191 3.7 (519)
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Restriction analysis nd
16S rDNA — Dra 1 A B C
360 430 425
85 70 70
70 (60} 60
(60)
Restriction analysis Muindl
188 rDNA — Hin f1 A B C
530 300 530
130 250 130
120 130 90
120
Restriction analysis 3l Indl
COI-Aes 1 A B C D E F
710 400 600 400 390 520
330 130 200 320 80
130 70




M3 3.7 (D)

64

Restriction analysis ulnd
COI-Ddel A B C D E

420 600 330 710 300
170 130 270 250
120 130 200
F G H I J

430 300 300 305 405

230 255 270 270 195
60 130 120 130 130
K L M

400 300 450

150 295 190

120 120 70
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f19149 3.7 (AD)

Restriction analysis sdind
COI-Mbo 1 A B C D E F
180 290 290 420 495 290
150 150 160 78 75 160
120 80 140 75 60 140
80 70 60 60 100
70 55 (40)
55
G H 1 J K L
420 290 290 295 420 420
80 140 210 195 250 190
60 120 100 140 60
75 (85) (60)
55
M N O P Q R
600 520 420 420 420 420
70 75 80 80 75 75
60 60 75 60 55
55 60 55
S T U v
495 600 420 600
130 60 160 95
70 60

fuavluraduuaninasivens missing band 1 infer 9IN75 a minimal number of mutation steps
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314 3.9 Molecular taxonomic key ﬁm%’Uﬁﬂﬂu’lﬁu‘ﬁﬁﬂ31uﬁ1ﬁmul‘?fﬁw1ﬁ°nﬁ1u

sz lne

DNA marker Species
1. 18S rDNA-Hinf 1
Pattern A (530,130,120) Crassostrea
Pattern B (300,250,130,120) Saccostrea
Pattem C (530,130,90) P viridis
2. COI-Dde 1
Pattern A (420,170,120) C. belcheri
Pattern B (600,130) C. iredalei

Pattern C (330,270,130)

3. COI-Mbo 1

Patterns A (180,150,120,80,70,55)

and B (290,150,80,70,55)

Pattern C (290,160,140,60(40))

Patterns D (420,82,84,60)
1oy E (495,82,60)

4. luuanq patterns 190U

S. cucullata

C. belcheri

C. iredalei

8. cucullata

S. forskali or S. mytiloides
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M1514 3.12 Haplotype diversity a2 nucleotide diversitynolugiiavasnssuresululszmsa

94

"lmuam‘ﬂ%&é’n%‘q (5. commercialis W82 P. viridis)

BUA Haplotype diversity Nucleotide diversity

(h = SE} (x 100)

C. belcheri 0.2279 £ 0.12949 0.0945

C. iredalei 0.1857 £ 0.11022 0.0912

S. cucullata 0.6285 £ 0.08716 0.3501

S. forskali 0.8545 X 0.04544 2.8711

S. mytiloides 0.9044 £ 0.04968 3.2388

Crassostrea sp. 0.3889 7 0.16440 (.3538

Saccosirea sp. ﬂ@:u 1 0.8889 1 0.09100 1.0858%

Saccostrea sp. NQY 2 0.4167 = 0.19066 0.1447

Saccostrea sp. NG 3 0.4000 £ 0.23732 0.1828

S. commercialis 0.3333 +0.21517 0.0862

P. viridis 0.0000 £ 0.00000 0.0000

Auniy 0.4753 £ 0.00846 0.7726 + 0.00124
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JosaiNamsnaney

1. Hﬂ‘iﬂ%ﬁ]ﬂﬂlﬂﬁﬂﬂﬂﬂﬁ!ﬂdqn Crassostrea WAz ANA Saccostrea 1“ﬂ§$lﬂﬁ1?ltl

E

anuifuguduanunainvawysaiatazRugns Tuvevesasu lullszmning
SdwdidgizsauiudsedninmlunmsadreTdsunsumswmniug uasnsfadoniug
novtnssufifanuddyluGundydveslszmalng b lsimuanudmeduanuman
Hmu‘umﬂaUmasu“luﬂizmﬁ"lﬂuﬁ,jﬂmzﬁumu“luuazswﬁiwﬁﬂ%ﬁﬁaﬁagﬁﬂvmﬂ unzde
yaoynsuisyamosunululsemalnoielidaon Weanngiirsuasdnumznisuen
YoMLY U dugnineealdenvevannsaudsiuamanisvesdunadon uas
dufiogerriu'ld (Ecomorphological variation) (Tack et al., 1992) uannNfGedissnunIsang
MIIAA hybridization sen3allFdiuszvig C. virginica 188 C. rhizophorae wazlignvioy
‘ﬁflﬁ’ﬂ‘klm%‘,‘llﬂﬂ shell morphology U0% scar pigmentation wlsiuTunnven {Hedgecock and
Okazaki, 1984) 51?&uﬁﬂﬂﬁtﬁu’hﬂwﬁnmaqﬂ'sﬁmwawmUmﬁumﬂﬁffﬁ'ﬂymxﬂm

Fugminnaugiudinsduqsu eyiugmand

vouresuludszinalnedaoglu family Crassostreinae uAdoSnemanivoaney
wrsuiRt ety fretuvu doumihd ¢ iredatei 95188091 C. tugrubris W
wiEd S mordar 15U synonym 4B S. cucullaia AMSY S, mytitoides TimsnBendoidiu
Striostrea (Parastriostrea) mytiloides e‘*ﬁqmﬂwamsﬁny11'iyﬂq§'i1"11iqma’{m paradififiud ms
Wugmesdnuanadagninn eynsydsnvemmensyudsznd uitussths

»
woartunslilAdeyd

doyaoynsudsmveanasunesuluann Crassostrea Uagdna Saccostrea UszIng
Tneiegetiedifa TasmsAnymesuasuludlsamadulngeniumsfinudnumene
¥ ¥ x

Fuguinn Aoumhiinesunasy Saccostrea anuatulseme Ing 18145edlu S cucutiaa

LY . 9

(Amonjaruchit, 1988) Tumansafiud 1y Brohmaronda et al. (1998) 118z Tookwinas (1991) 18
0 o od a o o o 1 ﬂ Irl ! 'ﬂ ..

Suuanssussuiugdn Anunnumetinialudssmaineiuilu S, commercialis 9910

¥
wansanuinaasliisiu il s commercialis Tuilszmering

Yoosukh (2000) M§wnniseinnnesuas superfamily Ostreoidea Tutszmetlny Tau
I¥snvasmaduginewsuddenves Suunldifly 2 families Ao Ostreidea Unz
Gryphaeidea "“J?Q Ostreidea U3 nuﬂa"lﬁaflu 3 subfamilies B Ostreinae (Tribe Ostreini
UseneuR W Planostrea pestrigris UWQ% Ostrea sp.) Crassostreinae (C. belcheri W0z C. lugubris,

S cucullata S. mordax S. mytiloides WQ% Saccostrea spp.) 8% Lophinae (Lopha cristagalii,
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Dendostrea folium \la% Dendostrea sp.) 1 Saccostrea spp. Usznoudlevenusy Saccostrea
o ]

AlidatlFdRnidasn 3 adlFd

Visootiviseth et al. (1998) 1AnHMOBU19TY Saccostrea TRV B. A351%1 (8. YO,
TR (9. YUNS), NNENETY (3, JUNS), IMzU (0. q5rmgimid), imzde (. a3m) Feey
Tuthg1Ine uas Tfuidios (. 930 uag imzlng . age) Iuflmzmsuaiuas 14
et emeneT AT R i Es morphometric LAz protein  electrophoresis WA
misAnumuTanenresuasusaniiu 3 ngu e ngu A Usznoudan e, #3519 Fuifies
(Tubtieng) 1121571 1M21v1IMY] (Koh Khaoyai) HaziN12913 species 1, N B 1sznaudae
@1UAY (Sam Saeb) 11AZ 1NM¥H19 species 2 UATNYY C Aid 1NNEY (Koh Taku) eUaTINg

dy 'y y.& o, o |q’: ol [
vunil 1 1auen Tnold3einumans uaianuaSonsiauin s cucullata

ANUUANANTENTNNBUUINIUANT Crassostrea WASAN0  Saccostrea MUTOLIN lAY
&4 - 1 Al o d'..ng t o - 9/ ﬂ rel 1
chomata ¥4fie funTeduiiueguiuseuvounlfen duilu Crassostrea 93 1ifi chomata us
dully Saccostrea 9211 chomata MuluneswssuANA Crassostrea wIovouazInsy @3N
= o . g o 1 =
won iy 2 @154 TauwosfilseunduiiioiaduldentludfissSonn C iredalei Suud
1119250nd1 C. belcheri MOTUNBUUNWINANR Saccostrea IAUMWITNBUUIITY S. forskali
4 e
uaE S, mytiloides BITUITOUBAANUUANAIIAY 1R8N

Al

L
Tumsdnundsiilidindrenn 4 geographic samples (CsKB, S1SR, S2RN tlag $3S8) #
= g

¥
Tmwrsaswuniudualidldedwdroulaolddnuuznedugiuing duludiosld

molecular genetic markers 31957 unsdwnovesussniudszmelng

. s population genetics uasm‘s%’miumnﬂaﬂmﬁunqn Crassostrea URZ@ND

Saccostrea 1141.‘%111 ﬂu‘ﬂﬂ
II.I RAPD-PCR

=t o a 9. o o Aol 8 T 1
fmsdunaila RAPD inldfnuidugmaadilszannsluvsonaiwallyd dedaru
MINTWANUHANNDWNNAUFNTIUIU C. virginica (Hirschfeld et al, 1999), pIsLen
polymorphic DNA markers 1uﬂ‘liﬁﬂu1ﬁu§ﬂ‘jiu‘ﬂm sea scallop, Placopecten magellanicus
(Patwary et al.,, 1994) wagms A wanuduiutuasfnanumanaemeiugnssuly
11 o (% vl
limpets Siphowaria spp. (Chambers et al, 1998) udotd1alsfam SahifimsfAnunnuvan
o A g [ e o P [Y =
parwniugnssuuazimTeanueiis iRl d lunesuresuniinnud Wy luds
L é Q' -] 1 v ﬁ‘ -~ = o y

wisivdvesdszmeng Fadudairduiiozdudivdszdninmlumsdanmawizidouns

Asdanisnoruiasululsene
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nInMsAnIAUMAINTATENIITUgAssuvaarastnaTulwlszme Inedas RAPD-

3
= oo

PCR W\ monomorphic bands YAz a1l3d (Mwuedraion 95% veamniesaluailddi)

-] 1 y [~ or

$IUMUNIN UATWUTI RAPD fragments Ay species-specific markers AUVBOUNIUATAIIY
o & o o d

g luFondivduedng Ao C. belckeri C. iredalei Uaz 8. cucullata MINMINARBID MY
W1 monomorphic RAPD fragments us Jorskali WD S, mytiloides LA bands Aanafinuly

1 3
voaousuatIdou g dao Salimansoinn i species-specific markers Tu 2 aF 46 14

] ¥ 1
DTN MINAIBG1YBI C. belcheri, C. iredalei Uz S. cucullata W19 lumsPnyiadil
Ly 1 d w 1 o g o [ : Ada ar |
sWey wamsinuded W idinsiudzednsounquituiiidinisnszaisdeguesvon
1 ]
UNIURINA1 MUTUB17 N0 uazduasiu 1agwanIn species-specific markers WY LA
g H 1 4 o [ { u‘: 4 y
A4 markers 7118 1flaaifio 910 sampling errors vosdatailddnuafafl venninil
fe EAE 3 o
RAPD %nlwswesnldlumsAnuinfelll¥ fragments A fixed frequencies luwia &,
o ] - P ° T Y
commercialis wag P. viridis ¥uaasliiiudfiaruduly dneeri nswesmariiun1didy

¥
markers 114 2 a1/Fdond 0

oed 3 dy o n’a’
Insweinidlunsfinuingail W RAPD genotype $wanmnluvosuiasunia 3 ana
g - o 1 )

Tulszimeneg naaslditudivesunssuiinnunanuarwmeatugnssufiqge eanilym

d‘ o 1 [ a [} = 3} < 3 1 ] o
lﬂtl'lﬂ‘]Jﬂ’J'liillﬁlﬂﬂ'lsl'l.lﬂ\‘li]114']14¢1'3E1£J']\1W1‘H11Jﬂ‘15ﬂﬂf|'€!~3 Nulmﬂfﬂﬂﬂﬂ'luiﬁﬁﬂﬂﬂ’m’m

ol ¥ o o o ' .

MABYDY genotypes AB INTINDT LaziuLveIRI0t13 lUATIFH (a ratio between the number of
. . . . . . - T
genotypes per primer and the number of investigated specimens in a particular species} %9%3

oA oA ' Vo 1 ey o A Poa 1
ﬂ'J‘ISJ‘LI'Il‘lit)ﬂflll'lﬂﬂ‘)'lm'ﬂ‘ﬂﬂ‘lu’m genotypes Iuli'ﬂﬁzﬁﬂ‘ﬁﬂlw&ﬂﬂﬂ’mlﬂﬂ? Hﬁ?W‘U'nslu C

Ol ey 1

belcheri Itmdas 1@ mdana 111 0.58 Tuvazfiailidouiineglussaungandi de lu c
iredalei 3181 0.90 14 8. cucullata UAUNINU 0.98 wazlu S forskali Uz S. mytiloides A UMAY

1.0

Hirchfeld et al. (1999) ldinatia RAPD lumsfnuianunainuamaiugnisuues
C. virginica 910 4 nRulsz MBI suMAUTZABUAIL Y51 INT0IN Wellfleet, Wareham River,
East Wardham/Onset 0% Barnstable Harbor 0% 1 ﬂ'cjmJszmmﬁmmnmsmmgﬂ& h
Cotuit faglufg Massachusetts Uszmaanigonim Tnold1F wsmesuia 10 HndTelnd
§1uu 10 Twswed fudethianua 79 Med1finn 5 uuas uarwuAIMAIANEIIN
WUFNT5Y (AN polymorphic bands) luisﬁuﬁqﬂuﬁuadwﬂm Barnstable Harbor (74%) Afe13
Hauf1001947191n Wellfest (71%) Wareham River (70%) East Wardham/Onset (62%) Ung
Cotuit (54%) ANEIAL HAZWUI1 RAPD polymorphism 521319 3 ﬂfjnﬂix'ﬁmsﬁmmnﬁssu

%17 Ao Barnstable Harbor, Wellfleet 14a¢ Wareham River 40znguilsgnIiunnmsinig
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s o

1’&'704%';111umm’hmdwﬁﬂ'ﬂf‘hﬂm ® < 0.05) vz fidaed1997n the Bast Wardham/Onset 1y
uematanuunnaAednifudgyiudie61991n Cotuit (P > 0.05) SInHaNIInARBULAALT
UszAsITuAUTIN Cotuit ©1093197 East Wardham/Onset 483AYBIATIMAINMATBING
ﬁuﬁﬂsiwmnq'uﬂis‘mmﬁuwmmnmmﬁ%maznduﬂi:mﬂimuﬁssumﬁum C.

