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Studies on Reproductive Physiology for Production

of Triploid Seedling in Crassostrea gigas

Jing Yu JIN

Department of Fisheries Biology, Graduate School

Pukyong National University

Abstract

1. Induced gonadal maturation

The gonadal development of female and male for C. gigas can be divided into
four stages by histological observations: inactive stage, early active stage, late
active stage and ripe stage. The gonad index (GI) increased along with increase
of water temperature. However;. the flesh weight index (FWI) was not relevant
to the change of “water: temperature. Induction of gonadal maturation by heating
of C. gigas was observed: spawning rates of female and male were respectively
60% and 70%. They were respectively observed at 64 days and 58 days after
breeding in fast elevating temperature. Spawning rates of female and male were
80% in slow elevating temperature, and they were respectively observed at 72
days and 66 days after breeding. Using formula K=H(T-t), it obtained that the
biological minimum of female and male were respectively tg=10.5C and tm=10.2°C,
and the accumulative temperature for gonadal maturation of female and male

were respectively Kp=481.5C-d and Ku=410.2C -d.
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2. Induced oocyte maturation

The effectiveness of neurotransmitter on germinal vesicle breakdown (GVBD)
was investigated in vitro using the oocytes which are obtained from the C.
gigas. Among the neurotransmitter tested, serotonin can induce GVBD, however,
acetylcholine, adrenaline, noradrenaline, dopamine, and histamine were not
effective. The results showed that serotonin concentrations of 10'-10° M can
induce GVBD of C. gigas oocytes remarkably, and the GVBD rates of oocytes in

10° M and 10" M were more than 97% at 60 minutes after treatment.

3. Spawning induction

The effectiveness of acetylcholine, adrenaline, noradrenaline, dopamine,
serotonin, and histamine for spawning induction was investigated of C. gigas.
Dopamine 10° M and serotonin 10° M injection can induce the spawning
effectively in C. gigas;, whichis more sensitively response to male than female.
The response time to initial spawning in the case of dopamine was within 17
minutes in male, however, dopamine was. not effective in female. In the case of
serotonin, response time of female and male were respectively induced within 29
minutes and 13 minutes. The number of spawned eggs were 2.53 million and
number of spawned spermi were 100.1 billion at 10® M depamine concentration. The
number of spawned eggs were. 1.97 million and number of spawned sperm were
143.1 billion at 10° M serotonin-concentration. Fertilization and hatching rate was

not different for oocytes obtained from each stimulus.

4. Fertilization and hatching
Improvement of fertilization and hatching rate by the fertilization conditions were
investigated of C. gigas. Temperatures ranging from 18-24C had no detrimental

effects upon fertilization and hatching, and temperature of 24°C appeared adequate

- viii -



for optimal fertilization and hatching rate. Fertilization and hatching was not
affected at salinities ranging from 25-35 psu. The most effective fertilization and
hatching rate were respectively obtained within 4 hours after eggs collection, and
within 30 minutes after sperm collection under temperature 24°C. The best sperm to
egg ratio for the fertilization and hatching rate of C gigas was 1,000 sperm per
egg. The optimal gamete contact time was between 30 and 120 minutes. The best
densities for the fertilization and hatching rate of C. gigas were 200 per millilitre.
The optimal tank volume was between 50 and 5,000 millilitre. 50-5,000 mL volume

was no difference for fertilization and hatching rate.

5. Triploid induction

The number of chremosomes for diploid and triploid were respectively 2n=20
and 3n=30 in C gigas. The best treatment concentration of CB ‘and 6-DMAP were
respectively 0.5 mg/L and 60 mg/L. Different induction conditions"of triploid were
investigated in C. gigas with 0.5 mg/L CB and 60 mg/L. 6-DMAP, concentration.
The longer duration of treatment showed that hatching rate was lower. The
highest triploid rate (73.8%) was obtained at 27C, 30 minutes after fertilization
for 10 minutes"treatment duration with 0.5 mg/L CB concentration. The highest
triploid rate (66.7%) was. obtained at 29°C, 10 minutes  after fertilization for 20
minutes treatment duration, and 15 minutes after fertilization for 30 minutes

treatment duration with 60 mg/L-6=-DMAP concentration.

6. Mass production of triploid seedling

This study treated 15 hillion of embryos to obtain 21.1 million of D-shaped
larvae, and the shell length was 77.1+3.0 um. Hatching rate was 1.4%, and triploid
induction rate of D-shaped larva was 34.5%. After 15 days, D-shaped larva grew

to 363.5+28.6 um in the settlement stage and estimated survival was 4.3%.



Breeding was conduced in the settlement larva (0.9 million) by down wearing
method. Shell length and total weight of spat after seed collection grew 4.1+0.9

mm and 15.6£10.5 mg in 30 days, and survival was 12.3%.
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dtF oz ZIF WA GY By T2 52
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Barber, 1984; Blake and Sastry, 1979), Z15 oA o] 714 Q34 #&
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Lee, 1982; Chung et al., 1991; Chung et al., 1994; Lee et al., 1997, Park and
Lee, 2008).
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5
FRP AFZ4=%(2.0x1.0x08 m)oll A=k 24709 Zefxa8 A4 (50.0¢
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pea

32.0x17.0 cm)ol ZH7F 25mfa] M Z=gdte] Awe gt Wae] ASOo g2
o2 AR, AFEe 15 min/t FAHES oo, eurde A4z

A 7](Aquatron, Yoowon, Korea)E AF&3FAtE Hol|A =2 Tetraselmis sp.,
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S5 F o]y Eo| 5~15¢10" cells/mLe HTERE FAHEE
o

5% #(2~3 /%) #3052 0§39 Hoyss 7

Y. (Saccharomyces cerevisiae), A7V, 57 Spirulina +'2S 242 2 g
A EFete] 2 Lo & TRl 2 Thg shFel 494 Fskidth st
o MAV= 2~39 HAe® 25 mm Ab-g8to] Apo] & Hl iAo
= AAs FAt

2-3. }F &Y

R E HAA7]7] flete] 1097 Adsi+E SHFAH ol F Fx100A
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temperature: FET), X2 & 3~49 7FA 02 1.0:05CH 255 A

A5 A 7 (slow elevating temperature: SET) AA L% 25T o224 313 e



H, ol HAPFJEAFA 2BTE FAHAY F2L 2=V Y27(HOBO
U22 water temp pro v2, Onset, USA)Z 30+ 7+4
YSI 85-10FT & =4 7](YSI Incorporated, USA)= i <A 10A]o] =A
sttt g7t F FET# SETe 23 A2 777 84~253TC, 84~
24.7C % 32.6~33.8 psu, 32.4~33.8 psuth(Fig. 1).
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(gonad index, GD+ Eversole (1997)¢] WHS A7 5435t ALttt
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Bouin& el 24A17F amAgE %

Rl

AR A-et] A FeE HHG
paraffin’d¥ &2 5~7 m F/49 ZAXEE #|%33 Mayer's hematoxylin
7 05% eosin©® Bl AAMEITE TLela AL 2ALS B G
##3ko] v &4 7] (inactive stage, In), %7124 7] (early active stage, Ea), $

7184 7] (late active stage, La) 2 <2+<7](ripe stage, R)9 49tA 2 v+ o}.

TEE F dAH RS 44 100AY At o el v E
S ZAFSFS T AFEREES serotoning 0.22 um cellulose acetate membrane
o] 78} 4=(32.8~+33.2 psu, pH805~810)9 %] 10" M TEZ WE F 05
mL insulin syringe® 100/ pLE A& 9o FAFsIA 1L, L 1S 2 L 8
Ao 747t vk ¥ &8ttt #& &2 AFUIAl & XA 9] ek 9
WA JhA e HERE Rl HE As5E 50% ol NAZE e 2 g

ol Aol AHoE et

2 Ao YelWW, S L N L o= fg e 07 ek 2ok o7 A L LE
AgEee fAHNelw, L7 LE ARTH 9 12 FASE, e hE

99 ANARE AR Juo o]2/AA 288 AKAF b FE by
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Fig. 2. Schematic diagram for-biological minimum .temperature and effective

accumulative temperature on final maturation.
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2-9. A& =4

ool AEES AEMA FHE FRAA 7Y Ao w HAL ntgFE
Agestol AEMA S & AANA ] Hl&= s

2-10. T AEA

A Azt EAAg= PASW program (Ver. 19)S A}&3}e] one way-

ANOVA testE 2 A% ¥ Duncan’s multiple range test® H17Fe] F2o]A

f

(P<0.05)%& #HAsA
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3. 2 %

3-1. AAFE-FTHFX S A3}
FET¥ SETAA A I} 7ol FWIQ W3l Fig. 3o YeRdH whep 2o}
o7 o] G FETolA FWIQ W3ls= A 7RA A 19.2+3.20]H 7l o] 28 # o

7dA o= 203+152 F7Hs 3, 149 A o= 1934312 k7 7). o]
A2 F7reke] 42970 2224275 B R T,-49U Ao 205312 HAd F
Al F7hske] 729 Ael = Aol 22.3+4.95 E AT 2o B9 FETOA
FWI9] Wl AP/MAAl 19243201 Zo] 1494 el 2314332 ZF 713}
= Az aste] 359 A6l = 207268 RS F A F

Vet AT Bt SETO|A FWIS Wals Ad 4 A A 192432018 A o]
Aak Srbehe AES JERY 499 ol 21.5£1.9S R, 56U Aol 20.1+4.9

oz gasgon ol oAl Z7e

3-2. A=A g

FET®} SETolA A 729 GI9 ®ste Fig. 49 Yetd vpel 2o}
HA e AF FETOA GIo] Wst= AFMAIA 194 =2 s} e A
Ml F7keke] 35dA 182 FUFekTh ol HASH Frhste] 49 Al
345 B T bAl AAE] F7tste] 63U Alel= 482 SUFstTE SETel A
GIe] W3sh= AAMNAA 1A 2 st Heol M3l T7hske] 3524
142 S7Feslvh. ol w48l F7hete] 6L Aol = 36 el § Bl A
A3l F7kskel T0LA = 42 S7beklvh. 2l 4% FETOlA GI¢ 3}
= AAAMAA 1M g2 s dao]l AAsl Frkske] 2194 122 F7F

9

sttt olF FZAsA Z71sle] 49U A= 365 HYal, 56AA = 38%



Flesh weight index

Fig. 3.
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Change of flesh weight index for female and male of C gigas in

fast elevating temperature and slow elevating temperature. Values

are meantSD (n=hH).
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Rearing days

Fig. 4. Change of gonad index for female and male of C. gigas in fast

elevating temperature and slow elevating temperature.
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Z7bstdeh. SETOIA GIo| ¥sts 28 AAA 114 & 57 Hio] A
3 F7reke] 359A 147 Zostginh. ol % FAsA F7hste]l 49U Aol =
345 Bl T Al AAF] Z7tsle] 63U Ao = 42 Z7hEk )

ARV T FE AL SEUAE M ow #EAS Ay ok
T 4z W g7, 271847, F71847] 2 @57]9] 4adAR TR 5 3

Bl &4 7] (inactive stage, In): Aol i dA A (ovarian sac)e] Al
Ao GUMEE) g HAEHNL, AP LAkl AAxH R )
5 QYA dAhFig. 5@). FET A o] A]71¢] 7jAEo] AHMAAFE 35
A Alole YEpEI, EHE 2 2-ZF 100, 100, 80, 80, 20 2 40% A t}F. SETe

M ol A7 A S0l AAMAIAIFE 429 Atolo] vERa Ed&S 7
ZF 100, 100,100, 80, 60, 60 2 20% A (Fig. 7). TH AiLe= FAaAHD
(seminiferous ‘tubule)®] A2da)e GHAESC] &7 AZEHJ DL, AT A
HPrfol= AA AR 715 AAA AT (Fig. 6@). FET|A o] Al7]<] A
A 5ol AFMNAAITRE 35Y Atelo YErREa, EFd&S 27 100, 100, 80,
80, 20 3 20% Stk SETdlAl="0] AlZ]e] WASo] AIAMAIAFE 429 A

oo MY, &d-&-2 ZHZF 100, 100, 100, 80, 60, 60 ¥ 20% A thH(Fig. 8).
%2718 A 7] (early active stage, Ea): 47 Harts dasdo A2y

mel ol oF 10 pm<l A e} HAE o] 20~30 ymS! 27HE T o

RAEZE BRow, AAGT = vlwA FHA #2E S oHFig. 50). FETO

Aol AI719) AAlEe] AEMAF 14~49Ue] eI, EHES 7h7E 20,

20, 80, 40, 60 = 200%ith. SETOIA: o] Al71¢] AASo] AANAE 21~

4990 B3, Z=AES 7h7h 20, 40, 40, 60 2 209 THFig. 7). FRe A

7}

At gadAwe] 4436 Wt 2717k 9 10 umel FAAES 2717} 7~
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8 um¢ AEA X} b5 BZH A HFig. 6@). FETOlA o] A17]9] /hA & o
AFMNAT 14~4290] P, FF&S 7217F 20, 20, 80, 40 Z 20% A ).
SETel A= o Al71¢] 7HAEo] AAMAF 21~499 ] vy, A&
Zkz} 20, 40, 40, 40 2 20% %1 tH(Fig. 8).
L7184 7] (late active stage, La): 7o Hasrd o= A
4 30~40 ym¢l HEAHNEE U4 F i, U
Agele] RAsta ade] WAds s Idsigl o
A THFig. 50). FETO A ©] A[7]9] sfA1Eo] AAMNAF 35~56YU] LHERS:
i, AL 77 20, 40, 20 2 20% R E-SET A &= o] Al719] AAEe] 4
HIPAIF 42~63U0l WP, EFee ZH7F 20, 80, 40 F 20% A tHFig. 7).
TR Fao ded A GAAT ol AAME, FRAE HAE 18n
HE FQ AR} TN H WA Fo mjdw Zlo] #aEATHFg.
6©). FETelA o] Al7]o  AMAEe] AFAMAIF 35~564e] B, =&
Z}7F 40, 60, 40 R 20% AT, SETO A& o] A7) /A Sl HAMAT 42
~56 9 et H3ee 27 40, 20 2 20%% tHFig. 8).
&< 7] (ripe stage, R): o9l WA Yol W4o] 45~50 ymel 4<5H
5ol Yaid WASE oA Ads TS A HARE A5y
A, BAA3E 7L olF grobdEHFig. 50). FETOIA o] A171¢] 7jAEe] A
HANAIE 49~63Y] BAa, EHE&L 7H7E 60, 80 2 100% A Tth SETNA =
o] A17]9] A Eol HEHMNAF 56~70L YEbSa, EAELS 2z 60, 80
2 100%ATHFig. 7). FH] FaA o] vF= o, Al AuFo] A EA
Eo} AAEE] d¥ BEHN o A Wels WHEHE vt g5E AAE
IS5 22l tH(Fig. 6@). FETOl A o] A|71¢] jAlEe] AAMAFT 42~56
R, =AEe 747 20, 60 L 80%th. SETOlA o] A71e 7MAE
AAF 49~63LD ] e, 23S 247 60, 80 2 100% ) tH(Fig.

-
m
ﬁ

f

2
Aol

o] 4

N

_llﬂ

fz

e

8).
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C. gigas observed

)

Fig. 5. Photomicrographs of gonadal phases in female

®): early

50 um). @: inactive stage,

by light microscopy (scale bar

D): ripe stage.

©: late active stage,

)

active stage
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Fig. 6. Photomicrographs of gonadal phases in male, C. gigas observed by
light microscopy (scale bar=50 gm). @): inactive stage, ®: early

active stage, ©: late active stage, @: ripe stage.
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Frequency (%)

Fig. 7.
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100

80

60

40

20

56 63

100

80

60

40

20

49 566 63 70
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Rearing days

Frequency of ovarian development stage of C. gigas in fast

elevating temperature and slow elevating temperature. In: inactive

stage, Ea: early active stage, La: late active stage, R: ripe stage,

S! spent stage.
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Frequency (%)

Fig. &.

