FguIdgatvauysal

159015 BUALBLAUNAINUAIENIINUINTTUVDIE NI YUIUNAT
TuruIUZNI59B18H9N AN IUDDNLLAZAIUINILVDIIIUIU-BRAVDIEII 1
NASUBINSWAIINFILINADY

Genetic diversification of coral endosymbionts in the genus
Symbiodinium from coral reefs in eastern part of Thailand and host-

symbiont specificity influenced by environmental conditions

L

WINU1ATINNGAY: ;ﬁﬁwmamwmsa A5.U5UNTINY AIIUNSAS

N1 n9.7 ﬂﬂi bEUUEY

e

dze

YBANENT19158 A9.9509 JunTUTTAMEY

Tasen1599eUsennsulseandusela
NRUIANYUTFUIA (SUUTZUIMURUAL)
Us21U9UUs2U0 W.A. ndbo
N INYIABY TN



SUELATINTG 258281
dueyavuin 142/2560

sguIdgatuauysal

15915 FUALAZAMUNAINUAIENIINUTNTTUVIIENINEYUTUNAE LULUA
U2N159118H9N1ANZIUDDNLAZANUINNIZ VDU U-BUAVDIE1T 18N AU
DNSNANRIINADN

(Genetic diversification of coral endosymbionts in the genus
Symbiodinium from coral reefs in eastern part of Thailand and host-

symbiont specificity influenced by environmental conditions)

Wamtlasanisdde: Q’qifmmamqmsa A7.U3UNSTA AsTUNIAS
KSR

n9.7 ﬁﬂi b UIUNEY

dze

YIYANENT19158 A9.9509 JunTUTTaMEY

AEINYIANENT UNINBIRBYINA

N3NJ1AN el



ANANIsuUsZNIA

mAdeilasunuatvayunsITeanaulssinatugldnntugaryusgua
(quUszanauauf) UsednUaudseann w.a. 2560 uning1dgysnn fudtinauaugnssuns
NTIBURITIR Lavdeyey 142/2560



UNANYD

1 a s . .. a o [ o/ [ v
AMINBYUIUNAT A Symbiodiniaceae HunumdAylunisusudivesdenieli
WhiunswWguwdasdaninden {38 ssiliuanuvaInviaeneiugnssUYesa s e YTy
wadlulgnFanuuilenSiludminvayiuagszeas 913U 11 396 21 ana Weduunvile
1 I Yo v Aa = e‘a" o 1 d‘ 14 a .
vasamegugunad lnglddrduinadlolnafdiunua 1MS2 Akenatswalian Denaturing
Gradient Gel Electrophoresis (DGGE) Wagnuangfuimdulong19tngdiuiu 7 wuu (@19
faadlelan 12 wanlnalnd) Useneuvlualeana Durusdinium (6 wanlnalnd) uag
Cladocopium (6 wanlnalnl) eAUsENRUTRIEMIIEYUIUINATTANURULUSTUBETUYiN
Y83U2n1599107U wazaalin@nwilag Durusdinium spp. (D1) wuldunfigalulgnidayn
a = v v (2 a . 1 ¥
yiia wagynan1dlusuivenfedaninyayiuasseues  Cladocopium sp. (C15) ABUTI
NITLE97uUENSY Porites wadesnuladnsludennss Platyeyra Goniastrea way
Pocillopora 78 Durusdinium sp. (D1-6) AoUT19LaN1Z1a18337UUEN159 Pocillopora
Tuvauzfiuen3s Platygyra luaaniivginzuauansnu Cladocopium sp. (C3u) Wuesruszney
o = 1 N a a 1 o a .. [ 3 [
VANYILANANIINADTUAULNG AEUYNIZEYINNU Durusdinium spp. (D1) WupsAusznaunan
HARINAIALOUANUEIAYTDINITUTUMTINAUTDUNTIULAZEINTIY AUANINLINGDY 1A
msfinwadsilldasiiouliuanududeuresssurfuaznsuunviinvesanegusumnad
lnganizviiananulnadaduuingluana Durusdinium teeiang D. trenchii Wag D. glynnii
AzaealdinTomutgn1aiugnssundainuligalu Wy psb A uar microsatellite loci
wenINUMTIATITLFumemalulad high throughput sequencing ae13lvidayatiiuAy
NeITUTlaamMINgYUIUMATIAANUYN YU



Abstract

Zooxanthellae in the family Symbiodiniaceae play important roles in the
adaptive capacity of corals to environmental changes. We examined genetic diversity of
Symbiodiniaceae in 21 coral genera belonging to 11 families in Chonburi and Rayong
reefs. Based on the sequences of Internal Transcribed Spacer-2 (ITS2) DNA, revealed by
Denaturing Gradient Gel Electrophoresis (DGGE), we observed at least seven ITS2 DGGE
profiles (12 haplotypes) of Symbiodiniaceae consisting of the genera Durusdinium (6
haplotypes) and Cladocopium (6 haplotypes). Zooxanthellae community compositions
varied upon coral host taxa and locations. Durusdinium spp. (D1) were common in all
coral hosts across all sites in Chonburi and Rayong reefs. On the other hand,
Cladocopium sp. (C15) was more specific to species and/or sites; it was highly abundant
in Porites lutea and occasionally, it could be found in Platygyra Goniastrea and
Pocillopora. Durusdinium sp. ( D1-6) was quite specific to Pocillopora. Some
zooxanthellae were specific to sites. We found that the presence of Cladocopium sp.
(C3u) was unique in Platygyra from Samaesan Islands; Platygyra in other locations,
Sichang Islands and Hin Ploeng Pinnacle, was mainly associated with Durusdinium spp.
(D1). The findings suggested the importance of host-symbiont co-adaptation to
environmental conditions. Our results also reflected the complex nature of
Symbiodiniaceae nomenclature. In particular, delineation of very closely related
Durusdinium species, D. trenchii and D. glynnii, must rely on high resolution genetic
markers e.g. psb A", and microsatellite allele frequencies. High-throughput sequencing
analysis may also provide insights on additional zooxanthalae species especially those

