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ABSTRACT

Induction of triploid cherry salmon, Oncorhynchus masou was performed by the heat
shock procedure. The triploids were induced by 15 and 20 min heat shock treatments
after 10 min fertilization at 28°C. Incidences of the triploidy were 91.4% and 89.8%,
respectively.

Nucleus and erythrocyte from the induced triploids larger than those of the diploids in
major axis, minor axis, major axis/minor axis, surface area and volume. The chromosome
number of diploid was 2n= 66 (17 pairs of metacentrics or submetacentrics, 16 pairs of
acrocentrics or telocentrics), and that of triploid was 3n=99. Satellites were observed in
the short arm of the largest telocentrics, and these may be useful marker to determine
the polyploidization. Diploid have outgrown to triploid, and female have also outgrown to
male in the triploid group during the 22 months of observation period after hatching.
During the spawning season, 22 to 26 months after hatching, diploid were observed the
growth retardation because of their sexual maturation, however the triploid showed
continuous growth.
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£2 g oz QM 22 (chromosme manipulation)d] ¥ AFEE Svardson (1945)°] i
£¢1 powan, Coregonus lavaretus 18131 A ¥do}, Salmo salar ¢ brown trout, S. trutta®l %
Z AASOIM A BASYD ol @ AL A 2 FFEEE AN F& A 71dL
oz Aoklgoen, ALexeE ety 3MAE G FE3 v ok olF E7M ALY, Gasterosteus
aculeatus®) RG] AL, nLHEZ WAL FEE vk TEAYA B TR Apgol
xo} mexale] Hls AL s) A FEol EFHFHoYoH o = JMAE AAAA AS
st 259 A%, A4g 2uiAle v g v ArKSwarup 195%a & b).

3ujA] GEA o)gbgo] FA] AMLHE LEANAE Al 2 FFEDA HEHAY 9 A 2 =
A wEo] Fake A 2A G4 R4 vl fAFH AgH o 2ujA de] dIH
Wi Mat AR §ao] olF XA ek ol FolA wiHE BEHE AEAY AT oY
3 7)o osh APt a1 ATHGold and Avise 1976; Thorgaard and Gall 1979).
ol E 3uA] STAl 3 TAo] HiE RE MY A st Aol o|F 2% 3upAst 26
of Hl& wrE =712 Qs H|E AE =Zvle] Fvte Bolu AX F9 iR AY Ivhe 44
)

_l
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A om MAAASE ufe @a o]FH wWSAE Pistez 7F5Hoz BYor Wrklincoln
and Scott 1984; Thorgaard 1983), o1} zro] 3ujAle} BEUo 2 2] A= AHd

e ANFoz AgFET YHAL7|d 2ol wa Aol ALHH FANA BHAN A
3 oujHolA] Argzlol JERE oEr BEld @Al ALty AlRES ZHA §

o A £2 oA Al F QA T 1990 Ihssen et al. 1990).

A7z B 2 §5E oF AT 492237 11E)oj1 o]F FFL ojFE AL Ao} o
F(99A D), FolT o F(2BAtENEA Aol olF F FAME, Oncorhynchus mykiss (6641 <}
oJolst o]f Z %0}, Ctenopharyngodon idella (13A+&))7} 713 ol Bu=x glon, o& o
o gRES wi4A ojFe A A, AXZFATH AT, AYH g7 L FARopdAe A
2 754 2o AFH 3 9dthBenfey 1989; Thorgaard 1983, 1986).

