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Chromosome Manipulation in Fish Biotechnology
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KORDL Ansan P. O.Box X, Seod 425-600, Korea

The manipulation of chromosome becomes feasible during the nuclear cycles of cell division and
basically comprises the addition or subtraction of a complete haploid or diploid set. Two basic fields
of practical importance involve the processes of parthenogenesis and induced polyploidy, respectively.
Polyploidy including triploid and tetraploid is produced using physical or chemical treatments for
disrupting metaphase. Gynogenesis and androgenesis is induced with sperm or eggs inactivated by
radiation. Triploids are of interest because they are expected to be sterile, to grow faster than diploids
as they reach the age of sexual maturity, and to live longer than diplpids because of the biological
costs associated with reproduction. More recently, triploids have been produced in a wide variety of
fish and promises soon to be a routine tool in fish breeding. Tetraploids are not so for confirmed
in fish but remains a desirable goal because of its potential for further production of triploids or for
line breeding of otherwise difficult hybrids. Gynogenetic diploids have been used for cytogenetic studies
of meiotic phenomena and gone mapping. Mitotic gynogenetic diploids and androgenetic diploids are
completely homozygous and similar to inbred or isogenic lines. Chromosome engineering has immediate
applicability in fish farming and great promise for the further domestication of fish.

vl 4= (polyploid), 3#Hal(triploid), 44 (tetraploid), =H384 2uRAl (gynogenetic
diploid), &4uk¥4l 2ul4 (androgenetic diploid)

Key words :

SAAE o4 AEFuel i A =Y
£ 1917 olz} FAO7} =tedel 48583 7

M =

4J8-3 ¥ (biotechnology) 2 324 <fujeil4
FAE A S AEE TP AAALR, ot
7} BF 2 ZAE olf U7 FA| YL FHAvh=
7lezA g, gse, EAMEY AEA
2% % 1Y 5 AP e ETE 3o
ook, AEEA s olvA H 2
W} BEEo Sl 2 & W7 o B
ok

¥ =904 A=) Jled 1988l e g 2=t
AEY w37} Aol gloh Ad2ellHE 19894
ol A13] sk EFE IS AH el 3l
o] 9ejueiel 2% 19923 104 "#3 w2 =}
od=pe) wolehe =4 3l A8 A Al
Wt 7Rl glen 1993 7ol kil g
2 ol gl T4 Faslel] AEEH 71U
ol g% oiF9] FARF oleke wAE Aloldrt

Azcietn sPdTiold A A6H AIAYAYZAR(1993. 12 10.) ol Wi 8

_93_



ZREgut glct (sl gdadF4, 1993; FAO,
1972; Gjedrem, 1988; Park e al, 1992).

MBS dlAbo 2§ A EFEL WA de
A3} eieH G 22ln AF R A o)
Folxl= dAAF&(chromosome engineer-
ing), #8 S3AfAx o4y Y a8jn 4
A3 A7E ol #AA-3H(gene en-
gineering) 2|z AlZ FF ofj4e] Z2hg o|F
= M E-2¥(cell engineering) 2 i 7153}
tl. olF F FNMFEL Flv EE FHH e
2 LAF Ayl e B35t FYHRAE o1l
4] A=A dF=le] o] F Julal) B¢ 43F(19
2 72)oll ZHA 3vlA (autotriploid) 7} F-=%u}
loe] 42F (63 7)ol HAA F3uNA (allo-
triploid) 7} =% v} lc}(Benfey, 1989; Thor-
gaard, 1983).

2 =52 JuAFE ZHd DegA (par-
thenogenesis), wi<=4 (polyploid), 3% (hy-
brid) 2 ZE3ui A (allotriploid) 2] °jAFH odu)
A, 2713, ¥ % JUAFE 7)ol 98 §
=9 olF FEAME F oA 434 5
£ =35lglon] olgy olE|F AUl o
4] oflxe] A 5l Wkl oisle] =31
o).

2 B
o] % dAlalzzle] P 2| AFe =4}
(irradiation) ¥ sleHEd Aelz 2349 A=
2o AUE FEsRe Aol A4
4h4=3 (gynogenetic haploid) & ti4e2 +3%
o} = 3 A 8] (hydrostatic pressure) & ]
2 S (2nd polar body) WEHAE A1A 23
A4 2ul 4 (zgynogenetic diploid) & #=3)e 3
Wl (triploid) & A& Al ol8lgt A2 Il
gEdaz fx Zagich 27kl Aldad (1st
cleavage) 7jofl &, =& Helsted A1AAIZ
19 A MAZEE A4 LA 2
oAl (mitotic gynogenetic diploid) & 4=
(tetraploid) & #% 3ttt 3uisles Eolom
A B Aol 2efalle]] v]sl] Ago] T2, 4l
F Alpshe o FolMe £go] ARE A e
A4 2ulA) ofe] shemel £43A4] JufAE P4k
317] f8] F= saglch Al o) Ei4doe

FEEE weAe 44U 2904l (androge-
tic diploid) o} M2 A4 PQubd4 26l
Al (mitotic gynogenetic diploid) 7} Y& AU
c}

34l (triploid)

T3 Gl Aol AR A4] Algzeoz o
ojule 23] £odoll glo] JuUAS} At = g
o] dojue Heol Mot & Al 47}
AMZ FAas) o) wlez slE o2 o]
HkEAQl A=pe} FAlr) =48 3] A 2v)
A7} ez GAase Ay Foll ofe} A3}
A Delch 2R PG GRS v
2] 2 o ME A ¥ntez g 2t AX
& 4l (polar body) & A gheo24 4
E3o] e dale] AA 3eE de ik, A
24 oA 1709 AWM ZeA] 4712 A=}z
Bt
IREF oA X Lol Az} d4idS
oz A2z} R F7)7) =, o ol4ke] A
o Fx)=| 3 wilo] dojdc) e|d ulz4
27} A-lsAl =l FU| =l AL I
£o] o{Ea] gz FRAES A2 g o
3led A2 FAE YEFF Fofl v]EZL IXfe] HY
(pronucleus) = A=l AHao] = F3alo]
fch(Fig. 1 3 Fig. 2).
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Fig. 1. First and 2nd polar body formation in
fish.
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some manipulation in fish., sperm; @,

2nd polar body:, ionized radiation: 4,

retention of 2nd polar body or blocking
of 1st cleavage.