that are rare.
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1.1 NENNITUALIMANS
tagunisiwasuulasanmadenaveslaniduFeslnddiinnaiadiuliauala
Tnenswasundasiiintuilazdsmansenusosyuudnaisuuunuazlunzia sesdiulddaau
NTEUNMINUUEnISenulunatealiniavedlan saudawuivsnmsslulssinalngie
Wuiy 21n5189Usd TR fandidsilannuitlulfiiaeadly aediseanuns
wuﬂzﬂﬁ’maﬂﬁunmﬂﬂiﬂuﬁﬁﬁﬁquﬁmmﬁL'flu‘dﬂa (Wilkinson 1998; Guinotte et al.
2003; Kleypas and Hoegh-Guldberg, 2008; Heron et al., 2016) d1n5uludssindlng i
s18uMsAaUznSlenunn st we. 2534 2538 2541 2546 2548 2550 2553 2557 way
angalud 2562 (@10uITenasWaLINSNgININIINLLA goflanzia warUrveiau 2554;
Wilkinson 1998) gﬁqmmwé’ﬂmaamiLﬁmjvm’%’qW@mn’fLuUiWﬁiﬂ&l AnTuiiieswnainms
LUaBuLLanammmmuvaa lngunAvgnseay miwmaeﬂuummwammmﬂﬂammﬂu

P

am‘mmaqamm ﬂ’ﬁx‘i%uﬁ’]&l’]iﬂ%ﬂlﬂ mmammnﬂaauuﬂmammmmmLa LWELIGU‘UL‘WEN 1-2

Y
<

mmLszjaL%&JamﬂqmmummLaﬂﬂmLUuiuaummmmaﬂumuq NZAINADENNUINADNIT
o aa o Y v | a 1 . - cs'
PNTNTINVDIUENITY (IUIY) hazdIaegLEulnas (zooxanthallae: 29A Symbiodiniaceae) 1
9fiwagsmiueMSs AnuduiusTenIamIggusumadiarUenSadntn dunumdfgy
lumsuiuiveslgnsiagmsadinegluannigniinsidsuuuasdadedawinden (Blackall et
al., 2015)

'
A

Ugn¥udauardedidinduluorundnsdnd i slesh eonlineia Usn¥sou unzvos
floide 1Junguvesdnilifinszgndundafifinnuduiusuvuiionenderulaegsmivansie
gugwnad duduamiiowadifsadesndinaunuimios lungulaluudaniaaian
(dinoflagellate) ardagnisluiiodadsn¥amdodn Budinanluuds uuufieniendofy
(symbiosis) LLazﬂﬂL%EJﬂ?ﬁﬁ%%ﬁLﬁu;ﬁﬁmﬁad%%ﬁﬂm (host) wagl3una1ns1aIdulueaun
(symbiont) Tnsamiteguasunmad Wudnogluana Symbiodinium Tagluaudusiusiy
Urmimserinthuazlifiegende uazsinersisidusienssuiunisdunsizsinasesavmin
Wt uueinagianudnniziaigasivsiavesaivsng wilulzniSmuianuvainvangves
ﬁuﬁmﬁuﬁjﬁuaqamﬁwmmumaﬁé’aﬁﬁuagﬁuﬁﬂLmﬂqﬁégqmqgﬁmam% ANt Usinmuas
aungiivzia 51991913 wargunIneILIUEN13ede (Gong et al, 2018; Lalenesse et al.
2010a; Rodriguez-Lanetty et al. 2001; Sampayo et al. 2007, Thornhill et al. 2008; )
Usm3auazamsiogusumad sinazeglutinadfigumailndidssiugumgiigeandinoniiuaz
yuegld dufuidlefinnudsuniasgamgiigiiuiios 1-2 ssauwsaidoa luggieu wilegamgd
geaniimndunuld AenaevliAnnmanensmvessnmianiniu wagenadsnaliilznifameld
(Jokiel and Coles 1999) uilutzn¥uasfivsdinalnlunsusudilvidrfugnmgiivesimeai
WasulUle Tagariinisildsuntasesduszneveinvesavireguaumainiglulalail
(shuffling %38 switching) (Baker 2003)
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N133nFLUNTIARUGUaIE M Ieguawnad Tugawsnglddnwugnsdugiuing way
Tassadnenislu $2098nwasn19@ITINeIuasNgANIITUVRIEMI1eLAazla (Blank and
Trench 1986; Schoenberg and Trench 1980) %é’qmﬂﬁjﬂuﬁ’mé]’uqﬂ 1990 fifn1sWamun
muiﬁ'amﬁmmﬁmzw?iﬂﬁ?fﬁmf?haaﬁmﬁﬂmaqa (molecular systematics) Rowan and
Powers (1991) 1HugiFusuAnwinuduiusnisdfauinig (evolutionary relationships) 484
amegusuwmadingldinalin RFLPs (restriction fragment length polymorphisms) vaslslu
Twuea 971518ute small subunit ribosomal RNA (185) TnsAunuainsiegueumadiisay 3
clade ndn9 uagluudas clade Usgnouluse 5-6 subclade aufisifagtiufinisldiaiosmune
Aduie narevilnlunisfnwiaieiudvesamsegurunadidu lslulsueasisidwe arge
subunit (28S) (Rowan 1998; Baker 1999) aaalswands (chloroplast large subunit; 23S)
(Santos et al. 2002) luln-AouilnSeanLduLle (mitochondrial protein-coding gene;
cytochrome oxidase subunit ) wagfiandes lsluleueadiduLe noncoding internal
transcribed spacer regions, ITS1 wag ITS2 (Takabayashi et al. 2004; LaJeunesse 2001) lne
TS1 wag 152 Wuddenldundigalunisnwinnumainvaieniaiugnssuvesamioguoy
wmadlagldsiuiuwmaila denaturing gradient gel electrophoresis (DGGE) Lagn150533@0U
ARULUANIATUGNSTH (sequencing)