ZY oA o] E 3ujAld] BF AT2E R JFA FE, Pagrus maior (3 T 1994) UdE
gtslo}, Oreochromis niloticus (7 5 1990) ¢} 2w 7], Ictalurus punctatus (Kim et al. 1990) 71
g3 2A)7140l(Kim et al. 1986, 1988) & Wdoz AEFHeE, FAudH d77h o) Feixl vt
qlow wl3a), Misgumus anguillicaudatus %t V152X, M. mizolepis ¢ 3% 3WA7 f=4d
Hh(al 1992) o} o2 FAARIolA] FA i o1F Fof 2 olE AU oiF e FHAYNA
o @ Pao] olFold 4 olEel Bl A A B} oje T REHA &
B2 A3 FAANAA Fo7 F ROF AAtEnh

A0}, Oncorhynchus masou = FUolAel €42 & BAFe vlZ2 AT JF4 F4 o7
thakstal Abdo] AAe) Be §AZ A goz A B daolFoR AR & F 3 3
A oot} vk Aol A loAe] o - £ FAHYA AH Kol F olFoAA dod,
ot 4 EFHASA A A%l FAT AL, FAR A dE ¥
I AH AL 7)€ $AAES ofgd HLe EQIMol YrM 53
Zog AEJA7} HolAh & AbHoE dolE 579 13 42 F 5

B dF7E o9z AHol FAAY FAPE Ay AT WHoE A%
31 ol 3ujAle) MEZAV], AFA, FMAF] =A R AY H T A
Atk olge ¥ ZdolA e 2uiA|, AL FFE v e
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38} A A A (Oncorhynchus masou)+ =

AHde] 3uAE =3ty st FAEE FA 108 Fo 28C R 30T 29 5 10, 15 *
2 =i

727} Aelagom +4 202 Fol 28T % 30T £&02 5 10,15 L 2023 2% A
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AN dzTe dYsided ZH dixE ¥ 74 AYEE UAeE ek Fas, B3
, 3758 233 1379 7R o] AEE, 3uAE E 3ujA BAEE 2AEAT

Aol 2ulA), 3uiA HAF A7) ZAE Yt AA 4o} 26, A vHEREEH HY

2 AHEA slideo) =@aln 243 vl May-Griinbaldt Giemsa &£ GiemsaZ FA4F aHj
F(x1,00009 dvl7A slo| A BT 2uhA), 3u)H) 2 0 ZRE AAD 2007 o)Fe AE
T AE 9 e FI9AE micrometer2 ZAZHoH EWH(S)E 1/dabr  (Sezaki and
Kobayashi 1978)2 #3}(V)¥& 4/3 7 (a/2)(b/2)° (Lemoine and Smith 1980)& #Atetsicha, AIE ¥
ol F7; b, AE E He| S, Ho] 20|, A AT ME Z Ho| 7 FHIENA Y F
o3 HAL student’s, t-testoll 2|t} o}-&# WeteHeyed embryo)E WAt Gold (1984)
el 994 Q(nucleolus)g silver @413 & 2u) ), 3ufA| 2] ol & v}

Aol 2uiA], 3ulalel G £ 24 2 HPEALE AP A (kidney direct method)oll 2] 3}
ATt & colchicine® HAAFE(1~10 p/gAF)2 ERFFAEIY 3~4A17 F AFE AEso ol&
5 Adstn AAY HzF 2R A(methanol : glacial acetic acid = 31)2.2 33ld] A4 1A}
4ok ZEE 1o 98" HEE FU|AZY air drying method) 2.2 A)ZHEF o™ 5% Giemsa
(Gurrs R-66) §%22 10~15%7 |45t d4A5E oA (x1,000 sl zH AHT HAx
g 200470 e] dEs FAA FUIGE ddeR A dgoen YL Levan er al (1964)9 %ol
A

26 A, v 22l3 olEY UH, FH HFS RAME] Slste RalRE 23 ¥ 10MEAAE
2000 & P FxA Holg F 3| TFtA ALSIEA 2/0Y A oE 5Ho| AA 203, 384
- ZF 20mbEly 825t AlF-g 01 g 992 ST 29 A, 3uiAY TR HEF =37
ZAb] ostdon b4 whE e ML gAY o 3 ¥ 104YE ¥ H¥F A7) &
Aol ofs Falg 2uhA, 390A 2ZF 1,000ute] RE raceway FZoA 187048 F¢F 83l HolE
3] I3k ARSI 2YE Ao E 2w, 3uiAl oA Z s0nte] #HE FES YAk
oy g AL e 97 -5 Fd & 2ulA R, 2uA £, 39A 9 2 A A
o AFL 01 g BHE ZSAHSATE of 2y Ao 234 A 2uhA] 2 434 43 3uiA] 2z 20
vl gide s S miE SHeA