= Fig. 29} 7o) A2 Z42% F71ol4 AHE
7hsled A2 IA| w}E-g A A]F o2y o]Fi
ot A2 2 w3 A A Aoz E o
2717} Q124 lovt A 23 WA 2] 7]t
2 23| olAl4B(microtubule) 2 o] FoiA W
A}(spindle fiber) 9] #&(depolymerization) &
24 exAg] upge] ZWstn, Aol Fof g
ol45|z glck

7-2x2] (heat shock), #-&{2](cold shock)
o] WglE Alek] AL4eE JIETH e Uit
Moz dojz} oFe} e WEAolFelMe 2
exz)7l, oJola olfet Ze 2FAelfelMe
AeH st Agse] A4 2= o 10C A=
o] exxlo|E Fof Hslzm gleny n2AeE
xo Ampgg Jehizs A2y woh BA A

Gynogenetic
an-1

Androgenetic
n-1

Androgenetic
an-1

2]sict(Benfey and Donaldson, 1988: Chou-
rrout, 1988; Thorgaard and Allen, 1987). €
2" A 2] (physical shock) Q] 4%}(hydrostatic
pressure) A&l 7, 000~9, 000psi & n3tez 3
w48 Rt HFe ofi g ol Hel ¢
£} A stsl= dAe] 9l (Chourrout, 1984;
Lou and Purdom, 1984). &&= 2] (chemical
shock) = nitrous oxide (NO) ¢} freon 229} #
£ ujHal, colchicine % cytochalasin B %2
BaHE Aol oit Hael24 old Fel o ME
E4Jo] 2abg o g ehtn glct(Refstive et al,
1977; Shelton et al, 1986: Smith and Le-
monie, 1979). olF<9 e WPt oz o 5
Age a9 g8 & ol zA 3¢ =Ho=
ula] §-=4] HEdg AHEsled HaHeR|Z
(initial treatment time) €& ZAsh= 22 S A
HA)7)E Zalgto] F 231 Ael$F o] A
gAE, & HZFE Y Hix|&<]3H(reatment
time) 2] ZAAo] F23 2glojcth

Jula] S 58 ook Fofl AH of2] fE
of] wa} cleksich(Table. 1). 27telE 3uiA #
£4] 7 #g] 4pdo] sjasle] g & 3w 7
582 nolx Qlch EL FUHEE 80~100%
o] 3uial S=82 vekdciBenfey and Sut-
terlin, 1984a; Lou and Purdom, 1984b).

o|2Joll = Fig. 29 %ol o1F cli+le] 30k +
srjate e pH ¥ m¥se ZF a8z
polyethylene 22 AAHE §AIZ 274 24wl
Sz} (dispermy) & WHRA] dAlke) Ao 30
AE st} good(Veda o al, 1986, 1988)
gopa] 7 o2 BEje] 2ufa] A=l 2ulA U2
2 2eo] s dxiele] deaiel o3 LR
7} A4kgu} 9lck(Blanc et ol , 1987; Chourrout
et al, 1986b).

A HH Y HAFARY ol FE v e A
A}, o] 231 AdAA 2 Qe uialle] A
Az gl AelsAoes o &4 =AY F
o2 olsll 1945 Svardsonel] &3 Hz== o]5
3ulal7t $x =lglck 2+ powan Coregonus
lavarenws®} thA1okodio] Salmo salar X brown trout
sabelinus fontinalis o} 4} 3ulA] wlE 2 sjglow o
2] gt 3ulal = A2 RS AAR L 3o+
Aoz rijlEctz tsislich
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Table 1. Methods for manipulation of fish triploidy (Early cold, heat, or pressure treatments
were applied before or during second meiosis; late treatments were applied just before
or during first mitosis. I = interval between ferilization and the start of treatment;
D = duration of treatment. Survival was to hatching unless otherwise indicated.)

Method Result Reference
Powan
Early cold 0C: I=10min, D=13h 3% of triploids survived to Svérdson (1945)
blastula stage
Threespine stickleback
Early cold 0C: I =3min, D=1.53h 56% of triploids: 15% survival Swarup (195%)
Early hert 33.5-40C: I =10min, 50% of triploids: 10% survival Swarup (1959a)
D=>5min
Sterlet
Early hert 34C: I =up to frist 52% of tripoids: 46% survival Vasetsky (1967)
cleavage, D=3min
Common carp
Hybridization with other cyprinids Allotriploids Vagsil'ev e al (1975)
Early cold 0C: I =10min, D=10min  Triploids Ojima and Makino (1978)
Early cold 0-2C: I =>5min, D=45min 100% triploids; up to 60% survival Gervai e« a (1980)
Plaice XEuropean flounder PFatichthys flesws
Early cold about 0C: I =15min, 100% allotriploids; suvival to juvenie Purdom (1972)
D=2-5h stage like that of diploids
Grass carp
Hybridization with Anstdhys nobdis 34% allotriploids Beck e al (1980): Beck
and Biggers(1982, 1983)
Early cold 5C: I =5min, D=6min 18% triploids: 78% suvival to Cassani and Caton (1985)
blastula stage
Early hert 40C: I =5min, D=1min 8% triploids: 81% suvival to Cassani and Caton (1985)
blastula stage
Tilapia species
Early cold 11C; I =15min, D=1h 75% polyploids (probably triploids) ; Valenti (1975)
90% survival
Early hert 38C: I =15min, D=1h 10% polyploids (probably triploids) Valenti (1975)
50% survival
Early hert about 40°C: I =5min, 60-100%triploids: 55-63% survival Penman e o (1987)
D=30min
Early cold 14C; I =5min, D=1h 83.3% triploids: 56.7% survival Kim e o (1990)
Atlantic salmon
Early hert 32C: I =15min, D=5min  100% triploids: 90% survival Benfey and Sutterlin
relative to controls (1984a)
Early hert 30C; I =20min, D=12min 100% triploids: 67% survival Johnstone (1985)
Early pressure 710kg/cd: I =15C: 100% triploids: 89% survival Benfey and Sutterlin
D=6min to controls (1984a)
Channel catfish
Early cold about 0C: I =5min, D=1h 100% triploids: 80% survival Wolters o al (1981)
Late hert 40C: I =8)-9%0min, D=3min 62% triploids; 40% survival Bidwell e al (1985)
Rainbow trout
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Table 1.-continued

Method

Result

Reference

Early hert 27-30C. I =0-70min,

D=10min

Early hert 36C; I =10min, D=1min
embroys

Early hert 26C; I =25min, D=20min

Early hert 26-28C: I =1 or 4(min,
D=10min

Early pressure 420kg/cal:
D=_8min

survival
= 10min,

50% triploids

43% triploids: 33% survival of
98% triploids; 87% survival
83-100% triploids: 50~70%

100% triploids: 53% survival

Chourrout (1980)

Thorgaard et o (1981)

Chourrout and Quillet
(1982)
Soalr e ol (1984)

Chourrout (1984)

