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ABSTRACT

Triploid abalone, Haliotis discus hannai, was induced by the cold (0C and 3C) or the
heat (35C and 40C) shock procedure with fertilized eggs, 12 min. or 32 min. post fertilization
with the various time intervals of shock duration. Fertilization rate of each experimental
group was not significantly different from that of corresponding diploid control (P ) 0.05).
However hatching rates and normality rates of triploid larvae were significantly different
from those of corresponding diploid control (P < 0.05). In heat shock groups at 40T, fertiliza-
tion rate of eggs was extremely low (0~2.7%) and hatched larvae were not detected in
these treatment groups.

Incidence of triploidy was confirmed by chromosome count and the highest rates
of triploid (84.0%) revealed in cold (3C) shock with 15 min. treatment duration 12 min.
after fertilization. The number of diploid chromosome was 2n=236, and that of tiploid
was 3n=>54.
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FAZE] QoA A 2ol o) HAkd Al Axe] AMNEE AEEE FUA FFEHAT
e A7) B3}r] W] G4 349 Eele RS HAY FAH e BF o] ¥4
(Beaumont and Fairbrother 1991). o]2|3 Bo g Q8] A3 Ao 24 hAb AWA7} #4478l
o] 2" 4 glo] 3MAE AR FA AF=E FHel Ak A MY olZE, Crassostrea virginica
(Stanley et al. 1981) 3+ 7}e]Bl, Argopecten irradians (Tabarini 1984) ol the Aol 3uhAl A=
A4 uiAET 5o 5% 2 £ £ 9L F U1, AR B¢ #HAEE ©¥E F due
237 Buxi o

ol& &t HFo) iAo BT ATEE 1981 B X|Jo}Z(Stanley et al. 1981, 1984)l cytochalasin
B (CB)E Aalgo] o Hx= 3ujA7t 59 o] ¥ $8, Mya arenaria (Allen et al. 1982), =,
Crassostrea gigas (Chaiton and Allen 1985 ; Quillet and Penelay 1986 : Downing and Allen 1987 ; Ya-
mamoto and Sugawara 1988), 7+el¥1 %) A. irradians (Tabarini 1984), Pecten maximus (Beaumont
1986), Chlamys nobilis (Komaru et al. 1988) ¢} black scallop, Chlamys varia (Baron et al. 1989) ol A=
awd bl Q) o] Selx MR, Mytilus edulis (Yamamoto and Sugawara 1988), ¥FAE, Tapes
semidecussatus (Beaumont and Contaris 1988 ; Gosling and Nolan 1989), X527, Pinctada fucata
martensii (Wada et al. 1989 ; Uchimura et al. 1989) 514 1&, AL 2 st 5o 44 A=3%
CB 9] I4Z Al o8 A F27t AFHoigh HITole A7) AT AT A1 JA=
2 AZgx 9 dujArt $=2 8 2(Cadoret 1992), 2412 CB thAl vk Aol vl 2 F g o]
212 6-DMAPS 93] F=<] 3ujA7} =9 nt YH(Gerard et al. 1994). 2] vehol A FAPES
Ao g 3 A FE AFE oFE FA0E dTFHY $EH, oFY Az FA ELl o8
oFal ALY Z71E 71AE 4 9tk (Thorgaard 1986) T ¥3|x glo] FAME(Kim et al. 1986),
vaeggel(Z 5 1990), FECT 5 1994) 2 GX(H T 1994) 5 thF 3ufAIF FEFHA Al
THATAE 2 ] AF A7} o] FojA I gloH, HFAME F2(F F 1990) ¢ teE @
A f= I+ Atk

