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Studies on the reproduction, immunology and molecular phylogenetics
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< SUMMARY >

%4 A 203

Previous studies have reported on the occurrence of subtropical oysters in
shallow subtidal in Jeju Island where benthic animal diversity is recorded to be the
highest in Korea. These subtropical oysters is believed to be extending their
distribution range from southern Asia to Jeju due to the global seawater temperature
increase. The objective of this study is to investigate effects of environmental
factors (water temperature, salinity and food availability) on growth and reproduction
of the subtropical oysters in an attempt to understand the range extension of those
warm water oysters to Jeju. The present study also develop gene markers such as
18S, ITS histone 3 and COI to investigate phylogenetic relationship among different
species of oysters in Korea. Blood types and immune parameters of the subtropical
oysters are also evaluated in this study using flow cytometry.

Purpose&

contents

@ Flow cytometic assessment of immune parameters of Korean oysters
—. Evaluation of immune parameters (hemocyte cell populations, phagocytosis and
oxidative rates) of the tropical oysters (Hyotissa hyotis, Saccostrea kegaki and
Ostrea circumpicta) collected from Jeju island at cellular level using flow
cytometry.
—. Seasonal variations of immune parameters of the tropical oyster’'s hemocytes (/4.
hyotis and S. kegaki) due to growth and reproduction effect.
m] Genetic relationship analysis and gene marker development of Korean oyster
species
—. Establishment of the genetic information (SSU rDNA, ITS, H3 and COI genes) of
Korean oysters collected from Korean water including Jeju Island
. Investigation of phylogenetic affiliations of Korean oysters using DNA markers
Understanding life history of the subtropical oysters, Hyotissa hyotis and
Saccostrea Kegaki in coastal Jeju
—. Investigation on annual gametogenesis of the tropical oysters using histology and
biochemical assay
—. Investigation on the condition index and early embryogenesis of the tropical
oysters
®] Primary study of food and nutritional characteristics of the subtropical oysters
(Hyotissa hyotis) in coastal Jeju
—. Investigation on food and nutritional characteristics (amino acid and lipid) of the
subtropical oyster
Output
. Publications: 3 papers (SCI Journal), Presentation: 9 (domestic/international
conference)

m |

Result

| [

Understanding effect of global climate changes in Jeju water
. Effects of water temperature on reproduction and growth of the oysters in Jeju
helps to understand progression of global warming in Jeju coast.
Aquaculture development of subtropical oysters in Jeju Island

Information on annual gametogenesis and somatic/shell growth of those
Expected subtropical oysters will be utilized in aquaculture development of those species
Contribution in Jeju water, such as timing of natural spat collection.

—. A pilot scale of suspended culture system will be installed in the Weimi or Seogwipo

Harbor to culture subtropical oysters after the completion of this study.

] Publication of the output from this study

—. Data obtained from the proposed study will be published as articles in Science
Citation Indexed (SCI) journals (1 submitted or 3 more articles).

| (=

| E

Oyster Molecular phylogeny Immunology

Keywords Annual gametogenesis DNA marker Flow cytometry

Ecology Reproduction Hemocyte
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O 1. d71EgA el 7l ~ 10. 7S &9 whel 2 st

© A& 14point, 245 12point, EEWEL2 10point= FASIH, & 7+ 114 & =A 715
O A48 2 ZAF(1HEH 107X )= 100H o] =] o] =2 243

O W€ AT #H3 AP (FY A2 FAIE FB)2 UE 2 A AAs 7

L A702A1e 7He

Y% zetoe] PEaE ANERE AP o] 4% EYa
drh 2 S FAY FORA B AAR A9 o) naty

%] 2t} (Damiensa et al. 2006). &
AWHA AAA o2 SHAl] Bae =2 2000 F o® Fg¥3 v = = (Family:
Osteridae)oll 43> Crassostrea gigas, C. Vzlrgmwa, C. rhizophorae. Ostrea edulis, Saccostrea cucullata,
S. echina & X33 10F nwkel Aoz 4 A dt} (Gosling, 2003).

<ol gk 13+ ‘3*&3 ZoH|E
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2 | & &= (C gigas)e -2
|5 RE R S THE 01?"]‘34 /‘ﬂﬁ]@iiE 7hd gl dAFoR E8Ha e Folvh HE 5o el
otoll B3l Qv v (C nippona), 3= (C. ariakensis), W= (0. denselamellosa) T3+ oF2lojZE o
= I 7HAE QAo o5 o Aol gk A7t o] Folx wh Slvh. 53] W (2004)3 Noseworthy et
al (2002, 2007)& AFAte] Fxata e il &3 Hig Fsto] AF Agtel] F 8% =, = T
= (Hyotissa hyotis), AR 2= (Parahyotissa inermis), 5= (P. chemnitzii), 2to1= (Dendostrea folia),
ESYUEE (D crenulifera), TE7Y & (C nigromarginata), 7WN=Z (S  kegaki), B|RB=Z (Striostrea
circumpicta)©] WXESTAL H3Sk v It} AlFE 9] AT 2 14-25°C WelolH, 53] ALH F
A e 14-16°C WYZ $-2iviahe] Mafer (4-7°C), Eallek (7-11°C), Salet (4—6°C)ell nlsf L5 o]
Frh @A AFE A2t 2 Fe gt 1 AF E27F FHoAol T wet 22 ofldd 2 4
A Folrt, o] 5 ofdtiAd ol AlFel AAFYH A2 =A= Fgs] & F o, AF2dstet #yd
el sl ols T AFE 3 dee] v AoE Adn.

AFAere AAstE o] ek B, f (1976), % (2004) ¥ Noseworthy % (2002, 2007)°] 9o

™, o]F 1995 o] e WA= 3-4F9 = who] AFolA H o, 2000 o] F HaldM = v
o] ofdr 7] Fo] AF At 53] EH /\1?4?_ Abel #xsta e ASRE FRIHATE AFALS] =
of #et A= "= (0. circumpicta)®] FATZE 2 A4 wbdo] #gh A5 (Kang et al. 2004)7F 2
oup e AAFT] A D FARIAee] A didk AFE ofF] o] FojA A gk HAo|th ®
st AR M F T HAE, A=, JHAE, FUEES Ak WA, gk s 9 FAou WA
22 ddEde Ha ok xstfel A HA #EEH, 53 1A, A4 2 243 22 AAE fded W
Folko w& HEg B¥3au Yr}. T U JAAE=ZS 1 I7] 2 AAAF (somatic tissue weight)©]
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Aol W Bt Eatel, FF AFAGNN FaojForAe HAH AN B BrE T @
A ols ofduirle ol i ATE Fesd BRel AL Qow, o odn 2o A4 Ad 2 43

34 ATe PAR Agolh.

Cheng (1981)2 a4t olujgie] 45 Fe—7153 54 wel granulocyte$} hyalinocyte® -3F3)
t}, olgjsfie] FrE FEje} 7S BAlE)
Z

A7 W5 e SYsn PBA

o
fu
1A

B A3l whdHo] f-AE 247 (Flow cytometer):
o

NEAG PPon IR AEe 5ES AFHon ST & o] A4t olujs) de] MY W)
Ao ZAo] e feath FAZEALE QAR (C virginica) T BE (C gigas)®) BT 2719 WE
52 $Asd o] Yol B§H] fom, @7 Ao 540 Fol met Aol Ao nudm Yok

(Lambert et al., 2003; Hégaret et al., 2003a and b; Goedken and Guise, 2004; Donaghy et al,, 2009a,
b). o]+= olmjHF2 o w} granulocyte, hyalinocyte 5 L& T A¥x9 7|9 1 A=V v & 4+ ¢l

of Zt T EAo] B F AsS vttt &gk sfitolujal{ol W T)ee A F kel whet v
Hslels Ao® Buyda 9dow (Donaghy et al. 2009a) & o] s%s4dWst mUHY 2@ AP E9
AZe 54 Folx &s] o] &5 a vk (Donaghy et al., 2009b)

=9 BEFH 42 ¥4 SAS vtRoRE gz e 2 M, AR R 54 A9 FE
o]FiL Slon, ol &¥A 5AL #AA At wg spwA el migtste] R84 ARE Agshe)
Aol Qu}. Htolle EAAYETA Wb Sgow S ¥33 o|ujuFe FeRFerE FEAHS
Hal7] 98l 3 = wEZ=gole] EAlske A A7IAE Aol Vx2d EAA AT B R T E
FE 913 gene marker 7ol #3F A7f e o] Fo]x]ar It} (O Foighil and Taylor, 2000; Park
and O Foighil, 2000; Wang and Guo, 2008). ¥ A2l gene marker2+ 3N w2 kAl 7] 721 ribosome

of T4 w99 sl ribosomal RNAs (rRNAs; 18S, 5.8S, 28S), aAxul fAAMAE FAs=
chromatin (DNA¢} @ E39bA])e] 449 shubel histone 3, 18S rDNA®} 28S rDNA Afo]ol] 9] %] &}
A dojyxwt 7leS zkx] e 99gow EFIF TE strain?te] W2 AEAIS Hol:= internal
transcribed spacer (ITS)2} AE T Fo| #st= AEZAW 4712 sl mEZ=gol f-313 142
3¢l cytochrome oxidase I (COI)ol 9t} X a74 39 S-guet ZF9 EAAETH 27 A
B Ao g At we FaE, FEy deE 59 nEZ=EoF 16S rDNA, COIF ITS MY 248 &
Fohe frAdAe ek aF (F, 1998; ¥h 2004)0] Ao MY W TR Fo] ®Es)

5o 59l
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2. 3l Zled 8%

7} Fes] ATAL W ) EAT] EAA
(1) FW71%5%

29 FAF EA I} A A(1998)2 k=it Fa (Crassostrea gigas)® vFel= (C. nippona)2] vh
oJEFZ=go} 16S rDNAE 9A7IA 4 EAste] Fd4 zolg B4 A3, =4t =23 v9)=9 16S rDNA
12709 971 E zFolrt 98-S Haslgt vF (2004)& FHF (Cgigas), BF = (C nippona), 7= (C.
ariakensis)@} W& (0. denselamellosa)2] mitochondrial COI¥} nuclear ITS F#A#F 47|49 #2423}, COI
frazte] & JAgte] §Hd4 Aol #EHA & wbA, ITS Q7MY E4dAE &3 F35E 2ozt 9l
g ®Bustgith @A vl A belle 14F9 wo] ¥t e Aew oA oy (W, 2004
Noseworthy et al., 2007) °ol& 4&= Ao g2 =79 FAAEISH E7= A5 dHolr). gk =9

EAYELH EFE A% gene markers] ATE e AE} wwA mA@ Aol

oluisf 7o WAEH EAo] #F A Ak ozl AA o] 712HS olatr] g AT dF o
TAE] oA Rt o] oKttt A 5(2000) A wpA ] HFE et FEjEA 5 W AAME
7S Beldl Ax upH gl dtol= 4F 579 AM3E (basophil granulocyte, eosinophil granulocyte,
fibrocyte, agranulocytes)”} €418} basophil granulocyte”} =2 v &= 54U &AL A3t 19
1} olg]d ds W EA o R HuPEA vt o&elm, ulela] o] Woldtd )5S A ow urg
of o gAZE = Ao=E AlsdEnh. AvAEA EA9 A= FAE E47] (flow cytometer)E o] &3
Hodolzl (o, AAEZRE, I AFEE 2 d DNA &4 % 5)9 Ay Byo=w 7 Wy EZFel EA71
MAEZ A}, HZ B B dAF1Le FAHAE EX7V|(flow cytometer)E o83t vlX| & (Ruditapes
philippinarum), 7= (C. ariakensis), =AY (Haliotis discus discus), =2} (Turbo cornutus)® d1-F¢ 725 &
ot o] 59 WY S ARHow 54 ®Bugh vp 9lvk (¥ -5, 2006; Donaghy et al., 2009; Donaghy et al., 2010a).
B3k 20079 75 = ARZE Aol BiSE A9 = (C gigas)e WHLE R LAAGH v LAY F=o
g+ WS vagk 43, 7 = A9 = g9 HJddl F(granulocyte) e, AAE 2 DA AR A4
ol #Aags ®agh vk 9lv} (Donaghy et al., 2010b).

Zo] WA A EA #F AF: Ngo et al. (2002)= et mAdTA AFE =S gidoz 5w
Shof] whE AJAA g W A Tl #AeE AFE 75kl Kang et al. (2000)2 F=o] A A (9,

GHrstE, Ad, Ash) 58 A5 AAFTIS A SAToEN, AT MAFTI Az Aol Hol B
of we} ¥glsl= Z1S ®argk vh dvh Kang et al. (2003)2 Al Hx2 Fa ol SolH oz nukgsh=
S & fdtste] ELISA (EAHYSAH)S o8, = M= (reproductive effort, biomass of gamete)<
Hog BAsE 7]4S Adeldon, Ngo et al. (2006)2 7AW aAdatoA =3} okalg o] Azt =AW A

Az AR AAF7] D HAES =438 v} 9t} Kang et al. (2004)E A|FE AJA8h= el A4 4o

o

o Mt &
off ri lo

)

g o

.
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29 FAF EA BAY #AF AF: Klinbunga et al. (2003)S ej=At F2l #F 33 BERE
ribosomal DNA9} COI f3zte] Agas A o F 245 3 3T did T 5014 Y
sttt Varela et al. (2007)& Hepd Agto] o] 2%l F= (Pacific cupped oyster)®] FEje4 &+
e SEety] fd BAAEEAE ERUHE o8 silow, 97 A HelA AFE 120709 JHA = F-H
mitochondrial 16S rDNAE F&, Ao =zM oJdfFdl = (C gigas) A TR C rhizophorae®l
o4 ApolE et Wang and Guo (2008)= =79 EAAAEEH TS $13F DNA marker 71d&
& = ¥ (Family Ostreidae)ol] &38l= 1259 = oigh ITS13 ITS29] FAA A71AE EA8A(. 1
A¥, ITS13 2 Afolo] A7Id e dol= F3F ZFol7t s &9l stdlon, ols @99 A7 d Aol =
8F9 =& F AdolA TET £ LS Husgith e, Wang and Guo. (2008)2 b H3 3etel] A
Aete =9 ERA AAE FYsty] Sl FxA lf'n‘l"%o I AHo=RY FHe 65 = g
mitochondrial 16S rDNA, COI#} nuclear 28S rDNA FAAEY A7|MES ZAASL EAASSHH EAdS
3 T HH AMAsteE 22 C gigasdS & HuEATh

9 HYEH EAd #|I AT T2 wFoAE TR oA FAXE BA7|E o]&ste] g S=
(C. virginica)® Z= (C gigas)S oz 3G F25 BRI o5 AXA HY 712 d4-5
A, @5 AgE, 89 5 W8l A xS, @40 5o A Bagk e

3+ v} 9lt} (Lambert et al., 2003;
Hégaret et al., 2003a and b; Goedken and Guise, 2004). o]} t&Eo] 74, AW, W2 59 og ~EH
2o oigt 34t olujElF dFe] Wol 712 WStE  flow cytometerE  ©]83}%] monitoring 3FATH
(Delaporte et al., 2007; Heégaret et al., 2007; Lambert et al., 2007; da Silva et al., 2008; Hégaret et
al., 2009). o]2]3t o] Fol% TS o &sto] TR0 = Y d HAE fl@l DNA &%, AlE
Fo g9 &4 2 AAE & SAHSY YEE WslE 'Sk Bio—marker®2 o] &3tal Q)
(Soudant et al. 2004; Flye—Sainte—Marie et al., 2009).

=9 HAAHYEE EAo] #AJF A7 Soniat and Ray (1985)%= o] W =20 uwlg} thM U= (C wvirginica) 2
H2l EA 9 ohilE el s gl Ao sk ek WEsltlsE AGE sl o, Chavez—Villalba et al.
(2007)2 ar27]ef A27]9] Ho| 5 FoR gk =] tguits ek =] o). 29 49 Kang
et al. (2003) o] g—& FAFTEATY Ao = Kang et al. (2003)°] oJato] 7ptd F= & FAE o]
ot T2 w2nn Ao FEh= “Lél«l HA S ofF4d e FuASAHY dadAE et
2R3 (Royer et al. 2007), Choi et al. (1993, 1994)° v B5 wa k] E¥Es M dE Lol digk Sol4
FAE 71, ELISAE o] &3t ol tiA &= A% AAF7I9F HASF (reproductive effort)ol] PX= 274 <1%}
s Hagk v g

O
2

o°(‘

lo

(3) 71EA79] =44 32 A%

8 olehliiel A1 WA AT AR 99 ) AR el 9§ e AR T o o
bel BA0G W s 5O 4714 BUNY AFeln 9 $853 ek A e 49 ste] sRAmY
— 9 —
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B2 Z2189 NOAAS STATUS&TREND (1986-&4)) o4 wWalzet 2 ook qloke] Exals o] WA
o 2A3H Wyoz Yk BT Yok Seehs 1) R e ok B0 D A Qo
AR PATENG A BS A8 i Agelth e BTRe] wWaks S mi S ATk
AY) WSS st B4 e wsE BAse glol g7 Qs Aow FEAn g 2w 4%
879 @14 e BUEY AFlAE 29 A0 arun Az e 2 JHE AL 0§ ATt
o7 glow, oo weh AT WA, We B AW T gL A5 SHS BAY 5 olE new B
et gl et 53] Fedsow A GuUEe 49 2 AW F Avgel ddol 54 ¥R W

4 AT B5HY A0 ARAL $4EOE 23 o PR A ALD AA Foo)

L AFAtel Ayshs 27 A7 Fejot By 54 24
1. F A& A

ofdd] =5° 4 Wty 54 A4S fote] =9 X A o] 4F

aEste] 7WAF (Saccostrea kegaki), B|A= (Ostrea
To= (Hyotissa hyotis)= ZAF Hd S22 AAste] (Fig. 1), oI5 A&t 4
= vty WA gEolnt Aol - Y} V) sol vA= IS FHAs)st
w3719l AeF (20119 1€, 2012 19)o] =55 A3 7HA=Fe A
3z Ojﬂﬁﬂ%-‘ﬂ %h%‘l e F-2Eo e AAES AMFNeH, T QAT AAE =49
T4 5-15 mollAl =FHrol S F3l ATt (Fig. 2). AFE =5 A AFHAE 4% A
A &F =T 2D F s 2EURES HAaskeh] skl =2 15-16 °C, ¥ 32-33 psu?]

g
g
S
kS|
~
Q
[\
N—
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Fig. 1. External view of Saccostrea kegaki (A), Ostrea circumpicta (B), and Hyotissa hyotis (C).
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11|8°E 12|2°E 12|6°E 130°E 134°E

-33 30'N
-33 20'N
Yerae-dong ;u ——
P -3310'N
I I T T
126 20'E 126 30'E 126 40'E 126 50'E

Fig. 2. Location map of the sampling sites. Saccostrea kegaki was collected from the inter—tidal area of

Yerae—dong (). Ostrea circumpicta and Hyotissa hyotis were collected from Supseom (A) at depth of
5—15 m by SCUBA diving.