1 os = y
virginica 11 Massachusetts @130t ge lumsdanisvoamesuasuriladl

1 11%915 801 unidentified species (Crassostrea sp. Saccostrea sp. group | Saccostrea sp.
group 2 1% Saccostrea sp. group 3) 147 AURBLY9I811IU bands A0 lnsweT uaziosiud
193 polymorphic bands VeaMatUIsHIUANA Crassoswrea 9zfichdntlunssnssudna
Saccostrea WAAINTUMBIUNINANA Saccostrea BANMUMAIMMIILMIIRUENITNIUTS AU
AIIMOUUNTUANG Crassostrea

ernsFoufieuseduues polymorphic RAPD bands W Crassostrea Audanaid
Penaeus monodon 1uﬂizlﬂﬂ‘"lﬂu (Tassanakajon et al., 1998) 4 P. vanamei ﬁmmﬂ Sinaloa
LAY Oxaca M Mexico (Garcia et al., 1994) uaz Ynziadgn Seylla 31U 3 a¥iFdeinnin
aziusenuellsemalng (Klinbunga et al., 2000) fuiLloTivuAvas polymorphic bands lunay
W143% Saccostrea WAnT AT (97.69% 99.40% wag 98.50% 1 S cucullata S, forskali uaz S.
mytiloides AWRIAL) NUIMBUUNTY Saccostrea o iduAu0a polymorphic bands gand1in

| & aAds 3 a
ﬂfJn’ﬂ\u.l‘lf'Jﬂﬂ'N 9 NINATIN

anuuanAaneRugnssunwluudazall3d (genetic distance within a species) Y8410Y
HWNINAND Crassostrea Terdinnelu S cucullata S, Jorskali U S. mytiloides naf ldaen
ﬂﬁ’aaﬁumsﬁﬂmmq morphological (Brock, 1990) L1a¥ allozyme electrophoresis (Buroker et al.,

1979; Hedgecock, 1995; Visootiviseth et al., 1998)

ATUANA NSRS TNDIM o 19337 B3T3 (unidentified species) Hiaias Tay
oS IrUARNNNAINMBYEUAL DNA (polymorphic bands) W Crassostrea sp. Liag
Saccostrea sp. groups 1, 2 ag 3 UMY 85.92%, 90.11%, 77.63% 1nz 89.55% AN 9Y
ut]ﬂil'lﬂfrﬁ\'lwu RAPD fragments ﬂaw%u ﬁmmﬁ 100% (fixed frequencies) AUMOUUINTULA

[ o1 o ddl P [l ]
snquud linuluatl¥dou o uazor9ee 19U marker iduwzlundoznguld

4 o 1 .. 1o . = ¥
o genetic distance EN19fY849 geographic samples 114910 RAPD-PCR @319
@i Neighbor-joining tree WU ITOUUNUDYUINT UTND Crassostrea WDLHANN Saccostrea
ot1aaou neluana Crassostrea HIARIAIIULEANANTTNTNNBOUNTY C. belcheri T

e ing FeazTueen) uagnsiaduaiiv ziuan)ld
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?humu‘luwetimainﬁqa Saccostrea WU S. cucullata wag'nm‘i‘]u monophyletic
populations [UREINUY S mynloides Al 8. forskati nwnoeniihi 2 ndu AquusnaILNID
whooniiunistlesnlng (azfuoen) dsgnoudae v Sum ST . 81efm1 0. vays
(SECBS) 9. Uszw@idus (SPY) waz 1. wevan (SBSK) uazmathduaniy (s Suan)
szneudan 9. Tz1Be (SIRN) Az 9. dga (SEST) nqudl 2 Aedredfifiusnmsdds o
ya (SECTS) asimzUs s 9. gaugimil (SISR) $591nWa phylogenetic tree WUTINGH 2 1
mmﬁ'uﬁ'uﬂnﬁ'%aﬁu 5. mytiloides VINWALEATI ﬂ"I‘JL?Uﬂ‘]a;‘B S. mytiloides i Striostrea

4 AN
{(Parastriostrea) mytiloides ¥10YAUDS genus ﬂuuu"lng]nﬁ' k|
I1.2 PCR-RFLP

nnMsAnyIAnyaEn RN gssuveeveuuasylulsemalnedu38 PCR-RELP vos
U1 168 rDNA,188 rDNA Uag COI WUISALATIIMAINMAENIINUTNTTNYBIN YU Ull
Mqusu@daiunefilénn RAPD-PCR Taunis§wunailiduesnesussy ¢ belcheri, C.
iredalei Wog S, cucullatta w018 Tawld single haplotypes lifg composité haplotypes @4
ueraalumseh 3.8 - 3.11 8619'15Amu PCR-RELP &alyaunsodwiun s. forskati 080970 S
. A o o ad ol =2 w ' .
mytiloides ipannvesulssuisaeariald Tundfind eadadu uazaA1 nucleotide
v ' Vv
divergence sz eARAtiFANLAAMN (1313 3.13) AU S, mytiloides Tinsdaagluana

Striositrea tlﬁiﬂiiﬁ‘ﬂﬂﬂlu Saccostrea

i haplotype diversity 119% nucleotide diversity el Fdvesnesuiesusiia
Crassostrea SRAIAT Saccostrea (1519 3.12) FemeandoifunamsnaanInn RAPD-ECR
uay ﬁ’ﬂlﬂ WM 1w S, Jorskali Une S. mytiloides # nucleotide diversity muluatlEdimifu
2.8711% itz 3.2388% FaguniTMosL1aTNFTIABUALIN (0.0945% , 0.0912% LA 0.3501% u
C. belcheri, C. iredalei W0 5. cucullata MMUAAY) uerastennuilsfumaiugns mﬁqqmﬂ
muluedsdaanain uazansonfuiuda high morphological variation W 8. forskali #az S,
mytiloides uenNATIFINL genetic variability 1M unidentified species 43 ngulinigandily

C. belcheri, C. iredalei WY S. cucullata

910 phylogenetic relationships Y99 composite haplotypes 'ldt (3 1 3.35 uaz 3.36) uaAY
ANUUARA RN NRUFNITUTENDN Crassostrea U0 Saccostrea OH1TAIVU ANULANAIINT
ot ] 1 o)t oh 1 a 1 v iy o
Fugnssusenin nesunsunaasall3dlungy Crassosrea UMrganiusazailzdmelu

1 hlf‘ 4 LY 4 o . . i
A Saccostrea MAHANMUFURUTNISRUGATTUNOI S, forskali U S. mytiloides 114910 PCR-

> ! -
RFLP Hufidnuazsumurdunadi 1dvn3% RAPD-PCR
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TIL Taxonomic difficulties yavpaudsululsznaing

IAATNARBITINLVBBUTY 2 ﬁ’aﬁﬁﬁnymzmaﬁ’mjm?muﬂu S. forskali-like
(Oys030) U C. iredalei -like oysters (Oys039) NMTINTILAAIWINATIA RAPD Wyt
w3y 2 FiiE iredalei-specific markers 71 1250 bp tilodns1zrid s Iwswed OPROS won
NNy 0y030 § C. iredalei-specific markers 71 745 bp 7114910 lwswes UBC210 ue'l
WU  markers 314 g miviellues species-specific markers D1 UHANINNMTIAAMIHAN
ndufUNoUWeUNWUY (introgressive hybridization) S¥WIW C. iredalei uazvobUITNEYFE
B éqﬁuﬁyjm'htﬂu S. forskali FoTinszidiooneiidan PCR-RELP Wy Oys30 19 iu
nil X1 (DEDCBABCDF) Fswulufethedulngues s, forskaii Saagal1da oys3o Wy
introgressive hybrid ‘?lﬁ S. forskali I species 'ﬁlﬁuuﬁ il Oys39 PWluind v
(BBBBAAAABC) &wwummizlu C. iredalei dnuaiznsdugineives Oys3e dlu s.
forskali-like Fufu Oys39 A238ARIU hybrid 75194 C. iredalei fU 5. forskali 110 backerossed

L ‘& 1
U C. iredalei “ﬁﬁlﬂﬂspecieslm

a
WOUUINIY Oys095 uaz Oys104 inliamwsaap)idedndanuiniiuailFdlalay
dnuazmadaugineidsuun oyoos Juilugnwausening € belcheri §u C. iredalei Tu

a o - ] e’:
Yz Oy104 W C. iredaler-like oyster MNNIANYIGILNATIA RAPD W1 HBUUI19T U 2

»
Faill ¢ iredalei-specific markers ATUWS 5 markers uaz liny C. belcheri-speciﬁcﬂlu Oy095

»

o Y 1o i e o a [}
MUY HOUHITY 2 ﬂ’)ﬁlﬂu C. iredalei IJ"lﬂﬂ’J'm‘i]mﬂuHﬂUHNﬂJQﬂNﬂiJ lﬁﬂ'llﬂ'i'l%ﬁﬂ’)ﬂmi

€

L3

14

o 1 a 2 - '

{18 PCR-RFLP WU Oys095 331u'Inil LV (BBBBBAAABC) :Haflanuusnd1ann C.
a Ao &

iredalei 184 1 mutation step Uz Oys104 11914 1n1) v (BBBBAAAABC) Fanumwizlu C.

iredalei ﬁﬁﬁuﬁﬂﬁiﬂ’:}‘l Oys095 o Oysl04 AU C iredalei UALTARAY ecomorphological

variation

MOUUNTY Oysl2] uae Oys122 anunsaduundlu Saccostrea Tavdnuaiznadugiu

e amsfnu1 laoly RAPD markers 1wy species-specific markers 189 tazwuimeu
¥

wesn 2 aast Wensasuun 18 uduedlFdla ainnsdnuidae PCR-RFLPU 18S Liag 168

» 3
rDNA [10¥ intergenic COI-COII YOIRIDUNUTN Oysl21 ung Oys122 mwnﬂrﬂu S. forskali

dethaen 4 nquisznoudaunesesufininnaasstons v.ased Mgl e, g
swRITE meviy 9. 33U UAININ 9. ﬁqmmm‘lﬁmmsm‘imuﬂmn%a?ﬂmmﬁm{"lﬁ
301?7%8'51 Crassostrea sp. Saccostrea sp. group 1 Saccostrea sp. group 2 URAY Saccostrea sp.
group 3 MUARY W Crassostrea sp. iy chomata nravimenssuiadifiuvenuiasud

} 4
a;j“luﬁf;a Crassostrea Wag llwy species-specific markers vislu C belcheri Ung C. iredalei 1
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YNAIDE19YBY  Crassostrea sp. 10U tﬂaenmswﬁﬁmriwﬂfjuf‘:ﬁ'w PCR-RFLP #1171
Crassostrea sp. i3 141 XLII (DIHABCAAFK) liag XLITT (CIHABCAAFL) & linyluda
i’)ti‘lQﬁﬂﬂu‘lﬁﬁﬂfﬁﬂ‘lﬂ‘ﬂumﬂ‘lﬂﬂmﬁr HAZIINWAYDY phylogenetic tree WL Crassostrea sp.
TAuunesnin C. belcheri 0% C. iredalei BUNIFAINU ﬁ‘qxfuﬁmtinf'rmnznﬂuﬂa&umnm}a
Crassostrea ﬂ’i‘J%ﬁ"lnﬁ’luﬂwmﬁ"lwu éﬂﬁﬂuﬂﬁﬂv Dilokrattanatrakul (1998) 1éwu

Crassostrea sp.f Iansoswunldniluailddla i Klong Thom (0. n32ll) waashlu

D

Uszmalnsfivesunssuluana Crassostrea winni 2 ail%

WAYBY Phylogenetic tree Y89 RAPD WU\ Saccostrea sp. group 1 11mmzals 1y 9. g
- | LI U { o oW o = e Y \ .
swgiil DanuduiuslndSasuiy S forskai unnfiRoadu M3uA diagnostic RAPD
¥
markers ™ 5. foskali U% S. mytiloides ¥11¥ Wannsodwunavosnssulunguilld uas
] ¥
phylogenetic tree #ldnmstinsizviaaotnaiidis PCR-RFLP WU Saccostrea sp. group 1

AU S. forskali

Saccostrea sp. group 2 MAMznYy 9. 1zu8 duihuedFd v Taowudiiivaiw RaPD
fragments ﬁwu“lunnﬁ’ﬂunaumwuﬂfjuff Niwulu S forskati uag S myriloides 11019103
(ef OPA09 OPBO1 OPBO8 UBC210 1aig UBC220 WUAURAY similarity index mu‘lumjuﬁ
qanNU Crassostrea UARTA NI Saccostrea DU < waz liwy 750 bp (OPBOS) ez 1800 bp
(UBC220) Laasmennasusiind WlS S cucullata Lﬁa&ﬂswﬁﬁmdwﬂduﬁyﬁw PCR-
RFLP WU Saccostrea sp. group 2 i genotypes XLIV (JJECBBBBGM), XLV (JJFCBBBBGS)
say XLVI (JJFCBBBBGV) @émﬂumﬂﬁ'ﬂynf uaﬂmnff WRYDY Phylogenetic tree 9101 RAPD-
PCR 1ag PCR-RFLP1AUUA Saccostrea sp. group 2 L‘ﬂuﬁﬂﬁﬂﬂﬂﬂuwm S. cucullata ’-?d‘]hu‘lu
mmﬁwwﬁaﬁiﬂ’;mauumwﬁﬂﬁ‘lﬂw S. cucullata ﬁqﬁuﬁmzﬂ‘n wauumu‘luﬂfjn{f

fio vorurssuailFdinuluszmalne

Saccostrea sp. group 3 TUALING.AYNIAINT 5 umnidosdulnelddnynsms
FugniInorindiu 8. mytiloides-like oysters HAYD Phylogenetic tree 910 RAPD sty
7 11auumnntjuﬁ'ﬁmmﬁ’uﬁuﬂﬂﬁ%ﬂﬁu . mytiloides fninfideafusnadifinen s.
TrUBUAL. iin loAnseiI0619nquiliay PCR-RFLP WUT1 Saccostrea sp. group 3 &
genotypes X1l (DEDCBABCDE) a2 XIV (DEDABABCDF) #awuielu S. forskali oz S
mytiloides ﬁqﬁuﬁﬂﬁmmiﬂﬁ;1]Llﬁ"atiNuu"i‘fﬂ’imﬂuumuﬂduﬁyﬂ’nﬁ'ﬂiﬁ’rﬂu S. forskali

nin s mytiloides

MBUUNTNANA Saccostrea ANNsOMYsAWAUIAABYNOYERUTA (Tack et al, 1992)

o ns: l::d ar

sfuvesuesy 2 atlFdnegiidsatusnelinvazneduguinaiadieiy uazerem
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WimsdwmefaduailFdidoduld luneassdudmesusuaildiduduiiegaun:
¥ Y & 1 at a g/ '3 ol o o (Y - 3

unds endidnyasiuandiedy Mldimsduunalldd Inslddpuaenedugiuinoemives

#11401n 91NHAYDA Phylogenetic tree WuH1A10 TunBuUIISUTND Saccostrea Tutlszmaned

SuailEdunahfnetssauld

¥ ¥
ADUNTIIINBUUTN Saccostrea Mavualutlsemalneldduinguindu S cucullata
L)
(Amonjaruchit, 1988) (fivsede@vr wavnmsdnnfinansliiiuiivosunesuluana
[, A dat g -
Saccostrea DENUBY 4 alFdAnUuszms vy woneniivosuasy Saccostrea R0 0.
1efian v. vay 1qndaliidiy S commercialis (Department of Fisheries, 1993) iin1iwiotg
8
1 = = o - 1
vinuvasil (SFCBA) m1¥@nuwanina1simiteralomailn RAPD wuImMeuunaiu
¥ L
Saccostrea NN ©, 81371 (3. ¥aY3) 01319 S. commerciatis W31z TN species-specific
¥
markers Y84 S, commercialis WHDBUIITUVINUMAH UATHAIN Phylogenetic tree Y93 RAPD

110 PCR-RFLP WUTMBOUTNIN 0. 81971 2. ¥Y3 (SFCBA) viwedlu S, forskali

Tsuchiya 0¥ Liardwitayapasit (1986) 1881u4un small rock oysters ﬁtﬁummmz %3 (9.
son3) iy S mordar waefs W S, mordar o homospecific Y99 8. cucullara il
SRS MBUUINTUNINUYAIRINA1IAIY RAPD analysis wasd1alsAmuvinwanmsanuulsd
WU S cucullata-specific markers “luﬁamimmfr Suhisetmesnarmameddauns
nanosnmstadi S Jorskali

Ao o 1
Charoensit (1995) lAdnwmsnaudwailfduazduanavesosunsusznin C
belcheri, C. iredalei W S. cucullata MURBINARDI WUNGAHTNUBINBYUNSHIUARDINMIS

w Y s o 1 ar . , ' = <
HeruwugdhuallSdsendng €. beicheri f1 C. iredalei 01015004 78A09520Y spat THYEANS
o ] @ da 3
nauRUTAENaTENIN C iredalei wenily uag S cucullata inaifanunsonewu i ding
¥
Qr [ o - o ¢

Tgnnesiufnesemesunsuanail lduaznuhdasnsuigdu lnvesvesiuguauga
AN S, cucullata uh WWAUANAWNN C. iredalei BEWITudWRyN9ada (P > 0.05) uaz
o 4 o o A - ' ] ! 1 c‘u’a‘ ) I:l o
AnyuzunalfeonvesiuinauildnuazvsufenagsenhamosnoudWugisaes sd1lsf

: 3 a’: 1 L = A o
a1y S.cucullaa NFlumsapuinsaiusoeelily S cucullata 933 9 WaswIIAMIS LA

¥ ¥
FAYBINOUNNTUVIAIAN  (Saccostrea) IR gnABsFamuiuhldnoudenn daiuney

o4 " &5 ef ng 1o

wsnlutszine Iy FaumidunoSsnsersuunssunnadnianuauiiu S cucullara 39973
UMY mi'li]ﬁﬂ‘lj'hlﬂu 5. cucullata 939150 14 Tavsnuih species-specific markers GRS

cucullata g lumssuun1d
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IV. m3lnau RAPD fragment 0 W 1A0ROUUITN C. belcheri

C. belcheri {HunovunsuiifinnudigludondesvesInoniiqn (Charoensi,
1995) nisfmidsnWuTgnuosunsweufvemeratad Wuilesuddgfesiliussmy
anududalumsimzdoamennasuadailulszmealng LA species-specific RAPD
markers ﬁwu”luﬁauumnﬁﬁﬁmﬁa 3 yfiavzldlunsninnldTaonss udedielsfiay
wAfin RAPD-PCR S lademsnlouuyasuesmniizmsi pCR eroviidifdndnumsy
false negative I&iffoanInmailn RAPD #oams DNA fiflqan @ us DNA #180ngnues
wissuorniiquam bifwedmivin RapD FufuSuimudoymdldlanldon ¢
belcheri-specific RAPD fragments v sequence-characterized amplified region (SCAR)
markers (Weising et al., 1995)

uradns simunnzdidehinenwiaur SCAR markers 90 C. belcheri-specific
markers Y4 10 markers {W312 RAPD markers R 1A10071 1000 bp (1650 bp 40 1550 bp
910 OPBOS 2100 bp, 1400 bp tag 1250 bp 917 OPBO1 LAz 1050 bp 310 UBC220) v ldns
widguianaTe g 18610 1oz RAPD marker 4119 250 bp 910 OPA0S Svwiadn