S, WAAH] BE EAS JPA I i1 53] ofAlo} B sFelA FaF £ A AR
Bt e 1970t o)l SoiohA Ao g Ruje] A4S AdYHoz Y F A HuFH - &
19742), AL AZAHUV irradiation) 24 Atek $2g 4A & 4 YA =l Gt - & 1974b) 4F
Zuo) g Aate] M3 HYTh watxd FEL HA A AHoZ & ThE F8 ¢4
BE So B3 AAM 27 J)Ee] =o] §old Folg At olF HEL 8 yelMe
mid 4 wviulale] QFEEIF MAHT Yo wE, HF4 S & 1988) ot vigHAtE W
(8F 2= 1994b) ol o] S23oliAle] bt 2 ARS(HF & 1994a) ol o3 & o] Hale] ¢y
Aareke 19901 280 A 19920 158 (5 - A 1994), 199430 = 14E(FHFAE 1995) 0.2
F2sn ok a8y e F8 Y wHF vs) AF 277 4R 7130 33 AEE HuE
Athke Mol Bl Hof glo] old AL AFsy] A% e A A% Fo AAH 2%
71€9 =qle Fasdtttn sAch

Ao A TS T §2H AT7EE Mb FH(1988) 9 HE AFF Xsfo] Rl #F
AT} Arai et al. (1986)¢] FAE EA 23] % A f= A7 & £ F Utk
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2 Q7o 9d FAo] W gle 2l et 4 uBel uia Aste] B¢ AT ABO2A
AT A ANE 9B AL LE !

Ao 23 AE o 4~639 FRAE Haliotis discus hannaiLEX A93A H45E 93
129 19%H 49 30U7HA 14C+17F HEE 7Fe §4 ARSI Abehade it - §(1974b) 9
We] o) o 7 1mtelel] diE HE: A, A9 AL S AT #2 A A5 B ASE
FAct e B 2 20T AR dgoA FE 60 ume] BEIHAE FZ 0] 7HARA HE
dAol 1/10,000 FE2 3|4 FHE A} Fgho] n]$£HEE nettingd BHIHAE AAES 34
A7 BE drFe2 FAE s FEGE 97 sz dH MBI HE Y AAE
AT g 200 Af o] FL3te] Aol AHE-EATh

F3 F 9 AHE BFES) A o 300009 £HGE LA WE 50 yme EHIHAE
£l olmdal Hd(020 cm, ¥l 15 cm)o] WolA 20C9) 324%F (Kawasho model KS-150,
Japan)ol] 43t} o] & v 5&Ftch 10070 Wele] FAGS Fsloz Wolylo] 4% ¥FaUyog
TR SHGASE BFEY

A FEe AL T 1 Ay 2ye AHgsded A7) 24 B39 Aidd 71233 Arai
et al. (1986)2] "ol o3 A1FA WE AAS} A2FA e Ao g3 FE3UHTable 1).
A& o] 97 A4, A1FA wE JAE J3ME 11,0000 Wl £AGE FE 50 yme) B 7HAE
uiebo] 29l oz A AAY (910 cm, %ol 15 cm) ol $838l £4 128 Fo) 0T} 3C 3o
42} 10%, 15% % 208 < Atk 2 A A9 9Al 4 128 Fo 1,00070 Wl
FAGE 7L A7)o HUdd 83t 35T} 40T 9 i<l 22t 15, 38 L 5E Fot APk
g & 24 APFe FAGE 2 20T o7 FE T 3000 ml ¥lo]A £83F oL 20T
F2doA LANIEA A E, 318, ZAIAE, 3uA =& 2 A LSS FAEIG

FRAES F8 A F A4 Ag7eA H=1ez 1000 Wele 3¢S Aol 4% E=E
AFF F A4 doll U F EG 9 go) wRes zARIYL, 232 £ 2040 F AA
FRG i frddhe fAe WEEE Feladth APEAEL HIA T BAEA FA4Y
WEEZ ZABIATE AEES dAdol g A FRAe RESE AP A fFESS
FAA FE o AA SV diF A T2 AR FAIEIP o 3ujH) LS
UZTe) AEE] g 3uA HF AL WA &S F3to FIALh

fred 3uA BAE AaAe FAAFE ARG o] W A EEA R Arai et al. (1986) 9]
S 7 HEHA Fig 19 22 #AFo=w gt
%, %3} A% 9] &EAtrochophore) 4 ¢ 30712l & 3i4=7F &7 20 ml Al gl 8313 0.1%
colchicinediol] 2A17+ 5t M3tk o] F Algde] 2 €329 0075 M KCl £9& H78iA
AN e st Fo] FASHE M2 KCl §Q o= X 83l 1471 o) A Y X2 & wEch
KCl g9 4F5aS v2la YAE CarnoyW-& ¥Wol A ths 4T Bafdth 13 Hzld 8=
FAL 50 g2 1087 A4EA H3loz FFHL Wl 50% 2 acetic acid §Ho] E YT
T3 208 A= FEHHE AHojA WAL 108 A= WA ¥ maEEz dmoz Foly
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Table 1. Selected conditions of treatments for inducing triploid abalone, Haliotis discus hannai