FET gln mEa sLa R

100

80

W E

60

40

20

35 42 49 56

100

80

60

40

20

0 7 14 21 28 35 42 49 656 63
Rearing days
Frequency of testicular development stage of C gigas in fast
elevating temperature and slow elevating temperature. In: inactive
stage, Ea: early active stage, La: late active stage, R: ripe stage,

S! spent stage.
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AA 2o AT xS A7) flste] Astads AAR A3, FET oA
o] A%, Ak 52, 55, 58, 61 B 64¥ Aol z+zt 0, 10, 30, 40 B 60%°] 7HA
7b etk A A9, AR 52, 55 9 58U A el ZH7t 10, 30 B 70%
o JWA7F WA ATHTable 1). SET ¢FZloll A= A5 58, 61, 64, 66, 69 3
297 22k 0, 10, 20, 20, 40 Z 80%°] JHAI7} Wtk FA A = AL
= 52, 55, 58, 61, 64 & 66d A= 22 0, 20, 30, 40, 30 B 80%<] WA 7}
FA &kl thH(Table 2).

3-5. BEFHIE H IF S HAF2

Fig. 994 X5& A5 7(D: day), Y5 AFSTF=WT: T)& Y
Ron, o]2RH Aol FETH SETO|| $FA o) AL AT AAFT29 a7
A2 e 2.

FET female: WTr. r=0.313Dr. #+8.031 (1°=0.955)
SET female: WTs, p=0.255Ds, ¢+7.813 (r’=0.990)

FETA A &7el Aike& #AAS Kr p=Hr. ¢ (Tr vty 2 ZANT F
*(Ts. rts. P2 FEAIS
T AtH(Fig. 9). A71M Ki-w2Ks gz A2 Hr roF Hire B E5H4
Lo =23 7Y HAFAS7HAY ASLT, Te v Ts re AMSTE, te F

o (s pi ABSHGEIG dA) AA5RE Kerk 27 WFol Ke p=Ks ¢

X0,
M
dp)
t
—
=2
>
ks
P
Ao,
2
£
&
fo
(e
)
>
filo
=~
10p}
E
I
wn
5]

O]E], O]EJ-:,LEi f];.FFF Wlg p - hh;"; tF.F:th'F Wls p — ;SS_"FF ts.FFA 33_—7:"
PN

o714 hr ¢} hs r= AENAFEH AESH AT o227 744 4283 A}
rr 9 hs r’ B AIMATE HIFTAs ol27|71A 9] ALS S
E7F g3kl tr pets rO) T

e BANE ol gl dAel g

o 4o
£
ox, ‘1 ’
(i
2

2

o2

£

4Gws AFAE AA5L e T8
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Table 1. Spawning response rates of C. gigas in fast elevating temperature

Rearing Response number * Response rate (%)
days Rl i Q 2
52 0/10 1/10 0 10

55 1/10 3/10 10 30

58 3/10 7/10 30 70

61 4/10 - 40 -

64 6/10 -3 60 -

* Spawning oyster number/total treated oyster number.
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Table 2. Spawning response rates of C. gigas in slow elevating temperature

Rearing Response number * Response rate (%)
days 2 ) % )
52 - 0/10 ~ 0

55 y 2/10 " 20

58 0/10 3/10 0 30

61 1/10 4/10 10 40

64 3/10 3/10 20 30

66 2/10 8/10 20 30

69 4/10 - 40 -

72 8/10 - 30 -

* Spawning oyster number/total treated oyster number.
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Azt 7+7d 4:=105C, Kp=481.5C-do]t}.

Fig. 10914 X&F2 A AFD: day), Y52 AMST2(WT: €C)S ez
Jom, o]ZHE Aoz FETH SETA A9 ALFUAGe} AFS49 @
AA L thE 3 2k

FET male: WTr n=0.341Dr v+7.430 (r*=0.975)
SET male: WTs »=0.264Ds. \+7.591 (r*=0.994)

FETol A A9 AHaee #ANS Ke v=He v (Tr vte WE EAISE
T AL, SETelA 39 ity 34
EAE F AdvkFig. 10). 9714 Ke wé Ks. ye A2 He v Hs e

FH HTAA7AY AASLS, Tr u@ Ts v AF

A=}
=
ST, tr vF ts e AETH Aol A HASF 2 Kyl 271 "ol

S Ks v=Hs. v * (Ts, m—ts. =

>

ol B o B P Wl - ity =[5 W~ Y 9]
o714 hr m&F hs v AINAIFH AESHH GE o] 27| 7kA] A8 38 AL
SY, he m & hs v S AAMNAIFEH T A5 0277449 AL
ojth, AETH AT} A3 tp mFts. MO T
9

o BANG ol Bapel 17 B FEA S quFee 7@
T

&

AEES ZAE A3} FETOIA 79 #7441 = AE&0] 100%% L, 359 Aol
97.0£05% A o1, ol FASA rolA 63dA ol 85.0+1.4%E Hth
SETeIA 214744 AEE0] 100% AL, o]F A wrolx AL 709 Ao
89.8+1.2% 5 H ATt HFFTHA| FET7F SETe Hl&| AEEo] fFofshA vk
tH(Fig. 11).
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P -0\ iy
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Rearing days
Fig. 9. Regression line of rearing temperature for female of C gigas in

fast elevating temperature and slow elevating temperature.
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Water temperature (C)

0 7 14 21 28 35 42 49 56 63
Rearing days

Fig. 10. Regression line of rearing temperature for male of C gigas in

fast elevating temperature and slow elevating temperature.
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Fig. 11. Change of survival-rate in—fast elevating temperature and slow

elevating temperature.
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A At (Kennedy et al., 1996). & AFoA] A7t Fot STES &2 Hol

BEe FFAII0l Holdmo] npe AAa wee] Folsl gtk A7

Aast GRAYXE #H#s F S TH(Chang and Lee;- 1982; Chung et al.,
1991; Chung et al, 1994; Lee et al., 1997; Park and Lee, 2008)= <23}
o} FAteke] e wleA & A ds o 2o A Uy #-d
AE Ao 7 AckEgh

2T AFAVIE FAS] Sl HEE, AAFTEAFEWD, B4
FTEAT(GSD | R AAEAF(GD & BAAF A @& HAYD F4%
He ARREO gom, Hy-E olE9 Fhol HdAo| =dF wo] Aer]|Ql
Aow 4 A dtH(Chang and Lee, 1982; Chung et al; 1991; Chung et al.,
1994; Lee et al., 1997; Chung et al., 2002, Oh et al.,, 2002, Chung et al,
2005, Son and Chung, 2005; Chung et al., 2006; Lee et al., 2006; Park and
Lee, 2008). Min et al. (2004)° w2 A=A e} Fajit =2 FWI= 2H7; v
AbE71Ql 493 29 Hoigks Bl ¥ A Hisided, & ATolA
FWIe] W3l 192~236°02 A4 HITAASAAE FistA =& s B2
ofx] gttt olHEg AFNER T FHFAHSI AFANVIE FAG=
FWIE Agstx] vta dddtt. o= a4 7]d AAFo Fdo F71y
= sAlol sz Aol o] FolAdM iAo w FWIO Fhel HFsis)
st ¥UE Ao E AZtEo] WO et al, 2002).



o] AAAE U (visceral mass)ell E#Me] o] EHE 7|HoR

A anks 8] dojulo] AdrlE FAs7] ofe
Aol s At BEel e A" GIE Abgsklen, ¢h-el GI
o] £ s tuol Tkste] A¥ FEAIHA

FA S 4.0, TAL 38~4.0S B, 19t Tegillarca granosa, W27\ Saxido-

Ir

>

a
=
>,
>,
=
(e
o
32
I
2

mus purpuratus, 71Z7 Atrina pectinata 2 $3%F Mytilus coruscus®} A}
S THKIm et al., 2009; Shin et al., 2007; Lee et al., 2006; Wi et al., 2003).

Yol EARE ol AL Aol o ghfe] A el o2
=

re
rO
-
=2
>,
11t
o
=
e,
fiy
4
rfo
0,
o0
&~
@)
e
e =)
td
|
=
20}
lly
o,
=
fic]
oX,
~
fr
S

TolA 271847 MAZF debsdnh 5
A3 skl 2 188TC % 20.7TelA

%71 MAE RN E £ 223C o4, FHdAE 205TC oolA e
W Lu et al. (1998)0l wh2w, Aol A 7} Ab&

= HEA7IAA, 2] 100CE s & 272472 gttt 14.0~
200ColA AAAEZL w2 dAFste] 23.0CoAA = A5 dRAEES] o
7 BEEAeH, F2 230~250CA AbgfEA] wE-wgoe] dojwtrta

waste] X o Aseh fAbehA T

rol
2t
il
rlo
¥
rfo
=
(@)
@)
=2
>

_29_



7
o AAx HEAL FRAAT. ot steArgd o ANL A4
T7F 7bsstve gE AFA3e A A St (Loosanoff and Davis, 1952;
Loosanoff and Davis, 1963; Lu et al., 1998; Min et al., 2004).
Aol A = g A=dtAd st 242 105T 9 102T 2 AL

o ool 271847 AAA19C) 7 B#e =L u) vroka 3 WA Yol
2 52 100TodA 3597 A5 & AA A7 @E&stA] & th(Loosanoff
and Davis, 1952)+ AFE TEsH & AFdA F3 AESHI =7 T

stttz AzZtEv 3, G Al dg de e 1E HFAS Ay
2 4815C-dolal, FETSH SETolA 2| AbSsl7 o] 22k
0C-d¢t 478.3C-dolth. ~1gjiL 3o Hbpe wA| o2 F+eh A= A
A& 4102°C-dolal, FETSF SETOA Aal Alsg74e) Hateee 72tz
407.8C-de} 391.4C-doltt. FET 4R ¥ SET F# ol
T AA PSR o AAhkE R Aboldl| tha Apolzpimol x| gk e 25T
o] AFFEA oA 185T d9H-188T -de) &Aool shF HEo o]z A A4 %
SRHEA B AT A FHgo] TR stesitta A4 FEFe HF
A A2l 9olA Min et al. (2004)3F Lu et al. (1998)% 100CE 7]1&
2 HAFASHA Y Hakgo] 247t 441.3TC-d9F 628.8°C-detar HaLsky)

/
d, olel@ Aol mIle] AAAge] Aololq df Ao Az

>,
r o
)
1>
o
fr
-
ot
2
r>~

s

kv

(Liang et al., 2007, Li et al., 2007).
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[II. GEA XY HAsFE

oo Jmel Aol Qs WA £Esk 2 AolE mo] A FEES A

A7 dder At o olg ZAHE sfAsty] A= AE

L

T FRAES A9 s e Fokol o4 F EAdAY dAdE o

s

2
germinal vesicle)E T# & Ut @EiL; dE
A dol ANEHEA FHE e suto] AAE U M Ho] AxAI 4o
24 AAAN "k o] g GBS A
germinal vesicle “breakdown)g}il &tH, ol AARAFE ] FHEA L (final
maturation)®] & B % ¢l x| ol (Eppig, 1982; Hirai et al., 1988; Osanali,
1985; Osanai and Kuraishi, 1988). 3+, ZJ/lF9 &9 &4 A7l A F
A o s ded S, vhA ey Zheni gk 2ol GVBDZE Lo
W Sl Ao Jhedt T3 =, R B S 2ol dEARZ Y
GVBDS®} datglo]l o] 7hsd Fo= Yok ey el glojA
HETHoZ GVBD7} dojux] &= dE A dde] FF o] o]Fofd

5o}
T Slo] HAS K &Z= Aoz 4 A JdthLonge et al, 1993; Ren et al.,
2000).
2T GEAE Adsfdd #3 A= vbA Ruditapes decussatus
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WeF  Mercenaria mercenaria, W& Spisula solidissima, 37}2 1],
v et7kgjn], 2+ So] glth(Hamida et al., 2004; Wang et al., 2008; Dubé
and Eckberg, 1997; Osada et al, 1998; Di et al, 2011; Wang et al.,, 1997a;
Kyozuka et al., 1997). Z12]a1 KCl, &= Yo}si4, HEFY 2 serotonin 5 <
AY =Hol AF¥ dEAMxEe GVBDO| &FAelztil HiE il tHDubé
and Guerrier, 1982; Di et al.,, 2011, Wang et al., 1997a; Osada et al, 1998;
Hamida et al., 2004; Wang et al., 2008). &1 A F7}A] 3ujA] =9 FHA
A A1 GEAE HITAA s B3 A ol B o4 glATh

k] B AP eE FF GRAZEES Ao wj9ate] 4 Ade o
g5t 67FA 2174 A EE A (neurotransmitter)e] A2 sEd 2 A g
AZPE R GEAES GVBDES XAbste]l Fa iAol A e FEA

E AFYS e e 2ad skl
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2. A5 2 WY

494 wils FYFARety dEaFAdTe dalaE AYs 7HFe
SIA 4atew 1409 FAT FE(Table 3 ALty 2o A A
= S, 1.6 FRP AFZ%(2.0x1.0x0.8 m)oll A

o
N\
o,
(il
i
o
)
N
rol
i)
il

24N FS AN F AFel AbgsiaT At w8 22 183+0.7C,

GRAZE GAS G AN BE AFHA5EH 709 El 44 5 msh
16 me] BEF olstet F, FRA Fo| QB ez Aol AANE AAT L,
500 mL HlAC &4 FEEEE 10,00071/mLE 243t AP ALE3F T

AFT= 22 SHITO 47 NaCl (423 mM), CaCl; (9.3 mM), KCI (9
mM), MgCl, (23 mM), MgSO, (25.5 mM), NaHCO; (2.15 mM) % Pipes (5
mM)E ¢ £ 1 M date g pHE 7002 xAskgdr}.

2-3. YEAXY A5 FE
Acetylcholine(ACh), adrenaline(AD), noradrenaline(NA), dopamine(DA),
serotonin(5-HT) 2 histamine(HA)S &35 (pH 7.0)9] %o 7}z 2x107°
M, 2x10° M, 2x107 M, 2x10° M, 2x10° M, 2x10* M 2 2x10° M & =]
ARBAGELDATE HEAT. T v, Z well (24-well plate)ol] ‘FE A 33
o} AAAGEANTE 42 05 mLA Ho] AAPAGELDY HAFFEE
107 M, 10° M, 10" M, 10° M, 10° M, 10° M % 10° M2 =41, o
a=(pH 7005 ATk AAAZEE AARA 15, 30, 45
2 602 oAt GEAE FE&UEE 500070/mL, S 20T Ao



Table 3. Size and GDSI of C. gigas used in the treatment of six

neurotransmitters
Flesh )
Shell length ] GD weight
Treatment weight GDSI Number
(mm) (g)
(g)

ACh 53.3+1:7 15.5%3.0 7.0£1.8 45.0+2.6 3
AD 54.3+£5.1 18.0+4.0 8.1+1.6 451£1.8 3
NA 50.6+7.9 13.6£3.2 6.1£1.8 44,2429 3
DA 48.9+3.8 14.0£4.3 6.2£1.6 449425 3
5-HT 52.2%11.8 16.7+5.9 7.4+25 44.9+1.0 3
HA 495+13 13:9+0.7 6.3+0.2 45.7+3.4 3
Average 51.5+5.8 15.3+3.7 6.9+1.6 449422 18

ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA: dopamine, 5-HT:
serotonin, HA: histamine, GD: gonad and digestive diverticula. GDSI=gonad and
digestive diverticula weight/flesh weight. Data presented as mean+SD (n=3).
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Fig. 12. Immature and mature “oocyt §"‘ of C. gigas. GV: germmal vesicle,
GVBD: ge-rmm esicle breakdown. - _ :
*M Sy sk P
g 'ﬁl‘:g _Eﬂ =% _~
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3. 2 %

3-1. ACh9 GVBD&
AChe] 7% RE oA 15, 30, 45 L 60% AdA GVBDEE 247 15
~35, 17~40, 18~40 9 13~47%% ¥%= 2 Aol BE 2o]7} ¢

o] (P>0.05), HRAFES GVBDe| v &3 A ¢l Aow e tH(Fig. 13).

3-2. ADS] GVBD&

ADel 9ol BE FxolA 1530, 45 2 60& A2 A GVBDE&L 7+
~42, 25~58, 32~83 # 22~97%Ath T&It =&4E a8 Azt
S5 GVBD&O| Eolx A4S HYov, Ad ko] Aol7t glof
(P>0.05), FEAIES] GVBDel &7} $1Sltk(Fig. 14).

o] 4

3-3. NA9 GVBD#&

EoA] 15,80, 45 2 60 A EA] GVBD&2> 717t 1.8~32, 2.2

NAE RE &

~6.7, 0.8~43%20~55%= F%x Z AHgA[Zte] mE zFol7t §lof(P>0.05),

GR A GVBDO -Hl &3} Aol 3l v (Fig. 15).