Tuthgtuamiegusumadgnislfeglued Symbiodiniaceae Fefinamainvanems
WUENIINGY WHlT1891UT I 9 clade (clade A-) usiludagduinisdaaisiuniseynsuisu
Tnsl Tnsenlsk clade Wisuminduszdvana deanadnuldnaluluvznifouds 16ud ana
Symbiodinium (clade A), Breviolum (clade B), Cladocopium (clade C), Durusdinium
(clade D), LLazaqaﬁWUMﬂaa 2 @na AR Fugacium (clade F) wag Gerakladium (clade G)
Jaguiimsuiuyanisitendeuaznsindrdiveynsuisiuresamsioguaumnad lagede
APUFURUSNITTRUINITesaInUIAGle InAuazan w1 ug1UINeT T51891Ua1957Y
Yuyumaiageey 15 ana (38 phylogenetic clades) Tnedifinnsmadolmiwdrlduiaundnly
d@na Durusdinium Usgneouluaae Durusdinium eurythalpos (D8, D12-13 wag D13), D.
boreum (D15), D. elynnii (D1, D1-6) &4 D. elynnii fnwuludzni¥ea na Pocillopora,
Seriatopora wag Montipora wag D. trenchii (D1-8) Fsanunsanulsmluluvznfmanewin
warauBnluana Cladocopium fisen1ssdeinermans 8nnih 100 e (Laleunesse et al.,
2018; Wham et al., 2017)

lunisiiadgnifarlanuny ﬁ%umqmﬁﬂmﬂQmiﬁgﬁi’mﬁﬂﬂ’ﬂuLGleﬂJLLﬁﬂﬁéjQ%(Uﬂ’j’]ﬂﬂa 81
NIEAUNTABUAUDINIETTING VDN TAzEMT g uTUmMaa AnAIUATen Uzn13aay
novauatlaefinsanyiina/emumuuiuresamie gueunedneluiede wadamineas
gnvianeldinetu uandorrumuuiurensadamitsanas Iuhliueatuusniandudun
iesnnamsisoonanUsmsidudntu mnaaunsalifssoideaduszeznauiumane
dUni vizerduideu Aazviluzmimnemsiazaeldluiign insgluanigundvznis
Ie¥undssuuszana 90-95% Auduienisissdinunainnsdunsesiuasuesavineguey
wad freanmgiazdmaliiAanisaevesizndaduuinuniie sliuuadenideilés
mamwuagﬂuamwLﬁauimuaemi’sm%a (Hoegh-Guldberg 1999; Hoegh-Guldberg et . al.
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2007) ANULUTUTINYDI09AUTENBUYRE M 9guaumnad TudgnSuddiurilanie) 9193y
Jugaziounisnevavesninnisdsuwlasadedaninden vdeRanssusuniusigg vl
AUTONU M’%@U%’UéfﬂﬁaeﬂﬁiuamwLL’mﬁauViLmﬂmﬂﬁ’ulﬂ (Cooper et al,, 2011; Gong et al,,
2018)

wnsailgm¥slonanlud wa. 2553 Wumanisaiifauguussnniianiilunzia
snlnsuardumuiinenuluusamalng nsweneluadsiudenifaldunansenuguuss
g saiFuniTlud we. 2547 nanein Tuudueansgaydeusm3sniiain Tagiamzuynnds
N9 warUsn§anedug (udgnamenaud 30-90% veszm3sdFinitegifu) vhlfaiu
vannmanemstinmluiunyznfianas (numinennsmmeiauas el 2548; antuideuas
Faum§nensnimsa vellmea wazd1meau 2554) lnedadofididyfviilvssduaiy
andounnafuluegfudnunraninuinden uagANInAINAENIINLENTINTEIAM I8

YRR

Yuyuwnadne deedsiuduvsnfsuanaeiuly uwideyasiaiuiasanunainnaieni

&

[ 1

WugnssuvesamsegueumailubuIven1deludseinalneliogiosuin uavdeldideln
anuddnlunisinwiagieaiads seiifuiinsufuilunginineiaan s iailands
avsegueumnad wiazvdelugiiniaing fsgfuanumunudenisnenymiiunnsistu (u
Weis 2010, Jones and Berkelmans 2010, LaJeunesse et al. 2010a) LaaN1NTI18INUNITNBA
IMYINTUNINEINTNMELakazeie uaglugiiniaodensfusenidesdnuindnuas
anmuandeniiuand ety lnslanizuinauuivznidlndils nasidisu diguuazd
psAUsEnouYasUzmfseudundn) nuvznmFmiganmsrenvndosnituuidznndlnails
WinuiiilanazoedusenauvesteniSansduidundn) (Guest et al, 2012) @210
m@;mmﬁﬂzm%’M@ﬂmaﬁLﬁmﬁﬁuiuﬂw.ﬂ. 2553 wag 2557 nun1srlenu1visiulenn3eis uas
Uzm¥sieu uazlinugduvunsnevaussiitaau Tneuznwnswinineseulmsenislen
ynnduldlifunanszvu windunumsrenunannludznisfouuisiin daladefifertose
Arwdaulmn Tuagfuasdusznoutesaminegueumad ANYL wazANLarNsalunTTURY
91115v89UrN133 (Guest et al., 2016)

Tudseinalng LAeiisgNUirUNaINNaIENISRUEN TTIVBIAMSIEYUIUNGE buTEU
aniitug (subclade) iigensAnyieaiidu Tne Lajeunesse et al. (2010a) fildifiusiagng
dail#Fnlunuivznifsuinanginizgiin @anziusonideuniovesumaynsduiie)
Wisuiflsufuussmaueudung (Zanziban) deeglusmannsduifiens Tunn wazinsmuudiess
S Uszinmoeanside Tunmaynswudiin lnenuintudsswelngamseguyunadadiulngeg
1y clade C 50%a331A0 clade D uazéany clade A, F uag G dsunsaneiugiJuaeiusiny
annud (regionally endemic) %aaméwﬁLL%uLwaé‘IuLLﬁazaﬂ&Jﬁuﬁjwﬁmmwumwia
ANNLINADULANG 1Y mﬂmzi’uaaﬂéuaqﬂizmﬁlmﬁl,l,u'sﬂzﬂﬂ%’qﬁéﬁj&agﬂuﬁuﬁﬁlﬁ%’uéwﬁwa
yadawandeuunnsineiuly faFesmesnruniy Wunlsn¥iuinamginiedss fesusulmd
ﬁ’uﬁqmmﬁm‘i’ﬂmﬁm@m) nsfmuneils Wuvgmfauinaimzasiia fesmefutiam
pgneuIINNIYRaensenil wagnsnumzaluadinugaamnssy) Wudy uwinisfnuisein
YoYU unadfiidnineguaiisinsanwstinvesamiegusunaglulenifigeu Ty
syé clade Wit (Panithanarak, 2015)
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AIUUNSANBIATITTIRBINITNIIVTBYAANUNAINUANENINTUTNTTURATAENUSVRIAMTY
guguwmadluiwiven$e Ingldwellans@iluiana wWelSeuiisuasausenauviiniiugves