Sviardson (1945) & ©34] powan} thajgeio]
Xbrown troutel] FAFel4 4FHoz A8
A exAL 715l uhAE F = Sdck Swarup
(1659a, 1959b) &= threespine  stickleback
Gasterostews aceatuel| A} 3ol o] §-5 A4ksloich
a2 o] E ofj4le] ed7-e} Svardson (1945) o 4
o}3} ol Ae] & 7|22 FAdel AL, 22H
212 oA $= et A &Ast okt B9
A o]glon] A Ej4A] o] TulyollA ARt
o] =9kc}. Swarup(1959b) & 3ulAlE M7
Agsled 259 A A4S 2uA chzE vl
aEpdch

exxely 3uial fEalol] B AMTIHH A7
: Makino and Ozima(1943), Frankhauser
and Godwin (1948), Fishberg (1948) ol 2313
o} exajels ugate] s A2 I Yl
odakg uld Aoz TA Jaxe] 54 W
A7b $xgch 3uhAE WA ZasA] g2
ol allo] Az} ) §3] AAsE Ao oF
off4] wlwls] Pl 2edwtdA Juial(Gold
and Avise, 1976; Svardson, 1945; Thorgaard
and Gall, 1979) & 4] o]& 7]2le]| o3} Y=
= i d S L

Sufal] GEA) ukeaA, 2ufal, 3ulAel 2 &
o] wj43}, mosaics7t YehtE R w53}t e
g ubyo] 27k o) 5-Heiol 2 vl
o] e U 9 F7 AFY YEEL Eol7
9la] feEl= E3eialel vigalolA 7hssck
(Gervai e al, 1980; Scheerer et al, 1987).

a4 2L JAH 4 24, H71EF AE
o} &) =z7] A flowcytometryoll &ig 3|
A=l DNAYE ZAo] 9@t Kim e d,

1982; Thorgaad et al, 1982;: Wattendorf,
1986). Phillips 5(1986)2  Cherfas and
Ilyasova (1980) ol &j&t wl o= yi&=a)], 20ja),
Julale] x50 (Oncorbynchus mykis) ol 4 1-&
Ag-sle] w438 et 2Pk o] uhy
2 ukpeAle] § gl Aol QY 971 14
A3k Follgt A=+ 9ok «l2 brook
trout M 23 o] YA §-91F sz 2
Foll4le] 2ula), 3ufal ThHA] gl 4 Ao}
Q¢ AlsEe daide] A9 ¢l (Phillips and
Ihssen, 1985).

AlRiX AN M x5 8] T2 WYL
w7} Al T s 128 FVIR MFol AxlE
Hog oje} FENE AT27E i3t 53
olgkgich(Artom, 1925: Morgan 1925: Seiler,
1038). #lge 427 e s E AlE27)
o} dzkslo] A=z Juha] HFEFEL 2ufAlel
uls] AApo] wlackn sHIEs ot wisshd
bRt 2 AZE ZIXAT 289 AF e
ouH) B} =2 38-§ wsich(Fishberg, 1944:
Frank-hauser, 1945). ol§ollAE a3zl & 3
sjAs 2 AZE siaickn ¥ aEh 2eiH 2ot
A nA7te] =] gkond 2ol vld A571A 7t
e W 4% wolx gttt (Beck and
Biggers, 1983; Benfey ef al, 1984; Purdom,
1972 Sezaki et al, 1977 Swarup, 1959b;
Thorgaard and Gall, 1979: Wolters ef a,
1982a) . AE =278 Frhe MRS ZFLE A
%¥ic}(Beatty and Fishberg, 1951).

Jula 2] Oncoriynchus kiswchs 4t7] 2%
B 177097H) A4 Aakhg pyle (Utter o



u}

al, 1983), Chourrout 5 (1986) 2 3uja]~} ci=
Tof| w]d] 27IWEEL okk IFxnk Ruio] )zt
¥ 1871974A] Jufale) AEgo] 27} §4}
& 2usigid

JulA = A A4 W 3] gton A
ALAGFE of$- Food, 3Juldles o|4H ujL-x}
F W4hslozg 7lgH oz #9lo|ct(Allen o df,
1986; Benfey et al, 1986; Lincoln and Scott,
1984; Thorgaard, 1983). 3wl Al4e]l AM%
& oA E MGz AY spos YA
A] 2ufAle]] v]s] Qo] whac) Bole kel A
HE 71FA] ofe} gt FAQ A8 745, AlE
g 4 4 24 9l ARk Alsksg oA
AlA4= QicHKim e of, 1986, 1988: Lincoln
and Scott, 1984; Thorgaard and Gall, 1979).
Qukd o2 3ulal= 2ulAlol] vl3l] 24 (shy) shod
3ulA], 260 EFALSR] 2714 0] 23 43A
ez % A EE w2 veh ) He
2 ol2|f 253z s 7123 (domestica-
tion)oll f2j3ln] AlREEE U5 Sk el
fE4] F2 89 3ula] FE&0] o4 slEAHL
JullAl & e} ERFALSA] 2uA] 2] o4
€ 383 2E317] #1¥olct(Lincoln and Bye,
1984). 3l 2ufAlell w3 AdAo] A E-2
s Jepdo} Ao] 3= 52 v]e] SRl
ol&2] 2ujaleo]l uld FL ALREES g
(Lincoln and Scott, 1984; Penman e af,
1987; Wolters et al, 1982b). 2ufa] 51 A=
A57le] = 45 JuiA 2o w2 vs
(condition factor) & uJel¥ci{Lincoln, 1981;
Benfey and Sutterlin, 1984b).

JuiAl2] ¥o) Er= e, Hedd 237 o
o] ol 9 Folgo. ="alzlo} ok41] Aol g5
AL 4, ARANE oblslod uighREA] @
oo AE7H7E slEgcH(Penman e dl,
1987). ®zlzjo} Jullal& AA AUz g §=3)
o AL&2AE ANA AIAFAG(F 5, 1990). #
SYAL 71 oo £9]1FQ A o] =4 s}
S5l 588 Aol o2 zolw £4Y4EL =
HEoz folsht 2 Fe E9J1] 2EY HAloz
QA3 AefA 7L sl AFech 30
A Zole gYold] 2ulalel FAsM A BAAE
2z Ao =28 oz 43} slmglcH(Allen
e al, 1986; Wiley and Wike, 1986). o4k

ol

)

