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ABSTRACT

For the mass production of all-female triploid rainbow trout during fall season, treatment
of short-term daylength from 30th of August, 1994 and chromosome manipulation by heat
shock were performed with 3-year-old fish.

After treatment of short-term daylength to fish, we successfully obtained the fertilized eggs
from all treated fishes. However, hatching rate were significantly lower than that of natural
spawning season (P< 0.05). Hormonal treatment using 3 mg of 17 @ -methyltestosterone per kg
of diet for 55 days at 165C gave 100% of sex-reversed male (masculinized female)
population. When the fertilized eggs were treated with the various conditions of heat shocks
survival rates and triploid incidencies were varied, and ranged from 15.0 to 83.2% and 36.7
to 100%, respectively.

F2) ) E o (Oncorhynchus mykiss)= &34 A9 28 diF9 FAd 2X3e °1‘°13’+ °1%—
ojt}(Hershberger 1992). ¥ &2 &, URd w A FARES) I =YA sEvE 5
vl gefjo] Al met FA4 AL e oFoE FriHn glen, ¥F YsH 7}—,—3] oou_l,
A9 HA e WE g5 go] Az AGE IE F JE FL AFoE HrHI ATk e,
2 2L Axvld 4%, BAE E AEA dof Wi SEaAE e, o3 EdE A
glol H& FA8A el tHLincoln and Scott 1983; Kim et al. 1986). whelr] o]g)dl AH<7]9
A HZAE Fol7] Hstd A A 3uiA kg AL AEte el Add d ok
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(Thorgaard and Gall 1979; Johnstone et al. 1979; Bye and Lincoln 1981; Guo et al. 1990;
Thorgaard 1992; Jeong 1993; Kim et al. 1993).
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71&9 3uA F= 20E EE FAF HEF7] o TARE A& ok AdsHA Rt
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& B3 AR A7 dA B E3E PAHOEAN FAS ] BidE A7t ST

)

e gl 4

Agole ALEE AFT 34Y oJstedd AAT old AFALGHZAM AL F9 3948 &
FAMNFAE o2 ARG Fole A9 e 33 FAME - ol BHER A
AR E FF8IRen, FAME 271dS AAsl7] 98 Bromege 5(1992)

o
®)
ot
o)l
o
=

(=]

= T
19949 F n5E % HECE A8 AT 2RV} Fob 949 30U(F 22T)FH HA
€ 29 109 31Y(FL 157) A AFE FEspseh %o 2HE ADATHAT} F2H
B35 BAAE ol%, 4 HYTE 0 € FRAM R R HH AL 238 FASNA:
1

5 ]-E:’?]A

—_——

Al
o

oX
I
)
o [+
% 4
&)
2
i
<
)
e
L
2
|o
fu
=N£
sy
ol
e
-{01'
olft
N
{o
et
&
oX
>
r\U
ot
[

&
A
o
fu
B
o
>,
A
e
g
1]
o,
Jr
Jo,
o
o
-
52
£
t
ot
o,
i
1o,
4z
o
o
=

INCHE L o 32 ofd
MR B oo o

)
[
e
2
¥
B
i)
>
ot
2
i)
At
Je
o
o
e
=
o
:>.‘;5,
m
o
=Y
tlo
4 o
QL
2
£

1o
N
3

o] FARo 2 AMIL Kim 5(1993)9] e oA 17a-methyltestosterone-2 ALS 1
3 mg 49 165C +& ZA%NA FAd5L 000=7HA] FEstd AHe 242 K=
ANEE 5 g AF9 AFe] 12u}2] & 48]d FH T FEF59 ERE Hstn AXx
% squash methodol] 273t ¢ - & FHSHT

a7l 9% HH A AE F37] Y3t 135C =AM AT - A £ &
027HA] 25% tAo2 158 ¢ 2087 1 A& Pt olF A FEA AEE
st ¢ke] AFoA I e EUE 4 208, 258 2 0% H 26T 28CY 1
Ztz} 15% 3 17587 shunh =3 3ujAle RS HE g T AEAA 22 3
2 135T9 & zAsMA =4 188 ¥ 26C 272 3242 & 1883 s
1823 278 dgdes 3ujAe kg, Hig 2 NELS FIglon, 2uix e}l 3w
S 5t AX =27 &4, G4 £4 2 AU A9 FE8 24U AE Z7] AL 24
Ao} 3ujAe] AL nRZH A A3l slided] EL3t BES AT 5 Kim 5(1986)]
Hoz HYPF Ax L o] A @RS F& oA m GHE SAHIL, F4H EH&
Kim 5(1982 & 1994)9] A% AHY S 43t FAA £& ZARIAT £ dlze 9 364 ¥
Aol & Yo = FIAMNE A|SE Phillips 5(1986)9] ¥ 1 AS e methyl Carnoy %oE o
A & silver staininge AAEA 18 FAF F, FFHUH3ANA AHAD 110 AZE ez
AEZ Q9 2 AR 3w F=&& T3
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Azt 5 %
7S RE AL A AAVE 2= FAME) Qo FFr] 2L A AVE 2HFe
248 A & FE A AYPRE 7FsEHA Fh olu] Bromage 5(1992)2 FAAFA st
o FF71E Y AFPsted A A7E 3~44YE 432 F &S Bug v U B dFAMe
Z71de] g AL 98 9 XS AN F3 AT AA 1Y F AR fEEHJT 2 2
3 B z2del 93] 27 Agd A 2 @9 & Table 13 Z2th Table 13 o] FZF=d &
43)o) A= 1709te] o] PANA 340,000 7hS) & d& F YAoH, H3ES 4H~55% HAZ H
T 51.2514.15%2 Uehytth o] A AgE deo] Fof glo] ot BRuet #ey, Bromage T
(1992)9] A% 70%Z 2 Aol Hla) 2k F3trh o= 23} F20] 4 YRR AZHY, =
7] Agol weh ddo] AdEHAUL A= A A + fich