2. 9= A

o) dYPxag APyl Astel 2o N7 ARAEE FAbbzel solw
ok 22Gx1 /47 2719 FAbbse] FAE FAE olgdte] Fo Azt
A S ‘%}116‘}7] ko] Aol HEE 1.5 ml tube2 FA AT 7 54 B0 dad

e o] AYzols] Jug fstel 3-5/09) TN ANE AU Sl Bl ol el

N
0,
tilo
o
!
o
o
[o
1)
il
32
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3. ¥4dn7 (Light microscope)e °|-&d E7¢ el #F

A dHZAE poly L-lysineo] ZHE &efo]=of kAl =@slil 58 chamberE ©]-83}0] /ol Al
308 Z=oF HARA AT 7t H2RE S8tol=E 100% methanolol]l 587 1A A7) & hemacolor® 5&7F
Akt daE &

gol == FtAu| A sloA] - Mo Feo| mE 5AS dFSta oln|A|FA
2% (image] 1.43u)E o]&3Fo] MEo ¢=(pseudopodia), AMEZ (cytoplasm) Z 3 (nucleus) =7]
E F4sk3lt (Fig. 3).

Pseudopodia size

: SRS 3

3 ‘W' i

5 =
oy ; L

Fig. 3. Measurement of pseudopodia, cytoplasm, and nucleus size in oyster hemocytes.

4. AAE") 7 (Electron microscope)S o3 d79 ¢ &

dHZ AL poly L—lysineol A &Efol=o Al =Eslal 58 chamberE ©]&3le] Aol 1A%
b BAIEAT. 1A F Eehe]l=E 2.5% glutaraldehyde 8ol A 1413 &2t M1 (pre—fixation)<
Aot Aol Eyd &£lo]=+ 1X PBS (phosphate buffered saline) £olo| 1587t 33] A3},
ol gk (50, 70, 90, 95, 100% 23])& o]&3ste] &4 A& AAAT. &7 4 Alg+ 30, 50, 70,
100%9] isoamyl acetate® X|3}3}al, freeze dryers ©]-8&3le] &Elo|l=E AXSAUY. AZxEH &Fol=+=
aluminum stub®ll 31 3}al sputter coaterE ©]83t¢] gold YA=E FHIUY. I”HE AR
A3 v 7 (Field Emission Scanning electron microscope, JSM—6700F)E& o]-&3}o] g4
sl

gl
=
=

w2 ol

5. fAE BA71E o184 2 Avd €7 A% 72 % Udy 24

5—-1. @7 A I+ZF 79 €7+ 4 (hemocyte count)

HYIL MY FAUAF] 39 X2IHUS S35t 45 AT o719 double strand DNAO] ZA3sl=
H3A FMAES SYBR green 1S H7F § AF&o ohdolA 147 B¢ HbSA AT FAHAE BA7E ol &
st g9 AAE MEE RDTS A8sE & Axeo A7]|9F YRdze wet d4 o 25 EFsta
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7 ol N E5FE A5 (Fig. 4).

Aggregated hemocytes
]

A ¢ R1

104

104

103
1 0°

101

Internal complexity

102
Internal complexity
10! a

,uﬁu

Aat

100 101 102 103 104

o ETE 40° 10 <
SYBR Green I Fluorescence L L 1 L L
Size

100

Blast-like cells

109

Fig. 4. Classification of hemocyte population of marine bivavles using flow cytometer. R1. hemocytes stained

with SYBR green 1. R2. aggregated hemocytes.

5—2. 4 AFEE (hemocyte mortality)

AR E dlzoo] A FauAE HE §, T APEES #EE7] 98 AlEW apoptosis #E
AHEE &= marker?] syl ¥ A A propidium iodide (PDE E&3le] oA 1083 WA HTE A
E AL ES G o] B ESE double strand DNA E& RNAC] AdE PIALEE FAXE EX47]5 o] &3
o #Ast, T d5 F Pl FshAl A" Jd (M1)o] AA E+ F A st HE&=Z YERd AT (Fig.

128

Live hemocytes

/

Counts

M1: Dead hemocytes

PUSPPRPOR T T Y
Pl Red Fluorescence

1023

Fig. 5. Measurement of hemocyte mortality using flow cytometer. M1, hemocytes stained with propodium iodide
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5—3. @ 4% A% (lysosome quantification)

EIES

[0 FIO

A el EAetm vgst 7heds] 24aE kil Slo =5

Bl l = ¥ AENA lysosome #52HE (detoxification)#F ol 2hgol Fag J&S st} o]y
g gaFol g AlE el EAlsteAl gyl flete] dYEZols sdFe] F3aAet Hrkeh
lysosomeS G 4= A= FF A LysoTracker Red ¢ &3}35to] A2 1A

I BAYE ol&ste] G A EHE MElE i LysoTracker Rede HFAEE =A3}o] arbitrary unit

(AU)e =2 JeEAY (Fig. 6).

rL

104

Granulocytes

Complexity
10 107

10!

10° 10’ 10° 10° 10*
FL3-H

Fig. 6. Measurement of lysosome contents in hemocytes of marine bivalves using flow cytometer.

5—4. AAX& (phagocytosis rate) 4

L

129 dgzole] Fo] o3} &48 TSI FF bead® A7ISIe] AolA AT 48 F159
T}}—. ]i]_% ]ZJF 10, 30, 60, 120, 180% .;_, 37H o]/b]—fﬂ bead= }l],;—(—],"g‘zﬂ' g:fL (MDL)E ’ﬂgﬁ}oﬂ @iﬂ g:[L
A 8= Bl &2 YERAT (Fig. 7).

oV %

=+
w

Counts

M1

o
10° 10! 102 10° 10*
Fluorescence intensity

Fig. 7. Measuring hemocyte phagocytosis using flow cytometer. M1, phagocytozed hemocytes

with over 3 beads
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5-5. A X3} 58 (oxidative activity) 3

g3 AZY 8] f-5A FA A4 (reactive oxygen species, ROS)$ &4 A4 (reactive nitrogen species, RNS)9]
A (production rate)S e1sl7] 98] AHE @z Ao 2'7'—dichlorofluorescein diacetate (DCFH-DA)E #7}s}
iAo QoA wkEAIZLE MEe] 4 akh @AY 3HelE S &4 protein kinase C (PKC)E AHAI7 |
phorbol 1,2—myristate 1,3—acetate (PMA)E F7Fst A&} H7lshA| &2 APFE yro] vlasilnh. vkg A%}
10, 30, 60, 120, 180 ¥, G+ Al kst 24 A= 2444l o8] WAsh= DCFH-DA®] ¥he-4He¢l DCFe
HPALE FAE BA7]E o] &3te] SA3aL o]= arbitary unit (A.U.) 22 YERHRIT (Fig. 8).

H:20:2 02-

R Emitted DCF fluorescence r
DCFH-DA DCFiV_‘" bCF elies on whole hemocyte oxi
4 . . .
NOz™ /6 idases dative activity
N203

Fig. 8. Schematic illustration of Reactive Oxygen Species (ROS) and Reactive Nitrogen Species
(RNS) production measurement using DCFH—DA and a flow cytometer.

II. AFALe) AYste 289 B4F7] 7#38% ALE 7 A9y 54 ¥
1. AEAH

TR ER FEEe] AT AAFIIE qrEstal @5 WosA 54 WMstE xAbsl7] flske] 2011d 295
g 20129 1€7b#] wi e AFsieich APdE =52 9 24S %EH jﬂz}ui FH dHzZAS Qg &
H|TF% (condition index ,CIDE A3t A4 2
27 &Folng AFsArh B 2L FAHRE ¥ A3

#3tslet.

Au AP 2o AU ALd e selsy] fste] MwEE AU, B FHE
M A e e 2

TS HIRtE = 24 AT (g) / 4 Wl 39 (mD x 100
soze HRtE = 22 AT (g9) / W4 FA () x 100
— 16 —
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3. 29 457 aF

Garcia—Dominguez (2005)¢} Kim et al. (2010)°l]A

4.

b

o b
o

ZAA HEs FEl AL dE dAE gotete] AR ARATIE gotd & JJorRE AT
otof MAE ZFo] A2lh BRo] xokyEl RS Fig. 93 Zo] 5 mmE AF3SFo] Davidson's solution®l] 48A]%F
AAZTE 1go] guH Ase 27| & FE g @5AAS AA seor ¥t xujE E5&
nfo] AR ES o]8ete] 6 um WS Ak FHlE &etol= M-S hematoxylind} eosin YR Hlal @A a}
FotnFom AR Wd ARE el

M

A, ==Y VA= 242} Duprat—Bertazzi  and
Fok A A wduA S ZEs

hs

Field sampling

¥

Fixation

Embedding

Sectioning

Gonad Intestine
Digestive gland
Stomach
Mantle .
\ - Gill
- - y F ] f
Histological Y/,

examination

Fig. 9. Procedures involved in histological slide preparation.

2 WFAEE A}
sl d 9] =% (digestive tubule atrophy, DTA)E= &33tsh4 ¢34 2Ed 27 #5752 HolXdH
de gorsli=d o] &3 & AR, ol A Az yERE dF 48 (digestive tubule) 9]
Hol T, 23 Yo ¥ ARE #FE 1, 0-4 GA SEFOE FEEe EATG o RN o]u)
4 AHE goldt 4 2tk Kang et al. (2010)914] F=9] 43S EE SAS WHS 26}
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= %7 LH Aslel 2] AF WstE #2lstr] §5he] ‘;}H”é‘, Eb= 3l S, glycogen @ X2 HES =
=
=

Aepglch. & dad EAe $Adx2E ARE 2M NaOHZ #dst &, dAaZeste] 454E& Fsta BCA
protein assay kit (Pierce, 23227)¢} spectrophotometerES A}F&3}od 562 nm 3} ol A -E—%E—% =243t}
F+E2 2 bovine serum albumine A3l = ZAAFE (tissue dry weight) W & @92 3+2F (mg/g

tissue dry weight)<S T3} t}.

% g5sEy Fg3Za A2 Dubois et al. (1956)2] WHS ALS
trichloroacetic acidE 7}sle] 4 °ColA 1A]3Hs9t & E3ES F&51% 1
= F7bste] =2 @Als AAAEY. & gsEd 29322 Agel 10% phenold} Ak Els
492 nm g FHEE SAHSIT EFEHZ dextrose anhydrouss AFESIS] ZHAFTH Wl F
3= 3=k (mg/g tissue dry weight)¥ 2832 &2 (mg/g tissue dry weight)E -390
Z A& XL Bligh and Dyer (1959)9] chloroform—methanol A& A}&3lo] A &AS F=3F )
=8 A2 vg FAE 583 dFrE Haol &4 60Tl dx 5 A FAE 5
AE et & Ad F 240THF Wl Ad % (mg/g tissue dry weight) &= &35

AGE DYZAL ol gste] AT A Y|k UPUE, BT 5, AF ARE L A7 JHEES 9
2 g5l B0 WA 400 uLo FYZoe] FuF SAste] 4-67HAS] AYLAL EFstol Ao

III. $52F A (adductor muscle)d AFFJLFsH A ot

1. HZ4= A4 (Adductor Muscle Index, AMI)
S Y4 ALY HdA ZFF W4 (adductor muscle)o] =FA|sF= H]Fo] Fig. 103 Zo] A
229 50% ols AA|gT. o] Hzhte] AFomR e o]|8UtEAAS FRlsty] s AT #E
AR ANAE o] &ste] szt A (AMDE o3 2ol AkEsalTt.

AMI (%) = 3|zt AT (g) / AA 24 AdeZF (g) X 100
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adductor muscle

mantle : o8 gill
Fig. 10. Photograph of H. hyotis soft tissue.

2. 429 gukxAgdE BA (Proximate composition of the adductor muscle)

2-1. A8 AHg

FaF ABE 1, 223d% (20109 129-2012d 19) 777 B¢ AFE =225
o}, 2229 gz (adductor muscle, AM)3 A ZA (whole tissue, WT) U] AAF7]d
S AW S walE Sels) feke A4 BE ARE Edw 4w, A7), 2
3709 189l A(20104W 12€-2011d 8¢), B (2011 9€-109), C (20119 11¥€-2012d 19)2 27
ato] BAo] Algsteth xR dA4 Seuea] Agow olgu 1 9
&= (C. ariakensis)S AH-&3F3A T},

—2. 9utzA4E (Proximate composition) &4
ATl 2L ©@gsteE, e, 2 23RS vw A4 EetetE]  (Association  of
Analytical Communities, AOAC)2] o] ulg}, ZYdWMAL micro—KjeldahlH, ZAW2 soxhlet F5H,

Z3]ES 550C HAHISHS ALY &43E AEH= 100 (FZTWH] + 22 BH] 4+ 23] 5-1] ) 2]
o 2kt

2—3. o}H| x4t (amino acid) ¥4

f

ol
offt
iih)
AL

o ieqk AL 4 oW At e obniihs AS AAEITE 7 oAl EAE 9

5gel 6.0N HCIE& Z3}Fste] 110CelA 24A17F &<F v-3A A Zheisl] skl 71
EE71E olaste] HCIE AAT §, SFFol Agslste] E4lo ALgslAdnt. fg ofn
, FAAZE AR 0585 10% 5—sulfosalicylic acidet Z3ate] 4Col A 3 A7t H<F wk-$

M
ol

i

>

—_

-
.

]

Qe

>
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FESAT FEAL 12,000 *x goll A 1583 AR ste e 3k, 0.3M lithium hydroxide&

gste] pH2.28 BtFo] A ARgaiditt. dAg7F ¢gmd Ass oprw4t A& #417] (automatic
amino acid analyzer ARACUS, Membrapure, Germany)& ©|-&38}o] T4 ofn|:=2ba}t {2 ofujiike] sh&k
S =A& 9t olu, TFEZAE amino acid standard solution (100 nmole/ml, Sigma, USA)S A}-&3}%ic}

2—4. A2 (fatty acid) 4

AMAE B8 Folch et al. (1957)¢] Wfol we} S22 X239 vk &gt (2:11)082 & AAS 5
o] 14% BF3—methanol (Sigam, USA) £No =2 XWAakS methylation AlZ1 ¥, capillary column
(SP™=-2560, 100 m * 0.25 mm I.d., film thickness 0.20 pm, USA)°] ¥ gas chromatography
(HP—6890 PLUS, Hewlett—Packard, USA)E A|%4bS A8kt Carrier gasv #AF= A& oM,
Oven &5+ FHZ 140CoA 240C 74 3C/min Z=7MA1F . o]W injector &%+ 260TC, detecor (FID)
L= 260CE 77 AAsgon, FE Awatow 3740 AHAF E3E (FAME Mix, C4-C24

Unsaturates, Sigma, USA)<S A}g-3}%t}.

IV. AlFdcte] Aysle= 29 %27 A4 #F
1. A= Ay 2 54

ZINEY §A HA T AFES 9ty AtgAzIE2 BEEHYY 2012d € AlFA] 19 (33°33'N,
2 27k A AlekE o] 4-6 cm A7) ZHAlE 2070 AE AFSIGTE S S st
of M7 = A&
A EEL
AlZFL petri disholl T2 A2 BES HE
E A Folol ZHA Arlel dAE A
90 um SievedlAl AMAHg = Az} dAE Aol FAES AAAZTE FAE o] ThEpekA] FEF F7

(aeration) 3} th.

i

At
I o o
o
ofo
ol
s
—
8
=
[
o
o
! Hﬁ
=,
i)
ol
=,
i)
N
ol
38
=

i

2. F¥4¥ ¥g B3

THAlE A wdads dEetr] 9l Fer dAnAy FAPAERZ (scanning  electron
microscope)< ©|-&3to] ZhAlE GAel Wxf, b @A A AEEdE, ¢4 W oujdas #Esolh
FAAA AN o7 TR E S =y 4 2 A&l 7 dAE FASS AFHSI 2%
glutaraldehyde®l 1A17F &<t 1 14 it ago] g5 F4H¢S A5+ 50, 70, 90, 95, 100%<] o &
=9 AR g 3A"ES AFeH 30, 50, 70, 100% L= isoamyl acetate®] £Oo = X3t X%
H A ds AdA §A A= 83laL, gold YA= Y Sglh. 9ol kv 7w A A

FAPAAEAR A (JSM—6700F)< o] &3te] =&},

e
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V. 29 £2%4 §A8A £4 % gene marker A%
1. 2 A5 A3

AFeEs X3 et Abel 38t =79 FA8% FARAE AR f18 AlFALL

= 3FY = TJW=E (Saccostrea kekak), F== (Hyotis hyotis), EA= (Ostrea
circumpicta), S-8lUgF et X199 = (Crassotrea gigas)3 7= (Crassostrea ariakensis), &3l
oF A e] wtSlE (Crassostrea nippona)< ANASHATE (Fig. 11). f-2lybel Akeldl <5<l HAY
ol & (Crassostrea virginica) NE2E EZTE ALLsIGTE ZF A)59 31z (adductor muscle)S 7
Z3lo] AAArd FA FAsta DNA % A7-A —70Ce] wastdnt.