A BEFY3] = o A3A 53] 7H5e] A8F o
2 FE o c2o] 344 YL A 3%
2o 7HRe] ARA] £9) 3ulale] AR o]d 9
Y¥E S48 A2+ Qldz  #%o (Anony-
mous, 1989). o|®}7te] Thorgaard and Allen
(1987) ol &J8f Aot =% Ko Juhal Hghe] =
Holl A& F9lck oo Cyprinus carpio Y 52170
oo 3ulal AL 23K AE Jehln tes-
tosterone FE 2vlA] £33 FUdsh} YukA
o2 A 72 FAz} oA o] AAE
THE7] wfjFof 4L gAY Gervai e o,
1980; Lincoln and Scott, 1984).

el B3 g WEEE S0 A,
1992: Chevassus et al, 1983; Scheerer and
Thorgaard, 1983; Scheerer etal, 1987; Vasil'
ev etal, 1975). FA7l4-IXbrown troute] 7
FL FRF 161Y0 AL AEHHo] gloy sief
e FEEH AELo] 10%E S
(Chevassus et al, 1983). ol&l #IE3uisl+= A2
7M-2d (2nd meiosis) JA 2 $EEuE 2:=9]
EA 719 vk} 129 24 Z kA& )
Ak

4| (tetraploid)

T |F offel A Al d&4] 223 429kA 2]
2 Al AlM XA (Ist mitosis) T AFHoz o
A A)Z1ch(Fig. 2 ¢} Table 2). nm-eAele] 259}
e A& oAl F24] A2 FalwE o
A & A2 A AA4] ALE Hele) A ¥
it HAlE olaig Al AAE Bododae) o
T el she Al Z 2 A4 2L 2u)
Al (mitotic gynogenetic diploid), &34 2
vl 4] (androgenetic diploid) % 4ual]7} AVAks] 22
Uk

o] Fo] AT 250 9EH ojmg fuljx
FE4]2] ool m-2Ae]e) H AL do] )
ok =20l )8 HA=lo] 2k Zebra danios
Danio rerio®} 3P0l 7| Idtahrus puncans®} 712 242
AolF: oAl Hel2xo} =439 429k Hejr|7}
2 Y54F oA Hel=l )3} 4, 5~8. 547
Mok QAA7I8) 13~90% olth(hssen ef al,
1990). A RE])7e EH 9l Fbaje]ef4]
frAkete A2 A4l A xl44]7190 1
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~1423 FAsich A A 1 A3
Ql $==AL $AF 5 84171l 492kg/ et 2] 4%
o2 487 Hesl 100%2] 4AE FE Hol
t}(Chourrout, 1984).

#) A 2892 3= colchicines} 7 3%
22e w43} 2ol glxlnt W ZIH o)
Lieder (1964) £ 0.01~1% %9 colchicine¥
22)750] doll Hzlzled vl BA7R] BE 4]
Zlu} 9lck Refstie $(1977) = Allen and
Stanley (1979) & 1049/mf cytochalasin B& A}
£3}od w4 mosaic 27k 4vlAlE FE3
ek

AP ol Y HPARY A1 A ZEEE 9
XA FEEE 4ulAlE 3uA) FE 2ot oJ¥bge
teiAglel Al MAlELEde #F< (karyoki-
nesis) & A ZA-¥ (cytokinesis) & AHAHSI
oz 27olE Al FElol W-Fade] opd 8
G50l it AEAEG g Ao el F
2 5% 73} vl4=4] mosaics} Wi e AEH
4u)al & A2Hslsch(Refstie, 1981; Refstie e
al, 1977; Smith and Lemoine, 1979).

4uiA] oll 412 w3} 2 3ulla] ThEA] AR
" s 4 24, AEe ¥ =27 £ 9
flowcytometryell 2J3t DNA¥# &4 o2 4 7}

Table 2. Tetraploid induction in fish

537 5 1993; Thorgaard er al, 1982;
Utter et al, 1983; Wattendorf, 1986).

Table 2014 Jebd uie} Zo] Fx|AFois}
galjojol|A] Al AMZEE A T2 Al AA
ZEg Bl 2, ALEFAL 7 AR AL
o] Fe 4ujMzt FE Sigleny m&Ae4] 3}
Wo]7) el ul2E 22 AEHE g
(Bidwell et al, 1985). ®ealzole} wels]o}
AFeol A1 G8 HAol U3 AL F4] A
g4 Yuta oz ¥ uslE 4uM] FEEE 8%
o} (Myers, 1986). 34wl F54] 4¢lM F
Ego] ¢ o} Mozambique tilapia, Tdapia
mossabica X Nile Tilapia, T. ndotica®] Z}Eullo]|
7.5C 4204 Al ol 530kg/ed U2
787 Heja] 22%2 4ulN] FEE vk 2§
gt gubd o 2 pokA2 YA ARl
B23¥ 797RIg AE sbedch fE v
AEYe yAoA 7 4FHA 4iA frEE
Chourrout (1984) 7} Fxi7}f-olell 42h& Az
o] 100% 4eH3lE FEstd As7ix] 3,
AL 183 Holc}(Chourrout and Nakayama,
1987; Chourrout e al, 1986).

AR HHY i AEEE sl F
23 SEE 3 el offie MEFAHRAH @

Treatment* Result* Reference
Tilapia species
Late cold 11C; 25% tetraploids; 16% survival Don and Avtalion (1388)
I =92min, D=1h
Channel catfish
Late hert 40C: 62% tetraploids; 40% survival Bidwell e« al (1985)
-1 =80~90min, D=3min
Rainbow trout
Late hert 36C. 16% tetraploids: 28% survival Thorgaard e o (1981)
I =5h, D=1min of embryos
Late hert 28C: 8% tetraploids: 25% survival Chourrout (1982)
I =8 5h, D=14min
Late pressure 490kg/cd: 100% tetraploid: 40% survival Chourrout (1984)

I =5.8h, D=4min

*1 . interval between fertilization time and treatment time: D, duration of treatment: survival rate to hatching

period.
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A& dFshed $-43)c(Ohno, 1974). Cato-
stomidae, Woie] olf= st ozg 4ulix 3}
o4 714 sglou} Qo o f oA el
Y FollA] AY3}1x] Raloz dola} o F-< 24
Azl o=l7kx] B9 3cH(Ohno o o, 1969;
Uyeno and Smith, 1972; Wright et al, 1983).
4ulA) 7he] mef2RE] AL 4ufale Al 9
3 $ =9 49 2o} o3 - A (heterozygous)
o|t}(Diter e al, 1988).

