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ABSTRACT

I. Title
Study on the Production Techniques for Salmonids.

(King salmon and Allotriploid)

I1. Objectives and significance

Since early 1980's marine finfish culture in Korea has been
specialized with few warmwater fishes such as yellow tail and red sea
bream, However, low temperature of Korean coastal waters, which
occasionally drops below 10 in wintef, makes it difficult for the
warmwater fishes to overwinter. To ease this restricticn;. coldwater
fishes such as salmon and trout have been introduced into Korean
waters. Recently, coho salmon was succesfully cultured in sea water
using floting net pens.

In this study, our goal was on the development of cuturing
techniques for king salmon in sea water.

Hybridization was performed to obtain the heterosis(hybrid vigour)
‘from the parent fish., Hybrid between female rainbow trout and male
coho salmon, however, have been revealed lower early survival rate than
their parents used, expected resist to disease and IPN virus, To
increase the early survival rate of hybrid induction of allotriploid

was necessary.



III. Contents and scope

To development the newly introduced salmon species in sea water
culture, study on the sea cage culture of king salmon has been carried
out from December 1993 to May:1994. The experimental organisms used
king salmon which were not introduced in Korean waters before. Coho
salmon and steelhead trout were also reared to compare their growth
performanqe.

>ﬁe aiso tried to develope chromosome analysing techniques using
G-banding and C—bandiné through tissue culture.

To development the techniques for hybrid and allotriploid between
coho salmon and rainbow trout, some experiment has done at rainbow
triout fish farm(Chiac Fisheries Co.) and KORDI,

Induction of hybrid and allotriploid between female rainbow trout
and male cocho salmen was performed, Early survival rate and
erythrocyte size were measured. Chromosome number and karyotype were
analysed and comparision of external morphology of allotriploid to

rainbow trout and coho salmon was performed.
IV. Results of the s:udy

1. Environments of culture ground
Freshwater culturc of king salmon was carried out at Chiac
Fisheries Co.. Monthly water temperature ranged from 9.2°C to 17.07TC

(mean 13.4C) and underground water was supplied at the rate of 100 -



150 1/sec., whichs were considerd to be adequate for culture of
cold-water fishes,

Seawater cage culture was conducted at the Chungmu Experimental
Fish Culture Station from Dec., 1993 through May 1994. The station is
well protected from high wave activities and has moderate water

temperature during the study pefiod.

2. Seawater cagé culture

Daily growth rate of king salmon(l.1%) were similar with that of
coho salmon(1.0%) and steelhead trout(l,2%). King salmon showed lower
food conversion rate(66.7%) ihan coho salmon(70.8%). At the end of
experiment, king salmon remained 0. 8kg, while coho salmon and steelhead

trout reached 1.3kg and 1.6kg, respectively.

3. Cytogenetics

To develope the accuracy of chromosome analysis, we analyzied the
chromosome of rainbow trout using kidney tissue culture technique.
Especially, we used G-banding method to know chromosomal abnormality in
number and structure, and we found it was effective in fish chromosome
analysis, Ve also found that C-banding would be Qtilized to detect

some structural deformations in fish,

4, Hybrid and allotriploid
Hybrid and allotriploid of female rainbow trout{Oncorhynchus
mykiss) and male coho salmon(0. kisutch) were produced by artificial

propagation and monitored for survival through early life stage.



Hatching rate and survival rate of allotriploid at two months after
hatching was 77.6% and 54.5% respectively, and these hatching rate and
survival rate certainly exceeded that of hybrid,

Cell and nuclear siées of the erythrocyte of hybrid were
intermidiate of their parents and those of allotriploid were larger
than their hybrid. The somatiq chromosome number of viable hybrid was
2n=60 and that of allotripolid was 90-93 with chromosomal polymorphism,
Allotriploid karyotype was constituted of one genome of rainbow tirout

and two genomes of coho saalmon used as parents.

5. Recommendation
Results of this study indicate that the king salmon appears to be
suitable species for the sea cage culture, To produce large size salmon

in sea water culture, follows are needed:

1) development of techniques for hybrid and allotriploid
2) development of diet for salmonids
3) development of automatic system for cage culture

'4) development of genetics and breeding science in fish
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E L A% 2F uge oY g =y

Table 1. Composition of supplemented media for Kidney tissue

culture
% s £ 2 ] )
TC-199 80% Cat. No, 12350-013(GIBCO)
FCS(Fetal Calf Serum) . 20% Cat. No. 240-6000AG(GIBCO)
Penicillin 100IU/ml Cat, No, 600-5140AG(GIBCO)
Streptomycin 100ug/ml Cat. No. 600-5140AG(GIBCO)

AR 3 vjtele ¥ 17 gon Fujorel(main medium)Ql TC-199 mediumS
MEM(Minimum essential medium, Cat.No. 320-2570AJ, GIBCO)Z} BEM(Basal
medium eagle, Cat.No. 320-1375AG, GIBCO)zZ} A3l MEZBHE=E EA3]
ot