TadumMissdmsumsesniuy PCR Tnswas

Jones et al. (1997)"lﬁ'ﬁ'mm species-specific primers Lﬁﬂcl‘ff’uﬂﬂ Schistosome-intermediate
hosts 494 Bulinus taxa (Gastrcpoda : Planorbidae) Tawns Lﬂﬁ'uu RAPD markers T1iflu SCAR
markers 1A0MS clone 11819103 To INdv0e RAPD marker #5124 B, senegalansis
W02 B. forskali a0 PCR wsied Tav'ld products T8 Uwzfiy B. foskali S 553
bp azlu B. senegalansis 1A 564 bp uaz 370 bp uaz lAnsrennusumizves Insweddn
afluusneatlid wanisnaanad uanelWitudems$ilse Tonlues RAPD-based marker u

NITLYA species complexes 1 Bulinus

3
anizfu1AldmdnmaRuaiulaeiy C. belcheri-specific RAPD fragments §11471 3 #u
(650 bp 910 OPBOL LAY 835 bp 1Az 603 bp 91N OPBO8) N1 cloning WAz IdAUNIAG o

né wuwuIAveaBu insertlu pPACB1 pPACB? Liag pPACB3 flo 637 bp, 811 bp LA 563

3
o & o =y

o« =t 9@ - o u‘u,: . A <1 del ot
bp muddy nnmatTouioudiwuinilenga 3 insert Hfudrduiindleinaneyly
GenBank luwunilanuadwadsfudrruiioadTonavesdelliiala 2alfeanuuy PCrR

g o ]
lwsies pPACBI-F/R, pPACB2-F/R Wag pPACB3-FRR 91ndwuiind T lndveswusaz Inau

wazii w1 PCR Tauld DNA 494 C. belcheri 114 DNAGUIUU WUTWUIRYBS PCR products
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T ! ! < Ve '
MINATOU sensitivity YoauAneguodnswes wuinia 3 guesnsmeiannsoari
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AMANUIN 1
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LETIHE Code of Lacation Date of Species
samples collection {Morphology)
qawgimil | Cb 001 qrmginil 16/03/1999 C. belcheri
smginil 2 Cb 002 gimgimi 16/03/1999 C. belcheri
ugisd 3 Cb 003 ' grwgini 16/03/1999 C. belcheri
namgisd 4 Cb 004 gawgisil 16/03/1999 C. beicheri
qamginil s Cb 005 qsmgieil 16/03/1999 C. belcheri
gauginil 6 Cb 006 3 ugInil 16/03/1999 C. belcheri
fsmginiil 7 Chb 007 s gini 16/03/1999 C. belcheri
gamgind g Cb 008 qaugiei 16/03/1999 C. belcher!
geuginil o Cb 009 gruginil 16/03/1999 C. belcheri
grmgind 10 Cb 010 qamgisil 16/03/1999 C. belcheri
NTcl 040698 Cboll v. wyua iy, Mduneumion 04/06/1998 C. belcheri
NTc2 040698 Cbol2 9, tavat (Sauniy, fadunevinao) 04/06/1998 C. beicheri
NTc3 040698 Cb 13 v, tevn (Swuiy, Asdunevuimion) 04/06/1998 C. belcheri
NTc4 040698 Cb 014 1. tevan (wnniy, Radunourmie) 04/06/1998 C. belcheri
KYc2 010698 | CbO!s 9. 5389 (FTuniéh v, qua g 01/06/1998 C. belcheri
KYc3 010698 | Cbol6 2. 3509 (6190167 0. qud13 gy 01/06/1998 C. belcheri
KYc4 0I0698 | ChoL? 2. 5EUB4 (BT 6. UGy 01/06/1998 C. belcheri
BTal 070498 Cb 018 1. n3zdl Gwemuore) 07/04/1998 C. belcheri
BTa2 070498 Cb 019 9. nrzil (Fuemnsterie) 07/04/1998 C. belcheri
BTa4 070498 Cb 020 1. n3zdl Griemastiatie) 07/04/1998 C. belcheri
LEEALS Ci 021 1. ¥ay3 (0. #357) 06/10/1998 C. iredalel
331712 Ci 022 2. %ay3 (0, f31177) 06/10/1998 C. iredalei
351413 Ci 023 v, w013 (8. #3519 06/10/1998 C. iredalei
s 4 Ci 024 9. way3 (0. ni5 06/10/1998 C. iredalei
3310 5 Ci 025 9. yays (8. AT11) 06/10/1998 C. iredalei
Ai3 6 Ci 026 0. ¥oy3 (0. A1) 06/10/1998 C. iredalei
KBa3 020698 Cio27 | v Uszeudidud (naeaununasu . navan) | 02/06/1998 C. iredalei
KBb6 020698 Ci 028 9. Yreoaufitius (RassununTy A AEBITM) | 02/06/1998 C. iredalei
KBb7 020698 cioze | 1 szenwATtus (nasaunaunsy a, Ao | 02/06/1998 C. iredalei
KBbS 020698 | *Oy030 | 9. UizedwAidus (RaDIuunIy . AABINN) | 02/06/1998 S. forskatti-like
oyster
KBb 10 020698 Ci03l 9. Uszowfsdus (ADBIUNUNSTY A AADININ) 02/06/1998 C, iredalei
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Code of samples Location Date of Species
collection (morphology)
NTb5 040698 Ci 032 2. v (i, Msuneunmion) 04/06/1998 C. iredalei
NTb6 (040698 Cio3s 9. ftavat (muniy, ﬁqﬁunamminu) 04/06/1998 C. ivedalei
NTb7 040698 Ci 034 9. tum (i, fedunoumiiow) 04/06/1998 C. iredalei
NTb8 040698 Ci 035 2. wvan huuniy, fsdunsumion) 04/06/1998 C. iredalei
NTb9 040698 Ci 036 1. wavan (i, F'Néunnmnﬁau) 04/06/1998 C. iredalei
NTb 10 040698 Ci 037 o. Tovm iy, Asduneunnion) 04/06/1998 C. iredalei
KYb! 010698 *Ci 038 9. 52104 (Baniéa o, quing) 01/06/1998 C. iredalei
KYb2 010698 *QOy 039 9. 55103 (S1TU157 0. quiis ) 01/06/1998 C. iredalei-like
oyster

KKal 070498 Ci040 9. a1 (haeatinun Tanllas) 07/04/1998 C. iredalei
KKa2 070498 Ciodl 9. Waar (ravathunt Tan'ing) 07/04/1998 C. iredalel
KKa4 070498 Ci 042 9. W31 (aneatun Tanlas) 07/04/1998 C. iredalei
KKa$ 070498 Ci 043 9. Wan (ravatfm Tan'lag) 07/04/1998 C. ivedalei
KGal 010398 Sc 044 2. A1 (IR 01/08/1998 5. cucullata
KGa2 010398 Sc 045 2, ATA (M) 01/08/1958 S. cucullata
KGa4 010398 Sc 046 9. 318 (NEF) 01/08/1998 8. cucullata
KGas 010398 Sc 047 9. A1 (IN1EA) 01/08/1998 8. cucullata
KGa6 010398 Sc 048 9. A3A (INIZF) 01/08/1998 S, eucullata
IMENYU A § Sc 049 0. A3 AMEA) 01/08/1998 5. cucullata
DY A 2 Sc 050 0. JHUDI (IN1ENYL) 09/05/1998 5. cucullata
NN A 3 Sc 051 9. T2UBS (IMENYje) 09/05/1998 S. cucullata
IMENYY A 4 Sc 052 . 9. TEUD (IN12MY0) 09/05/1998 5. cucullata
IMENYU A 'S Sc 053 9. STUBY (IMEnjo) 09/05/1998 8. cucullata
IMENYE A 6 Sc 054 9. 3TUBY (INENL{H) 09/05/1998 8. cucullata
Mo B 10 Sc 055 9, 33UB4 (IN1EMYY) 09/05/1998 5. cucullata
Alal 080498 Sc 056 v, gifin (mznen) 08/04/1998 S. cucullata
ALaB 080493 Sc 057 1. iftm (n1zuem) 08/04/1998 S. cucullata
AlaD (080498 Sc 058 1. Qifia (A ZILeR) 08/04/1998 S. eucullata
ALaG 080498 8¢ 059 v. gifin ((mzuen) 08/04/1998 S. eucullata
AL2E 080498 Sc 060 1. QiR GnzuoD) 08/04/1998 S. cucullata
AlaA 080498 Sc 061 2. giftm Gmizuen) 08/04/1998 S. cucullata
BHd1 210598 Se 062 v funy3 21/05/1998 S, cucullata
BHd2 210598 Sc 063 0, funys 21/05/1998 S. cucullata
BHd3 210598 S£064. 9. Sunys 21/05/1998 S. forskali
BHA4 210598 Sc 065 v, funy3 21/05/1998 8. cucullata
BHAS 210398 St 066 . fung 21/05/1998 5. cucullata
BHA 6 210598 Sc 067 9. Sumyd 21/05/1998 5. cucullata
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Code of samples Location Date of Species
collection
ASa2 170298 Sf068 0. ¥0ys (81fa7) 17/02/1998 8. forskali
ASa3 170298 S£069 o ¥a1S (81T 17/02/1998 S. forskali
ASad 170298 S£070 9. yay3 (BwAnY) 17/02/1998 §. forskali
ASas 170298 $£071 9. yi (61T 17/02/1998 5. forskali
BHal 210598 Sc 072 v. funy3 21/05/1998 . cucullata
BHa4 210598 Sc 073 9. Suny3 21/05/1998 S. cucullata
BHaS 210598 | S5c074 o, fumid 21/05/1998 S, cucuilata
BHal 210598 075 o, §umy 21/05/1998 8. forskali
BHb2 210598 S 076 9. Sumys 21/05/1998 5. forskali
BHb3 210598 §f077 0. Suny3 21/05/1998 S, forskali
BHb4 210598 SF078 9. Suny§ 21/05/1998 S, forskali
BHbS 210598 S£079 9. funys 21/05/1998 S, forskali
PBal 040898 SFO80 o. agn Wnnhinng o. azy) 04/08/1998 S. forskali
PBa2 040898 Sf081 v. oga (st e, azg) 04/08/1998 S. forskali
PBa3 (40898 Sf082 v. wga (nhnun e, azg) 04/08/1998 S, forskali
PBa4 040898 $£083 2. aga (Pwthmnm e, oz 04/08/1998 8 forskali
PBa5 040898 $f 084 9. #ga (nnhmns e oz 04/08/1998 S forskali
PBa6 040898 Sf085 v. aga (o e, azy) 04/08/1998 5. forskali
KYal 010698 Sf086 9. 38U8d (Srwnin v, quding) 01/06/1998 S. forskali
KYa2 010698 8087 9. IEUN (611un§1 v, quthsny) 01/06/1998 S. Jorskali
KYa3 010698 Sf088 1. 533D (BTAvE 0. gy 01/06/1998 S, forskali
KYa4 010698 | S£089 2. SEMBY (BTE 0. qudsey) 01/06/1998 . forskali
KYa5 010698 S£090 3. 7283 (G126 B, qudrsig) 01/06/1998 S. forskali
KYa6 010698 S£ 091 8. 32u83 (BT 0, U151y 01/06/1998 8. forskali
KBad4 020698 $£092 | o Usenrumivus (RADIUWUWIN A AABITIN) | 02/06/1998 S, forshali
KBa$§ 020698 S£093 9. UszerufsTut (nassunaunasy a. aaeanm) 02/06/1998 8. forskali
KBa6 020698 S£094 | 1. Ureerufidul (PassuUMHITY A AABINN) | 02/06/1998 S, forskali
KBb8 020698 *0y095 | o Y1z ATIUT (RABILIIUNTY . ARBITTH) 02/06/1998 A hybrid between C. iredalei
and C, belcheri
NTal 040698 Sf096 9. avan (duuniy, A unpumion) 04/06/1998 5. forskali
NTa2 040698 S 097 9. fravan (thwunty, Aaduneunniow) 04/06/1998 S, forskali
NTa3 040698 S£ 058 v, vavn1 huwniy, fadunermiien) 04/06/1998 5. forskali
NTa4 040698 S£039 9. avan (Seniy, A uasumion) 04/06/1998 5. forskali
NTa5 040698 Sf 100 v. zaum (uuniy, Raduneummion) 04/06/1998 S. forskali
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Code of samples Location Date of Species
. collection

imeitda 1 S£101 v. ¥y amsAdy) 07/05/1999 S. forskali
imefiea 2 S 102 9. 30153 (n1zAT) 07/05/1999 8. forskali
iniida 3 Sf103 9. ¥ay? (ameidy) 07/05/1999 S. forskali
imzii¥a 4 *Qy 104 v ¥o5 (imzdgy) 07/05/1999 C. iredalei-like oyster
ime e s S£105 9. ¥ay3 (imedd) 07/05/1999 S. forskali
(T 6 Sf 106 v. ¥ays (nedd) 07/05/1999 8. forskali
innziea 7 Sf107 v. ¥ay3 amzEda) 07/05/1999 S, forskali
e g SF108 9, vy amzdd) 07/05/1999 5. forskali
e 9 Sf 109 0. ¥ayd (imeAse) 07/05/1999 S. forskali
imefds 10 Sf110 9. wou¥ (nedd) 07/05/1959 5. forskali
ImeAiYa 11 Sf111 9. ¥ayT (nzdd) 07/05/1999 8. forskali
imziH 12 Sf112 o wy3 (IMeA$) 07/05/1999 S. forskali
KSa8 210598 Sf113 v, funy? 21/05/1998 5. forskali
KSa 9 210598 *D 114 v, fumy3 21/05/1998 Dendostrea sp.
KSa 10 210598 *D 115 u, fumgs 21/05/1998 D. folium
KSall 210598 Sf116 o, fumy3 21/05/1998 S, forskati
KSa 12 210598 D117 v, funyd 21/05/1998 D. folium
KSal3 210598 Sf118 v. funyd 21/05/1998 S. forskali
KSa 14 210598 Sf119 0. fumys 21/05/1998 S. forskali
KSa 15 210598 sf120 v fumd 21/05/1998 S. forskali
BHa2 210598 *0y 121 9. 9uUNYT 21/05/1998 Saccostrea sp.-like oyster
BHa3 210598 *Qy 122 il w'nu? 21/05/1998 Saccostrea sp.-like oyster
BHa6 210598 Sf123 v fumys 21/05/1998 S. forskali
BHa7 210598 sf124 0. fumys 21/05/1998 5. forskali
BHag 210598 §f125 o fumys 21/05/1998 S, forskali
BHa9 210598 sf126 9 vuﬁqs 21/05/1998 8. forskali
KMa2 210598 sf127 0. §unys 21/05/1998 8. forskali
KMa3 210598 Sm 128 0. funys 21/05/1998 5. mytiloides
KMa4 210598 Sm 129 9. funys 21/05/1998 5. mytiloides
KMa$5 210598 Sf130 9. funys 21/05/1998 S. forskali
KSa5 210598 Sf 131 9. fumg 21/05/1998 S. forskali
KSa6 210598 Sf132 v dumys 21/05/1998 S. forskali
KSa A 210598 *D 133 v, Sunyd 21/05/1998 D. folium
KSaB 210598 Sf134 0. Junys 21/05/1998 8. forskali
NBa2 080498 Sm 135 2. gihn (@vie i) 08/04/1998 S, mytitoides
NBa4 0BD498 Sm 136 2. ifn (@i unai) 08/04/1998 S. mytifoides
NBa3 080498 §m 137 v. gifle (e unoiia 08/04/1998 5. mytiloides
NBa6 080498 §m 138 9. gifin (1o unauiu 08/04/1998 5. mytiloides
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Code of samples Location Date of Species
collection

