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Studies on production of all-female population
in olive flounder, Paralichthys olivaceus
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Summary

I. Title

Studies on production of all-female population in olive flounder,

Paralichthys olivaceus

0. Object and significance

1. Final objective
The final objective of this study is to produce all-female olive flounder for

commercial utility.

2. Significance

Olive flounder, Paralichthys olivaceus is one of a commercially important
fish in Korea and the most favourite raw fish in market. This species has
several desirable characteristics for aquaculture including high growth and
high tolerance in water temperature. Many fishculturists have tried to
culture this species in netcage and indoor tanks. To develop the techniques
for the seedling production and rearing of olive flounder, many experiments
were carried out at laboratory and in fields. Aquaculture techniques of olive
flounder of this species has been rapidly developed since 1990’s. Therefore
aquaculture production of this species in 1996 approximated to about 8,861
M/T, which is first in mariculture fish production. However, the aquaculture
of olive flounder not only causes many problem including introduction of

diseases and deterioration of water quality, but it also increases production
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cost in terms of labor and oil. For further high productivity of olive flounder
farming, it is essential to develop techniques of all-female population which

can support reasonable growth.

M. Contents of this study

For producing all-female olive flounder, Paralichthys olivaceus by sex
reversal and chromosomal manipulation techniques this study was conducted
and the contents are as follows ;

-~ Natural spawning by mating gynogenetic diploid female with sex-

reversed gynogenetic diploid male

- Growth and survival rate of all-female olive flounder for commercical

utility

- Gonad development of all-female olive flounder

- Genetic characterization of all-female olive flounder

- Natural spawning of all-female olive flounder

- Induction of gynogenetic diploid

- Induction of pseudomale by gynogenetic diploid and all-female olive flo-

under using steroid hormone treatment

IV. Results

1. Natural spawning by mating gynogenetic diploid female and sex-
reversed gynogenetic diploid male
A study was carried out to investigate the performance traits of natural

spawning in indoor tanks by mating gynogenetic diploid female with
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sex-reversed gynogenetic diploid male (pseudomale : phenotypical male) in
olive flounder.

All-female population was produced by natural spawning from mating
5-years-old gynogenetic diploid female with sex-reversed gynogenetic
diploid male. We investigated the total number of spawned eggs, floating
rate and fertilization rate of naturally spawned eggs. For the test of egg
quality, we also investigated hatching rates and early survival rates by
comparing that of normal olive flounder.

The natural spawning period was 32 days from May 1 to June 4. The
total spawning amount was 15,563,000 eggs. The natural spawning occurred
at 11-15C water temperature. The percentage of average floating rate and
fertilization rate of the spawned eggs were 80% and 79.9% respectively.
Hatching rate and early survival rate of all-female population were lower
than that of the normal olive flounder. Sex ratio of all-female was 93.3%
female while that of the normal was 59.9% female at 300 days after
hatching. The results indicates that gynogenetic diploid female and
sex-reversed gynogenetic diploid male were proved to spawn good eggs

naturally in indoor tank.

2. Growth and survival rate of all-female olive flounder for commercial
utility
All-female olive flounder was produced by natural spawning from mating
S-years-old gynogenetic diploid female with sex-reversed gynogenetic dip-
loid male. We investigated growth, feed efficiency, daily growth rate, daily
feed intake and sex ratio of all-female population by comparing that of the

normal for commercial utility.
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The growth of all-female was significantly faster than that of normal
olive flounder (P < 0.05). It was assumed that the difference of growth
observed in this experiment was caused by the difference of sex ratio.
Female ratio of all-female was 97.4% but that of normal was 59.9%. Feed
efficiency, daily growth rate and daily feed intake of all-female population
were not significant difference from that of the normal olive flounder (P >

0.05).

3. Gonad development of all-female olive flounder

We investigated gonad weight and development of gonad in all-female
population by comparing that of the normal for detection of reproductivity.
Ovary weight of all-female population (body weight : 70-400 g) was smaller
than that of normal. However, ovary weight of all-female population (body
weight : 400-800 g) was similar that of normal. Testis weight of all-female
population (body weight @ 70-800 g) was similar that of normal. During
spawning season, ovary weight and development of eggs in all-female

population was same that of normal olive flounder.

4. Genetic characterization of all-female olive flounder
1) Isozyme analysis
A genetic characterization and identification of the all-female and normal
olive flounder were performed by examining electrophoretic pattern of iso-
zymes. Twelves enzymes were detected in two population. Of the twelves
loci, completely divergent loci was not observed in two population. The
expected average heterozygosity was 0.021 in all-female and 0.019 in normal

olive flounder. As the results of this study, isocitrate dehydrogenase (IDH)
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may be used as useful genetic marker in two population.
2) Mitochondrial DNA analysis

In order to estimate the level of genetic variation and population structure
of all-female olive flounder, mitochondriai DNA was isolated from 9
individuals, and the genetic differences between all-female and normal olive
flounder were compared by the restriction fragment length polymorphisms
(RFLPs) cleavaged by ten restriction endonucleases of six base recognition
sequences. The total length of the mitochondrial DNA calculated about 17.20
kbp. Six of the enzymes examined produced a single restriction profile and
four of the enzymes examined produced from 2 to 4 variant band patterns
for all individuals surveyed. From these results, we concluded that the
genetic characterization of all-female olive flounder was not different that of
normal olive flounder

3) Growth hormone and heat shock protein

Growth hormone ¢cDNA from all-female olive flounder was amplified by
reverse transcription-polymerase chain reaction (RT-PCR) and sequenced.
Sequence analysis and alignment of GH ¢cDNA showed the same as that of
the normal olive flounder. When hepatocytes grown at normal temperatures
(20°C) were exposed to the higher temperatures (23, 25, 27, 30, 32, or 35C),
HSP90, HSP70, HSP40, and HSP30 syntheses were induced. HSP70 was
highly synthesized in the all-female olive flounder cells exposed to heat

shock.

5. Natural spawning of all-female olive flounder
A study was carried out to investigate the performance traits natural

spawning of all-female population in indoor tanks. We investigated the total

_15_



number of spawned eggs, floating rate, fetilization rate, hatching rate and
early survival rate by comparing that of the normal olive flounder.

The natural spawning periods of all-female population was 106 days from
March 7 to June 29. The total spawning amount was 40,536,000 eggs. The
spawning of the fish occurred at 11-16'C water temperature. The percentage
of average floating rate and fertilization rate of spawned eggs were 58.8%
and 86.6% respectively. Hatching rate and early survival rate of all-female
population were lower than that of the normal. Sex ratio of all-female (F3)
was 92.9% female while that of the normal was 53.3% female. The results
indicated that all-female population produced by mating gynogenetic diploid
female with sex-reversed gynogenetic diploid male was proved to spawn

good eggs naturally in indoor tank and to produce all-female offspring (Fa).

6. Induction of gynogenetic diploid

Gynogenetic diploid olive flounder were induced by cold shock to fertilized
eggs with black sea bream, Acantopagrus schiegeli sperm that had been
genetically inactivated with 4,800 ergs/mm?® ultraviolet (UV) rays. Cold shock
to the eggs at 1£0.57C for 45 minutes after 3 minutes fertilization proved to
be optimum condition to retain the second polar body. At this treatment,
hatching rate of normal fry was obtained more than 43.2%. No different
growth rate was observed up to 100 days after hatching. A proportion of
female in gynogenetic diploid was significantly higher than in the control (P

< 0.01).

7. Induction of pseudomale by steroid hormone treatment

For the effects of 17a-methyltestosterone (MT) treatment on sex reversal,
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growth and sex ratio were investigated. MT were treated to juvenile flounder
of gynogenetic diploid and all-female population for 60 days from 30 days
after hatching. Fish were treated with 10 ppb of MT by immmersion
treatment for 8 hours and 24 hours per day. At 180 days after hatching, fish
were sampled to examine sex ratio, survival and growth. Sex ratios of
sex-reversed gynogenetic diploid and sex-reversed all-female by immersion
treatment with 10 ppb of MT were 100% male. The survival and growth of
each experimental groups during hormone treatment period were lower that

of control (P < 0.01).
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H1&d M 2

S$-gvehe] g A (Paralichtys olivaceus)dll g F2l& x7)dle Y54
F9E FAHLE AT FEAMN 71Eo] /MEEH oKV, 1987), ¥4 7=
o] HHslz 19809t FRHEE fdFH o] Jhsste dA fuet AEQt
A §49 EaEY Wutx 2 2 JHFElE o8 71dFH ¥ o] o] Fo
A3 Jon AR FE3s F2 FHAFY stuoln

dAe EHtH o2 7hzbv) E(Pleuronectida)®] | %] #H(Bothidae)oll & 3}+=
olF2ZA fEluet MAL, 48 % T3 A g7 EFddn UATHA,
1977). £ & AAo] 60 cn7bA] AAd= P2 o] w21 sto] Fo
o, 2 Uzt 2 4 FRANA A8z 3T e 1F A ofFold
a8g B £ ofgge 1991dTolE 20758, 1996 d 5= 2317TES R 3
itk A AT £EE HASD JATHEIFFAE, 1997). w2bA dx o 4
A ZAE HiMe TEHY HH F AFTAHY AD 24 2 BRIV a7HY,
o2 F2lol o3 Mito] 8 FE T Yk A, FA ol g G2 PibFS
A% F7bete] 191950 1815802 £ e} AA ikl F2le 465%
£, 19963 o= 8861B L2 E 77.7% & H3tx JUAtHFig. 1). 23 Hopst M
Hle} 1yH R Algule] F5oE A4Hdol Fal WolAn qlemE WX
F2le] AR E Eol7l AT FAKFTAH A7 S8 v} B opE) o
£ FAdAM APHD A,

dx1e) 4 &30 BEd AFE 23 AGA 2 A5 W3 fA%H F
(A 5, 1988)% v FE3te ggol wE AR o], RS (M, 1987 ©l,
1990), 28 Ao 2§ 4233 4 A& (Tanaka, 1988), 3uhAl = (HIE,
1991), AHA3 A A 2uf Al f = (Tabata and Gorie, 1988a & b) ¥ ‘g x|} ®H7}=}
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Fig. 1. The quantity of olive flounder by the fisheries catches and

aquaculture.
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AR HAEE A7) A% e GAA 3ol o3 AT 26 A
£ Fedte B, AS22 Ao 3 A3y JHEE F=ste ¥y ¢
AL 26 A A3 PG AYTAAE FRAIA wufel] o3 whHo g
U & Ad 3 F AAEAA e 423 v vdelM AF3HeE §
=9 v} LoV (HME %, 1986, HIME- HFIT, 1987, Tabata and Gorie, 1988b; #
5, 1993a%} b), &€ ¢S dFoz Fu3to Xsor stmz dig Aalo)
ojz¢0, A2 o] wf-¢ BT ¥t ofye} Fojd we} AR P4 vl gl
AA aelve FAHE 7FA 2 ATHEM, 1991). 22y Te= wujo] o3
e FEAELE AL F Ue AAEE AT 200A FAOMRFA) 3
oj7} &R o o vi¢ HHF Yol oh(Fig. 2

2 d7e 4AE ddez dAol wE ALAE syl sl A,
1991 el Fr=g AETAA 28 Al (gynogenetic diploid) ¥R} ol5& A4Hg
Al1A F=3F AAARAA] 2u A (sex-reversed gynogenetic diploid) 31 2] 4]
T8 AR L olEd 3t Hjojd YA HAYA ARE XALEAT A,
AL 2uiA AT o] ES HABAIA FTT AL 2uiA) FR o
st A" AGR PR gk AAAE ol FASH B4, AL LG
H A3AAT A5E AU AA, ALGA A& AN+ Ae A
A 2oiA AR oS AABAA FEI AL 2uiA FRE YA
F Ae 71ee] BE e o]59 FEE AH oA Eddte BPFo= 4
A3t AT,

NII
0::
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Table 1. Number of natural spawned eggs, floating rate and fertilization rate
by mating gynogenetic diploid female with sex-reversed gynogenetic

male during spawning period

Date Water No. of spawned Floating rate Fertilization rate
temperature (C) eggs (%) (%)
1 May 115 58,000 - 626 425
2 114 123,000 59.8 475
3 11.5 145,000 65.6 48.9
4 11.6 186,000 715 56.4
5 11.7 198,000 69.5 49.8
6 11.7 213,000 75.6 52.6
7 11.7 216,000 77.8 40.0
8 11.7 672,000 78.6 54.6
9 11.3 216,000 72.2 72.6
10 11.8 504,000 76.2 86.0
11 12.0 288,000 75.0 76.4
12 12.3 582,000 86.6 86.5
13 12.3 672,000 89.3 91.1
14 13.2 672,000 82.1 92.8
15 13.0 840,000 85.7 95.9
16 135 840,000 85.7 95.6
17 14.0 768,000 78.1 99.9
18 13.2 708,000 86.4 99.6
19 12.8 420,000 65.7 86.8
20 129 420,000 78.5 86.2
21 129 384,000 81.3 874
22 125 336,000 85.7 86.0
23 135 768,000 81.3 98.6
24 14.0 564,000 85.1 98.5
25 147 1,440,000 96.7 99.5
26 146 552,000 95.7 99.6
27 149 768,000 93.8 98.1
28 14.8 276,000 78.3 98.8
29 155 768,000 96.9 97.2
30 15.0 642,000 93.5 98.4
31 15.1 288,000 83.3 68.7
4 Jun 14.8 36,000 66.7 55.0
Mean 13.04 486,343 80.03 79.92
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Fig. 4. Number of total spawned eggs by mating gynogenetic diploid female

with sex-reversed gynogenetic diploid male.
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Fig. 5. Floating rate of total spawned eggs by mating gynogenetic diploid

female with sex-reversed gynogenetic diploid male.
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2. w88 W 7|4

AT 2ujA AT JHEE ALY 204 F3l0) st Pard
gx9 BE gxol did ¥3& L 27|AESS vins] B3 Table 29 2
o} P F3lee AR PA7) 825%, B P27l 88.0% & BF P ¥
ZEQew (P < 005, 27AEE9] FIge AR A7t 06%, BF 9
27} 926% 2 AU ztel7F YATHP > 0.05).