29 wi7ujgA] wigeE 2A Ao FIAAEE st &F Eih)

oFelio] 10mld 2% 0.3rel F¢, 5n1d 7% 0.201L FUAch FA7|ujdA]
ol 120417 wiedsts wiFE 4413 He 0.3m] F3A A& stdch
37 Hel F 24T AETeges AP & F LAEe(L, 500
r.p.m /10nin) 3t} FE AL AAYPTL & IAFIe AR G
oz AR Zol(Kcige 0.075M = 0.5592g Kel + 100ml SH4)L AA
3] EAste] FE|Ao} §Rro] 10ml HASt FAAL BEE
dAEest BF AL HAYC.

A3 e F AX Bojrie] B IR P Y(Fixation & =
Acetic acid(glacial) 100ml + Methyl Alcohol 300 ml = CH;COOH 100ml +
CHiOH 300m1 )& A% EHAMAIY F 2083 Aol P25t 1083 AL

23



(1,500/r.p.m. /10min) ¥ ThHE, ZFAE AASIZ ALY 2P Qe HAs}
o JAEal(1,500/r. p.m /10min)stlEd, A7 HABE AErt ZEs
g [AAA] {HESte] AELATE Teldich YRAEARE Sejol=
(F-2 ethyl alcohol (80~90%)2 7] 4CTE {A sl HUH &elolE)E
FH)3tey 2t &elolEl AZEFAL 2~3UE Aolsle, Ad2oA 34
AZAAZ EAof slide warmer(100V. 65T, HPitgzeh)z Pgsto] A
Alsteich

G-banding B8 Ago]4 307 AZY &I=E 0.005% trypsin £
of 287 2IY ¥ FF4E MHstd A2Y F, 5% Giemsa Eof 1587
FAY F £RER grlol=ZEts SFE AAS] AXT F AzAZCL
' 252 (Buffer solution)& Soerensen Loz} Dulbeéco's
phosphate-buffered saline (Gibco, Cat.No. 450-1600EA)E& %23} Trysin
202} Giemsa £ A XSG THE 2).

C-banding £42 747 A2olA HARAZ &To]=E 0.2N HCI Lo
08T AFsUC FFR4E AHst A=AID F 0.07N. Ba(CH) 8H0 &
gol 77 37T 2o B F At oA ARt

AZY gelo|=E 60T 2 x SSCEdof 12087 A3tk FR4E

AHsto] AZAYN F, &O|=EF 6% Giemsa-goo] 1083 M=,

A Fefol whel Giemsagdol FAA TS ZASIYTHE 3).
AR o BEM2 g EAMOE ofjfo] H Lelojl=e AU ( x
100, NIKON) o2 a3}ty Z7)(metaphase ) ¢ A %] ko] Immersion

0il(ne=1.518 or ny=1.515. 23C)S 148 HWoj=al F 1000ufe] ==X &
NAZE DE(Fuji, llford PAN, #SA 25)02 Fstaich ol2e ey
s: G 2] FAlA|(centromere) 7t 2| flX|of whel I Fejrt delA|
A YEE, SHarn) Bolel Bl r=P(long arn)/e(short arm)e] el
Levan 5(1964)8] 2Fubel 2t} Ul 72 BFstd Bastac

__mim_

24



=2

(1) 22 x| (metacentric chromosome)
r=10- 152 SALL g2 7k 214,
(2) o}&A) o AN (submetacentric chromosome)
r=16-3022 FH8L N4 sheuRct
L LEL
(3) BAGM A (acrocenttric chromosome).
r=7.022 FAYEL EAA Y TF Zof YA

(4) Ut A (telocentric chromosome)

r = o To] AL ZolR7] oFHE FEo|AUY, Sfv Bl

E 2. G-bandingg $I%F WhEAlFe] 24

Table 2. Components of reagent for G-banding.

Soerensen ¥%

KHPO4(1/15Mol, ) 9.0727& 1 F-F<ofl EA,

Lo)(pH 6.8) | NagHPO. 2H,0(1/15Mol.)11.866gS 1 SFof FA
KH2P04 %Qi 50811119—} Nazl'{PO4. 2H20 %‘2.‘ 492&11%
Z4stol 50% NaOH €402 pH 6,88 =273
Trypsin £¢ Sorensen ¥%9% 99ml + trypsin 1ml = 100ml &-&
(5%) Dulbecco’'s Buffered saline 95ml + trypsin 5ml
Giemsa £ Giemsa 5ml + sorensen $+5< 95ml = 100ml