KP1l 090199 Sm 139 B, ITUDY 09/01/1999 S, mytilotdes
KP2 090199 Sm 140 9. ITUN 059/01/199% 8. mytiloides
KP3 090199 Sm 141 9. IEHN 09/01/199% S. mytiloides
KP4 090199 Sm 142 9. I¥UN 09/01/1999 8. mytiloides
KB5S 090199 Sm 143 9. U 09/01/1999 5. mytiloides
KP6 090199 Sm 144 9. J¥UN 09/01/1999 S. mytiloides
S5a1 101299 Sm 145 2. AYNTMINT 10/12/1999 S mytiloides
88a2 101299 Sm 146 9. AYNIMING 10/12/1999 S. mytiloides
85a3 101299 Sm 147 9. AYNIMINT 10/12/1999 S. mytiloides
S8a4 101299 Sm 148 0. AYNIMINT 10/12/1999 5. mytiloides
8825 101299 Sm 149 . AYNIAMNT 10/12/1999 5. mytilpides
KP7 090199 8m 150 0. TEUD 09/01/1999 8. mytiloides
KP8 090199 Sm 151 2, TTUN 09/01/1999 5. mytiloides
KP 1} 090199 Sm 152 9. 38U 09/01/1999 S, myttloides
S8a7 101299 Sm 153 1. AYNIMIAS 10/12/1999 S, mytiloides
38a8 101299 Sm 154 o APNITNT 10/12/1999 S, mytiloides
85a10 101299 Sm 155 9, AYNIAIAT 10/12/1999 8. mytiloides
SSbé 101299 83156 9. YNIMIAT 10/12/1999 Succostrea sp. group 3
88b7 101299 83157 0, FYNIMIAY 10/12/1999 Suaecostrea sp. group 3
S5bg 101299 53158 9. WYNINIAT 10/12/1999 Saccostrea sp. group 3
SSb9 101299 83159 o, WYNIMINI 10/12/1699 Saccostrea sp. group 3
55b 10 101299 83 160 U, AYNTEIINT 10/12/199% Saccostrea sp. group 3
BTb2 070498 Cs 161 5. nazil (Aneetievie) 07/04/1998 Crassastrea sp.
BTh3 070498 Cs 162 2 ni:'ﬁ (AnBNiOYID) 07/04/1958 Crassostrea sp.
BTh4 070498 Cs 163 2. ﬂi:‘l-j (nnmu'tm'a) 07/04/1998 Crassostrea sp.
BTbS 070498 Cs 164 2. szl (Aoeviietie) 07/04/1998 Crassostrea sp.
BTb6 070498 Cs 165 1. N3zl (Aavatiene) 07/04/1998 Crassostrea sp.
BTb7 070498 Cs 166 t. nsedl (Raoniovie) 07/04/1998 Crassostrea sp.
BTbE 070498 Cs 167 2. n3xil (nasstierie) 07/04/1998 Crassostrea sp.
BTb9 070498 Cs 168 v. nizdl (nasariovie) 07/04/1998 Crassostrea sp.
BTb 11 070498 Cs 169 9. nizdl (navayeYie) 0710411998 Crassostrea sp.
KPal 040498 S1 170 9. qnﬂgfmﬁ gmgala) 04/04/1998 Saccostrea sp. group |
KPa3 040498 8171 1. g g imil amelsny) 04/04/1998 8. forskali
KPad 040498 8172 o, g il amlsw) 04/04/1998 S. forskali
KPas 040498 56173 v. qrwgind amzyliw) 04/04/1998 S. forskali
KPb7 040498 s1174 9. grgi sl 1zl 04/04/1998 Saccostrea sp. group |
KPb9 040498 51175 v qamgi il anelsw) 04/04/1998 Saccostrea sp. group 1
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Code of samples Location Date of Species
collection

KPb 10 040498 51176 1. ‘i‘[:‘mﬂ;ﬁ‘lﬁ R TERTT)] 04/04/1998 Saccostrea sp. group 1
KPb 11 040498 51177 9, ?(i'llm{lﬂﬁ (et 04/04/1998 Saccostrea sp. group 1
KPb 12 040498 51178 v gag il mizdsm) 04/04/1998 Saccastrea sp. group |
KPb 13 040498 81179 v. gmugimil gnzalsn) 04/04/1998 Saccostrea sp, group 1
KPb 14 040498 51180 v g el amzals) 04/04/£998 Saccostrea sp. group 1
KPb 16 040498 51181 9. iIﬂ\Jﬂ‘;ﬂﬁ amzdig 04/04/1998 Saccostrea sp. group !
EME B | 52 182 L FATTN] (lﬂ’lzﬂli‘tl) 09/05/1998 Saccostrea sp. group 2
MIENU B 2 52183 T TEUDY (e q'u) 05/05/1998 Saccostrea sp. group 2
NEMYU B 3 52184 1, TEUBY (INENLY) 09/05/199% Saccostrea sp. group 2
IMEM U B 4 52 185 1. T8 (IMH1D) 09/05/1998 Saccastrea sp. group 2
IMEHYB B § 52186 1. STHB (1EHYY) 09/05/1998 Saccostrea sp. group 2
IDIEHYU B 6 $2 187 1. SEUBL (IN1EHYY) 09/05/1998 Saccostrea sp. group 2
MU B 7 S2 188 0. IUD (I.ﬂlWH'LjU) 05/05/1998 Saccostrea sp. group 2
IMEMUB 8 s2189 2. 38UN (tmzmju) 09/05/1998 Saccostrea sp. group 2
mEmiuB 9 52 190 2. SEUBI (INEMLY) 09/05/1998 Saccostrea sp. group 2
Aust 1 Scom OF dszmasemanie 25/10/1998 8. commercialis
Aust 1 Scom 02 szmmsemasidy 25/10/1998 8. commercialis
Aust ) Scom 03 Uszmanemngidey 25/10/1598 . commercialis
Aust 1 Scom 04 Uszmmasan iy 25/10/1998 S. commercialis
Aust 1 Scom 05 C stineeanaidy 25/10/1998 5. commereialis
Aust ] Scom 06 Uszinmeamandy 25/10/1998 5. commercialis
Aust 1 Scom 07 Uszinmosennndy 251071998 5. commercialis
Aust 1 Scom 08 dszmmooznnde 25/10/1998 S. commercialis
Aust | Scom 09 UszmAnamnnde 25/10/1998 S, commercialis
Aust 1 Scom 10 Uszmmesmn @y 25/10/1998 8. commercialis
Aust 1 Scom 11 Uszmmsemnndy 25/10/1998 S. commercialis
Aust 1 Scom 12 Uszimmeomnsida 25/10/1998 S, commercialis
GM1 Pv 0l 9. yay¥ 04/06/1999 P. viridis
GM2 Pv 02 v ¥mf3 04/06/1999 P. viridis
GM 3 Pv (3 0. woyd 04/06/1999 P. viridis
GM 4 Pv o4 2. ¥oy3 04/06/1999 P. viridis
GM S Pv 05 9. ¥03 04/06/1959 P. viridis
GM 6 Pv 06 o. ¥0y3 04/06/1999 P. viridis
GM 7 PvO7 v. 3ay3 04/06/1999 P. viridis
aGM 8 Pv 08 . yai 04/06/1999 P. viridis
GM 9 Py 03 5. a3 04/06/1999 P. viridis
GM 10 Pv 10 9. ¥o13 04/06/1999 P, viridis
GM 11 Pvil 9. ¥ay3 04/06/1999 P, viridis
GM 12 Pv12 v. yan3 04/06/1999 P. viridis

* These specimens were not included in data analysis.
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AANUIN 2

Genetic distances between pairs of mtDNA coemposite haplotypes
Pairwise genetic distances of 54 composite haplotypes generated from digestion of 16S rDNA
with AcsI, Alul,Ddel, Dral, Tag I and Rsa I, 185 rDNA with Hinf I and COI with Acs I,

Dde I and Mbo
54
I

II 0.00407275772

m 0.00394177006  0.00836845962

v 0.05924648373  0.05167653480  0.04927199018

v 0.05167653480  0.04478630881  0.04283566641  0.00394177006

V1 0.04854313886  0.04695925129  0.03993325417  0.01009182394  0.00560528503

vil 0.11567399756  0.11386946520  0.11746185402  0.09565325933  0.09408019036  0.08269876958
VHI 0.11567399756  0.11386946520  0.11746185402  0.08718672935  0.08569894173  0.08269876958
0.00827704939

X 0.10556297276  0.10389142492  0.10722204868  0.08866576272  0.08718672935  0.07698391337
0.00389039543  0.00389039543

X 0.12838747010  0.12641586449  0.13033832340  0.09408019036  0.09249637804  0.08929815659
0.00401857789  0.00401857789  0.00827704939

Xl 012803070312 0.12600564307  0.13003285403  0.09292492100  0.09128506125  0.08796847970
0.0085854664%9  0.00858546649  0.01287216774  0.00454351294

XII 0.10766599028  0.09742602656  0.10911450333  0.08543801033  0.07815249610  0.08847655917
0.07587404258  0.06840670137  0.07000422817  0.07418632834  0.07331468444

XIII 0.09455210586  0.08434723685  0.09616639338  0.07307686613  (.06571969232  0.07540325218
0.07065741688  0.06336108349  0.06499844980  0.06892807389  0.06388645441  0.00457082428

Xiv 0.08564908434  0.07505685013  0.08743894477  0.07156037851  0.06400553149  0.07386953067
0.08434723685  0.07687983564  0.07834706561  0.08279401776  0.07331468444  0.01177770727
0.00457082428

Xv 0.11989527924  0.10874835413  0.13322504887  0.08906217885  0.08219110923  0.05206739823
0.05727722185  0.06285165210  0.06428660120  0.0559008072%  0.05439809470  0.03113634839
0.03225610541  0.04127528678

XVI 0.10296610637  0.09128506125  0.11686393489  0.07168192170  0.06437824487  0.07391886782
0.05582981677 0.06153388493  0.06302181404  0.05439809470  0.05293539332  0.03962772419
0.04127528678  0.06199690063  0.00440262882

XVII  0.11746185402  0.103891424592  0.13417809767  0.07463897318  0.07329898399  (.08420280067
(.04892249493  0.05355824862  0.05486856254  (0.04766139926  0.04599037039  0.04259430443
0.04422427692  0.06590897403 001637833850  0.01116590242

XVIII  0.09079217658  0.08875517364  0.10567306417  0.08702992488  0.08519016428  (.07253210705
0.03953291877  0.04762358458  0.04463144104  0.04221625958  0.03232720033  0.07953109278
0.06121335831  0.05560976832  0.06655099212  0.05019396097  0.04069934289

XIX 0.10852109745  0.09449251210  0.12575272174  0.07307686613  0.07168192170  0.08279401776
0.07224188531  0.07698380129  0.07797140722  0.07131300277  0.06840552043  0.06302075154
0.06590897403  0.04887378693  (.02552231742  0.01763916184  0.00427021893  0.03109258595

XX 0.09721539982  0.09565329933  0.10886613580  0.05013569683  (0.08866576272  0.10389142492
0.04854555665  0.05369248905  0.05514490778  0.04714086951  0.04593842213  0.04356%61574
0.04083594284  0.04778736198  0.03101562789  0.03820679301  0.02459751784  0.04186483483
0.03406210097

Xx1 0.09292492100  0.08279401776  0.09455210586  0.07168192170  0.06437824487  0.07391886782
0.07722165126  0.06892807389  0.07065741688  0.07538695092  0.07042027815  0.00881446137
0.00407275772  0.00881446137  0.03512016764  0.04435070258  0.04730585802  0.06649535451
0.06940160307  0.04453285734

XXII  0.08620926843  0.07587404258  0.08794996257  0.07307686613  0.06571969232  0.07540325218
007676676875  0.06947043535  0.07101593171  0.07513214439  0.06830504571  0.02184072119
0.01048475859  0.00457082428  0.05189252385  (.06495424810  0.06878532637  0.05618644669
0.05093714186  0.05476658257  0.01472134065

XXI1  0.07822015948  0.07625322738  0.09079217658  0.08519016428  0.07432994201  0.06303174761
0.04637086917  0.05579534504  0.05217767607  0.04957365445  0.03970403643  0.07815520719
0.05957101524  0.05383184366  0.06097789767  0.04420892198  0.05714720402  (.02288182411
0.04778741486  0.05347577225  0.06477180319  0.05446169524

XXV 0.09079217658  0.08875517364  0.10567306417  0.08702592488  0.08519016428  0.07233210705
0.03953291877  0.04762358458  0.04463144104  0.04221625958  0.03232720033  0.08669199119
0.06820100917  0.06277066673  0.06199690063  0.04552788363  0.04463144104  0.00290333118
0.03511981551  (.04583636878  0.07432994201  0.06317409756  0.01868830392

XXV 0.09922929607  0.08460089625  0.10140695245  0.06649535451  0.05791357813  0.0688802938R8
0.06570198051  0.07232299263  0.07386953067  0.06421756806  0.05455650611  0.03919497451
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0.02127505185  0.01445582700  0.05204880320  0.03476859671  0.03836630670  0.03586891093
0.02838099862  0.04762358458  0.02701614231  0.01608057652  0.0340476220%  0.04169663930
XXVI 010442850333  0.09024872842  (.10647070864  0.07540615312  0.06717896964
0.06745804148  0.07391886782  0.07540325218  0.06603891885  0.05581855504  (.02127505185
0.01360215613  0.00910475433  0.030899542998  0.05204880320  0.05619247149  (.04006681271
0.03836630670  0.03548589920  0.01507408078  0.01360215613  0.03836604273  0.04574511213
0.00529877203

XXVII 0.08564908434 008384039865  0.09791101916  0.09791101916  0.09602693131
0.03138523603  0.03993325417  (.03689398434  0.03407034867  0.02853934559  0.06121335831
0.05283870403  0.06121335831  0.05057569639  0.04369489660  (1.03274953874  0.01076939071
0.04463144104  0.02661191489  0.05785993786  0.06223865961  0.01944332050  (.01393934702
0.04006681271  0.04624576292

XXVIIL 0.08016325266  0.07822015948  0.09280421501  0.11062018354  0.1085815979%4
0.04342450550  0.05217767607  0.04887378693  0.04637086917  0.03658567515  0.08669199119
0.06820100917  0.06277066673  0.07697777878  0.06087714403  0.04887378693  0.00921948941
003946479879  0.04186483483  0.074329%94201  0.06317409756  0.01868830392  0.01267402033
0.04169663930  0.04574511213  0.00777978776

XXIX 007505685013  0.07331468444  0.0B564908434  0.10848796444  0.09412257251
0.03846%41996  0.04854313886  0.04478630881  0.04174477654  0.03631263106  0.05957101524
0.05110178273  0.05957101524  0.04915171488  0.04212430092  0.04478630881  0.01944332050
0.05714720402  0.03685398434  0.05603801110  0.06065213759  0.01797654985  0.02324877726
0.03836604273 0.04469296082 0.00733437786  0.00941238846

XXX 0.08018423943  0.07069905031  0.08186031401  0.06692123205  0.05915598986
0.06597656867  0.05924648373  0.06084058562  0.06430350805  0.05966129228  0.01689858432
0.00979448683  0.01689858432  0.04350814818  0.03708564726  0.03968618365  0.05259125494
0.05136413423  (0.04569899871  0.01446497685  0.01850742086  0.03975650886  0.05910704876
0.02089978231  (0.02734313002  0.03569883607  0.04670551445  0.0340578519%

XXX1 0.09292492100 0.08279401776  0.10469046406  0.07834706561  0.07028013477
0.04962574627  0.05532981443  (.05691246218  0.04809632230  0.04246939239  0.02587829024
0.02073665310  0.02587829024  0.01977417380  0.02863932794  0.03178338460  0.03302960808
0.05351532169  0.02227807574 002325274060  0.03138523603  0.02838099862  0.04269568541
0.02338264888  (.01553067396  0.02198670351  0.03372727294  (.02053478712  0.01770784525
XXXII 0.08384039869  0.07331468444  0.09602693131  0.06906124786  0.06065213759
0.04854313886  0.05438301817  0.05601755292  0.04695925129  0.04165639031  0.03372727294
0.02587829024  0.03372727294  0.02863932794  0.02111161185  0.02404697278  0.03174737580
0.03591012393  0.02890818132  0.02853934959  0.03542864511  0.02174397753  0.03653108535
0.01649980961  0.02338264888  0.01776920701  0.02733657845  0.01621070110  0.01352235995
0.00471546897

XXXIII 0.09602693131  0.08384039869  0.11048039276  0.078459165013  0.07678251892
0.03993325417  0.04478630881  0.04629205167  0.03846541996  0.03304571530  0.04417812247
0.03620587534  0.04417812247  0.03717462362  0.0299721980%  0.02198886934  0.02886927818
0.03361658260  0.02661191485%  0.03960098876  (.04560583092  0.03174737580  0.03332198832
0.02579136390  0.03232720033  0.01556542275  0.01730822841  0.01776920701  0.02236712224
0.01180231027  0.00733437786

XXXIV 0.09455210586  0.08434723683  0.09616639338  0.08742244635  0.07834706561
0.07065741688  0.06336108349  0.06499844980  0.0689280738%  0.06388645441  0.01011676946
0.00541796183  0.01011676946  0.04134352854 (105057569639  0.05341035777  0.06121335831
0.07530704136  0.04615325028  0.01009182394  0.01590272041  0.05957101524  0.06820100517
0.02838099862  0.02053478712  0.05283870403  0.06820100917  (.05110178273  (.01578595472
0.02928467123  0.03463146081  0.04673563458