3-4. DAY GVBD&

DAS| glojH ®E
3~77, 37~87 2 3.0~11.0%%tt 10° M =&
A ngort, AP Fol 7t

7y 7}

FrolAM 15, 30, 45 ¥ 60% AgA GVBDEL 747
1.7~40, 3 T A= A
4% GVBD&©o| EolA =
WEA xS GVBDA Z97F fldth(Fig. 16).

YAzte] AL

2101 (P>0.05),

3-5. 5-HT¢ GVBD&
5-HT Aol w& dRAEZe] GVBDE&2 Fig. 176 YErdH nvpe} 2o}
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Fig. 13. Effects of acetylcholine on GVBD in C. gigs oocytes. Oocytes
were incubated in ASW (pH 7.0) containing different
concentrations of acetylcholine, and percentage of GVBD was

scored after 15, 30, 45 and 60 min. Values are means*SD (n=3).
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Fig. 14. Effects of adrenaline on GVBD in C gigs oocytes. Oocytes were
incubated in ASW (pH 7.0) containing different concentrations of
adrenaline, and percentage of GVBD was scored after 15, 30, 45

and 60 min. Values are meanszSD (n=3).
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Fig. 15. Effects of noradrenaline on GVBD in C gigs oocytes. Oocytes
were incubated in ASW (pH 7.0) containing different
concentrations of noradrenaline, and percentage of GVBD was

scored after 15, 30, 45 and 60 min. Values are means*SD (n=3).
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Effects of dopamine on GVBD in C gigs oocytes. Oocytes were
incubated in ASW (pH 7.0) containing different concentrations of
dopamine, and percentage of GVBD was scored after 15, 30, 45

and 60 min. Values are meanszSD (n=3).
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107 M, 10° M, 107 M, 10° M, 10° M, 10" M 2 10° M9 HFE& FEA
XE 158 AAl GVBDES 7tz 3838 5254, 41.7+349, 715276,
75.8+29.3, 745331 2 57.7+38.1%tF. 10 °~10° Mol A A3 F3ke] =}o]7}
A HP>0.05), 107 M, 10° M 2 thz7r o84 %S GVBDES
B THP<0.05). 107 M, 10° M, 10" M, 10° M, 10° M, 10" M 2 10° M
o FEolA TdEAMEE 30& A GVBDES ZH7E 6.846.3, 11.8+13.4,
49.0+34.8, 92.8+7.8, 96.7+3.1, 882168 2 74.2+225%Att. 10 °~10" Mol A
AP 7] 2ol 7b YA HP>0.05), 10°~107 M 2 =T HTE 59 5H
=S GVBDES HATHP<0.05).107M,-10° M, 10" M, 10° M, 10° M,
10° M 2 10° Me) 558 dRATLE 4HE AgA GVBDES #7
7058, 14.0+14.3,51.7£38.0, 885£11.3, 96.53.3, 96.0+6.1 = 72.0£24.4% %},
10°~10" MellM A&7kl tol 7 SIS (P>0.05), 10°~10" M 2 th=
TERG Fo8A =S GVBDES UEHRTHP<0.05). 60%F A Al 107 M,
108 M, 10" M, 10° M, 10° M, 10 M 2 10° Mol A YR A ¥ GVBDE
o 77t 67458, 13.8+136, 51.7+333, 89.0+9.6, 97.7+40, 975+43 =
80.5+19.8% %1 .0 10 °~10 " Mol A} A&d=tzte] 2ol 7k glgl et (P>0.05), 10°
~10" M 2 xR fFosAd =S GVBDES B EHP<0.05). 15~60%
A A 10° Mo FEoA-7b4 =& GVBDES theElb ki, AgAlzte] 44

T GVBDEo] EohA= AdFe B, AHAztd mE Aol= Rl
A % ke (Fig.17).

3-6. HA%| GVBD&

HAE EE sXeA 15 30, 456 % 60% A &A GVBDE2 247 2.0~4.0,

35~55 27~50 % 33~40%%2 ¥% 2 Az w2 zolrp glo]
(P>0.05), YEAES GVBDo vl &2l Aoz veElyth(Fig. 18).
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Effects of serotonin on GVBD in C. gigs oocytes. Oocytes were

Fig. 17.

incubated in ASW (pH 7.0) containing different concentrations of

serotonin, and percentage of GVBD was scored after 15, 30, 45

3). Different letters refer to

and 60 min. Values are meanstSD (n

significantly different results (P<0.05).
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Fig. 18. Effects of histamine on GVBD in C gigs oocytes. Oocytes were
incubated in ASW (pH 7.0) containing different concentrations of
histamine, and percentage of GVBD was scored after 15, 30, 45

and 60 min. Values are meanszSD (n=3).
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HYEAZY HFASS /R 74 2 B Qo] v T3 HAol
o} F=o] &2 GVBDSF A#Eglol 4L 75 3dt(Osanai, 1985; Stephano
and Gould, 1988; Longo et al., 1993) GVBD7} doji}x] ¢k mA<gte A
seko] Hla A F BAEEVE =9 Aom dEA Yt Wang et al,
1997a). ®3H GVBD7F doluA] &= ¢ 74 & 44& & + g7 o
ol AAAAQ HAS fElA GVBDZE A A olgtar HAsHTth
(Longo et al., 1993; Wang et-al, 1997a; Ren-et al., 2000). 18y Fr= A&
E et A& &8 dFE ALA daRd A719 e #Ea Ao
(Ren et al., 2001).

2 AFoAACh, AD, NA, DA % HAv AglsXe Agrtol & ¢

%!

BAEX GVBDE&S Aol7F Holx] grol oo} 2 MAAGTEALS dRAX
o] HEA<% HlEHZ AR dAdE 1wy DAY A o Fajgrol
=o] AAE B AN 107 M oS nETgAE tgETHT =

o
GVBDE&S Bt ®3h 2 ATAE DAY $&7F 545 il Ay
AlZrol A&4E GVBDES] ®olxli= A& HAnh 4 AFoA = DAQ
gidol JAFE A=, ol %2 pH (7.0)oA 7" Aoz AZtETH
(Osanai, 1985). webA pHell W& DAS HRAXE HIAHs FEgde] dish
F7H A7 adtta AzkE o] 3

5-HTE 279 A4, 250 2 Aza 5 246 2xwo] gt 4

>

A A2 E A (Lopez-Sanchez et al., 2009) ZA] vj$-=pe] F2] AL 2 Akdk 5
de o] WA Ao FTosk 9as e Aoz &l JtHFong et al,

1994). 53], /M7 dEAES GVBD A=&Ed=2 4HA o™ (Dubé and

(¢}

Eckberg, 1997; Kyozuka et al.,, 1997; Osada et al, 1998; Hamida et al., 2004,
Wang et al., 2008; Di et al., 2011), GRAME FWHo| EA3}= G A A
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o] Attt xp=e = B4 A= (Loosanoff and-Davis, 1963), 384 ==
(Kikuchi and Uki, 1974; Gibbons and Castagona, 1984; Lee et al., 1996) %
AEA 2= (Matsutani and Nomura, 1982) $°¢] low, 2gkfFubal o] 23t
52 9% m: Jasel ASsgh 2ey By A5 A4 @
Aot wolol AL 270 Hel $9%E B 287k 2 AoE Ho 78 A
QAo oyl MO} NHLOH 5 8824 AXNAFL MeANAA 2
28 Aol Ax, AtASREde) Shoz dh ey w ot 24

J__
ol A&S v HH(Lee et al, 1996). ol A~ Ax&Eg A H7b7p F A Q

2

¢

Abgkfdk wbH ol gl W w39 © Y(Loosanoff and Davis, 1963), ©] <9} 22 =
o g3 HEH &2 WEH FAld FAHO o]F X7l 3uA o=

AeskA &=t 5-HT
S shthi= Al o] ¥he W (Matsutani et al, 1982; Fong et al., 1996)°] whe},

EA4S AMEEe] PR A QD Ak A A o] Thedtths Flo] ofe] A
oA Hi¥ 1 <t} (Gibbons and Castagna, 1984; Braley, 1985; Alcazar et
al, 1987; Vélez et al., 1990; O’Connor and Heasman, 1995; Velasco et al,
2007). 2 o]y gt AFES i AFAA 7Y AT s Aol e AR
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Table 4. Number and size of C gigas used in spawning induction for

injection of acetylcholine, adrenaline and noradrenaline

Stimulus 1?1(\)/;6 Sex Number She(linlg)lgth Total weight (g)
10 ¥ 15 49.2+5.1 60.9+14.5
) 15 49.6%6.7 54.1+12.7
107 ¥ 15 47.6+7.5 53.8+16.9
) 15 51.3+8.2 56.0+18.7
ACh 107 ¥ 15 50.0+8.2 56.6+16.4
) 15 53.6+7.3 58.9+18.8
107 ¥ 15 48.6+8.2 53.4+16.1
) 15 54.3+6.8 65.5+18.0
Control % 15 50.7+9.2 57.9+15.1
) 15 50.8+6.4 54.9+11.6
10 ¥ 20 53.3+7.3 62.2+21.0
) 20 51.7£7.0 60.6+15.5
167 & 20 92.4+8.2 64.3+22.8
) 20 93.616.9 64.3+16.1
AD 107 3 20 93.6+7.2 65.8+19.7
) 20 51.6%+6.3 66.9+23.6
16% ¥ 20 55.7+4.8 66.7+18.1
(3 20 56.5+5.9 66.7+15.6
Control e 20 51.0+5.7 60.6+18.3
) 20 56.7+5.3 64.2+10.2
10 ¥ 15 54.0+10.2 67.1+26.7
) 15 54.9+6.2 72.1+17.6
107 ¥ 15 57.2+59 66.6+9.5
) 15 55.0¢5.9 73.4+24.5
NA 107 ¥ 15 53.2+7.2 62.0+15.4
) 15 56.8+6.2 67.5+8.7
107 ¥ 15 60.2+8.3 71.1+16.8
) 15 54.6+6.3 70.1+19.9
Control e 15 51.7+94 63.6+19.3
() 15 52.0+7.5 66.7+22.3

ACh: acetylcholine, AD: adrenaline, NA: noradrenaline.
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Table 5. Number and size of C gigas used in spawning induction for

injection of dopamine, serotonin and histamine

Stimulus 1?1(\)/;6 Sex Number She(linlg)lgth Total weight (g)
10 # 40 51.9+84 53.6+19.3
) 40 55.4£8.0 63.6+21.4
16° # 40 52.7£7.0 63.6+185
) 40 54.3+7.8 62.8+16.4
B # 40 51.2+7.4 60.6+21.9
DA 10 ) 40 53.846.0 63.4+19.8
. # 40 535%6.3 62.3+13.6
10 ) 40 55.1£7.6 65.5+17.8
? 40 54.746.8 69.7+19.6
Control
% 40 52.9+7.6 67.1+23.7
e # 40 52.1+85 64.3+20.2
) 40 525+8.6 63.5+21.6
o ¢ 40 54.0+7.0 67.2+21.8
3 40 50/7+7.3 60.6+21.8
- — g 40 54.3+8.1 67.1+18.4
) 40 53.145.7 62.3+14.7
0% # 40 52.5+7.9 62.7+20.5
3 40 55.0£7.9 68.9+19.8
¢ 40 52.3+7.9 65.6+22.8
Control
) 40 53.4+6.1 64.8+17.5
10° 2 15 53.885 66.2+21.9
) 15 54.6+6.3 70.1+19.9
107 ¢ 15 51.745.2 64.3+11.6
) 15 55.045.3 65.7+19.7
10 ¢ 15 52.9+7.4 62.1+12.3
HA ) 15 50.346.8 57.8+185
107 ¢ 15 524475 60.5+15.8
) 15 49.7+65 62.3+20.7
Control £ 15 58.3+10.0 705+175
) 15 53.247.2 62.0+15.4

DA: dopamine; 5-HT: serotonin;, HA: histamine.
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2-4. 3AEA
A3 A PASW BAZZ a3 (Ver. 192 A& oL, W&, W8 A
AlZE 2wk #2#S one way-ANOVA  test® A A3 % Duncan’s

multiple range test® 3139 Fo) A (P<0.05)<S AA3A
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NAAGEA] FF 9 Lo wE Wek-wkdy v-§5-2 Table 63 Table

AChE FA}3k A3 10° 10° 107, 10° M 2 tizTolA A v
& 77} 53.346.2, 46.7+41.6, 40.0£40.0, 46.7+30.6 % 20.0£34.6% % 1L, F =l
2 2olE YATHP>0.05). 7 ¢ #$-E2 7zh7} 7334231, 80.0, 86.7+11.6,
100.0 % 66.7£30.6% % 1, F=7b S5 E WS EC] Eo, Fho wE
xol & HolA] & ATHP>0.05).

ADIIAE 10°%10° 107, 10° M 2 dixToA gAY wsEe 77t
40.0+28.3, 20.0423.1, 35.0+342, 15.0+10.0 = 80.0+25.8% A a, A& F7k2] 2}o]
T RAAHP>005). FHe WMeELS 77 60.0+43.2, 35.0£19.2, 50.0+30
35.0411.6 2 65.0+10.0% A3, BAo] JAH AFS HIoy, Fmo u
zfol & Ho| A A THP>0.05).

NAZ zApeH 23} 10° 10°, 107 10° M 2 tlzTolA Ao s
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it
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—

7v7} 4674416, 53.3£46.2, 73.3+30.6, 20.0+20.0 % 33.3t11.6%= -
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DACIAE 10° 107, 107 10° M 2 thzxFolA e
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S Eol Al dehded, 10° M2 xRl we folaA =g
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Table 6. Effects of acetylcholine, adrenaline and noradrenaline on spawning

response in C. gigas

1 Dose Response number” Response rate (%)
Stimulus (M)
¥ ) ¥ )
10°° 8/15 11/15 53.3+46.2 73.3£23.1
107 7/15 12/15 46.7+41.6 80.0
ACh 107 6/15 13/15 40.0£40.0 86.7£11.6
107 7/15 15/15 46.7+30.6 100.0
Control””  3/15 10/15 20.0+34.6 66.7+30.6
10 8/20 12/20 40.0£28.3 60.0£43.2
Yo~ 4/20 7/20 20.0£23.1 35.0£19.2
AD W 7/20 10/20 35.0+34.2 50.0+30.0
10°° 3/20 7/20 15.0£10.0 35.0+11.6
Control . ~.6/20 13/20 30.0£25.8 65.0+10.0
10°° 6/15 7/15 40:0+20.0 46.7+41.6
10° 4/15 8/15 26.7+23.1 53.3+46.2
NA 10 4/15 11/15 26.7+23.1 73.3+30.6
107 1/15 3/15 6.7+11.6 20.0+20.0
Control  2/15 5/15 13.3£11.6 33.311.6

ACh: acetylcholine, AD: adrenaline, NA: noradrenaline. 'Stimulus were injected
with 100 pL of various doses acetylcholine, adrenaline and noradrenaline into the
gonads. “Number of the spawning oyster/total number of the oyster treated.
Values are meantSD (ACh, n=3; AD, n=4; NA, n=3). Different letters refer to
significantly different results (P<0.05).
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Table 7. Effects of dopamine, serotonin and histamine on spawning

response in C. gigas

Response number” Response rate (%)
Stimulus’ 1?1(\)/;6
¥ ) ¥ )
10° 9/40 10/40 25.7+29.9% 28.6+15.7°
107 11/40 21/40 31.4+34.4% 60.0+30.6
DA 10" 9/40 29/40 25.7+22.3" 82.9+21.4°
107 17/40 31/40 48.6+25.5" 88.6+10.7°
Contrel  2/40 4/40 87016 14 11.4+15.7°
108 21/40 13/40 52.5£32.0° 32.5+30.1°
10° 27/40 27/40 67.5+44.0° 67.5+32.0°
5-HT o 30/40 36/40 75.0+36.7% 90.0+10.7"
108 35/40 36/40 875428 2" 90.0+15.1°
Control - 4/40 3/40 10.0415.1¢ 75+10.4°
10° 0/15 8/15 - 53.3+46.2
107 2/15 9/15 13.3+23.1 60.0£52.9
HA 107 6/15 9/15 40.0£40.0 60.0£52.9
107 3/15 9/15 20.0+34.6 60.0+52.9
Control  3/15 7/15 20.0£20.0 46.7+41.6

DA: dopamine, 5-HT: serotonin, HA: histamine. 'Stimulus were injected with 100
uL of various doses dopamine, serotonin and histamine into gonads. “Number of
the spawning oyster/total number of the oyster treated. Values are meantSD (DA,
n=8; 5-HT, n=8;, HA, n=3). Different letters refer to significantly different results
(P<0.05).
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5-HTE FAre 27 10° 10°, 104 10° M 2 tlz=FolA 4zl ue s
o 747} 5254320, 67.5+44.0, 75.0+36.7, 87.5+282 = 10.0+15.1%Q3, 7 <

a9

HSES 7h7b 325%30.1, 675320, 90.0+10.7, 900151 2 7.5+10.4% AT},

cE°l =/ YERa, B

27F dEFR folahA Eekom(P<0.05), FAlel AR HTE WzkEA
3t

HASI A= 10° 107, 107 107 M 3 tlzzel A ebzle] whgE2 22 00

13.3+23.1, 40.0+40.0, 20.0+346 # 20.0+20.0%% %, F7e &S 77

5-HT FAH] 94 % $E7h 5255 s

_>J‘_Il

2 AFol= LA THP>0.05).

9} 2tk ACh, NA, DA B HAo|X
¥, 35~75%,\365~628 WiA2~81E o8 YEa, ZE Az HolE
o)A & }THP>0.05). 5-HTE 2% 10" M9} 10° M| F=elA 77+ 29
Bk 2420w 100 Mekim ol wa g A 2 e A7kE Bl
(P<0.05). 2y ADE FARSH S Wl 527t oS WEiA E

kT

BN

TR0 fesA &

QTh 107 Mo AD FAMA W @A Rke] 5o T
A4 mQAgre] ZH7h 3~17H-3} 2~ 1350

ATHP<0.05). DA} 5-HTo A= W
2 xRt foletA #ArHP<0

NAE Al b2 AFdEm A= =2l 0] bzl nla 28 A ko] g3ttt
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Fig. 19. Effects of six neurotransmitters on egg-release time in C. gigas.
ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA: dopamine,
5-HT: serotonin, HA: histamine. Values are means=SD. Different

letters refer to significantly different results (P<0.05).
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Fig. 20. Effects of six neurotransmitters on sperm release time in C. gigas.