q

&

UgnFamdudntn wazgamsegurunadnluduluoeuiludwindeusig Auwnne1es
n1sUSumveawIveMSudazus sudsrliniuguesUznsininisnevaussseaniunisal
UgnFarlenanluseduuananenu visanuuanaswestadsdaandondus la 9agyinlmsn
WhladeiTaunnislunsfnidenaneiudvesavseguaumadivingauivaninungey vse
nalnlunmsnsususabidnduasundeunegliaans deyatiendudsslevddmiunisduwun
dy Aaa a Aa o (% = a (% A
funndanuruiagadng uazdlvldlunismununisdnns iewieunistesiunie
d’-’ U U dl o L4 U A a &{

ManuuninensvgnismragmeluiumanisaluznfainenyiNagiintulueuinn
sulnadl

1.2 IQUszaeAvalasaNsIvY

1. 1ilefnw¥1AnuvaInvaton1aiugNITNYesEmMINeguTLImadluLLI U3 1A
nzfuoen wazduunaneusiiduvdasiu lagldmaiamadiluana

2. ensuameiusuesamegueuaduazSunaeiusfitiauamzianzasiy
Eigligls

3. \flonsaaaeUIULUUNINTTeTUSUeIE M EgueUNaE  IdAnuuena1eTEIng
anmendouieiumisiidimenimansuiell

1.3 ¥aulwAvaslATINISIdY

ANW1TlAkATAIUNAINTAIENRUTNTTUYDIAMTYUIUNAT N19TlUanalaely
wAlA denaturing gradient gel electrophoresis (DGGE) hagn15A339@0UA1AULUAN Y
Wugnssu (sequencing) lumssuunwimiug (subclade) Anwiludrduiifuvsnmiudady
nin Tnsdendunuuzndudsiidueiafinuléditaly Fauuudeu (massive) uaguuuia
(branching) a1nkuaUen¥siidanmuandeuunnsnsiu Ingsuauiesaisduegsening 75-
100 fra813 hmsiiudeyadaundomdeiu wu gumgl arundy amnudn uazarudula
Y93t
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o
Sichang %
Islands
13°0'0"N- -13°0'0"N
3 {7
i RAYONG
CHANTHABURI
o ' QS
FMan Islands ? yind
12°30'0"N— ' [} 3iee =12°30'0"N
Hin Ploeng ' \ 9
Gulf of Thailand
0357 14 21 28
[ = = ]
Kilometers
1 L T
101°0'0"E 101°30'0"E 102°0'0"E

d' a < L 1 [ I3 a 1 a o 1 [ (v =
ANA 1 @01NUAIE19UEATILTIRINUIIN 1) NENEETS 2) N3NITUENEs J99IATaYs 3)
NNl uay 4) nesiuiie Jaminszyes

2.2 ASLAUAEN9
a Y a o aa 1 a @ ~ 1 Yal v 1
dendunurlinvesleniFeidsusisvedaladilduwuuiinusanisnenyilas lawn
YgmFeidgunsawuuneunnulanali (9u Yenisiaues: Platygyra, Ygni13elun: Porites,
Ugn15993U19U: Dipsastraea (FoLhs Favia), U¥n1539099udeu: Favites Uz n1595901:
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Goniastrea n3aUvn15sanassodlng: Symphyllia) waznguniainulidenisnanyia loun
UzN139uUAInIU (95U Ugn1391n219: Acropora, Ugn1sanennguan: Pocillopora) §99zAes
I3 [ a (Y] d' 915 dy d' = 1 v d' d' I3 a 1
Julznmaanaiedfuiiagnulavsauiuinisfinw sgtey 3 ana wasanaduaiduviamu
YDINUN

WNuMeg1slsnsanuaaziuaslaen1sanuian (SCUBA diving) lnatiusiatnauiinfl
Jusdunuainynaand ldwnana Platysyra Pocillopora wae Porites ag13taaanaay 5
a3 Ingszyanudnananuiinuiiegauazduuniluusianiau (3-10 wWns) wazudim
d'd =3 [ SJA' (Y] d' a a v [ a I3 ﬁy d'q
Pan (>10-20 we9) Inen1snulen15anauazlgdananusuRIveINauUL 159 ARLUUNUAR
Uszunad 1 99.99. @uUsNSUUNIMIBwUUBNUAZITANRNAUSIMUaenwastalall Snw)
) | % & = VAl a =~ ' a a 6
AIeg1aigleanaged 95% waztiuliNaunnll -20 ssmnwaeaauninasinisiasely
WosUURAN3

a ¢ Y ! o & o ) " Al =
A1919N 1 WA LLazaqaﬂJaﬂmamﬂ‘Uzﬂ’m i'lllVNﬁ]qujumﬁaﬁlqﬁmiﬁUﬂ’ﬁﬂﬂﬂq

Family Genera (no. of colony)
Acroporidae Acropora (4)
Agariciidae Leptoseris (2) Pavona (9)

Dendrophylliidae

Turbinaria (7)

Fungiidae Lithophyllon (1)

Lobophyllidae Acanthastrea (1) Lobophyllia (1)

Merulinidae Echinopora (2) Dipsastraea Foudu Favia (5)
Favites (9) Goniastrea (3)
Hydnophora (2) Oulastrea (2)
Platygyra (18)

Oculinidae Galaxea (4)

Pectinidae Echinophyllia (1) Pectinia (1)

Pocilloporidae
Poritidae

Siderastreidae

Pocillopora (16)
Porites (22)

Psammocora (2)

Goniopora (1)
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AT 2 Tunaun1siAuFag oo Urn1Finazn1siAUSNEIfa819nuLINIIATIZ W LY

WU URNT n) tiudegresdienisanindn Jufindeyaviinueniss uazaudn neulddeu

a o & oA a a [ ! a ® N a & A v
wagdanailadeuiiiuiivessni$t ussyldg@uieaniinisinaain 2) ussaillowaysnss
nusazlaladadurasninudiegng 3) Waenuea 95% wWesnwanimiledes 4) Guiindeya
vunaeaiufiegs Uahlaininduuniesziluiesufiinis