Giemsa 5ml + Dulbecco’s Buffer saline 95ml

25



£ 3 Cbanding® 91T WgAGY 24

Table 3. Components of reagent for C-banding

0.2N HCl HC1 8.3ml + 491.5m]1 SF{F

0.07N Ba(OH),. 84,0  Ba(OH)2 8Hp 22.08g + 977.9m1 &5/

2 X S8SC Sodium chloride 0.3M + 0.015M sodium citrate
' s.c 8.82g + s.c 17.54g + 10000l ZF4

Soerensen &% KHoPOs(1/15Mol. ) 9.0727g& 11 EF5of A
Na HPO,. 2H,0(1/15Mol. )11, 866g 14 ZF-40]
K-94(pH 6,8) - 3y,

KH2P04 %Q‘} 50. 8m12} NazHPO45. 2”20'8‘°—’i49. 2ml
£ E3ste] 50% NaCHE NS =2 pH 6.8 XA

Giemsa & Giemsa -&¢Y 5ml + sorensen % ¢¥ 95m]
= 100ml

Az} 2L $AEde] AL ZI|QME THHoE EMsgrl g

A WYL kA WHeE ERsted, AR, $£EFELE GMAY o,

H(arm) 2] B](Levan, 1964)¢} FAldle] ¢1X o] miel ENIAE AHEsh= W
H, Ex, A3 BEJE B3 298 dMx FRE miesiy EAFsl= W

Mo T = Image recognition system@l cytoscan(9d= IRS, HS-EWHIZ
1984637) & o]-&3t {AAF FF P Az, FHH JMAHITRE HESIH

26



HZ Al ZAIH100cn x 45cm)of] A3t wEx}EA) “pencil-Follower” ®h¥
)

3
2 AN 7] 348 uZ 2P ¥83le] Cytoscand o]&-3talrt

1. 2NRBES

Molz AHg® BAZldol W2, £ddo] $3e WAHS 2n=612] QA
T} (chromosonal polymorphin)@ UEhle A7 A2 2)2¥8 vxt
o A2 ANsel Aol Apstdch.  ATaBel ) BN U
3} edo] $27e] AES FESHLOn Kin et al (1986, 1988)¢] o]
9A BEMA L BAAS MNE HEsAD. 2 YETE hues
P3g 23 U F UlY, 2% sl 27uEes Ausy
t}.

2. AEF A&

skl FAZIGL A, AR U 2do) 43 AE
o ZE3uA e 2ol APF ¥, MEIVE 3V s AF & 10
cn iee] AEE 2zt ZRAS) mlF BRie2RE HYIE AHY F &l
Eof =tdle] LAY rhE Giemsa -2 May-Grunbaldt Giemsa ojo 2 ¢
stk 7 JRA™ 10070 o3 HYEFE tid2E Yo (x1, 000)5}e]
A AE e P& micrometerE FA Il ol EHA3} F
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%] Sezaki and Kobayashi(1978) 4! Lemoine and Smith(1980)2] w¥ o

AArsteich

3. @AN + 9 ¥y
Z AEFe] A4 A 2L Klingerman and Bloom(1977)2] whd o= 50 7)
wele] ezt o R AAjsldon HHEML Levan et al (1964)2]
7I€e Azt

A% 10cne] parr @A FX7AEe], 2@, olE AF U FEF3uixig
TN uixel A¥ e A2 vlasiglon Fxsife], 2o A ol&

9 BBl A¥e AngINA.
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1 ol fixlst 3=

7t eIHYEFL

gIejdrLs $2AclE HHeBly Aagos $28 X sta
A&7t Gz} B2E fdslel AR Vel EE FAEA F2l, 4EY
A ozl HEE gt £2E 250178 $2E 67 dFs PHEER

Abgstden & £32 25809t

Ll et 44t
E oL &34 EE 1A FR4E olEa oden oY & B
2,650m( ¢} 873 )oltt. AR A2 Aol AMgRIL 2x36nZ 7|8 27} 4
70, 3x36m7} 1078, 4x36m7} 5707t 9lem HEiAl - x]of A% Ve
144m( e} 447) 22 of7lolE 27F 4ne] Xof =3 57jet FEUITL gt =
@ AFg4 $E slasty] gistel 513 HESE WY 4+ A& EH
2

ti7t AISE R A & $RolE= atx FFE X7 X Eo ot
th. FFAHAR

A BA7 4@ AUl BE Adel ANT ¥ AW oWl
5mx5mx5m, 10mx10mx7m, 10mx10mx5m FZ 2] 71Fel7t 87 AxEo sJe
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ST olPe] A 4+eusls 129 3o Ushith %ol S Ade)
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4&o] olm 20T olstE BAW Arigen IF AR L2 szsld
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o] ulsled g0l 22 P AWL RIS} nhd $g Wty A
A wl4slA UEIEZ(Is)ddFL 1990) 722 shodolyey o
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Stk A% 712EY FIEE 3.0 - 5.5 wel ek
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1993 129 1504-E 1994 5¢ 19971 Kol 3 JhFeloA Y
A AE Azte E 4, 2% 4o vehidchk A8 AR AFES 3
150g(n=29)0]91 3 1994d 2ol 225 - 475g(BF 313.3g, n=30), 3ol
350 -680g(HF 475.4g,n=25)02 HAs1T AP V8T 5419U0j= B
826.1g(630 - 1250g, m=14)o]QZ ol¥F wlE 3L Uthijo] 6ol HF
1.2%kgAF 2 JRsterh