1) e

ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA: dopamine,
5-HT: serotonin, HA: histamine. Values are means=SD. Different

letters refer to significantly different results (P<0.05).

_58_



2
o
2
nft
o
i)
lo
o\
S
N
off
k1
3
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it

yu)

ebeke Fig. 210 vepd wpe} 2o
DA 745 10° 10°, 107, 10° M 2 7oA & A G watefo] zhzh
188.0%F, 224.0%F, 268.8%F 253.1%F 2 175984tk 10°~10° MellA 10° M
of 1ot FootA B2 Wads e, Agske e AolE B
tHP<0.05). 5-HT9 2<% 10° 10°, 107, 10° M 2@ tzFoA & /A =
ahekako] zhzb 1479 1811 15459, 196.9% 2 1217/ dth 10° Mol A
10° Mo xR 2 Wads yehy A mE xolE
(P<0.05). Z18]y} ACh, AD, NA Bl HAE S48 S o & 7 & B39k
o] 45~149%/H = =T 2.8~82 A Bl xFo]7k 1A THP>0.05).

AABAGEL O L7 B Fxo wE A2 Fig. 220 “LHERA whef 2
10°~10* M9} s=olA =E A te e 2ol il (P>0.05),
107 M¢] % %olA ACh, DA 2 5-HToIAE & A4 @ 24 214, 1001 2
143192 2T rot Fo A B ATHP<0.05).

1

WEE 4o FdEH F3&S Figo 28% Fig. 24] et vt
of ot FAE oA ACh; AD, NA, DA, 5-HT % HA A=+ 722

3~885, 824~83.9, 81.9~885, 81.9~846 F 789~81.7%= Al
7 R ek WE FAHES Aol= slATHP>0.05). 4, F-
st&ol A+ ACh, AD, NA, DA, 5-HT % HA A+ 727t 765~822, 67.3
~756, 67.9~76.8, 56.2~63.7, 73.1~76.0 % 69.1~754% ATt DA A 2] -l A
Fohgo]l i A yEweyw AAdEEA Y] FF B vkl WE Fiks
o Apoli= Q= A & }THP>0.05).
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Fig. 21. Effects of six neurotransmitters on release egg number in C
gigas. ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA:
dopamine, 5-HT: serotonin, HA: histamine. Values are means+SD.

Different letters refer to significantly different results (P<0.05).
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Fig. 22. Effects of six neurotransmitters on sperm release number in C

gigas. ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA:
dopamine, 5-HT: serotonin, HA: histamine. Values are means+SD.

Different letters refer to significantly different results (P<0.05).
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Fig. 23. Effect of six neurotransmitters on fertilization rate in C. gigas.
ACh: acetylcholine, AD: adrenaline, NA: noradrenaline, DA:
dopamine, 5-HT: serotonin, HA: histamine. Values are means+SD.

Different letters refer to significantly different results (P<0.05).
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Effect of six neurotransmitters on hatching rate in C gigas. ACh:
acetylcholine, AD: adrenaline, NA: noradrenaline, DA: dopamine,
5-HT: serotonin, HA: histamine. Values are means=SD. Different

letters refer to significantly different results (P<0.05).
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ARG ELDE /N7 TFABAE vET AF, opriv B AL T
Z Ao x5 o] v} (Stefano and Aiello, 1975; Stefano and Catapane, 1977;
Elliott, 1980; Matsutani et al., 1982; Matsutani and Nomura, 1934, 1986;
Krantic et al., 1993; Pani and Croll, 1995). &3], o}¥l1&F <] DA<} 5-HT+= Hj
A T4, GF2EA, dyA A R Ate 5 dde] WA Al o]
stk 4 A 9ti(Osada et al., 1987; Mathieu et al., 1991; Lubet and
Mathieu, 1990; Paulet et al, 1993; Mathieu, 1994; Pazos and Mathieu, 1999).

2 AFel A AChz A Al rabpdol 37 gl ¥, =2 T oA

WAk 37t e Ao E UEYTE Chang et al (2005)2 t&7]9F i

Acks7llA Zk2k 107 Mgk 10 ¥ Mo ACh® Hestde W E4 HeEe
66.79%F 100% AL, FAHAMA 2 8AZEL (BT 1002 J1g EHHQ 2
T WHolghal Baste] o At Ade FAbsl it dwbH o AChe 3
g Rty g A gste 288 1B e, £5 9 /A5LES 3

88.6% AL, Wbk 253.1WHN, WA S 10019t 2 e Abghdol
ayHoldt. ol FtE B E|At 7FeH] Argopecten nucleus®t Nodipecten
nodosusel A 2x10° Me] DAZ st ¢& o Abghfde] avsh ddvks
Aol A AsFFtHVelasco et al., 2007). L2y Spisula solidissima>}
Pecten ziczacolA 2x10° Mo DA A gA] WahS fF2hshx] Béb=(Hirai
et al, 1988; Vélez et al, 1990) ZA# 9} zto]& Ho] DAY Atghfdt &+
T Foldo] mg Z AR dAdHn

B Ao A 10! M9 10° M9 5-HTZ HEsgS u WA 28 A7
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747} 0983} 248 WANA A2QAZFE 2~13%, 10° Mol A wWekekn

rlo

Qeko zbzb 19699k 9} 143.19 702 FE 9] )
A Ao=w ettt Lee et al (1996)e] waW, HoigolA 10
& 5-HT= A3 A3}, ok 5 5% oujo] ek Aol #f2% 3l
107 Mot 107 M sxolA &S ¢hg BT 100%, g 2008 o
A& BATh E3, ol9k FAFESQ S, solidissimacl A& 2x10° M o] 4e]
=2 AYsides W 2~3% ool Wto] FEHATy B ¥ th(Hirai
et al, 1988). WA Yol= 7l v]F2 A. irradians, A. nucleus, H]7}g]H],
C. farreri, N. nodosus, 78} 2 P ziccac <72 Dreissena
polymorpha®} Geukensia demissa, 1¥13l clam+<] Arctica islandica,
Hippopus porcellanus, H:. hippopus, M. mercenaria, ‘[ridacna gigas, T.
derasa, T. maxima, T. crocea 2 T. squamosa & %< Z/NFol4 5-HT =
AR7E abegdtel gt eleittar ®arw Al glth(Matsutani and Nomura,
1982; Gibbons and Castagna, 1984; Braley, 1985; Alcazar, 1987; Vélez et al,,
1990; Fong et al, 1993; Fong et al., 1994; O’Connor and Heasman, 1995;
Kang, 1996; Park et al., 2005, Velasco et al., 2007). 5-HT+ Y4REA¥X %9
of EA8t= 5-HT s 8AlE A=ste] dojd A ozidax gloy, 5-HT9
o] gt 282 prostaglandin. (PG)2] A d A s)AIQ] aspirinel] 23] A5
i PG Epoll 93] feth(Lee et al, 1996). ©13 & A 5-HT7E AX 4
e PG E; ATAE 2R ozHN PG B/l AHA o=z wkgl 9 vlAo] zb
43 AS AJAMSTH(Vélez et al., 1990; Lee et al., 1996).

Aol AD, NA 3 HA Aol k- bS5, ve7A 48

Ak R g el fael va Aol glol, FEe) AAuF Lol A
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n gkl WE wjio] 7] Ao w Agztec

g, oli= DA FAA AR o] A<

i

_66_

o= Atmdn. DAV & AAddEEd



1. A4 A

sl S e Sstety] AT FHoA RaEsAAe 27

S nA+= Q9o w d#HA Aci(Imai, 1953; Sagara, 1958, Ventilla, 1982;
Santos and Nascimento, 1985; Kalyanasundaram and Ramamoorthi, 1987;
Clotteau and Dubé, 1993; Chang et al, 2000; Lee et al., 2002b; Moon et al.,
2004; O’Connor “and Lawler, 2004; Kim et al., 2011). &/ F9 <3 A=
offel nld Hu I FH(age)S 7 H(Wang et al; 1997, Lee et al,
2002a; Song et al., 2009). ZLz}} WEE S HAI L Yo A& o] FoA
A ek AlRbo]l Aabgol weEt AT ) Aol HAa ZAH, =4
U R3lo] HA Al geS w Xt André and Lindegarth, 1995; O’Connor
and Heasman, 1995, Wang et al., 1997, Lee et al., 2002a; Song et al., 2009).
GEAA FAE olFoAAY] A= AATE EHE wa 4o Wil Y
dlof H=dl, ol g A2 L3 AAIE AAAZ o] el HFo] Hast

Aoz 4 A drH(Levitan et al, 1991; Babcock and Keesing, 1999; Baker

ks
e

and Tyler, 2001; Hodgson at el., 2007; Song et al., 2009). B x}te} &o] H] &

9ot GFS AL felolth A e A g vge

o

o~
T

H
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1973; Santos and Nascimento, 1985; Stephano and Gould, 1988; Lee et al,,
2002a; Song et al, 2009). F3}A] FATHS] =2 FEUEE 8FA4A9 pH
o pag Zeste] RagE ATt

Suquet et al., 2007; Song et al., 2009).

A F7hA =]l A #gt A (Suquet et al, 2007, Song et al.,
2009)7F Ao, olgd A= WA Fd HUhY APV e 4
T ZtolE 4 1A

A B dToAeE e 27U E FHe A3 HHY #R3xAS
Fazr G AARS gEd o2 FAANA FHAEY FEes 2SS

.

kT

153 AtHLee et al., 2002a;

TN ATFR NS 93 £z

¢
rO
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2. A5 2 WY

A9E BARA FUFARLY FEARPAATE FAE AP T
AN o 1349 S FF(Table 8)S AHEsATh maj= Ay AL
2 &A H7Ze Eode ol EZS AAZ ths, 1.6 FRP ARZbGZo A

24N B AN F Al ARgEkdth A7 $ 2 21.2:0.

—

8T, 92 32.1+0.5 psusith.

2-2. W52 AH

a3t Gare] PHE FEI] A5 ZIZFRE Chang et al. (200009 #4
o7 AL B9E A AW tL, 022 mm cellulose acetate. membrane ¢
73] (24.0C, 31.7 psu, pH 807) &l Fof @l Ax&l4-5 WHEAT
el 55 ymek 16 me dHE o #ek § gk & oI Ao
AAZIE AASHA L, A GE 16 me] BHZ oot 1 v, &7
QA5 77 20,00070/mL2 10x10°7/mLe] WE= 500 mL M| 7ol &3}
Aol ARgstATh d2 A T30 Fol GVBD7FE0% ©] Y dold JHAE

Aol AR&stelar, AAe AR SE Foll 95% ol %] AL &Fske JHA
2 Ago Agseth e AR Aolg HasE] sAskel 4 Aol
o8 27 vkl H AR,

T s 2 F3E A7) Skl 15, 18, 21, 24, 27, 30 R 33Tl A
TAT F, LI FddA Fas A 4 % F3e 25 100 mL

:‘,:
Hi7 ol A AAjstdth &3t A= A4z Al 1AE F9F QA 102 Foll A



Table 8. Size and gamete condition of C. gigas used in the eight

experiments
Shell length  Total weight GVBD Motility
Exp. Sex
(mm) (g) (%) (%)
% 49.7+14.0 56.0+14.9 62.7£7.0 -
Tem
) 53.9£4.4 60.8£7.9 - 97715
¥ 50.7£2.9 60.8+9.9 60.0£12.2 -
Sal
) 48.1+6.8 60.0£5.2 - 98.3£1.5
¥ 51.8%13.1 60.8+12.0 64.7+5.0 -
ET
) 54.2+3.8 53.3+4.9 r 98.3£2.9
¥ 48.4+55 58.2+9.3 74.0+9.2 -
ST
3 52.3%6.0 51.5+12.8 - 97.3+2.1
+ 51.3%2.7 58.2+5.5 67.3+x11.4 -
CT
) 58.8+2.6 61.5+£5.5 7 98.7£1.5
¥ 62.9£7.0 66.3£7.8 70.7+179 -
Den
) 62.3£12.7 66.2+14.7 - 97.7£2.5
¥ 60.6+12.5 78.0+16.9 64.0+15.9 -
Rat
) 59.0+6.5 69.2+£9.7 - 98.3£1.5
¥ 59.6+8.3 68.5+12.1 66.7+6.4 -
Vol
) 60.5+9.3 72.9+6.3 - 99.3+£0.6
Average 55.2+8.6 59.7+9.1 66.3£11.2 98.2+1.7

Tem: temperature, Sal: salinity, ET: elapsed time after egg collection, ST: elapsed
time after sperm collection, CT: gamete contact time, Den: egg stocking density,
Rat: sperm to egg ratio, Vol: tank volume, GVBD: germinal vesicle breakdown.
Data presented as meantSD (n=3).
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1,000:1, 5,000:1 = 10,000:1¢] *]

ol
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b1 9

S

ORE

5,000 mLe] 2 HA A
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L R =L
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S

bl ot

S
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S

AER A4t

=13
=

oA DA 7A€

2-4. TAEH
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KeN
=

19)

=138 (Ver.