Arlel 2u)A|, 3wAe] AL Adgde ok st AAie gRYuE BFSAG. ok
2 o5 AALE 10% FAL2LU 1A slgen nRY FEL Bouin's £} 24417 Ax
4 ste) dheld zAPHY wet 4~6 ymE 2 AHE HEo Harriss haematoxylin® eosin-
phroxin BZ g4% Zasty E44 AAslad.
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2o 9 X, £Y J2AYANTINE Ao A4S webg, 2E U AELE wol
e A% BAoU RaA J1YE, WAL, 3uH M e uwdoz bt WA

Table 1. Survival rates and ploidy ratios in cherry salmon, Oncorhynchus masou following
various heat shock treatments

Experiment Termperature Time after Duration RthdOf Hatching Agrzgn;}al Survival Triploid Triploid

N T mnon of ok S80S s B8 TS R
1 Control - - 896 914 31 s Y0 o
28 10 5 80 883 63 863 1059 a8
28 10 10 764 822 75 842 B 563
28 10 15 77 75 83 828 RO 914
28 10 20 648 705 152 w7 BB g0
28 20 5 834 898 59 &0 ¥ 132
28 20 10 89 81 (A LI CONE 3|
28 20 15 765 870 o8 83 WA a8
2% 20 0 726 83 103 82 B30 769
2 Control - - 24 26 26 a3 Y0 o
30 10 5 725 &7 17 g8 WO 43
30 10 10 671 788 164 . 809 L 525
30 10 15 562 679 159 780 20 ess
30 10 20 M8 64 BT 65 45 T3
30 20 5 818 909 65 817  YB %5
30 20 10 770 814 83 852 W0 a6
30 20 15 643 790 09 75 B30 522
30 20 0 581 746 125 804 2528 786
(89.3)

From hatching to 137 days after fertilization.
survival rate of treated eggs

** Triploid yield= X percent of triploid

survival rate of control eggs
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3 A AHH o Oncorhynchus masou) &%

M FAF 1080 15837 2087 APE 247 914%, 89.8%EAM AA AFPoAM Huhe B
o] 3uiA FEA AAEG e @Yol BPHAL

Abado] 2uial, 3w YT z=7) =4 ATE Table 2 2 Fig. 13 2ok 294 HET A x9
FE 2 952 7tz 1316 ym, 813 mE JEbGon, 3uid] MY A¥e FE2 U gEe zhzt
1701 tm, 951 m= vieh} 3ufA7} 2ufxo] vls) HIF AFe F= QL dZ:olA ztzh 1208,
L179je} 371371 anE B9k HET AT B3o] digh FEo ZrhuE 267t 1.6200, 3w
A7k 179802 3ufA 7 29 Aol wls) 1.1080e] 27 F718 HATh HEE AT FHAHLS 2u)H s}
827 pm’ o2 3ujA HFT ML TAA 1276 m’ o] 2ujH HEF Ao mWHe HlH 154
e E¥H F71E Bk HETF AEe BuE 20)3s) 4536 mio® WA AAT AEe B
3 807.2 im’o] 2uf Aol wlsf 178409 B3 %72 my

Table 2. Measurement of erthrocytic characters for diploid and triploid cherry salmon

Variable Diploid Triploid Ratio of triploid
to diploid
Cell’
Major axis (um) 1316 = 0.76 1701 + 127 1.29°
Minor axis (¢m) 813 + 053 951 *+ 068 1.17°
Major axis/ Minor axis 162 = 0.07 1.79 £ 0.08 1.10°
Surface area (um’) 8270 + 7.3 12760 + 97 154°
Volume (ym®) 45360 £345 807.20 +67.8 1.78
Nucleus”
Major axis (gm) 6.28 + 041 854 + 0.83 1.36°
Minor axis (um) 411 + 031 543 * 057 1.32°
Major axis/ Minor axis 153 + 0.06 175 £ 0.09 1.14°
Surface area (/m’) 1980 + 13 3470 + 24 1.75°
Volume () 5590 + 97 12920 + 95 231°

* Values are means = S.D.
* Significant at P< 0.01; P Significant at P< 0.05.