Treatment time  Treatment temperature Duration of treatment
Treatment

(min.)* (© (min.)

10
0 15
20

12
10
3 15
20

Cold shock

10
0 15
20

32
10
3 15
20
1
35 3
5

12
1
40 3
Heat shock i
35 3
5

32
1
40 3
5

* Time after fertilization

50CE 71Est &efole Seh2d =@tk §7] AF F 4% Giemsa 4] 158 A= F4%
o A A2F 100~200800] vig2 dnl HAS A dUAE BARL 2AF EAAE 1,000
w2 st FAHFE AFsiHh

A f= AP 33 wHEIGD A4Y AFe dY¥-F(one-way ANOVA)E *2]32 Duncan's
multiple range test® HI7rY §94S ARG
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Sampling
Hatched larvae (trochophores) were taken into test tube
|
0.1% colchicine treatmennt
(2 hours)
|
Hypotonic treatment
Add an equal volume of 0.075 M KCI solution
replacing the supernatant with fresh 0.075 M KCl solution
(one more hours)
|
Fixation
Add Carnoy’s solution (1 hour)
(a mixture of three parts of alcohol and one part of acetic acid)
|
Centrifugation
(50Xg, 10 min.)
|
Stirring
The specimens were taken into another test tube
add 50% acetic acid
stir with glass rod to result in milky suspension
|
Drying
Milky suspension were dropped onto clean slide glass
air or flame dried
|
Staining
With Giemsa solution diluted with phosphate buffer (pH 6.4)

Fig. 1. Scheme of chromosome preparation.

2 %

Table 2 #& 20Tl A 4L $3de) 27] B4 HL Ve A6 A1FA $Eo) wa
Ae #4 F o ERHAT 50% o149 el AIFAE F2ANAAE 43 F o 208
3 %

SEREIRI 50% o de] Al A2FAE
AL A F F S0EHEHYL 50% ol4te

Kol
ojlem, A2=A o = 3
WEV A 74 F oF 40%0IUT AldToe] B

5
FAde A AidEo] #FAE AL £ F o 85E

Table 2. Lag time in the early stages of developmental processes of zygotes in the abalone, Haliotis

discus hannai under 20C water temperature

Stage Lag time (min.)
Releasing 1st polar body 15~20
Releasing 2nd polar body 35~40
1st cleavage of zygote 80~85
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e WAl B ¥ A9 A7t BE Table 29 AF AHAE 7|22 st AP A F=
A48 A= Table 3 2 Table 49 2

Table 3& A& AZo &% 3uja Fx AAE Yehd Aoz A A% Aol BE 2HAE K,
FRAEL A1ZA) B2 AA(FR F 28) T, A23A wE gA(FR F R28)T R Rt E}R’E‘ﬂ
Al A& Az @E fFF Aole UNKP) 0.05). £ 20A% F AESLEE FAHE FEHE
He) A& xzto] dojFd] wat Bolxle Aol o FPEYE JA A A% Mzt 301%‘01]
uhel grolzled] Mg A& Azto] 208<¢ AL A AT Fa& g FPLYEH FAT Aol g
R TH(P € 0.05).

e exo BE ZFHE e £3F, 23 2 FAPIYE 2FoIA 3T A7t 0T A THY
e AL YEIAT faxke AP ) 005).