PASW gE A=

ki3

3

% Duncan’s multiple range test®

A A]

=
=
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3. 2 %

3-1. #3894 4 4 73

3-1-1. =#=d +4 32 §3t

s £45 9 RBI8S Fig 259 YEd utel 2l FAHES 15 18,
21, 24, 27, 30 2 33ColA z+z} 73.3+5.0%, 90.7+2.3%, 92.7+1.2%, 95.3+3.1%,

90.7+6.4%, 87.3+1.2% H 753+4.6% ATt 15~24TCollH &= 257 &5 F
JEC] S7ksks Wb, 24T ool M= XV e E vhA YolA= AF
= B3t 18TelA 27T/ A= A 732 Ahol7h gl e (P>0.05), 15T}
33Ceol B3] FostA = AHP<0.05). F3t&L 15, 18, 21, 24, 27, 30 & 3
3TColA 27 57.3+3.1%, 67.3+11.0%, 68.7+7.0%, 72.0+4.0%, 38.0+3.5%, 0.0%
2 0.0%ATt 15~24TCo e 2571 =22 5380 F7lstd oy, 24T
ool M= FE7F =& H HA8 #aste] 30 R 33TCoA= F-3¥ A
7F it 18~24Tel M3 A 3ke] [ZFol& Hol#| ok (P>0.05), 15T
o} 27°Col B3] FostA EJATHP<0.05). ojH e AAES FFd B9

A W gl FHEeS 18~27Ce|al AL 24T E e
3-1-2. 98 =4 2 Ha
dEY $4E 9 H38S Fig 269 UERA wpel 2o SAHELS 20, 25,

30, 35, 40 psu 2 AAMT(31.7 pswelA 2z 49.3+3.1%, 90.0+2.09¢,

85.3+3.1%, 86.7+9.5%, 9.3£4.2% X 86.7£1.2% At} 25~35 psuclA &= A&+

7Fe]l zpol7t @l o (P>0.05), 20 psuét 40 psudl Hl& oA =& +HA
A THP<0.05). F3h&2 49 20, 25 30, 35 40 psu ¥ AAs|4(31.7

pswel A z+zb 233+6.1%, 70.0+5.3%, 84.7+1

80.0+35% Atk 20~30 psudllA & dE°l =S5 F3l&o] Frbsts wbdH,

30 psu ol FolM = dEel EeTH UA Yolx = AFS Btk 30 psust

29, 64.7+6.1%, 00% =
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Fig. 25. Effect of temperature on fertilization and hatching rate. Values are
meantSD (n=3). Different letters refer to significantly different
results (P<0.05).
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Salinity (psu)
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Fig. 26. Effect of salinity on fertilization and hatching rate. Values are

3). Different letters refer to significantly different

mean+SD (n

results (P<0.05).
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A 5617 pswel A T Aol e §ela) SR
SoHP<0.05). WA REe] 44 2 %o APRE 2535 psu U
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A e AIAge g F4E5 xel7b fIATHP>0.05) F3t&olA AT
, 3SR AN A 2Hz 64.085.3%, 73.3+4.6%,
66.7£9.0%, 65.39.5% % 67.3£6.1% At MMk 1A% Fo Fsh&o] M =
tont, AT 4AIZE TAAE A e mE HEE o] 2ol Holx eksk
THP>0.05). weEbAl & 24CollA ANk 447 el F=4A] 48 9§35l

G MAA G Ao ey

NG T ARAE 48 L F382 Fig. 280 YERd kel 2ok 54
ol oA AA 108, 208, 30%, 408, 60% % 1208 Fole 474
86.7+5.0%, 86.0+4.0%, 83.3+3.1%, 75.3+3.1%, 71.3+3.1% 2 47.3+6.1% L,
AES Agre]l A¥stel wet Ak ZAasdvh A 10~30% Folle AP
o] #ol7b YA (P>0.05), AMA 40~120% FHT} Fo8HA A vrebyt
THP<0.05). F-3t&2 A4 105, 20%, 304, 40%, 60+ 2 1205 o= zHz)
83.3+3.1%, 71.3+3.1%, 66.0+8.7%, 62.7+3.1%, 66.76.4% = 50.7+6.1%SIt}. -
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Effect of elapsed time —after—eggs collection on fertilization and

Fig. 27.

hatching rate. Values are meantSD (n=3).
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Fig. 28. Effect of elapsed time after—sperm collection on fertilization and

3). Different letters refer

hatching rate. Values are meantSD (n

to significantly different results (£<0.05).
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= 49TRd Gl Be $H8S JEhdthP<005). N e
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Hol 4 2 Raks A A F 0% ol FHAINE Aol L Aow
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3-2-3. WA AEADY 54 D 3

d3 AAe] FHEADE FAF D R3ee Fig 299 Jepd vhe} 2

FAES] A9 < Gl JFAgbo] 18, 5, 108, 20+, 30%, 60% B
1208 Foll= 77} 0.7+1.2%, 35.3+6.4%, 50.0£3.5%, 60.7+155%, 70.7+ 9.9%,
80.0£2.0% % 81.3+42% vt LA} HEZA ko] AeFE FAHEC =
A YeEbg s, AEAZ60EZ 1208 1~208 20 FoaA =2 F4ES
UFEFE TH(P<0.05), F-3k& ol SlojA] &3t Agato] HFZAgte] 1, 5, 104,
208, 30%, 60E F 1208 FelE ZAZ 00%, 42.0£5.3%, 60.0+7.2%,
63.3+5.0%, 63.3+4.2%, 607.0:5.0% = 62.0+4.0%Att. &3 o] HEAzH
o] 10~120%ellA = AP F1H] folgh ZFol7k fl o (P>0.05), 1~5%1 T}
T A = F3&Ss HATHP<0.03). HEN =& A FI3ES AV

A3 g AIZEE 3020l FAIEE Aol £5 A= YEH

N

o] FE&EEd 45 9 F3&2 Fig. 300 YERA nkel 2o &9
+4 FAEe 79 50, 100, 200, 500, 1,000 % 2,0007H/mLell A z+z}
51.3+1.2%, 63.3+11.4%, 76.7+8.1%, 75.3+6.4%, 80.0+7.2% % 80.0+3.5% %1 t}.
50~2007H/mLell A= HEX7t =55 FAEC S7FsAaL, 200~2,00074
/mL< 5070/mL¥ 10070/mLell ®la] FestA %S FHES UEY
(P<0.05). 382 50, 100, 200, 500, 1,000 = 20007H/mLellA z+z}

62.0+5.3%, 66.7+7.0%, 68.0+4.0%, 42.0£5.3%, 22.7+76% % 18.0£6.0% Tt
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Fig. 29. Effect of gamete contact time on fertilization and hatching rate.

3). Different letters refer to significantly

Values are mean=SD (n
different results (P<0.05).
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Fig. 30. Effect of egg stocking density on fertilization and hatching rate.
Values are meantSD (n=3). Different letters refer to significantly

different results (P<0.05).
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50~2007H/mLe] AEE A= AFFIEe] Aol= A2 (P>0.05), 500~
2,00078/mLe] Iz Hla] FolatA Ee F3h&S WETHP<0.05). W
g A 4 2 F3E feiA 100~2007H/mLe] ' F83ts A
o] mrtAl Aoz Eb

3-3-2. AAkel &9 v & F4 9§35}

gapel o] vjg FAHE 2 H3l82 Fig. 319 debd nkep 2ok gzt
o} oro] W& $£AHEL 10:1, 100:1, 500:1, 1,000:1, 5000:1 2 10,000:11 A
2y 7y 47+2.3%, 57.3+9.5%, 85.3+3.1%6,-94.7+1.2%, 94.0£35% 2 96.0+2.0%%]
th 1,000~10,000:1> A3 F-3ke] 2ol 7k LA HP>0.05), 10~500:1 8. tF
oA ELS FAES BATHP<0.05). #3H&-2 101, 100:1, 500:1, 1,000:1,
5,000:1 2 10,000:1¢ 4 zHz314.742.3%, 44.7+3.1%, 65.3+3.19%, 64.7+4.2%,
53.3+3.1% 2 36.0£2.0% At 10~500:101A4% A&l &do Hlgo] =SF=
T Eo] FT/ekE Wb, 500:1 o]l AE H|Eo] ST E ThA] Yol =
43S Bk 500:13 1,000:1 T (AlE el H] )

S HATHP<0.0D). metA] =2 FAHAEF 2 &S
o] vl &S 500~1,0001% A sl £ A& e

O

871849 +4F 9 RH&E Fig 320 JE vleh 2o FHEL 5,
100, 500, 1,000, 2,000 % 5000 mLelA Zt7F 93.3+1.2%, 96.0+4.0%,
94.7+2.3%, 94.7+2.3%, 93.3+2.3% % 92.7+x1.2% i, & APt Aol &=
AATHP>0.05). F-3F& dofAl 50, 100, 500, 1,000, 2,000 ¥ 5,000 mLof A
Z7y7y 73.3+1.2%, 76.7£3.1%, 74.7+2.3%, 73.3+2.3%, 74.7+2.3% 2 72.7+5.0%
L RE AT Aol B wel A RTHP>0.05).

2
m
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Fig. 31. Effect of sperm to—egg ratio on-fertilization and hatching rate.
Values are meantSD (n=3). Different letters refer to significantly

different results (P<0.05).
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Fig. 32. Effect of tank volume on-fertilization and hatching rate. Values
are mean*SD (n



4, 31 #F

T2 2AFe 7] dE7IY MERGY FAY BA FFS v H
(Ventilla, 1982), A4 o]slol A= WAool A X % 1 (Chang et al, 2000;
Lee et al, 2002b), 1 o]Fol A= v ZA G2 Q3] 7| E2 HAEO]
Z7}EH(Chang et al., 2000; Kim et al., 2011; Lee et al., 2002b). ¥ <150
ME FAE] 70% o]3d 2 15~33CTEHA &l A dAY S
BRI
o 2 AFolA FEE2 18~24T oA 67% <30l flaL, 30T o] dddA+=
skl AWAZE BHEREARROH, 24T A A FskEo]l 72.0% = 7HE =kt o
+ Chang et al./(2000)°] #=¢ FAHATSZRE DIFA7A AAE 9l
T F2L 1525To| 1, diAlS 3k Fd 22 25CeHe B 1 (Chang
et al, 200008t & A+ Aot FAFSAHR E, AN A Aae 2 o
2 I FolA B vb 8 th(Sagara, 1958; Santos and Nascimento, 1985;

gto] 8~24C (Clotteau and Dubé, 1993)]] H|8] ZFo] =& Ao

f

O’Connor and 'Lawler, 2004; Kim et al, 2011).

B2 AFAEY] HAEXEE At SH Qo2 A 27] DAY A of A
T 83 9IS = Aoz gdHA v (Tettelbach ~and Rhodes, 1981).

Clotteau and Dubé (1993)= A & Sl gtel ¢S 15 psu ©|3te] A A&
ol A 107 W FAl Lol AAAY HZl vk
M ol FHEAs, A WErE EHA ¥ g2 15~35 psu
gtal Hausk ok & Aol A dE 25~35 psuoll A FAHEC] 8% o] o=
th Aok Bk $H(Clootteau and Dubé, 1993) ® #EE=A Al(Hwang et al., 2009)
b Ak 23S Bdv B AgolA AR 25~35 psudlA FEHEo] 64%
olfew uetd, vw& =UFe F3 AdEd FAFFA tH(Imai, 1953
Sagara, 1958; Kalyanasundaram and Ramamoorthi, 1987; Kim et al., 2011).

EHAES 72 20ToNA AT AXNZ7A = FA4EC] 94% o Few AT
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T Az g FAE] o7t it Barskitk(Lee et al, 2002a).
L3 Wang et al. (1997)0] w2, = F 22~24TAA A 64177
A& 94% o) =& FAHES B9, 4o w3l AT 183t
Zstadth ol gk AHRE2 24T

g9 ztol7t fidvtE 2 dF A3E eI T Stephano and Gould
(1988)= =9 A=wS AT 1567 ol FA8AS o= 54%9 =& o

% o)
4B 7% olalw YolTm wiuadlth B AT AL 4w A
H

A Uety, Aol s s WA & e EeATel A AF AX 3
A A T BHA mE FEE Zolrt e, ols e AT
ARt Lee et al., 2002a; Williams, 2002; Hodgson at el.,» 2007; Song et

, 2009). zedi; IS A £ 30CoA AT AT FHA F3Eol

61.9% R Aol A @Arzte] At wek F435] Fasto]l A 443 F9
= 0.0%Z 2 ®astytHKim et al, 2011). ol F20] W& 42 I Au) o]
Y S AAAN W, o] ESFF V|FEEY HAALEO SUtE Addn
A ZFE tH(Chang et al., 2000).

o] Az AL WEH-F dla Foll 3= Na'¢k K o2 o3 &
sol MAFTHLL et al, 2002). Ly vEZ=golo] AgE o] A= ATP
(adenosine triphosphate)®] A& we} /o] A} FHAwa dZAIZE Fof
© w5 de &4 2o FATHEHES AT HOConnor and Heasman, 1995;
Wang et al, 1997; Lee et al., 2002a; Narvarte and Pascual, 2003; Shi et al.,
2008). ¥ AFolM = AMA F 308 ol FAHA 83%9 =& FAHAES EHA
i, 25 Aol Akl wet A EC] Fasidsd, ol HWud

tropical abalone®] Z3}¢} #AFstH(Encena et al, 1998; Lee et al., 2002a).

et FHFEEA Ao A F AAFAE el s S well= v
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=] O O o
T2 &S 4S5 F e v, dAAT

N

]

-
of AR Hahsol HA gads Ao

WA FAsS wels AIRE
2 4#A  Sdtk(Santos and
Nascimento, 1985; André and Lindegarth, 1995; Encena et al., 1998; Lee et
al., 2002a; Williams, 2002; Hodgson at el., 2007).

Fo5EY] 4L g 5 ol o] Fo A a(Levitan, 1991; Babcock and
Keesing, 1999), E=7{+ wig 302 ulol o]Fojxl oz <A 9l
(Hodgson at el, 2007). & dFelA w4 10 & 42 F3&e 717
50.0%%F 60.0% = thi-Zo ol FAEJA=H, o= ZFAA F=el At
A3 A tHSong et al., 2009).

2 dTolA 4o ARy WETTHER UETESTE TFHEC =
A b AY ZRo]7F §lof, sl 23k (Lee et al, 2002a)9F rAFSHI T

st

aEm AUE AP wegge Biel el gaf Arkeke] dtrbe] w&
iy i
T

oh 2 Ao A H88250~-2007]/mLe] AEER 835198 wl 62% o]
o] =& F3E&S H ¥, 50070/ml olde AHEE FEIds W dE
b meas FEEc] vA UEd ugE d7Z2dst AR HRampersad
et al, 1994; Lee et-al., 2002a;. Suquet et al., 2007, Song et al., 2009). °o|&=

FATS AEZ FEASG T Dot pHel A (Suquet et al., 2007)

9 2gA =AEAe Z7HBoldt at el, 1981; Rampersad at el., 1994) 5
lalsol FAAS FEgFor Qg Aow AR HT

oA A Aot 45 1019 HEE FASAS W 47%9 2 FAHE
= HQ Rk g S ek 242 30%9F 99.0%¢] =2 A
52 YE}(Clotteau and Dubé, 1993; Lee et al, 2002a), ¥ A+ Azte} &
2ol & H S Th 1,000~10,000:19] =2 HEZ FAHA AApe} o] whad &&

o] ol FAHEo A yehd Aoz AZHEAHO'Connor and Heasman,
1995). £ Ao A 500~1,000:19] H]E&= =439S w 64% o] g9 H-3&
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Hl&o] =555 F3k&0] 745 o] mangrove oystere] 2z}

- ’

ALl A tH(Rampersad et al., 1994; Santos and Nascimento, 1985). °o]&= =

-
ponf)

of AT AHAxlel PSS WA= FFXAQ Wyt glo(Alliegro and
Wright, 1983; Stephano and Gould, 1988), %< AAH] L&A A S =T
Sto] AAZ el wrAlo] gekS v AHog FukE th(Staeger and Horton,
1976; Alliegro and Wright, 1983; Santos and Nascimento, 1985; Stephano
and Gould, 1988).

Suquet et al. (2007)= 1.8 L H]#A7F 0.3 mLe| platest} 1 LY UF9
fish egg incubatore] H|&] H=2 F3}8-S B o 30 mLY flaskset= =}9]
7F Aetal BRaskeley, el & ATl e &% 50~5,000 mLe] H] Aol
A FARAEY FelE2 47 92%9 72% ol do® §V|84d mE 4 E 4

-8heo] zol7k fisit
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VI. SARE AA G & F 3uA =

1. A4 A

Az A B, 53 JMAES 0§ Z FAL VT, TP, BF, 3

s o yetel A Adstal stk I olfrEs Aeddor 3ujAls Yl

el g Asol Bod duxE AT =9 wmE 3 SAMAS 7]
sk, 53] =9 F Abgh7|Ql o o= o] Jhssithe e & 7 Uk #
gk ol AAE o] Fol e fxE o@dE W gg Q7] wiEe] A9 1
TS Hoste HE 9$ 783 Guo et al, 1996).