A J|ZhEe] MELL 96.1 - 99.8%F FAIsld A IS Tl 93.3%
g Uehjgith - | |

ARE AFPoE AXsiEe o A AE V7L B T AFY
1.3 - 2.3 %8 Fojsigion, AEA4E 0.8 - 1589 ot 4d BAE
2 AA 277 AU AE 270 1.5%22 vaF 2 4FES UEhi
ti7l 1-3€ A4L71E AXWA 0.8%2 Holztizt i 0.92 #epxie
2 %<& Jehiglch

fgdoje] 155Q7te] A AAE 22 AY oY JHFel, 2 iU,
2 ZZAA vl ARRT 240, 2WHESY AN Aol vlas] Bk
THE 5 33 4). A £ BELLS BF 90x oldolden A 7|2 &
thar WIS $utsle opE2 WA dgtey, 2 Aed ¥4 A
A 1 A7 A=t

oI A % F LY AR Fol&E ATt 1.7 2dTL
. L8xgon AlE HE&E 27t 70.8%2 AE F
7t woon Yodojsl AR =Sol: 227 66.7%, 65.9%% v|zElach
AELo]l AGEY AY ZAMEBREEPRE, 19900 IS A4,
1992) 2t wA UEehd 212 ol AP Fele vy ARE AA U}
Hol T4} s FolA oA FAE= Jol Woyl dEe= 1;57—}%11:}.
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E 4. LAl s THRE AEE

Table 4. Results of growth experiment of king salmon
during seawater cage culture
Des.15, |{Feb. 2, |[Mar. 22,
Period 1993 - 1994 - |1994 -
Feb.1, Mar,21,| May.19,
1994 1994 1994
Number of fish 1,014 1,012 984
Initial | Total weight (kg) 152.9 317.1 467.8
Mean body length(g) . 22.6 29.7 31.6
Mean body weight(g) 150. 8 313.3 475.4
Number of fish 1,012 984 946
Final Total weight (kg) 317.1 467.8 781.5
Mean body length(g) 29.7 31.6 37.8
Mean body weight(g) 313.3 475.4 826.1
Mortality| Number of Fish 2 28 38
Veight (kg) 0.5 11.0 24.7
Survival rate (%) 99.8 97.2 96.1
Increment (kg) 164.7 161.7 338.4
|
Dry weight Raw feed 240.6 282.9 473.1
of Formulated diet 0 0 0
feed(kg)| Total 240.6 282.9 473.1
Daily feeding rate (%) 2.3 1.4 1.3
Daily growth rate (%) 1.5 0.8 0.9
Feed coefficient 1.5 1.7 1.4
Food conversior; rate (%) 68.5 57.2 71.5
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E 5. o], 2o W 2 EFoY PTHFelolA ER3ua
Table 5. Comparison of growth of king salmon, coho salmon and

steelhead trout cultured at sea cage

Period

Des. 15,1993 - May 19,1994 (155days)

Experimental group

King salmon

Coho salmon

Steelhead Tr.

Number of fish 1,014 629 606
Initial | Total weight (kg) 152.9 152.7 152.8
Mean body length(g) 22.6 25.6 25.9
Mean body weight(g) 150.8 243.2 252.2
o 1 "Number of fish 946 578 - 556
Final Total weight (kg) 781.5 763.2 916.7
Mean body length(g) 37.8 44 .4 45.6
Mean body weight(g) 826.1 1,320.5 1,648.8
Mortality| Number of Fish 68 51 50
Weight (kg) 36.2 48.6 45.9
Survival rate (%) 93.3 91.9 91.7
Increment (kg) 664.8 659.1 809.8
l
Dry weight Raw feed 996.6 931.4 1,225.7
of Formulated diet 0 0 0
feed(kg)| Total 996.6 931.4 1,559.7
Daily feeding rate (%) 1.7 1.4 1.8
Daily growth rate (%) 1.1 1.0 1.2
Feed coefficient 1.5 1.4 1.5
.Food conversion rate (%) 66.7 70.8 65.9
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gle} 7kRe] 718 tiPOT ST Y ARE o] &4 WAL BDE| T
AL Aol ARe HUE BY 4900] AE ERE U 4 U Ro=
AZET AU B4R A Bl 1.0 - 1.2% W2 vlgstdct ol
JGold B 4950 Beole dol AW ESolg nlRNNE 2] U
g} AgkolA Abgo] iy BESET VU ©x 2 Ayel Az
of 7hg WA A E AT FE AN AW +BIIE B Aol 2k
] HEHo] WolAES shsshd 24 ASE mAE 1080 HZ
] 150g AFY ABES AL o] vigAsilL & 4 Aok o]
2 9 ohlzl 2dolY AT S8 s8] BF kg ol Mol TS
oy ABEs Resin 387 slstd BUAD SRS Bry|go] U
astele 2R