4oliA|2] F23 £ Fx 4uisle} 2ufalg
a2 JulAle] Alow 2 Mo wlalgo}
8} Zho] Moo ojH = Juial HE 7)ol 9
AR 3t Aol ARSET 4ol w92} oA
9] & %9 ol¥HY4 (heterozygosity) o=
a2 FEE 4ale 87% Y ol HPAL Bo
o] g2jHo2 G 5H 3ulalel vls] T AEYL
vebdct (Diter et al, 1988). Chourrouts
(1986) 2 3uiE& F-x=317] 93 4uix) 4o
SEl2) 2ulA] Axle} 2ujal) o s ReElo w4
A FRieke] muiA] e $A5HE WA gl o
AL dxle] YA A7) FRol] wket E 2uH] A=}
of ZIUY ZAeoe Akd mul & 294 Japx uk
FH Az oS L FERFE Jehidg
(Chourrout and Nakayama, 1987). 2uis] 4
ZEX kA gzbe) x4l 240K) (2nd ge-
neration) 4vjalE kool 9%t 1MW (1st
generation) 4 Bc} AELo] oo z)
2AIc] 4] 28] dmalol] ofsf FAR 240
el RE} Aol glo] el feid 1
Aleq 4eRA7ke) dmsmulol] <] 5t 14l 3ulA], &
2 A3l o3 f=d 4 (conventional) 9 3
vl e} Fotct(Chourrout e al, 1986).

A ek 28l A (gynogenetic diploid)

9 AWM 28lH (androgenetic

diploid)

SR 24 2ohA] P FAEAEA 20
Me] §= 712L Fig. 2 o 7l 2434484 240
A, A 2ulA] T3] Aoz A=) G

A=A £34 (genetic inactivation) & ©o)|&%
e Aoz AU 2ulal= A2 e
A= & 234 e fE e e
o A4 AAA 293 (meiotic gynoge-
netic diploid), |l AAZLEE F ] Jie o
A2 FEslv ANEFE A4 2384 20
Al (mitotic gyno-genetic diploid) 2 cj¥sic)
SN Al AMZEE A4 AU
A4 29A = 7|23 algbrixlz A Az
QA & Al FEe] oz fEdch

XAz *Co2] rAdell 23t o] 23} bl A4
ZAH(irradiation) ¢} vigo] F=pe} dxle] §44
84| aAAoch FAA EY sl o 3
o] Wlzle E84stsg Axle & 845 A7
€ 547 B st fAde s obAd] By
ok 2 d =4l HAFA] ¥ 4= o)
£ R EAAD 2ullA] AR o] 23} ulalef] vl
=2 AR Jehiix] genz Azl fAH
2840 AFHoz AR m ¢loh(Chourrout,
1984; Thorgaard e o, 1985). 2@=x|qt &
Fo] oA 2844 A Al dow B
o] oFslme o A oloj ] A
BZAI] *Cog rd =4l HE=z Sl
(Arai e al, 1979; May et al, 1988 Parsons
and Thorgaard, 1984). 3} Ae| 4] A
2} 2@ slell £33 olojA Tsoy(1972) & FA
FN%ol9} peled Coregonus peled®] A=15 2.9X 10
~7.7%X10°M®] dimethyl sulphate® E¥43}
A1Zla} glel,

A2 Zhpdd o el 54 AHE-ElE A
2, A gl £AA e} AR shssl
o] Al MAELELAE = 4ellH] FE1] F2 AR
B Az, YAt AHRE= Aoz Strei-
singer$ (1981) -& A1 A4l Z2P4] 2 3 4
A2 FHAHEAA AHZREE A4 =gy
A26A] zebra daniosE §-% 3100 Parsons
and Thorgaard (1985) 3} May 5-(1988) & #+A
2 2345 dof mehxe]lz Fx)$oi2} brook
troutell 4] 77t FAILARA 26lHlE RE slGich
{Table 3).

2

o
R
=
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Table 3. Methods for induction of gynogenesis and androgenesis in fish (Early cold, hert, or
pressure treatments were applied before or during second meiosis; late treatments
were applied just before or during frist mitosis. I =interval between ferilization (egg
activation)and the start of treatment; D=duration of treatment; UV=ultraviolet.
Survival was to frist feeding unless otherwise indicated.)

Method

Result

Reference

X-irradiated sperm 2-4kGy

X-irradiated sperm 2-4kGy
plus early cold ZC, just
before and just after fertilization,
D=32h

X-irradiated sperm 2-4 kGy
plus early hert 33-UC, I=
Omin, D=4min

X-irradiated eggs

False hybird with crucian carp
Carassius  carassis
Hybird with male grass carp

X-irradiated sperm 1 kGy
X-irradiated sperm 1 kGy

X-irradiated sperm 1 kGy plus
early cold 8-9C, I =0Omin,
D=3.5h

X-irradiated sperm 1 kGy plus
early cold 7.5C, I =0min,
D=5.5h

UV-irradiated sperm plus early
cold 0.0-0.5C. I =2.5-11.5min,
D=1h

“Co gamma-irradiated sperm
1 kGy

¥Co gamma-irradiated sperm
1 kGy plus early cold 4C,

I =15min, D=3.5h

“Co gamma-irradiated sperm
1 kGy plus late cold, at frist
cleavage

X-irradiated sperm of goldfish
Corasstis awans 0. 75 kGy plus
early cold 2C, I =min,
D=5-15min

UV-irradiated common carp sperm

Weatherfish
Spontaneous gynogenetic diploids;
0.3% survival
Gynogenetic diploids: up to 8%
survival

Gynogenetic diploids: up to 36%
survival
Androgenetic haploid, nonviable
Common carp

Spontaneous gynogenetic diploids
(few)

Spontaneous androgenetic diploids:

0.04% survival to 3 months

Spontaneous gynogenetic diploids:
0. 4% survival

Spontaneous gynogenetic diploids:
0.1% survival

Gynogenetic diploids, 8% survival

Gynogenetic diploids, 22% survival

Gynogenetic diploids, up to 25%
survival to hatching

Spontaneous gynogenetic diploids;
0.3% survival

Gynogenetic diploids, up to 22%
survival

No effect
Grass crap

Gynogenetic diploids, 0.6%
survival

Spontaneous gynogenetic diploids:
2.1% survival up to 3 months

Romashov e al (1960)

Romashov et al (1960)

Romashov e a (1990)

Romashov and Belyaeva

(1964

Golovinskaya e al
(1963)

Stanley (1976a)

Romashov a al (1960)

Cherfas (1975)

Cherfas (1975)

Cherfas and

TIlyasova (1980)

Taniguchi e af (1986)

Nagy e o (1986)

Nagy et al (1986)

Nagy et al (1986)

Stanley and Sneed
(1974)

Stanly(1976a)
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Table 3. -continued
Method Result Reference
Plaice
¥Co gamma-irradiated sperm 10 Gynogenetic diploids: up to 9.5% Purdom (1969)

kGy plus early cold (C,
I =20min, D=3h

“Co gamma-irradiated sperm 1

kGy plus early cold 0.5C, at frist

I =10-20min, D=4h
#Co gamma-irradiated eggs
1-10 kGy

UV-irradiated sperm, plus early
hert 26C, I =25min, D=20min

UV-irradiated sperm, plus late
heat 28C, I =4.5-5h, D=10min

UV-irradiated sperm, plus early
pressure 490kg/cd, I =40min,
D=5min

UV-irradiated sperm, plus early
pressure 560kg/cd, 1 =40min,
D=10min

UV-irradiated sperm, plus late
pressure 560kg/od, I =7.5-8. 5h,
D=10min

“Co gamma-irradiated sperm, 0.5
kGy

“Co gamma-irradiated sperm, 1.5-
1.9 kGy puls early cold 0-2C.