Fig. 11. Internal view of oyster species collected from Korean water. (A) Hyotissa hyotis, (B)

Ostrea circumpicta, (C) Saccostrea kegaki, (D) Crassostrea nippona, (E) Crassostrea gigas, (F)

Crassostrea ariakensis.

2. Total DNA #3¥ % PCR 4h&

Total DNA+ DNeasy blood and Tissue kit 25 mg® adductor muscle® proteinase K¢} lysis
buffer (Qiagen, Germany)& Z%3ste] 56C, WA whEAA FEatlvl. 71 Hazl o w9 79
SSU rDNA, ITS, histone 3 FdAES ©] €319 multiple alignmentES 43t & BEFH G| A
A& v AEAE S nuclear genes FEZ37] 3k ZF f-AA ] thek primerE A 23T (Table 1).
Thermal cycler TP600 (Takara, Japan)& ©|&3te] thgo] o= PCR WeS AT Early
denaturation 94CollA 5%, denaturation 94ColA 30Z%, primer anneling 50 %=X 55C (Table 19
7} FAAE 2% F2)olA 30%, extension 72ColAM 25%~1850%2E 3038 wHE3la, F DNA
extention 72Ceo Al 53 AAJete] ¥bg-& FZA Y. S&H 7 {4 4AHELS ethidium bromide

7} H7tE 1.2% agarose gel A7 ES 2 A5te] 100bp DNA ladder (Bioneer, Korea)el|l H|uld}o]
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1 A7 At

il
o

Table 1. List of oligonucleotide sequences and thermal cycle parameters used in this study

Primer Sequence (53" Anneal temp (C)

SSU rDNA

OS SSU-F GATCCTGCCAGTAGTCATATGCTTG 55

OS SSU-R GTACAGTTTGCCCTTCTTCCCGG

ITS

OS ITS-F CCGGGAAGAAGGGCAAACTGTAC 50

OS ITS-R GTTAGTTTCTTTTCCTGCCCTTAGT

Histone 3

OS H3-F ATGGCTCGTACMAAGCAGACYGC 55

OS H3-R ATATCCTTRGGCATRATRGTGAC

COI
GGTCAACAAATCATAAAGATATTGG

LCO 1490 48
TAAACTTCAGGGTGACCAAAAAACA

HCO 2198

COIF ATYGGNGGNTTYGGNAAYTG 50
ATNGCRAANACNGCNCCYAT

COIR

2. 734 €249 4 @148 2F

& A=2 agarose gel 7|9 ES HAS] ZF {FHAS DNA @S Hwdkar, Accu prep Gel

I

extraction kit (bioneer, Korea)S o|&3sle] AASAY. AAH DNAMES pGEM-T easy vector
(Promega, USA)ol T4 DNA ligaseZ o]&3] 4Coll WAl ligation AZTE T2, ligation® DNA A&ES
coli (DH5a) celll heat shock WHE ©]&3}o] transformation A|FH T A2} color indicatior®l X-—gal
S ¥&e= HAeuA o transformation E cellS EL3tar 37ColA A wjokst & Hsl= =7 A
%l clone (alpha complementation)& A#stth A E A x3 clones ampicilline] 323 LB brothel ®F
A wjeketa, thed wjkdS JAIRY sl cell pelletS FHsgT. - E cell pelletS bioneerAle
plasmid extraction kit2 ©]-&3}¢] plasmid DNAS E& 33t 2% plasmid DNAY A7 EES EA 3517
A8l (F) npa=Al 92 slo] BigDye terminator Cycle Sequence kit#} ABI 377 DNA sequencerZ AR

stel Q7S Agsh

O

[¢]

3. A7IA€ 24 H EAATHH £4

A7IMdoe]l AARY F 24 2 FHAAES o] 8€38t9 GenBank®] BLAST-N ¥ BLAST-P Z213S
o]-g3ato] dloJEHlo] 2] FEH Qv FAAEHRY AEAS HAMsH Clustal W 1.81 Z2I3S o]
&38ked 8% =ire] SSU rDNA, ITS, COIZ H3 #x1Ate] sraeettol= e @i Mds b Adsal
th b Add 2714 ¥9S MEGA 4.0 2138 o]83}] Neighbor joining WS o]&3lo], 1,000 2]
o o
] A

245 ALkel] AlEsHd FABAE B8 Y; (Tamura et al. 2007).
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i} @759 23
I AFA Aaste 79 FTHYETH 54
1. BN RS |88 2 4T P 7= vet

Hemacoloroll SME 7IAl= (S. kegaki), &== (H hyotis), WA= (O. circumpicta)®] 752 e 4
Ao wa} granulocytes, vacuolated granulocytes, hyalinocytes 2 blast—like cells® Y 7}#] Hdo =
Ht}t (Fig. 12). Granulocytest™= A XA Yol e I (granule)E°] o™ = (Pseudopodia)E
A3l 9t} Vacuolated granulocytest granulocytes® HEje} H|<=3dlH A X2 Yol 37|17} & X
(vacuole)E°] = Zlo] 54 oIt} Hyalinocytest= AEZAW 459 #Y = g A9 glow, 11 9=
7}A1 3 ¢)th. Blast—like cells& M EZo] v|$ gkx1 A7|7F A& fygo 2 A4 e =S FAS

o Mz Jm
=il

%2 o
o

s}

5

Z+ g3 AlE JHE9 pseudopodia (H=F), AlEA (cytoplasm, C) & 3 (nucleus, N)& =79} A

3k o] Hl& (N/C ratio)S Ael3te] Table 20 YeERHATE Al & =572 g5 blast—like cells
o] glom wg- gk AEF (FFAlE 6.33 um, HIAE 6.50 um, T 7.05 um)S ZHal U
BY 3 £ Z5F 79 blast—like cells®] N/C ratios= H4 0.76—0.782.2 T2 I3 Alx Hu
fFeld oz Zth (P<0.05).

A=, AlxEd B e A7) F (species)¥ ME T rol Aolstqltl (Table 2). 7HA=3 BjA=2
hyalinocytes®] $1Z Z 717} granulocytes® U} & HHH (P<0.05), T =2 hyalinocytes®} granulocytes %F
o 9= A7 AZol7t gl AMxAe AV|= A= T2 granulocytes’} hyalinocytesE vt} & WA
(P<0.05), 7= F AMXE e zol7t gt 3% =79 5 M e vlu A= 7FA =9
granulocytes®] M¥EZ 7|7} efAFI ==Y granulocytes®Ht} oA o2 2ot} (P<0.05).

=
SN
A

o

oo 41 =

mln Jlm flo

.
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1 g witf

Fig. 12. Light micrographs of hemocytes of Saccostrea kegaki, Ostrea circumpicta, and Hyotissa
hyotis stained with Hemacolor. Granulocytes in S. kegaki (A), O. circumpicta (B), and H.
hyotis (C). Vacuolated granulocytes in S. kegaki (D), O. circumpicta (E), and H. hyotis (F).
Hyalinocytes in S. kegaki (G), O. circumpicta (H), and H. hyotis (I). Blast—like cells in S
kegaki (J), O. circumpicta (K), and H. hyotis (L). Bar = 10 um
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Table 2 Microscopic characterization of the hemocyte populations of Saccostrea kegaki, Ostrea circumpicta, and Hyotissa hyotis stained with Hemacolor. Va

lues are presented as mean * standard error. n=number of analyzed cells. Different letters (a—f) in rows indicate significant (ANOVA, P<0.05) difference

s among hemocyte populations.

S. kegaki O. circumpicta H. hyotis

Granulocytes ~ Vacuolated ~ Hyalinocytes Blast-like Granulocytes Vacuolated Hyalinocytes  Blast-like Granulocytes ~ Vacuolated Hyalinocytes  Blast-like

n=30 n=10 n=30 n=20 n=30 n=10 n=30 n=20 n=30 n=10 n=30 n=20
Pseudopodia size  9.16° 8.09° 17.58" i 12.21° 443" 16.43° i 19.42%° 4.89" 20.15° i
(um) + 043 + 033 + 0.76 + 0.41 + 055 + 0.57 + 1.08 + 0.34 + 0.83
Cytoplasm size  14.79° 16.95™ 16.81° 6.33¢ 18.83° 16.75 15.20° 6.50° 17.85° 17.61° 15.53™ 7.05°
(C; pm) +0.52 £ 0.72 + 0.56 + 025 + 0.55 + 0.41 +0.73 + 0.16 £ 0.71 + 045 + 0.74 +0.20
Nucleus size 5.29%° 5.70™ 5.45%° 4.82° 5.20™ 5.17% 5.46™ 5.08™ 5.84° 4.88° 5.20°° 5.32%°
(N; pm) + 012 +0.0.25 +0.21 +0.17 + 0.28 +0.15 + 0.14 +0.18 + 021 + 027 + 025 + 0.16
N/C ratio 037" 0.34" 0.34" 0.77° 0.28° 031" 0.40° 0.78" 0.33"™ 0.28° 0.40™ 0.76"

+ 0.02 + 0.01 + 0.02 + 0.01 + 0.01 + 0.01 + 0.03 + 0.02 + 0.01 + 0.02 + 0.07 + 0.02
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2. FAARNEN AL o187 2 W7 AW T& o

FAAAEN F S o] &3 3F =RFe T AE LR et 54 BZA, Axe] mwd 547 A
& AT FsrAn A #HEA 7 AxAY Fo] @AESHE granulocytes®t FH o] {1 hyalinocytesE
AxAR 7 #FAM = 2T F AT 79 A EA- meh, Al T 2/ 95 AlxEe 277 A
i B ASFES BAsta e AEEH A717F 10 um olstE 2 Y AMlEe] 7 Hdoe= 1/}%4017@1:}
(Fig. 13). 717} 22 T8 9 Mxes gii-io] oz FAHo v Hor Hol FatanHoA FH7H

blast—like cells¢l ZAo = Al FH T}

Fig. 13. Scanning electron micrographs of hemocytes of Saccostrea kegaki, Hyotissa hyotis, and
Ostrea circumpicta. Large hemocytes in S. kegaki (A), O. circumpicta (B), and H. hyotis (C). Small
hemocytes in S. kegaki (D), O. circumpicta (E), and H. hyotis (F).

3. FAXEY7IE o] 8% 2 7Y FAD 7= ¢

715 o] g3ste] o Mo AgdQl A7) yEEEd wet £ A3, A T =R/ g
ranulocytes, hyalinocytes @ blast—like cells®] Al 71#] Ao s EHFH v} (Fig. 14). g9
I F HP = AN FY FFo] 22 491,861 cells/mLet 685,592 cells/mLOE F9] 264,299

R

cells/mLET} Fo)A o w2 @ttt (P<0.05).

g J
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Fig. 14. Flow cytometric determination of the hemocyte population of Saccostrea kegaki, Ostrea
circumpicta, and Hyotissa hyotis. Hemocytes were identically classified into three populations;

granulocytes, hyalinocytes, and blast—like cells.

FrAZEA7IA S 5 Jd H A S, A7) 2 WU S Table 39 2tk Al & S79 9+
Jerel el 54 BlE&2 hyalinocytes”t & E+ T 59%°1% (VMAE 61.7%, HEE 65.9%, T
50.0%)°0.2 7F4 Bo H|FS XX, F HAR e d AEE hyalinocytes®E 7FAIFo] 29.2%,
Bl Ao 23.1%, Fr=o] 30.5%9 W&S Btk A7)t UlREmrt b 22 blast—like cells 5%
Rk (FRF 2.7%, HAE 3.0%, FIHEF 45%)02 M AL BX dES Bt 7 FJuuy a7
AEE I7)= HAZFY F3Fo] granulocytes® A7|7F Z4zF 1544 AU.9F 1404 AUE 7FF = v
(P<0.05), 7FA =< granulocytes (113.2 A.U.)9} hyalinocytes (123.6 A.U.)9 =7] A}olol&= Afol7}

Aok A AEY WHEHEEE A £ E5F granulocytes’} hylainocytes®} blast—like cells H.t} #qtow
— 27 —
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(P<0.05), ©]¥ granulocytes A¥2 U $Ee HHPE wjFo|t}. A 719 granulocytesd WHEEE=

Bl (720.4 AUl 7F8 Zlom ZRAl (224.7 AUDol 78 Z9kt} (P<0.05).
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Table 3 Flow cytometric characterization of the hemocyte populations of Saccostrea kegaki, Ostrea circumpicta, and Hyotissa hyotis. The percentage, size,
and internal complexity of each hemocyte population from oysters were determined on SYBR green I positive cells fixed with 3% formalin. Size and

internal complexity are expressed in flow cytometric arbitrary units (A.U.). Values are presented as mean * standard error. n=number of analyzed cells.

Different letters (a—d) in rows indicate significant (ANOVA, P<0.05) differences among hemocyte populations.

S. kegaki O. circumpicta H. hyotis
Granulocytes Hyalinocytes  Blast-like Granulocytes  Hyalinocytes Blast-like Granulocytes Hyalinocytes Blast-like
n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15
Percentage 29.2 61.7 2.7 23.1 65.9 3.0 30.5 59.0 4.5
Size (A.U.) 113.2° £33 1236+ 1.9 372°+ 0.5 1544 £ 107 1184° £ 5.6 27.6° £ 3.2 1404 + 7.5 119.0° + 4.9 559 + 53
Complexity (A.U)  224.7°+ 56 384°+08  134°+ 0.1 7204 £ 408 48.1% + 45 12.1%+ 12 5284° + 296  58.7% + 3.6 19.8° + 1.0
- 99 -
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Granulocytes®} hyalinocytes®] A%
granulocytes”} hyalinocytes Rt} okt

o

A

—m
= e
7
i

stk Fig. 159 2o A & U gAiaE T2
(P<0.05). Granulocytest] #|la%E %2 BA= (405.4 AU,
FarE (323.3 AU, 7FAF (103.9 AUDY oz A 7k 2% 97 xo]E& HAT (P<0.05).

e}
T
Hyalinocyteso| A= 2]4AF9 EAZ st oy, =227 dAgZo g4 o] 242 61.2 A.U.9 574
AU.E2 7FAl= (26.3 AU)EY Fod o=z =t (P<0.05).

B S kegaki m@O. circumpicta OH. hyotis
a

500

400

300

200

100

Lysosome contents (A.U.)

Granulocytes Hyalinocytes

Fig. 15. Lysosome contents of Saccostrea kegaki, Ostrea circumpicta, and Hyotissa hyotis. Values
are presented as mean =+ standard error. For each species, n=10. Different letters (a—c) in
columns represent significant (ANOVA, P<0.05) difference among three species.

4. BT JA L&

g3o] AME FAge A F BFE d AEY granulocytes’t = ZE3E Aow 3HlFE o,
hyalinocytes™= 10% w|qte] G A LSS BATE o]9F &g, blast—like cellse AAE FT¥ %
o2 FRIHAY. Granulocytes®] WHg AIZPE A AMEEC] W= T3 AolE HATH (Fig. 16). ==
granulocytesi= &% bead®} HF-§-3HA] 10 whel] Ht 29.85% 9] =& ’\Uﬂi%g Hol & H =7} ¢lo] 180
ol 36.24%2] A MEE] ol=2FHT}. 7FA =Y granulocytesE bead HHE 10E % 10.57%9 A ¥XES B
A F FE3] T7Fske] 180wl 30.92%°l o=tk =S WEE 108 §- 8.43%°] AAEES Bl ¥
TR w2 A FTkste] 180%olE 45.03% % TwaEd JHAIERT Fe AAEXES HATh W,
hyalinocytes®] AMEZEL 7FAl=o] 1.06-3.12%, s==0] 4.82-5.44%, EjA=0o] 2.29-9.27% HLe
= AAEES B9 (Fig. 16).
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Fig. 16. Phagocytosis capacity of the granulocytes and hyalinocytes of Saccostrea kegaki, Ostrea
circumpicta, and Hyotissa hyotis. Values are presented as mean £ standard error. For each time
and each species, n=15. Different letters (a—c) in columns represent significant (ANOVA,

P<0.05) difference among three species.