XXXV 0.09634762663  0.09449291210  0.11046793675  0.07920601554  0.07754731606
0.04730585802  0.05204777400  0.05341035777  0.04599037039  0.03846941996  0.06400553149
0.05167653480  0.05613559016  (0.05623803100  0.04572264175  0.03641860480  0.03009290389
0.04295133884  0.03759571544  0.05601755292  0.05737685488  0.032520283806  0.03443788718
0.03601022467  0.04275136049  0.02342944598  0.03009250389  0.03463146081  0.04442689123
0.03138523603  0.02587825024  0.02342944598  (.05763876419

XXXVI 0.08240730519  0.08085732049  0.09247120423  0.0765188553%  0.07505071627
0.05761513936  0.04872792069  0.04988637397  0.05635805458  0.05486856234  0.06465819132
0.05747574623  0.06465819132  0.06270617840  0.05514490778  0.03860501190  0.04980232272
0.04215841140  0.04470002630  0.06137627590  0.06644622918  0.05340131358  0.05480215146
005737685488  0.06747124098  0.04089952103  0.04521634493  0.04883864854  0.04813679935
0.05143815764  0.04399699066  0.03676348869  0.06273087166  (.0133471648%

XXXVII 0.08159471391  0.07999824672  0.09188751136  0.07559086722  0.07407703180
0.05617456209  0.04709414301  0.04830075998  0.05486836254  0.05341035777  0.06285594896
0.05611720840  0.06289594896  0.06137627550  0.05415595599  0.03753452361  0.0484254%664
0.04089952103  0.03888983161  0.06008429002  0.06465819132  0.05208683882  0.05353982527
0.05613559016  0.06571969232  0.03968618365  0.04373449645  0.04778736198  0.04711596330
0.04992532469  0.042835660641 0.03545755357  0.06148740957  0.01205559239  0.00380118457

0.07818025388

0.08201282656

0.09188602485

0.08016634232

0.06506124786

0.08123087651

0.07155610443

0.09215655547

0.08279401776

0.08267737183

0.07929608282

0.07838887476
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XXXVIII0.08794996257  0.08620926843  0.09959982603  0.07316406045  0.07159052026  0.07587404258
0.05341035777  0.04422427692  0.04548477641  0.05204777400  0.04478630881  0.05983476556
0.04778736198  0.05208683882  0.06220821236  0.05199237176  0.04139073677  0.03594376186
0.0479374525%  0.04260527770  0.05167653480  0.05340131358  0.03915121085  0.04070149216
0.04267809486  0.04515134363  0.02883422221  0.03594376186  0.04122395894  0.04084616460
0.03689398434  0.03160389002  0.02883422221  0.03322551732  0.00394177006  0.00918541835
0.00782260777

XXXIX 0.08240730519  0.08085732049  (0.09247120423  0.07651885539  0.07505071627  0.07929608282
0.05761513936  0.04872792069  0.04988637397  0.05635805458  0.05486856254  0.06465819132
0.05747574623  0.06465815132  0.06270617840  0.05514490778  0.04345441280  0.04980232272
0.04830075998  0.04470002630  0.06137627590  0.06644622918  0.05340131358  0.05480215146
0.05737685488  0.06747124098  0.04089952103  0.04521634493  0.04883864854  0.04813679935
0.05143815764  0.04399695066  0.03676348869  0.06273087166  0.01334716489  0.00512834904
0.00380118457  0.00918541835

XL 0.09292492100  0.08279401776  0.09455210586  0.06571969232  (.05904889066  0.06745804148
0.06170918659  0.05532981443  0.05691246218  0.06004421185  0.05470634378  0.00881446137
0.00407275772  0.00881446137  0.02686202840  0.03589594098  0.03895359602  0.05337886846
0.06085358494  0.03447812483  0.00867115460  0.01472134065  0.05178210485  0.05957101524
0.01680382058  0.00911495711  0.04505824747  0.05957101524  0.04336513467  0.01446497685
0.01543876296 (1.02053478712 0.03007736932  0.010091823%4  0.04478630881  0.05143815764
0.04992532469  0.04138977000  0.05143815764

XLI 0.08384039869  0.07331468444  0.08564908434  0.06400553149  0,05714720402  0.06570198051
0.07540325218  0.06887199021  0.07028013477  0.07391886782  0.06406280627  0.01624384172
0.00881446137  0.00427305728  0.03589594098  0.05682328808  0.06085358494  0.04748359234
0.04342450550  0.04138977000  0.01360215613  0.00881446137  0.04574511213  0.05383184366
0.00974935970  0.00442724683  0.05337886846  0.05383184366  0.05178210485  0.02179303993
0.02053478712  0.02838099862  0.03302960806  (.01497798519  0.04915134363  0.05859284069
0.05666604882  0.04560583092  0.05859284069  (1.00471946897

XLII 0.08016325266  0.07822015948  0.08208280551  0.06284089633  0.07610908518  0.06477180319
0.10211843291  0.11446656903  0.10389687265  0.11255437771  0.10442377141  0.10410236501
0.08519016428  0.08018104055  0.11649174895  0.10136276520  0.10389687265  0.07714529380
0.09581908820  0.10565894590  0.08332947948  0.08016325266  0.07504966202  0.07714529380
0.08391129193  0.08687733777  (.08018104055  0.08831467148  0.08898986353  0.08408793291
0.09386449364  0.08898986353  0.10415242711  0.08519016428  0.09079217658 (109999582603
0.09977256110  0.09280421501  0.09999982603  0.08332947948  0.07818926078

XLII  0.08215168990  0.08027856561  0.08400353847  0.05915598586  0.07069905031  0.06065213759
0.08050894834  0.09064730654  0.08233601098  0.08870352451  0.10211843291  0.10736561256
0.09518687151  0.08702992488  0.11966229623  0.10389687265  0.10640046608  (.08214712253
0.09791101916  0.10809362354  0.09351902567  (.08743894477  0.07087481074  (.08214712253
0.08898986353  0.09386449364  0.08702092488  0.09313002982  0.09581908820  0.09064746384
0.10389687265  0.09581908820  0.11062018354  0.09518687151  0.08743894477  0.09188751136
(0.09138084425  0.0892100718%  0.09188751136  0.09351902567  0.08519016428  0.00909816981

XLIV ~ 0.09408019036  0.09249637804  0.10556297276¢  0.09565329933  0.09408019036  0.09090222458
0.03234132078  0.02814220728  0.02558285467  0.03084282032  0.0258628324C  0.0618069405¢
0.05691246218  0.07028013477  0.05076260972  0.04962574627  0.03825689615 (104762358458
0.05189252385  0.03480222545  0.06170%18659  0.06302181404  0.06119663424  0.05217767607
0.06570198051  0.06745804148  0.03548585920  0.04762358458  0.04327043226  0.05322551732
0.04447566075  0.04327043226  0.03548589920  0.05691246218  0.04730585802  0.04220472602
0.04086277489  0.04422427692  0.04220472602  0.04962574627  0.06303211090  0.11446656903
0.11686393489

XLV 0.09565329933  0.09408015036  0.10722204868  0.09721539982  0.09565329933  0.09249637804
0.03383107434  0.02566580329  0.03101562789  0.02814220728  0.02711460802  0.06333908427
0.05848364749  (.07168192170  0.05223159592  0.05114573007  0.03956210993  0.04887378693
0.05302213151  (.03617187424  0.06336108345  0.06450112940  0.06260446273  0.05347577225
0.06717896964  0.06887199021  (.03689398434  0.04887378693  0.04478630881  0.05476241974
0.04593842213  0.04478630881  0.03689398434  0.05848364749  0.04861865388  0.04345441280
0.04215841140  0.04548477641  0.04345441280  0.05114573007  0.06437824487  0.11635790578
0.11868436755  0.00389039543

XLVI  0.10389142492  0.10220644514  0.11746185402  0.09565329933  0.0940801%036  (.09050222458
0.03234132078  0.02814220728  0.02958285467  0.03084282032  0.02986283240  0.06180654050
0.05691246218  0.07028013477  0.05076260972  0.04962574627  0.03825689615  0.04762358458
0.05189252385  0.03480222545  0.0617091865%  0.06302181404  0.06119665424  0.05217767607
0.06570198051  0.06745804148  0.03548589920  0.04762358458  0.04327043226  0.05322551732
0.04447566075  0.04327043226  0.03548589920  0.05691246218  0.04730585802  0.04220472602
0.04086277489  0.04422427692  0.04220472602  0.04962574627  0.06303211090  0.11446656903
0.11686393489  0.00259879201  0.00667736791

XLVII 0.09412257251  0.09219655547  0.10848796444  0.08564908434  0.0838403986%  0.07155610443
0.02625637102  0.03407034867  0.03138523603  0.02863832647  0.02288122768  0.06649535451
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0.05785993786  0.06649535451  0.04435070258  0.03720619075  0.03548589920  0.01944332050
0.04762358458  0.03274933874  0.06360903925  0.06741029272  0.01115407823  0.01588667818
0.04398860631  0.05017257836  0.00733437786  0.01588667818  0.01621070110  0.,03924534258
0.02438474001  0.02015630281  0.01776920701  0.05785993786  0.02198670351  0.03955644237
0.03829419658  0.02736154413  0.03955644237  0.04934745006  0.05791397813  0.07818926078
0.07610908518  0.03846941996  0.03993325417  0.03846941996

XLVII 0.09602693131  0.09412257251  0.11048059276  0.09791i01916  0.09602693131
0.02758485837  0.03548589920 003274953874  0.03001465836  0.02438474001  0.07610908518
0.06738256334  0.07610908518  0.05057569639  0.04369489660  0.04138977000  0.02474219995
0.05347577225  (.03829419658  0.07429004383  0.07678251892  0.01255088520  0.02089978231
0.05203421293  0.05791397813  0.01206076128  0.01393934702  0.01405732705  0.04668032522
0.03007736932  0.02605882362  0.01556542275  0.06738256334  0.02736154413  0.04089952103
0.03968618365  0.03311868229  0.04089952103  0.05785993786  0.06649535451  0.09107349152
0.08702992488  0.03993325417  0.04138977000  0.03993325417  0.00427305728

XLIX  0.09412257251  0.09219655547  0.10848796444  0.07678251892  (.07505685013
0.02275804531 003407034867  0.02758485837  0.02863832647  0.02288122768  (.05957101524
0.05110178273  0.05957101524  0.04435070258  0.03720619075  0.02758485837  (0.01255088520
0.03953291877  0.03274953874  0.05603801110  0.06065213759  0.02579136390  0.01588667818
0.03836604273 004469296082  0.01405732705  0.02324877726  0.02441537763  0.04494245770
0.02853934959  0.02441537763  0.0217564884%  0.05110178273  0.02198670351  0.03955644237
0.03829419658  0.02736154413  0.03955644237  0.04336513467  0.05178210485  0.07818926078
0.07610908518  0.03407034867  0.03548589920  0.03407034867  (.01253745911  0.01776920701
L 0.09412257251  0.09219655547  0.10848796444  (.08564908434  (.08384039869
0.02275804531  0.03407034867  0.02758485837  0.02863832647  0.02288122768  0.06649535451
0.05785993786  0.06649535451  0.04915171488  0.04212430092  0.03138523603  0.01588667818
0.04342450550  0.03689398434  0.06360503925  0.06741029272  0.03015903038  0.01944332050
0.04398860681  0.05017257836  0.01776920701  0.01944332050  0.02015690281  0.05125013679
0.0330457153¢  0.02903440249  0.01776920701  0.05785993786  0.02587829024  0.03955644237
003829419658  0.03160389002  0.03955644237  0.04934745006  0.05791397813  (.08898986353
0.08519016428  0.03407034867  0.03548589920  0.03407034867  0.01621070110  0.01405732705
0.00285867891

LI 0.10647070864  0.10442850333  0.12399413413  0.07678251892  0.07505685013
0.02625637102  0.03407034867  0.03138523603  0.02863832647  0.02288122768  0.05957101524
0.05110178273  0.05957101524  0.04435070258  0.0372061%075  0.02758485837  0.01255088520
0.03953291877  0.03274953874  0.05603801110  0.06065213759  0.02174397753  0.01588667818
0.03836604273  0.04469296082  0.01405732705  0.02324877726  (.02441537763  0.04494245770
0.02853934959  0.02441537763  0.02175648849  0.05110178273  (.02198670351  0.03955644237
0.03829419658  0.02736154413  0.03955644237  0.04336513467  0.05178210485  0.07818526078
0.07610908518  0.03407034867  0.03548589920  0.03407034867  0.01253745911  0.01405732703
0.00285867891  0.00588554928

LII 0.10488116820  0.10324947952  0.10650128862  0.09681021092  0.09528558815
0.03843626928  0.04254206915  0.04385028434  0.03717563837  0.03563504976  (.06947043535
006417347128  (.07840260833  0.05194420680  0.05076260972  0.04385028434  0.04974848105
0.05829464130  (.0284978680%  0.06962624808  0.07996299676  0.04855932071  0.04974848105
0.06168191643  (0.06361159596  0.02913085804  0.04564781789  0.03978629590  0.05415595599%
0.04114678713  0.03978629990  0.03685059901  0.06417347128  0.04075722388  0.04773816837
0.04645631481  0.04588511582  0.03852039822  0.05633703997  0.07060454121  (.10296610637
0.09565329933  0.04189047820  0.04332691693  0.04189047820  0.02785727535  0.03284424416
0.03548553259  0.03978629990  0.03548953259

LI 0.10488116820  0.10324947952  0.10650128862  0.09681021092  0.09528958815
0.04524938371  0.04935518358  0.05056393724  0.04409120564  0.04224988669  0.07840260833
0,07059085039  0.07840260833  0.05875732122  0.05727722185  0.05056393724  0.04974848105
0.05829464130  0.03348270498  0.07614086021  0.07996299676  0.04855932071  0.04974848105
0.06168191643  0.06361159596  0.03524024990  0.0456478178%  0.04599037039  (.06008429002
0.04766139926  0.0459903703%  0.04296035087  0.0705908503%  0.04075722388  0.04773816837
0.04645631481  0.04588511582  0.03852039822  0.06285165210  0.07060454121  0,10296610637
0.09565329933  (.04702301397  0.04838452517  0.04702301397  0.03406134585  0.03895359602
0.04169360309  0.04599037039  0.04169360309  0.00258458578

LIV 0.13012144128

0.11889259457
0.13012144128
0.10874835413
0.11177600742
0.10741013730
0.11333363872
0.11817187342
0.09692715217

0.11889259457
0.12861415986
0.11205963427
0.11365472182
0.10532907786
0.10170279604
0.10950821982
0.10532907786

0.12855627254

0.12027361726
0.10850821982
0.14292377721
0.10673218568
0.11667344886
0.11526741362
0.12027361726
0.09692715217

0.14634217772

0.11750836831
0.10741013730
0.13012144128
0.11492945835
0.13012144128
0.11701619019
0.10950821982
0.11161552033

0.11008404468

0.11556926276
0.11078423350
0.09466475777
0.11516753526
0.10045477676
0.11516753526
0.09692715217
0.11161552033

0.10874835413

0.12861415986
0.10474572944
0.10474572944
0.13183576706
0.11526741362
0.12716140621
0.10673218968

0.08201282656

0.06406280627

0.07155610443

0.06406280627

0.09222217228

0.09222217228

0.10607019591



124

MANUIN 3
Publications

1, Klinbunga, S., Ampayup, P., Tassanakajon, A., Jarayabhand, P. and Yoosukh, W. (2000). Development
of species-specific markers of the tropical oyster (Crassostrea belcheri) in Thailand. Mar. Biotechnol. 2:

476-484.

2. Klinbunga, 8., Ampayup, P., Tassanakajon, A., Jarayabhand, P. and Yoosukh, W. (2001). Genetic
diversity and molecular markers of commercial oysters (Genera Crassostrea, Saccostrea and Striostrea) in

Thailand determined by RAPD analysis. Marine Biotechnol. 3: (in press).

3. Ampayup, P., Tassanakajon, A., Klinbunga, S. and Yoosukh, W. (1999). Identification of species-
specific markers in Thai oysters (genera Crassostrea and Saccostrea) using RAPD analysis. 25" Congress

on Science and Technology of Thailand. p. 714-715.

4, Ampayup, P.., Klinbunga, S., Tassanakajon, A., Jarayabhand, P. and Yoosukh, W. (2000). Genetic
variation and species-specific markers of cupped oysters oysters (Genera Crassostrea, Saccostrea and

Striostrea) in Thailand. 26" Congress on Science and Technology of Thailand. p.389.

5. Khamnamtong, N., Klinbunga, S., Tassanakajon, A., Jarayabhand, P. and Yoosukh, W. (2000).
Molecular genetic markers for taxonomy of cupped oysters (Genera Crassostrea, Saccostrea and

Striostrea) in Thailand. 26" Congress on Science and Technology of Thailand. p. 390.