I =1min, D=10h

“Co gamma-irradiated sperm, 1.5~
1.9kGy puls early heat 23-30C,
I =0-80min, D=10h

*Co gamma-irradiated sperm, 1
kGy puls late pressure 490kg/cH,
I =5.8h, D=3min

®Co gamma-irradiated eggs, 3.6
kGy puls late pressure 630kg/cd.
I =5.75h, D=1-3min

“Co gamma-irradiated eggs, 0.88
kGy puls late pressure 595kg/cd,
I =75h, D=3min

UV-irradiated sperm plus late
heat 41.4C, I =13min, D=2min

UV-irradiated sperm plus early
pressure 560kg/cd, 1 =1.5-6min,
D=5, 5min

UV-irradiated sperm, plus late
pressure 560kg/cl at frist mitosis
in 2% aqueous ether

survival to hatching

Gynogenetic diploids, 57% survival
to 20 d after fertilization

Androgenetic diploids, nonviable

Rainbow trout
Gynogenetic diploids: 26% survival

Gynogenetic (some mitotic) diploids:
7% survival
Gynogenetic diploids: 27% survival

Gynogenetic diploids; 81% survival

No production of gynogenetic
diploids

Spontaneous gynogenetic diploids;

5% survival to hatching

Gynogenetic diploids, up to 25%
survival

Gynogenetic diploids, up to 15%
survival

Gynogenetic (mitotic) diploids, 8%
survival

Androgentetic diploids: 40% survival
to hatching

Brook trout
Androgenetic diploids: 37% survival
to the eyed-egg stage
Zebra danio
Gynogenetic (mitotic) diploids;
10-20% survival to adult
Gynogenetic (mitotic) diploids
>30% survival to adult

Gynogenetic (all mitotic) diploids ;
20% survival to adulthood

Purdom and Lincoin
(1974)

Purdom (1969)

Chourrout and
Quilet (1982)
Purdom et al

(1985)
Chourrout (1984)

Lou and Purdom
(19844a)

Lou and Purdom
(1984a)

Vassileva-Dryanovska
and Belcheva (1965)
Chourrcut (1980)

Chourrout (1980)

Chourrout (1984)

Parsons and
Thorgaard (1935)

May er al (1988)

Streisinger et al
(1981

Streisinger e al
(1981)

Streisinger et al
(1981)

(Source : lhssen e of, 1990).
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AP i R HATAR| HE2EE F AEAY
A4 (579 FAER glol wixe B2
okrEolj4] Hzz w3y =|9loni(Bataillon,
1910, 1911; Dehorne, 1910; Levy, 1913) =i+
2] A4 Sl wksA olxlgh AL wlge
2u)a], chejalsl A=iglc}(Bataillon, 1910:
Parmenter, 1920, 1933: Kawamura, 1939).

A2EE o4 U4 f=& vkeR TlF
AFe HEgoza 45 =92 (Batailon,
1910; Kawamura 1939; Levy, 1913) ¥l &
Z70] FAFoA HPAlf R EF=Ye] T
o sjgleu), o]d HuUAAY AL AYHe=
Al Fie] xd & =] MAZREe] JAges
oullal] 7} ®4=9lc}(Boesk, 1941; Frank-hauser,
1945). Rostand (1934, 1938) € 7l F
Rana temporarias} S 0] £2) Bufo wdgaris®] sl 2
Bgo] wjA & A23AL g A B ¥
&3} 2]7) A5k §AH 0 2= 430 B M
YL G5 F9on A3 FAE FEs
A7) o] A2geEEg AAA]A A 2
w3 & NS YAEAct

Hertwig (1911) £ 7172 % Ram fisw?] ¢
o] Axxel r-=AZ Neld Azleke] FA4] B
o 2359 rr-zA2 Hd A= £34] A
whago] 8- whssdch o JA4HA ¥
2 “Hertwig effect” 24 A== fA2o2 F3
Aol 24 uohe A ERAA] APAe] Y
£¢ Jehd Aoz A3 gAY AR #
AE g AR akeAlE gt

Trifonowa (1931, 1934) ¥ olF Hi¥4E <
% u], ruffe Gymnocephals cernugq, Eurasian
perch Perca fluviatilis bream Abramis brang, roach
Rutilis rutihis ol A] 28~30CS] A2 HuA
A4 S $EE Frb AlFRIgE o]} eidle
blastopore closure 7Fx|3h W43 Fjeiond &7
s AR AEG AAAAA o}F+ shad
Paralosa lacustris lariana (Lestage, 1934), north-
ern pike Esx hdus (Kasansky, 1934) ¢+ Com-
mon carp (Kasansky, 1935) olaich U€1H2
2 o535 2pdubgAl dieale Oppermann
(1913) ol 2Jlod brown trout Samo mulA] 4]
=xlodch Lieder (1955) ¢+ Romashov 5 (1960,
1961, 1963) & common carp, weat-herfish

Misgurnus fossilis, sterlet Acpenser ruthenuel] 41 =P34t
A 2 E G5 siedenl e vlge] A
A 2uAlE o] XA =A Atz s
= =l9ic}. A&7 weatherfisholl 4| 2Hdd-Y
9 2uA o] =88 F7M]7iH(Romashov and
Belyaeva, 1965). xH3bA 26l o] ofl+{9]
)58 clokdel B 43 J7E A4
uiAlyl HAsE 71Re A A9Ed
(Golovinskaya and Romashov, 1966). =2 %
Zyod oz Z A2 FaYE Aol 3t Y
A4 oujAlE eiAE WA 71ER fAkE
(Makino and Ozima, 1943; Svéardson, 1945).
AR A 2ula] Aol ofF A4ke] VK=
Vassileva-Dryanovsky and Belcheva (1965),
Purdom (1969) 3 Tsoy(1972)oll 2J3}3ich

AL xpubAle] edo g SAIAIA A A
= A4 Ao} fAHo s 233l d
Aoz #A”ch Subtelny(1958) & ZHT-2lollA
uksal| o] Ao Alof] ojat FAILAA ukEAF v
o] SAubaA 2ufaE A 3lgion Gilespie
and Armstrong (1980) & Aejdez E¥Ad
U 40to g Al] MAELEE AxA]A 4L
A 2uiA =5% F2 Ambystoma medcamend 43
Aksigich  SALAA ubEAlolRl dsAow
Pas|xek(Arai o al, 1979: Parsons and
Thorgaard, 1984; Purdom, 1969; Romashov
and Belyaeva, 1964) 1 sMAIZEG9] A=l
o]t SAubAA 2uiHlE o] & 2ol HdFHoR
o]20] x]z9lch(May e al, 1988; Parsons and
Thorgaard, 1985).