Table 2. Hatching rates and early survival rates of all-female and normal

olive flounder, Paralichthys olivaceus

Hatching rate Early survival
Group
(%) rate (%)
All-female 825+6.27 906 * 221°
Normal 88.0+5.39° 926 + 227°

Values in the same column having the equal superscripts are not significantly different
(P > 0.05).

3. i

5313 109419 A48l 2A ZFE Table 33 #2o] ¢A ] HF vl go] A
A 2ufA AR GPEE AGEAY 20 A £ st QY A=
933%, BE 9A< 56.7% Aot wtM E2AHAM HLA A4S oful2 A}
8 AAEAA 2uA Al R ANBE ALY A SRS YR uE
ol 3] ¥ PAE AU + e Ao] AUHULEE a9 93t A

A8 gXE FFE AYR G A0 AT £ ATAN 20 FR Y
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Table 3. Sex ratios of all-female and normal olive flounder, Paralichthys

olivaceus
No. of fish No. of No. of
Group % Female
examined female male
All-female 60 56 4 93.3%
Normal 60 34 26 56.7°

Values in the same column having the equal superscripts are not significantly different

(P > 0.05).

AAGgE AT AA 2vfH] RS hFo 2 dB7|o) YL E FAGHog
ZAIS A BE g9 #Zo] Axd dRAXe JE #EY £ AU
(Plate 1).

A44d 32 F

Aol A o] F 9] AFE ALgSFze] 37 2 e, Moje A7) A,
AR Edx ¥ Fojo] Y2l TH LS A Uk BF A9 A
RS A AHEEHD Ju F29 Arigd FEUSC dE FE - MK
(19790 A7 37 mX10m, 843 8 m® o 95z AP 50~70 cm] 2
o] 12u}2l(L4A 4vtz], =R 8vle))E 1€F 1.8~24 kg9 Y5 & A3t A
FHoR AAATE FEIHAH. 2ETFAME d¥54ZE AZE 4 mX15 mo
PA ARG 47.2~715 cme gX ovlg 169t2l(FR 9vte], =3 7ulgl 28
kg/1¥8) #8FL2M 237 @ FE8IEHAN FA& - /MK(1979)} {ALS)
o olE XPo] Aol e AT gRlog AEeA YUY Ao AzEch

Fe FFIL o7 e L Al viNE G e g B¢
BB 5(1986)2 A& H+8 14~18T, W(1987)& 12~15T 22 3} =
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AFoME dAHA F2oly FF7E A3 F& AT, 2] 2
11~15CoAA o] FRAT +4& R F&Eo] ¥ W9 22 13~15T<
Aoz Yebgoh dx9 2 Aol distds TR - Hk(1979) 106¥ 7,
(1987)& 7097 ol EAFME 32Yte e AAAdF5r) 99 xR
Sl Wt #F o2 Yebdth W AB7NF IR Moy vl AP
F2 7 - 3(199DE 2670,000/H(FR BEAF 3,380 g), FTA - /JMk(1979)&
4,040,00070(L A2 AF 60~70 cm) Ao BAFAM = 172922270 (LA
TAZF 2490 g2 AL "ol o]FL M= Ag" AAY =7 g
e Yol A= Aoz Al ",

AtAEE do R4S 9 R3lge dA S Hrpsted oA 583 99
oz ZgFg 7 - HUPDE FAgo) AdATdle 476%, A@FIdE
63.5%, AtRF 7= 418%2 AAFFL 553% Jov, LA g F48
2 AFANANME 374%, FEF7IAME 541%, AHFFIAE 196%2 A
HHa-L 44.4% ATt

7 §(1994) S22S FAG AGLSAA 2uA £ BE X Mo 33
A AT JAZFAA st & do HAHAGEL B5%, HAFAHEL
67.8%, B A R5&L 636% Atk EAFAM e HAFRFEol 80%, BAFFH &
o] 799%=Z 7 (1994 nlste 23& 9 FAHE] F5F Aoz ey
AR PAdSs vy dAHoz #RF £ AU g2y FF A LA
A 2uiA GAF QR AT 200 SR Fe] Ao o)ste] A
of MAA FAYVS UF H2F 5 UL o2 PG

AAA gzle] Adulol] @M= o3 FFEA WA FAAT AT
AA AR 20 A SRR AHRFR AT G 200H AR 2ALd
of 9ated Aakd gxlo) A w2 HF 93.3% Ak 22U Tabata (1991)
E RS (L) AAgE LA 290A Rl A AL xfoje] An)

m[m

¢

flo

rr
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£ 123 AR 23, 43 fE&0] 864~957%= v Eghou 100%9
FA G AYetA RaAoh £ W F(1996)2 BE P(R)9 AH@H
AQEAEAG 200A) FAAR] AL thF ABlE ZAMG AT $3l9] vl go
16.7~55.4% Rt AL 2ujA] SR A A4S 2uf A 3
g ol 8% A& A GRS Hlgo] 95~100% Aok 2y B F(1994)&
BE GX(2) A A4 TG 2004 =R AFFAo 2dtod Pol
R A& 4A BEE 100% S Tk HY "o fAHA H4AA 7
Zto] female homogamety (XX)ti 7Hg3l¥ BB WX A T4 2u)4)

Z ol g AR ofn2 AESHAT T AEL 100% Lol Hojo} & Ao
2 BUHEL FF o] Riol BANE ok o AU ZA slojor & R
oz Azt



Plate 1. Transverse sections of gynogenetic diploid female (upper) and sex-

reversed gynogenetic diploid male (below) at spawning seasion.
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Plate 1. Transverse sections of gynogenetic diploid female (upper) and sex

reversed gynogenetic diploid male (below) at spawning seasion.
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1. XM=

B Agel ALgd WA WAL 534 AALAY A A} 4Hed
AEAAR A SR AANB skl 4B AolW, YEEA RE
AE SAFVFRNFE AWSTA AA0BE Faato| ek

2. 8 4 ARRE

1994 o] AANTE YA o} BE GAE ez 29tEoz 4y
st on A7 19959 10975 1997F 7971 A] 227043 oA 43

T AY73 AL X9 BE 9dA 1000 & 24z Abg-stdh. A gl
e ez ddn 4¥ort A3l et AMSFEE 300 ¢ oA 1
E FRP &% 9 58 Z3YE £ZX2 A4 FU31, Hole 1Y 23)(2A 104
&t F 44)) TEA7A FFAen vhd FFF HolFE TAEATH

Aol AHEE AlsE = AAIR(EE Aol AAE 2LAE(FA &£48)

E 1119 vlg&2 T3 F moist pelletE HEo] W0 B#sch vlgd
Z adlge AREH e AFS AARAZA F7HEAH pellete] 271 A
o7t AFgel a2} 2R AG. A8 A8 24T FES 4dvtE dx
¥, A9 AL Kjeldahl BAAFY, A2 Soxhlet 2 ¥ (ether &%),
Z3FS AU 24 EHATHAOAC, 1934).

AdEAE 1Y vid FHEeH, &4 PHS MY 1~-293 Y A
§F MS 222 (100 ppm)E PHHAIA 2%, AF L AF S AR 933
&, Ul HFHE R ABRAEERE T
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e

7t &% 8 (daily weight gain)&

(Fish weight gain X 100)

[(Initial fish weight+final fish weight) X days fed/2]
A7t 7o) 43 &(daily feed intake)

(Feed intake X 100)

[(Initial fish weight+final fish weight) X days fed/2]
ALE & 8 (feed efficency)>

(Fish weight gain X 100)

Feed intake

AEELS A4 vtk AEvte4E AFste S8t 4% 239 fo
A AA & Student’s t-test £ 3}

3. dH|

B4 AHEE AGA GAe AT 200A LA} AHEE 242
3 200 A FA e A e ot ALE YAZ ol HRF ALAR AR
£ ZAM8H7] st Ao o3 vl ZALE 23] HAAIFIATH 139 AR
7] 2 e APARH R AALTE A9 BE gAY BRE HAF
T AA42E A9 Bouin's fluid€2 LA A 711, paraffin® 2 embadding 3}
o 5um 2712 A3 F Hematoxylin-Eosin®. 8 G488 3t 49 BA
< @rjFoz AR FREHAT 2389 FAAZ|E Adadd Qx4
Aol d=zo] dRE AFAZE ZAPHLE Q@A) QAo MERY Y B
Hogfubel o3 e A4S HRldte WHoT ¢+ DAY A8
o)zt AR x’-testz AAEHTH
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A34d A 3

1. 43
AP FA FIW AR FYHE ZAEE Table 49 2TH YAE
g w5 o vtk YPHEL $HY A SN I BF 569% ATh

%<}
AT TG ALA A 2 BHF 9dA9 4L Fig. 7 ¥ Table 5 oA
B bie} Zo] AAsEe 2dA2 F&Eo] 7H5ddth 1ddle AYA g4
o} % dxie] AAolM K94 Atolrt e AF 400~500 g7 ooy,
2eAle ALA PR B dx4e AAoM F9HA Aolsl AlFs e A

% 400~500 g ¥ AEIANAA olth,

Table 4. Composition (%) of experimental diet used to determine growth pat-

tern of all-female and normal olive flounder, Paralichthys olivaceus

Ingredient %
Commercial blinder meal 50
Frozen horse mackerel 50
Vitamin and mineral mixture 15

Nutrient content

Moisture 35.5
Protein (% in dry matter) 56.9
Lipid (% in dry matter) 79
Ash (% in dry matter) 13.1
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Fig. 7. Average body weight of all-female and normal olive flounder for the

experimental period.