A% AW ARE A 39 AF U3 33 40)d BE uig) o] AY
@ BB A7 AW SdolU AR S0l Fdoje] ulste] i
o2 wWE 4B Ushidch 93¢ 129 AR AN BF AZo| 150.8g
oY Bdole A SE7h =T B ohle} 1994 5T BF AFol
§26.122.2 Ikgol AT oot 4ol ol HF MFo] lkgs Woldl ol
o} ARl =SB} £ 02 Uiyl

S8l Ueh sl d PdolE FAsTA T mels Sdoll Bxsls
o 53} npAAKE $o] 10T olstE sRste 10878 o|Es 647tx]
o Aolel Abgo] olFoixn TulATE $a Uil @ol &ul AjFo| o}
3 9s AT dol AWs] WULE gout MIBol Kgolyos 4P
St 39 WRERE o 2 Yol ¥ 4

o

o4

(h 2

92zt
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A3d  FHAEH

vjtele] Fe EHFEOA AESHe= MEM, Eagle's MEM, Dulbecco’s
modified Eagle’'s medium(DMEM), TC-199, Basal medium eagie(BME)oljlA] o] &
o] ] $EL vlaste] vl NaclFo] 6800~8000mg/ £ & LT BME,
MEMZ} TC-199& 2 A gollA ol&stoden 13 £4(XE 6)2 TC-1992 4y
staich ®j = 5C, 10T, 15C, 20CTE ouAE S & Az 20ToA
HEFA0] QZsle] 20T 2Bsle] AdEstden d4d oFd
AR AN $FERE v E o 22 2 2EYTE ¥ FEQY AR
o] AEujedels vlg2=7t 2 Hol7} et sjate] F EatRe Ffoe
20C7t AR Hpold Fol T AE ugLEE 25CT~30TE o]
7t A= 1o p}E}‘;}E}(Hoar et al. 1979).

E 6 AR wiwe 24
Table 4, Analysis of Kidney culture,

& | &elol=rE A z 7| 4 W
1 4 235 M* AR | M 3ujer (FCSH)
2 9 218 F " "
3 98 269 F " 7
4 104 370 F " "
5 223 281 M " A Zu)ok{FCS F3t)
6 339 370 F " "
7 419 281 M T "
8 487 350 F " "
9 529 306 M " "
10 551 241 F " "
11 581 254 M " "

% M = Male, F = Femalilé,
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BlgZAL CO7t 5% &% 95%2 3U T v NE F FCSE ZYstA] ¢
< ufyeye] Fe ME ¥H2 FF3 HolAx e UH Fesvt xgw
el FEASF 1.5% o] 3 B e shalch 13 4ol Uehd
FCSE HFal @2 uiduixe] HEE 2¥80] &2 ZI2E Ko} 35y
SHoME FCSHE7I7 oy Zies AlgHr} FCse AU 2052 A
lo] Al@stei=n] Hartley 2} Horne(1983)2] Zztel Qlseich.

(G-Banding &4)

FAN FolY AEFAATE
o] FHolHEe B4 Jledde EAZ dsf AF2 AR da A
ZAAAEA AT 4 g AE eES AUEel s o-Banding
Bae UEY UBdd BV 4NN F18 A5G BUNE Y
stolch.

4 23}, 6071 2 61718 dMA tiE LS A 2n=60% JiA]
= 4470¢] ZE2l(meta) XX o}FAl(Submetacentric), 1671¢] o}uxgt
(Subtelocentric) T X}gt(acrocentric) FMAE FAAE LT, 2n=6191 7
A 43718 4 Ee ok, 18709 opdd i At gANE FAEEH
t}.

Azl Felveteld ARSEN0NE TRV Sols BY dAASE 20=602
AH7t 4L A2 FEEHU 248 JIAF 2n=61 ZiH2} 2n=60)
A7 ABEA A bt 4] ojn] 2n=60W 618 FHAE FHF
o] =AHAE Aoz AEHrh

e

(C-banding &£47)

c]d Az (Heterochromatin)of] 3t FA.2 1970\ d Parduedt Gallio]



)
xﬂuar-% AR AEFF A7SBE FRAQA ALY AY, A

A= %%’S‘(Muller and Painter, 1932)o]m, DNA LT = A g2
{Euchromatin)X.t} =c}l{Lima de fa{‘ia, 1959). ‘
Bt o]y B ML DNA sequence’t ®FEE uwl AlAI(Craig-Holmes and
Shaw, 1971)3}H DNA 88 2F QA2 wr} 3~4wj7} 2c) (Lima de faria,
1959) ol¥@MAE B9 FU (centronere) Folo] $Ix)(Fig 13)512
olen], A Ais(Genome)®] ¢ 20%& XX} glth(Hsu and Arrighi,