1990 o) H7HA] 3ujAl 2 FHE T2 SARES JAE = A B
o w AL A=, 49 A o] RESo] R ol mhef 2uj A FF Ik 4uf A A S
sl WO R 3ujAE AAbskal Sk LEv olof e 3uiAH A s
Qe 58 S5 d= Btk

=9 3 A= WA Yotz A CBol 9olsl Hx=Z fF=%(Stanley et al,
1981) o] % W2 A7 oot S8 URoEE 2= T4 A4t
, 3tstA el Wy o 7 = .CB, 6-dimethyaminopuline (6-DMAP) % caffeine
, 2o AEA Wyog:= 20)A ek 4uf A nwjol] wE 3ujA

So] Bu¥E ¥ JqtHQuillet and Penelay, 1986; Downing and Allen,

2 m
2 M o
LI

of

1987; Barber et al., 1992; Desrosiers et al, 1993; Gérard et al., 1996, Tian
et al., 1998; Gérard et al., 1999; Guo et al, 1996; Yu et al., 2001; Kong et
al, 2011). zeiu el = f (1990)2] A2 et S Eolt

weba] Ao A= HFEER] 4A o & A AT A WA V=
24 AF7kA NHE A AFEE CB9F 6-DMAPO] 23k A& Ao H A
Al Frerlaes Mdstaat dAsai
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2. A5 2 WY

2-1. 4¥8A =

APE RojEA ety dEsl e delAdE AldE e
oA Fetez 1171Y FAE FF 400vtE], ol ool 17/0E FA3
= 400vke], 2Elar AAl-Eabntel A 19709 FAF FE 500mkE] B F 1,300
nhe] & gEsgTh BuE AU AMSHE &4 o] EoldE oEHE A
AZ F 16% FRP AFZE2(2.0x1.0%0.8 m)oll A X3+ 24709 Zzpx
HE 4 (50.0%32.0x17.0 cm)oll zbzh 250k 48510 7 AFSElHA A
of Ap-&3taAtt.

2-2. W-Ake] A

a3 ARAZ AMHE7] 9ol B eEZE S AAZH the, 1 mL

A3 A4S FASH7] St dsgt AR 7% /A ES Chang et al

(2000)9] WHoz AAATHE Sk AT bk I FE T2 190 mL

)
off
i)
9
>
N,
N
i
2
)
off
ol
K
Do
=
R
N
=2,
(o]
()
X
—
[0.¢]
)
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2-3. 44 #F

Aol dAAFE 2AEY] % AANATE A ey g Wyges
skt F3 A3 9o WHEA(trochophore) 4 ¢F 1,00092]Z 300 mg/LY]
6-DMAP&|5=(25C)7F 971 15 mL tubeol &3k 3A17F &b 2|8kt
o] 3,000 rpm& 3&7F YA EEEA AT dE AAT v, 0075 M KCI
SoNS 10 mL H7belA 147 A% Agsedt. 2 e, 3,000 rpm e & 35
I AA R F, AT As Wy YIE Canoy& e Ho] 30% o4 il
gkt 14 Add FEAFAYS 3,000 pme 2 5237 AR T v
staitk 1 o, 1 mL

syringe2 ¥3 YIaE-HHES] AEFEN ftE OS5 25 me ASHo=R
2

N
o

fr

o
Sy
2
ftlo
Iz
vk
=l

DN
3]
X
o,
o
B
[
oo
12
ftlo
i)
N

N

Hrobr 50Tz 71 %
setol= SEtso] E2d fa7] AxsULh f A2 2% orceind A A (2

g
orceine 100 mL 45% ¥ Z&Ate] =<2l & o3})o] 3~57 FMetal FA, Ax

2-4. 39 A frx

2-4-1. CB%} 6-DMAP A 2ls =

CB9 6-DMAPS] 4 HEwEE A7) flste] 1.6, 2.0, 24, 28 2 32
mg2 CBE 2 mL2 dimethyl sulfoxide (DMSO)°l =<1 & 4 Le] o3& 47}
S0l A EebE &71(6 Dol 2ol HF5EE 42 04, 05, 06, 0.7 2
0.8 mg/LZ wHEo] Ao A&t th. 18] 160, 200, 240, 280 % 320 mg<]
6-DMAPE 4 L9] o357k S0l 9= Azt Eeb28 8716 D)ol =9 HF
S5 Z+7} 40, 50, 60, 70 2 80 mg/L=E THEo] A ARSI dx2T=2
A AbzE ZEkaE £716 Dol 4 Lo ofsaE @l 4= 5L 57 =
o= T Foh2=H £71(10 DA AAskR L, 8 2=+ 10,00070/mL,

2]

]&2 1,000~5,000:10 At SARE A=

X
5
©
e
(]
us)

—l

s

T4 10% =
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20+ F-oll mber F2ell 16 ime] AFgol &o1A 3= 750 mLe] F9 S8~ H

71 e 1008784 ol of w2 33] Al & HAAE vk A2l
ZF 20+, 7 25°C, 9t 325 psusi o, 3ukE A eksitt.

2-4-2. CBS} 6-DMAP A2l z1d
X, FAAL 2 AEAEY 37kA] 2o wE HAH A FEEIS

zAbeH7] 9l8lel T 250, 27.0 2 20.0C, AR FA 5% 108, 15

A

20+, 25 B 30% 52 AAsdvh el A AR 108, 158, 2042, 25%
% 30+ (Table 9), CB¢} 6-DMAPS} A#lw%= 717t 0.5 mg/L% 60 mg/L=
shom i 322-32.8 psudlth. CB AH2lelA CBe). & viel DMSOo| w&
vl =l o) &S ARS8k A 158 F, 0.05% V/VE DMSOE 3 7+a
of ol A 208 HE Ak E2FEA A4 158 Foll o FalFol A 202
FE&stdth 18al FARA, AgEd, FelEd 2 e fEgo 2AY

3 FLdstA LA

=2]
=

U,

j
a-

2-5. A& 4 %3
CBE A ¢= % ®A ofisjsz 33 Al#sta 43S 15 L 0.05%
V/Ve DMSO o #3|57F Eo9lt= g 2 25-87](20 D)ol 20% 59
g3t CBY 54& AAsIA L o, a2 33 Algs § 50 L] o
Hal 57 EoldE 99 ZFeheg &71(75 Lol 83t F3E sttt
6-DMAP+= e &3 F a4 2 33 Al@ste] 50 Lo o371 919
= 93 Zg29 87175 Dl #4838t F3t& AAlednt 73 1= 2070
/mL, & 25+1°C, 9% 325 psuth 183 F& 24A7F T AA FAS 40
mo AEGORE FAst] TS AT FEES F
AA FAR S g NEgR

A
ol e A e ALtst



Table 9. Selected conditions of treatments for inducing triploid C. gigas

Treatment . .
Start time * Duration of treatment
Agent temperature . .
. (min.) (min.)
(C)
5 10
10 15
15
25C 20
20
o5 25
30 30
5 10
CB e
0.5 mg/L 15
15
27°C 20
or 20
25
6-DMAP 25
60 mg/L 30 30
o 10
10
15
15
29 20
9T 20
25 25
30 30

* Time after fertilization.
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2-6. 3WA FFr=& 53
A o] FEES XA ¢8Fe] Chation and Allen (1985)¢] HH S o
FAsF] AFgEATE ZF A EE 10000 ol Ae DR AEE 15 m

9] microcentrifuge tubeo] ¥ 3,000 rpme 2 3E7F YA EE s AF5AS

1z

.

A AsFGeE. 21 the, phosphate buffered saline (PBS)&< 1 mLE % 7}&}¢]
3,000 rpm=E 34 33 YA ste] AlH skt o] % PBSE&HS 05 mL
A7bake] 1,500~2,000 rpm o & 123F #A4sta Ax s F#3] A -, 30
me] AERo 2 AA7NE AT I T, ethanolE 0.5 mL F7hako] -2
0Coll A 4X 3 o] (=80Tl A _1AIZF o) x| sk vk, 12]ar 4TelA 3,000
rpme 2 103 dARER &, A5AS Wil 1 mLe propodium iodide
(PD-& (50 pg/mL in 0.1 % sodium citrate)S 2o A& A el A 30&7F 44
st 3uA £ =82 Flow Cytometer (BD. science Accuri® 'C6, USA)E ©]

&3] SA skt (Fig. 33).

2-7. TAELA
AdE PASW SAZZIAVer. 198 AMg38le] one way-

—
BE A3

i)

ANOVA testZ 2 A3 3 Duncan’s multiple range: test® *i7Fe] #29A

(P<0.05)& #HAsHAt
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Fig. 33. Flow cytometric analysis of D-shapeddlarvae 'in”C. gigas. A: diploid

standard, B: treatment.
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3. 2 %

3-1. A+
2af Al e AMAF= 2n=2002 YEREAL(Fig. 34@), 3ufAle] Gl =
3n=302.= e H(Fig. 34®), 2viA] A2 1585 H AT

3-2. CB¢ 6-DMAP A g s=d ¢4 2 3uA =

3-2-1. CB AHgls=d A 9 3ujA] &

CB A& sk w2 DAl F-51 &, 3olA =& 9 A& -2 Table 1091
A uERd mke ZohoRskgo) doja A 102§ 04, 05, 06, 0.7 B 0.8
mg/Le] FXolA 47 64+2.4, 48+1.2, 1.9£0.8, 1.220.4 & 07+0.2%% 1L, %
7} =eFE BREgol v el 0.4 mg/Lot 05 mg/LE UE HXEo] H]

&o] f98H = UH(P<0.05). =4 202 F 04, 0.5, 06, 0.7, 0.8 mg/L
o] FxolM B3E&e 274 31.4+100, 50.7£1.2, 20.8+11.0, 385446 = 29.9+2.8
AL, 05 mg/L7F thE F=e] Hla] FoletA = F3h&S HATHP<0.05).

T4 10+ ¥ 04,05, 06, 0.7 2 0.8 mg/Le FXxolA 3] F=

S
N

S
T

o

o

s

36.2+8.2, 42.1¢54, 37:6+4.9, 30:0£10.0 2 48.2423.3%A 1L, 5 =0

=
it

}ol
Lo
3MA FE&S ZH7F 249437, 176178, 20.046.2, 4.0¢54 F 157+58% % 1L,
04~08 mg/LelM 0.7 mg/L& ALt E= Ag3ke] Aolrh il
(P>0.05). =4 10+ ¥ 04, 05, 06, 0.7 2 0.8 mg/Le| sElA 3ufA Aik&
= Z7F 23, 20, 0.7, 04 B 03% A3, F=7F =75 AAEo] B Yy

T4 20 F 04, 05, 06, 0.7 2 0.8 mg/Le] FEolAl Z+7+ 7.8, 89, 4.2,
15 H 47%2) 3ujAl AitES BAvh 4 1023 202 9] F3uA] Aitke2
0.5 mg/LAl A 109% = 717 =A YERS

g
X

HolA] FSkTH(P>0.05). =74 201 % 04,05, 06,07 % 0.8 mg/LY =
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Fig. 34. Chromoson ds of diploid and trlpww/glgas A: diploid
(20=20), B: triploid @m
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3-2-2. 6-DMAP A &gw=d A 2 3ua] F=
6-DMAP®] AH#ls=e] wE DYFAY F3h&, 3mA =& 2 A&
Table 1194 Yepd mpe} o} F-8-&0 glojA 4 102 F 40, 50, 60, 70
2 80 mg/Le] wxelA Zz+ 38160, 36.3t15.5, 21.9+3.3, 18561 %
180+2.0% M L, =7t =555 Fa&o] WA eyttt 40 mg/Let 50 mg/L
T 60~80 mg/LET} %2 F3&S YEFSTHP<0.05). 778 208 F 40, 50, 60,
70 2 80 mg/Le FEolAM Fat&> 7Zhzh 37.3+24, 384+14.3, 62.6=7.0,
54.6+135 2 36.9+3.4%% 1, 60 mg/LE 70 mg/LE A$3 & vt &
B35S BHATHP<0.05). &4 104-3-40,50, 60, 70 2 80 mg/Le] & Xl A
3 Al e 27k 150420, 13.1£2.0, 19504, 22.6+10.3 2 354+9.6% % 1L,
T2 FEgo] =4 verwth 80 meg/L7F 40~60 mg/LE Tt =& 3
A S B oHP<0.05). 4202 F 40, 50,60, 70 2 80 mg/Le] Xl 3
A e 27 00, 155445, 11.143.1, 9513 2 0.7+0.3% % 22, 50 mg/LE=
60 mg/LE Ag t& s H& FoetA =2 3wiA FEES eI
(P<0.05). 38 A AYAkE-2] A% 40, 50, 60, 70 = 80 mg/L2] FEoA F4 10
S 247} 57, 48,43, 423 64%%13L, 4 20 Fol= 24200, 6.0, 6.9, 5.2
2 26%5 BATh FA 108 420 Fof 3] BAEL 60 mg/Lo] Fol
A 112% 2 7H A UER

3-3. CB9} 6-DMAP A zdd 44 2 3uA] f=

3-3-1. CB Agz=add 2A 9 3u]A

25CelA AAMAIAIZE R A A kel e DAFA Y] F5h&, 3 =&
2 AES FAFSE A= Table 12014 vebd vk} 2ok =78 5, 10, 15, 20,
25 @ 308 Fo] B3ge 247 09~539, 1.1~239, 1.6~214, 1.1~53.2, 0.3~
50.0 % 0.0~483%%1aL, A gte] A&+5 Fsh&o] vkt 4 5 10, 15,

20, 25 B 30+ Fol 3uiAl =& Z2H7 23.0~51.1, 38.0~60.4, 36.1~50.0,
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Table 12. Hatching, triploid and triploid yield rate in D-shaped larva of C.
gigas, at 25°C, different start times and durations of treatment
with 0.5 mg/L CB concentration

25T
D&T ( D.T ) Start time' (min.)
i 10 15 20 25 30
10 53.9+10.0° 239456 21.4+46"  532+160°  50.0+10.7°  483+16.1°
15 21.3+34°  101:29"  13.9+3.3" 44,9+9.8" 419+33"  114%11.7°
. 20 11640 68:45" 6.0+4.7" 14.32.7° 95+84" 4559
I({;) 25 3.0+1.3° 24429 41+36" 3.4£2.0° 24421 2.2+1.2"
30 0.9+0.4° 111" 1.6+18" 1.1+1.1° 0.3+0.6" 0.0
DMSO  430:55%  502+120° 753117 = 443£104%. 99.3+103°  42.8:169°
Control’ 11000£57"  100.0+7.1° ~ 100.017.0°  100.0£9.7° 100.0+145  100.0:9.3°
10 23.0+75% 41337468  444+10:8°  23.8+7.2% 29034  54+42™
15 26.8+4.9%C | 476+12.3"  50.0£13.1% | 31.3+7.6™ | 156+7.7°  145+38%
20 425+151%" 380+7.3" |488+21.2° 17'4id14'83b 17.3£64™  415+35.4°
(T%R) 25 51.1£31.4°° 1.39.0£9.2* [ 361454  51.4484° ' 309#51° 15364
30 50.0£17.2°  60.4=18.0° | 488+7.8* 32665  282+73" -
DMSO .4.8+32% 0.0° 41£1.9° 0.0° 0.0° 1.82.4°
Control 0.0° 2:3%2.3" 20+ 2562 2.0£0.8" 0.0° 0.0°
10 124 9.2 95 12.7 145 2.6
15 5.7 48 7.0 14.1 65 1.7
. 20 49 2.6 2.9 25 16 1.9
T(Y%FE 25 15 0.9 15 1.7 0.7 0.3
30 05 0.7 0.8 0.4 0.1 -
DMSO 2.0 0.0 3.1 0.0 0.0 0.8
Control 0.0 2.3 2.2 2.0 0.0 0.0

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. "Time after fertilization, HDefining
the control as 100%, mTriploid ratexhatching rate/100. Values are means+SD (n=3).
Different letters refer to significantly different results (P<0.05).
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174~51.4, 156~309 % 54~415%At. 4 5, 10, 15, 20, 25 % 30+ F°l 3
v A Aake2> ZH7E 05~124, 0.7~9.2, 0.8~9.5, 04~14.1, 0.1~145 % 0.3~

T 3ujAl Arbgo] YolA = AFdFE B 4

o

26%% 3L, A g Algte] 4
208 & g 1524 141%9] 7HE =2 3w S R

271CoAA AYMAAZE B A A7l w2 DAL Hshg&, 3uAl =&
L AHES ZAFS A= Table 13914 YER vhel 2o} 4 510, 15, 20,
25 @ 30% Fo] R3ge 247k 31~362, 1.1~286, 1.9~15.3, 0.6~30.2, 0.9~
179 2 05~14.2% 93, A gte] ZE&F5 Fsh&o] @tk 4 5, 10, 15,
20, 25 % 30% Fol 3ujA]l FE=8& 22 104~64.2, 14.3~475, 25~50.0, 0.0
~625, 435~70.4 2 375~738%A k. +4 5, 10, 15, 20, 25 Z 30 Fof 30
A BArge 7t 1.0~74,0.0~9.8, 01~81, 0.0~180, 0.4~101 % 0.2~6.1%
i, £4 208 F A2 1024 18.0%2 7k =2 3ujA ANES ey