Table 5. Growth pattern and feed efficiency of all-female and normal olive

flounder during experiment period

All-female Normal
Period-1 (95. 10. 6~96. 1. 5)
Initial mean weight (g) 24475 244.32
Final mean weight (g) 423.89 41873
Weight gain (%) 73.2 714
Daily weight gain (%) 0.24 0.18
Feed efficiency (%) 69.47 51.59
Daily feed intake (%) 042 0.34
Period-2 (96. 1. 6~4. 3)
Initial mean weight (g) 423.89 418.73
Final mean weight (g) 516.61 487.11
Weight gain (%) 219 140
Daily weight gain (%) 0.38 0.20
Feed efficiency (%) 7452 65.01
Daily feed intake (%) 041 0.31
Period-3 (96. 4. 4~7. 4)
Initial mean weight (g) 516.61 487.11
Final mean weight (g) 581.27 52381
Weight gain (%) 125 75
Daily weight gain (%) 0.32 0.24
Feed efficiency (%) 83.7 71.0
Daily feed intake (96) 0.38 0.34




Table 5. continued

All-female Normal
Period-4 (96. 7. 5~10. 23)
Initial mean weight (g) 581.27 523.81
Final mean weight (g) 932.44 810.75
Weight gain (%) 60.4 54.8
Daily weight gain (%) 0.58 0.60
Feed efficiency (%) 51.2 338
Daily feed intake (96) 0.32 0.30
Period-5 (96. 10. 24~97. 1. 19)
Initial mean weight (g) 932.44 810.75
Final mean weight (g) 1462.0 1145.94
Weight gain (%) 56.8 41.3
Daily weight gain (%) 0.52 0.39
Feed efficiency (%) 51.2 338
Daily feed intake (%) 0.32 0.30
Period-6 (97. 1. 20~97. 4. 30)
Initial mean weight (g) 1462.0 114594
Final mean weight (g) 1528.3 1198.38
Weight gain (%) 45 39
Daily weight gain (%) 0.19 0.16
Feed efficiency (%) 23.7 20.8
Daily feed intake (%) 0.18 0.14




Table 5. continued

All-female Normal
Period-7 (97. 5. 1~7. 31)

Initial mean weight (g) 1528.3 1198.38
Final mean weight (g) 1613.98 1286.21
Weight gain (%) 5.6 7.3
Daily weight gain (%) 0.18 024
Feed efficiency (%) 31.2 350
Daily feed intake (%6) 0.21 0.26

7b. 1€7] (200 g ¥} 400~500 g 7}))

APAIEA(95E 109)9] AR 3 AFE AAR GA7E 4z 27422062
cm, 244751204 g X, BF WA7t 27.92+058 cm, 244.32+2.34 g Hth. A
713kl }E AgAe] M B AQF N6 19)9] HAAFo A
Z P27} 423.89+206 g, BF WAIZ} 418731190 g2 TG {27t
ARAch webM 400 ¢ BF(HA 30 cm) AAE FHGL 4 zeole ¢l
At

U 29A (400500 g B€ 1200~1600 g 7FA])

APF 3749 149)9 B AFo] AGA A= 42389£206 g, &%
HAE 418731190 g2 FHIGLA FAx7} Aoy 1 o] RE AR o
X7t % |xEch Qo] welx)y] Alzste dEF 671496 4¥)) BT
AFL AR G 7} 516612852 g, BE Y7} 487.11+£863 g2 TG
of f#a7F U7l AFSATHP < 0.05). o3& xtols AR w2t ¥4 A
A AEFEAY HEAFE WA YRt 50291490 cm, BF G} 47.72



1304 cm, BoAFL AYA JA7} 161398+E2257 g, 25 Y7} 1286.21+
59.14 g2 ALA A7} HFAANAM= 287 cm, HFAFAME 327 g 4
#}o] whztcH(P < 0.01).

2. MERE

AU Gt BT | ZF AT we} AlsES0] Yolxe B
HARA T ALEF L & Adol gy HEE BAY & 9X9 A vn
2 23 9¢Y, 108 2 11¥olle AlEE &0 70~110%2 3] ¥3dgoy
F2o] w2 12€7 19 ¥ 2¥9E AR E80] 50~20%E FRHFig. 8). A
AY7|7ELY HAAREEE S B AYR X 665%, BE G2 62.7%
2 ALR dA7t FEsod FdAte AJUT AIRE S-S AR v
B AGR PR7F BE gXol wiste Zgo] welx)y) Alztste 96 49
B ALAR A Algago]l B dAlo niste GEdtr] Alztsled AlEE S
7 Qe APP BAE 2

to

YLFTEL ARSI A FasAT AR E L9 W39} patterno] &
APstEih 43717 E¢ 343 bEgle] 0.1~06% &2 |AsHAHFig. 9).
FRAGD dLFFEL vudd dA FAdo] A} =& S e

Aol HHAEL YNFFEH LT Aoz JATe wet st
ZasrAHFig. 10). FHENY o] AFHSE viwstd AYA g7t
BE ARG 4t 52 @S EAoY FYxe AU

El

-

4. dy|

vl ZAL A= Table 63 2o 4319 H7F v &L AYA Jx|7}F 97.4%,
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Fig. 8. Feed efficiency of all-female and normal olive flounder for exper-

imental period.
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Fig. 9. Daily growth rate of all-female and normal olive flounder for the

experimental period.
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Fig. 10. Daily feed intake of all-female and normal olive flounder for the

experimental period.



Table 6. Sex ratios of all-female and normal olive flounder, Paralichthys

olivaceus
No. of fish No. of No. of
Group % Female
examined female male
1st All-female 30 30 0 100
Normal 30 20 10 66.7
2nd All-female 38 36 2 94.7
Normal 32 17 15 53.1
All-female 97.4*
Mean b
Normal 59.9

Values in the same column having the equal superscripts are not significantly different

(P > 0.01).

BE x5} 509% Hrh APAFAA AL TR T 13] FAle)A
' AYA GAE ZF 100% FAeE FAFHAOY, 471712 23] ZAb A
© A Ao qhute] o ¢ = HAo Hlol o3 HMAYA YR FAA L

94.7% Rt

AN4A 2 H

WAe) 4L oatel £30 vst Y58 MZZZURM %, 1983 A -
NBHLLL, 1985) HYR WA A FA ANH Sl tigs Fasio
(Tabata, 1991). A3 YXo) 4BS B MM(1992)e 231% 50 YA2 A
Zol AYA WA} 75~98 g REF WA} 69~87 gz TYVT FAKSHA
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A, B31% 13044 AFS LA PX71 338~381 g BF A7t 259~
294 g, ¥31F 23R AF L AL YA7} 400~1300 g, BF GA7} 350
~900 g2 2 MAA dA9 ARo] ¢53A

EAFoAAME AFAAA(HYE 109)9 AFS AL GX7t 244.7512.04
g, B% dX|71 244321234 g dov A4FF UL 19)9 HF A F o
A2 GXE 423801206 g, T Y€ 418731190 g 22 FHG #
o217} giloy AEF /L A(%E 49)RE TR K7t Yo Al
25t ATHP < 0.05). ol & HME(1992)9] ZAxel nimstd AL G2 4o
HE GXRch weas Aol i Aolsgtt

Bl - BF(1988)2 AN 2uiAIet B HAE TLFZYA #3F
22143 A% A BE |Ae Aol ¥3ddeni(P < 001) 2 olf=
AR Al FRAH R EQHS7] W TLE Holo T AA
AAM BE Yo uldtd ZAo] I3t gFolgtn rlgdtgth gl ¥
ALA GAx BF G219 F48 F2AAM M2 AAATNEA 4FS HES
E Zart JE FeE AAdn.

AR A S R AUFFTEE AT A Holo] A gAY SHoA Wa3
o3ttt YBFF gl A% 27 dAlol dAS gadle 4L oAt A
FETE AFEE 4G T AMFo] U A8 FH &0 BolA|n
AtE S BYx 0lEEx TATS Yu|sitt zujBe(o] §F, 1995) ¥ dn
71(Lovell, 1994)9} ¢ oA 2717} Aol we} JolHdFHE L YNEF &
o] Zadte AFES EAoH ol UREY oFfo FEFHE dMold dY
T35 €0 7] @AY o= AR FH3] FAES B W, 99 Bse A
o DA(100 g)olX BAol 713 BusA o]FXx &S ¢ F Youg
ol 7IZkF o] ALg @7t 2ol7] o]F o] YA i3] FoF Aoz NAH
o2 A¥e 49 534 MY fld AR 2ALE A7 430 AAY o
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& % AFAHA 72 AF Aol AF stress WE2Z 7]E9 FA Aol
Blate] Aubzog Aol =Roy A4 APAHY #E2 Y AGnE 3t
HEAE B0 o U2 4FE 71U £ Ae AeE AzndEn

_63_






H4& a3 G| Wil de

A1AR A E

ofFoll M AAMTe APJHAYFL A FAISIA L o] Axo W] &
FHH 5L b4 g2 A4F7E sEsEr] AliMe dEAE € A
HA HAol A4 XAl ojol gtk FHA L HAF G AR AFR= AE
o7 GRAE Gl #3 HEEH A7 (Selman and Wallac, 1989), o1 7
o] zt Ao AME % EAAYEI(Gurays, 1986), Fo] A& AFH(EE
#8,1982), WAL AsABGEE, 1974), diel Fxe wi¢R A=(E¥,
1989a), A4 729 vi¢-2 FA(EHE, 1989b) ol AU

AT A7 Feldt ] Q7= FE PIFE FHLE o]FojRe
FQ dF 2= F%8°)(Gupta and Yamamoto, 1971; Yamamoto and Yamazaki,
1961), $AF2}(Yamamoto and Yoshioka, 1964)oll A AHA|3] & Mo} sj4tol &
M e Fuol, PEHAA A7t olFolMoH, AR FAME EX7HA
oo} AAME FAAAE T 77 AT

2 dFolMe ARG 2uiA 4R R AR AR 2uiA FRe
2 5F "Hojd HAGA A9 AL FE XA Al dAg FA9
271 R e A% ZALE AASAH

A24d Az = Ly

1. ™M=z

FAlolE 1959 SAFAZRMGFN ALY 20A FRT AR
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B AT 2A SR AN st 3T HYR GAE o]
£33t ol dExFe2 HE WX E ol&syrt

2. ARy

Agels Bele #5402 YD 4¥ol7t 4ol te} ALFF2E 300
¢ N 1E FRP 2 % 28 FRP 22 §7 31, Holt 19 2524
10/ 2% 4A) WRAZA FFSA YA B 2ALE A AEE 4
237t 489 ¥ 2AGHo2 P5rt FRe TEHE 2719 AF 70 g¥
B HE2 4%sted 2432 7H & s 271 A% 80 g AAE Wae
2 Btk 800 g olFS) Az e NI Brupdel st
el g BEsd ZABIY

3. AL e def =AL

>
oxl

12 WAE AHs 3T RAS 25T BRE 2 F AL
2381 JeNoz ZAFRL B0 BASUY. ZHYERY

€ Bouin's fluid® 1A A}7111, paraffin® 2 embadding3t™d 5 um
<t
AL Wg dEHle 8rlZoz HASY FAEIAL
A34d Az g 3%
Yurz o2 HE Y= AT F7le A Ao £A 718 (Fig.

1D, 23y A3 @2 270 AFo] T/ B7stn Yoty 7

A7 A9 F718A] At (Fig. 12).
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Fig. 11. Variation of gonad weight of normal olive flounder.
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Fig. 12. Variation of gonad weight of all-female olive flounder.
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A g Adae 7|2 Bol AF 70~200 g, A5 200~800 g 2 A
Z 800 g ooz F¥o| 7hs3tdt

7y AF 70~200 g9 ALR gA
HF 70~200 g 7HAS] A3 X9 2} vlElgE 48viEl2 BF A9
T RS JAAT AF 70~200 g 7hA] MEA G A AL =ZAE
BHaEAFo] 1452 g(HY 706~199.7 g) o]y AA Ao HAF A= 031
g(M9 009~1 g Aok BE ¥gx9 43 A4 A7e HEFAMFo] 13403
WY 743~199.1 g) o1 HAie HFRAE 054 g(EY 02~092 g) KA
t}h o] 5 FHEY ¢AR AL FAVE vas) Ba AR P25 BE gx 9
57.4% Aot £3] ¥ AYA PAdMes HEAFol 170 g(E 9 150~190
g) Yol BEFsn A2 HAZAE 012 g*¥H 008~0.15g) 2 BE
X9 222%°) st wiAGH o2 a7t AYcH(Fig. 13).

ke
rg

|
M

U AlF 200~800 g ALH g

A5 200~800 g 74 HLA g9 A} slElgE 66viel 2 AL 580

, FARE 8utE] Aok ALA Px BHEAFL 3482 g(*F 9 200.9~7189 g)
ol AAie PIFFAE 139 g(HY 01~612 g) At BE G319 HTA
F2 4316 g(89 2008~795.9 g) ol AAhe FFFLAE 341 g(EY 072
~954 g) Atk o1& FHGY 4R WAL AVE viws) Bd ALA JA 7}
B% 929 408% Ath AF 200~800 g IALA PR 4L mrnez
B o 225202 UE £ UAATh AHUA 15 BF A9t 2ol AAa A
FARJA 2718 7HAE 25oln, FHA 15 WA A7|J) niZAHe 2
e T EOIUHFig. 14). o|FA AA A9 A7} e 2§ AF 70~200

g AGA QA Tl AL A717F T3] He Fol AFe Frdx BT
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Fig. 13. Relationship between body weight (70-200 g) and gonad weight of

all-female and normal olive flounder.
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Fig. 14. Relationship between body weight (200-800 g) and gonad weight of

all-female and normal olive flounder.
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s AAae 3717 A Aol HA ged 1 Aol AE ReE #dy
Aok 2y AF 400 g olFolME IR AMAE AT diFE BYA
HAe AL 2717 BF 929 FAFIATHFig. 14, Table 7).

S, HEA dxF AT A ALV Ao wEaA X A
€ dAdoz xAHoR AAHALE BEAT A, dadld REHOZ dEA
I EEY ¥ 2% dAME AL G2AEY £9 T4 £ F AU
(Plate 2).