2eiAl R e g% % D@Ee 47 628 ym, 411 m= Yehdon, 3ujH d¥T7e @ A&
R GFE 27t 854 m, 543 mz vhehY 3uj A7} 2uiAlel wls) HET o) FE L "N 7
7 1364, 13290 7] F7 a%s HYoh AT #e] wEe did P& ZrhE 2R 153
o, 3ujAI7F 1752 3 A 7E 2m Aol wls) @ Dol Byt FEe] FhulolA L14vje] 27 ZA4E
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w1 - 7 o

Fig. 1. Photomicrographs of diploid (a) and triploid (b) erythrocytes of cherry salmon
Oncorhynchus masou.

2 wac AT "o WAL 2wl 198 mie® A AP sl ¥AF 347 o] 23
AE7 8 gwude] va) 175Me] BAA Z712 BAh A¥T o 23 28jA7)L 559 m'eE 3
A AT Ao By 1292 o] 2w A MY slel Rujo Hlg 231u1e] 3 F7HE BIth
o] 2w, 3uiAle] HEF lnucleolus) e ZALS AT Qo] F/A Lol Abdo] 28 A (Fig.
20)= 1 2 22 Uehgloen, Akdol 3uiAl(Fig. 2b)e= 1, 2 2 3& YER A .
o]

oujslle] AMA 4 = MFEAA|(Fig. 3a) heteromorphic sex chromosome AT T

|
A+

®-9] acrocentrics &< telocentrics® ©1F AR arm F& 10474 olen 714 £ telocentrics 1
ol whebel BEAyt EAstAr). AbHo] 3ulH (Fig. 3b)E 3n=99&A 2ujAlel vluA AFL Y
daou z+ zo|A 3709 AMAT FAE O] wjFste] mWE wEAe DNA F/HESE WERE
o}

oA, 3uH o] A, FAS R F WANAAASY HF AA AAE Fig 49 2ok 20A o
Aol B2y T o74Y 40E, 670, 870Y L 1074QolH Y AMFE& 15¢g 31 g 62 ¢ 198 g R 538
g WA A AFE 14g 28 ¢ 58 g 174 g D 477 g QT L7 B¢ 2A F3 AFL
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39§ A AFH o (Oncorhynchus masou)-& %=

EE S T I S IR AN BRI TN B S SE TR . ¥ . PR I LT S S EH SO SO

Fig. 2. Siver-stained cells of diploid (a) and triploid (b) cherry salmon. External morphology of

4-years female triploid (3n) and 2-years female diploid (2n) cherry salmon, Oncorhynchus
masou (c).
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Fig. 3. Metaphase and idiograms of diploid (a & ¢) and triploid (b & d) cherry salmon,
Oncorhvnchus masou. Arrows indicate satellited telocentrics.

14g 20g 55g 126 g ¥ 398 g 394 % AF2 109 152.50¢g 71 g ¥ 348¢g &
ehjo] 2uld]l b7, 2u0d 431, 3u)Al oFFH, 3uhA] 7Y o 2VAMAE wu F3 107
4 olF Rl 3 28MY e A 2uA 47, 2ui A £, 3uA AR, A FHe £o8
AAe Bodch v Al Rl 3 22~2670Eoll A 2ufd 7E 2487 g oA 2098 g o8,
2ufa] e 2313 g oA 2209 g 0B AFUAES Ko 3wy £ 9] 2067 g oA 2037
g 2R thae AFHAE Bvh aeu) 39A AR 2199 g oM 2519 g 2B AFEIE K
Ack 7] 260H A LGS Aol Abgke) 7]Qlsjo} AALG vhA 3ui AAES HASHA] g n
ALl AFAAEE viERUe] A 4l Rk T 2870 Yol 2864 g, A £HE F3 ¥ 287
ol 2387 goll olZglTh
Suf iz 2uf o] wls) 2] HrhE ol Holx| ogke
bzlo] oFAlel it A 327 ecmz 2yd At abdo] oufa) <
4 Ad%E Ve cHEFIg. 20).

