus between
the gynogenetic diploids and the controls. At 80 days after hatching, frequencies of gynogenetic
male were higher than those of gynogenetic female (P < 0.01) in their population.
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4uld 1012 Jebdon], 28 48 T0A intersexs [REHR gorv)

Table 1. Sex ratios in control and feminized populations of Oreochromis niloticus

No. of fish sexed No. of males No. of females Percent female
Control 80 42 38 47,5
Exp.-1 84 0 84 100.0"
Exp.-2 20 1 19 95.0"

* not significant (P} 0.01) against %* (1:1).
*. highly significant (P <0.01) against ¥* (1:1).

1-2. XY 2t7ie| Xjazdd

hxroex Y 4R 2 53 RS sty 9 A& #A ARS Table 20 JeRyTh
o) el A3} oj59) AR 242 512%, 52.8%, 55.6%, 52.3% = W) AntE 235w 9070}
3 Y3lo] 98vta], 7o) 109922 FAEo) 527% 2 YERY o)A AH) 1 19 el o) xho)=
FANP0.0D).

Table 2. Progeny test of control fish, Oreochromis niloticus

Exp. 1 Exp. 2 Exp. 3 Exp. 4 Total

No. of samples 82 36 45 44 207

No. of females 40 17 20 21 98

No. of males 42 19 25 23 109

Percent male 51.2 52.8 55.6 52.3 52.7

(11 1) > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

x(1:3) {0.01 {0.01 {0.01 {0.01 {0.01
AASE A7 XY-1& 2718)e) O 2 A awsle 2L 2 AF ABE Table 3°ﬂ et ik
T wuf A3 #ALE A7 726%, 70.7% Z BF FAHELC] 7T14% 4o XX A4 stAE
HAE Fo2 AERE AS dA=EE Au 1019 gEME SR O P001) XY 47
o2 AHAE BF ddEE 4 1: 39 dsiMe 937} g Aoz el oA 19 A

TR XYUS & F Uk

AA8E 43 XY-28 gPoE 3ule)e) N dE £33 Tusid 9o 24 A ANE Table
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Table 3. Progeny test of pseudofemale (XY-1), Oreochromis niloticus

Mating number

Control Exp. 1 Exp. 2 Total
No. of samples 80 62 92 154
No. of females 42 17 27 44
No. of males 38 45 65 110
Percent male 47.5 72.6 70.7 714
X¥(1:1) > 0.05 <0.01 <0.01 {0.01
X(1:3) {001 > 0.05 > 0.05 > 0.05

Table 4. Progeny test of pseudofemale (XY-2), Oreochromis niloticus

Mating number

Control Exp. 1 Exp. 2 Exp. 3 Total
No. of samples 80 127 47 11 185
No. of females 42 37 14 1 52
No. of males 38 90 33 10 133
Percent male 475 70.9 70.2 90.9 719
I4CRRY: > 0.05 <0.01 (001 <0.01 (0.01
X(1:3) <0.01 > 0.05 > 0.05 <001 > 0.05

AAZE A XY-3 Z XY4 Frrelol st BA ALY eyl %’-8— X}ﬁc-%f’ A g HA3
A= Table 591 JeERRQTh XY-3 2 XY-49) $H&L 242 737%, 727% 2 JERGTh F )4
2 101 Agulo] dis] P<001 FEAA ule g3t Ueldon 1:3 *Bl o disiMdE P)0.05
FEl A FAX7E gl 97 3 W 4 EF XY £ HAE ARASE AU Q£ Atk

Table 5. Progeny test of pseudofemales (XY-3 and XY-4), Oreochromis niloticus

No. of size No. of females No. of males Percent male
Control 80 42 38 475
XY-3 38 10 28 73.7
XY-4 22 6 16 72.7°