2.3 mianandue Ujisengniglndieiss uazn153ns1ei DGGE

fegeiiiuinanuuilznfaazgninuauazaiafdue Tnefaulasainis salting-
out method (Ferrara et al, 2006) InsusiazshaghslisnSasyanas 500 mg ndaantuily
vuluansazane lysis buffer (SDS 20%, EDTA 5mM, Tris-HCL 10mM) 1@y 0.1 pl proteinase K
(10 p/mD) figaunndl 56 °C Wunan 3 Falus ieviliwadvesznidauazamiegueuimad
wnn anezneulUsAudiealsazatsdusa CH3COONa (6.1 M) Tudndau 1 ml de lysate 4 ml
wdrthimegeludumieeiinnnus 10,000 ¢ W@uian 20 Wt wdati supernatant WUldlu
vaealyal anngnaufidulesmeteniuea 99% Uufigamnd -20 °C wunan 30 Wil wagihluiu
wiseTinuiga 12,000 ¢ Wunan 30 wit wdudiduasazaeiic wazimidueliuie Dy
han 15 wit wasazanedetisaanlosey ASIVABUAMNINLAZUTUIVDIRDWD 69
1.5% aznilsaiaa luansazany 1xXTBE
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l DNA Extraction

PCR Electrophoresis
sl ITS2 fragments | sl S
ITS2

Band
observation
"
PCR Band Elutionf§g

‘ Sequencing | <— Ms2 fragments | < EEE!I
L =

Bioinformatic |

s mmmeay
LR LTSI
I v

phylogenetic tree

AT 3 TUABUNITIATIZAAMIUNAINNAIBNINUGNTTUVEsEMI18TU9d Symbiodiniaceae
TuesufUdnasmaiuimalla Denaturing Gradient Gel Electrophoresis (DGGE) kagn136ia
=y 1 a e dl' o a o0 v a = s
Gljua?umLEJULE]LW@U’]‘IU'JLﬂi']gﬁa']ﬂUU']ﬂaI@‘lmﬂ

dmsunslnsedt DGGE Ty ieldansavaneduends anhuifinviinafidue
U104 ITS2 ¥84 nuclear rDNA saginallnufise1gnle (polymerase chain reaction %38 PCR)
iedsesivdnvesamineyusumad andrduindlolndludumis Ts2 Tneldlnses
ITSintfor2 (5’GAATTGCAGAACTCCGTG-3’) wag ITS2CLAMP (5’CGCCCGCCGCGCCCCGCGCCC
GTCCCGCCGCCCCCGCCCGGGATCCATATGCTTAAGTTCAGCGGGT-3") (LaJeunesse and
Trench, 2000). TwufAsen 20 pl Usznauludie fldueduluu 1 ul, 1 x PCR buffer, 3 mM
MgCl,, 0.2 mM vasusiay dNTP, 0.2 hag 0.4 uM 93 forward Wag reverse primer Wag Taq

polymerase 1 gila (5 U-ul’, Vivantis, Malaysia). Wewfiuusyangawlunmsfiudsunamduie
maaamﬁwsgmumaﬁ 15714 touchdown temperature profile Ingl annealing temperature
anasagnanail Ineil profile fall Buduitgamgd 92 °C Wuan 3 min mude gamgi 92 °C
\Huian 30 s, annealing temperature guvindl 62 °C -52 °C Wuiian 40 s, wardugailgamgd
72 °C Junan 30 s 91U 20 58U 18 touchdown cycles fvumli annealing temperature
an9n 62 °C vBu 52 °C Tudn 0.5 °C siosou ndsntu nudae gamgd 92 °C WWuian 30
5, 52 °C tWuan 40 s, 72 °C unan 30 s $7uu 15 59U wazaulusunsumie extension step
foaumgf 72 °C Wuiaan 5 min (LaJeunesse, 2002)

9 Y
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AsIvdRUAIeRuNA L WeTeUTE ANaMSwgLIwmad TuuznSusaziiedns Tngld
Denaturing Gradient Gel Electrophoresis (DGGE, 8% polyacrylamide gels 7145-80% V09
urea kag formamide 3.2-5.6 M urea Wag 18-32% formamide) #181A389 VS20WAVE-DGGE
(Clever Scientific, Ltd., Warwickshire, United Kingdom) 1uta1 14-15 dalae denseual
110V ‘ﬁqm‘wgﬁ 65 °C ouL1aanaud 1xSYBR Gold (Life Technologies Corporation, Eugene,
OR, USA) uran 10 min.

v =

Tufinamadure nslg (ONA profiles) iusng euuazdudfinguuuudure sl

Yosusazfegn ndanndifimsnsiaaeusuuuuiidue Inslid lnonsdinuauiidueusazuay
fusnguvuuduaainiiusminlosuilithuiy Wehlufinusinafiduesmedna
fd015 8nade Tneld reverse primer #1U51M310 GCrich clamp (ITSrev) dialrlddbuie
Wmnegludimasnaneeshluiinnegidduiedlelndsely nandn PCR azgnyinunsily
‘U%’qwaﬁ EJI%JSQ@ purification kit (GF1-AmbiClean, Vivantis, Malaysia) wavdsfiog1adie
Jasziardu  Saadlelng (ABI 3130x., 1% Base Inc., Malaysia) d1udiandlelnadilaun oz
gnihlUifieudu DNA profile fiusing ieldlunissuunesdusznovululszvianvesainste

YUBUNAT

2.4 NMFAATIEHARULUE

nyaeUAIIgndesvesaviuiandlelndldandidue Tnsld saufunisiaszs
dreuiiimdlelndsie (mivaenndesiuszninedandlomdfieuld waz mudnauves peak)
fa8lUsunsuAmaNNILADS Sequence Scanner v. 1 (Applied Biosystems, USA) N
Wisuifiussduamnundefuvesdifuianalolndlsiudeyatieglugiutoya SymbioGBR
(http://www.SymbioGBR.org) (Tonk et al., 2013) way GenBank
(http://www.ncbintm.nih.gov/) Tngldlusunsu BLASTN fleglugrudeyassnan