5. 7 MXE 439

FAE BA7IE ol&3ste 7HAl=E, o=, BT dF AX oA E4dkaet Eddae] 2ASs g9l
39 t). Blast—like cellsk® A|¥ 2F3l2S 316t X9t granulocytes®}t hyalinocytesol] H| & —1 HwkAISko] AF
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33 wrol AzHE AE AHEE Ao A wjAElYEth. Granulocytes7t Al £ 2% hyalinocytes®.th 1.5—24)
Ar 2o AELEES BWAY (Fig. 17). Granulocytes®t hyalinocytes®] A AL A& Aol HHAiEEL
7HA = B =] AS 60 o] Foll wA3%] FrFske W, S 180w 7MA] A48 Frtskl e 1l

=R 2u) o] Wttt (Fig. 17). olggt A= Al S A A 2=Ele] Xfo]7}

—

—

o
A 7= A
T AAReH, A AbstEge] AREd ek FAIA] AT 28 d Aol

3

Granulocytes
0 1 _e—s kegaki

80 1 -O--O.circumpicta

-k - H. hyotis
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40 -

30 1 b
1 F b R
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0 ] . T T T T T T 1
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90 +
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Fig. 17. Oxidative capacity of the granulocytes and hyalinocytes of Saccostrea kegaki, Ostrea
circumpicta, and Hyotissa hyotis. Values are presented as mean £ standard error. For each time

and each species, n=15. Different letters (a, b) in columns represent significant (ANOVA,

P<0.05) difference among the three species.
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MAF, BAE, E2FY d3e g7, Wadsts EAo wat granulocytes, hyalinocytes, blast—like
cellse] Al TFZ2 s34l EFEHAGY. Al T EF dF HE F granulocytes®} hyalinocytes?} A4 ™
o g F= A Fol A% granulocytes”t 7HE FH WY AE] FoE FRIHS
o Az W EE] AAE I AEAsE s QlojA FIHE] Soldo] gRlEAo, o5 WY Al~H
Ao digh By A Al AT 8 FtETE ol ATl A AT Ajbell A 2lskE ol =91 THAl=E, H

T 2 A9y SAHLE Hx AFAFolt o] AT A= AlF At A
2 oheFst 2EF 2o gk W vk AT 2 = A o] Fag
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o o
fu
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ro
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3
o
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I

[ of

II. AFdetel MYst= 27 457 #28% ALE @7 A9y 54 83
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DAY Ay $L3 4%
AYEAMA] s A§ste] Fig. 183 o] et

MAE mPow, 390l A4 £e2 1BF F Sl
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Fig. 18. Seasonal changes in the surface water temperature and salinity at the sampling site during the

experiment periods.
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2) BAFH =

ZEIN =S wiE 3070 A Adate] Al AREEESl e
48.7-54.0 mm, x4 F
(condition index)®] A% Wsh=
AT 79 o] F 8=

w7 BaE s8e 24%

-/ =

2 (tissue dry weight)+=

Fig. 199} #om 2¢

B, w4
0.224-0.
(6.86)4-

of Ah&¥ ZRAl=e 7 (shell length)&

387

g

o

At (Table 4). 7FAl= H|¥:E

B Z7bete] 79l Hagt (13.97)—% 715

HREs)l 6332 At b A3 i

ool A waE FAEe] Areka] 7)o

Q)
=

ko3
T

A3

4=3

]
LE7HA] wt2gke FA8k3iv Bk

Table 4 Shell length and tissue dry weight of Saccostrea kegaki collected in this study. N, number

of sample. Values are presented as mean * standard error.

Month N Shell length (mm) Tissue dry weight (g)
Feb 2011 30 49.7 £ 1.1 0.271 £ 0.014
Mar 2011 30 45.7 £ 0.8 0.253 £ 0.014
Apr 2011 30 50.1 £ 0.9 0.304 = 0.020
May 2011 30 54.0 £ 1.3 0.387 £ 0.014
Jun 2011 30 48.9 + 0.8 0.382 £ 0.023
Jul 2011 30 54.0 £ 1.0 0.330 £ 0.015
Aug 2011 30 52.0 £ 1.1 0.235 £+ 0.013
Sep 2011 30 504 £ 1.0 0.224 £ 0.012
Oct 2011 30 52.1 £ 1.7 0.262 £ 0.013
Nov 2011 30 53.0 £ 1.0 0.240 £ 0.011
Dec 2011 30 53.8 £ 1.0 0.246 + 0.013
Jan 2012 30 50.6 £ 0.9 0.257 + 0.015
16 -
14
x 12 i
2 10 A
s 8
2 6]
S 4
2 -
0 . . . . . . . . ‘ . . |
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

2011

Month

2012

Fig. 19. Monthly changes in condition index of Saccostrea kegaki. Values are presented as mean

with standard error.
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3) BYF7]

TIA = AT =AY A A wadd A= Fig, 209 Fig. 213 7o) wi3}7] (indifferent stage), =7|4F
97] (early development stage), Z7]¥<7] (late development stage), 9<7] (ripe stage), At&7]
(spawning stage) % AF&H$7] (spent stage)®] 5@AIZ FEHAT. v Eshr7|d = A4 224 el A2 A

Eo] #FEEA gro} ¢4 Fiel EVFEsAth (Fig. 20A). 271WE7]= o3 (follicle) Woll 471-& 2

FAAME (oogonia)@t 7] FSAE (early vitellogenic oocytes)7} & HAAE (spermatogonia)=o]
B2 A (Fig. 20B, Fig. 21A). Z7|@d7|= o %7t 3w %9 (mantle)® A3y (digestive
gland) Alelell WAl AP AT FHRLS AV7F AR FEAE (vitellogenic oocyte)E©] o] EH
(follicle wall)S uwlag} Wstd o (Fig. 20C), A2 HEAME (spermatocyte)E°] ol EXH S ulg} st
a1 A% (spermatozoa)E°] ¥ TAHOR olFdl: Hiol HEHAT (Fig. 21B). &&7de 4R o
Z7F 9423k I (mature oocyte) 52 AYA AdNo™ (Fig. 20D), FAHEL AZESo0] WAlA e Rofo g o
E A9 AAT (Fig. 21C). A&7 x| FAZE gkobAwA 3 JFEo] W, N

W FrEo] #EEAT (Fig. 20E, Fig. 21D). AFHF7]o= gifio] AAA|EEC] Abdho] = o

AN gho] AAAEERo] BEE QY (Fig. 20F, Fig. 21E).
2o AL dgdAd wef ERE 7A=Y A AAFTIE FEste] Fig. 220 YERWATE A
< 4gel AAa e AFete] 645 8E7HA g7l AR §, 8ENEH 108744 Ao
I vk FA VA ES GARY 27hE wE 295 XA eSS Al&ete] 695FEH 8YUTMA g

3 3] m et al. (2010)& 2001 d =0 o] dA¢} FAd x Ao A= 7}
ANzol AAF7IE A oM, BF 4720] 22.7C9 790 Atgto] dojds W) 1L, o] A
b EE 20119 % 7HAE AAA Y g 325 o] 21CE 7158 79ode 7R =9 Abgho] #EE A
gorom, o] 22.1C 8dof AeghS A|ZSFQATE weba, 7HA =] Abebe 235 o] oF 22TCo|dd
u Abghegso] AlzZbES ofn| gt

Koo W

il

—

=

N
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Fig. 20. Photomicrographs of ovaries of Saccostrea kegaki. (A) Indifferent stage: gonad with
vacated lumen (LM) and thin follicle wall (FW). (B) Early developing stage: ovary containing small
oogonia (OG) and early vitellogenic oocytes (EVO) occur along the follicle wall. (C) Late
developing stage: growing ovary with early vitellogenic oocytes (EVO) and vitellogenic oocytes
(VO). (D) Ripe stage: mature ovaries packed with ova and a thin layer along follicle wall. In
germinal epithelium, very small primary oocytes are present. (E) Partially spawning stage: partly
spawned ovaries with loosely packed ova and vacated space. (F) Spent stage: ovaries largely

devoid of ova and growing ovary with vitellogenic oocytes and relict ova (RO). Scale bar: 50 wm.
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Fig. 21. Photomicrographs of testis of Saccostrea kegaki. (A) Early developing stage of testis
exhibiting spermatogonia (SG). (B) Late developing stage: columns of SC and spermatozoa (SZ)
move to the central part of growing testes. (C) Ripe stage: mature testes filled with SZ. (D)
Spawning stage: partly spawned testes with vacated space. (E) Spent stage: partly devoid follicles

with relict spermatozoa (RSZ). Scale bar: 50 um. LM: lumen, FW: follicle wall
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Fig. 22. Percentage of reproductive stages of Saccostrea kegaki. A, female; B, male.

4) A239IFAFE

7N o] A3 EEE 434 (digestive tubule) o] WH I ejW o] FA 238 W] 3t F=o) ulgt
0—4 @A 3oz FEsoen, 50 =S5 AW dEFH7E £4 XS vt (Fig. 23). &3}
6‘ 37

[2e] So=]
WAHE Aged meh 23 7HAE AT AsplE S e Fig. 249 2o
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e AL At =9 chlorophyll a 5% A%} vlwstgdct, T3 i<l chlorophyll a8l X7} A& 2
YR 54714 LI YEE x]Tﬂ Het 2-302 =4t} chlorophyll a7} F43] F7lsk= 6¥5-H
TEA AP SE AT Wit 12 Yol A¥E BT ol A Srt Holwd wE v}
Alze] JFdHE & e %\%T% & AT mgE, Abgho] A= 8ol &SI EHE ATt
TA438] Tkt A, A 2EY s 1 JUEHTE AstEo] s AlAREH o] 2dF A= Kang et
al. (2010) 7}“1‘1 (G gigas)®] A3PEEF7t AFAA7]O 52 Aot dx|gt. agEgE 43k
FAEEE ) 4715

Fig. 23. Photomicrograph of digestive gland atrophy conditions of Saccostrea kegaki. A,
absorptive stage I (Score 0); B, holding stage (Score 1); C, absorptive stage II (Score 2); D,

disintegrative stage (Score 3); E, reconstituting stage (Score 4). Scale bar: 50 um.
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Fig. 24. Monthly changes in digestive gland atrophy (DGA, mean * standard error) of Saccostrea

kegaki and chlorophyll a concentration.

5) AxAE W3}

TN AZA W A5 umE d3S 284.3—-384.03 mg/g dry tissue weight Y2 AAAMIE
stAY ¢kt oFd (6-9€)o] Ao r F2 s BT (Fig. 25). st olmjsliFo A5 <9
40-50% AE=7F @A R FAE = Ao HuHArt (Choi 1993; Kang et al. 2003; Park and Choi
2004; Ngo et al. 2006). o] A oMz 7pAl=e o oFaf Wshe= AAAE D23} 2hd ol dA g
Aol = Aoz AT 7}’\]%4 er3h= 3 glycogen $HFS wE <l 3€N-H 547HA AAME F
7tsteh, 69FH 60% oY wAs] HAsHIT afAkelmE R A s A dux e ARTE AT
=2, Aold "ol k= duyA = XV ¥ EHS o5 ol o] &3t} (Ruiz et al. 1992). whehA], 7HAIE 9]
oF e AAY o] o] Fojx = A A5V 69FH ©stE glycogen ol AT FHAET] AR
ato], th-ito] JRAIZE AR EFo] doju= 8l M W FAE Btk webA, 'skEd glycogen
o] ZhAl=e] AAAME g Abgt o] F oUxPoE AMEES g1 4 T

7 =] AAAETY drdsly] ARk 5ENE] KA FhEFo] aFete] Abghr] o]l THEZMA vE A7
B &3S fFASAT (29 25).

o= glycogen o] F7+3kit). o] & 3k
A= Sfatelmjsi {7 BAMEE P4 W glycogens A AR WSSt 7| AFANet XS
(Gabbott 1976, Kang et al. 2000).
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Fig. 25. Monthly variation of the biochemical components of Saccostrea kegaki tissue.
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skt 20119 4€oll= A2 EA4719] ago = Qlste] A4t A4S FskA] Xated, 20124 4o A7 st

B 5190}

MM = AT Jd H AE 9 AF WH3kE Fig. 259 2t} Granulocytes, hyalinocytes, blast—like cells 9]
AT S HES H=siglon, 9 v w3 AFHo| 7FeH ALHEET Wtk (Fig. 26). ©]= Soudant et
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—

. (2004)9} Flye—Saint—Marie et al. (2009)2] ATollA w¥FR|2 (Ruditapes philippinarum)e 1 7} 20
%% w5 AFH Tkl o] W 7RSI ALHd faske Ayl A&l d9e] e AlE &
(cell division)ell we} Wslsty A|27} FLE= Al7]dd ¢ 71 S7kshAl Ak oleldh A2 95 8]
A= Aol Fashy] wjitol] o] Wil Holrl A& AZHETE wo|go] W J3 of -l AlxE
o] ggo] dtsitt, o] Aol 7ol THA=e EF UF 543 TSIl o AstdR S AL &
UFol 78] TR =Y YU =& Ao ® H|Fo] Hol o] A7 JpAIZ] 59 @ik AlE ol
ot Zlow AbmHth

Pipe et al. (1995)¢} Fisher et al. (1996)2 A Fal YR (Mytilus galloprovincialis)®y WA %= (C. virginica)
7F AFEA 7O A AR W daEe] A5 (infiltration) kAl P o=M] N Fo] F - 71 ISl
SISkl o] AFlME 7Aool Abdho] Alzte = 839 dFto] 7F w438 AAaTS g1 o+ I
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Fig. 26. Monthly variation of hemocyte counts of Saccostrea kegaki Values are presented as mean

+ standard error. For each month, N=5.
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7= 6¥o H7 I} 77 89 o] 5o = granulocytes®} H|S=d BH S H It} Granulocytese] W
Bues= 399 1199 =712 819 e, hyalinocytes®t blast—like cellse & WHEglo] dAd%HTE 89
granulocytes®} hyahnocytesA I7)7F Auk JpEo g 7HASE AL 7Y @?4 F7F FA3 =rtele 2
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Fig. 27. Monthly variation of relative size (A) and internal complexity (B) of Saccostrea kegaki

hemocytes. Values are presented as mean =+ standard error. For each month, N=5.
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(2004)—0— iR gte] - AbbEo] Akt o] Fol FUHES gRlstglth o] Aol E TRAE 9 Abdo] ot
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Fig. 28. Monthly variation of hemocyte mortality of Saccostrea kegaki Values are presented as

mean * standard error. For each month, N=5.
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Fig. 29. Monthly variation of hemocyte phagocytosis index of Saccostrea kegaki. Values are

presented as mean * standard error. For each month, N=5.
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Table 5 Seasonal changes in 10m depth water temperature and salinity at the sampling site

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temperature (°C) 15.1 - 14.7 - - 20.8 - 26.6 - — 18.6

2010
Salinity (psu) 34.3 - 34.3 - - 32.1 - 29.8 - - 34.5
Temperature (°C) - 14.4 - 15.5 19.5 - 19.3 - 22.0 - -

2011
Salinity (psu) - 34.5 - 34.5 33.3 - 31.3 - 34.3 - -
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2) BAFH =

o] Aol AlgE F==Fo 2+ (shell length)sms 66.2—131.3 mm, Z2&AZ% (tissue dry weight)+=
0.867—4.718 go]t}t (Table 6). 2011 394 54714 = AHH AAEY 49} a7)7 AAFA &gro

20119 6€2 7]4etE 2 scuba diving®] E7Fsdte] Algel QRS AT 4 gl 188t 20124
6L F7I= Fa= 30/MAE AFE £ o] &t Ta=e] HvtEE 39olFE 7E7x 2 Ws)
ol gAY FAFNeH, 8€d F43] SU7He & thA] o)A ghe] WHeR HAste] IS ks {8

t} (Fig. 30).

Table 6 Shell length (mm) of Hyotissa hyotis collected in this study. N, number of sample; SD,

standard deviation

Month N Shell length (mm) Tissue dry weight (g)
Mar 2011 19 66.2 £ 6.4 1.012 + 0.204
Apr 2011 2 91.3 4.424
May 2011 9 90.8 £ 13.4 1.984 + 0.556
Jun 2011 30 131.6 £ 4.6 4.769 = 0.336
Jul 2011 42 80.8 £ 2.7 0.867 = 0.074
Aug 2011 18 118.1 = 6.8 3.472 £ 0.390
Sep 2011 30 130.5 = 3.2 4.273 £ 0.277
Oct 2011 30 123.7 £ 2.7 3.516 = 0.152
Nov 2011 30 130.7 £ 2.1 3.740 £ 0.248
Dec 2011 30 131.3 = 2.7 4.699 = 0.286
Jan 2012 30 118.1 = 2.2 3.582 £ 0.271
Feb 2012 30 131.3 £ 2.7 4,718 £ 0.299

25

20 -+

15 1

Condition index
&

05 1

00 ] T T T T T T T T T T T 1
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
2011 2012
Month

Fig. 30. Monthly changes in condition index of Hyotissa hyotis. Values are presented as mean

with standard error.
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3) BHF7]

19 &< AfdE T35 5 883 9o A MAE] AAAe ds72 o R 540 #Ey
AT (Fig. 31). =3 T2 4A ] A ae 44 (Fig. 31A), 729 A 4AE 94 (Fig. 31B)&
ot Soa G FRe A BDebAE Fig. 327 Fig. 337 o] nit3}l7] (indifferent stage), %
71927] (early development stage), &7]%&7] (late development stage), €<:7] (ripe stage), AF&H7]
(spawning stage) @ AF&+F7] (spent stage)9 SWHAIZ FEIFHJT. nRdr]= 22 o A EE] &
ZE 2] kol oF o] FRo] BMsEur (Fig. 32A). Z7|2d7]E o o gHe e GAAE
(oogonia)9} Z7|F3AXE (early vitellogenic oocytes)’} % HAYUAXE (spermatogonia)’} #2HE At}
(Fig. 32B, Fig. 33A). F7|¥E7]= o 37t g5 o] 9% (mantle)? £35478d (digestive gland) Ale]ol
A A Ak GRS G717 A GSAE (vitellogenic oocyte)E°0] o EHWS whz} whdalgl oW
(Fig. 32C), 7S ARAE (spermatocyte)Eo] oJEWS wla} Wddt FZ (spermatozoa)Eo] o] E9
FTAOZ o]FslE EFol #EHAT (Fig. 33B). &x7]oA A2 o427 4538 ¢ (mature oocyte) &
2 QYA dem (Fig. 32D), T2 550 Ao RFo s X5 A5 AT (Fig. 33C). AF7]
= AXH Y FATL GkobAAA g3 AFEo] Wk WA R dF §l FgihEo] #FEEJY (Fig. 32E, Fig.
33D). At&7)ol = iR AAMEE] 4lgho] Ho| FEHH ofxo] U zho] AAAEET] BEE
t} (Fig. 32F, Fig. 33E). 9% ol FAEZe} AMET}F A0 EA8t= AAEE 993 109 22 1744
A o] HAY (Fig. 32F).