Table 7. Gonad weight (mean®SD) of all-female and normal olive flounder

Gonad weight (g)

Body weight (g)

All-female Normal

~ 100 0.18+£0.08 0.22%+0.03
100 ~ 200 0.45%0.31 0.62x0.16
200 ~ 300 0.75%£0.79 112%£0.35
300 ~ 400 0.88+1.05 2.09%+0.26
400 ~ 500 3.19%1.89 4.18*+1.48
500 ~ 600 2.36£2.08 3.66£0.65
600 ~ 800 5.73£1.33 7.19%£2.28

o A F 800 g °lde AAA |A
HE gdae B A>d717F HE AF 800 g o143 ¢RALE R A A7)
T3] AAYAM EFE gsid dAsdE d€ £ AT BAFEAAME
19965 At&7]d A F 800 g o149 EE WAe UiE 538 7HA £
o] 7kt FEA FAE AF 800 g o)FAME AFo] Y53 YR
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Aol d=de AT UL RAFEY GRS o1 vj&d el Ao
Hol Hx2 o] 7hsd AlZ7le TG Aol e Aoz et
sy o5 1997359 Arlee AEA AR ZAHo] o]FolH
Agole 27 9l Aoz JvegRn 2y 489 A E dAvt
Z1@H oz wEste @77t Holx AFHA wid e 3 R

2. 739 daa e

TY3 AFAA FRY AL AVE GutFHoz I3l vlgte g B
ofel A24e Ay F/E &E3lth BAPAME BE g AFo] F7}
SAAM Lo RAE FsAw Ao W3 glo] W 046::029 g(H Y 0.12
~1.05 )& JERAT ALR A= AF F7le} A Fa7 AR A
A7)E 0341029 g(¥ 0.11~085 g) Avh FAYzto] H2o] 7S ¥m
3 R 49 A$e o] AF 100~300 gl BE Px|o] nldte] A4
a2 A7 AAT AF 400 g o) FREE BE dA Fi9 2L INE
e A th(Fig. 15). 28y =39 A ZAE AA7)7) gdy F48 7
Zrell Apojzt Qlol 5 A= FAE FFY F7b AU

¢, AGH 9 AD F UEd FARE s 2P0z YA E

w3 A3, BE g9} go] £EFQU AAE #EY F UAHPlate 3).
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Fig. 15. Male gonad weight of all-female and normal olive flounder.
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Plate 2. Transverse sections of ovary of all-female (upper) and normal olive

flounder (below) at 300 days after hatching.
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Plate 2. Transverse sections of ovary of all-female (upper) and normal olive

flounder (below) at 300 days after hatching.
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Plate 3. Transverse sections of testis of all-female (upper) and normal olive

flounder (below) at 300 days after hatching.
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Plate 3.

flounder (below) at 300 days after hatching.
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A5 & HYH Hxo RHEH 2

A1A A &

1. Isozyme &4

dutz oz o)Fel UM FLFY AGAGNS B8, AT B8] AU
B EF7A isozyme FH AL o3 L= FAHAFY = FYItn
B1EojA glth(Kijima et al., 1986 ; Kijima et al., 1988 ; Park et al., 1990 ;
Park and Kijima,1991; Park, 1992). $4F W9 #MFold £HAE TEXF
(sibling species)oll @3+ A7E ol M3ty Qe AME-FolA Bo] Bis
o] Q2 (Chow and Fujio, 1985, lkeda et al., 1991, Fidhiany et al., 1988) ]
g sy e Evta], Pleuronichthys cornutus 289 ©3 HF(Park et al,
1994)8} & 2 T34 Folo Fe) ¥ FHE A Folo #E AT (Yokogawa
and Seki, 1995) &°] HFo|t}.

olo] ¥ A7 AU 2 AAT AAEAY AL 2uhA FAH
o 9ate] AAE HER dX 9 KA E4E 47 A% isozyme B7NFF
HE o] &3l Y7o meto] HErtE RABIL BE Xk 78S
A3 FHAH markerE sl HAISHAT

2. 0]EZc=2|0} DNA (mtDNA) 244

B9 APz ¢ FHFH EAL gotdte oz =E Y [FHA 39
FAAE FAo g e EAHo] oy o]F 39 DNAE A0 & v
EFfcgol DNA AL AU F12 B & #AoHA e F719



g 9 wujo] o KA EFE Bfolx ZHAIBE] Jtedde T
o27}A) o] el o FHAH FHog 7|HE T YH(Avise et al, 1986;
ARE, 1991).

155ES vJEE=2ol DNAE ¥ DNAg: e =dHo d= 84
o] DNAZA F 7147} 16000~19000 bp =15 &ul DNAe] vl& =3
ztol FHFo] HWIY Fg&T7 5~108] FE w2 Huso U9
(Brown et al., 1979; Ferris et al., 1983; Brown, 1983). =3 7j Ao o =B
A7 EA8Y RARRE e HolM FIFTY AN R T /A
Z 235 JAIFAH, 1&g FHPANAM dtdte FHH EH22AM KA
soin geiA Qlo], AR g oFel da 77t HAAY J¥H
= Arelolth(Berg and Ferris, 1984; Wilson et al., 1985; Avise et al., 1986;
Billington and Herbert, 1988; Ohara and Mori, 1989; Bentzen et al., 1989; #X,
1990; KB %, 1990; Ovenden et al., 1993).

£ AFdMe AL 2uiA e} FAFE AGEAAL 2 Ao st A
AE AR A7 BE A KAEH 2|zt A=A BE A4E @)
Al w[EEZ=zgjo} DNAE £stn e AFaLeA HDg dddHo
Zo] th¥(RFLPs : Restriction Fragment Length Polymorphisms)& ¥l &£
At

3. 4¥FEE { 547N

/31

Hr

Growth hormone (GH) (Niall et al,, 1971)2 #HFFE9] Xl AGalA
wolse Eeygels didz A 43, dua F4Y, AW BilE FJde
e z‘&"«]-(Komer, 1965; Raben and Hollenberg, 1960). £3] ZAAYXE =
ANA ZHE ZFATH, o9} 2 GHol 3 239 HFaAE HEF7)
FMgo 24 vdeidg. 2384 AEFYE A FJde Ao ofdn ©A
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ol A8t AvlE2ElE (somatostatin) o2t e AAEAaMe] A A
T FEA7IL, AvtE2ER] M Eo Y Mgt X

GHY diAtazste ddsit. Az dud 48 £3%
23t A2 2832 2a¥S(glycogenesis) S A En, AYS Esa
AqUAZ & F UTE ALdirtel AlEE Aok 4 GHe 88 2o}
ZAA Ballg Auito] o Loz wEEth AWAe oz gy o
¥egdoz HFH g8 oA o Loz wadg w8 GHe 28502
AHite] B3g £XAF17] BE o] KoM s AWe Al duAde=
o] §3HA ZYIAE HEITF Z4ETH

GHE < ™¥(insulin)® 28td 7158 73 ok Aede) #urt 433
o] Aol o8 FAHE o GHE 8339 4o os) 2"} w3

=% dAbel disidE Az Avte a9E Jebdd & GHe A¥ite ¥
3o r Ao FHFE F/MLLE £ ZHNWRY 2T F
g Attt mets s o dojue A¥F Aol s GHe 4

olN
>
o
Jh
)
re
i)

o
fru
X
o
o
tio
H

Nl

we 28e st ANYoZE YIB) FYL AU GHY FE7} @
A&o| HDZE o Wt A} F 3~5A7 F2A oy T Eojg &

A
rir

FEFH 2 SHo] Y &M FFH7] AZE dolnt. FFAHEA
o] 2]9] ZAA9] GHE sHFHAAYE dA s FTFAREAN TxF
A8H0E AMEEEE HESC

oJF e GHe t& HFFE9 GHS virtAZ2 HatgAoA Eulso] 7)
Aol e AT A 715 713 99A 32 ol 1980d Y %
RERE FH, A A, A, dH 2 XHF GH /A7 2 s 23S
R, HIole FiAEokedlA GH 4HA fE&AHo 2 A3ty Aol(Sekine et
al, 1985), ¥-#7R4:9(Agellon and Chen, 1986)), #A](Sato et al., 1988), ‘g x|

¢

\I

¢

(Momota et al., 1988a), &% (Momota et al., 1988b), &= (Rentier-Delrue et
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al., 1989), Wi&oi(Saito et al, 1988)5 B2 oJFolA GH # A7 Eal=qinh

AEAdle 8748022 FE AYUILE FAst2 AE A48 o|F7]

At o2 dAAM 84 2 dA3te 71FS YR oy, o]F 2

o] W3} heat shock protein (HSP)olgte @A g utEo] LT At%o|
o) AEA &8 H=HCraig, 1985). HSPFo| & A2 conserved
&tA R3tH o] & HSP70S 2% 5ol &3t duide) vy g ojFo A&
A7F &= HAE 7FAA stAWY(Hahn and Li, 1990), &3 @A 9] folding,
assembly$} translocation®l = &< 3t} (Chirico et al.,, 1988 ; Beckman et al.,
1990).

2 d7e BT 9Art AR 927 9224 GH /A 732 ¢ U¥
of dFE& vA=AE A8 A5t LA FA 9 GH cDNAE RT-PCR
2 FYstd G7IMES B5 dXo GHY vin EA3dz, =3 AL 9
28] ZHAREE £t 2ol 2% HSPY &4 WHstx: ZAleth

1. lsozyme &4

2 A7 A8 ALA dxe 191950 AF4he A LA 2ufA] 3R
Z o] & AABAZD AQEEAR 290A FHA o] AT 9)dte Adatd A
< ol&sen, d2FTL 7€ FAHL Je BF PAE AHEEAH.

Isozyme 242 A% 2L JLA YA€ st 3, 25 % £8 HE
& -80Ce] W& Bag F 44 #Fstq ARG AE A H7FF
o ol&) HEE A4 L ZZFL Table 89 YEIAALY isozyme T2 G
2 Kijima et al. (1988), Park et al. (1990) 2 Shaklee and Keenan (1986)<] ®}t
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Table 8. List of examined enzymes, tissues and electrophoretic buffer

Enzyme (abbreviation) Used tissue Buffer*
Aspartate aminotransferase (AAT) muscle, liver T-C
Alcohol dehydrogenase (ADH) liver T-C
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) liver T-C
a -Glycerophosphate dehydrogenase ( @ GPD) muscle T-C
Glucophosphate isomerase (GPI) muscle, liver T-C
Isocitrate dehydrogenase (IDH) liver T-C
Leucine aminopeptidase (LAP) muscle T-C
Lactate dehydrogenase (LDH) muscle, eye T-C
Malate dehydrogenase (MDH) muscle T-C
Mannose-6-phosphate isomerase (MPI) muscle, liver T-C
6-phosphogluconate dehydrogenase (6PGD) liver T-C
Phosphoglucomutase (PGM) muscle T-C

*Tris-citrate (pH 7.0).

e WYt ALGStRT. §9, A 2 AP A 542 Shaklee et
al. (1990)9] Wl Wit}

2. 0JEZ=2|o} DNA (mtDNA) 24

D A&
Agoel AHES AR PA= AT oA GHgE AT AYAG 2
Aol oJatd Add AL AHEIANLT Blu EAHEo=r FHMIu e BF
HAE AH8stan.