2.5 N5ATIENAMUFUNUSIINTTUUINTVRIENTEYUIULINAG
PAFRANUAURUTINTIUNUINTTVDY clade hae subclade VDML YUIUNAT
aranulunsazunasmewkunIaulll (phylogenetic trees) Nas1aandeyadiuilnalelna
Y93 ITS2 678 Maximum likelihood &eiin1snaaaun1gnsin1swnunianilolng Munziu
a s = a ¢ a a Y a a I3 i
anefndlolvafildlunisimaest  leglumaieSuiednsinisdsundaiiandlolndseniing
Al0g1e NANgn Arluiaailian BIC (Bayesian Information Criterion) An#lda A8 Kimura 2
model A31ULYBTUYBINITIANGUVDIMUIBOUNTUITIU IHanN1sdudeya Parsimony
information sites WUy bootstrap 3143 1000 AT (16 1000 wWuAl=) IMNUUUNAUBNIT
wHuNINdangulagsIs (Consensus Tree) Wuu Majority Rule (awiliausdiiavatiuayunis
o i = a ' a ¢ v & a s
Janguaniznusinglunaugiunnndt 50%) enendeyarmualagldlusunsuneuiiames
MEGA version 6.0 (Tamura et al. 2011)
dusudeyamduelnslng Nldainnisiasiznt DGGE asininUseiliuanuvainyile
LaZOIAUTENDOUVDIYUBUVDIAMT BusUmad 2 ndndiuvesiiduelnslvdsududeyasin
a o sad o ¥ a o s W ] v ' & = =~ I3
aneihndlelnaniaduiindlolnaunneieiu luisagiegns 9ntu  Wisufiguesrusenay
Yy FiavesEnSuUIu wagseninsannil

BALATAINAMNNAIENNUINT TNV U IBYUTUIMAT IuLUIUzNSiwgilananz Tuaan 9


http://www.symbiogbr.org/

2.6 NMsATIERdayaneEin

IAsziesnlseneulssrinnvesamegusumailagldlusunsudnsagy PRIMER 6
(Clarke and Gorley, 2006) with PERMANOVA (Anderson et al., 2008) f\J’mmi’N%}agaaU‘ﬁ
Guitnnswu-ldnu amsevliadieqluusiagiiegiaanudazaniil doyavsgnuiun transform
lugUvesnisnu-lainy waniluamulruainuadieni (Bray-Curtis similarity matrix) 989
9IAUTENOUUTEYIANA VI YLTUMAT Senineanil wasyiinvasUzn1Faantu vimsmaaey
AMULANIELAN¥IDIBIAUTENOUU T IANAM el UmadniusTinvaud1t1u Tngly one-
way analysis of similarity (ANOSIM) waz3Las1esiuasidunnl1undeaaavedeIrlsenou
Uszvianamsiegueumnadluditiuusazyila aag similarity percentage analysis (SIMPER)
LarIAT1EN1IInnguvetesAlsEnaulsEvIANa Tyl Twnad tngld UPGMA Cluster
Analysis lagld SIMPROF naseuseduauitudAyvoinisianguluusasngy

N1TIATILVAIURANAINYRIDIAUTENBUUSEVIRLAMS B LT UNad TEnINeanl Tu
Uzn1Fudnvnueiindnee Ansizilagldnisiaszianuulsmunaisiiuds (Multivariate
Analysis of Variance: MANOVA) usitilaaninsunusiegissnusassiafiivanusazani
vy fefudsddsndondsnfansinfinuldveslunansqiui Wi Yenifeana
Favites Pavona Platygyra Pocillopora Porites wag Turbinaria 11%n15AS1EN
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UNN 3
NaN1598

3.1 ANFUNUSTNSATAIUING

Tunsfinwiadell fnsfuiedieusmiudinuutenduinamginedds uyne
wanans Jmdavays vdinizdu uagiuiis daminseeas 91U 113 fege 3ndgnnse 11
29 Fuuiisdu 21 ana (M319ft 1) wazhlunsndeuriinvesaniisguumad lnogain
Snwaizvestiduelnslngildann DGGE Tnenwulnslndssan 7 Tnslnd 1éud C1, C15, C3u, DI,
D6, D1-4 uay D1-6 (nwfl 4) Tafudnduiogsanfiduelnslig Wolunmaasuanuiu
WUSYDIERNUNNAUFNTTUUNAIWUTIUAMALS ITS2 TASIRUNINTUGNTTNUTIUAWALY TS2
$ruauiiedu 81 feens

a 2 2
E £ E
o ) 9 B 8 8 8 2 ‘g
@ @ Re] Q2 k<] =
b 2 2 8 & E E g 3
@ (7] ) 2] T ] @ ) 4
3 1 £ 2 L] i1 k] £ 5]
3 o T ®© 5 © o Z <) ° @ @
@ [} 2 o @ [} ] a 4] & o o () 3
T = s s © = s (4 o S IS S s o
s .8 o 3 e 3
@ = = = s = = 3 © 1<% Q Q = = ]
c 7] 9 » 53 7] « 5 3 o () ks) » > <
3] ) o o S [} ] b S = = = o > S
s 5 55 § 5 5§ % 5 8 % 8 & § 3
Qo 0 g0 T 0 Nl gl aguD et ane D D ami S
-———
T — — — — — W —
| Bl B
§
am B S8 |>. > — |>. . . ! |>. ‘
¢t ¢ & T - ¢ U O 5§ oF oW AR RS © ol -
’ o 0. O O o o o ar 5

D1-6

- -

Cl 45 C3u DI D6

a Y 1 a & 3 ! al 1 A avy v . .
Al 4 fredrsAduelnslidvosamsegusunad usazeiinfilaan Denaturing gradient
gel electrophoresis (DGGE) fildainn1s@nunil