Aebvle] Ao 2uA) okl A
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34 A A oY (Oncorhvachus masou) & =

& UehhickFig. Sh & d). Akgkrio] 2uafel 3uiAle] YA AT 2oz AN A3 Fig. 69
19F 7hol 2ulA whAiz W8 EY)(vork granule stage)®l A1z} Y2 Al E(primary oocyte) FHIZ U

300

280

260 o—eo : Diploid female

240- 0—o : Dipioid male
=—=a : Triploid female

220- : Triploid male
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0- T T T ! T T T T T
0 2 4 6 8 10 2 4 %6 18 20 22 24 26 28
Months after hatching

Fig. 4. Comparison of growth between diploid and triploid cherry salmon, Oncorhynchus
AasoLL.
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(spermatid), A ZH(sperm)Z ©]F oz A%o| o]F ozl ul
AL Fef 23 o] Fo]HtH(Fig. 6¢c & d).

Fig. 5. External morphology of ovary and testis of diploid (a & c) and triploid (b & d:
arrows) cherry salmon, Oncorhynchus masou.
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Fig. 6. Section preparations of ovary and testis of diploid (a & ¢) and triploid (b & d) cherry

salmon, Oncorhynchu masou. X400.
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ey - )

23 A 2 ZH WEAAZ ojFAE AoF A 2 FA HEAA dREE A, A2AY =
2o} o] 2l AA a9} colchicine, nitrous oxide, cytochalasin B @ ether 59} 383 A7t ot
(Benfey 1989; Refstie et al. 1982, Thorgaard 1986). oljol%= # 2 FH F&HA 81°]
polyethylene glycolol €3t dispermyol] 13+ 384 fresh 4ufA] 575 20fa] FA 3] e al)
ol g& MAS FEAZ Burt Jod, BAHAY Y F neA, AL 2 e A
Zygoz Q& 3 HFEA gwHoz AEHT ItkBlanc et al. 1987 Chowrrout and
Nakayama 1987; Chourrout et al. 1986; Ueda et al. 1986).

2 Ao meAgel] ol AbHol 3uiA] FEA HAZAY A F 1080l F& 28T A
1587 2087+ MeAl ZHzt 91.4%, 89.8%9] 3ujA] A4S thA¥dol, Salmo salar 3M A F%A
24 ¥ 1580 $& 2T 5870 Ade) 0% 36 Adg, $4 F 158 710 kg/em’®] F¢
o 627 xalel o]d 89% 3ulA| A& (Benfey and Sutterlin 1984)3} ®jxmA] 3ujd] A3iH-Eol
1o} §AMEHA UEbdth EXA 40, Oncorhynchus mykiss 3WlAl fEA zEd AE&4 19
B2 %1 ©A WA SETe] AEgwHoT A JujA YAeE £ F 108 £ 6CR
157 g7} 1429%2] i) AAE, 54 F 2586 & 26T 2083 #2)7t 85.3%9] 3w Al A
A A B 1~4080] $& 26~28CT2 1087 A7} 415~700%) 3ujH A, £4 F 10
ol 420 kg/cm2° Zqtog 87+ At 53%< 3uAl AAFES B (Chourrout and Quillet
1982; Chourrout 1984; Solar et al. 1984; Thorgaard et al. 1981)& m# Al 3JujA] f%o o &
Agel AHole FAMEART AP2ANA B 2 AFHE e