K
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2) i EE&=¢glo} DNA (mtDNA) &8

Zz2o2XE PlEZ=2 o} DNAS £d3te #A L Fig. 169 UYehH A
WAzt FE AAZRE Ddiver) T Hegg)d AL I H ¥y ©

25229 A A37) 938t 025 M sucrose 422 33] o]A MA3t 30 ml
9] 0.25 M sucrose-TEK (50 mM Tris-HCI, 0.1 mM EDTA2Na, 1.5% KCI)
AFZ A7 §7 ice-waterdl A FA3AAM HEE vpdt FASAIY H A
Agested FFALE Han ALY LEE Y3 vEZ=FYol £ I
Hoz2x Festde

sfEEcgjol £deA DNAE £e3tr] At A4 &3t dojz A
Eol| TEK £9® nonidet (P-40)& 73t Hol EFol 45 mizt HA 3
H 0C oA vEE=zol & §aA71 A% A 04 N NaOHE 3718
£ o8 alkaline3} AlZA T ©]ojA 1 M Tris-HCl (pH 7.5) €48 H7}% 0Tl
A 1Az B AA st 8Ag FA3AZ § 3 M sodium acetateE 713}
o mExe] GwlA RNA % nonidet (P-40) B&AE AAs7] Astd 94
Atk AL G GaiH e ARA R £84 @A g A
Asl7) A3l FZF9 phenol-TE (10 mM Tris-HCI, 0.1 mM EDTA-2Na, pH
80) §HE Hrletd 5E3 YA AT H A2oAM A& I}
o9zt g 33 wHEFAh thE o2 FHF phenold AASY] At F
29] chloroforme 7185l QA ESPgen o] =A% 33 uwrEFH Y}
chloroform *}8]¥& A% 92 micropippetS = N # 3 = 1/1082] 3 M sodium
acetate R 2uhEFe] W2t ethanolS ¥ SHAE F=EHA & FH -20TalA
overnight AlZth. oA & A4 &3t mtDNA HAE 3431 95% ethanol
24 A 5 dZAAY A2 mtDNAY TE €4 Hge Hrsied ¢
A3 §3A17] A AFEE Xel g sample2 ALE oD AP AR 4Tl A
B33t
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About 3 g liver or egg
. 2

Homogenize

4
0.4 N NaOH for 7 min.
4
Neutralization with Tris-HCI
4
Add 3 ml of 3 M sodium acetate
L 2

3 times phenol and chloroform treatment

2 2
Add 1/10 vol. of 3 M sodium acetate

and 2 vol. of cold ethanol

2

Store for overnight

A
Dry the pellet and resuspend it in TE

L 2

Store until using the sample

Fig. 16. Basical procedure of mitochondrial DNA isolation from all-female

olive flounder.



3) AgarAaA

2 g7 A8 1059 ATdaL FTH L 259 U4 wFgL Table 9ol
el ot AL dRe Ao 2 RE F53 vEF=2ol DNAE A& &
22N ADAF7] A 4ToAM BEF v[EE=e]o} DNA sample 50 uiol
2T SHT H U, ATFEL S &5 10 ul, RNase 4 ul 2 AFaEL 141
£ &3t waterbatholl Al 37CE 7A1ZF ¥H&AIZTh %8 £ 1/10 volumed)
sodium acetate®} 2 volume®] cold ethanol& #H7}st] -20TolA overnight
A1 F AU E23td mDNA A& 431 95% ethanolZ AT 5 Ax
AZh Al&slA 2 mtDNA A A TE 15 ul2t 40% sucrose-BPB (Bro-
mophenol blue) E44 10 ul& EF3Y H7|FFE sampleZ AHE3tQ .

Table 9. The restriction endonucleases surveyed and their recognition

sequence
Recognition Recognition
Endonucleases Endonucleases
sequence sequence

Apa 1 GGGCC{C Pst 1 CTGCA |G
Bam H1 G| GATCC Pou 1 CAG ! CTG
Eco R1 Gl AATTC Sal 1 G| TCGAC
Hind 1 A | AGCTT Sma 1 CCC | GGG
Kpn 1 GGTAC | C Xba 1 T | CTAGA

} : Cleavage point.

4) Agarose gel A719%
0.7% agarose gel®] 432 70 ml TBE (89 mM Tris, 8 mM Borate, 2.5
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mM EDTA-:2Na) &%l agaroseE H7lste 7g&3A1712 1% Et-Br
(Ethidium Bromide) 84-& #7lst A2olA nFIAATG ¥ E gel
combell EBIE H7|YFE& sampled FY3t1 submarine typee] H7l9%F
A|(Takara HE-13) oA A719FS #F3ATHBOV, 4hr). A714F F geld
UV transilluminator ¥ollA] A}21&#9 S 3P}

5 AFEL 2% mtDNAY F F7iuF =3

agarose gel ‘3o et ALA gxo mtDNA A9 ©@He] & IS
F4387] ot AddH g7 A7t P EH Je Hind Mol o8 23}
¥ ADNAE size marker2A] Al-8-3td 7z} AFEALZA A3A)1F] sampledt
Y gel FolA HA7GFE st vwsAdch vlw UHL vl graph &
Ao Hind Mol 93 239 ADNAQ A30HE 9yoz BE A3 olF
Aejs} ojn] AHA U= HEGH A7) E plotst HFHE FAAsta o] &
Z1Eom § F AEY APdHY o]FAYE HBH LAAA ArUFE
F335t At

3. d¥zEzE A IEHRYUX

/11

Ar

D Az
AEo AR AAA GAle AL A} JHEgE ALY 2u)
Aol oatqd A4rE RE AMREHLY Ml LR FA3n UYe BF
HAE AHES AT
2) ALA YA ZHE total RNA 23
LA PR HsFAZRE total RNAE #2387l ¥sted TRI ZOL
reagent (GIBCO BRL)Z Al83tgtt. #2ld H3t¢AE 1mli®] TRI ZOL

reagent 1 A} homogenizatione 3+ ¥ AF2olA 587 wx|gch 1 ohg 02
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ml9] chloroformg #H7}3l3 1523 £ & F 294 2~3% W3}
4 °C, 15000 rpmell A 15837 AL F 2FS A tubedl] &713 A7)
0.5 ml isopropyl alcohol€ #H7}3ttd 2 )& 10837 Aol A w811 4 °C,
15000 rpmolA AAESH wwbe vide] HHMEo] Arled o IMEo)
total RNA°]t}. Total RNA I H B8 75% ethanol2 Zt@3tA HojF 1 AL
AA 5~1087 ToE ¥ HA LY 23 FHFF total RNAE =g

3) First strand cDNA 4

ALZA YA total RNA 1 xg3} GSP 1 2.5pmolesE DEPC-D.WEZ % 155
2 42 o3 70T, 10EF icedlA 17 A8FEh 25 w0 10XPCR buffer,
2.5 p£2] 25 mM MgCly, 25 1£9 10 mM dNTP mix, 25 #£2 0.IM DTT, 1
¢22] SuperScript II RT (reverse transcriptase)® RNA sample®] #7}3 &
42°C, 5027 WHEAI711L, 70T, 1583 WA gezq 3-& g, 1 98 1
2] RNase mixE H7I3F § 37T, 30¥3 vhgA17) 1 tgs) 9488 %
-20Coll B@3hct

4) A4A YA growth hormone cDNAS #g)

Full-length growth hormone cDNAE #8237 st YA gx9
growth hormone % XHThe Journal of Biological Chemistry 264, 312-316)¢)
53 3 9 G71MEE 72 primer fGH1 (5-ACACTGAAGAACTGAA-
CC-3'), fGH2 (5'~-ATGAACAGAGTCATCCTC-3")9} fGH3 (5'-GACTGAA-
TGAAATCTTTATTTGC-3)& A&stgth dX mRNAE cDNAZ 1A
3t o5 YA A9 full-length growth hormone cDNAES 94ColA 1%, 55
TAM 18, 72CAM 289 £AE 30 cycle® PCR ¥rg& F3dic} =29
DNA ©HL gelZ2HEH £8 3o T-vectordl cloning ¥t}



5) DNA E7IX¥d 233 &4
DNA sequencing< Taq DyeDeoxy Terminator Cycle sequencing kit (ABI)
& o] &3l dideoxynucleotide chain termination methodZ < 313%lt} DNA
sequence analysisE DNASIS program (Hitachi)& o] &3t}
6) LA gxlolA THARZ £
A EE two-step hepatic perfusion WHE WYso E3ATt ALGA
YXE 001% p-aminobenzoateZ vt & ¥, 2+& Rt Ca’-free buffer
solution (110 mM NaCl, 4 mM KC}, 1.25 mM, 25 mM NaHCO; 0.5 mM
EDTA, 5 mM D-glucose, and 0.2 mg/ml heparin)ol 1083t &2 ¥ Ca’'-
collagenase buffer (110 mM NaCl, 4 mM KCl, 1.25 mM, 25 mM NaHCOQs, 2.5
mM CaClz, 5 mM D-glucose, and 0.05 - 0.1% collagenase)oll &2t} 7HS A
Moz AA B3 F collagenase perfusion bufferol Al A3 3] shaking3tad
A 1587 3 g o g Rasith ZalE THEFE 500 rpmolA 42 AHE
2]t A MEL Leibovitz's L-15 medium& thA] £33t} ZHHIX Leibo-
vitz's L-15 medium supplemented with 10% fetal bovine serum3} 1%

penicillin-streptomycin oA &3)3ld 20+0.17Coll A vl 3} Hc}.

7) 9% 7, metabolic labeling @ sodium dodecyl sulfate-polyacryamide
gel electrophresis (SDS-PAGE)
20ColA vigFst U= TFAEE 23T, 25T, 27T, 30T, 32T, 35ColA 24]
Z+E<F heat shocke WA [®S]-methionine (62 4 Ci/ml) 22 labelingdt ¥,
phosphate-buffered saline (PBS)Z 2% A& 3}3 2 X Laemmli sample buffer
(LSB)ol A &388tHt}t. Sodium dodecyl sulfate-polyacryamide gel electro-
phresis (SDS-PAGE)3}7] 18 ©@9dE 100ColA 387 boiling 3Tt
SDS-PAGEE Laemmli (1970) ¥l we} 12.5% polyacrylamide gelollA 4
Al 8t k.
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A32 Az ° 2%

1. Isozyme &4

1) Isozyme 49| &A=z

Ao AMRE HAAA PA L BF dA A A 22F 9 54F 12709
Aa0A fAAF} FFHLE HEHUD 12708 E4F 119 zonel &
Jehd 1719 4382 339 A4E 670(ACP, ADH, o« GPD, IDH, 6PGD,
PGM) Atk 2709) zonee @ Ueht 270 43ARE 3" "AE AAT,
MPIE 2719 E49en, 379 zoneo 2 372 FAAHE FAHE fice
LDHS} GPI 9ot 4719 zone2 2 4709 FAAFHZE € AL+ CK, MDH
¥t o]FolA CK, IDH, LDH ¥ 6PGD2] 45§ &AM Wol7t #ase
U F31aze 8% zolE YellE §AARE i

A Ao BE dAE FEIE {3 A marker2A4 € 9] IDH 247}
71 A e olAie] {AA W E o83t t-FAE AAE An
959%2] #9 FEAH FAa7t AU

2) 34 2ol
AR da g BF dAAA vebd gy Fd2e] MxE Table 1091 et
itk =AbE 24708 F2AE F 2700l e YR AAE 7R FHAET)
AR GAoM e 30, B dxlolMe 2747 @3] T3 o] A9 F4}
F& Jedideh &8 24719 /AR F FADA AN F digRHHA
o] 927} & B7] fx A (divergent loci) @ €3 £7] #AAF(complete

divergent loci)& g1t}

e

A



Table 10. Allele frequencies of all-female and normal olive flounder

Enzyme Locus Allele All-female Normal

CK CK-1 A 1.000 1.000

2 A 1.000 1.000

3 A 0.042 1.000
B 0.958 0

4 A 1.000 1.000

LDH LDH-1 A 1.000 1.000

2 A 1.000 0.931

B 0 0.069

3 A 1.000 1.000

GPI GPI-1 A 1.000 1.000

2 A 1.000 1.000

3 A 1.000 1.000

AAT AAT-1 A 1.000 1.000

2 A 1.000 1.000

IHD IDH A 0.264 0.792

B 0.736 0.208

MPI MPI-1 A 1.000 1.000
2 B 0 0

PGM PGM A 1.000 1.000

MDH MDH-1 A 1.000 1.000

2 A 1.000 1.000

3 A 1.000 1.000

4 A 1.000 1.000

ADH ADH A 1.000 1.000

6PGD 6PGD A 1.000 1.000

A 1.000 1.000

ACP ACP A 0.986 1.000
aGPD aGPD B 0.014 0

Averge He 0.021 0.019
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LA g BE a4 ydeld §33 ®¥ols Table 1134 2o 3
ol A o] FAZKP ;FUHHFHZY] Bt 095 o]/ 9] vl&2 AYA o
X7} 0042, 2% GA7} 00382 AYA dA7t ko, 3o {FHzxx
(P, FUEFAAe fAA ¥x7) 095 ol3he & 008374 00832 F3
do] 2t £t o] F 289 Wo] {HAFAE X FHHUFY WHol(P+PHE A
@ @7} 0125, BF WX7k 01212 theht AAHQA o] mATLe AL
G217 =3 ¥ A2 Ux=2R8E 73 BT ol P AP A &(average
hetrozygosity)el 7ItA = AgF o] 0.021, BEo] 00198 FA&Ite wiolA
< FARIEH.

-

Table 11. Genetic variability in all-female and normal olive flounder

All-female Normal
P 0.042 0.038
P° 0.083 0.083
P+P° 0.125 0.121
He" 0.021 0.019
A/LS 15 15

%, Proportoin of variant loci.

>, Proportoin of polymorphic loci.