31NN1TIATIENAUTURUTVDIFIRUNNTUTNTTUUNEIUUTIN [TS2 910618819
AT EPUTUINARTaIATILAY 81 F98 anmsaduunanegusumaieanidu 2 ana fe
ana Cladocopium wag ana Durusdinium 1WlelUFsuifisuddumaiugnssuvesannsiegusy
wadlunsAnwiilfudeyadidunsiugnssalugiudeya GenBank lngldlusunsy BLASTN
WUIIHANINTIVADUANAVDIE M DguTUINAT ARty Lazilinog1sutsiegefifidoya
ddumaiugnssuusiumaumnendluandeyaifolugiudeya GenBank uazldhdiuma
fugnssuvesamegueuad lugrudoya GenBank vieia accession numbers fstaluil
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KU842042, GU111879, KU841977, EU074906, KY131786, JQ003818, EU812742 u1ldlunns
Anrziiieiduteyadids mnmsthdeyadifumsiugnssuuisdinuiing ITS2 veansie
guamadlun1sinuil (81 fog19) lmaruduiudmafanmstuamsogueunadly
ana Cladocopium uay @na Durusdinium ondeegsamiuuznidslugiudeya GenBank
FIUIUTIY 88 #3887 TAuN15aTIILHUAIAIUFUTUSN1INUTNTIUAI8TT maximum

parsimony (total character = 287, parsimony informative character = 100)

D1-Pocillopora (8)
D1-Platygyra, Goniastrea, Favites (18)
D1-Porites, Pavona (12)
D1-Galaxea (1)
D1-Turbinaria (1)
- HP3-Turbinaria (1)
851 Mi28-Favites (1)
64 {I
72
Durusdinium spp. 100

SC19-Porites (1)
EU812742.1 Symbiodinium sp. clade D isolate D1a f/D6
EU074906.1 Symbiodinium sp. Type D1a
KY131786.1 Symbiodinium glynnii D1
JQO003818.1 Symbiodinium sp. D1-4-6
SC4-Pavona (1)
ge) KU841977.1 Symbiodinium sp. C15
C15-Porites (22), Platygyra (1), Goniastrea (1), Pocillopora (1)
Cladocopium spp. C3u-Platygyra (5), Turbinaria (1)
Y Hp2-Favites (1)
GU111879.1 Symbiodinium sp. C3u
54| - MI22-Psammocora (1)
KU842042.1 Symbiodinium sp. C1
72| C1-Porites (1), Favites (2)
HP20-Favites (2)

0.05

AW 5 unudsAaduSIaTugNIIULUY Maximum likelihood  uamsaduduiussening
haplotype sumama'wsgwumaﬁaqa Cladocopium spp. wag Durusdinium spp. Tuugn139
thudauau 21 anaainnisfinuni fiauiteguuunuiauanden bootstrap value (%) 910N
LAY 1,000 ﬂ%y’q; %aamé'mmlfzjulmaﬁﬁizﬂuLLmumw (D1, C15, C3u, C1) Aofegeiiil
haplotype as3fiutayaan GenBank, §egnefidl haplotype wans1aluangIudeya GenBank
wszyToanil (Fsnusnwisingy 2 #) mnoiaviied s wazanaveszni3s (Miavluiady
foduiuiiogsevegusumadfiimsiinsesiadunaiusns )

WUURUUAIRUNIITUGNIsUYRsavms1eluana Durusdinium 5 sUwuy (haplotypes)
Tnganunsawuslaidu 2 ngu waldaunsaudsuenlaegiesdnau lown ngu D1 (Uszneuldsie
Ygn1Fudndnunanesila) sauiu D1-4 (EU074906) wag D1-4-6 (JQO03818) wagnay D1-4/D6
(EU812742) wazjUuuudIduN1aiugnssuvesaniteluana Cladocopium 6 JUWUY
(haplotypes) Tnganunsauusldiiu 3 nqu (nmil 5) wieeehstiossuunldiiu 3 vila Ao nqu
Cladocopium sp. (C15), Cladocopium sp. (C1) wag Cladocopium sp. (C3u)
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3.2 aAnunanviiavasamsegurumadluvznideludminvaysuazszeas

NNSAUAIBE1UENFITUIN 21 dna 910 11 9 nuamsegusumadiogeloy 4
vila Fsanunsaldmiduelnsiidlunisduunlidu 7 nslwdusznouldelnslidvesana
Cladocopium 3 Wwslna (C1, C15 wag C3u) wazana Durusdinium 4 Twslwla (D1, D6, D1-6
uay D1-4) (Wil 6)

Frequency of Symbiodinicaea communities observed in
coral hosts

Poritidae (23)
Siderastreidae (2)
Pocilloporidae (16)
Pectinidae (2)

Oculinidae (4)
Merulinidae (41)
Lobophyllidae (2)

Fungiidae (1)
Dendrophylliidae (7)
Agariciidae (11)
Acroporidae (4)

Host Families

0. 20.00 40.00 60.00 80.00 100.00 120.00

o
=]

Frequency of ITS2 profile (%)

0OCl1 ®mC15 mC3u OC3u* mD1 OD6 OD1-6 mD1-4

A a ' aA a | Ao e a & ¢ v v v
A7 6 AUATEIEIMIEYREUIaAYafe TuTina AW lnglid TnuluvzsnSuditnu
Tunsazed (@MUY 100% LHRAINULAISIVIAIDENT NUTRAVDIAMIIBUINATT 1 FUA)

it 5-6 aenuiluiufiuuin¥edminvayGuasfminsrees wuamsioguy
wiadtuana Durusdinium spp. (D1) Wusiiawu Inenulaluvzn$mned Tnaduamsiaiiies
‘*Uﬁmamﬁlwuiuwﬁ Pectinidae, Oculinidae, Lobophylliidae, Agariciidae Wa¥ Acroporidae
wasidussdusznaundniinuuinnit 50% Tulzn$ed Merulinidae, Dendrophyllidae wag
Pocillopoiidae luwaueiinad Poritidae WuamsegLYInadana Cladocopium sp. (C15) 1Uu
aafUsznounan Turaefivzn15993d Merulinidae waz Dendrophyllidae @1usanuangie
gusumadana Cladocopium sp. (C3u) lely wenanEganuinUsnsaluaed Poritidae was
Merulinidae unslalatl wuamigguaumaguinnil 1 ¥ie

- |
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M15199 2 UenSeanandnainiedengg wazdndiueddsznauvesamieguoumnadnnuly
Yeminidnuusazana

Family Poritidae

Porites

D1-6
D6 Cc1
D1 40, 4% 4%

3

Ygn5alan (Porites)
n=26

Family Pocilloporidae

Pocillopora

C15
6%

Uznamannguan (Pocillopora)
n=17

Family Oculinidae

Galaxea

n=4
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M15199 2 UenSeanandnainisdeneg wazdndiuesauseno uresamsigguauinaannuly
Yemiuidnuusazana (seiiie)

Family Merulinidae

Dipsastraea

UgnN13919umiu (Dipsastraea
a a .