Ad Bolt FABAY o] %,%% ase e 4, Uzd 89

6i Aol AuHgn AWy B
te &etojl= EHO WA F& FEske A&, NaGH §Er)
3717 BLE 7} ATrHBarium hydroxide)7t DNAR A A7l Fpetzte.o 3}
3 oltK(Hsu and Arrighi, 1971). olZ A KA JPL wde] sl
243 WHEslE 84t sequence’}t I, oloPL WIEFHLE $AFTE
| B Aglg F32 FF W53t purin pyrimidine@ 71§ 85t 9l
THHsu and Arrighi, 1971).

Arrighi®}  Hsu(1971)9] Al¥u e Hansen(1973)o]u}  SchnedlZ}
Czaker(1974)2 W2 =Ajo]7l olEul Haneen(1973)0] RE A5 A A
(Autosome)ellA]  C-Bandingg  EAls] FHE3=G) Bs]  Schnell}
Coaker(1974)€ VEY VT AME A R@TL w-FUH) 593 39

1l

(centromere | region)o= Mol IFE= ZE WA P=tl(Hansen, 1973,
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Schnedl and Czaker, 1974), Seth2} Kunze(1974)
THA Flo] dMo] o] FoF ZE Rusta gt Pz ZaAdAA Y-4
AA 2] o] PNAL o|PEAAI A AMA ajole] FLA Fe O
(short arm)oe]l x}2]Rt5L glt}. (Hansen, 1973: Popescu, 1973) ojg3l AJA &
& o ¥ (short arm)e] Fo] Wt o|PAMAZR, Y-FAxe] FH(long
< A% GHAE FEH TR AL

tEEY ARG 4F AETY TS BEI AdHe AEFE
< 3 ol Eohel tidy FRAU ZAYE Uehted B4
G-banding E@ULEE FEY 49 ELHZE ¢7] &M, BEFE ¢
Ao Zrle oty dMA nME F2F A A= mg o
o 3y C-banding®H3 YA AEEY 73719 THen 2 @A

o] Giemsa = ZIO|EGMNE A¥ste IRE JAA 2UHoZ nATg 7

f [(‘
°!ﬁ
2
a2
2
Yo
oX,
o2
4
2
1o

ZolAte] A&o] 7ls¥ltl. E3] methotrexate synchronization & ©]&-%}
TAERQYE MBSl BT 24 QUMD band 4E Bob T 2
& Fohle vl Y RK2SicHROnne, 1985).

B Aol BAzhgol 3uiH, Exidolsl Sdolie] wEuN, BE
Y 2dole] g W I i 27y U] BAEEL E 73 P
Rz 7lg0], 2¢ole] FEE2 Z17} 86.0%, 80.3%¢) ¥t FEx|Jifole} &
dolel ZAFL 51.7%2 Hh& RIS Uehldrh  FRIZiSo] 3uiAe ¥
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BES 78.7%2 FAJhSole] vl thh Wotem FF3uixe Rg
FEEE Uehlddoh. E2E A8FolA

FEA 171 7] BEESL FEF 2)de] vlE] thh WA Ueidon,
53] RAiSo] odflzt Ao 3 HEFL FIF 170 8.2%9] of¢
e 7] BESES Urhidch 4 o598 AF3uiAlel Fx|si$o] 3u)
Ae 24zt 76.9%2} 80.242 FAZSolet 2ol FEF 174de] X7 A
&L 88.8« T 80.9%o] n|sf ria uorom, RIHF 274U XIPESLS
CEAshgo} 3uiMe} TEMMAS 22 89.6 W 9142 FxASol @ 2
ol¢] 94.3x B 91.0xe} FAPSITh. FEARE FERF 2GR 2714
&2 AFEY BE L7E uff @ U FFfAE 56.6% L 54. 5%

=
Z7] RELL BaEy, EXZ4ole 71.9% Brls  Wolour} 29ioje]

7.4 AYIY FEed 27 BEE

Table 7. Data of hatching success and early survival rate

Exp. - Hatching Early survival rate (%)* Total

Group rate (%) 1 month 2 month (%)

RT 98/114(86.0) 87/ 98(88.8) 82/87(94.3) 82/114(71.9)
RT-3n . 96/122(78.7) 77/ 96(80.2) 69/77(89.6) 69/122(56.6)
Alle-3n  121/156(77.6) 93/121(76.9) 85/93(91.4) 85/156(54.5)
Hybrid 61/118(51.7) 5/ 61(8.2) 27 5(40.0) 2/118(1.7)
cs 110/137(80.3) 89/110(80.9) 81/89(91.0) 81/137(59.1)