¢, Proportoin of variant loci including polymorphic loci.
9 Average heterozygosity.

¢, Average number of alleles per locus.

dutH o2 ojFol ojX FLFY AGIENL L, THF BAFA]
= FAAME isozyme FHALC g3 dEHE FAAFY = FYsiot
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1 Baxo]x AH(Kijima et al., 1986 ; Kijima et al., 1988 ; Park et al., 1990
; Park and Kijima, 1991; Park, 1992).

Zoju g9 fFHH vl E E3E A7 AT WHe suEA
isozyme 4 A71g 5o 71 Bol ol&H 1 o isozyme A7]YFH
of & FAHe A WHold ¥ F3A 239 Axe T olFFFAE
o Nei®) 33 AZ)(D; genetic distance)7} o] &5 Ut} FH 3 8tol A
FAH A MEL T L Sl YA 25 e A &7, HAz2D ¢
VA Ao o3t FAs Foll 3 ZA H¢He Z97F Ak (Park et al,
1990; Park and Kijima, 1991). Nei (1975)= %€ $EZF9 443 A E FA}
3t Ftoll= 1.0, obFol= 0.1, WY AW FFo<E 0010lzts B g

& BRI YY. sjate)Fo) Bl = Fujio (1984)7}F 102 103F 9] oJF 2B
ZAME A7 B4 olEME HT 0.388YS Bty ch
Zo] B3lE 150 7R YE BIFAAFe 2R g B} o &g}

A 82 £ U Busgo] o (Fujio, 1984; Fidhiany et al.,, 1988; Park
et al., 1990; Park and Kijima, 1991; Ikeda et al., 1991; Park, 1992), &3] Park
(1992)& isozyme frA A }el & {44 Aeleh 7171z v && 20
Y AAz 2dE o]R3ty e AF, Fo FHH B39 B FHe F3A
Wz o] zpoll A, FHE B71FHAF] EAo o EFA o Mckn B
1P

B AFdAE 24709 AR F D UM F dPFAAe] A7
o2 27 fFA4x#(divergent loci) ¥ €A ¥7] A A3 (complete divergent
loc)e o™ F FA4 HOlBFFE ALA A7 I 4ok 3%
N2 Re 33 B oA YA & (average hetrozygosity)e] Z|HAle At
Zo] 0.021, BFo°] 0.0192 BT o|FHFA L 7 Ao zol7t g1 TS
e fFAFer AdTzy}t 2L ALoE FEHHJUL
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2. 0|EZ=z2|of DNA (mtDNA) &4

3 ikol 7o v[EEE=z2|ol DNA £89 B¢ Folfola /iEd Alkaline
AH(KRE &, 1990, K&, 1991 & HEH & A=AE HES7] H3d
homagenize® @ZF &N HALGE T % egg & liverd] ZZ A e)ol] 9%
mtDNA B3 JAEE viwstdeh 2 27 o) F9 mtDNA e
egg®t liver 2F A% ZAHYgE 2% 23 A £8 bande] HAHo] &
ooy FAZXANME egg Zo] liverBt} 3]42ko] Bo}l bande HAHo] 4
ftH(Table 12). =38 homogenized &3 £AF Y ¥ == APl A
glo] groldA /it 52 FEYS ¢ F U A, 239 ol
b & v|EZ=gol DNA 42 ARB(19DY A7ddAM Bud WEzes g
2] WE3§ x3o] 44F 2K} DNA #Eo] olsitde 23S Yehd A
2 3oz FREHA Ae ARAEEC]l DNA FF6 ooz 2843 A
o2 FAHUY. "M, A7 B¢ v]EFZ=e]ol DNAE F&3tux &
ol = W= ARRSlRRL dte 2HE F5 YFAA AWALES €AY, AA
AlAFolol & Zolgtn BIEHIG. ALA dAlo oM F 1059 697
A4 AFHEAE AMEsld Hdd vEZ=2ol DNA @HE AR A3,
BamH 1, Eco Rl, Pst I, Sma I, Xba I, Kpn 19 6 AIFALdME 1749
bandtteo] @3t AFFAY FEE dFHA Lsith U Uojz] 4 AP A
A& (Apa 1, Hind W, Sal 1, Pvu M)olM = Holx 27 o]4del B4+ E Ye
e o9 H71Y9F band patterne Fig. 17¢] Yelidoh A=A gz
o] mtDNA A 985§ 270 o439 B4 band2 YEld AFALZA band
patternS AHEH AFEL Apa ]l e A typeol 67, B type © 7719
band€, Hind M oA < A type°] 674, B type©] 572} bandE, Pvu OolA &
A type©] 471, B type®] 571, C, D type®] 37k 2] band&, Sal Il M€ A type©]
474, B type°] 3709} bandE& YHEIW ALY o] & 4FF 9 AFELNME OGS
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g glolsl @ase] BE YA vind x4 FUI band patterns HERARA
TH(Table 13).

Table 12. The comparision of NaCl concentration and tissue states on the

mitochondrial DNA isolation of all-female olive flounder

Egg Liver
Nacl
Fresh Frozen Fresh Frozen
conc. : - : -
Detection Detection Detection Detection

0 M - ++ - +
0.1M - ++ - +
0.2M - ++ - +
0.3M - ++ - +
0.4M - ++ - +
0.5M - ++ - +

++ Clearly detected.
+ Detectable but weak.
— Undetectable.

olgigt Azte B Aol AMEE AR Ao MAFIE HojA 1A F
S AFAoz AxF gsf AAE AR AVt G 4o davs
el fFAR e 98-S vjAA] §7] WEQJQAE 288 3 +7F AU
ok meiA oleid BAYS A AMME AFE dFe WES ZASHA
U 53 g9 FFo 93 G71ME B4 FY ASAHA A7 /Y AL
2 FR4do

ZAH 10%9 AFdaL FolA 278 ©]49] band pattern-g& Ve 4F 9] A
Saso AddHoz Y AYA YA mtDNA F Hr7ldi+= 1720
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kbpE UE5ttH(Table 13). 2AFAM AL HGH dA9 F d7id+E
& olF3 Hlud XY Galaxias truttaceus?} 1623 kbp (Ovenden and
White, 1990), Coregonus artediiZ7} 16.95 kbp (Bernatchez and Dodson, 1990),

Oncorhynchus mykiss7} 16.5 kbp (Thomas et al., 1986), Salmo gairdneri7}
15.56 kbp (Palva and Palva, 1987), Clupea hurengus?} 16.73 kbp (Schweigert
and Withler, 1990), Gradus morhua?} 165 kbp (Johansen et al, 1990) S o2
HEEY oFFH FYE 271E YA

AR dA19] mtDNAIA 27) o]49] B4 bandg Held A Agaren
B7INFE FAHST o€ YT vehd AL 7 aie s Yed
Idie 2218 HAsed £3o] AR ol e AEE ns £ o 7}
B2 ATaALs R B0 B ADDHE el 497] QA Agas
Ay AHg3te Aol AR/T F F71d+E FHsted B anFHo|g B
\1=3

olde] AHE FRAMA AAA A9 F3H FAo Wt ARy AP

£

k)

N

or

R HAe FHHLRE HF A9 2ozt gle ez FREh gy A
R dAe ko] QoA oo Hejo] sAFFR Aol AN F8F 8
A

24 A8 7bsAol Aow EF S48 4HEAS AEHo 2 BEH)
AME Aol Belste Wolo & L v HUSE 54 Holo} e
oz @] Ao

o
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Pou 1

Apa 1

Fig. 17. Cleavage patterns of mitochondrial DNA digested by restriction

endonucleases in all-female olive flounder.
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Table 13. Estimated size (in kilobase) of cleaved fragments and restriction
enzyme fragment patterns of mitochondrial DNA in all-female
olive flounder. For each endonuclease, the patten “A” represents

the most common one observed

Apal Bam H1 Eco R1 Hindll Kpn 1

A B A A A B A
8.10 6.55 17.20 17.20 4.06 6.00 17.20
3.14 3.14 3.36 4.06

2.57 2.57 3.15 3.36

1.76 1.76 3.00 3.15

1.25 155 2.90 0.63

0.58 1.25 0.63

0.58
17.20 17.20 17.20 17.20 17.20 17.20 17.20
Poull Pst 1 Smal Sal I Xbal

A B C D A A A B A

1310 1310 1510 1330 17.20 17.20 8.76 8.76 17.20

200 118 1.18 2.10 3.86 5.62
118  1.03 0.92 1.80 2.82 2.82
092 097 1.76

0.92

1720 1720 1720 1720 17.20 1720 1720 1720 17.20




3. 4¥z=22 % €54 RN 24

1) A¢A g growth hormone cDNAS RT-PCR

Full-length growth hormone cDNAE £&3t7] &t ALA g9
growth hormone f#ztel 53 3 2 7 IMEE 7122 A2 primer
fGH1 (5'-ACACTGAAGAACTGAACC-3'), fGH2 (5'-ATGAACAGAGTC-
ATCCTC-3")9} fGH3 (5'-GACTGAATGAAATCTTTATTTGC-3")E °|%
& RT-PCR& 33tk 1 A3 Fig. 18914 R npe} 2ol ¢ 0.8 kbe}
09 kb9l PCR product® Zzt €& + Ud+=d, ol BE%F WA growth
hormone cDNA% Y& A7IYE & & UAH

2) ALAGA growth hormone cDNA2] &g
RT-PCRZ ¥}z PCR productZ fGH# fGH3E o]&3%t dojzl PCR
productg agarose gel2% ¥ Eeldtd T-vectordl cloning (Fig. 19) sl
DNA sequencing 39t 2 A3 YA g2 growth hormone 2 2te] &
7| 4& Fig. 203 #o] B% YA growth hormone f#Hze] |7l dx
100% &Y43 2oz vetyed], ol FAGAE ATHeR HYAZ) A
oM A £3& Atz AFS2E FHAdE A 4TS A

A w4ge oua

ok

3) AAF YA 9 heat shockoll 23+ heat shock protein ¥& FA}

MR GR9 ellA AXLE B3t wjgst T e (20, 23, 25, 27,
30, 32, 35C)oI A heat shockg % thg [*S]-methionine2 & labeling3ted )
2 FAHE 9WAL SPS-ArIgE oz guA BE patternS A TH
257} Z718to] @2} heat shock protein 90, 70, 40 (HSP90, HSP70, HSP40)
o] Aol F718t% T, o1F HSP709 @4o] 7b4 Sast gt olRe e =
] heat shock protein 70 ‘@3 A FAlg oz Ho} o] Thd - (HSP70)
& F3el F BEH 3 ASS A FoHFig. 21).
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Fig. 18. RT-PCR of ¢cDNA growth hormone from all-female olive flounder.



T-vector

GH cDNA

Fig. 19. Cloning of cDNA growth hormone from all-female olive flounder.