ToaEe ZASA Az gus #EA, 2011 39l AFHE 2/AANA 71AAEEA FF (trematode)

S G1skitt (Fig. 34). Trematode® A F-9l= A2 A9 o A (follicle), 79| (gill), A

%2 (connective tissue) 0. & thgke] F=A7} A& E A}

A2 dddAle] we B Tzl AF AXFY] Aake Figo 359 2tk 20119 49ell= 2 JiAREe] A
]

™

o o

HHAoH, F A 25 plow o] AAA waddAlE FARSEA] Kailth ol SeEe 7 ) 2
717} Bo] Hom 843t 9del 5rlE AA 9EFEH 1197H4] s s3lth. 3 Ta= 2958 A4

2 WHEs AFele] 893 99e] d=71E AA 9¥HFH 12¢€97HA kRS SIQltE. Duprat—Bertazzi  and
Garcia—Dominguez (2005)% WA|Z ZAxgle] AAsl= Faae] beke 0] 20.5°CY uf AJ=ES gRlshsl
th o] ATl FoEo] Abeks AlFelE 99 s SASHHA KelalAw

AF A Qo] SANCE FFNEAS
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F Ak AL Ao 20109 %
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Fig. 31. Photograph of Hyotissa hyotis gonad tissue. Female (A), Male (B).
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Fig. 32. Photomicrographs of ovaries of Hyotissa hyotis. (A) Indifferent stage: gonad with vacated
lumen (LM) and thin follicle wall (FW). (B) Early developing stage: ovary containing small
oogonia (OG) and early vitellogenic oocytes (EVO) occur along the follicle wall. (C) Late
developing stage: growing ovary with early vitellogenic oocytes (EVO) and vitellogenic oocytes
(VO). (D) Ripe stage: mature ovaries packed with ova and a thin layer along follicle wall. In
germinal epithelium, very small primary oocytes are present. (E) Partially spawning stage: partly
spawned ovaries with loosely packed ova and vacated space. (F) Spent stage: ovaries largely

devoid of ova and growing ovary with vitellogenic oocytes and relict ova (RO). Scale bar: 50 um.
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Fig. 33. Photomicrographs of testis of Hyotissa hyotis. (A) Early developing stage of testis exhibiting
spermatogonia (SG). (B) Late developing stage: columns of SC and spermatozoa (SZ) move to the
central part of growing testes. (C) Ripe stage: mature testes filled with SZ. (D) Spawning stage:
partly spawned testes with vacated space. (E) Spent stage: partly devoid follicles with relict
spermatozoa (RSZ). (F) Hermaphrodite. Scale bar: 50 um. LM: lumen, FW: follicle wall
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Fig. 34. Trematode infection in the gonad follicle (A, B), gill (C) and connective tissue (D) of
Hyotissa hyotis. Scale bar = 100 um.
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Fig. 36. Photomicrographs of digestive gland atrophy conditions of Hyotissa hyotis. A,
absorptive stage I (Score 0); B, holding stage (Score 1); C, absorptive stage II (Score 2); D,
disintegrative stage (Score 3); E, reconstituting stage (Score 4). Scale bar: 50 um.
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Fig. 37. Monthly changes in digestive gland atrophy (DGA, mean * standard error) of Hyotissa

hyotis and chlorophyll a concentration.

5) AR ¥F

TaEe] Az AT A o] 2ARR o] v, geshE, glycogen B A EE 43S
ot Tl sy o] Ao A B dwge] ghgko]l Wt 350-450 mg/g tissue dry weighte]
i 3

UeRllon, dulgoe] Faa ARG 78 74UYS G5 Ta=e] v k] A% W)
= 3] &) (Fig. 38 and Fig. 39). ©53E3} glycogene | zbLo| A zZbz H 41.3—-111.5 mg/gd
16.9—-84.8 mg/g tissue dry weighte® Zro] Z29 HAFE 6.8—21.9 mg/g (+F3E)3 2.4-9.7 mg/g
tissue dry weight (glycogen) Wt} & ZAo® a1t 53], ol x4 9 ©3l=3 glycogen
AR DGR 7] B ST sk AEE BT (Fig. 39). AAS v Asgst A& vzi7bA =2 5
ZrZN A i 45.8—97.0 mg/g tissue dry weighto 2 o] ZA X)) 4.2-58.4 mg/g tissue dry weight
B} =gt (Fig. 38 and Fig. 39).

thE olmjg 7o} o] Fomaol A glycogens FZHol As] FAvkrE w92k P A7)l ﬁz‘ oy A<
o5 Algsl= Aow AR E U Rodriguez—Astudillo et al. (2005)9] WAz ZAxXdlo] MA3E =0
T olyA Al &rstE = glycogens #zbtoll AAstal, ol & wig-A FAAI7]Al AbEsitheE AT A
o dAgth. vt AAskE TwE AT HAFY] @ st 2R Wstel] #d Aqe AT
AHo®m, o] AT FAE T T HAFY] I ASE AR Wt A A= I g5 A
| ool L ofm| 7} wjg- AT

2
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Fig. 38. Monthly variation of biochemical components of adductor muscle of Hyotissa hyotis.
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Fig. 39. Monthly variation of biochemical components of remaining soft tissue of Hyotissa hyotis.
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Fig. 40. Monthly variation of hemocyte counts of Hyotissa hyotis Values are presented as mean =+
standard error. For each month, N=5.
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Fig. 41. Monthly variation of relative size (A) and internal complexity (B) of Hyotissa hyotis

hemocytes. Values are presented as mean * standard error. For each month, N=5.
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Fig. 42. Monthly variation of hemocyte mortality of Hyotiss hyotis. Values are presented as mean =+
standard error. For each month, N=5.

_57_

IP:14.49.138.138, 2017-11-02 17:21:10
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Toa A AAESY AF WEle Fig 433 gow, T3 dF AAEES e g £
As WslE Holx| Ut 29 o]F 3¥FE 597HA F8 W AMEQ granulocytes®] AAEEo] %
om P AMELR A F7HgE Ao ® mFo] Hol o] A7 FomEe] WA AotHo] 5S4 F
AT HAHo] AstE 39l x| HRtETE A7) G A SE ATE ERon, &
Sl adeg g3 AMGES AAEES T3FY AFAEE Hristed £
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Fig. 43. Monthly variation of hemocyte phagocytosis index of Hyotissa hyotis. Values are presented as

mean * standard error. For each month, N=5.
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III. 529 AFIFTH 54 £4
1. 9% AMI 93}
To= WA 22 AFEl W Zzo] AzFgoz Jeb gzt 24(AMID) Q] A=W 3Bl Fig. 44

2y o 3k =
o} 7o}k, AA 24 F g2y A HES AF 50.4-63.1%9 HZ Aut o]AS A st YTt =
9] 50% oS A, 4€e 7MY =2 63.1%, 10¥€] 7MY W

= W42 AFe 9% 4
50.4%% 71533tk TmEe] AL ASs 5YHE 7UA A SUhey] Srtett, 89E 109714
A&How pshe g BT o] Ve FHEe A A% AR 7 Ag WE FaE
A2 F7)o DA S duaAE 2t AS5S FAT 5 vk Abghe] ué%at— Nzt A7 55.4% %
Z7kste] 197bA] o1 FER1 54% o4& FAsHTh

Zheul st T2 e AFer deE] o]&Hal glov, o5 A HA F4] 20-40%

£ AA3k} (Pazos et al., 1997; Ruiz—Verdugo et al., 2001; Soria et al., 2002; Beltran—Lugo et al.,
2006; Leal—Soto et al., 2011). o] A7ellA &lE F==9 sfjzbe] FAH= 7HeH ¢ 7|2 FRv of
2H e Be 50-60% T8 WES WERAL Qlof, = A2 AFowAl o]8rbsAdol mas AL
gt w3, TheH e} |2 Rl A e A dEE Uedle ARR A4S AFE o] &ste] A
3t 2t} (Kleinman et al., 1996; Soria et al., 2002; Beltran—Lugo et al., 2006; Leal—Soto et al., 2011;
Ocafio—Higuera et al., 2011). o]E¢] Ao w2, sz X5 A4 v x]—,—g} < (—)9 AaaA
7F e, &% Fo WAste 2Ed s Ao wet sz AgrF dagivia A

T=o APVl 8HUFH 10¥97HA HAE 4 Ao A 2EYAE (PHA S =
A2 markerol™, ol Ao Tm=Eel WA, A AH ke e FES dElle 2 AER
48E F A5S AAMETH

j=

70 -
ssé
soé
55§

50 1
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Fig. 44. Monthly changes in adductor muscle index (AMI) of Hyotissa hyotis. Values are presented

as mean * standard error.
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(Table 7). 2l ZAuky %

of ¢k 29
A} A (gametogenesis)ell o] &3}
ELLH grslEo] Aslidrt 2|

_O
ﬂ%kol 16.0%‘ﬂ HbH, Ak el Ak 39 BQ} C J%Q el g5dte g 17.6%,
o

e F7rsker. ke

o)

webd], FaEe] AAAEEC] W)
e @go] Frwo] 5Hsld] HolEw
2 2

WEe] A e T '
18.6%

Table 7 Percentage of proximate composition (mean =+ standard deviation) in the adductor muscle of

Hyotissa hyotis. 3 replicates were analysed in each group.

Oysters in spawning stage; C, Oysters in post—spawning stage

A, Oysters in pre—spawning stage; B,

A B
Protein 69.39 £ 0.44 67.80 £ 0.55 68.12 + 0.78
Carbohydrate 16.02 + 0.22 17.69 = 0.95 18.63 = 0.91
Lipid 5.52 = 0.10 5.83 £ 0.24 4.54
Ash 9.43 = 0.04 8.67 = 0.30 8.94 = 0.22
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Table 8 Proximate composition in adductor muscle of marine bivalves. To, total body, Ad: adductor muscle.

Moisture (%) Protein (%) Lipid (%) Carbohydrate (%) Ash (%)
Species Site Author
Total Adductor Total Adductor Total Adductor Total Adductor Total Adductor
(/ldiptigziidtgcosus scallop wet 10.0—18.0 1.0-17.0 Laguna Rancho Bueno  Ruiz—Verdugo et al. (2001)
é}ig%gggosus wet 12.0-17.0 1.0—-18.0 Laguna Rancho Bueno  Ruiz—Verdugo et al. (2001)
P. yessoensis dried 62.6 1.2 24.7 11.5 Hong Kong Chung et al. (2002)
P. maximus dried 75.0 63.5—84.3 4.0 5.0—22.0 5.7—8.8 Ria de Arousa, Spain Pazos et al. (1997)
N. subnodosus dried 77.0 15.1-17.3 0.5 1.8—10.5 1.3—-1.5 Bahia Kino, Mexico Beltran—Lugo et al.  (2006)
A. pectinata pen shell wet (dried) 78.8 16.4 (77.4) 1.1 (5.2) 1.9 (8.9) 1.8 (8.6) Boryeong, Korea Kim (2008)
A. pectinata wet (dried) 79.4 15.2 (73.4) 1.4 (6.7) 1.3 (6.4) (15%)  Yeosu Korea Kim (2008)
A. pectinata wet (dried) 81.2 13.8 (73.2) 1.3 (6.9) 1.5 (8.0) ({53 Jangheung, Korea Kim (2008)
C. gigas oyster dried 40.0-70.0 4.0-6.0 10.0-15.0 Shandong, China Liu et al. (2010)
. gig. v . . : : (glycogen) & '
Zaﬁ]gjéj pearl oyster  wet (dried) 77.3 16.5 (72.7) 1.6 (7.1) 2.7 (11.9) 1.9 (8.4) Tongyoung, Korea Kim et al. (2006)
H. hyotis oyster dried 15.0—45.0 3.0-6.0 1.0-9.0 Gulf of California Rodriguez—Astudillo et al. (2005)
H. hyotis dried 79.9 67.8—69.4 4.5-5.8 16.0—18.6 8.7-9.4 Jeju, Korea present study
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3. THZ9Y o=t AE A
3—1. 74 oluxAt

WA FE NFoR A A, Fo| BB T obvlnd WEE FEW FEL EFel T
29 A4 24 (whole tissue)t] T4 obvliite] §oe 44 A, Fol BAglel Fz3t 42

° wrh e
kS zha 9Jitd (Table 9). £3], glutamic acid, aspartic acid®} arginine®] == HA =& sz
B 71 = S Hoon o] £X= FHwd Z=o wlE oF 1.5W %2 4=x]o]t}. Glutamic acid,

aspartic acid®} arginine2 =9 A|xZF = Y gFow EAE A ofu|Ale
H, ol5 T opw4tbe] MlE Wste AE GdsHA THA 9 FE 54 el sa3 dds st Ao
(Sakaguchi and Murata, 1989; Choi et al. 2011).

Tk, FEEe] FA ohvnAb e Abkek FUld
(whole body)ell A T4 ofm|wit ghafo] zhagh wbd, ufjz)
A&S YERlYE (Table 9). Abekg7] (A A, Abgkr], At
g2 9,586.04—13,068.43 mg/100ge] WS B 7 (2008)> A€o o]&¥ i Yt U
(Atrina pectinata)®] 73 ofv|xike] F ks A8he], 13,767-16,382.04 mg/100g= X
T AHe} vlaA, FmE sz A ofn|Ake] F R J12 #2d vsd FeEloR FE, A=

W HEo] T AT A B dFGHoR T =2 AFde AART

MBS B3l Al S dAl 24

o T4 obvlal FFS W o gt

d

—

3-2. 9 opH=A4t

ARET] kg A, AR, A F) dse mE F2E, 129 420 924 (whole tissue) 9} 77}
(adductor muscle)] 2] obmluite] e Z4ske] Table 100] Reletsich. FHEe] §2 ofnlwit
= g9e A4 270 szung Brdew o pAE B FPE AAen Aok FHE A

A G8 oluxake] & ke AbgkF7] B9t 4,033.64—4,987.77 mg/100g MY S JeERAT, ZZFa 7
A
O

[¢]

=
R
=
b

o] g ofmiAit T TR T Frel obn|wAt F EI v A =] el obv|Ake] T
2= 9] 4,356.30—5,031.02 mg/100gell W3k 3 RS B W, o] F2 ofvedt F A
,095.37—4,663.09 mg/100g Ht} & =Hu|E B
theke freE otnlxAr T FwE AA A A2y M =S

< taurine. = FRIEQITE o] ] ofw|mabe Tl Abgh Frlol dAIRle] HA 27 42.6-49.2%,
7} 26.5-28.4%% A8t Tt (Table 10). 3, AA %A 29 taurine THFS ZFF HAA %29
taurine 2.t} oF 2-30] =2 FAHE Zhal QIR AHbH O 2 taurine 7leAd S 7HA ol At (sulfur
containing amino acids)C. 2 Troll= Tolshx] ko) ZHg AR g 59 EdgiAbe] #ostE Ve
A olnjxAlo® a4 A 9dtt (Develin, 2002). T3k Agow dey] oy Q¥ 71ZM (A pectinata)
(7 2008)¢} 78] (Nodipecten subnodosus) (Beltran—Lugo et al. 2006)¢] I ztZol = H& taurine &
FH|E ApA| ko et gl
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Table 9 Total amino acid contents (mg/100 g dry tissue) of Hyotissa hyotis, Crassostrea ariakensis, and C. gigas. Oysters were divided into three groups”

(A: before spawning, B: spawning, C: after spawning) and then analyzed. AM: adductor muscle, WT: whole tissue.