Table 3. Effects of cold shock treatments on development and triploidzation in abalone, Haliotis

discus hannai

Treatment Treatment Duration of Fertilization Hatching  Normality Survival Triploid Triploid

time temperature treatment rate rate rate rate’ rate yield®
(min.)* (© (min.) (%) (%) (%) (%) (%) (%)
10 769+ 43 670+ 57° 703+ 33° 362 58.3 355
0 15 738+ 44° 640+ 51* 666+ 33> 315 719 38.1
20 755+ 50° 573+ 41° 635+ 36° 275 72.7 336
12
10 765+ 89° 670+ 42° 773+ 53° 396 704 46.9
3 15 731+£10.8° 638+ 7.0° 733+ 3.0° 342 84.0 48.3
20 779+ 79° 596+ 82° 723+ 22 336 82.8 46.8
10 746+ 6.7 670+ 46® 760+ 57" 380 615 39.3
0 15 754+ 4.0° 634+ 64 713+ 50° 341 69.7 39.9
20 707+£12.7* 535+ 6.2° 615+ 89° 232 722 282
32
10 762+ 43 796+10.7% 85.7+102° 520 65.6 573
3 15 78.1%+ 56° 761+ 9.7° 789+11.3° 469 79.1 62.3
20 730+ 3.1° 504+119° 59.9+149° 217 78.0 284
Control 805+ 6.7 823+ 7.8° 898+ 82" 595 0 0

'Time after fertilization.

*Correspond to the inhibition of releasing first polar body.

*Correspond to the inhibition of releasing second polar body.

‘Survival rate (% )=fertilization rateXhatching rateXnormality rate

“Triploid yield (%)= surviva} rate of treated exp.
survival rate of control

Values in same columns having the different superscripts are significantly different (P <0.05).

Xtriploid rate

AeRGE 347 F AEA RHAAAY BEEES 2TV} 595% Fed v A A
JFE 217~520% 5 eI
3R FELS A2l A Aol g AL 1083 HTANE 583~7040% 2 The AT
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AXE Haliotis discus hannai®] 380A =9 JE83 EXd @3 47

v vld wrout, 1583 ATt 2083 MEHTE 47 69.7~840% B 722~828% = H|%
stk 71 HL Al RESS £ 128 ¥ 3TZ 1587 A3t 84.0% Aok

RELC) A S22 T A B 284~623% FoH 3C M7l 0C AYTFEY B
A%E VIR M 2 39 A QLSS 3ulA fEgFE 2 £A 328 ¥ 3CE 1587 Ay
62.3% 4tk

Table 4= 1 xFo) o 304 #= 2o4E e 2oz Ha A& A B2 23S B,
FAEL A1FA WHE dAGEE F RBE)FAMY A23H $E AA(FH F 28)TF g

Table 4. Effects of heat shock treatments on development and triploidization in abalone, Haliotis
discus hannai

Treatment Treatment Duration of Fertilization  Hatching Normality Survival Triploid Triploid

time  temperature treatment rate rate rate rate*  rate yield®
(min.)} (©) (min.) (%) (%) (%) (%) (%) (%)
1 839+ 96 723+109* 805+74° 4838 417 30.8
35 3 81.6+10.6° 575+14.7% 78149 36.6 70.8 39.3
5 75.7+14.2° 3264252 0 0 - -
122
1 1.3+ 06° 0 0 0 - -
40 3 0 0 0 0 - -
5 0 0 0 0 - -
1 792+ 7.2° 57.0£121° 61.7+4.2° 279 40.6 17.2
35 3 728+ 75 405+14.1"° 57.2+6.7° 16.9 72.0 184
5 65.7+ 9.0° 14.6+10.3° 0 0 - -
32
1 27+ 0.6° 0 0 0 - -
40 3 1.0+ 10° 0 0 0 - -
5 20+ 1.0 0 0 0 - -
Control - — 822+ 399 84.2+ 31° 953+ 3.77 66.0 0 0

'Time after fertilization.

*Correspond to the inhibition of releasing first polar body.

%Correspond to the inhibition of releasing second polar body.

‘Survival rate (% )=fertilization rateX hatching rateX normality rate

“Triploid yield (%)= surviva? rate of treated exp.
survival rate of control

Values in same columns having the different superscripts are significantly different (P <0.05).