2ui o] Wi 3uAe BT AE FE, dEolA9 Frhe diAgFdeirt 1254, L12v)(Benfey
and Sutterlin 1984), FA70&o17F 1.2280, 1.16¥1(Kim et al. 1988)8 Uehjo] & HF 43 2
Aol hE A FIT AT FE ©F oAl Frhul 1209, 11799 AT £, 38 A
sto] e HYTF AT A= Z7hld O AT AT G5 Z7hlE diAgdest L1z, #A
Maol7t 1,058 2Elm B AP Aol dME 1L10ME Uehio] 3uASA T3] HET AR
GZojale Zrlutt FEoNe Z77h AT 20 Aol @ uA HPF A FFH @
oA Zr7h= tiA%F dolrl 1.308), 1.14u, FA7H40lzt 1308, 1.25WE vhehdlo] & 23} 4
Mol 2ujAlo] Wig 3upAe] HAT o) FE GE o)A Fr} 1.36w), 1.328¢k FAMEIATE 22
2 3ujAte) WE HAT do| v Zrhule] g HETF o FH Frhle dAFA7t 114
W), TS} 104u) 2am B 2 AMojoHE 114uE vehfiol 3ujA s HET AX
N e Aze} wAAE HET A9 BEoX e FItRch FHNe Frvt AA}AT WA F
Aol BAAS0] B AbAolel FEolxe] Zrhu)/gZeMe Frug YT Axet AP Hol
A BlaA] 483 o] AYF ATRT A JERT

DR sgolsl BE dojdoja] By whel zbo](Phillips and Ihssen 1985; Phillips et al. 1986)
ERe ZoA Q8% (nucleolar organizer region)E Nk ¥ 29 9 FMAN EAsh=
Aoz oA 7719 MEAAN AFARS AHINE BS A Q, 23 72 GHA0N <o)
ZA% A4S 2749 Qo) WA wetd BEdo] FA4F A AS FeE Qo] FAHs W4
e AATRILS Holk ZAE WM 17h9] ¢lo] EETh AHoxE 174 FAAA 1719
dlo] At 2ujAE MEZ A9 F7b 14 TL 242 BREHYeD JAE AELT A9 7t
170, 270 2 3747 2EFATE B PN E silver G40l 28] vl A(embryo)ol X HisE W
HAA T o] W] Aol HEY AL ANE Folx ¥3; A AR 2A o Aol o) A3
wiSse gold 4 qlo] A ARS =HEe YT A % HEF Ho) =7 AU op& )
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3w Al A+H o) (Oncorhynchus masou) =

T3t wdd f&stE]Et Al E

Ao HEE dMA £ AL 179 F, HETF € HYET 8 3] 2
cytometryel &% <) DNAZZF 4o 4T F slth ol F 444
cytometryell /¥ DNAE Z3H e 37} A 2 24 $EdA2 Qs 24 7199 2749 W
Aok F-A 7149l 1749 wiEAR o] Folx 379 wtrAE YEhE R olF 3MAE A EFHEH
o7 Fgs A £ e dhdoltiz 5 1994; ¥ 1992; Allen and stanley 1983; Thorgaard et
al. 1982; Utter et al. 1983). ¥ A¥9) 2bdo] 3wl 2ujAlgt A AYP L Aot 2 =
oA 37He] AMAZ FAE wigdte] wE WA DNA 71848 et 58] 3uiA ¢
7}d 2 telocentrics®] @ebol]l At 3749 ByAE A YAt F o}, Oreochromis niloticus
o} 2 3709l metacentrics7} 3ui A wl5le) £F UL markerZ o] £HE A(FH F 1990)F vzt
7R 2 el A w)3te] =28 BEE 5 AUE marker2 F43}elal Atz