“ not significant (P> 0.05) against x> (1: 1).
" highly significant (P <0.01) against ¥* (1: 1) and not significant (P ) 0.05) against x* (1: 3).
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vdgalalol O niloticus BA2]l DNAZE B8A48 Al7]7] 8 90 erg/mm’ sec®] #He]d-& 0~60
%2 B9 15% tAcE 2AE A £HEL 994%, 98.2%, 98.6% H 95.9% 2 thETe] 100% 9 f-o)3
=}ol7b QRO 238 15% A FoA 221% 8 RT 863% Rl @A Jehdton] 30% A
T E Ralgo) 221% 914 63% 2 F723] Dol WA FEEL 412% 14 100% = F7HHY
4050 erg/mm’e] AYAE FAG APFNME HEEo] 116% 2 JERET 100% ‘A 28-S
BaAth 5400 erg/mmoAE 288 84% LI WA HE€ 917% 2 JERGTh tiRTeMe &
BEY R 2% FAFHoIdn wpdle SR gtk o1l A B ARAANME O niloticus

Azte] DNA E2244312 943 2 #eld Hdake 4050 erg/mm’d R HERATHTable 6).

Table 6. Effects of UV irradiation for inactivation of spermatozoan DNA of Oreochromis niloticus

on fertilization, hatching and haploidy

Dose (erg/mm?) Fertilization rate (%)  Hatching rate (%) Haploidy (%)
0 100.0 86.3 0
1,350 994 22.1 41.2
2,700 98.2 6.3 100.0
4,050 98.6 116 100.0
5,400 95.9 84 91.7

2-2 M23AH LEAX

2vtg]9) XY #AAEE 7HAe 438 93 3 % 42 FE gL gl UVE S84stE PAE
FAMND F AL M2l E st A2FA &S AN 2F FHEL B4 94.8% R 885% = T
aoj7h ot Fage 321% 2 hRTol vis o @A veiwes 27 &S £T 66.7%,
2 368% = izl v @A JebsH(Table 7).

Table 7. Effects of cold shock for gynogenetic diploid induction on fetilization, hatching and early
survival rates of Oreochromis wiloticus
Fertilization rate (%) Hatching rate (%) Early survival rate (%)

Control 884 784 72.6
Exp. 1 (XY-3) 94.8 321 66.7
Exp. 2 (XY-4) 88.5 * 36.8

® up to 8 days after hatching.
* data were not checked.

2-3 XMLMY olufHIe ME F7|

XY @32 2 S8 AATAAL oA 2Ag 95l ofxe] nRAYWoz FE NI
HET AXE 2 Ao A7) FF AN, URT AEe B4, &%, 894 ¢ I 242 100+0.1 um,
7.1£0.2 pm, 54.740.8 um?, 254.3+7.6 ym*ol™ o] FH @, FHFH g LI 48402 um, 29+0.1
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HAG P dud 38 71EE o8 2FANY) L 2LA(AYY) YA YT ok (Oreochromis niloticus) Y3

um, 11.1+0.2 un, 21.5+0.6 um'01 Atk LA A oluf ] M2 A7, 97, XA g FI= 10.3+0.
3 um, 6.9404 um, 55.9+4.5 um’, 258.7+34.4 ym®, 1E]n ol AA, W, FHH © EIE 49101
um, 29+0.1 um, 11.1+£0.4 pym? 21.7+£13 um*E 4 oluj & e} A3 244

VHEREA] ekokeh, Aol W Ao} AA] BAHA ool HEF Aol oA LA oA B
ojuf Ao} FUS Aoz JEPITHTable 8).

Table 8. Comparison of erythrocyte size of control and gynogenetic diploid, Oreochromis niloticus™™

Control Gyno-2n Ratio of gyno-2n/con.

Cell

Major axis (um) 10.0+0.1* 10.3+ 0.3 1.03

Minor axis (um) 7.1£0.2° 6.9+ 0.4 0.97

Surface area (um*) 54.7+0.8" 55.9+ 4.5 1.02

Volume area (ym?) 254.3+7.6" 258.7+34.4" 1.02
Nucleus’

Major axis (um) 4.8+0.2 49+ 0.1° 1.02

Minor axis (um) 2.9+0.1° 29+ 0.1° 1.00

Surface area (pm?) 11.1+0.2° 111+ 04" 1.00

Volume area (um®) 21.5+0.6° 217+ 1.3 1.01

*  values are means+SD.

maternal parent’s genotype is XY.
“ significant at P 0.05.

* ¥

2—4 KMEAM Olulxle] MH] B4A .