A B C
Amino acid H. hyotis C. ariakensis  C. gigas H. hyotis C. ariakensis C. gigas H. hyotis C. ariakensis C. gigas
AM WT WT WT AM WT WT WT AM WT WT WT

Aspartic—acid 1450.38 3445.60 2044.77 2439.78 1384.53 3363.03 2816.54 2904.17 1101.38 3679.75 3182.92 2571.97
Threonine 486.72 1179.74 873.21 967.05 442.67 1217.33 1043.94 1029.32 349.50 1309.71 1174.78 883.56
Serine 483.36 1203.44 758.31 969.35 449.27 1257.88 1072.84 1040.08 318.91 1337.50 1279.94 844.84
Glutamic acid 2374.11 5328.85 2962.90 3389.68 2211.25 5100.92 3851.24 4024.51 1743.39 5733.35 4677.98 3537.11
Glycine 645.51 1832.14 1361.26 1511.06 564.35 1878.91 1715.49 1913.16 513.57 2160.01 2471.92 1545.84
Alanine 797.06 1921.57 1302.67 1478.00 809.47 1882.39 1631.90 1650.52 608.12 2063.31 1986.58 1531.86
Cystine 57.62 226.48 141.01 137.60 46.45 224.12 188.86 174.61 40.37 258.98 235.09 136.10
Valine 506.59 1339.10 903.98 1065.70 468.69 1332.82 1170.91 1168.02 388.92 1446.30 1293.17 1001.42
Methionine 288.94 619.14 321.46 470.40 261.52 663.95 523.20 586.54 204.02 670.36 623.14 507.63
I[soleucine 556.95 1390.69 869.86 1064.43 511.10 1391.27 1171.11 1149.88 400.36 1509.01 1283.23 979.60
Leucine 1107.21 2496.66 1436.35 1750.53 1045.75 2419.91 1964.13 2009.87 842.99 2702.40 2251.68 1682.53
Tyrosine 433.67 1087.11 436.64 608.63 384.31 1016.82 674.73 791.99 274.65 1134.65 878.77 615.39
Phenylalanine 414.60 1096.92 687.59 942.68 387.76 1112.07 979.64 1012.28 280.27 1194.33 1080.80 859.20
Histidine 331.42 873.37 771.32 869.34 284.80 897.24 958.27 878.49 242.53 961.31 992.84 791.81
Lysine 1052.73 2529.81 1505.98 1922.86 976.22 2510.87 2072.30 2169.96 703.18 2668.62 2204.02 1751.36
Ammonia 132.47 404.27 275.04 308.61 122.00 397.20 346.30 346.11 112.15 419.72 372.02 361.12
Arginine 1290.18 3027.91 1611.23 1871.08 1198.46 2944.49 2147.47 2226.61 1045.24 3292.51 2489.74 1812.81
Prolin 656.91 1439.70 1345.35 1635.06 489.75 1449.70 1424.32 1539.23 416.48 1502.08 1695.76 1357.58
Total 13,066.43 31,442.51 19,608.91 23,401.84 12,038.35 31,060.92  25,753.20 26,615.35 9,686.04  34,043.91  30,174.39 22,771.73

"A: before spawning, H. hyotis: Dec 2010—Aug 2011, C. ariakensis: Jan 2007—Jun 2007, C. gigas: Feb 2009—Jun 2009
B: spawning, H. hyotis: Sep 2011—0Oct 2011, C. ariakensis: Jul 2007 and Aug 2008—Sep 2008, C. gigas: Jul 2009—Sep 2009
C: after spawning, H. Ayotis: Nov 2011—Jan 2012, C. ariakensis: Oct 2008—Dec 2008, C. gigas: Oct 2009—Feb 2010
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Table 10 Free amino acid profile (mg/100 g dry tissue) of Hyotissa hyotis, Crassostrea ariakensis, and C. gigas. Oysters were divided into three groups”

(A: before spawning, B: spawning, C: after spawning) and then analyzed. AM: adductor muscle, WT: whole tissue.

A B C
Amino acid H. hyotis C. ariakensis  C. gigas H H hyotis C. ariakensis C. gigas H. hyotis C. ariakensis C. gigas

AM WT WT WT AM WT WT WT AM WT WT WT
o—Phospho—Serine - 7.05 77.80 48.60 1.87 22.51 108.85 35.47 3.23 18.55 238.95 47.66
Taurine 434.67 1,986.56  803.82 1,534.99 363.23 2,184.84 677.31 1,600.90 360.13 2,125.28 1,103.94 1,643.55
o—phosphoethanolamine 0.00 - 30.21 37.83 5.16 - 24.72 33.48 - - 27.67 24.37
Aspartic—acid 24.30 86.68 41.82 80.01 17.94 100.63 48.86 86.87 17.93 113.99 70.51 122.73
Threonine 6.07 12.06 83.82 43.29 3.92 17.15 14.33 35.20 3.65 15.69 27.40 80.42
Serine 4.94 11.02 48.45 38.54 0.94 8.06 27.39 21.74 1.94 17.89 24.78 53.48
Asparagine - - - - - - - - - - - -
Glutamic acid 67.24 241.66 206.98 362.12 52.94 259.74 217.06 276.41 54.20 226.72 215.24 342.65
a—Aminoadipic Acid 3.07 9.37 70.01 - - 46.35 - 20.58 1.08 33.19 27.27 19.52
Glycine 90.46 243.01 343.97 366.43 95.46 346.70 344.57 485.00 111.71 398.64 683.68 421.42
Alanine 99.34 239.77 279.80 329.98 57.12 224.23 230.75 264.37 61.70 226.07 343.79 364.45
Citrulline - - - - - - - - - 12.86 - -
a—Amino—n—butyric Acid - 7.29 9.09 4.27 1.12 9.95 - - 0.42 7.79 5.26 5.28
Valine 7.34 12.69 45.09 - 7.51 23.13 7.11 8.47 3.95 10.56 - 24.94
Cystine 60.25 24.22 20.27 9.22 47.64 111.42 14.25 20.86 41.74 21.93 69.59 27.62
Cystathionine - - 16.09 - - - - - - - - 12.13
Methionine - 4.69 - 6.96 6.46 24.38 - - 13.26 7.69 28.77 18.98
Isoleucine 10.83 - 18.20 - - 21.53 - - 5.08 - - 13.01
Leucine 9.55 13.53 45.48 17.18 4.67 25.57 9.89 - 7.50 18.11 - 36.09
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Norleucine - - - - 1.86 - - 17.20 4.81 - 15.02 -
Tyrosine - 7.82 9.77 19.81 - 12.08 7.68 16.38 - 20.01 13.58 21.18
Phenylalanine 10.29 17.06 22.07 20.72 12.74 - 13.07 12.12 6.50 28.53 37.67 28.72
Homo—Cystine - - - - 8.58 - - - - - - -
B—Aminoisobutyric acid - 212.42 337.00 196.21 22.28 162.84 160.97 - 14.68 201.47 109.19 259.61
y—Amino—n—butyric acid - 12.82 25.03 50.82 6.83 14.05 17.22 41.26 - 13.49 14.77 43.11
Histidine 15.54 27.11 54.85 43.88 4.43 19.12 30.57 6.26 10.63 16.42 19.47 -
3—Methyl—Histidine - - - - 2.85 - - 20.42 - - - 54.10
1—Methyl—Histidine - - - - - - - - - 14.55 - -
Tryptophan - - = = - - - - - 31.09 - -
Carnosine - - - - - - - - - - - -
Anserine 151.99 193.24 334.61 196.51 138.73 413.62 263.31 234.14 131.15 422.25 207.90 227.30
Hydroxylysine 10.43 15.32 17.55 10.20 11.12 13.73 11.20 10.11 8.36 12.04 13.35 10.92
Ornithine 10.56 13.95 35.16 18.29 7.88 12.50 31.10 5.96 5.01 20.30 9.36 35.94
Lysine 15.95 32.75 36.73 34.08 9.13 25.66 - - 11.61 30.77 17.03 -
Ammonia 4.15 10.82 16.26 - 3.56 12.06 5.52 3.43 3.50 14.62 17.78 7.94
Ethanolamine 4.89 17.94 - 93.22 10.25 19.62 92.29 99.09 8.67 - - 90.96
Arginine 57.47 182.10 144.21 102.04 31.92 141.10 60.01 66.45 39.70 164.33 67.22 121.76
Hydroxyprolin 285.55 14.72 85.99 140.28 253.09 - 125.13 163.67 249.24 79.43 148.12 192.31
Prolin 138.15 375.96 524.86 550.83 156.18 519.98 552.21 788.54 179.86 663.52 1,105.83 678.88
Total 1,523.01 4,033.64 3,784.98 4,356.30 1,347.41  4,792.56  3,095.37 4,374.39 1,361.24  4,987.77  4,663.09 5,031.02

"A: before spawning, H. hyotis: Dec 2010—Aug 2011, C. ariakensis: Jan 2007—Jun 2007, C. gigas: Feb 2009—Jun 2009
B: spawning, H. hyotis: Sep 2011—0ct 2011, C. ariakensis: Jul 2007 and Aug 2008—Sep 2008, C. gigas: Jul 2009—Sep 2009

C: after spawning, H. Ayotis: Nov 2011—Jan 2012, C. ariakensis: Oct 2008—Dec 2008, C. gigas: Oct 2009—Feb 2010
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Table 11 Saturated fatty acid contents (mg/100 g dry tissue) of Hyotissa hyotis, Crassostrea ariakensis, and C. gigas. Oysters were divided into three

groups’ (A: before spawning, B: spawning, C: after spawning season) and then analyzed. AM: adductor muscle, WT: whole tissue.

A B C

H. hyotis C. ariakensis  C. gigas H. hyotis C. ariakensis  C. gigas H. hyotis C. ariakensis  C. gigas

AM WT WT WT AM WT WT WT AM WT WT WT
Butyric acid C4:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Caproic acid C6:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Caprylic acid C8:0 0.05 0.00 0.48 0.18 0.06 0.00 0.78 0.06 0.05 0.00 0.10 0.27
Capric acid C10:0 0.01 0.00 0.36 0.02 0.01 0.00 0.10 0.03 0.04 0.00 0.10 0.05
Undecanoic acid C11:0 0.00 0.00 0.58 0.66 0.00 0.00 1.22 0.41 0.00 0.00 0.35 0.03
Lauric acid C12:0 0.07 0.00 0.91 0.54 0.14 0.00 1.28 0.28 0.02 0.00 0.40 0.30
Tridecanoic acid C13:0 0.01 0.00 0.61 0.37 0.03 0.00 1.18 0.39 0.03 0.00 0.19 0.36
Myristic acid C14:0 10.65 11.63 37.23 98.72 13.35 19.28 65.70 31.54 9.04 11.75 16.17 42.76
Pentadecanoic acid C15:0 4.96 6.43 5.14 7.88 6.34 6.24 11.26 5.01 4.93 5.54 2.41 8.26
Palmitic acid C16:0 134.05 135.28 185.42 393.94 175.82 159.10 386.73 167.47 127.13 127.93 78.37 242.66
Magaric acid C17:0 11.22 12.38 7.89 14.22 15.24 13.29 21.98 10.97 10.88 10.21 3.81 15.99
Stearic acid C18:0 32.99 35.28 31.91 10.09 44.08 40.33 21.58 4.46 30.53 32.19 13.34 7.44
Arachidic acid C20:0 0.25 0.82 0.86 13.46 0.40 0.46 0.95 0.90 0.01 0.00 0.46 0.16
Heneicosanoic acid C21:0 0.01 10.36 0.00 0.07 0.10 12.84 0.00 0.00 0.02 8.64 0.00 0.03
Behenic acid C22:0 0.03 15.39 2.64 0.76 0.09 16.08 0.03 0.03 0.03 10.15 0.02 0.07
Tricosanoic acid C23:0 0.05 0.21 0.00 0.03 0.83 0.00 0.18 0.15 0.02 0.00 0.01 0.02
Lignoceric acid C24:0 0.03 0.00 0.00 0.08 0.00 0.00 0.00 0.03 0.00 0.00 0.02 0.00

“A: before spawning, . Ayotis: Dec 2010—Aug 2011, C. ariakensis: Jan 2007—Jun 2007, C. gigas: Feb 2009—Jun 2009
B: spawning, H. hyotis: Sep 2011—0ct 2011, C. ariakensrs: Jul 2007 and Aug 2008—Sep 2008, C. gigas: Jul 2009—Sep 2009
C: after spawning, H. hAyotis: Nov 2011—Jan 2012, C. ariakensis: Oct 2008—Dec 2008, C. gigas: Oct 2009—Feb 2010
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Table 12 Unsaturated fatty acid profile (mg/100 g dry tissue) of Hyotissa hyotis, Crassostrea ariakensis, and C. gigas. Oysters were divided into three

groups’ (A: before spawning, B: spawning, C: after spawning season) and then analyzed. AM: adductor muscle, WT: whole tissue.

A B C

H. hyotis C. arrakensis  C. gigas H. hyotis C. ariakensis  C. gigas H. hyotis C. arrakensis  C. gigas

AM WT WT WT AM WT WT WT AM WT WT WT
Myristoleic acid Cl14:1 0.35 0.00 0.51 3.28 0.05 0.00 1.27 0.45 0.22 0.00 0.37 0.32
cis—10—Pectadecenoic acid C15:1 0.47 0.00 0.50 0.73 1.24 0.00 0.99 0.97 0.40 0.00 0.11 1.59
Palmitoleic acid C16:1 13.79 13.30 47.21 112.38 19.90 22.79 31.68 26.55 11.83 11.90 27.96 36.40
Magaroleic acid C17:1 0.84 0.44 4.41 1.38 0.61 2.89 5.80 1.38 0.77 1.07 1.87 1.33
Oleic, Elaidic acid C18:1n9¢,1n9t 24.98 26.18 96.30 45.03 32.47 31.57 51.18 16.55 22.82 30.98  59.30 45.43
Eicosenoic acid C20:1 2.05 2.37 3.67 26.55 1.93 2.83 3.44 20.96 2.84 1.95 2.24 3.93
Erucic acid C22:1 16.99 0.00 0.61 0.05 1.98 0.00 0.83 24.45 1.38 0.00 0.06 3.04
Nervonic acid C24:1nl15¢ 0.03 0.00 0.25 0.20 0.03 0.00 0.12 0.05 0.03 0.00 0.24 0.03
Lenoleic acid C18:2n9c¢ 9.72 12.23  2.75 16.68 13.76 12.75  2.66 4.14 9.13 10.66  2.08 16.91
Linoleladic acid C18:2n9t 0.03 0.18 0.00 2.80 0.04 0.00 0.12 0.04 0.08 0.00 0.08 0.00
Eicosadienoic acid C20:2 0.59 1.21 0.05 0.85 1.89 0.68 0.03 0.03 1.36 0.51 0.01 0.06
cis—13,16—Docosadienoic acid C22:2 2.77 1.20 0.00 1.17 0.03 1.06 0.08 0.81 2.22 0.73 0.03 0.00
y—Linolenic acid C18:3n6,9,12¢ 1.20 5.45 0.04 0.96 1.52 6.36 0.10 0.31 0.64 4.52 0.10 1.29
Linolenic acid C18:3n9,12,15¢  8.39 8.56 0.71 16.44 11.14 8.75 1.64 2.21 6.74 6.61 0.51 14.41
cis—11,14,17—Eicosatrienoic acid C20:3 0.50 1.46 0.00 0.43 0.96 0.67 0.02 0.02 0.02 0.73 0.00 0.05
Arachidonic acid C20:4 11.08 11.02  0.65 6.15 13.21 11.13  0.00 8.32 9.46 9.75 0.97 0.02
EPA C20:5 46.23 43.00 5.10 77.15 58.44 45.21 4.85 39.19 33.85 28.02 4.64 51.74
DHA C22:6n3 115.62  83.62 2.21 37.73 151.30 74.68 2.23 29.86 108.48 65.18 2.70 33.06

"A: before spawning, H. hyotis: Dec 2010—Aug 2011, C. ariakensis: Jan 2007—Jun 2007, C. gigas: Feb 2009—Jun 2009
B: spawning, /. Ayotis: Sep 2011—0ct 2011, C. ariakensis: Jul 2007 and Aug 2008—Sep 2008, C. gigas: Jul 2009—Sep 2009
C: after spawning, A hAyotis: Nov 2011—Jan 2012, C. ariakensis: Oct 2008—Dec 2008, C. gigas: Oct 2009—Feb 2010

_68_

IP:14.49.138.138, 2017-11-02 17:21:10



IV. 7IA 22 ety 9 S-Aubgd

A A d & olgste] e Ase 7w A FHe &2 dFFY 79 36.9 ume] (1 AR
(flagellum)S zral Qlt} (Fig. 46A). A&k T3 24L& 1.55 umolH, AwF-o] A (acrosome)$}t EFLE
9] 3 (nuclear), =#A (mid—piece)?d HMEZ= 0} (mitochondria) 2 T4 5] 9t} (Fig. 46B). &3k 7}
A e b Sl gldgoz o] AL 46.5 £ 1.4 ume WS YERAY (Fig. 45A & 460).

ek A& A= 42 dl JheEletkE dt‘é@?l A4 (demersal egg)el 5AS HAth
7¥A1=e] Bf WA (embryogenesis)s A 408 Fo] AT EWHo| =A| (polar body)7t FAEW

A A=A (Fig. 45B & 46D). Ao ke £=4 14

A

r oo x

Azl A717F vl A1 2ME (2-celD9] FElE ZEa 9t} (Fig. 45C & 46E). 4 1A1ZF 40% Fd
4AE7] AMEZ] (d=—celD® FHE 2zt o, o] Al7|9] AE= AlES =Z7|7F v2dk 3709
(blastomere) 9} A2 7|7} 7Fd & 1709 G2 FAH o] Stk (Fig. 45D & 46F). o] %, @4 A
Fo BEdo] A&EH o7 o]Fojx 8AHE (8—cell) (Fig. 45E & 46G), 16413E (16—cell) (Fig. 46H)7} A
HaL, A 3AZF 2085 AE Lol HAe o2y A=Y XA s 7@ #3kE g 27] widl A
7] (morula) 2 ¥3}alth (Fig. 45F & 461). 4 4A1F 508 Foll= 447 5
o] AT HA ¥En]”] (blastula)”} FAF AL (Fig. 45G), ¥ (blastopore)2] g+
g gl AR (cilia)7F AAEE 27] dHl7] (early gastrula)7} 57 5/\]7J

10 Foll Al Rlom, o] Al7]e] A '
I
5—21_

4 r

[e}
Q] (1nvagination)7jr sk
50+l #FE AT (Fig.