Table 3. Review of growth data between triploid and diploid specimens under various standard

fish culture conditions

Growth

Species Life stage (measure)” Reference
Threespine stickleback Juvenile, adults 3nz2n (L) Swarup (1959)
Plaice x European flounder Juvenile to 34 weeks 3nz2n (L) Purdom (1972)
Adults to 4 years 3n = 2n (W) Lincoln (1981)
3nz2n (L)
Red seabream Juveniles to 34 days 3n < 2n (L) Park et al (19%4)
Tilapia species Juveniles at 14 weeks 3n>2n (L) Valenti (1975)
Juveniles to adults, 31 weeks  3n < 2n (LW)  Penman et al (1987)
Common carp Juvenile 3n = 2n (W) Gervai et al. (1980)
Loach 1-year-old 3n < 2n (W) Suzuki et al. {1985)
Ayu 1-year-old 3n > 2n (L) Ueno et al. (1986)
Channel catfish Juvenile 3n = 2n (W) Wolters et al. (1991)
Adults > 8 months 3n>2n (W)
Juveniles to 6 months 3n < 2n (W) Kim et al (1990)
6 months plus 3n > 2n (W)
Juvenile at 6 months 3n < 2n (W) Wolters et al. (1991)
Rainbow trout Juveniles 3n < 2n (W) Thorgaard et al. (1982)
Juveniles to 48 weeks 3n < 2n (W) Solar et al. (1984)
2-year-old 3n = 2n (LW)  Lincoln and Scott (1984)
2 year plus 3n > 2n (W) Chourrout et al. (1986)
3.5-year adults 3n > 2n (W) Thorgaard (1986)
Juveniles to 8 months 3n < 2n (L) Kim et al (1938)
1-year-old 3n > 2n (L)
1, 2-year-olds 3n < 2n Oliva-Teles and Kaushik
(1990)
Coho salmon Juveniles, 17 months 3n < 2n (W) Utter et al (1983)
Juveniles to 30 months 3n=2n (LW)  Johnson et al. (1986)
Atlantic salmon Juveniles, 9 months 3n = 2n (W) Benfey and Sutterlin
3n>2n (L) (1984
Cherry salmon Juveniles to 22 months 3n < 2n (W) Present study (1993)
22 months plus 3n > 2n (W)

“L; length, W; weight, 3n; triploid, 2n; diploid.
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2uf Aol the F= 3uhAl] A% ZAb] B A= Table 33 2k 3ujAls 2uA Hls) =
7137 0] tha Al Uehn, ol2id 3uiAlel A% Aol 3ulAStA) 3uA AAS FHEHA St
o] W& shy (Lincoln and Bye 1984; Wolters et al. 1982) 3ol 7919 Aoz HadT: 1=
3uiA FrEA Ee 3upAl &l RF AL 20iH 9} Al EFAIRA] olEF shyshE “ERAE 3
W A7} 2u) Al obe] WolF o)A FEo) QT Ey] fEojrk Iz, Fr)4FA A 2 A<l
vl Agao] HlmE EA Jehudz B Aol Aol 3uAle Agdyld XAE Bole 2ujAdl
&, 53 A&HA AL Bk ol Agriel 2u)A) HAbe] whek 3ujA ] AEHHA HF 2
A el AL &0 Plecoglossus dltivelis A= Yeldz At (Ueno et al. 1986).

Ag)o) Abdo] 2uiAE AAHA BAA A4S 2 vhE abdo] JujA= AL J¥EH, =
Asty BAx B93E Uehhdth oleid Edsts Asv)o] 2uiAlol A Jehte A8/ZE, AR
58 74, 53 72 2 uwe 7HA 5& 9A(Lincoln and Scott 1984; Thorgaard 1983)% + %
on, 2o} 3ujA|(Ueno et al. 1986)s} vhA71A 2 AbHo} 3ulale A9 vl g B 7144
o] At&ky) o]F MEate YBALE AN m, Ao wgde eE A 28 ¥4 2 ¥
Bl ANE doA Ay 2z AARPE JAANA AEA st A w=e 2ujA o] H=
o Wa gAis Wy 9 Mg wE FAT EAYAE AYSE F F gl Ao BHauFi gtk
ALE7 0 EAASIE TIF B F9] 36y A AikE J¥FHE e 34 UE
RS TFeE FEO) B F& FAL FA8Y androgend] FEL 2uAH TR FAYS B
AHGervai et al. 1980; Lincoln 1981; Lincoln and Scott 1984). ©]2]&F H-& 1z 4k o] 2ufx|4
HE Al PR FAAE A2 g A&rdE BUS Uehiy 3uiA SRS A5l A
AEE FAstE2 235 A Aio] et AgrioiMe Aagd AL 2o A H9 3uA FR I
Ak 2w A el mujol o1d AR BU(zygotic sterility) FF 59 BUd A= BT A
T7F oA "Hr