2nizlel XY #3AEE xe AASE 95 3 2 42 BE fFEE QSN ojufAe] AuE
MG dabe Table 99 VERNATE XY-39] AAEAA ojujalE £0°] 868% 2 4HE 1:1
Aelel i PC0.01 FolA mi$- fodhA Jelgoy dzee £0] 737% 2 AAHE 1:3
Auloll tisf P) 0.05 FENA FA7E gle Ao JeEbsth XY-49) AGEA4 ojuiaEls #3180
588% 2 o4 Aduld 1: 10 tis) FoskxA] gtond, ERTFL £ E0) 727% 2 1: 3 Ajulol uis)
Folz7) e RoZ yehyit,

:

2
3
3

Table 9. Progeny test between control and gynogenetic diploid from pseudofemale, Oreochromis

niloticus
Control Gynogenetic diploid

Exp. 1 Exp. 2 Total Exp. 1 Exp. 2 Total
No. of samples 38 22 60 38 17 55
No. of females 10 6 16 5 7 12
No. of males 28 16 44 33 10 43
Percent male 73.7 72.7 73.3 86.8 58.8 78.1
¥y {0.01 <0.01 <0.01 <0.01 > 0.05 <0.01

X (1:3) > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
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o}72] HHEL Yamamoto (1969)7} YEAF Falg)d) e ooz HEFS o) 322 Hylo
o) 2Pk £ 93} e TS 7igol Baslo] ltk(Hunter and Donaldson 1983 ¢ Yamazaki
1983). 4HE & &L AMNEHE ZEEY FF FE A Wy, HE A A% 2 A 717 S
o A ALEHo 53] Hz Ay A JEE 2719 283 B4 7 Ak (Hunter and Donaldson
1983 : Nakamura and Iwahashi 1982). ¥¥t oz dHeluole] HRale B3 3 2~65F Alojo o]
Fo] 21 (Guerrero 1982 : Rothbard et al. 1983), 22 & UgetdoHO. niloticus) 2] A% 15~20
Aol 4B} olFojrE HAoeg BHug v Ut 5 1988). & 9] A oz HHge
Oestrong 100~200 ppm&] FE2 AME-3ted 70% o 4H & (Tayamen and Shelton 1978), diethyi-
stilbestrol (DES)& 25~100 ppm®] 552 A3t 62% ~90% o} %2 S5 80| B3E v cH(Tay-
amen and Shelton 1978). o1 % "elFole] Qlof Ao 2] HHFo] £H o2 o) JHF Bl ojel$
olfre Aol ¥ A7V Hae ¥k A7l wid 7] WE Aoz <A UAck(Hopkins et
al. 1979 1 Jensen and Shelton 1979). Z12jtt ] 5(1993b)& 100% YA S F=F vl glo] gog
getojote] Aelsty Aol glol AslstA 71zg wE]7] 9% w¥e] aF Aoz Almwch
2 d7dME 2 5(1993b) o) wiel Al 17B-estradiol S 480 ppm® FEE AT Fof 3l
HHEE AAS B 95%~100% A FEES B 70 $(1993b) 9] WEo] B £ dFHom