45H & 46]). =4 1A17F Fol&= embryo? ©Wa X Ao AR7} dddsiHA, 5 HY7F 22 A &
= 789 3 &S Hole F7] 7] (late gastrula)@ st 53], o] /\]7]9] embryo= &3k
A 5SS 93 FHAAA RS (protroch)d o] embryo?] Aehio] F23 #FHA0 (Fig. 451 &
46K). &3l $=AS zt= G52 84 (trochophore larvae)e 4 9AI7F 308 Fo #Azygjon, o
A1719] embryor wWa o] FAAARSE (prototroch) AR (apical tuft)E ©]&3sle] sFE do7|H
4ot AREA FAss Ehol HEHJAY (Fig. 45] & 46L).

—~ Oll

W (2004)= Al (S, kegak) S EFste] AT Atdoll A AstE =5 (Ostreoida)dl &3t 1059 =
FE Hasilth 7M=& tE =79 g dAbe] o 2o At A =/FE v AlTFEE
HZato] ofdd) A9 AE=—-MEE Y, T @79 i S Ao Fxste= ofdd Folth. Kim et al.
(2010)2 A5 & Agtel AAet= 7A=Y AT AAFIIE 24 #FZS AASY, 2 "9
24.6—26.7CE Hol:= oJEH 795HEH 8Y7IA7} = At&r]|o|H, %4\1‘?—3} ¢o] 7]+ 36.9 £ 5.7 umetaL
Haskivh. olef mlzstAl, U 2bFhoknt (Wakayama) @3} A =97} of AMAsl= 7= S o]
43ste] x=7] Al (early embryogenesis)oll #ofsh= FHxEe Bd 54 Hdd ALgE 7MAlE S
54 A71% 40 um $tF (Kakoi et al. 2008). o] A7 AFg¥ AT HH 2] t— 7FAl=-2 Kim et

. (2010)9] ®are} o] 8ol ¢F, = JfAle] HHd Aol o

OIHMWA s dHieHer 25 AA (primitive type)ol] sk, F5-9 Lﬂiéfz ﬂzﬂsﬂr B & o]
3, mEFZE=golrt fJxsh= 8 (mid—piece)d & o] 21 AEE 7HA= vF (talDE 7450 Aok
(Franzan, 1983). £3], &3} (Ostereidae)ol] £3dt+= Z7F9 AA = AHAA Y =k Ao e (9, 6
4, clyinder®)3 TR vEZ=eo} Fof whet HHET Crassostrea ol £l =79 42 Fdle &
b ol A, 79 Ay 4] mEFZ=golE Zkal Itk (Yurchenko, 2012). o9} @], Saccostrea <ol
&3l= 3= (Saccostrea commercialis)®] AR FE]= Crassostrea £33} o} FAsEA| W, AA| o] w| Al
Zol| A Crassostrea %2 d# Jele} FHEAG A3ttt (Healy and Lester, 1990). webA, AF%
otoll M Ask= 7HAl= e Ao o F FEl= =3 (Ostreidea)ol] &3l =72 AAF et FABHAIRE &
5ol4 5E4E& AAst= Ao ATzl dig FAg A7 dast
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N
K
;O
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=& (Ostreoida)ol] Z3l+= olmalF{F9 %7] widA (early embryogenesis)s= 12A17F Wo] 53 H,
e 3l dojubE D—shaped larvae 29 23} 24A4)7F o] o] o] Fo] Xt} (Table 13). Crassostrea <l
ot e (G gigas)® 3%, 21-22TC $HAstolA FAGlA FEA FA87FA 10A12F, D=2 #3744
oF 24A|7Fo] AL HETn AHEIETY (Hur and Hur, 2000). °o]¢F HAFSHAl, Mangrove oyster (C.
madrasensis)®] Z7] Wl A 2QAZME AN HEA FA7I7F 641 30®-13A1ZF 508, D-4
FAATEA] 18472417t 2  H st (Samuel, 1983). 7FAl=E (S kegak)® 7%, Kakoi et al
(2008)2 27C $AolA SN D4 FA7HA 18A1%te] £88S& ®askglry Ed, A=

goael &Fate S ocucullata®l %7 FAGo] B A= @ A FAZA 10-12A13F0] AL HES
B tt (Table 12) (Kalyanasundaram and Ramamoorth, 1987). welr, AFE= Acte] M2 3}=
ZhA el Z7] ) A Al 2 e AZRS =5 (Ostereoida)oll &8t =72 7] w @A dAlo FALS
S detillth o] A9t A= FF 713 ®ste]l e sk olvigiFe W, AE 2 LA el
& Ang &89 Ao Al
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Fig. 45. Photographs of Saccostrea kegaki in different development stages. (A) ripe egg, (B)
fertilized egg (40 min), (C) 2 cell (1h 10 min), (D) 4 cell (1h 40 min), (E) 8 cell (2h 10 min), (F)
morula (3h 20 min), (G) blastula (4h 50 min), (H) early gastrula (4h 50 min), (I) late gastrula
(7h), (J) trocophore larvae (9h 30 min).
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10 pm

Fig. 46. SEM (scanning Electron Microscopy) ultrastructure of Saccostrea kegaki in different
development stages. (A) Spermatozoa (ripe sperm), (B) Enlarged ripe sperm (C) ripe egg, (D)
fertilized egg with pole body (arrow) (40 min), (E) 2 cell (1h 10 min), (F) 4 cell (1h 40 min), (G) 8
cell with pole body (arrow) (2h 10 min), (H) 16 cell with pole body (arrow) (2h 50 min), (I) morula

(3h 20 min), (J) early gastrula (4h 50 min), (K) late gastrula (7h), (L) trochophore (9h 30min).
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Table 13 Larval development of oyster reported from different studies.

Kalyanasundaram &

Samuel (1983) Ramamoorthi Hur and Hur (2000) Kakoi et al. (2008) Present study
(1987)
Species Crassostrea madrasensis Saccostrea cucullata Crassostrea gigas Saccostrea kegaki Saccostrea kegaki
Temperature (°C) 28—29 21-22 27 24
Salinity (psu) 32—34 - 32.1
Egg size (pm) 40 40 47.5—49.6
Fertilized egg 30 min 40—45 min 30 min 60 min 40 min
2 cell 40 min 1 h 40—50 min 1 h 10 min 1h 10min 1 h 10 min
4 cell 50 min - 2 h - 1 h 40 min
8 cell 60 min - 2 h 45 min 2 h 10 min
16 cell - 3 h 20 min 2 h 50 min
Morula - 4 h 20 min - 3 h 20 min
Blastula 1 h 50 min-3 h - 5h - 4 h 50 min
Gastrula 5h 50 min—=6 h 30 min 5 h 7 h - 7 h
Trochophore 6 h 30—13 h 50 min 10—12 h 10 h - 9 h 30 min
D—larvae 18 h - 24 h 30 min 20—25 h 23 h 55 min 18 h -
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V. S8yt 29 A3 FaARA 24 2 gene marker 7|
1. SSU rDNA

AFEs X3 fivel Atel AAets 75 =79 Il 84l SSU rDNAS PCR 5%A], ¢F 1.8
kbe] ©@% DNA fragment’} THEAct. 229 JAES AX 449 dsk 97144 4del, GC H[&3 97]
AE eSS Aelske] Table 140 YeRlAT 75 =2 SSU rDNAQ 714 de] Aol 1746—1750 bp,
GC H[ &2 49-51%° W& ettt 2 T8 SSU rDNA §17IAdell tig 545 A9 E™, Crassostrea
Z=(genus)oll &dl= A (C ariakensis), 2= (C. gigas), "I R= (C nippona)3 WA Yol= (C. virginica)
°] SSU rDNA<9] ZAoj= Z+7F 17503 1749 bp= 7} T 37 AlolA 2 Q7IAde] dol= Fdg vhd,
98 MAW G714 E7E substitution(X g o] EelE i}, ®3H GenBank databased] §&%Hol I+ A
=oll tigk vl =79 SSU rDNAC] sk 7|9 FAMdS BLAST N 23S o]&ste] A3
t}. 21 A3}, Crassostrea %9 7, =3 vpglae AdEaF o] SSU rDNA (C. gigas: AB064942)9
99.4—-99.8%, BlA Yo} #F& vA Yo}l SSU rDNA (X60315)0] 99.3—-99.4%°] %<& HAAS YeERL
t}. Ostrea % (genus)ol| &8l BWAB= (0. circumpicta)®] SSU rDNAF 1749 bp® Ostrea 59 f8= (0.
edulis: 149052)¢] SSU rDNAe°| Z}Z} 98.1-98.3% 9 HAMdS yElWt}h. Saccostrea Z(genus)® 7FA =
(S. kegaki)®l SSU rDNA®| Zo|i= 1746—-1747 bpol™, dEAF =] SSU rDNA (AB064942)9
98.5-98.6%°] A S MU} Hyotissa &(genus)dll &ate T (A hyotis)®] SSU rDNAT 1749 bp
ol WAL Z (€. gigass AB064942)2] SSU rDNAe°] 98.5—-98.6%<] +AHdS HTh

Table 14 Nucleotide length, GC content and sequence similarity of the small subunit rDNA genes
determined in 7 oyster species

Species Number Nucleotide length Similarity (Acession number)
of individuals (GC content, %)
C. ariakensis 3 1750 (50%) 99.8% (AB064942: C. gigas)
C. gigas 3 1750 (50%) 99.7-99.9%  (AB064942: C. gigas)
C. nippona 3 1750 (50%) 99.4-99.7%  (AB064942: C. gigas)
O. circumpicta 3 1749 (51%) 98.1-98.3%  (L49052: O. edulis)
H. hyotis 2 1746 (49%) 99.2-99.3%  (AB389633: H. numisma)
S. kegaki 3 1746-1747 (50%) 98.5-98.6%  (AB064942: C. gigas)
C. virginica 3 1749 (50%) 99.3-99.4%  (X60315: C. virginia)

7E =9 SSU rDNAE ol&ate] ola3te fda4 FAdRdAE £A8te] Fig. 470 YeEhlAe. F-2vt
g} dActo] AMA)EE 72 ZF9 SSU rDNAE 31202 Ostereidae I (family) @t Gryphaeidea #(family)=
U o] A3t} Ostreidea o= =, 2, vbl= 3y M xYolzo] Crassostrea <ol X3EH, BjA) =&
Ostrea 2, 7FA|=< Saccostrea <, Grryphaeidea &9 =2 hyotissa £o=2 JTEHJL. E3),
Crassostrea &< Ostrea £33 Saccostrea £33 sister clade® 7M1 F93AE Holw, Crassostread?
F=a v =] SSU rDNA Aol fd4o2 5 claded &8kt Tk, M2 Yol =9 45, -2yt 4
=, Za, v EdE 5YHE cladeEs FASEa Uk (Fig. 47).

AM7AA =Z3} (Osteridae) 2] F738H4 Aol g JH= GenBankE H|FE3 o2 dlo]gjuo] 2o SSU
rDNA®] digt dH= 58 FHEQA = (C gigas) @ WAYol & (C virginica)dll tatel vt ¥a] 5 o,
o]£] ] Foll g HH= A9 gle Aot wepA, ol A5 Fadste] HAYol =& E3ete] vt
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2 el A5k 7% ol g SSU rDNAY fHARE AHEA 5300
ribosome®l] & HEAS 21l 9JE SSU rDNA geneS o] 83 AlEEF5H4
x| gt )9 BEFed dd S 2 4 A 783 AW o]gE = JdSS i

Jo H
e
£
o,
aY)

Z
i)
o
o
o,
Q‘L
rir

. anakensis S2™=

. ariakensis 53
50

- nippona E2

. nippona E1

%9 . anakensis 51

. gigas. W1

5o} — (rassostrea

. gigas W2
64 99

. gigas W3

89

. virginica A3 Ostreidae

. virginicaAl
100 0
. virginica A2

. circumpicta J 1]
100

. circumpicta J2 = Ostrea

. circumpicta J3

99

C

C

C

C

C

C

C

C

C. nippona E3
C

C

C

0]

O

O

S. kegaki J1
S

. kegaki J2 —  Saccostrea
S. kegaki J3

10— H_ hyotis J2 [~  Hyotissa Grylphaendae

Fig. 47. Neighbor—joining tree inferred from SSU rDNA sequences of 7 oyster species determined in

this study. Bootstrap values > 50% are shown at nodes.

2. ITS
7%0] FHFoA ZZ5 ITS region?] AHEL ok 1-1.4 kb ©d DNA fragmentZ, F23 HHFL AHA
S ArAde Adeddrh. 7+ 2¥e A4E TS A/IAAe) Aol 998-1361 bpe 1 7|7} %o

a2} ITS region® ZAol7} thekdtdth. ITS region AAuwollE= 86 bpel SSU rDNA, 71bpe] LSU rDNA 4]
o] ITS A7IMEY 53 3 49, ITS13 ITS 2 Atolol] 158 bpe] 5.8S rDNA7ZF 2 ®BEH o] gt} 7%
o] ITS13 ITS2 971449 Zol9t GC contentZ Table 159 LERAATH

7% #9 ITS13 ITS2 M ¥ 340—515 bp, 399—537 bp, GC content™ 55—60%, 53—62%7}A %ol u}
gt 1 A717F ggFste] E1E I} Crassostrea 9 7=, =, vpsla3} WA Yo} =, Saccostrea %9 7}
A& ITS13 ITS2 9de 2o wgl 22 o7} thary, ITS2 99o] ITS1 ddrt Jdoz ¢ Be
A7NEE ZEa vk 2y, A= S ITS13 2 499 A7IMdE dole A9 Fdsdit
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Table 15 Nucleotide length, and GC content of ITS regions determined in 7 oyster species

Species No. ITS1 5.8S ITS2

of individuals  Length(bp) GC(%) Length(bp) GC(%) Length(bp) GC(%)
C. ariakensis 3 470-472 58-59 158 56 472-473 55
C. gigas 3 449-452 57 158 56 535-537 53-54
C. nippona 3 514-515 57 158 56 531 55
O. circumpicta 3 400 59-60 158 56 399-400 62
H. hyotis 3 340-343 53 158 56 342 55-56
S. kegaki 3 426-429 55 158 56 475 59
C. virginica 3 432-433 58 158 56 506-512 56-57

ITS13 ITS2 999 M-S ol&sto] 75 =9 Fd84 FARAS A3 23, ITS13 ITS2 99 &
FollAql 7Fe] =2 Ostreoidea (superfamily)®  7H9] family$l Ostreidae®} Gryphaeidae® &4 Ath
(Fig. 48A &48B). SSU rDNA Z¥eo} P72, Bz 7HA1=9] ITS FgodAM e 314 FAdA7F 7
73t (bootstrap value 94%: ITS1, 100%: ITS2). ]9} @], Crassostrea &9 =Fol|lA= ITS13 ITS2
TS Atolo] FA#ATE Aol ITS1eA = =7 HH%°1 Ao w2 FAJATL VA, =
= sister branchE® A3 ¥, ITS20 A= =3 npSi=o] FAgdH oz FAAAY 77k, A=
+ sister branchE sk 58S Yehdla Stk

C. ariakensis S1 =
(A) o C. ariakensis 53
g5 C. ariakensis 52
C. nippona E3
1o 100 C. nippona E1
C. nippona E2
) b Crassostrea
C. gigas\W?2
53 100 C. gigas W1
C. gigas W3
C. virginica A2 Ostreidae
100 C. virginicaAl
{ C.virginicaA3  _]
7 Q. circumpicta 1 7
‘DD{ O. circumpicta J3 = Ostrea
O. circumpicta J2 _|
= S kegakiJ2 ]
100 S. kegaki J1 = Saccostrea
{ S. kegaki J3 _
H hyots72 ] I
100 H. hyotis 7-1 = Hyotissa Gryphaeidae
— = H.hyotis73 | |
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. gigas W1
(B) 100 gigas W3
61 gigas W2
. hippona E1
100 100 nippona E2 = Crassostrea

. nippona E3

. ariakensis 52

. anakensis S1
. anakensisS3

100
76 75

TITITO0OO0O0WNBOO00O0O0OO0O0000O0

{ . c;:rcump;:craﬂ Ostreidae
100 . circumpicta J3 — Ostrea
. circumpicta J2 _
100 kegaki J2 =
100{ . kegaki J1 — Saccostrea
77 kegaki J3 -
. virginica A3 7
100{ . virginica A1 = Crassostrea
92 . virginica A2 _
. hyotis J2
100 - hyotis J1 Hyotissa Gryphaeidae
. hyotis J3 I

Fig. 48. Neighbor joining tree inferred from ITS regions of 7 oyster species determined in this
study. (A) ITS1 and (B) ITS2. Bootstrap values > 50% are shown at nodes.

v

ITS13 ITS2+ 3] ribosome®] SSU rDNA$} LSU rDNA Afolel 91x]38tH, rDNA Fdx7F & 3%

b | -
BAS Hol= dhdo| | S o] MEL et wE Fd4 7] WelE ztal 9lo & (genus) EE
& (genus) 7HES 9t 78 FAARZ o851 9lom o]lE A ES o]&3ste] F 5ol4 (species—specific)

marker7} 4F o] wjHF ]/\1 W= 21 9t} (Reece et al. 2008).