% Survival rate from hatching

RT, rainbow trout : CS, coh> salmon
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2. A¥ A

FANE], g, FAME 4R o] #319 AE L FF3uA
o] g7 ¥ 9 HNE 37 F3F A= E 83} Pt AYT AR A,
T ¥Ha 0 Eyjo)d Ex|Zi4ols 14.30m, 8. 78m, 92.16m? 543, 81

e 2ol 15.52m, 9.08m, 110.85m", 672.93m’S 217} Llehigcl.
AE3AE 2A 71K F4AQ A FUI2 QU AET A=Y 3,
T, 93 9 Byoae 718 Ho] 20.26m, 13.13m, 204.37m’
1828. 57m*g VERf AT

X 8. B/, 2o, AF 9 FAF A FER U] vz
Table 8. Comparison of erythrocyte‘size of rainbow trout,

coho samon, their hybrid and allotriploid

Major axis Minor axis Surface area Volume
() () () ()
RT 14.30%0.58 8.78%0.21 92.16* 6.87 543.81% 49.36

Cellx Hybrid 14.91%0.56 8.32+0.17 96.71% 5.91 540,32t 47,21
Allo-3n 20.26%1.53 13.13X£0.72 204.371£24.72 1828.57%103.49
cs 15.52£0.52 9.08%£0,32 110.85% 8.16  672.93%x 77.25

RT  6.82+0.31 3.91%0.16 19.94% 1.03  52.78% 4.39
Nucleus® Hybrid  7.27%0.28  3.83%0.18  20.39% 1,54  54,12% 5,77
Allo-3n 10.63+0.47  7.76%0.41 60,73+ 7.78  331.63% 47.58
CS . 7.84+0.36 4.09%0.15 25.20% 1.88  68.85% 8.52

* Values are means=*SD

RT, rainbow trout : CS, coho salmon
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APYY Yol A&, o, TP g Fuoly RSl 6.82m, 3.91
im, 19.94m?, 52, 78m’S Lol 7.84im, 4.09m, 25 20m’, 68. 85’ S
2 Uehjgen IEL 7.27m, 3.83m, 20.39m’, 54 12m’T ol&e] E7H
& vehigch  AE3uiAe 387 AE A Fle nRsixE 3J
g7 B2 Ars F718to] AXo] 10.63m, THEL 7.76m, FEHFo] 60.73

m’, ¥} 331, 63m’S LEhRSITH

o
22 ety ol IFEA Az o, £ BEFA XIS JIREE
=] 7]‘ﬂ% 22701¢] metacentric ¥ submetacentric GMH, 7749
subtelocentric E= acrocentric @A & 1782] subtelocentric Q¢!
qEMA e} ohgr 2ol BAEHFE 7AW heteromorphicyt A FMA 7}
Zz)5}x] ot 23702] metacentric = submetacentric GAH| e} 7718
scrocentric WAMHE FATe AUk e FAzEe] ¢ edo]
+22] AFA GAA EMAI 3n=90-932] G clPPEAAE Boe
o, arm number?] & EF 157702 uYelyth I8 2= FXIiG] &R
I 240 £79] AF3AY FUIEMHYLE A= 3n=930]H 2n2]
FAAE] a2} ne] o] GAAE FHATHIY 5).

FEF FAE] &R do] 34 AN AFY olgd FE
2 fAs-den, BExge] @ 2dois vz o, BAxn, &A=
guo], ZARxgu], FEX=gn], wixl=gn] @ ojPeq 7] 9@ 2ol
FAE 9t dole] FP AL Yeh ATt 2E 6).

ol FolE 3 FF (interspecific hybrid)e] FHL 3 AL 71A F
27 TuE Bold DI el Hae xdos MYHYE YEUY,

Z ’S’%(%Aﬂ(heterosis)é d71el3td Al ¢eltl(lhssen et al., 1990)
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Fig. 5. Metaphase of allotriploid between female rainbow trout

and male coho salmon.



a3 6. FX|J$ol(a’, FE3A(D) L 20i(c)d] JE el
Fig. 6. External morhology of rainbow trout(a), allotriploid(b)
and coho salmon (c). ‘
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53] ofF A dgelAd oy FT AF f=
2 A7 5 gy Aolg Urhle FU B¢ olEEFH A

rr
(114
>
N
2
oX
o
o
o2t

=
Hel ik ¢ste] A== glt}l (Chevassus, 1983: Ihssen et al.,
1990). 28U FEH FHAFL] 27 BEL2 ¢ @A ven) oyt
F5517] ST WULE olE FUAFIL AMAIYL
ZE A3l SEEE ZE3uiH)(allotriploid) 7} %J A5 AEE F71
of oloE: ‘S’lt} (Chevassus et al., 1983: Scheerer‘ and Thorgaard,