6. Klinbunga, S., Amparyup, P., Tassanakajon, A, Jarayabhand, P. and Yoosukh, W. (2001). Applied
molecular techniques for evolutionary studies of oysters in Thailand. In: Molecular Evolution: Technical

Approaches. 19-23 March 2001, Chulalongkorn University, pp 21.1-21.9.



QX

- - A A

o pL\C@«TE

Mar, Biosechnol. 3, 030-009, 2001
DOL: 10.1902/:101265000057

ARINE
EIAOTECHNOLOGY

© 2091 Ypcingar-Varlsg Hew Yorkinc.

I et Thate

Genetic Diversity and Molecular Markers of Cupped
QOysters (Genera Crassostrea, Saccostrea, and Striostrea)
In Thailand Revealed by Randomly Amplified -
Polymorphic DNA Analysis

§. Klinbunga,** P, Ampayup,® A. Tassanakajon,? P. Jarayabhand,™* and W. Yoosukh®

'Marine Biotechnology Research Unif, National Center for Genetic Enginecring and Biotechnology (BIOTEC), National -
Science and Technology Duvelopment Agency (NSTDA), Bangkok 10400, Thailand i
*Department of Biochemistry, Faculty of Science, and Aquatic Resources Research Institute, Chulalongkorn University, :
Bargkok 10330, Thailand

*Angsila Marine Bivlogical Researck Station, Department of Marine Scicrice, Faculty of Science, Chulalongkarn University,
Chonburi 20210, Thatland
*Department of Marine Science, Facuity of Fisheries, Kasetsart University, Banglok 10900, Thailand

Abstract: Genetic diversity ad species-diagnostic markers of 5 oysters in Thatland, Crassostrea belcheri (Sowerby,
1871}, Crassostrea iredalei (Faustino, 1932), Saccostrea cucullata (Barn, 1778), Saccostrea forskali (Gmelin, 1791),
and Striastrea (Parastriostrea) mytiloides (Lamazck, 1819), were investigated by randomly amplified polymor-
piic DNA (RAPD) analysis. In a total, 135, 127, and 108 genotypes were observed from primers OPAQS,
OPBOL, and OPBOB {Operon Technologies Inc, kits A and B), and 131 and 122 genotypes from primers
LBC210 and UBC220 (University of British Columbia), respectively. Two hundred fifty-four reproducible and 3
pelymorphic fragments (200-250C bp in length) were generated zcross the 5 investigated species. The average i
number of bands per primer varied between 12.4 and 32.2. The percentage of polymorphic bands within
Crasssstrea (53.23%-77.67%) was lower than that within Saccostrea and Strivsirea oysters (86.21%-99.36%). )
Nine, species-specific markers were found in C. belchert, 4 in C, iredalei, and 2 in 5. cucullata. The mean of 2 RRFE
ratio between the nutmber of genotypes generated by each primer and the number of investigated specimens of '
C. belcheri (0.58) was lower than that of the remaining species (0.90-1.60). Genetic distances between pairs of
ayster samples were between 0,105 and 0.811. A neighbor-joining tree indicated distant relationships between
Crassostrea and Succastrea oysters, but claser relationships were observed between the latter wud Striostrea
mytiloides,

Key words: genetic diversity, species-specific markers, RAPD, PCR, oysters,

INTRODUCTION near-shore, shallow water, bay, and estuary locations
' {Hedgecock, 1995). Primarily on the basis of morphology, 5
oyster species of genera Crassostrea, Saccostrea, and Stri- e
ostrea—Crassostrea belcheri (Sowerby, 1871), Crassostrea bt
f"f"ind fune & m:m '““’,M:fl’::; "‘Rfrd Gt oo Avuatic R iredalei (Faustino, 1932), Saccostrea cucullata (Born, 1778), .
Rﬁ:ﬂ:ﬁ,ﬂ,ﬁ:ﬁ; L::,-m‘-mi"‘m mm'.'l;:m;t:n; “,:,kar:z Saccostrea forskali (Gmelin, 1791), and Striostrea (Parastri- e
2-2185279; fax +66-3-2547680; e-mail sirawwt@bivtec.or.dh . ostrea) mytilpides (Lamarck, 1819)—have been recognized

Oysters are widely distributed throughout tropical and sub-
tropical areas, They are benthic marine species inhabiting
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in Thai waters (Yoosukh, 1983; Yoasukh and Duangdee,
1999).

Oysters have been cultured in Thailand for at least 50
years. Among local oysters, only C. belcheri, C. iredalei, and
Szccostrea cucullata are being cultured commercially (Jaray-
abhand and Thavornyutikarn, 1995). The praduction of
these oysters was estimated to be approximately 1500 tons
annually between 1986 and 1990 (Department of Fisheries,
1953a}, The annual production of cultivated oysters in
Thailas,d had been limited mainly by the lack of appropriate
growing-sut techniques 2nd the limitation and seasonal in-
caonsistency of seed supply (Jarayabhand et al., 1994).

Farming of oysters in Thailand has developed rapidly
during the last few years, Although oyster production from
aquaculture has increased to approximately 20,000 tons an-
nually since 1994, it still accounts for only 35% of the total
production (Department of Fisheries, 1998). Moreover,
oyster seeds are collected entirely from nature, resulting in
overexploitation of natural populations at different stages of
development (Jarayabhand et al., 1994},

Laboratory scale production of Saccostrea cucullata and
large-scale hatcheries of C. belcheri have been successfully
developed (Jarayabhand et al., 1985; Sahavachrin et al.,
1988). These provide opportunities to develop selective
breeding programs for increasing the cuiture and manage-
ment efficisncy of Thai oysters, particularly C. belcheri, C.
iredalei, and Saccostrea cucullata. :

Knowledge of genetic variation of commercial oysters
in Thailand is important for the construction of appropriate
breeding programs and management of these species. How-
ever, relatively little is known about interspecific and intra-
specific genetic variability of oysters in Thailand, Moreover,
genetic markers that would assist selection of appropriate
broodstack species for aquaculture production should be
identified and studies of larval distribution patterns and
recruitment of Thai oycters should also be carried out. This
irformation would enhance aquaculture output without
adversely affecting native populations, leading to sustain-
able farming of these taxa (Hedgecock, 1995).

At present, taxonomic identification of oysters in Thai
weters remains unclear, limiting culture efficiency and de-
velopment of closed lifs-cycle culture of these species. These
oysters have been classified principally using morphological
characters, However, oysters are variable in form. Their
external characteristics (e.g., shell morphology) are infiu-
enced by a variety of habitats and environmental conditions
{Tack et al,, 1992). Accordingly, two sympatric species may
be morphologleally similar and misidentified as a single

species. Conversely, allopatric populations in different habi-
tats may show ecomorphological variation and have ques-
tionable species status. Species-specific markers are thus re-
quired to unambiguously identify the correct species of
commercial oysters in Thailand at various stages (larvae,
seed, and broodstock) of the fife cycle.

Randomly amplified polymorphic DNA (RAPD) analy-
sis is a simple and rapid technique for population genetic
studies {Hadrys et al,, 1992}, It has been used to determine
genetic diversity and identify useful genetic markers at dif-
ferent taxonomic levels of various marine organisms {Gar-
cia et al., 1994; Patwary et al, 1994; Tyler-Walters and
Hawkins, 1995; Tassanakajon et al., 1997, 1998; Heipel et
al, 1998; Klinbunga et al,, 2000). RAPD analysis uses a .
random oligonucleotide primer (usually 10 bases long), ob-
viating the need for knowledge of the sequences of the
genomic under investigation (Welsk and McClelland, 1990;
Williams et al., 1990). Moreover, an unlimited number of
RAPD primers can be screened for desired molecular mark-
ers within a short time. These make RAPD analysis ideal for
searching for useful genetic markers in various species
{Weising et al,, 1995).

The objectives of this study are to determine genetic
diversity levels of local oysters in Thailand and to identify
species-specific RAPD markers of 3 commercially cultured
species, for which no data are available at present. The
knowledge obtained can be applied to the identification of
seed and broodstock of C. belcheri, C. fredalei, and Sac-
costrea cucullata to ensure sustainable culture of these oys-
ters in Thailand.

MATERIALS AND METHODS

Sampling

One hundred thirty-six individual oysters were collected
gver their geopraphic ranges in Thailand. They are C.
belcheri (N = 20), C. iredalei (N = 20), Saccostrea cucullata

(N = 26), Saccostrea forskali (N = 47), and Sirfostrea myt- @ @
=

iloides (N = 23) (Table ) and Figure 1) according to Vaught
(1989) and Yoosukh and Duangdee (1999).

The Australian oyster Saccostrea commercialis (N = 12)
was also collected from Brisbane, Australia, and included as
an ingroup reference for oysters of the genus Saccosired.
Specimens were transported back to the laboratory at the
Marine Biotechnology Research Unit and stored at —=30°C
until further utilized.
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Table 1, Sample Collection Sites and Sample Sizes of Oysters
Used in This Study

Sample
S_ample" Abbreviation size (N)
Crassostrea belcheri
Suratthani (east of PT) CBSIE 10
Songkhla {east of PT) CBSKE 4
Ranong (west of PT) CBRaW 3
Krabi (west of PT) CBKbW 3
Crazsosirea iredalei
Chenburi (GOT, east) CICbE &
Prachuapkririkhan
{cast of PT) CIPiE 4
Songkhla {east of PT) CISkE
Phangnga (w:st of PT) CIPnW 4
Saccostrea cucullata
"Crat {GOT, east) SCTtE 5
Chautraburi {GOT, east) SCCE 8
Ranong (west of PT) SCRaW 7
Phuket (west of PT) SCPkW 6
Striostrea mytiloides
Samut Sakhon (GOT, east) SMSsE 8
Phuket {west of PT) SMEkW 6
Ranong (west of PT) SMRawW 9
Succastrea forskali
Chantrasuri {GOT, east) SFCIE 20
Chanburi (GOT, east) SFCbE 4
Prachuapkririkhan
(east of PT) SFPJE 3
Suratthani (east of PT) SFSE 3
Songkhla (east of PT) SFSKE 5
Ranong (west of PT) SFRnW 6
Satun (wast of PT) SFStW 6
Saccostrea commercialis
(Bisbrne, Australia) SCOM ) 12

“GOT indicates Gulf of Thailand; PT, peninsular Thailand,

DNA Extraction

Approximately 100 mg of adductor muscle of each oyster
was dissected out and transferred to an Eppendorf tube
containing $ vol of a lysis solution (100 mM Tris-HC!, 100
mM EDTA, and 250 mM NaCl; pH 8.0, 1.0% sodium do-
aecylsulfate [SDS] and 200 pg/ml proteinase K). Genomic
DNA was extracted using a phenol-chloroform-SDS
method (Klinbunga et al,, 1996). The DNA concentration
was spectrophotometrically determined and further ad-
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Gulfof
Thailand

Figure 1. Map of Thailand indicating sample collection sites of 5
oyster species (Crassostrea beicheri, C. ivedalei, Saccostrea cucullata,
Striestrea mytiloides, and Saccostrea forskali) used in this study.
Dots represent geographic areas from which at least 1 oyster spe-
¢cies was sampling. Detailed information and abbreviations of
sample sites are shown in Table 1.

justed by a minigel method (Maniatis et al., 1982). DNA
was stored at 4°C until required.

RAPD Analysis and Agarose Gel Electrophoresis

One hundred three RAPD primers purchased from Operon
Technolegies Inc. (Alameda, Calif) and the Universiiy of
British Columbia, Canada, were screened. Five primers ex-
hibiting highly reproducible and easily scored results
{OPA09, aaaTascace; OPBOL, errreceres; OPBO8, Gre-
cacacaG, UBC210, GCACCGAGAG; and UBC220, GTCGAT-
GTCG) were chosen for determination of genetic diversity
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and identification of species-diagnostic markers in Thai
oysters (Fritsch et al,, 1993). RAPD-polymerase chain re-
action (PCR) was carried out in a 25-pl reaction valume
contairing 10 mM Tris-HCI, pH 8.3, 50 mM KCJ, 2 mM
MgCl;, 0.001% gelatin, 100 KM of each dNTPs (dATP,
dCTP, dGTP, and dTTP), 0.2 uM of each primer, 1 U Tagq
DNA polymerase (Perkin-Elmer Cetus), and 50 ng of ge-
romic DNA, The amplification reaction was carried out for
40 cycles (Perkin-Elmer model 2400) composed of dena-
turation at 94°C for 10 seconds, annealing at 36°C for 30
seconds, and extension at 72°C for 90 seconds. The final
extension was performed at the same temperature for 5
minutes. The resulting products were electrophoretically
analyzed through a 1.5% agarose gel, stained with ethidium
bromide, and visualized using a UV transilluminator (Ma-
niatis et al., 1982).

Data Analysis

Each RAPD fragment is treated as an independent charac-
ter. Sizes of each RAPD band were estimated by comparison
with 100-bp and 200-bp ladders and recorded in a binary
matrix to represent the absence (0} or presence (1) of a
particular band. The similarity index between individuals
was calculated by S, = 2n,/(n, + n,), where n, and n,
represent ihe number of RAPD bands in individuals x and
J» respectively, and n,, represents the number of shated
bands between individuals {Nei and Li, .1979). Between-
sample similarity is calculated as the qverage of all possible
comparisons of individuals across samples i and j using the
same equation. Genetic distances between pairs of samples
(D) were converted from the index of similarity between
sampler using the equation Dy =1 = 5; {Lynch, 1390).
Phylogenetic relationships between investigated
samples of Thai oysters were constructed by a neighbor-
joining method (Saitou and Nei, 1987) using NEIGHBOR
implemented in PHYLIP Version 3.5¢ (Felsenstein, 1993},

RESULTS

Percentage of Polymorphic Bands and the
Numbers of Genotypes of Thal Oysters

High genetic diversity of C. belcheri, C. iredalei, Saccostrea
cucullata, Striostrea mytiloides, and Saccostrea forskali was
aobserved by RAPD analysis of 5 decanucleotide primers
(OPA(9, OPBO1, OPB08, UBC210, and UBC220). A total of
254 PAPD fragments ranging from 200 bp to 2500 bp in
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Figure 2. RAPD patterns generated by amplification of Cras-
sostrea belcheri DNA with primers OPAGY (A), OPBO1 (B), and
QPB08 (C}. The 100-bp (lane M) and 200-bp {lane L) DNA lad-
ders were used as DNA markers. Arrowheads indicate species-
specific markers found in C. belcheri,

length were consistently generated (Figures 2-5 and Table FZ’SJ

2). The number of reproducible bands across all investi-
gated samples was 55, 42, 62, 44, and 51 bands for primers
OPA09, OPBOI, OPBO08, UBC216, and UBC220, respec-
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Figure 3. RAPD patterns generated by amplification of Cras-
sostrea iredalei DNA with primers OPAQ? (A), QPBO! (B), and
OPB08 (C). The 100-bp DNA ladder {lane M) was used in a DNA
inarker, Arrowheads indicate species-specific markers found in C.
iredalei,

tively, All of these were polymorphic, indicating extremely
high polymorphic levels of these primers in oysters. The
average percentage of polymorphic bands (found in less
than 95% of investigated individuals) of each oyster species
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Figure 4. RAPD patterns generated by amplification of Saccostrea
cucullata DNA with primers OPB08 (A) and UBC220 (B). The
100-bp and 200-bp DNA ladders (lanes M and L, respectively)
were used as DNA markers, Arrowhcads indicate species-specific
markers found in . cucullata,

was 53.23% to 99.36%. Each Saccostrea and Striostrea oyster
exhibited greater levels of polymorphic bands than did C,
belcheri and C. iredalei {Table 3).

In a total 135, 127, 108, 131, and 122 RAPD genotypes
were generated from the respective primers. The average
number of genotypes per primer of C. belcheri was 11.6,
followed by 18,0, 23.0, 25.4, and 47.0 in C, iredalei, Stri-
ostrea mytiloides, Saccostrea cucullata, and Saccostrea for-
skali, respectively, The mean of a ratio betwezn the number
of genotypes per pritier and the number of investigated
specimens in a particular species ranged from 0.58 to 1.00
{Table 3). Shared genotypes between individuals of different
oyster species were not observed in any primer,

Species-Diagnostic Markers of Three Commercial
Cultured Oyster Species

Four primers (QPAQ9, OPBOL, OPB(8, and UBC220) gen-
erated RAPD fragments exhibiting fixed frequencies in at
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Table 2. Sequences of RAPD Primers, Sizes, and Number of
Amplified Bands, and Percentage of Polymorphic Bands Based on
RAPD Analysis of Five Oysters in Thailand*

b
i
£
|
i
v
P
.

i

L

Size range Percentage of
Nucleotide (no. of RAPD polymorphic
Primer sequence bands) bands
OPAD9 GOGTAACGCC 2001750 100
(55) s
OPBOI GITICGETCE 3752100 100 P
(42)
OPBOS GLCCACACGG 275-2500 100
(62)
B M1234 5678 90012L UBC210  ocaccoAGAG  235-2000 100
(44)
UBC220 GTCGATGTCG 280-2300 100
. (s1)
=2000 Overall 200-2500 100
j {254) :

¥| -1000

*Crassostrea beicheri, Crassostrea iredalei, Sacrostrea cucullata, Striostrea
mytiloides, and Saccostrea forskali,

costrea forskali (Table 5). The average genetic distance '7"3/
Figure 5. Examples of RAPD patterns of Saccostrea forskali (A,  within C. belcheri (0.126) was much lower than those within

lanes 1-7 and 10), Striostrea mytiloides (A, lanes 8,9 and 11, and . jredalei (0.266), Saccostrea cucullata (0.446), Striostrea
Saccastrea commerdialis (B) generated by RAPD-PCR using the mytiloides (0,607), and Saccostrea forskali (0.650).