Al HAY
78 oAlA (meiotic) xHILPA 290

Golovinskaya (1968) ¢+ Purdom (1969) & <
sl olml4 2AHMIA 2ulalE AR 78
& uhgole} Atsidich FHAYAL €A 4
FollA] B7dol th gt AR ES i 7o} AFHHE
Uehlle 2E Aol olfsl: Aoz Wt
ol £ARARS 915 21 A4 AR LEA
ouiH 9] S84 AU Fof 2E o|HAHYA
(heterozygosity) & Axell 719l€ch =7lel&
o}E odAalelA fAHA} FAMZIY A
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(crossing over) 7} A2] dojutz] o} =3l
A 2= 22 39 o|FHFAEE 7tk o
AZ 2ot o]F 9] ATl I A 2ulH= &
< 39 o]¥AFA-L vk (Purdom, 1969).
Golovinskaya and Romashov (1966) & =44t
A4 2efAollAe] o|HAHTAH-L FAAS} FAlal
7] g4 majel 7|l "ok Aot sl et
FAAA A 9l A= =& TAWIEE
Yehllo] 2 &2 o|gdHTAEE ehiin] o]
AR A 100%2] ol g o] U], FANE
ojoll4] BRI (Golovinskaya and Romas-
hov, 1966; Guyomard, 1984: Papazian,
1952; Thorgaard ef af, 1983). ol&% 42 &
Az} oflA]e od|Are]e] &2 o|¥HYPAL Thorg-
aard 5(1983) o ZE3tu} olf+= Ao o3l
chiasma§ ol&ctm 3ick 17 olie] aipr}
fAztel FAA] Alolol| A ol glor o]F9]
I oYY £FEE F&RZ FeE
od dH 2 28

A&l A4 2ullal e %
H el f321e] o)y 3 PAoll 23led AA s
o] A#49ltt Nagy and Csanyi(1982) &} Alle-
ndorf $(1986) & ¥& chiasma 7Hde2 I3
ZAE FAE oY HTAY B AU 2
e A e] dLAcy o] Ae) FAwel gL FLdH)
=& sleich

azlez ¥ 7x|ef ZAxa el a4
A A 2wl A4 H{sER] dxIqt
2l Axd 24 2efslE AFol 2
clone® fAH, 2& A3l 3HFEA
o] ol zigt EAF FAAHE 7l AU F
$32} Al%-(isogenic line) o] 4ol {-83)c].
Nagy 5(1983) 2 w84 oJofo] 44cy oA
o] zAo|AA] ARulgo] douix] Q53-8 A=
vl o] L =L 79| FHAAH g Jehich
FHAAL AL o= AR oJHAHYALE A=
2 S AEEE JYehs SAlig HE sledd
o] zm] opge] FFHxA= #5-ol clonee] ¥
2 A1) 87 e] ks zAM] AEElE A3 o}
IR AR "4gld)h k] FRAxMAe 3Y
Y Holrl Houwg 4o HHY o] Foz F
7] ole]E Aeletd og3g zARled 431
c}.
ZPJURE A 2efale] = ofE B2 R
(mono-sex population) & A4tojt). 2L oIF

q

of4] W =Ko] ulel gizle] Fuffxld A
(homogametic sex) & 7FAcjad 3 UAdell 2
3 14lchell4 AL A d(all female popula-
tion) o] ¥4 =F4gick AU AILAEA 24
A (all female gynogenetic diploid) = <]
(Golovinskaya, 1969; Nagy e ol ,1978), Z°]
{Stanley, 1976b), F=lFNFoie} 2odo] (Refstie
e a, 1982), ¥ 0. gorbuscha(Maximovich
and Petrova, 1980) ¢4 8.z =l zmgich Mg
A4 tilapia Tdapia spp. © % E-ol3led Pen-
man 5-(1987) ¢l 2Jsf Ak LY A 2efAl =
5ufe] 21, 90uie] &3, 3olE] FAolgicth o]
2§ 72 o8] tilapiaF ol Ale} o] o|Hul¢
2 A WY) & 712 48 AARsle 84w F
Al ofo] malol) o8] AP XY 4AA AA
o4 YY7} 284 (super male)! Rz} A3}
A, 2214 (super female) & WWelx $3.&
YYolch XY 4Z2A AlAlellA A3 XY
At o A Q4] FAAR . Aol AL-§
s149lc}(Ihssen et al, 1990). =PA2bBAd 2u)
£ Azl oz Axtade] oA, wan]7] 8 Qo]
2} b} ko] ofzke] AdAle]] o] £E4: Qlof Bl E
AEYHL It Ao e glon] oy
AR A 2ulAl = A1) 2|45 A%t 2
237, A 4 5o FAE AA 590
Akl okilolof) 4] of| ARE AlEElo] x| 23)
(Bye and Lincoln, 1986).

Aok Ak Aakalr] 218 U4 2084
£ A8 27 715 XX FRE AHEgh) gle
o] §A}skA Scott 5(1989) & =HdubAlo] 23|
YY 2848 k7] f18 A XY & 4
£ 3lodend YY 2842 A R XX) 3 ol
Al 100% 42 (XY) & A gk

o

MM 2 A (mitotic) AHIEAYA] 2u)H]
o} SAEAA 2ei M

AHZER A4 AAYEA 200 FE£
zebra daniosE A}§3t Streisinger?] 7§ Al
ofglae AFHolx] £319ict(Streisinger et al
1981). ¥ (Lou and Purdom, 1984a),
(Purdom et al, 1985), A-&(Nagy et al, 1987)
Hele Al FEAY ¢ 2 Bl AHZE
A A4 AAAUAEA 2eiHE A4 s oo
Onozato (1984) = < A2]2 <o Oncorhynchus

i
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keta®] MM EFed A4 ALY 200 E A
At ul v o] DA7ER| R AE3l] o] 3o HEY
£ ga43ich Onozato(1984) © w& w129 #
AL ol TG vl o] AL kAT FHATA
711 MM ERD A4 PubAA 2efaloll 4]
o A== sl2g d4U=le] FH¥PEAzHhomo
-zygous loci) ol 713l Btz &gk 8% F=&
£ YJehils Be $F2] AT LA QA4 24
Wkl = Chourrout (1984) 2] “Co-r=Ake} 29t
ol 2J8] §= s]9) o Streisinger 5 (1981) &
1 Al A ZE A4 AHILAA 2eiAe] 2
L2 AEgo] A& o4 2 &kl I
2 WAt MM EEE A4 AHIUNA 2
u Al A FHAYA olztn =i Yeme
AMZEd A4 AU el FofollA
3 2$ dFgA=Hallele) 7} Al wte} FLE
fo| &7} "H49)ch(Streisinger e al, 1981).