5’ ]ACACT GAAGAACTGAACCAGTACCTGAACCTGAACCTGAACCAGAATCTGAACCTGAACCAGAACCTGAAC

ZKGAACCAGCC ATG AAC AGA CTC ATC CTC CTG CTG TCA GIC ATG TGT GTG GGC GTG TCC TCI'
Asn Arg Vai lle Leu Leu Leu Ser Val Met Cys Val Gly Val Ser Ser
(-19)

CAR e 47C 4R BAG 445 G1G R 19 AT L1°5T TTVART 9 € 626 4T €1
FC 10 T ST 49 44 IS IS &5T ReG B 25 I 6 20 64
CBA €I, 1, 4, 444 4T O, T8 A4, O, LT, AT TR, AT, %@&M&%
A, AL A8, A 88, . A ST 88, 45T AT T, L A A:g
ﬂm%CW%mmﬂ T %%@m%ﬁhm
16T 4 T e I T G I 42 A G 25 IS 48 I 472 IG5 AT

) 2?2%8?9%@89&@&9&%9&2%%%%@@
140

LE@A&EESYC&SEQEAGEAGEQEM&ACEAG%S%CM&&M%

160

%é sA,é &({ig gé LC;E ;I\g ggé 8% RS,'; AAAsrC\ Egg égg G TAG CCCCGCCTCTCCGCCAAGAGTA

(171)
SZ%CCCCGCAGATGACATATGCATTCTGTGCCCGACCCCTGTGGTTGCCGAGTCTGACTAGCATTAATGTTAG

(3}

§R?CTGTTGGTTCTGCATTCCACCTGATGTCATTGTGATGTCATACTGTCAGCAAATAAAGATTTCSA%CAGTCA

AAAAAAAAAAAAAAAAAAAAAAAAA - - -+ - 3’

Fig. 20. Neuclotide sequence of all-female flounder GH cDNA and predicted

amino acid sequence.
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<+—— HSP 90

<+—— HSP 70

<—— HSP 40

<+—— HSP 30

W oo ‘ﬂ*}" . 3 ,g_,a... Ayt

Fig. 21. Induction of heat shock protein by heat shock of all-female flounder
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Hed Mt gx|o xpHLe

AR A& 2

Selvete gajol digh FA2 HIT F2rieo BHUZIE ofvEo] FEA
ARE FA7R 9 ko] sbEEAl HATh oy JWE 2 ALEH Y
FeozZ Yol A wolAn JeER i FHe NS %ol A
3 A7t A aFEn g GRol FAET FFo] mE S4S o) &
o] AR YA E K28 FaAe] A=A

meld HZ gxe A F4E FHog AFHT e ALA dA
dAg e FAROGE Aol Ao ot MR Py hF
gr7l WyHoln, FAlo) o]E FAJ i A Hrix dds] FLso
B e 1ahdzel ojv] Mg A& FHIPeE FAA77] A A
F9 dgoz 534 AAdLAYA 2u) 3 (gynogenetic diploid) ¥R 0] E5-&
AEAIA A3 A AB A 26l A (sex-reversed gynogenetic diploid) 472 3%
o] ApALteto] o AAAR WA FAHBY YL FH ol FAHB i FHS
ZAME vh AR

olof EAd7oA ALY 20l A AR o]EE HHABAIA YA AL
A4 2 A FRe ZAALT sty "ojd AR PGX7F Al FEoA
A&t Aol 93k AYR x| Fpof Aol 7HsRAE ZAMEH FA
of ool Atk L Ao iy FALE HAEAT

>

ol

oX
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Jode A4 EAY 2uiA A o8 AABAIY A HAA 2ujH FR
of o3t gjold AR PA2 3doln, ¥ BE PAe 3dMe=
Fajito]dnt. o] E o9 AMg e IYPSFANEY AU IAYE A GFRE3E5
m X 35 m)E ol&3td F2eR o ASEAEL AAxde s Y
o Hole AAlE S AlWdte Y AlER UE Eol2E HIYE 3T 1W
A FHon AFVIEN-L 289 14 TS

ol ALEE AR gAe BF 33eigla 2 F 4R 31vlE, £33 2
el f3, B WAe F 18u2lg O3 F 43 120He, £RE 67t Ao
AddE G2 2o EZ347 AdERE FFHEE 9 JYdzd &
F i 23 10419 £ASAGY. £HE 32 FA] vaddded £ F A

T H3FE FAHSA

P

0=

2. Mgk BRAE, 8, FIHE Y ZVMEE =AM

YU THF P AL FAE G v2ddo] £ F gy R
€ 33 FAAT1,20070/ce). FHEL FAG F 200990 F& 3
A2 WEslY vs5 9 7 (profile project) dlolA] 2~4 A E72 WA FA W
€ Assigied, &2 WAFE el S8E dol Y 3 AN YEe
2 7. 2SS &L 75 YA 23d ARG F Hol(rotifer)
g Hu A& A HELE ASSA

3. Y|
AR G2(F) 2 BE 99 Aulg &7 Azt A2 o zAE
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AABHEATE ZAMAZ) 2 BHE 23 F A BRE AN F Y4 E
A # 3t Bouin's ¥ 2 A7 1, paraffin® 2 embadding 3ty vloj=a
28S o]& 5m 32712 &g} Hematoxylin-Eosin 28 GA4S 3Gt 49
QL @u|Roz AR FEIALT

1. XfolaRly, RAE W +HE

ALA gxo AL 71742 19979 3Y 7Y RE 69 20971A 2 106Y3¢H
I, 3% g Adird 7]k 19974 39 7YHE 6€ 21471K2 107
Uzt o)At o] AAgH AW & WalE Fig. 229 2ol 47 2719 3
4 2 € 379 11 T dFey, 4471571 349 seFE 54 g7t
A= 12~157T, 2H&71% 719 6¥ell= 15C AFH.

AA7IE AR GAY FATFL 40536000002 dY HT AdFe
378,8417H, &4A 19t2]F P AT FE 1,307,61370 Aok BE PG FAted
Fv 3803160072 ¥Y HT ArdFe 35543570, 2R 19t2ld Ha Abe
2 3,169,30070 4ot ol& FHEE vius BE FATF 2 IdY HANSEF
T Aoy 4R 1vtEd B A8FE BE g7 AgA g o) ws)
o 24 Bt

dY AHaFe ¥isle Fig. 237 2ok dY A HilE By 4] 2
719} 7] Boh 237 217 2dth 49 Hol A Ee AR gA) A
71 5719 4€¥ 592 960,000/ A BF Y= 59 542 660,0007F Ak ¥
2ES A7) 2719 WIIET Aol B FUI7F Y3 en] HYA |
Ao HE FAAEL 588120%, HU FAE&L A7) FUIQ0 39 2142

usd

2
38

3
N
b
2
o
o
o
Mo

>
e
N
of¥
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20 A

18

16

14 -

Water temperature (°C)

12 A

10 T T T ¥ T ¥ 1]
Mar7 Mar 22 Apr6 Apr 21 May 6 May 21 JunS . Jun20

Month / day

Fig. 22. Variation of water temperature during spawning period in 1997.
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1.2e+6

] O  All-female
1.0e+6 ® Normal 0
> o) 0O O
D 8.0e+5 - o ©
= o
o ® 6 o© e0Q0 ©
3 6.0e+5 1 ?9 L4 % ® O Oe
s o ® O §r w0
G 4.0e+5 - OO§ o o® o
O [ ]
: AL A
®
€ 20e+5 - o PRe r )
Zz > % s ©&
o5 X
0.0e+0 - O

an 3127 4/16 5/6 526 6/15
Spawning day (month/day)

Fig. 23. Number of total spawned eggs of all-female olive flounder.
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711 3€ 2793} 3€ 299 E 100% HcH(Fig. 24).

FA3EL A& 29 AT F¢ WY FEEAG AL gAY 3
T FAHEL 86619.1%, HF WAt 923+84% Hov AYA 4 2 BEF
gxe £3&L ds] F3at AB71e¢ ZLE Astne A9 80% I
& o]AHFig. 25).

ole] Az B AAAUAAA 2uiA IR R AP AYLEG 2uhA
FHe ot "ot dgHA dAe A FE2UeM AFHoz Aditdo]
Ve wrt oplg gAY F£AJE AU £ e Aoz AAHUY

>

2. 738 A =7

_75_
\_

AdrrdE HEA g2 2 BE gA9 32 R 2IPELE vy B2
A Table 149} 2ot PF 382 AL QA7 845%, BT W27l 86% =
HE GX71 FE3den (P < 005, 27|8&29 Hoaue AR dA7L
91.5%, BHE dxi7t 926% 2 F43AQ 2ozt AJTHP > 0.05).

Table 14. Hatching rates and early survival rates of all-female (F2) and

normal olive flounder, Paralichthys olivaceus

Hatching rate Early survival
Group
(%) rate (%)
All-female (F3) 845 * 427 915 = 1.86
Normal 86.0 £ 539 926 + 1.27
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Floating rate (%)

Fig.
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Floating rate of total spawned eggs of all-female olive flounder.
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- 109 -

715



Fertilization rate (%)

Fig. 25. Fertilization rate of spawned eggs of all-female olive flounder.
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3. 44|

233 /YA AulE ZAE Aae Table 159 2o] 4zl Ha v &ol
AA Y& 929%, BE YAE 533% Aok wekx] AL 26 A R
I ARTE AL 2ufA Aoz Y A" AGH A= O3 A
AME AL PA(F)e] Aol 7hsdittes AE & + AU

Table 15. Sex ratios of all-female (F2) and normal olive flounder, Parali-

chthys olivaceus

No. of fish No. of No. of
Group % Female
examined female male
 All-female (F2) 28 2% 2 929
Normal 30 16 14 53.3

Values in the same column having the equal superscripts are not significantly

different (P > 0.05).
A48 31 F

gx)9) 4 Ao didtds A - /MR(1979)2 10697, R1(1987)S 70Y
ZH ol AT AR PR o ABAdFE 106402 E B2 4o +3
& AN F AdE 7HeAel B
T A@710F A o] 1ut Y] AR - 3 (1991 2,670,00070(%
HaAF 3,380 g), FA - /MR(1979)2 4,040,00070 (22 ] A3 60~70 cm)
BEAFAME 1,307613/N(L R HaAF 1578 gl AL Ho|U}. o]
2 o2 ALgE ¢A9 Z7)7F Hed YAo] AEe R Alggrh
AQadd deo 24g 2 23 AL Yristed oM Fad gl
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oz zZg3t - 19T A&l FaATde 476%, AdF A=
635%, AARF e 41.8%2 HAF AL 553% Yoy, LAde dig =38
S ABAHTAAME 374%, L@ F AT 54.1%, AEFIdA = 196%2 A
AH L 44.4% At

A 5(1994)2 T 28S FAG AATAAHA F3F BE dA o 3d
A g AFFH gt e Jo HARFEL 35
67.8%, ¥3&& 636% At BAdFoM = HEA G219 HFFFEo] 588%
2 HEUXd vty thes] @urh ol @ o] ojulE AMEF AYA
2 33vie] F FRL © 2n|® o GHlo] F3o) viEte ule gt 2 F 3
Hed ddol ANY Aoz FEA AYA YA FFFHEL 866%2
A 5(1994)0) vlgte Fa g Aoz FF AL 2ufA ® HREE A4
S 2uiH Do AT o FAY MYAR FAHAYS dFor §

d £ e Aeg Yy

AR Gx(F)e) Aulel BlAE ob2] HE3A HHAA = FhA A
A3 gl ot AirE ALA GA(F)Y AFHle 929% otk w2pA A
R dxe A HlEo] & AYA YA F2 & AL + A= Rl A
Reoz FF AGH AF)Y 4% % AE8o g 771 F8 = ok
dR02 AAdh

.

n
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H7& Xrdade 20|

A1A A 2

Age

e
fd

AL 29A e £ £33 22 FAQll ¢A K
AEHo] e MAE ez g2 A1 dddl €AE 832 B8,
T AZ2R N7 A ¥ JEY S AR JIS FEY F U &
FH] ZAA e Aolrt AE AFAA B ATt o] FAAX 1 Yot
o} 7o) FMA zzto o3 APUAYA olufA FEE Hertwig effectE ©]
3 A2 2 Purdom (1969)0] HAMA ZAlel o3 AR F =S pleur-
onectesoll X AFFo2A 1 7teAE AASATE 3, A dol oF FA
o} 8843} Thorgaard et al. (1981)3 Onozato and Yamaha (1983)cll )3}
o &Y= o] Joj(Nagy et al,1978), vl F2+X](Suzuki et al., 1985a), F A/ %
o}(Chourrout, 1984), 3% (Sugama et al., 1990), & °](Stanley, 1976) ¥ HF
(Onozato, 1984) & @9l oFollA A4 EAg 2uiA 7 F == At oln) uj
F3E A% 223U A WY A2 (Lincoln et al, 1974), T2
(Chourrout and Quillet, 1980) 3 4%+ 2} (Chourrout, 1984; Onozato, 1984) %
o] Aoy WA FEdMe AXAYZ A Je A2 I
(Tabata, 1991, Sugama et al., 1990).

mebM, & d7e AT 2uiA FARF ZAFE AL 2uhA
R7o] AA o] o3ty Fatd Y7 MR ot AT ¢33 A
2 FAHULEEZ oA FYA g FHE FFY FHo2 FH4
oz BgAsIE 245 BAE dAY 3 AFFRANA IR FAAR
< 7HAE AR 29A g9 fE iy 2 fEE AT 29 g

A
TR

oo
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2ol 4%, TS F AuIE BT A v

A2A A ° Hy

1. &lo] & Ax[o] AR

Agole AW #FAGB5m X 35 m X 15 melr AbEFold 4~594 %
212y @) (Paralichthys olivaceus)9] 233 734 B (Aaanthopagrus schlegeli)

L ol &3 Ht AEE AFLAA 2ula A9 Aoje 038 $9 FRP
A A153tAT "ol B3AF 4239 4t Chlorellag A&l &£
s, F3F 3YA REHE rotifers FF3en, 43T gt Artemia
FA4 T FAIEE FFAAT AHESY Tele vwiFAE FF olAHde AF
Aoz 1 o]FREE dR #49 54z Hh MiEEL FAE AA
g =g

2. Aygdd 28iA v

4,800 ergs/mm’E BEA3 A7 ZAE A4 FAd Aed UA 48 AT
£ A0 F ulestE AT A2SA HE JAE st F3F 3EFEH 1+
05°C oM 4583 Mst AA4LAY 2AE F=3iA

3. M% % M4ES

2315 60, 80 2 1008 A HAEES 2AEAD. H4AEE ZA vig 30
o) ¥ otHAA A AFL 44 01 cm, 1 mg7tA FA8AT A2
o] Aol ozt AL Y5t Student's t-testS AAFYT. HEE A}
g 98t vid L MAE AFsted g
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Al

A34 A

o 2

X

4. 8|

A7t ¢rE olF Y ArIY
AAE AA#H38l Bouin £#Y0 2 1AAF)

o}

1. 288 o vai8

2 AP fFxd AGEAY 2uiAY & R FEs
< 209%, ¥ 38
dx1¢] 34.6% < 485% ol wldt RFATHP>0.05). A

T st HA 2 G wjAr AdHeR

AL 2uiA o) HE FAE

F #HArst Aok (Plate 4).