20CoNA AEHAAIZE B A A ghe] e DA frA S -3t 3uiA] fred
2 &S ZARSE A s Table 14914 YER vhe} 2o} 415 10, 15, 20,
25 9 308 Fol F3ee 7 00~104, 08~319, 04~79, 0.0~109, 0.3~
144 2 1.4~13.0%%R 3L, # 2| A| ko = F3kgol vtk =4 5 10, 15,
20, 25 9 30% Foll 3ufALH =& 7H7F 0.0~34.8 56~58.8, 0.0~10.8, 16.0~
324, 24~478 2 75~381%I . 45,10, 15,20, 25 2 30% Fof 3ujA] A
Age 247k 0.0~24, 00~142, 0.0~0.8, 03~35, 0.0~3.2 % 02~2.7%% L,
774 102 F A2 1084 142%9 7HF =2 3uA AAkE&S B

Y
o
o

3-3-2. 6-DMAP A gz 24 9 3ujA =

25CoNA A HAIAIZE L A2 A Zbe] & DA A0 F31E, 3uA fred
L AHES A A= Table 15914 YER vhe} 2o} 4 510, 15, 20,
25 2 308 Fol B3 77t 29~676, 0.3~39.2, 0.4~35.6, 0.0~485, 0.0~
325 2 02~6.7%A 1L, A2 Algte] A&F4E Fago] vt +4 5, 10, 15,
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Table 13. Hatching, triploid and triploid yield rate in D-shaped larva of C.
gigas, at 27°C, different start times and durations of treatment

with 0.5 mg/L CB concentration

271C
D&T ( D.T ) Start time' (min.)
i 10 15 20 25 30
10 36.2+132"  286+6.2" 15.3+3.4° 30.2+9.8" 17.9+5.0° 142+52°
15 221462 207457  161:45" 126387 143437 7.8+45"
. 20 105:2.7°  89:4.1% 8.2+3.1° 45:28 46237 2.3:2.8"
I({;) 25 75+32% 3.1£2.0° 1.9+1.2° 29+1.1° 1.4+1.6" 0.9+1.3"
30 3.1£1.3° Talg#1 B 2.5+4.4° 06+1.1" 0.920.6" 0.5+0.8"
DMSO  852:55°  960:105° 824102 © 661£145% 89676 624%12.2
Control’ 100058"  100.0+3.1°  1000£135°  100.0:6.6° 100.0:159"  100.0+11.8°
10 104407 142422 29049.0°  595:144"  450£7.0"  43.0£10.3
15 3334587 475:12.0°  50.0£126°  625£150° | 70.4+26.4°  73.8+17.3°
20 642+21.9°  309+17.1"° 45.0+£228" | 525:20.8"  658:6.6"  63.6:17.9°
(;R) 25 486+12.3%  30.0£10.6° 153+17.2* 0.0° 500155 60.8+19.6°
30 31.9411.3" 0.0° 25+43  425:17.0°  435%12.8 3751327
DMSO 0.0° 0.0° 0.0° 0.0 48+4.2° 0.0°
Control 0.0¢ 0.0° 0.08 0.0 2.3+12° 0.0°
10 38 4 4:4 180 0.8 6.1
15 7.4 9.8 8.1 79 10.1 5.8
o 20 6.7 2.8 37 2.4 30 15
T(Y%F; 25 36 0.3 0.3 0.0 0.7 05
30 1.0 0.0 0.1 0.3 04 0.2
DMSO 0.0 0.0 0.0 0.0 43 0.0
Control 0.0 0.0 0.0 0.0 2.3 0.0

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. "Time after fertilization, HDefining
the control as 100%, mTriploid ratexhatching rate/100. Values are means+SD (n=3).
Different letters refer to significantly different results (P<0.05).
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Table 14. Hatching, triploid and triploid yield rate in D-shaped larva of C.
gigas, at 29C, different start times and durations of treatment

with 0.5 mg/L CB concentration

29C
DT ; I .
D&T (minL) Start time  (min.)
min.
5 10 15 20 25 30
10 10.4+3.0° 31.9+12.1° 5.0£1.6" 10.9+4.0° 14.4+34" 13.0£2.4"
15 59+2.8" 21.8+6.8" 79453 6.6+29°" 46+2.6" 12.844.3°
20 1.8+1.8° 9.2+4.8" 6.6+2.7" 1.8+0.7° 1.0+1.7° 7.0+5.1°
I
HR’ a be a a b a
%) 25 0.5+0.5 42439 1.2+41.1 0.0 1.1+0.5 2525
(o]
30 0.0° 0.8+0.6° 0.4+0.4" 0.0" 0.3+0.3 1.4+0.9"
DMSO  968+11.1°  86.2+70" 537+62"  656+11.6%. 586+6.8  62.6+12.1
Control’ 100.0494"  100.0+4.6° = 1000+75  100.0+13.9° = 100.0+84"  100.0+6.3
10 235+7.9° 44.4+3 8" 0.0 32.4+8.2 22.545.8% 48+35"
15 34.8+10.3°  42.9+7.1° 105+2.7 32.0+6.8" 244+58"  205+7.7"
20 273+78*  588+152° 10.8+4.5 16.0+5.0° = 47.8+17.7°  381%9.1"
TR
(%) 25 0.0° 19.4+6.4" 7.746.9 - 25.0+4.0° 754447
(0]
30 = 56£4.5" 8.0+5.3 - 24+2.89  275+26.8"
DMSO 0:0° 0.0° 6.9+5.0 2:3+0.7 0.0° 0.0°
Control 29+2.9 2.9%1.0° 0.0 0.0° 0.0° 0.0°
10 2.4 142 0.0 35 3.2 0.6
15 2.1 9.4 0.8 2.1 1.1 26
. 20 0.5 5.4 0.7 0.3 0.5 27
TYR
25 0.0 0.8 0.1 - 0.3 0.2
(%)
30 - 0.0 0.0 - 0.0 0.4
DMSO 0.0 0.0 3.7 15 0.0 0.0
Control 29 29 0.0 0.0 0.0 0.0

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. 'Time after fertilization, "Defining
the control as 100%, mTriploid ratexhatching rate/100. Values are means+SD (n=3).
Different letters refer to significantly different results (P<0.05).
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Table 15. Hatching, triploid and triploid yield rate in D-shaped larva of C.

gigas, at 25°C, different start times and durations of treatment

with 60 mg/L. 6-DMAP concentration

25C
D&T D.T Start time' (min.)
(min.)
5 10 15 20 25 30
10 67.6+7.2" 39.2+9.0" 35.6+8.4" 485+9.7° 32.5+8.6" 2.5+1.2°
15 38675 0.3+0.1" 80+43"  393:66" 20530  6.7+5.1°
HR™ 20 164+36° 122817 16409 27:50°  103:179" 50457
(%) 25 10.1£5.0° 5.9+20" 1.6+1.0° 0.0° 05+0.4" 1.6£0.6"
30 20+1.6° 20+1.8" 0.4%0:2" 0.0° 0.0 0.2+0.1°
Control  100.0£109°  1000£232° 1000128  100.0£8.3" = 100.0+83°  100.0+54"
10 12.122.4° 8.8+3.2° 152£3.0%,  17.1+4.0", | 17.1#89°  23.7+4.4°
15 17.1£1.9¢ 0.0° 2754¢44°  550+115"  14.6+83° 22.9+4.8*
TR 20 20.6+4.4% | 265247 175430  359+4.1° 05+09" 28.245.0°
(%) 25 257+34° 14343 | 150242 - 208+3.1"  333+45°
30 1676055 . 175+31° 19417 - - 273+2.1°
Control ~ 0.3+0:4 0.0 0.3+0.6° 0.2+0.3° 0.0° 0.2+0.2"
10 8.2 34 5.4 8.3 56 0.6
15 6.6 0.0 2.2 216 30 15
TYR™ 20 34 3.2 0.3 8.1 0.1 14
(%) 25 2.6 0.8 0.2 - 0.1 05
30 05 04 0.1 - - 0.1
Control 0.3 0.0 0.3 0.2 0.0 0.2

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. "Time after fertilization, HDefining
the control as 100%, ™Triploid ratexhatching rate/100. Values are means+SD (n=3).

Different letters refer to significantly different results (P<0.05).
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20, 25, 30% Fol 3ujAl F=&2 7hzf 12.1~25.7, 0.0~265, 15.0~275, 17.1~
55.0, 05~20.8 3 229~333%%tt. +A4 5, 10, 15, 20, 25 % 30 $-of 3ul) ]
Aabge 77t 05~82, 0.0~3.4, 0.1~54, 81~21.6, 0.1~56 2 0.1~15%A 1,
77 208 F A 1584 21.6%9 M = 3uA e S ey
271CoAA AYMAAZE B A A7l w2 DAL Hshg&, 3uAl =&
R &S A A= Table 16914 YER vhe} 2o} 4 510, 15, 20,
25 2 308 Fol B3 77t 1.0~525, 04~157, 04~12.0, 0.0~31.8, 0.0~
192 9 0.0~234%H 31, AAzke] Ad&4= Fahgo] vhokth 4 5, 10, 15,
20, 25 % 30% Fol 3whAl 242 175~525, 135~325, 16.7~275,
16.4~235, 0.2~10.7 2-0.0~13.3% %t} 4 5, 10, 15,20, 25 2 30% Foil 3u)
A AL 7t 05~205,01~2.1, 01~2.1, 0.1~5.2, 0.0~2.0 2 0.0~2.3%%
3, A 58 F A 1084.205%2 71 &2 3ujA e 2
29Tl A AAAAZE B A Al e DA Ao H-3h&, 3uiA fF=&
2L AHES ZARSE A s Table 1714 YERE vhel 2o} 415 10, 15, 20,
25 2 308 Fo] H38-e Z42 55~941, 0.1~39.2, 0.6~36.2, 0.3~10.5, 0.0~
170 2 0.0~55.0%% 1, A 2| A| ko] A= Fatgo] vhoktk. 4 5, 10, 15,
20, 25 2 304 Fol-3ulALFEL S 77 0.0~435,.320~66.7, 54.2~66.7, 0.0
~53.3, 575~64.3 % 0.8~56.8%A . 54 5,10, 15, 20, 25 % 30 F-o 3uj A
kg 7bzE 0.0~23.2, 0.0~125, 04~225, 00~3.1, 26~104 2 0.0~15.2%
R, 4 5% F AP 1584 23.2%9 7HE =2 3uA e S JER
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Table 16. Hatching, triploid and triploid yield rate in D-shaped larva of C.
gigas, at 27C, different start times and durations of treatment
with 60 mg/L 6-DMAP concentration

21°C
D&T (21: ) Start time' (min.)

. 5 10 15 20 25 30

10 525¢13.7°  15.7+3.1° 12.0£3.0° 31.8+4.2° 19.2+3.0° 23.445.6"

15 17.338” 36+0.3" 7019  318+20"  68+117"  62+34"

HR" 20 139+1.7° 0.7+0.4" 7.02.0™ 9.0+19” 28425 15+1.0"
(%) 25 59+2.4° 0.4+0.2 1.5%1.2" 0.4x0.2" 06+05" 0.0
30 1008’ 04x0.1" 0.420.2° 0.0" 0.0 0.0

d

Control  100.0£11.7°  100.0£7.6°  100.0£3.8°  100.0£10.2° ~ 100.0+4.3°  100.0+11.9°

10 39.0+2.9 © 135+1.2° 178436 = 16.42.8" 10641 5° 10.0+1.4°
15 175£1.9% 325¢4.3° 20.0+1.3* 15.7+0.8" 0.8+1.4° 13.3+2.4°
TR 20 51.3t96" | 286+32" 275+1.0° 16.4+2.2° 02+02" 0.0°
(%) 25 52.5£20.9"  22:2+66" | 25736 235437 10.7+1.8" -
30 48.8+12.3° . 26.1+4.4° 16.7+2.7* & - -
Control 0.0° 0.0° 0.8+1.4° 0.0° 0.0° 0.0°
10 205 2.1 2.1 5.2 2.0 2.3
15 3.0 12 14 5.0 0.1 0.8
TYR™ 20 7.1 0.2 1.9 15 0.0 0.0
(%) 25 31 0.1 0.4 0.1 0.1 -
30 0.5 0.1 0.1 - - -
Control 0.0 0.0 0.8 0.0 0.0 0.0

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. "Time after fertilization, HDefining
the control as 100%, mTriploid ratexhatching rate/100. Values are means+SD (n=3).
Different letters refer to significantly different results (P<0.05).
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Table 17. Hatching, triploid and triploid yield rate in D-shaped larva of C.
gigas, at 29C, different start times and durations of treatment
with 60 mg/L 6-DMAP concentration

29°C
D&T (21: ) Start time' (min.)
. 5 10 15 20 25 30
10 94.1£10.2°  39.2+3.8" 36.2+7.3" 105+4.5° 17.0£37°  55.0+182°
15 574+79"  203+51" 10927 105:20°  128+22"  26.4+34
HR™ 20 262428  41:42" 36415 36£1.9" 40£0.8" 3118
(%) 25 20722 _1.0%1T4° 1.4%05" 0.30.2° 0.0” 0.0°
30 55+36° 0.1:0.1° 06£0.4" 0.3£0.1° 0.0 0.3£0.6°

Control’ 1000£10:3"  100.0:126" =~ 1000£7.0°  100.0£10.6" 100.0+11.1°  100.0+4.1°

10 0.0° 32.0£21°  622#54%  298+95™ ' 61.1+17.5°  27.7+9.3"
15 40.4+153° 59647  638£168° | 268458 | 575:99° 13.3+0.8°
TR 20 40.4+253" | 66.7+139° | 66.0495" = 53.3:156" | 64.3:85"  56.8+235°
(%) 25 33.346.6" 37.8£26% 54.2¢202° 500188 F -
30 4354239 35.7+19.1%  |66.7£12.9° 0:07 - 0.8+1.4°
Control  0.2+0:3" 2.3%3.9° 0.7+0.8" 0.6+0:6" 0.9+1.2° 0.0°
10 0.0 125 225 3.1 10.4 15.2
15 232 12.1 7.0 2.8 74 35
TYR™ 20 10.6 2.7 2.4 1.9 2.6 1.8
(%) 25 6.9 0.4 0.8 0.2 - -
30 2.4 0.0 0.4 0.0 - 0.0
Control 0.2 2.3 0.7 0.6 09 0.0

D&T: development and triploidization, DT: duration of treatment, HR: hatching
rate, TR: triploid rate, TYR: triploid yield rate. "Time after fertilization, HDefining
the control as 100%, ™Triploid ratexhatching rate/100. Values are means+SD (n=3).
Different letters refer to significantly different results (P<0.05).
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AMAor AT BEBL AIRFED 719 @id wEe o,
44 F AIFAE BEGT Zolo] A2IFAT WEIT. wIA 2R 3

A= Al=sA] &S A AY B A=A WES At WHe

CBe9 6-DMAP Aol ¢t 3ujA] FxoA] Fst& 2 3ujA] FE&o 7}
T FasHA #AEste 82 AHywEeta EaE vk dti(Downing and