k2 $A¥e doll 7]QlE HZA o] WisE
A2slae SAAWAEA 2eiAl s AAZEEE AA
A AQg A 2ehaiel opvixle AU 2
wj#e] =& AAke Parsons and Thorgaard
(1985) ol oj# o] Fojzch gl A4 MY
dpa A ula] fE4l, el ST FHA
T4 ATol 104 o] Adell4 o] Foixltl Wi
A TR A 24 2eiH e} EEA
A 2ufals 24Ich o4 o] Foich(Nagy and
Csanyi, 1982). EAlIZ W (inbred line) & w3l
o8] S AEY A, dlFARIATe] ATl
e A4 glof MMl Z R o4 A4
2u#] zebra daniost XAFEdwe](lethal
mutation), 23 A X9 fx Tl
(induced mutation) Aol AHgEsel =nlct
(Chakrabarti et al, 1983; Walker and
Streisinger, 1983). £44w84 294l Thor-
gaard (1986) 7} A A& vle}7to] o R Z=ejole}
7o AITFAY A7) 2P¥YH AE AT 3
o] AbgEle] A4l Al dabe dEl YE
BEo] Fggloma WEVEH Hxpe} £A4]
S 2ua e FAAL 2Rle] BEFTO] 2
49lc}(Stoss, 1983).

4 g

i 24 Ae)FR, HzAH ]2 time of

application), A2]x]4A)7}(length of applica-
tion) ol 2l %t i FEgo] e Aoz 2
Aubadd sl (gynogen) & el Bt oS
AR $x9e sigo] a4 Hek

A4uad o444 L84 2uH (meiotic
gynogenetic diploid), &3] 3ufal (triploid)
5419 22 A oA A ZEE AL =
A4 2l (mitotic gynogenetic diploid) %
4ul ] (tetraploid) 5= 419 #i1 AMZEE A
of uls YA o] AeHolct Yubd oz 49k
£ AL, nexeE vohe ddd A3E Relx
9lo] ok 562kg/ci®) Fohg B £ H24] A
2o oA APAlA 2ulA, 3l 22 slE
2wl oz Aislgich UAEE 2EAE
o} v m1] £UAEE e 217, oS AL &
gke] W mlo] Hejsle Do) Qlok AL, A
27t W44, 25Aolfol A el B=ln
olon] Mubd o g ddoji} ofe} 2L FF4F
oAl me&Aesl o Aot UV =Ae
Azle] AEHL 74 A71A ¢n Ao f
AR L2PAHE A7E Ao A4 200
o] WEHE Z7H417]7] SlslAE g4l A

£ exAgr} g A Hokdich AU
A gua] AR ® FohA] 24E $EFHoR
saasly A=z ol S A
AN 27 A oA AEHE AFRIT
c}{Chourrout, 1984).

A TLd oAzl 24 el AU
A 2uale SR F-850] el 2ulAlf
o 4] Sula] g 98] AR Rolch ol A
AL olME Lxxelrt Azl v]EFA o]
o] tj2o] o]al Al e HWag Hol ofy
b= &okxelrl LxAe oo $2 Y 45
olc} Ml A=A AHJubEA 2ufale] T4
Hge SAAANE 4 ol FHAAM
(isogenic strain) & A4kolch

el Aoi7} AFA, AAA Sl olF UA
£ Fojc} A7l dAskA o} HERAE
opon] QB Fo| 43 Jullalol A Abrlel el
£ 2313 AAYA 9 ARE71o] 200H el
A E& GSIX4E 2% my] Julale A3l
4 )& #AxpHojch(Lincoln and Scott, 1984).
JuiNl2] EUAIE ¥7) st AIeAAS A
So| 7|22 oz Yol =g ol xq] AE 2
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ol §0]7] ol ol =9Jo] 3 8E £ ik Al
X 9l & 37] &4, flowcytometry&2.2] DNA%
&Y o visst £58 B Jleeie A
ARl 271l djake] Rk JAa] =4), Qi
A FAof ofs] wj4=3l shdo] shesich 4ulAle}
2viH19] mulle P2 wixe olfaAlE Jehz|gt
24A% Jua] =Re At (Chourrout and
Nakayama, 1987).

2 of

ol f M z=2L FA7] 295 Azt =
719] AEEL wAL g eo) o3 284
E AAz AYAE #5 sk ol £4%
£+5 g A= M2 WS o] E A2 7
F29E AAAA AL 2wl (meiotic
gynogenetic diploid) & 3#A3%ld 3uRA (tri-
ploid) & A4 AAle} £4H oifdol F4E 7
Toz FAFh o] I3 Al FErlel
2L L g e oz, AlAHE 2y
< AAA]A AMEEd x4 LA 2ol
(mitotic gynogenetic diploid) &+ 4] (te-
traploid}) & A4+ ¥90ck UL =4
(irradiation) | '3& A4 B=let +3% 13dA
HE Al MAZEEE A=A 4FHez §E
ool AR A 26l = e Ed @A §
AR = 24 5-0] AlZGA A ol o] & sln
Sick ARIAA 2uRAle) AGAQ] ERalE
chit $Ax-FAA 7+ 2o} chiasma 7MY
22 I3 olAda} Zo] wlax]: ool 2¥x|gH
AT A 2ulA 2] 2FAFNA Bohs 2
A4 2ufHof| A} oL wle] A4 gl o] o2
of] Aol AH X mel7} e FA|He) AAZ
24 A4 ALAY 2eiAe} FAIEEA 2ulf
A= A FEHAYY o2 M SHIeNA, A
o} fAl3c) o] B2 o Foll4] #7gH QU Q4o of
T FAHe 4% A7 v AR Z49i
A= BozAl AHAs7lo] 2ufallo] u]s]
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