F515 670 LA {2 9
3, gehEe
A3 ¥ Harris's hematoxylin® eosin-phloxine 2. 2 o] %
o] BARL FAujRFo2 ARSI FEIIYTH

H =
'S,T’T'a

AMs & A
2 ¥ofstd 5 m 2 7]

g Astdch ¢

£ Table 163 2
2454 % 22 HE
AR 200§

Beetx Rahe $3HAF

Table 16. Fertilization rates and hatching rates of gynogenetic diploid and

normal olive flounder

Fertilization rate (%)

Hatching rate (%)

Gynogenetic Gynogenetic
Normal Normal
diploid diploid
1st 31.2 337 475 46.8
2nd 28.6 354 43.2 50.2
Mean 29.9 346 454 485
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2. MF U Y

i

o
=

FEE AATAY el A WESS E7) A5t B3F 40, 80 2
100 dA 2, AT R AEEE A A= Table 1794 2e uisg} 2o
H3LF 1004/ 72 9] AT AL AGEEA 2uiA7E 594 £ 052 g, BF
27} 503 £ 053 g Fow ojufo] HEEL 242} 324%, 352% & EFo] 4
F3 AEgoA 3 FsaFgout Fzte AWHA AUATHP > 0.05).

Table 17. Total lengths and body weights (mean = SE) of gynogenetic

diploid and normal olive flounder

Total length (cm) Body weight (g)
Days after
) Gynogenetic Gynogenetic
hatching Normal Normal
diploid diploid
40 1.38+0.02 1.39£0.02 0.031£0.001 0.032%0.002
80 7.59x0.12 7.87x0.08 313 £027 3.04 £0.21
100 10.92+0.10 11.20£0.12 594 £052 503 =053
3. 4y|

35 6/ Aol 2AME 4R ¥ &L Table 18914 R uie} o] 3w
AR A7} 91.7% 2 BE gdx)9 50%0) vlatd 2o 4R S8 By
(P < 0.01).
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Table 18. Sex ratios of gynogenetic diploid and normal olive flounder

No. of fish No. of No. of

Group % Female
examined female male

) Gynogenetic diploid 30 28 2 93.3
st

Normal 30 16 14 53.3

Gynogenetic diploid 30 27 3 90.0
2nd

Normal 30 14 16 46.7

Gynogenetic diploid 91.7
Mean

Normal 50.0

A4d 3

ojfel UM HAE EEAS AlFIE HS dHFH o S @ol o
g3t ZAEY AAE 8438l 4800 ergs/mm? AJA L FAME A3 4A
8 fAHo2 B8A3}(inactivation)7t He Re2 Yl

A 25A BEFAE AT WYde ALAL, 12Xe H FUAE Y E
2] A Wgel Jou £ AYPdA A2A g P S AMRS AT A A9
1205CAA 4583 Mg A7 LA 2947 FEEHE ez Kol H
A zPolztn AZEY. Hx ALAe A2 A2 AL AYAA Y £
I BAZE Ao B Ay £ 18T 3 3% ojd F¥sidn %
g Aoy Bl (191 2 134~145T9 B¢ #£3 58 ol
AMejstd A 234 W& AAZF sbsdttn Rag vk Aok

o7 4& 48 Hsex gene)ol st AW, o 3= olF /A
2he] Aufste] B A}AQZF AA ADoK Yamazaki, 1983). =8 A 2AA 2v)

[¢]

=

2

A&
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o] e Aojn o} F(Onozato and Yamaha, 1983), ©)%2+A(Suzuki et al.,
1985a & b), ®WH@oj(Mirza and Shelton, 1988)cl A 2% ¢l v 2
4374244 o] (Purdom, 1969), 3% ©1(Oshiro, 1987)e M= S=3l0] Yeltn] X o
Mx o] FH3tH AHAYGAH Aol ool AZiE ul ATHHEME, 1991).
Tabata (1991)= W8] 423 717 g @7l A4LAA 2637 o}
Zgol visteq ¢He Hgo] S ¥ oY} AL A7 TG A¥zEE
(E2)oll o3t dA Aoz o2, WX 34 42434 773E 4R
FHAFXX-XY)e 2 FHstPgot A3 Fado] AR IS
u3d £ A sPY E dFAME FEEH A4S 2uiA Y vlg
o] 91.7%2 F3°] 83% UEtstth olRL YA Ho] de¥ AN FEHY
of 23 HZAA 7]}l obd JsA4E AT
" Conover and Fleisher (1986)& Menidia menidia® A°o] Ax|o}7}9] Al&<
2o ae} ¥tk ATt F dellA A 30 mm 7R 717 F¢te] AL
F28 2eisted ALS S AR AgeoA Aol vigol ¥rhn Bud ul
o] o g oo g B AF7t FutHoof gy AzZET

g9 43 BuF IYRH g 4% Aol7t veur] AFste 13
AL AS g3le] 3 AFe 1.8u, 30/ EA e 2~3u7F EHURHE §,
1983). ¥ AgelA fod AGLAAG 2uiA HAE AAST 2F, AT
200 A7 HEEQ] BE g2l ¥dteq £4&3 F3go] 3t dkn, B
100 A 7HA9] 43 AEEo M A R gE B ol &
4 ALY G 2AIZE FHH e EdAst 27| AFA &L 4F
2 vjH Aeg yzdd,
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Plate 4. Comparision of eyed embroys of olive flounder, Paralichthys olivaceus

gynogenetic diploid (upper) and gynogenetic haploid (below).
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W MR gdA ol
A 200A SR GAEE AL 2uA F3er 7Y Rid
LA JRAE FRHRo2 AHEAF]7] AHsle 271A] ez AYsiAh
1) AR A=
B3 464 A(AF 1.281023 cm)¥E 106 A7LA 6043 17 @ -methyl-
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o] 4% $x7} 10 ppb H=E AA Al (immersion) stAT Az Alzke
19 8A17F ¥ 2447kl AT}
2) HAAZY 4 A
5% 3594 (AR 1255027 cm) #EH 65YdA7EAS 04T 17a-
methyltestosteroneS A&l 5 g Al 4o 229 HE 5%
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ol BB = A3t & WA AE A3 Bouin's fluid2 A A7) 1L, paraffinO. &

o
b
o L

i

embedding 3t 5 um FAIZ A G 3+ F Harris’'s hematoxylin®} eosin-phroxine 2
2 448 9 & Fo BAL duFoz AAste FESAC

x
3. 48 « 4E=
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A34d A 3
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o] 27 HH FEE e dvjZoz FFsct AAGLAA v 2R E
FROZ FEEL 8AZ M9} UAL M TF BF 100%2 2ATFAA o
£ ¥ 10 ppb2] 17 @ -methyltestosteroned 3 2| % 2] 3} whyo] v &3} A 0|
tH(Table 19).

Table 19. Sex ratios of gynogentic diploid and sex-reversed gynogenetic

diploid
No. of No. of No. of
Group Treatment % Male
examined female male
Gynogenetic
30 28 2 6.7
diploid
Sex-reversed 8hr 30 0 30 100
gynogenetic
diploid
24hr 30 0 30 100

O

[

e
g
L
a2
o )
)

2 JulE 47 Yl 23hE 6/HEA AL 23 A
HdolAo gz I3

2
P
e
o
rd
ajn
2
52

AYR GAE olgste AxAHAYOR A N2 FH FHo29 FE
£€ 8AT Melsh A7 HE)F BT 100% $ROE ZAME QAcHTable 20).
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Table 20. Sex ratios of all-female and sex-reversed all-female

No. of No. of No. of
Group Immersion 96 Male

examined female male
All-female 30 30 0 ' 0
Sex-reversed 8hr 30 0 30 - 100
all-female

24hr 30 0 30 100
2) AA A FFAA g

ALR YA E ol &3t AAA 54 Moz 418 A A3 5
RAog29 FE&L 267%E2 3] RUtHTable 21).

Table 21. Sex ratios of all-female and sex-reversed all-female by immersion

and running water treatment

Group No. of examined No. of female No. of male % Male

All-female 30 30 0 0

Sex-reversed

200 146 54 26.7
all-female
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AAgE AN 2ulA S L] Astd 328 A AFz 2
AFE Table 229 2tk 328 X 8 AN AF 2 AFL Q=27
A3 27 22 756119 cm, 3681158 g 02 TE2& TR
HeE s Bt 328 MeFME 8 He7rt A4 6514091 cm,
AF 2352085 g &2 2443 )79 6.21£1.10 cm, 208093 g B} A%
o] &Y. HEE&L HWRTFo| 92.1%, 8AITHH A7} 886%, 24X 3k &) 7
7} 865% 2 Meldol ETRG wtow XeFde 2443 M Fo] 84
A AR AEgo] gt

U AREE AgR g
D AAAE
AAgE LA dA9 e &) Astd HNe] d¥2 A4S £ F
e Table 233 2th 28 X FE AFAAMY Y ¢ AFS dzF
ALA 927t 42 7272098 cm, 3.19%1.07 g 28 528 AYF R} W
AE BRAd 328 HFdAe 8AIF MEF A % AFo] 715+
101 cm, 284%1.06 g 22 A4AIZt XF+9 6101089 cm, 1.89%0.72 g Bt}
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Table 22. Total lengths and body weights of gynogenetic diploid and sex-

reversed gynogenetic diploid by immersion treatment

Initial Final
Group Immersion Total length  Body weight Total length  Body weight
(cm) (g) (cm) (g)

Gynogenetic

1.28%£0.23 0.03%£0.002 756%1.19 3681158

diploid

Sex-reversed 8hr 1.28%£0.23 0.03£0.002 6.51£091 2.35+0.85
gynogenetic
diploid 24hr 1.28£0.23 0.03£0.002 6.21+1.10 208093

Table 23. Total lengths and body weights of all-female and sex-reversed

all-female by immersion treatment

Initial Final
Group Immersion Total length  Body weight Total length  Body weight
(cm) (g) (cm) (g)
All-female 126£028  0.029%0.001 7.27+0.98 319107
Sex-reversed 8hr 1261028  0.029+0.001 715% 101 284+106
all-female
2hr 1265028  0.029+0001 6.10+0.89 1.89+0.72
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g0l ¥5 ATt AEEL dETol 80.2%, 8AL MF7F 715.7%, 24213
el F7F 7134%2 M AESo] HExvrRY Qkon HZAME 244
Aol 8A HTEG AE o] I},
2) AAAY % FrAAg

AN R FFAAgE JASAY AR G2 43L& Table 249 2
o 328 A FE AYAMY AR R AF2 dE2Td AR @27 474
7124058 cm, 2721108 g 22 T 2& AHelT2] 6491040 cm, 2377083 g
Hoh AAo] d33tAt HEEL dETol 815%E Nl 746% B}t =
*kt.

Table 24. Total lengths and body weights of all-female and sex-reversed

all-female by immersion and running water treatment

Initial Final
Group Total length Body weight Total length Body weight
(cm) (g) (cm) (g)
All-female 1.25%0.27 0.028 £0.001 7.12£0.58 2.72x1.08

Sex-reversed
1.25+0.27 0.028£0.001 6.49+0.40 2.37£0.83
all-female

A4d 3 B

ojFfo sty AAPE A 74 £ M2 g8 HE #Agstg A
I2EY FF/, v ¥ 1 Fo ¥URE g stodol i (Hunter and Dona-
ldson, 1983; Yamazaki, 1983). 1552 xeA] MT9 A% aromatase &4l
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)& 21433} @4 (Goudie et al, 1983)°] YEIYD, E29) ¢ AAA o)Ak )
A (Tanaka, 1988) & 22 YEZEH A HF ol 71¥ o) (&G, 1981;
o 5, 1995)7F yepdo
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100%9 3§ =8t
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