Sy} Akl AM2Aski= = F 2 mitochondrial gene?] WSl COI FAAE FE3)o],
A7sto] Table 169 A stAth. == 45, F 7FAY COI primer sets ©]-83}
v, A=l AAEA ol IR At Fa=Es AYE 65 =7 COI +4
7] Adol= npslEe] 935 bpdl WM, ymA] 5% =€ COI F#Ae] Hol= 700 bp= FY3 deolE zta
Atk Crassostrea ¢ 7=, =, wpsl=at WA Yol =& GenBankoﬂ sEEOl A= A Foll diske]
99.6-100%¢ |7IM<E Fsd= Eoﬂ\i} oo wtal], EfA=2] COI A= O. chilensis®l 82.5%2 &
A, 7IA=S S, cucullatadll 98.7—99.1%92] FsAS HAT)

6% =79 COI AMEs ofbrwit e Weele], % FARAE £l (Fig. 49). 1 A3}, wvt
Sl=dt A=l COI ot 4L SSU rDNA M3} vii7A 2 4o fAaAZ 77k &@d Als
TS PAdsta AT ool W), =3I npslEe Crassotrea FollA oY AFwS FAdstHA], npsl=)
ZF=o sister clade TAS el ol T3 Crassotrea &2 Ostrea €3 Hyotissa £3 7% single
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cladeE A3t At}

Reece et al. (2008)2 &4 olr]olo] A28}l Crassotrea &l &3l 959 =74 sk F44 4
AAS 7] 98 COI FHAE o] &sto] vlwsgtl, 1 A3}, Crassostrea &9 &3l ZFHE 42474
=

o= wlg A3 FAB/AE 23 lom, Crassotrea 9] single clade® AAsttta Awsta o vpzk
A2, AFE D gyt Ak AAstes A, vlsiZd F=Fe Ostrea 9 Hyotissa £33 THE
Crassostrea %ol 2}2+o] clade® @FAstaL vk webA, COI FAAE o] &3 =7 4 FAHA 4
of 83 markerd S AJA}FSTh

Table 16 Nucleotide length, and sequence similarity of COI determined in 6 oyster species

Species Number Nucleotide length Similarity (Acession number)
of individuals (amino acids, aa)
C. ariakensis 3 700 bp (226 aa) 99.6% (YP002860234:C. ariakensis)
C. gigas 3 700 bp (226 aa) 100% (AAG36948: C. gigas)
C. nippona 2 935 bp (310 aa) 99.7% (HMO015198: C. nippona)
O. circumpicta 1 700 bp (226 aa) 82.5% (JF3.1917: O. chilensis)
S. kegaki 3 700 bp (226 aa) 98.7-99.1% (AAK97451: S. cucullata)
C. virginica 2 700 bp (226 aa) 99.6%  (YP254649: C. virginica)
C. ariakensisS2 7
C. nippona E2
9 C. ariakensis S1
C. ariakensis S3
63 C. nippona E1
C. gigasW2 P~ Crassostrea
95 C. gigas W1 .
C. gigas W3 Ostreidae
EE— C. virginica A2
ool ¢ viginicaA3
O. circumpiactaJ1 [l Ostrea
100 S. kegaki J2 -
50 S. kegaki J1 — Saccostrea
S. kegakiJ3

Fig. 49. Neighbor joining tree inferred from COI of 6 oyster species determined in this study.

Bootstrap values > 50% are shown at nodes.

4. H3

7S =idA FFE H3 FdA= A717F °F 400 bpe @Y DNA fragment7} 1 Q4L o] @&
2Yste] dd A7IAAES AAs Q7MY AA-E H3 A= 8F BT 374 bp, 124709] ofv] =
Aae T3, GC vl &2 Fol megt thgstAl 51-56%2] M2 FAE JJATE (Table 17). olE A
< o]&3ste] dolguo] e FHEo Qv FAAEHY] FEeds AMe A3, Crassostrea &9 4=,

s OR1e7 [?4 iy
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=, ipslE Y WAY ok el H3 §HA= MA Yol 23 3ol H3 §AAe 7M %2 e dS Uehddh
Ostrea %9 EjA=3 H&, Saccostrea %2 7M=L Ostrea 52 FHE (0. edulis)2] H3 fAxle]
89.3%°] 9711 ded& UEPNRATE Hyotissa %9 FTx=L T (A hyotis)ol 98%2] d&id& H
Tt

Table 17 Nucleotide and GC content of the H3 determined in 7 oyster species

Species Number Nucleotides (amino acid)  Similarity (Acession number)

of individuals GC content
374(124aa) 53—-54% 92.8—94.8% (HQ329250: C. virginica)

C. ariakensis 3 (1HQO09948: C. gigas)
C. gigas 3 374(124aa) 53-54% 92.6% (HQ329250: C. virginica)
C. nippona 3 374(124aa) 54—55% 96.7—96.8% (HQ329250: C. virginica)
H. hyotis 3 374(124aa) 54% 98% (HQ329258: H. hyotis)
S. kegaki 3 374(124aa) 53% 89.3% (AY070151: O. edulis)
C. virginica 2 374(124aa) 56% 98.3% (HQ329250: C. virginica)

H3 325 o] &3t -guet =79 FHH FAAAE 4138k Fig. 500 HEFHATE. Crassostrea
o] Fr=, =, vpslEd v Yol 2o H3 A A4 clades A SHH, Ostreadr o] H{A=}
Sassotrea 2] 7}A=2 Gryphaeidae@ o] To=3 77k FA#3AE A Ak A7EA Ostreidea
family histone H3 2 ML Fa3t, =] Mol dejd 3lon, oj9e] Fol v H3 F+14
B e Aotk wiebA, o A+ 3o Ayte AEA g537 H3 F8A A EL SSU rDNA, ITS,
COI ME¥ dEo =F/E vEe At ojujsifel 71240 FHAd A 9 FAAA EA4 o F&3 A=
2 o]lgd Aol

2

-

o

93 C. gigas\W3

77 ' C. gigas W2
o —|: C. arakensis S1
7 C. aniakensis S3
C. ariakensis S2 = Crassostrea

T C. virginica A2
mb— ¢ virginica A3

C. nippona E1 Ostreidae
100 C. nipponaE2
{ C. nippona E3
100 O. circumpicta J2
1o { O circumpicta J3
" Q. circumpicta J1
73 S. kegaki J1
10 { 8. kegakiJ3 - Saccostrea
————————— S kegakiJ2 _
H. hyotis J2 = I

100 H. hyotis J1 = Hyotissa Gryphaeidae
68 I: H. hyotis J3 I

e Ostrea

gz

Fig. 50. Neighbor joining tree inferred from H3 gene of 7 oyster species determined in this study.

Bootstrap values > 50% are shown at nodes.
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Comparative study on the hemocytes of subtropical oysters Saccostrea kegaki (Torigoe & Inaba, 1981), Ostrea

circumpicta (Pilsbry, 1904), and Hpyotissa hyotis (Linnaeus, 1758) in Jeju Island, Korea: morphology and functional

aspects

- 1 g5

<QOokFHE>

, Fish and Shellfish Immunology il

We first characterized the morphology and immune-—related activities of hemocyte in the subtropical

oysters including Saccostrea kegaki,

using light

1dentically classified

Ostrea circumpicta, and Hyotissa hyotis inhabiting in Jeju Island
in the hemolymph of three oyster species

in the

microscopy and flow cytometry. Hemocytes

into three main types: 1) granulocytes containing numerous granules

cytoplasm, 2) hyalinocytes with no or fewer granules, and 3) blast—like cells characterized by the

smallest size and very thin cytoplasm. The percentage of each hemocyte population was similar in all

species; hyalinocytes were the most abundant cell in the hemolymph accounting for more than 59%,

followed by

was smaller

granulocytes (23—31%) and blast—like cells (3—5%). The size of granulocytes of S. kegaki
(p< 0.05) than those of O. circumpicta and H. hyotis. Light miscopy also allowed the

description of vacuolated cells characterized by large vacuoles in the cytoplasm. Flow cytometry analysis

confirmed that the granulocytes of three oyster species was the major hemocytes engaged in the

cellular defense as the largest lysosome content, the most active phagocytosis activity and oxidative

activity, as was previously reported in several marine bivalves. Immune—related activity of hemocytes

was different between the species. Phagocytic activity was the lowest in S kegaki hemocytes and

PMA —stimulated oxidative activity was the lowest in H. Ayotis hemocytes. Our results provide the basic
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information of hemocytes population of three subtropical oysters for further investigations associated

with various environmental stress of disease.
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T3 49 =%

FAF AAF GBS o] &3 AT BF Ao M AS= JMAF (Saccostrea kegaki) (Torigoe & Inaba, 1
981)¢] x7] FALE] #AF AT
—. 931 &%, The Korean Journal of Malacology Fal |4

<QE>
AFA AL FEA L GFe] dEgFom ALH F&o] thE A vlaf Fom, H: 7|5 Wl mE 3
TH FAsoRr Qs ofdd % duid HFe el FUFEI Uk ofdd Fel HFote A=
(Saccostrea kegakn2 2% IHFZEA AFTA Gl =3t Al Aashy 3ol de] F3xskal o, o]
ol AL el #E Vx2ATE o F53 AA ol wEkA o] dATtE THA= (Sk gakl) 2] AL
THES 9% 712 d7E 27aAdY A4S dEEln. A =2 20129 8Y AlFAl A8 3 (33°337 N,
N

126°44” E)Wl &9k x3kojell Al AR stlar, A A XA 227 Hape} g—g- ANH k] 24 +
2 A Q o
o ’IT

1T &AM ARG 88 27 g e A HE FsE 9 FARAAER A S o] &t
ZHepith, #EAN, A JHAE €9 A7) 46.511.4 um@laL, B Aol 36.9 umE R AR
FHE BN, AT MEZE=gort dEHAT T E FA™ AEZEGI ) EEeA B A8
& BE Saccostrea sp. Z7IHAYE ATES AFAFH} dAEUTE wEkA THAES HIET =5

Hrh

(Ostreoida)oll Falld= =9 27|FAEE2 10-12A1FF oluldd G854 Aoz HAstE Ao =2 Alm
FgAoR, Y3 v L FA ARGANGL o189 AN E (Skegakd) 27 FARY ATE FF opd)
@o| 27 AR} FES e £8% Anw 28 @ dom Aud.

2. Flow cytometric studies on the morphology and immune-—related activity of hemocytes in the
oyster Crassostrea nippona (Seki, 1934).
—. Q1 &8, Zoological Studies FiL <A

<Q%E>

We characterized the morphology and immune—related activities of Crassostrea nippona hemocytes us
ing flow cytometry and light microscopy. Three different sobpopulations were identifed in the hemolymp
h: granulocytes, hyalinocytes, and blast—like cells. Hyalinocytes were the most abundant and intermediat
e—size cells, while granulocytes were the fewest and the largest cells containing many granules in the c¢
ytoplasm. Blast—like cells were characterized by smaller size and very thin cytoplasm. Granulocytes wer
e mainly engaged in phagocytosis and oxidative activities, although the hyalinocytes also exhibited an ab
sence of phagocytosis and extremely low oxidative activity, indicating that these subpopulations are not
involved in cell-mediated immune response. The flow cytometry analysis carried out in the present stud
vy confirmed that granulocytes are the major hemocytes populations involved in cellular defence in C. nip

pona, as was previously reported in several marine bivalve species.
3. Seasonal variation in condition index, gonad development, digestive tubule atrophy, and hemocyte
parameters of the oyster, Saccostrea kegaki (Torigoe & Inhaba 1981) on the southern coast of Jeju

Island, Korea
—. 93 &2, Fish and Shellfish Immunology i o4

_83_

IP:14.49.138.138, 2017-11-02 17:21:10



<QGE>

Seasonal changes in the condition index (CI), gonad development, digestive tubule atrophy (DTA),
and hemocyte parameters (cell counts, mortality, and phagocytosis rate) of the oyster Saccostrea kegaki
on the southern coast of Jeju Island, Korea, were monitored monthly (February 2011 to January 2012).
Gametogenesis of male and female oysters commenced in February and April respectively when the
water temperature reached 15.1—15.2°C. Partially—spawned oysters were evident from August to
October, when the water temperature ranged from 22.1—22.9C. The CI, a ratio of tissue dry weight to
shell cavity volume, increased gradually from February to Julu and declined dramatically in August.
Histology and the CI suggested that S. kegaki spawning is continuous from August to January. DTA
assessed from histological analysis was higher from February to May when the chlorophyll a level in
the surface water was lower. These data suggest that DTA well reflect the nutritional condition of
oysters. Hemocytes counts were higher in spring and summer than fall and winter, and were the highest
in July when DTA was lower, indicating that cell division occurred when water temperature and food
availability were higher. Hemocyte mortality was the highest in September, and the phagocytosis rate
dramatically decreased in October, indicating that immune parameters were depressed due to spawning
stress. Our data suggest that histological and immunological analyses could be powerful tools for

monitoring the physiology of oysters.

6. ATHAANN T fARG7| PR

—. ;T A jls
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Annual reproductive cycle and
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First report on the annual
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First report on the annual gametogenesis of Heteromacoma irus (Hanley, 1845) in
a rocky intertidal area, Northern Jeju Isalnd, Korea
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The annual reproductive cycle of the Indo—Pacific tellinid clam Heteromacoma irus (Hanley, 1845)
was investigated, using histology, for the first time in this study. The sex ratio of A irus collected
from a rocky intertidal area on the northern coast of Jeju Island, Korea, was found to be 1:1,
indicating that /. irus is gonochoric. In January, most clams were in the resting phase, although a
small number of females showed small oogonia on their follicular epithelium. From February to May,
oocyte diameter increased rapidly, and fully mature eggs (44.8-.56.8 mm) appeared in May. The first
spawning males and females were observed in July, when the water temperature reached 18.0C, and
spawning activity continued until the end of August. During September and December, most clams
were sexually in the resting stage. H. irus is considered to be a summer spawner, and annual
gametogenesis was closely associated with the seasonal variation of the surface water temperature.
Despite warm water temperatures in Jeju, the resting phase of female and male clams at the study
site was prolonged from October to March, suggesting that food availability at this site could be poor

and may act as a limiting factor in gametogenesis.
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Annual reproductive cycle and reproductive effort of the Manila clam Ruditapes philippinarum in Incheon
Bay off the west coast of Korea using a histology—ELISA combined assay
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We investigated the reproductive effort of the Manila clam Ruditapes philippinarum during different
gametogenic stages with combining histology and immune assay techniques. To determine the level of
gonad maturation, 1- to 2-mm-thick slices of the dorso-ventral section were cut from the middle of
clams for histology. The quantity of eggs in each clam was determined from the remaining tissue
using rabbit anti-clam egg protein IgG in an indirect enzyme-linked immunosorbent assay (ELISA). At
the Begmiri tidal flat in Incheon Bay off the west coast of Korea, clams commenced gametogenesis in
February and the first spawning female was observed in July. Clams continued to spawn into October
(18.5 °C). The monthly mean gonad-somatic index (GSI), the ratio of egg mass to body weight, ranged
from 4.27 (April) to 20.63 (July). The GSI increased rapidly from April (4.3) to May (16.8), peaked in
July (20.6), then dropped dramatically from August (14.0) to September (5.5), indicating that clams at
the Begmiri tidal flat have a major spawning pulse during August and September. The histology—
ELISA combined technique enabled us to assess gametogenic stepwise reproductive efforts of clams
because we could simultaneously determine the reproductive stage and quantity of eggs. The GSI of
mature females ranged from 20.9 (May) to 26.6 (July), while that of partially spawned clams ranged
from 12.8 (June) to 7.2 (September), suggesting that clams discharge as much as 50% of their eggs
during the major spawning pulse. Histology revealed that residual eggs in spent clams were resorbed,
and that clams may restore approximately 4.6% of their body weight by this energy-recycling process.
The histology— ELISA combined technique provided both quantitative and qualitative information about

clam reproduction, which is crucial for clam fisheries and aquaculture.
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Development of an Immunological Probe to Quantify Reproductive Effort in the
Suminoe Oyster, Crassostrea ariakensis (Gould 1861)
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A polyclonal antibody specific to an egg protein of the Suminoe oyster, Crassostrea ariakensis, was
developed to assess reproductive effort. After 2 mo of immunization, rabbit antiserum showed strong
specificity to the egg protein in an enzyme-linked immunosorbent assay (ELISA). The rabbit antioyster
egg immunoglobulin G detected as little as 0.2 png/mL of Suminoe oyster egg protein by ELISA. The
quantity of eggs present in an oyster was estimated using ELISA and was expressed as a
gonadosomatic index (GSI). Gonadosomatic index values of Suminoe oysters were assessed monthly
from January to July 2007 at the Seomjin River estuary off the south coast of Korea. Histology
indicated that most oysters were mature and ready to spawn by the middle of July. Mean GSI values
for oysters collected in April, when most female oysters are in early developmental stages, varied
between 0.6% and 14.0%. In July, most oysters were ready to spawn and GSI values ranged from 17.5
- 67.0%, with a mean of 47.7%. The potential fecundity of ripe oysters was determined by dividing the
number of eggs, which was estimated by ELISA, by the mean dry weight of a single egg (14 ng);
fecundity ranged from 162- 910 million eggs. The immunological technique used in this study was
affordable and sensitive enough to measure variation in the number of eggs present among
gametogenic stages.
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