Table 1. Artificial spawning experiment in rainbow trout treated with short-term daylength

Exp. No No. of female No. of eggs Hatchability

spawned obtained (%)

1 10 20,000 45

2 35 70,000 50

3 50 100,000 55

4 75 150,000 55
Total 170 340,000 51.3%142°
Control” - - 849104

* Data from natural spawning season (see materials and methods).
Different superscripts were significantly different at P< 0.05.

2RSS s 3 FRo2 AP glo] F& 10CE 7|€22 & W Simpson
(1976)& A2 1 kg% 3 mg 9] methyltestosterones 4] A o] FF7)|RE 909 5¢ FF34
100% $A< $=3 ¥ dor Kim 5 (1993)& 59 wioz Ha 42 800=7HA A st
100% 3L FEsHSS Bad v ok & AFolAE 165Te] A -’F‘_°ﬂH AlE 1kg %3
mg®] 17a-methyltestosterone2 430 A4+ 9005 74| F83(55d) AHEHE FEt 44
49 5 g AF9 2o 48028 A2 squash methodE 01%1‘?} ZAgy B2Ag Y3t A9 £
Ay 48vle] AR Aoz JElYtHTable 2). B dFoAel Azte A 7]7)A Simpson
(1976)2t} 35Y, Kim S(1993)Ethe 259 AL A g Axg, guk FFedA AHA 2
717+ @2 4 glo] W AP ReT HAL Yo AS £ Aol mE Xy 7Y

o] g JAEE L Bt dge] U A7 HAugor & Aoz Az

f5d A HAESE Yot AE =27 L GAANE AR A% A AE IV ZA
A 178 E71EE Aoz vEh Kim 5(1988)9) Bael $UsAHFig. ). 49 Z¢ 44
MANA 2 F47F 3n=90~92¢) AAEe] UElY 3uAd S AAF 5 ANH(Fig. 2a). HH A
o elA 2uiHE MED 1 EE 22 BREHJeH, 3uAE 1, 2 2 32 FEHA(Fig. 2b),
Phillips 5(1986)¢] da}e} dx&% .
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Table 2. Sex ratio of rainbow trout population treated with 17a-methyltestosterone for 55 days

at 165C
No. of Sex Percentage
Exp. No fish of
observed Male Female Intersex male
1 12 12 0 0 100
2 12 12 0 0 100
3 12 12 0 0 100
4 12 12 0 0 100
Total 48 48 0 0 100

Fig. 2. Metaphase of triploid female rainbow trout (a) and silver-stained epithelial cells from
triploid rainow trout embryos (b).
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A 2o ofgt AYA 3uhA) FAAE] 271Gl hFAM

A AL oE HAAE A+ F8l7] 918 135C 2ANAM 3 F 5EFE 20E7HA 25
2 Ao 158 2 20837 1 HEE 3 AFHE Table 39 Uehlth 2R A
z7o] 852%% UEhtow HzFEe 288~59.1%< M2 Jehgt 3iAs 22 AT A
2 osrEgoen #5842 667~100% HHE cFstA Uebkth £4 589 158702 1
FL 91.7%, FR 7585 20879 m&X2E 905%] 3uiA FEES vyt B3 534 1258,
158, 1758 2 2085 15879 n&xge] o3 3uA =&l Zkzt 90.8%, 90.0%, 91.7% %
91.7%= Uehgon 474 102 2 208 F 2087 1L AT 100% 3uA7 FEH AT ©]
= 135C & A )M 3w $EA F3 5~208 § T2 A EF AV F=dS ¢
2 glo] Az Ay Azt @2 FE& o] dFF AuBAY d&S e} Diter 5(1993)
o] ¥y} ke Aot

Lincoln and Bye (1984)% FRI7i&0] 3uAl Al BE& glo] ne Aol AHSdE ol
wel el v)ste] 20~60% AL B uk itk EF Springate (1984)E 10T F&& 7l
Zo= o|HT} & FLd A9 Yo A% ojME tdo] AAA TArETL B v Atk
B Ao AgoME dehge] 9o 12 Aol hRTd HlEtY 50% FE WA e, A7)
ATRE Aot dAFATH

Table 3. Survival rate and triploid incidence obtained from heat shock at 28°C for 15 and 20
minutes starting 5 to 20 minutes after insemination at 13.5C