=}

dolz} o FF FAI7NSo] (Oncorhmchus mykiss)e BA S Uelold
& AN olFLEA I B2 AR 7lec] FAH 9z A% 2
2583 SHANY EFNLE ol FoA ot Folul (Kin et al, 1986,
1988). 2] (0. kisutch)e FHZ njFolA Uetzto] T o] Ago] A
H3 A B oAFLEA glo] 4 tiFL s TSN X H
£ g2 Infectious hematopoictic necrosis (IHN) viruse] 738t A8
E& AU g A vl gite] g xbAY oy W AW ZE
obgd WA Fx/go] FAAZA vlmA] A o] & A 9l
A she @] glrh okgd 2dolE 'HE ARSAl Fd 10 H7hA] 150~
200 g2 8 o] FPFE g o] sy g &AF 4 +24 ¢
A chedl 6 YF7A 2 kg G LE HRFAAS e thF oFL=2A &
A7HFEloA ol gA 5o 2548 off gHo] EVFeT AH427]e] o]
E29 tjx Qe T {3t ofFolt} (Kim and Park, 1990: Kim et al.,
1989: Parsons et al., 1986).

2 dF A3} FAIS 4R 2do £3 AFe HEF HAE 9 ¥y
27 ALY A 2ol FUe L}E}LHS’i em FA|7Go] dA
I 2490 3 AF A= AR FAIEoe 20 B Mx 9
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Hel Z7le] wlsste] 3 vl 4 2Vl FE Eych Iy, Ay
AZ P ¥el 3] vl I o4y Xo] @ T oxE Qs Y
g 71Es UES 28, olF oY F o& flow cytometry o 2Jgt DNA
g &3 Fol "astelel Alggr

E2 g0l g5zt 2o £33 Ao FEEL tzPY REHEE JIE
Al 40~80%e] siEsh= At RaH vl glon 2 dF A dA EXA
$o] 4 2/l 3 AFY FHEL diRT FAISY FEHE
60.1%, ThRF o] R3] 64.4%0] sist] el Aol off UZFH
Ale] F3g Aol vl ¥]iF £ FEHEE Vet (Chevassus,

1979). Zeit}, olele MDA B FHEES FUF 2 AW ol 1.7 B
&2 53], F3¥F 1 71 ol
o] 3 ZFe ol mie W
< Z7] BEESS e W2 UdEH %AIOﬂ FE7E o] ol Qe A
L 1 d olufe] wx] theel Aiaizie] MEgrke AE E3EHI o
(Chevassus, '1979: Parsons et al., 1986).

FRAE0] 45zt 280 £33 AF 3 wide R @ FEFE 1 Y,
FEF 2 fdel 27 AES] o] G 4R Sdo] £ FFof
B8] 282 Hoon T 2 &2 AF 3 uixY Lol A
Az} FoiFel Haigt §Ax A=) e R ) wieEAlY 2 2
o BAGHA B4 HEAE sHeA ol JdE Zlelth (Arai, 1988:
Scheerer and Thorgaard, 1983).

X

Ex}7igol &R 2o 351 HE A A4S 3n=90~93702] o
A gL vehdgdoh 2y, FA7RS] 4RI 24 £33 FF
< GAA4 2n=612] JiAiE LAHA Y3 BEF GAAS 2n=602] siARo]
BEQo] QAT ol AEL AL ulex £2¢ warde IEIHE W

A dAA 2n=hld Tixle EAAGL vdEAd LR s WAAxT|o] AY



AAtEe ez Atggrh. Tl GAA 2n=60, 2n=61, 2n=62, 2n=632]
FRAE] 4R &do] 3 HAFA|olA Fx]7F0] 435zt 244
T3 ZAFAA Uehtes 27XV FEEE AL AE2EdE FAAS],
2d0ole] FE3ujxel npF7ER]| 2 Robertsonian Fzpe]l 7|QIElE= Zlolm o}
&2 olE FIF AVt RAZ FEH FAXE wiZiAA Fxp AA Aol
Ao oRfAz & A KA BE 2P dEd o= AEdr
(Arai, 1988: Kim and Park, 1990: Kim et al., 1990), |

AL 4¥BAAA A2 39 7 §2E g2y Q¥ FAGNE A
|2 & $£F d: FS @A Ushidz o] AF olEL iz 9%
A g ASPAF ZFdNY 2zAF ZLARct (Bhownmick et al.,
1981: Dunham et al., 1982: Kim ot al., 1988: Park, 1992). o}&g Fx|7)
o] 43z} 240 43 AFNAE w2 PEESES UIEE AF olE
S o E Adu] RALel ol Adule] mhE FMAF ZALE A F
A Rgo] A} o £33 AF 3 siAolA dAH zju]go] £33 2 3
aidle] AMEE Ho] 2 FLERHY AFFA, &, 4L FUL UEE F
7h, HlEEe 94, iz S3A A 9 EUA RA Y BAE B4l ¥

fstelel Atzdrl
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