?rimcr UBC210. Lanes M aad L are the 100-bp and 200-bp DNA A neighbor-joining tree constructed from genetic dis-
iadders, respectively. tances of all pairs of geographic samples indicated well-
separated allocation among C. belcheri, C. iredalei, and Sac-

costrea cucullata but a closed relationship between Striostrea
least one oyster species (Table 4). The primer OPBOB  yptiloides and Saccostrea Jorskali (Figure 6).

ylelded species-specific markers in all commercially cul-

tured oyster species in Thailand, whereas primers OPEQ1

and OPA0Y specifically provided RAPD markers in both ¢ DISCUSSION

belcheri and C. iredalei, The primer UBC220 yielded an

additional species-diagnosis fragment (1800 bp) in Sac-  Several molecular genetic studies addressing population ge-
costrea cucullata (Figures 2-4 and Table 4). No species-  netics (Hedgecock and Okazaki, 1984; Karl and Avise, 1992,
specific RAPD fragments were found in Striostrea mytiloides  1993; Foltz and Hu, 1796; Smail and Chapman, 1997), in-
and Saccostrea forskali (Figure 5). Population-specific mark-  traspecific phylogeography (Reeb and Avise, 1990; Hare and
ers were not observed in any oyster species. Avise, 1998), and interspecific phylogenetic relationships
and genetic differentiation (Banks et al,, 1993; Anderson
and Adlard, 1994; Littlewood, 1994; Boudry et al, 1998)
have been reported in oysters. Nevertheless, there have been
no publications on genetic diversity and species-diagnostic
Generally genetic differences within species were much  markers of commercial oysters in Thailand, which are nec-
lower than those between different oyster species with the  essary to elevate culture and management efficiency of these

evception of those between Striostrea mytiloides and Sac-  taxa,

Genetic Distances and Phylogenetic Relationships
of Thai Oysters
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Table 3, Average Number of Bands per Primer, Number of Monomorphic and Polymarphic Bands, Percentage of Polymorphic Bands,
and Mean of a Ratio Between the Number of Genotypes and the Number of Investigated Individuals Within Each Oyster Spacies Revealed

by RAPD Analysis Using Five Primers®

. Mean no. of

Average no. No. ¢f Percentage of genotypes per no,

of bands monomorphic/ polymorphic of investigated

Species per primer polymarphic bands bands individuals
Crassostrea belcheri 124 29/33 T 8323 0.58
Crassostrea iredalei 15.0 : 19/56 77.67 0.90
Saccostrea cucullata 26.0 3127 97.69 0.98
Striostrea mytiloides 26.6 2131 98.50 1.00
Saccostrea forskali 312 1/15% 59.36 1.00
Soccostrea commercialis 174 1275 85.21 1,00

*Prim2rs OPA09, QPBG1, OPBGS, UBC214, and UBC220.

Table 4. Species-Specific Markers of Commercial Cultured Oys-
ters in Thaitand Identified by RAPD Analysis of Four Oligonucleo-
tide Primers

Primer Species RAPD markers {bp}
OPAOY Crassostrea belcheri 250
Crassostrea iredalei 1150
QPB01 Crassastrea belcheri 2100, 1400, 1250, 650
Crassostrea iredalei 700
QPBOB Crassostrea belcheri 1650, 1550, 835, 600
Crassostrea iredalei 1250, 450
Saccostrea cucullata 750
UBC220 Saccostrea cucullata 1800

Using RAPD analysis, a large number of genotypes of 5
ayster species (genera Crassostrea, Saccostrea, and Striostrea)
in Thailand was generated from each primer, indicating
extremely high genetic diversity of these taxa. To eliminate
the effects of different sample slzes, we introduced a ratio
between the number of genotypes per primer and the num-
ber of investigated specimens in a particular species, which
is more refiable than the number of genotypes alone. The
Inwest level was observed in C. belcheri (0.58), whereas
other species showed highest levels of this ratio (0.90 in C.
iredalei, 0.98 in Saccostrea cucullata, and 1.0 in Striostrea
mytiloides and Saccostrea forskali}. This suggested that in-
breeding is currently not a major concern for natural oyster
populations in Thailand.

All RAPD bands generated by each primer used in this

study were polymorphic (observed in less than 95% of in-
vestigated individuals overall). This was similar to results
from studies of genetic diversity of three sympatric mud
crabs of the genus Sgylia in eastern Thailand (Klinbunga et
al., 2000). Qur data suggested the potential of RAPD analy-
sis to determine interspecific genetic differences between
aysters in Thailand, particulatly C. belcheri, C. iredalei, and
Saccostrea cucullata,

The avcfage number of bands per primer and the per-
centage of polymorphic bands of Saccestrea and Striostrea
oysters were much greater than those of Crassostrea oysters,
indicating the lowest level of genetic diversity in the last
group. The leve] of polymorphic RAPD bands in Crassostrea
was comparable to that f 5 geographic populations of the
giant tiger shrimp Penaeus monodon in Thailand {Tassan-
akajon et al.,, 1998), specific pathogen-free and wild stocks
of the shrimp P. vannamei originating from Sinaloa and
Oaxaca in Mexico (Garcia et al,, 1994), and 3 species of
mud crabs of the genus Scylia in eastern Thailand (Klin-
bunga ct al., 2000). Conversely, the percentage of polymor-
phic bands in Saccostrea and Strigstrea species (97.69%,
98.50%, and 99.36% in Saccostrea cucullata, Striostrea myt-
ifoides, and Saccostrea forskali, respectively) was higher than
those taxa,

The number of monomorphic bands of each species
(observed in at [east 95% of individuals in a particular spe-
cies) varied greatly ameong different oyster species. Several
unique RAPD fragments exhibiting fixed frequencies were
observed in C, belcheri and C. iredalei, whereas 2 fragments
were specifically found in Saccosirea cucullata. This indi-
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Figure 6. A neighbor-joining tree illustrating genetic relationships
of 5 oyster species locally found in Thailand based on genetic
distances resultzd from RAPD analysis using 5 primers {OPAD9,
OPEBO1, OPB08, UBC210, and UBC220), The Australian oyster
(Saccostrea commercialis) was included as an ingroup reference.

cated the possibility to further develop sequence-
characterized amplified region (SCAR) markers through
cloning and sequencing of these specific bands (Weising et
al., 1995). We did not observe any fixed RAPD fragment in
Striostrea mytiloides and Saccostrea forskali. However, RAPD
primets used in this study generated 12 fixed fragments in
Saccostrea commercialis, suggesting the possibility of using
these primers to identify useful genetic markers in this spe-
cles.

Interspecific hybridization between C. gigas and C.
rivularis resulted in vizble and fertile progeny (Allen and
Gafiney, 1993), Charoensit {1995} examined interspecific
and intergenic hybridization between C, belcheri, C. iredalei,
and Saccostrea cucullata in labaratory conditions. Hybrid
progeny between 2 Crassostrea species survived to the spat
stage, whereas intergeneric hybridization between female C
iredalei and male S. cucullata was surprisingly ‘successful.
This informatian indicated furhter complications in taxo-
nomic identification of oysters through hybridization. Spe-
cies-diagnostic markers found in C. belcheri, C. iredalei, and
Saccostrea cucullata are thus useful for examination of the
correct seed and broodstock species and for estimating the
degree of hybridization in natural populations of Thai oys-
ters.

Genetic Diversity of Thaj Oysters %

Genetic differences within each Crassostrea species were
much lower than those within each Saccostrea and Striostrea
species. The results were in accord with those based
on morphological studies (Brock, 1990) and allozyme
electrophoresis {Buroker et al., 1979; Hedgecock, 1995;
Visootiviseth et al, 1998). High genetic diversity within

each oyster may have reflected correlation between genetic -

adaptation to climatic or environmental variants (Buroker,
1985).

A neighbor-joining tree constructed from genetic dis-
tances between pairs of geographic samples illustrated a
clear separation between Crassostrea and Saccostrea. Within
the former group, clear phylogenetic differences between
oysters from different coastal areas (between the east and
west of péninsular Thailand) were consistently observed in
C. belcheri but not in C. iredalei. Within the latter genus,
Saccostrea cucullata was well allocated to a separate group
whereas Striostrea inytiloides showed close relationships
with Saccostrea forskali. Formerly, Striostrea mytiloides was
regarded as Saccostrea echinata (Yoosukh and Duangdee,
1999). The placement of Striostrea mytiloides samples as a
sister taxon with those of Saccostrea forskeli (SESrE and
SFCLE) suggested that these species are closely related phy-
logenetically. Qur results based on PCR restriction fragment
length polymorphisms of 16S and 185 ribosomal DNA of
the same sample set support this conclusion {data not
shown). Accordingly, Striostrea mytiloides should be recog-
nized as a imember of Saccostrea rather than Striostrea, The
second group of Saccostrea forskali (SEStW, SFRnW, SFCBE,
SESKE, and SFPJE} showed phylogeographic relationships
between geographic samples originating fram different
coastal regions.

Several pairwise comparisons between an ingroupd ref-
erence (Saccostrea commercialis) and Thal oysters suggested
that genetic divergence evaluated from the RAPD approach
rapidly reaches a plateau of divergence among these taxa.
This may result in saturated phylogenetic signals of data in
this study. Other maolecular approaches such as DNA se-
quencing or restriction analysis of conserved gene regions
(e.g., 185 and 165 rDNA) may provide raore relizble data
thar the RAPD approach.

Notably, results from this study were drawn solely from
sharing of RAPD-amplified fragments after electrophoresis.
The possibility of comigration of RAPD fragments having
different sequences but similar sizes cannot be excluded. As
a result, homology of comigrating diagnostic fragments
should be further verified by Southe:n blotting analysis”
(Hadrys et al., 1992). This would result in more valid and
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stable data for taxonnmic identification and subsequent up-
plications it breeding programes of these taxa,

Saccostrea oysters have been reported to display eco-
morphological variation (Tack et al, 1992). All Saccostrea
oysters in Thailand were previously assumed to be only S.
cucullata (Visoothiviseth et al,, 1998). Results from our
study indicated that more than one Saccostrea species is
present in Thai waters, implying problems with the use of a
part of the species complexes for aquaculture,

Moreover, the Saccostrea oyster originating from Chon-
buri {SFCbE) had been misidentified as Saccostrea conuner-
cialis (Department of Fisheries, 1993b}. Our RAPD results
indicate that it may not be §. commercialis duc to a lack of
species-diagnostic markers typically found in that species
and phylogenetic relationships of oysters in this study, Nev-
ertheless, replicate sampling of the extensive non-Thai S.
commercialis over its geographic range is required to draw
an unambiguous conclusion,

In December 1996, a massive die-off (approximately
90%) of C. belcheri broodstock in Suratthani (the mast
irnportant cultivated area of this spucies in Thailand) oc-
curred. Stock enhancement programs of C, belcheri are be-
ing carried out in that area (P. Jarayabhand, personal com-
munication). Qur data indicated high genetic heterogeneity
of the Thai oysters genera Crassostrea, Saccostrea, and Stri-
ostrex and a possible population subdivision in C. belcheri
(Figure 6 and Table 5). Nevertheless, intraspecific popula-
tion differentiation of C. belcheri in Thailand in a large
samnple has not been studied. Therefore, indigenous C
belcheri braodstock should presently be used for restocking
purposes. This will prevent anthropological disturbances of
the genepool of this economically important oyster.

'RADP-PCR analysis has been used successfully to de-
termine population differentiation in the giant tiger shrimp
P, monodon {Tassanakajon et al., 1998), to identify species-
specific markers in mud crabs Seylla serrata, S. oceanica, and
S. tranguebarica in eastern Thailand, and 1o demonstrate 2
lack of interspecific hybridization between these taxa (Klin-
bunga et al., 2000). In the present study, we illustrate the
use of this approach to identify large genetic differences
between Thai oysters and several species-specific RAPD
fragments in C. belcheri, C. iredalei, and Saccostrea cucullata.
These genetic markers cani be further used for aquaculture
{selection of a particular broodstock species and determi-
nation of seed species} and biological applications (patierns
of distribution and recruitment) in these taxa {Linstrom,
1999).
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Abstract: Randomly amplified polymorphic DINA {RAPD) analysis was used to identify species-specific markers

of 5 oyster species in Thailand: Crassostren beicheri, Crassostrea fredales, Saccostrea cucullata, Saccastrea forskall,

and Striostrea (Parastriostrea) mytiloides. Species-specific markers were found in C. belcheri, C. iredalet, and 5.

cucwllata but not in 8. forskali and 8. mytiloides. Three C. belcheri-specific RAPD fragments were cloned and

sequenced. A primer set was designed from each of the recombinant clones (pPACB1, pPACB2, and pPACB3).

The polymerase chain reaction products showed expected sizes of 536, 600, and 500 bp, respectively, with the

sensitivity of detection approximately 30 pg of C. belcheri total DNA ternplate. The specificity of pPACB! was

examined against 135 individuals of indigenous oyster species in Thailand and against outgroup references 5.

commercialis {N = 12) and Perng viridis (N = 12). Results indicated the species-specific nature of primers

developed from pPACB1. This primer set can be used for broodstock selection and determination of C. belcheri

larvae to assist the selective breeding program for this commercially important species.
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INTRODUCTION

Oysters are benthic marine species exhibiting long plank-
tonic larval stages (Avise, 1994). They inhabit near-shore,
shallow-water bays, and estuaries and are widely distributed
throughout the world between 64°N and 44°S {Hedgecock,
1995). Principally on the basis of shell morphology, 15 oys-
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ter species belonging to 7 genera from the families Ostreidae
and Gryphaeidae are recognized in Thai waters (W.
Yoosukh, unpublished data). Within the genera Crassostrea
and Saccostrea {(subfamily Crassostreidae, Ostreidae}, 5 spe-
cies are locally found in Thailand: Crassestrea belcheri, C.
iredalei, Saccosstrea cucullata (which are commercially cul-
tured; see Jarayabhand and Thavornyutikarn, 1995), 8. for-
skali, and Siriostrea (Parastriostrea) mytiloides (formerly
called S. echinata). Nevertheless, C. belcheri is the most
commercially important oyster species in Thailand (Cha-
roensit, 1995). ‘



The production of cultured oysters in Thailand has
been approximately 2000 tons annually since 1986 {Depart-
ment of Fisheries, 1993). Cultivation of C. belcheri using
wild seed has suffered from limitation of supply. This is due
mainly to heavy exploitation of natural C. belcheri and de-
struction of its habitats, Therefore, large-scale propagation
of hatchery-produced seed was developed (Jarayabhand et
al., 1985; Sahavacharin et al., 1988). Subsequently, experi-
mentation on C. belcheri has been carried out to support
sustainable aguaculture of this species (Jarayabhand et al.,
1994).

The taxonomic identification of oysters is presently un-
clear; as a result, selection of correct broodstock species is
one of the main factors for the successful culture of C.
beicheri. All commercially cultured oysters in Thailand be-
long to the genera Crassostrea (C. belcheri and C. iredale)
and Saccostrea (S. cucullata). These can be differentiated by
external morphology and by the absence of chromata in the
former. Within the genus Crassostrea, oysters having black
adductor muscle scars are taxonomically regarded as C. ire-
dalei and those having white scars as C. belcheri (Visoo-
fiviseth et al., 1998),

Although the method of distinguishing C. belcheri and
C. iredali is simple, sacrifice of broodstock is often unavoid-
able. In breeding programs for C. belcheri, a nondestructive
identification method is desired. Moreover, identification of
correct seed species is also necessary for monospecific farm-
ing and for quality control of commercial trading of C.
belcheri seed. This is difficult for species identification based
principally on morphological characters. Accordingly, ge-
netic markers specifically found in C. belcheri need to be
developed.

Appropriate genetic markers are useful and can be uti-
lized to increase culture and efficiency of management for
several marine species (Buroker et al, 1979; Boom et al,,
1994; Bell and Grassle, 1998; Linstrom, 1999). Nevertheless,
almost all of the genetic studies of the genus Crassostrea
have been restricted to the investigation of intraspecific ge-
netic polymorphism of various oyster species, particularly
C. gigas and C. virginica (Reeb and Avise, 1990; Foltz and
Hu, 1996; Hu and Foltz, 1996; Small and Chapman, 1997},

To date, there have been no publications concerning
molecular genetic studies of C. belcheri in Thailand. These
are essential for the development of effective breeding and
management programs for this economically important
species. Randomly amplified polymorphic DNA-polymerase
chain reaction (RAPD-PCR} analysis is a relatively simple
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method for identification of genetic markers at different
taxonomic levels without knowledge of the genome being
investigated (Welsh and McClelland, 1990; Williams et al.,
1990; Hadrys et al., 1992).