oX. o
o
i
2

Aoz JPEH Ao Holy XY ¢A W ulg(XY-1, 2, 3, )8 e s & HAAS
23 F£2E0] 714% ~73.7% 2 <) Au| 1: 30 thsted =7k A JERGTHP ) 0.01).
wet s3] FHAREE 7HE AHsE JYdaiao}l e A4 R Ay 58S YUY o]59
AES Y, F Hgol 113024 B 29 HEH fyhES I3 53 H P (female homogamety) Q)
Ro2 YEeRt Scott 5(1989)9 A} ¥R)ahgct ,
7ol BE45tE dsiMe olest  vloj23 WMol oj&FHT gt} o] X E2 v
ZAE S AFRE A9 o] ol ojazt TS AY A AR RoEo] 2 P50
Aol #aE ¥l Ack(Chourrout and Quillet 1982 3 Onozato 1982 3 Thorgaard et al. 1985). L#{u}
A& ZALRE B9 o1 d dAbo] T E ] oH(Don and Avtalion 1988 3 Hollbecq et al. 1986 + Jay-
let and Ferrier 1978 : Onozato 1984 ; Pogany 1971), HZ o} H¢ AAS B&Asl 2]7]7] g3t
@oz zelde] da] AMREI ok FUoME o]n] Hlo] &3l WA Ao g o] &3t TAE,
HA R uFeAe] FAE FRHos BEAFANA AAEHA oA olFE YA vl Ytk
S 1993a). Hetgjobe] A LAl olui A E R3] 98 AR UV st JYdgasjolol A 3,600~3,
720 erg/mm’ (Casayuran-Danting 1992), O. aureusolA} 12,280~27,630 erg/mm® (Don and Avtalion
1988), O. mossambicus} red tilapia®l A 17,640~ 25,200 erg/mm? (Varadaraj 1990 : Pandian and Vara-
daraj 1990)%! Zo2 HuEo] glon B AF AdA vyddaslel 48 B84 A7]7] 9%
AR FEE 2700~4,050 erg/mm’Q R22 Ueh} 71Ee] A7 Aol fAMEEch
AL oA f=E A25A W& A (Don and Avtalion 1988 3 Hussain et al. 1991, 1993
Penmann et al. 1987) =& A17d A ¥ (Hussain et al. 1991, 1993)& o] &} B Aol A
A& Az A2FA FES AAE 368%, 66.7% 2 27 HEREL Ho E2o) o) Hussain =
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3 2SR (AYY) W2 e ekl o Oreochromis niloticus) 44

(1993)¢] A7 Aol vehd 13% ~24% ol vls] A et AEAA oA fe&e &Y
oo ATAER My wiow Alngn

XY ¢7o2 RE fg 4944 oujae Aul 4 A XY-49 2EEL GHA #3719
Bl-&o] 11142 ¥ (1: Dol thsf P>005 M FA7E Aot XY-39] B9 116622 ¥
12 Dol sl P<0.01 F=Eo0A oil-$ fostA vebdoh ole 718 423 myEF(XX-XY 3) 9l
vletglobef Al AR5 QlE autosomal mfluence (Avtalion and Hammerman 1978 : Hammerman
and Avtalian 1979 : Mair et al. 1991a, b ; Wohlfarth and Wedekind 1991), polygenic & multifactorial
3874 vI7h]E(Lester et al. 1989 Mair et al. 1990) 9] 4TS Az 2 +5 doi; £ A4
AR ol Al Gpte] MES0] ol7t @ FAHE M WAL FE gtk

VOB 2 AT AH FEE AAENA 20 E AR o5 & Ay 4R, AW A 2

ofet ZA4 e ¥ U $Hol WaP Row Amurh £F AU APBYA oA
FES F8 2T £7 289 292 Halok T 2o, vebrh AR AT BY 2P 5Y
Y ANE 28] A 59 A clone DeHTokE BAet7] A A7 ohge) S olob

2 7 gebuole] Auy B 9% HH $F4H A7) Ao YA UH A
of FE AW B £A 9 ;

2 AL Bystux Arsgoh
O. niloticusE ™h’F L2 17B-estradiol-& 480 ppme] FEE 47 Fodle] 3 Gz YA
A% 5% ~100% 9] =& Y FE&E Btk FEHE XY 9 4t s FAL LEE 2E
AEE HAE 23 714%~737% 9 £H £H NEE 2o ¢ (101 of B PC001 FEAH
EE TGS BRov ¥ (11 3)of tisiMe P 0.05 oA 27t Qi) £ o5 Axgs
Q.

XY ¢z PEH F28 d& 4050 erg/mm’e] xejdog B84AZ Hae) £ 32 F A
Helste] JLYG o HE KR AGEAG oluiAle] e gRTHY Z}olﬂ
FaE % 27 HESL dxT 2ok O 2ok 235 3 g0UA ALY oluliAe Aw l e
Azp p3lo] AFET 2 Wert 24 vebom(P (00D, AL A oA AX 2 e} A7)
B ol Ast Tkt

& drellM R ALY oluiH] dtslohz ¢ Fdo A FEE UG Fozs
getujo} A el Py FHE HP £ g Aoz Aladd.
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