Allen, 1987; Barber et al., 1992; Desrosiers et-al., 1993; Gérard et al., 1996;

o

Gérard et al.,, 1999; Tian et al., 1999a; Tian et al.,, 1999b; Lin et al., 2001).
Panopea abrupta®ll <l 048, 1.0 2 148 mg/L =2 CB®Z #g3td<S v 1.0
mg/Lol A 7H¢ =2 3 A fr=& S R 3L(Vadopalas and Davis, 2004), H
Ay obzel A 101,025 3105 mg/Le] &2 CBE A A FHH Aels=r}
0.25 mg/L#}il B a3} th(Barber et al, 1992). 33, ZH=o] 9lo] A Downig
and Allen (1987)2 0.1, 05 % 1.0 mg/L %9 CBE AF&SI9S o 05
mg/LolA 714 =& 3ujA] =& Y, T3 Lin et al. (2001)2 0.25,
04 2 05 mg/Le EEofr HA HulxEE= 04 mg/Leti H st
79 05 mg/Let & H-3F3tth Desrosiers et al (1993)¢}F Lin et al. (2001)&
6-DMAP Aol &g F=e] 3ujAl fFrolA 7Hd a4 Agdses 7
ZF 49.0 mg/Le 65.3 mg/Letal B 3kt 3, Tian et al. (1999a; 1999b)
el SAYE AAA el o7 3 A oA AlSAe] WEI A2
Ao HES JAstE 6-DMAPS HA Ags=+= 247 979 mg/Let 734
mg/Let Bagk v k. webx 6-DMAPS] HA AHgleskd digh 714
¢l A7F Hadttal AzhE o]

oA Hzad Aol CB AFEA 2 27T, =4 208 Fof 10
= ATl A M = A AAES HERlEd, ol el A=A

rlo
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7} 30% W= A7l CBR 10% Agsk= Aol 7Hd adAodtt= A3
(Lin et al,. 2001)¢} fFAFSFATE 2 AFolA 6-DMAP AF&A] & 29T,
g 5t Foll 1638 AT 4 168 Fo 10 A FelA 7H =2 3ufA
Aak&e HATH Tian et al. (1999a) 2 A9 ELdF F=o 3ufA
Zol A AFA FEAAA =2 250~255C, 4 102 Fol 168 Hls=
Aol 74 mHAoletal A, A2FA WEAAA = 30%e] A=A 7}
WEsts Al7lel 10 A gek= sl 7FE &34(Tian et al, 1999b)e] 2}l
sto], ¥ AFARE AT Aok A FEd A HYNAALS =
ol & S vA= 2ol AYAEALE FRgRY ks o &
geke vty 2o o toal Ha(Downig and Allen, 1987; Barber et al.,
1992; Desrosiers et al., 1993; Tian et al., 1999a; ‘Tian et al., 1999b; Lin et
al., 2001; Vadopalas and Davis, 2004)¥ Hf glo], 2 Ao ZAyrl oL 2l
e dgn AuEh 2 A3 CBeF 6 DMAP AHldA ZF %7}
=55 DAY F3teo] #AaHI 7|80 FUFe AT ol o A

Al =4 CBS 1A de s8] BAS oA g, FA9 7

7M1= 23 (Stanley et al., 1984; Quillet and Pennelay, 1986;

oL,

Hir

X
jus)
_

oftt

o

=
Downing and Allen;-1987; %, 1990)¢} F-A}8FSA th

2 AFdA AlFA 2A2SA B A 27 HHEeE 3uA TS
FEgd = AdJ, Aoz A1FA BHE A9 DAFA A7 7F A2

Wz Ao DYFA 7R & A4S YERS T Arai et al. (1986)2 Al

A WE AAD Ak A=A AG 3uhAl o] Aol Al=A WE

ofsF Aelol o7k 3ujAl il ol 3ujAl BabEel 7Y 2
&= MAE 2dor2s e, AWM B2 AHZAEALE o] 3

H(Downig and Allen , 1987, Barber et al, 1992; Desrosiers et al., 1993;
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Tian et al., 1999a; Tian et al., 1999b; Lin et al.,, 2001; Vadopalas and Davis,
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i)

FoQ AR da FAAT] 5%E AA s
9 ejerAole] @ oRAAbe] 2008WlE 1% WRLo® F7-eklcHLim
et al, 201D. g1E ANz ATAGY ofAeSat = FH\ AN TR
da ARRE GAel =gHth ARFE G AAol wWED ¥
Fee sulAl® Ae Zuow ol glekE, 2012). ey 304 ERe
FO AN EF 5SS R SO 8] AR A A ko] o] o)X 3
glof, gl wb7E g

of\

wo gl ABEA G FAYES

facs

THLim et al., 2011).

AF7HA e A TR FA ke 1ot A AL &2, 6-DMAP A2 3
2uf A ok 4uj A o] ninf T WHOoR Aol FAI A A H A= o
3t A7 Haw o k(L et al, 2000; Yu et al, 2003; Guo et al, 1996;
Wang et al, 2004). 124t} sol A& = 3ujA FEALEe] &3 A=
Zrolz 4= glth

upepa] 2 Aol A= A TEE AL 2 A e 3u)

A2 Bgstol tgow BMAS FEF T, FANS L AR E

HU
o
r >
ol
ol
N
do
ot
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2. A5 2 WY

>

2-1. A¥gA =
AdE R ZA AA-SAREA A FEA oz 197YE FAds FE (2

57.3+7.1 mm, A5 68.7£16.5 g) 20072l & Aol A&ttt

\1
—_

2-2. W 9-2 A FH
a7 ARE AHE7) Yate] R o22 7S AAS oS, 1 mL

=4
A3 A4S LA flste] =3 eRlez &% WA ES Chang et al.

(2000)9] WHo =z AAA FOE Sk AR r}s AHRFgFE T2 190 mL

g 700 $8% F, o5 E 50 LA A9 dafel HFLEIE 10,000
A/mL =S Atk 21wl FE 25:1000 460~ 0% Bt wFAIA
70~80%<] %ol GVBD7} Lok Fell Aol ArgstAh. gAsieE 44
2 9 AR v, 16me] FEHE sl AAVIE AASL 20 L 47 =
¥ §719] 10x10°7)/mL2 g AFel AL-g8

K

2-3. 3ujA =& &4

A o] F =SS XAEHY] 98t Chation and Allen (1985)¢] HPHS o=
FAste] AbgsA T 2 A E = 1,0000H] o] g DA AIEE 15 mL
9] microcentrifuge tubeo] ¥ 3,000 rpme 2 3E7F A EE s AF5AS

A A sk 2L the, phosphate buffered saline (PBS)& <) 1 mLE 3 7}ate]
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3,000 rpm= 3&7HA 33 YAl ZEElste] M AHsATE o] %, PBSE&HS 05 mL
H7Fste] 1,500~2,000 rpm o2 1&3F 23t MEE T8 £ A2+, 30
me] AgFoz ANAZIE AASAL. 1 v, ethanolE 0.5 mL #7}sle] -2
0CollA 4X 3 o] (=80Tl A 1A17F o] 4) WrAskdvt. 12lar 4TelA 3,000
rpme 2 103 dAEEE ¥, ASdS Weal 1 mLe propodium iodide
(PD& (50 pg/mL in 0.1 % sodium citrate)S ¥ o] 2 AFefol A 30&7F G A

st 3w A 5 =8-S Flow Cytometer (BD science Accuri® C6, USA)E ©]

2-4. 39 A HFFE

Al tHFFEE Sl A F= AP Azl wef, 29CAA #4 58 F
ol 60 mg/Le] 6-DMAP 8529 C)ell A 1658 #1233t} (Table 18). 42 50
L 37t Eolde 948 Fgad 87175 DA AAss, de F8dEs
10,00070/mL, g#ke} <o) v &2 1,0001A 5. Al A Aels ¥950 cm W
16 e} AE el 4 @78k 5714 o] 40 Lo 6-DMAPs) 7 Soi3l=
@60xh25 cme] ‘P& FetxE Bl HAsen, F 159909 SRS
Atk b dndli v FATE e E 33 AT tE, 15 A
72t ZFageszxe F&sdth-Fsk dE = 10071/ mL, &2 261
32.3 psuSitt. -3} 24413t F A FAS 40 me) AFE R A Fake
3 D frdel 2715 AT

=

l

[@))
3
n2
Mo
rlo

r\l
401'

2-5. W& FAAS
g A DARFA 2,1105% vk & 16 Az ZAEsz] 83

o] AABIYTE £ 26+1C, 9E S 31.3~325 psy, AFSFEEE 0.1~14719

ol

/mL, Wo|AWEL [sochrysis galbana, Pheodactylum sp., Tetraselmis sp.,

Chlorella sp.& &%3te] vl 3,000~5,000 cells/mLS 43 2 o 3333
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Table 18. Treatment conditions of triploid mass induction in C. gigas with

6-DMAP
Concentration TemnlBofe (0) Time after Duration of
(mg/L) 3 fertilization (min.) treatment (min.)
60 29 5 15
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o FARE 39 Ao ASBFE ANSAL, U] 39 Ao BEA)
2 gelste] 307 2712 Auste] Yol Az W okel B HAS AL
& ¥

#H7lstdvt. el e 39 A 2] A 47 8 129 Aol 250
A

me] AFHer Adsto] A% O5s Aol AFEskdth 74 A7 =

Ir
["_8{.:
=)

Y,

(Nikon MM-400, Japan)¥} Data processor DP-El/Data processing software
E-MAXE o|&3to] 0.1 m7hA S8t AEE&S A3l 50 mLA 3

8 Zgskel Wire W F SAPoR AN

A\

2-6. A B} X HALS

295 Aastr] ke AFgE FA2 7 363.5428.6 ym A7) FF7|
AolAth A= v Fae] 180 me] AEWel B94 A 950xh20 cm?
AF Fet2H &7l 053:0:20 wme] = I|Z7HEE 800 mL Hol SFA 2
&, 27 A8 209kvkE] &kt Ol A E S Isochrysis sp., Tetraselmis
sp., Chaetoceros sp.& <%sFo] 5000~10,000 cells/mL7} A ¥ %% 3t o,

FABYE FEAC LARSE FArh A 47 % BERS AYFEA

2-7. TAEH

EE AdAdEYY doX SAGES iR sAAE B AT
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3. 2 %

3-1. #3& 4 394 =&

6-DMAPE ©] &3 o] 3ujal = 223 Table 19914 HHERd
vhop 2o A7 1590 E 39 A Fske] F-3k8 A3, 2 77.1£3.0 me] D
e 211050 ke dglem, Faed 14%%t. 13 3uiAl DTS
728 1RbvhE] = 3w Al =& 34.5% %

3-2. 89 AFH} AEE

3 A A F FAASES 168 AL ZAYE FRA-F2A7] FAZA ALS
3 A, 432 3,6, 9, 12 2 1594 7+7} 89.645.3, 142.0¢154, 194.2+13.0,
335.8+184 B 3635+28.6 mAL, LA/ A= A Go] tha =go 3~12¢ 9
Mz 4ol wgom RAY] KSR JFet7] 7l 12~ 159 Atoldl Ao

AR
A =8x s A4S et (Table 20). 34, F42 4E82 36,9, 12 4

—

of wiAl AALE AAlg A7 100% 3ujA Sl Ao = &l E v (Fig.35).

3-3. X9 Y3 AE &

AFS7IZE Bok 2 223~263T, 9%

rlo

31.0~32.2 psu th(Fig. 36). 7%
36351286 2] H-27] FA 90.8%tulE]E down wearing WA o2 3093 A

-

3 23, 4% 41409 mm, A% 15.6£105 mge] 7RAstE X o 11.1%v8] &
AArsld o AEEE 12.3% 9 tHTable 21).
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Table 19. D-shaped larval hatching-rate-and triploid percentage of mass
induction in-C. gigas with 6-DMAP

D-shaped larva

Number of

X Sl Total - Number of Trioloid
atchin riploi
egg (x10°) 1 the( | number N & triploid (f/)
en m
P (x10") i (x10°) ’
15 77.1£3.0 2,110.5 14 728.1 345

Shell length values are means+SD “(n=30).
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Table 20. Growth of shell length and survival rate of larva in C. gigas

Number of larvae

Elapsed days Shell length (ym) Survival (%)

(x10M
0 77.1£3.0 2,110.5 100.0
3 89.645.3 816.8 387
6 142.0+15.4 620.5 294
9 194.2+13.0 384.1 182
12 335.8+184 227.9 10.8
15 363.5+28 6+ 9.8 43

*All-triploid pediveliger larva. Shell length values are means+SD (n=30).

- 119 -



N S FLLN oy
Fig. 35. Flow cytometric é‘mﬁf meii_godé_’}

standard, M2: pediveliger larva of triploid.

000,000 10,000,000 G@? 215

a in C. gigas. M1: diploid
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Rearing days
Fig. 36. Changes of water—temperature and -salinity in rearing period of

juvenile C. gigas.
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Table 21. Shell length, total weight and survival rate for triploid juvenile
of 30 days after seedling collection in C. gigas

Number of Juvenile

pediveliger larvae

(x10%)

Shell length  Total weight Number

A N Survival (%)
(mm) mg (x10"

90.8 4.1%0.9 15.6+10.5 11.2 12.3

Shell length and total weight values are meanstSD (n=30).
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pus

o

Aol 3upAl FAe] EFEA A AEE S8kaak 15971
< =k A% DYRAY F3tES 14%(2,1105%F vhe))dan, 3ujAl &
34.5%(728.1%F wk2]) Atk Yu et al. (2003)= & 23~24ColA A1=A 7}t
50% WEF Al7lel 70 mg/L %9 6-DMAPE AR&3dte] 1587F A sk
2oz 69 FASE AT 23, DR F3ES 71.0%, 3MA

&S 86% AT Husgitt olgt A= Aol Ble) mg- =L F
2

rlo
I\

&S R, ol 29TCoA4 6-DMAPS =44 o2 Q3] 4o S
g sta, A9 JBES SRS EN H ol FAgA FFgFS w3
Ao 2 FFEtH(Quillet and Pennelay, 1986; Downing and Allen, 1987).

rie

ATNA DA 7 w8 AL 247 77.1+3.0 mo} 36354286
=4 Hur et al. (2008)7F 2.a1sk 2uf 4] Za DR A(73.542.8) m) 3 F217]
A (311.0+10.8 gm)e] Z+ze wla] 2 #Holth Guo et al. (1996)¢} Wang et
al. (2004) zHZel QoA 3ulAl A2 26 FA ) Bl Adde] wE
A71% Attal P =, ol = 3u Al 28] heterozygosity 7F 281 Aol Bl & =L
do] A 7]e1d Aolekar B 1 (Stanley et al, 1984)F o], ¥ Ao Ay= 3
W23 9ok 3, Wang et al. (2004)0] wp=w ) 28] oA} 46 A
ZE wufsto] AL 3ulA] FA Y FAVIZMAY] AEEES 423%EA 2 A
T-9] 4.3%0°l uvls] w$- =kt o] 6-DMAPY| i S o= <ld AE
o] w2 Zolgta Aztx o] 2 (Kong et al., 2011).

B oAqto A 3uA] H-27] §-4 90.8%vkE]E down wearing WAl o2 30Y
B ARFEte] A9 1119 & AAbete] 12.3%¢] AEES BT Yu et al
(2008)= 3wl 27l S Ee7kAl, Hld W dsujdagow RS
AEEL ZF7F 1124, 89 2 6.53%2tal H a151o]
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Aot Al whgskdvk. RES AL ARl Slo] A dopamines Eol E I gl
ol NA = A} Serotoninol] 9]k Hlere 298 o] vl
13% el MAE AT 107 M) dopaminecl Al Webeke 253070, WA H

100.191 709 3, 10 M9] serotonin®l| A #e&re 197.09H1, WA 2o 143.19]7)

FAEY F3E FFES A =4 3ol diste] x:=ARE Ad, FEe A

H L, AL 25~35 psusith &
S T2 24TColA A& 4AIZF o]t Axb= 24T oA 30E ol
et Zlo] Aol FH Ao et ko] Hl&2 1,000:10]aL, A AIZE
< 30~ 12020tk 1elal HA e @8 ™EE= 2007H/mLo] ™, &3 wE
FAEY F382 50~5000 mLAAlA =Fo] 7k SIS T

5. FAWE AAA g A F=

2@ onlA e FAMASE 2n=200]%a, 3ulA el FAMAFE 3n=300] YT}
CBe} 6-DMAPS] HA HYs=s Z2t 0.5 mg/L ok 60 mg/Litt. o= A g
o= A Fx AP A3 AGAEAT ] AESFE Fsbgo] W
CBo A% 7Hd =2 3ujA] f288 27ColA 4 308 Fo 108 =23
A=A 73.8%At. 6-DMAPS] 4-¢ 7FE =2 3uA =& 20Tl A
FA 102 Foll 202 A ok £4 15% Fol 308 A TEA 66.7%% ot

6. 3vjA TBO tFAAL

T 15971E Agste] 2 77.1+3.0 me] DYFAS 2,1105%H0kE] L
ow, F3h& 1.4%, 3uAl =& 34.5% At D8-S 1594 24 363.5+28.6
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