Aol 3ujA e AbHo] 18] Atghel] % AFRE WX st BBALE AFAZE 4 UL AbH] 34
Vet g, 20} 3uA(Ueno et al. 1986)9} vHAZFAIR 4tg@r)o A ZF8t2 A7 7t
Zsley F 9lo] AHdy] o)F & AVIE AFEE e A & Aotk o9} thE o {3
B 4] 5} o 24E, ALY 244 aglxm £ FFoMY AEE T7HE Slst AHEH
I UohEF 1992; Chevassus et al. 1983; Scheerer et al. 1987; Thorgaard and Allen 1987, Wiley
and Wike 1986). Ti20] oF 3uiAlst= 3ulA7t £94& Jehgin] Bz} o] AL o)A HAE A
Astog g7y £ oldFEe Iy AegA Fglol kA FUxs], FHRE A FH
(Anonymous 1989). o3k #AA AF 4kde] el AbHo] 3ujA] AL FH AdH A
AR okge] I AbHe AT =, AHS L HFA FE3A ALEE AREY AT
FAol ¥ AYAAFE Holm ¢A e AT ERS IS A bl dAES 3uAl
(all female triploid)¢} X7} 2% W salgd Als€d.

.
> o

I

H.0l0
Fu=
o, ul

]

e o
N,
o o

& o

abdol 3uAE =3y A8 AV ezt AAEAY. 3ulA =g 2 38A NS
THA £ 28ColM FAF 108 1587 2087 HErt 44 96.7% 9 384 =&, 914%
2] 3ujA] AAE 2 100%2 3ujAl HEE, 80.8%2] 3uhA AMAES Bo] AH 3ujA] fEA A
A AYzAdde] B HUCH Mol 3uiA = 26 Ao vla) 7 AFo FE wE FIH/HE
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3u A A (Oncorhynchus masou) ¥+ %

EWA F B 2o} 1298, 1174, 11098, 15400 R 1.788)e) Z715 rgon HETF g F
=, 9%, AE/dE, ZEA 2 2 glo] zbzh 13684, 1.324, Li4u, 1758 2 23100e) FU1E
BEch 4be] 3uAle] FMA4(3n=99) E (17 sets of metacentrics or submetacentrics, 16
sets of acrocentrics or telocentrics)& 2vfA|9] G4 AF(2n=66) L AP} vjuwA] HFL 54 3
Fout zk zollA 3709 FMAZ FA S w5l ©hE PrAe] DNAZ/E 4 Yehidch
53] 3ujAle] 71 2 3709 telocentrics Tghel EAIEHE BSA (satellite) = Ao} 3ulA] E<l9
marker2 F&3l2lgt AFEED Abdo] 2w, 3MAIE WAz Al (embryo)olA AHAF
(nucleolar organizer regions)Z silver @48 A3} 19 /A oA Ao} 291 = 1, 28 JERR
Row Ao A= 1, 2 E 38 Yo} AFAHRA silver FAEE AETF AE R § 7]
ZAUTG ob] g NAE FolA Yu HA vists ET £ e PEYel APHUG A
@7l 3uAl = 2ol via) AAEZY AAE HYon HAAE R zHFIHoz A FH
 3ufAl d7e BYS vl e 3w AL e FdE Jehdth 3uiHE ol <
of 7108 At XALE AR goren 44t 3uiA g HFE AAE 327 ecnz 234 28)A] A
o] HAAA 162 cmoll wls) ZA eyt

Z+ q
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