Initial Treatment Survival rate Triploid
treatment duration at incidence
time (min) (min) eyed stage (%) (%)

control - 92/108 (85.2) 0/12 ( 0.0)
5 15 67/183 (35.6) 11712 (91.7)
20 38/132 (28.8) 6/7 (85.7)
75 15 57/157 (36.3) 8/12 (66.7)
20 60/152 (39.4) 19/21 (90.5)
10 15 50/134 (37.3) 10/12 (83.3)
20 74/152 (48.7) 12/12 (100.0)
125 15 58/142 (40.8) 10/11 (90.9)
20 72/186 (38.7) 9/11 (81.8)
15 15 61/123 (49.6) 18/20 (90.0)
20 54/130 (41.5) 4/5 (80.0)
175 15 60/121 (49.6) 11/12 (91.7)
20 54/131 (41.2) 2/3 (66.7)
20 15 75/127 (59.1) 11/12 (91.7)
20 38/111 (34.2) 4/4  (100.0)

A SEA AEEE Fo|7) 5t A 208, 2568 2 308 Hell 26Tt 28T 22 HHYE
1583 17587 33 Z7E Table 4o) YeRATh 26T 28T 2zl QM EA&L 747,
71.8~882%, 71.1~753%2 o] Wty 7t e] &) YolXE 26T ATl £& A2 U
Yk 3ujA SELd QloldE ZH7 267~76.7%, 29.2~70.0%= VERGTE Table 5% 3uiAle] o=
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e A8 ¥ ZAFolth A 7|1 F 2|9 ¥ F el ZH 135CY FLolM 4 &
188 # 260C9 e A& 1887 33 A 4z 15.0%, 36.7%2 Bt&3 36.7%, 61.9%2] 3
A F2g&g Jdehldth ole FuelA FAH D e FAREIY 3uA FEA) Kim 5 (1986,
1993)91 4 3 Eud AEE R FE&EG wf$ 22 AAAY ol otk B AFRE Y A
S FEE A7) AMS F20] L fEog ASHY Diaz T (19930 ATAle) &3} 3u)H) 9
AELH Fxgol B3 AFoA AL $=2 101~120T 9 121~14C ZANA 9] 394 §-5A]
121~140C AHSFRAME 101~120T A1 280 AEL7 FE84 10% AE ¥S8 1
23T B AFAME 4@ T Al Aol &Y At 2 ¥ 429 9 wet L UdAS
534 %3l 135C A9 3ujA] chaFAdate A A oo 715d frE g 0%E A3sle 2
HE 2A Rt gH AL o go] w2 Als €t

Table 4. Survival rate and triploid incidence obtained from heaf shocks at 26C and 287,
respectively, for 15 and 17.5 minutes starting 20, 25 and 30 minutes after insemination

at 135C
Initial Treatment Survival rate Triploid
Temperature treatment duration at incidence
time (min) eved stage (%) (%_)
control - - 338/400 (84.5) 0/30 ( 0.0
26C 20 15 262/297 (88.2) 8/30 (26.7)
175 336/422 (79.6) 23/30 (76.7)
25 15 331/461 (71.8) 16/30 (53.3)
175 326/393 (83.0) 20/30 (66.7)
30 15 259/305 (84.9) 12/30 (40.0)
175 430/508 (84.6) 12/30 (40.0)
28T » 20 15 220/298 (73.8) 21/30 (70.0)
175 311/413 (75.3) 17/30 (56.7)
25 15 241/332 (72.6) 17/30 (56.7)
175 268/366 (73.2) 14/30 (46.7)
30 15 196/263 (74.5) 19/30 (63.3)
175 244/343 (71.1) 7/24 (29.2)

Table 5. The results of mass production of triploid rainbow trout with heat shocks at 26.0C for
18 minutes starting 18 minutes after insemination at 13.5C

No. of Survival rate Hatching rate Triploid
Exp. No eggs at incidence
treated eyed stage (96) (%) (%)
1 100,000 15/100 (15.0) 2/15 (13.3) 11/30 (36.7)
2 150,000 55/150 (36.7) 12/30 (40.0) 13/21 (61.9)
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18 @ AHeste 27 Ag 2 AAS feot 1 Ao o d4A z2E AU
F7] Z"o] AFEA 1AYA 1709te] ] LA ZEE 340000719 Y& At ey, FE
2o dolME A Aeje] A@7|w F3H&o] AR BRI 40~55% HAR B 51.3+142% A
thP< 0.05). 7oz AAEFS Y3 165CY AMy F2 =18t A 17a-methyltestosteone &
AR 1 kg% 3 mg Ao A Hol FFVRH 55U FFEH JHEES 2AR A HF FAL
2 #B9HEo] 165CTY ZAZNME AHFo] F&Ho 2 o|FoAE & F UMUTh 135TH AS
Fg 275 3AE B3] e Hzx A2 Azt 2 2 HE 7] giE] gYgdE 2o

2 AP A Lo 7R AFEL] ¢lo] 150~832% HHEZ Jelyth ol 3A FE&E
36.7~100% BHE &S]
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