We focused on cloning, sequencing, and designing spe-
cies-specific primers of RAPD markers that were specifically
found in C. belchers but were absent in other oysters of the
genera Crassostrea and Saccostrea found in Thailand. The
objective of this experiment was the development of repro-
ducible species-diagnostic markers for C. belcheri. These
markers and RAPD markers will offer accurate identifica-
tion and selection of seed and broodstock of C. belcheri to
improve culture efficiency for this economically important
species,

MATERIALS AND METHODS

Sampling

Twenty C. belcheri individuals were collected from 4 geo-
graphically different regions of Peninsular Thailand: Surat
(N = 10) and Songkhla (N = 4} located in the Gulf of
Thailand; and Ranong (N = 3) and Krabi (N = 3) located in
the Andaman Sea (Figure 1). Other oyster species locally
found in Thailand, including C. iredalei (N = 24}, 5. cucul-
Inta (N = 26), S. mytiloides (N = 6), and S, forskali (N = 59),
were collected throughout their geographic ranges.

Twelve individuals of 8. cormmercialis and the mussel
Perna viridis, collected from Australia and eastern Thailand,
respectively, were included as outgroup references. Speci-
mens were transported back to the laboratory at the Marine
Biotechnology Research Unit {MBRU}, Chulalongkorn
University, and stored at —30°C until needed.

DNA Extraction

Total DNA was individually extracted from the adductor
muscle of each ovster using the phenal-chloroform-
sodium dodecyl sulfate (SDS) method of Klinbunga et al.
(1996). DNA concentration was spectrophotometrically de-
termined and further adjusted by a minigel method (Ma-
niatis et al., 1982),

RAPD Analysis and Agarose Gel Electrophoresis

A total of 103 octanucleotide primers purchased from Uni-
versity of British Columbia and Operon Technologies Ltd.
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Figure 1. Map of Thailand illustrating sampling collection sites
for C. belcheri used in this study.

were screened (Fitsch et al., 1993). Three primers {OPAOQ9,
ceaTasccee; OPBOL, orrrccoree; and OPBOS, GTCCA-
€acGG) were chosen to amplify DNA extracted from 6 oys-
ter species and the mussel P. viridis. RAPD-PCR was carried
out in a 25-pl reaction mixture containing 10 mM Tris-
HCl, pH 8.3, 50 mM KCl, 2 mM MgCl,, (.001% gelatin, 100
uM of each ANTP {dATP, dCTP, AGTP, and dTTP), 0.2 pM
of primer, 1 U of Tag DNA polymerase (Perkin-Elmer Ce-
tus), and 50 ng of genomic DNA (Tassanakajon et al.,
1998). The amplification reaction was carried out for 40
cycles using a DNA thermocycler (Perkin-Elmer Cetus
model 2400) consisting of denaturation at 94°C for 10 sec-
onds, annealing at 36°C for 30 seconds, and extension at
72°C for 90 seconds. The final extension was performed at
72°C for 5 minutes {Okumura et al,, 1993), The RAPD

products were electrophoretically analyzed through 1.5%
agarase gels and visualized using a UV transilluminator af-
ter ethidium bromide staining (Maniatis et al., 1982).

Cloning of C. belcheri-Specific RAPD Fragments

Three RAPD bands constituting a 650-bp fragment from
QPBO1 and 835-bp and 600-bp fragments from OPAOQ8
were cloned using either a T-A cloning method (Hoelzel
and Green, 1992) or a BamHI sticky-end adapter method
(Vincent et al., 1993}, A 650-bp fragment was excised and
recovered from the gel using a gel extraction kit (Qiaquick,
Qiagen Ltd.). The purified DNA was reamplified using an
original primer, OPB01, and digested with proteinase K (50
pg/ml in the presence of 0.5% SDS} at 65°C for 1 hour
followed by phenol-chloroform extraction and ethanol pre-
cipitation, DNA was directly ligated to pGEM-T easy vector
using the conditions recommended by the manufacturer
{Promega).

Alternatively, gel-purified 835-bp and 600-bp frag-
ments were reamplified by the primer OPB08 containing a
BamHI restriction site (CGGGATCCCGGTCCACACGG). Each of
reamplified fragments was purified as above before restric-
tion with BamH! and purified by phenol-choloroform ex-
traction. Approximately 100 ng of DNA was cloned into a
BamHI cloning site of 50 ng of dephosphorylated pUC18
{Pharmacia). One-tenth volume of each ligation reaction
was electrotransformed to Escherichia coli XL-1 BLUE
{Dower et al., 1988). Recombinant clones were selected by
a lnc Z' system following standard protocols (Brown, 1991).

Primer Design, Sensitivity, and
Species-Specific Tests

Three recombinant clones (pPACBL, pPACB2, and pPACB3)
exhibiting 650-bp, 835-bp, and 600-bp inserts were se-
quenced for both directions using an automatic sequencer
(ABI1377, PE Applied Biosystems). A pair of primers was
designed from each fragment using OLIGO 4.0. After the
optimal PCR conditions were calibrated, sensitivity to de-
tect target DNA for each pair of primers was examined
against varying concentrations of C. belcheri template (16.25
pg to 25 ng). Species-specific PCR was performed using
reaction components identical to those of RAPD-PCR ex-
cept a single RAPD primer was replaced by the primers for
pPACBI1, pPACB2, and pPACBS3, each to 0.4 uM final con-
centration. The reaction was carried out for 25 cycles com-
posed of a 94°C denaturation step for 45 seconds, a 62°C



Table 1.
and Sacrosstrea) in Thailand Based on RAPD Analysis Using Prim-
ers OPAQS, OPBOL, and OPBO8

Species-Specitic Markers of Oysters (Genera Crassostrea

Primer

Species RAPD markers {(bp}

C. belcheri 1650, 1550, 835, 600 QOPB08
2100, 1400, 1250, 650 QOPBO1
250 OPA09

C. iredalei 1250, 450 OPBO8
700 OPBO1
1150 OPA09

S. cucullata 750 QOPB08

annealing step for 30 seconds, and a 72°C extension step for
45 seconds. The final extension was performed at the same
temperature for 5 minutes, The resulting product was elec-
trophoretically analyzed as described above. For species-
specific examination, only pPACB1 primers were used to
investigate the presence of a 336-bp fragment in all indi-
viduals previously examined by RAPD analysis using the
same conditions as were used for the sensitivity test.

REsuLTsS AND DiscussiON

RAPD-PCR has been widely used for population genetic
studies of several organisms (Garcia et al.,, 1994; Tyler-
Walters and Hawkins, 1995; Jacobsen et al., 1996; Heipel et
al., 1998; Tassanakajon et al., 1998}, This method has also
heen used for identification of molecular genetic markers in
various applications including determination of mode of
reproduction in the bivalve mollusk Lasaea rubra (Tyler-
Walters and Hawkins, 1995), differentiation of two species
of the freshwater mussels Pleurobema clava and P. sintixia
(White et al,, 1996), and generation of microsatellite mark-
evs in the blacklip abalone Haliotis rubra {Huang and
Hanna, 1998).

Using RAPD analysis, we observed several species-
specific bands in wild individuals of commercially cultured
oyster species (C. belcheri, C. iredalei, and S. cucullata) but
not in 8. mytiloides and 8. forskali {Table 1 and Figure 2).
We did not observe any population-specific marker in 3
commercially cultured oyster species. Although the sample
of C. belcheri used in this study was relatively small, wild
specimens were collected from 4 different geographic loca-
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tions on different coastal sides of peninsular Thailand. Ac-
cordingly, these C. belcheri—specific markers did not origi-
nate from artifacts or experimental errors.

In the present study, totals of 9, 4, and 1 species-
specific fragments were observed in C. belcheri, C. iredalei,
and S. cucullata, respectively (Table 1}. In addition, several
RAPD bands were specifically observed in S. commercialis
and P. viridis across all investigated Eprimers (data not
shown). '

RAPD-PCR is, however, sensitive to reaction condi-
tions. This technique also requires high-quality DNA tem-
plate for reliable and consistent results, which may not be
possible for field specimens. This may cause significant
false-negative results from investigated samples that actually
are . belcheri. Accordingly, we did not directly apply these
markers for broodstock selection and species identification
of larvae in C. belcheri.

To eliminate this problem, we converted C. belcheri-
specific RAPD fragments to sequence-characterized ampli-
fied region {SCAR) markers {Weising et al,, 1995). We did
not attempt to develop SCAR markers from any of 5 C.
belcheri-amplified fragments exhibitingi sizes greater than
1000 bp (1650-bp and 1550-bp fragments from OPBO8; and
2100-bp, 1400-bp, and 1250-bp fragments from OPBOL) or
from that of 250 bp generated from OPRAQ9Y, owing to dif-
ficullies arising from sequencing of large RAPD fragments
and the lesser possibility of designing suitable primers from
a 250-bp fragment.

Three C. belcheri—specific RAPD fragments {a 630-bp
band from OPBOl and 835-bp and 600-bp bands from
OPB08) were cloned and sequenced. The actual molecular
lengths of pPACBI1 (Figure 3), pPACB2, and pPACB3 were
637 bp, 811 bp, and 563 byp, respectively, Comparisons of
these sequences with those previously deposited in Gen-
Bank did not reveal significant similarity with any sequence.
A pair of primers containing each insert was designed and
used to amplify C. belcheri total DNA (Tﬁble 2). The sizes of
PCR products were identical to those expected from their
DNA sequences (536, 600, and 300 bp, respectively). Het-
erozygotes were not observed in investigated C. belcheri in-
dividuals when analyzed with these primer sets, implying
the retention in a dominant segregated fashion of the origi-
nal RAPD species-specific markers,

Primer sensitivity was tested by PCR amplification us-
ing homologous DNA template betweeh 16.25 pg and 25
ng. Generally, there was good correlation between the
amount of DNA template and intensity of a PCR product of
all primer sets. The sensitivity of detection reached approxi-
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Figure 2. Species-specific RAPD markers resulted from amplication of total DNA of C. belcheri with OPA09 {A), OPB01 (B), and OPB08
(C), and that of C. iredalei (D) and S. cucullate (E) with OPBO1 and OPB0S, respectively. Arrowheads indicate species-specific RAPD bands
described in Table 1. Lanes M are 100-bp ladders; lanes m, 200-bp ladders.



ATGTRRITTC BACACGACAA ARTCAZTSTT GATTTABAAT ATATTIGTTTT 350
PPACEL-F
TTACGGCSTT CGOGITARATSGC TTIGGCAGCCT TCTAGCAATC GTCTECATTG 100

CABATCOTCC RAARRATTCAT GOTCTGCACT GUCTTUTAAC TGTGCATARG 150
AAACGAGTTC CATARATTAT TRAAARATATT TCRAGATTIT TATICCATIT 200
ATTCAAUTTA ATTIGTGTACA ARARATCCAR OTTTGTCTCC CTGATTATTA 250
ACABRCTCATT GCATAAGAAT ABATTTGCTT RAAICAACAAR TIEGIGGATGA 300
ATACCATAAT GTGTAAAAAA ATTCACCAAAR TATTATTTTC GTTTATCGCC 350
TATATTTTAT TTGGAGACCA TGCCCGACGG BAATAAAATT TAACARCTTAR 400
ATTCAATTCT TATTGGSCAC GGICTTCRAR LTARATGTAA GCGATARACE 430
TATCTRGTST TTTTSTTGCA ATAGGTARAC ATGATATAGE TATGGCAGAT 500
CAATTCATGC ACGTAGTGTG GATTCATACC ATGACTATTA GTATAGARAT 550
TCRARTTAAT GATATCTATA TARRAGARAR TGTCTTGTTA ACGCTGTAAA 500
pPACB1-R

ACTTTGATGC ATTGTGTATS TGAATATCAT ACCEAGA 537
Figure 3. Sequence of pPACBI cloned from a species-specific
RAPD fragment in C. belcheri. The location and sequence of a C.
belcheri-specific forward primer (pPACBI1-F) and those comple-
mentary to a reverse primer (pPACBI1-R) appear in boldface and
are underlined.

Table 2. Sequences of Oligonucleotide Primers Designed from
RAPD-Amplified Specific DNA Fragments of C. belcheri

Clone Primer sequence®
pPACBI F: 5 -cascerieTaceanToGreT—3"
R: B'-GoaTcrazcTTTTACAGCGTT- 3
pPACB2 F: 5'-cacrcecacacaaccaTTon -3
R: 5 —AnaGTGAAARACAGCGAATC-3'C
pPACB3 F: 5’ -CTARATGRAAACTCCGCARA -3

R: 5'-zacaaccorrorTaacacata—3'

*F indicates forward; R, reverse.

mately 30 pg of DNA template for each pair of primers
(Figure 4). The sensitivity level allows the possibility to use
these SCAR markers to study dispersal and recruitment
processes of C. belcheri over vast geographic areas in Thai-
land.

Only a pPACBI primer pair was chosen for the speci-
ficity test in 5 local oyster species, the Australian oyster S.
commercialis, and the mussel P. viridis. A positive 536-bp
band was found in all C. belcheri individuals but not in the
other species (Figure 5). The results eliminated the possi-
bility that a 630-bp fragment in C. belcheri and a 700-bp
fragment in C, iredalei were homologous.

Oysters can display ecomorphology (Littlewood, 1994).
Moreover, interspecific hybridization among different oys-
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Figure 4. Sensitivity of pPACB1 (A), pPACBE2 (B), and pPACB3
(C) primer sets was examined. PCR was carried out in the presence
of serial dilution of C. belcheri DNA templatc {25 ng, 12.5 ng, 6.25
ng, 3,125 ng, 1 ng, 500 pg, 250 pg, 100 pg, 65 pg, 32.5 pg, and 16.25
pg. corresponding to lanes 1-11, respectively) and electrophoret-
ically analyzed using ethidium bromide-stained 1.0% agarose gels.
A 100-bp ladder (lanes M) was used as a marker.

ter species (e.g., between C. virginica and C. rhizophorae)
could generate viable and fertile progeny exhibiting varia-
tion of shell morphology and scar pigmentation (Hedge-
cock and Okazaki, 1984). This further complicates taxo-
nomic identification of oysters based primarily on mor-
phology. Development of species-specific markers of each
oyster species would allow direct examination of the correct
tarvae and broodstock species and avoid the use of a part of
the species complexes for aquaculture (Banks et al,, 1993;
Littlewood, 1994).

Intergeneric hybridization between female C. iredales
and male S, cucullata generated viable progeny under labo-
ratory conditions (Charoensit, 1995). Using C. iredalei—
specific RAPD fragments, we could confirm the existence of



482 S. Klinbunga et al.

bp

1500-
1000 B

500- |

M1 6 12
bp

1500~ &
1000~

introgressive hybridization of wild specimens, which were
morphologically identified to be C. iredalei-like oysters.
This indicated that other SCAR markers may be further
developed and used for taxonomic identification and deter-
mination of interspecific hybridization of commercially cul-
tured oysters in Thailand.

Although RAPI-PCR is sensitive to several reaction
factors, it is quite useful, when used with caution, for several
applications in marine organisms. We have employed this
method to study population differentiation of the giant ti-
ger shrimp (Penaeus monodon) in Thailand (Tassanakajon
et al., 1997), identify a region-specific marker of P. monodon
originating from the west of Malaysian Peninsula (Tassa-
nakajon et al., 1998}, and generate a molecular diagnostic
key of 3 mud crab species (Scylfa serrata, S. ocearntica, and 5.
transquebarica) in eastern Thailand {Klinbunga et al., 2000).

In the present study, we demonstrated the successful
use of RAPD analysis to generate species-specific markers of
3 economically important oyster species in Thailand. When
combined with cloning and sequencing techniques, more
reproducible genetic markers were generated. Moreover,
the RAPD primers OPA09, OPBO01, and OPBO08 used in this
study yielded highly polymorphic patterns in S. cucullata, S.
forskali, and S. mytiloides; as a result, they have potential for
use in stock identification and population differentiation
analysis of oysters in Thailand.

18M

Figure 5. Agarose gel electrophoresis showing results
from amplification of total DNA of C. belcheri (A,
lanes 2-18 and B, lanes 1--3), C. iredalei (B, lanes
4-6), 5. cucullata (B, lanes 7-9), S. myriloides (13, lanes
10-12), 8. forskali (B, lanes 13 and 14), S. commercialis
{B, lanes 15-16), and P. viridis (B, lanes 17 and 18),

for determination of pPACB1 primer specificity. Lane

18 M

1 in panel A is a negative control (without DNA
template). A 100-bp ladder {lanes M) was used as a
DNA marker.
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