Xtriploid rate

e A& Al BE {FoF A= JUKP ) 005). £ 204t F Fge A A& Aj7lo]
HojFol wat doprlon FATWE FA] Ay A& AlZho] AojRd what wobA A 35TAA A
A& Ajzke] 58S Aol F3 fAol EF v AR A Lz o e BH 40T
HPYFANA FRE0] 0~27% 2 WS @#ren 13} AAE BFHA Gk ALFA BE AT
A2FA W AR T AHE vwe 2, FHAER e FAT AV Iy ALY EAME
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AFA 2 A7 A23A BE AATRY A ERTHP0.05). BEEL HET7H 66
% Qe v & 3uiA A2 TE 169~488% 2 v wgkom 3ulA] fFE&L M A& Alzte] Aojze
g} Zrbste Ago|ded F4 328 3 35CE 3B M FolA 720% 2 Y Eoteh 3uA
SO 184~39.3% 2 A2 HTHEY wekow A1FA BE A 1(30.8~39.3% )7t A25AH WE
A T(17.2~184% ) Bt wskow 7 w2 3ulA AL 3 f=&Te 2 % 128 ¥
35CE 3#7 X2g 39.3% Atk

(a)

(b)

Fig. 2. Mitotic metaphase chromosome spread from a diploid larval cell (a) and triploid larval

cell (b) in abalone, Haliotis discus hannai.
oA 2 few iAol A 2Alol thdk A Table 5 % Fig. 200 VeI 264 759

A = 2n=3622 FEF 2T heteromorphic¥t S HY A& FolE 4= QUi 3uiAe] Bl
3n=542 uEht 2ujA QA o FB 15W1E vERAUTH
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Table 5. Numbers of chromosomes recorded in preparations of diploid and triploid abalone, Haliotis
discus hannai

Ploidy Chromosome No. No. of counts
2N (34 4
35 5
36 52
3N {52 6
53 6
54 42
z %

A9 G ANrF o 2 A1prRd £7]9 dAldA BaEo £ Fo A1FHE &3
A2FAE W& dgets ofee 28 dRe A1FA 2 A23H $E gAS o FrHA
A =8 T F
59 58 Mt gl
o4 & RE(H274)
2 79.1% 9] 38H F=8& Ao, 35T 1L Ho FME 708% H 72.0% & 3MH FE&S
dAed oL Ze 2722 HEF Arai et al. (1986)8] AL AT (70~80%) E 1L AT
(50~80%) 3ui#] Fr=&<] AAgtel sidstchn sAch 3 A Y4h&S 184~62.3% A Arai
et al. (1986) <] 3Wlx = ZAE 3ujx] gl ALt &) AL FHA 14.0~62.9% o B3
A3 ol A g gholglx sl 7 5(1994) & dX], Paralichthys olivaceuss /L2 AL 2o
oz A E FEYS o £FES RTH el Alojof Zpoj7} g, HalET A EYENM=
HZz77F HTFRo 58 @8 Yo Fed, & 48 FhEe Aex niAe dARE
UeEld e 24 25 e FAE F3de] 2o ¥3) fAe 27 AEE 9FE vA e Aoz
et

E AYolA 12 AMeld 40T Beole $8E0] 0~27% 2 WS¢ Iy F3IE&L 0% 2 IF
HApsH om, 35C ] Aol X Alzbo] o AFE Rahgo] st Aotk Yamamoto and
Sugawara (1988) = JFHA|, M. edulis®] DLx2]dl 23 3ulA] §= 23, 12 A 227} 38CY
g FHETS F3lge] F43] FrastANt BTAME £3&F F3lge] T v 4z Ha
gt B33lT 9l Quillet and Penelay (1986)€ 22, C gigasd 1 A d &3 304 f=
A3, £ 24X Fo AEFEL BCAAE Foahd TAsA gAT 8CAME @t Y2
itk Badta glo} Fol ME thEdr 3l 2 A7 Adet XAtk wy F8 32
HFoll slojA e Xelo] o 7] AE o] TS W £ 38y oFt AAHW, Fo
et GEAAT o2 Fa FA HF 2o 93 A FEAlE 38T A 202 Hojo}
g Aoz 4zad. |

2 AFdA AL Azleh 12 Ao Y LAES vusd Ed AL HIF= 599~85.7%

&) oo

+ e
SA AES Ak PHeEAE CB 59 4F Awl ¥ 2, AL, 4F
£ ARoA F3E A f= A 43 23 £33 F 22AISA ¥
e A Foll 3¢ AL A o3 1583 A BH, 42 84.0%

o% i

12
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(hz7o] Wat B A4 BBE 795%) A6 vls) e x2TE 57.2~805% (W27l e
A AAE 661%)2 T METe 7IFFo] w3k oy Aze CB F& 12 Hrt §49
71888 Z7IA1F1T £33 S v e Zo g 3ulA) 7 (Stanley et al. 1984 ¢ Quillet
and Penelay 1986 ; Downing and Allen 19875 %] % 1990)¢t 7hejulel thet 3ufa] A (Tabarini
1984)9} AdXsez 3uF] f2o YoM e HEROE AL HrF FHEY A fEol &
Aoz} Ak :
B AyoA 189 3 FE&S YEE e ATt A& e My A& Algto] @3
24, Arai et al. (1986)& Ao glojx 12 A e} A& A ApelolA] ] AjZhell Ao]7h =
2 4& Ao BAY 7]Fo] M2 ozt th= 7] WlEo]n, Yamamoto and Sugawara (1988)+=
Ael# e M Alolox FE 543 ABFH Al 7fA] Aol zhe]7 v 7]F el thsjM =
5 U A Loin TIT Qo] Yo U B ATV ojor & Aoz YA

A5} Aeole AFA L A2IA T IA9 27k ez MAE f=E 5 e, 2
AFNHE F W EFAM 43Hoz 3AE A= & AUtk AIFA 2 AL 3uA e}
22 w2 A Y 3R o] Aol A Arai et al. (1986)2 A1FH) BE JAE FEE 3
A S0 AM22A WE IAE = ® 38T} heterozygosity’t Zviy Hidli R1il, Stanley et
al. (1980) = BIRUolZ C. vinginica®lA M1ZFA 2 AAE 3uiAe) 1 o] H254 W&
A E upAY 27 2ulA BT BME AL heterozygosity’t AM1ZA WE AAEF AL %7
mEolaln Bsty ok wabd A1FA E=E A23A HE A2 f2E A A st
v Age go o Al stk

Komaru and Wada (1985)%= ol&9] gaxde g #fFe ddde 1 A7) ul$ A1 A
2o FAEHA et F5 YA A7)7E Wi ARAT, FEA AN A F4A 2ES

o ki » £

o
\__
L
|
1)
=1

hn 2
2R 5 QoA oluf 3 AFZNNM FEA FAE ol &3t BEF F7IRIFE EE F AL
stk ZARe ZLE Arai et al. (1986) 7 £ Aol o3 HEA FYLEREH GHA BES

oHE F AR

2uja) FARe GMASE 2n=362F UEFLT heteromorphicd B AT FolE F YR
3ulF o] A= 3n=542 VEh} A e 2AL 2nT EAY no g FAHN LS & 4 AUk
A GAH) 7t REF AL aneuploidZt otUzt AV M2 FAAY A W M2 HolA
Uzt Ao 235 ol8dt 84 ulA T semidecussatus} 3v)# fr=(Beaumont and Contaris
1988) M= JERGI Qlth
ok

2

flo

FRBo A G st FH 128F € 28 Fol AX(0T, 30) s 5 LL(35T, 400)
A oA o8 HE A& Aoz A f= ABS T A, FHES AETD Aold #%
A7F AATHP Y 0.05). 22tk #3he 3 P8-S 3ul A 77k 26 A 2T Rk FoJ kAl Rkeh(p <
0.05). 40C9 L&A PFolA FAHEL v ¥R (0~27%) F3Ee FAL A WA F=&E
QA4S FH AFdHA TREY M e A &2 £ 128 Fol 3T gl 158 T
A2 S w 84.0% At FAE 2ulx o] AN & 2n=36°IU 3 A ] BMA & 3n=54°]%
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