Yauu Favia)

n=5

Favites

JenSeraanasy (Favites)
n=10

D51c.,;6_ Platygyra

Ugni$eauas (Platygyra)
n=18
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M15199 2 UenSeanandnainiedengg wazdndiueddsznauvesamieguoumnadnnuly
Yemiuidnuusazana (seiiie)

Family Dendrophylliidae

Turbinaria

Yen159914 (Turbinaria)
n=7

Family Agariciidae

Pavona

UznSsanenanlyl (Pavona)
n=9

Family Acroporidae

Acropora

Uzn159911174 (Acropora)
n=4
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Goniastrea

4% C15

Platygyra

8%

Pocillopora
4%

C1

Psammocora
33%

4

C3u*

a v I o v v ' d' ] a a
AINN 7 a@a'ﬁuaﬂﬂﬂigﬂ@‘Uﬂ@\iﬂzﬂqsﬂL‘U']‘U']uaf!am']\‘]g] VIWUﬁWSWEJ?JLL‘(Juwlaa‘UUQ C15, C1
way C3u*
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C3u

Oulastrea Dipsastraea
Lithophyllon 3% Dl 1%
1% .
Pavona Favites

Goniopora \ 139
1%

10%

Galaxea

Acanthastrea 6%
Psamm&cora Goniastrea
1% Lo 0
Pectinia 3%
1%L§'\ /\Lobophyllia
eﬂtoser|s> i o
Hydnop gg/g\( 1%
Echinopora 3%’/_/
3% Echinophyllia
1%
Acro(?ora Turbinaria ftes_Pocillopora
6% 7% 1% 13%

D6

A 8 dndiuesAuszneuveslzniSudinuanasiieg Anvamsiegueumadvila C3u, D1
way D6
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Porites Dipsastraea
9% 18%

Platygyra
9%

=

D1-4

A 9 daduesAuszneuvesUzniSudinuanasie Inua v egusumadYin D1-6 uag
D1-4

definrsanvdevesaviegusumaiuazaiusingiusinvesuzass wuiramsne
Yuruwnadluana Cladocopium spp. firoudnefianuaniziaizaatutsnidadntiu fe C15
wurluslawmuludznissana Porites Lwié’awuléfﬁwiuﬂzm%’aaqaﬁuq Wi Platysyra,
Lobophyllia wag Pocillopora Tuvaued C1 W‘LJsLu‘LJsm%’\‘iaqa Porites, Psammocora Wag
Galaxea Tudnailndifeatiu adeadstu C3u ﬁwulﬁluﬂzm%’aaqa Platysyra, Dipsastraea
wae Turbinria @yuamingguswnadluana Durusdinium spp. (D1) wulaludvznidmnana
IﬂﬁLQWWSluﬂzﬂﬁﬂaqa Platygyra (17%), Pocillopora (13%), Pavona (13%) wae Favites
(10%) (157991 2, AN 7-9)
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3.3 AnuduusszninavdinvesamssgueumadiuviinvasUsmiuazdadedaandon

31NNTTIATIEN ANOSIM test WUAIUUANAINTENINNYTAVDIAMIEYLTUNATIAL
1Hau0IUEN159981980ud Ay (R = 0.46, P = 0.001) 1ngNUAIULANAINUDI99AUTENOU
AMIEYUIUNAE S¥NIN9UENI35Y Porites LLazUzm%’aaqaﬁluq Usgneaunle Dipsastraea,
Favites, Galaxea, Platygyra, Pocillopora, Turbinaria Wwa¥ Pavona LALNISILATIEINNITIN
naal (Cluster Analysis) wuineadUsznausinvesamsiegusunadfiendoagsiufuuznisei
Wudrdu wisesnifungulug 9 16 5 ndu (1l 10) Aszduanuadieadedszanm 65
Wesidus Tnengu 1) Uszneulusne Cladocopium sp. (C3u) Faedvagsaufulznisluana
Platygyra, Dipsastrea, Favites Wag Turbinaria 2) Lﬂumjﬂmm‘ﬁqm A® Durusdinium spp.
(D1) enfBagsmfuUznwnana 3) nau D1-6 uaz D6 sdrusnnwuluuznn3s Pocillopora 4)
nqu C1 wuldreaudnedeos 5) nqu C 15 dwlngiroutnalinnuianiziaizaiulznisa Porites
ueiliifinrmdinziuannd (i 11)

Genus
Group average A Dipsastraea

Transform: Presence/absence W Favites
Resemblance: S17 Bray Curtis similarity

0+ )

Galaxea

| @ Goniastrea
@® Lobophyllia
=} Platygyra
X Pocillopora
20—+ ¥k Porites

Turbinaria

W/ Acropora

[ Echinophyllia
40+ & Echinopora

() Hydnophora
A | eptoseris

Similarity

Pectinia
60+ B Psammocora
@ Acanthastrea
@® Goniopora
== Lithophyllon
80+ X Pavona
Oulastrea

XXEXE
* EER S RN

->
11:D1 111:D1-6 IV: C1 V:C15
Samples

AW 10 wNLAMASIANguAIATIAAEARvRIRsAUTENEUTTATE A EYLaUAR TN
Tuten¥sanasineg Tuiufuudsm$sdminvaysuassvees Wuduas uansfanuuanenaegs
fidedAgylun1sdnngu (p < 0.05) fen1sMeaey SIMPROF. fa8n¥sn1w18anguianigaiu
YA NINELAYAIDEN
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Group average

Transform: Presence/absence
Resemblance: S17 Bray Curtis similarity

0+ :
I Location
A HP
v Mi
20 sC
®Ss
40+
>
kS
£
2 o
80--
100—_ Advvve --' EAAAAAAAAAAAAAAAAAAAAA AL AL AAALL S BN AGSGOAAAALLAN AvVVeessssas :; SO AVVVVVVVSALASGSOALALL
R % § “"“ S ” 388 g SEEESSRERE REEREsEEEERIBELaBEEEELeny
@g&%@ﬁﬁﬁ§$§§§§%§§§~ﬁ§§§£§§§§§§%g §@§§§E§§ gﬁ §EE§EI§§é§%%E§~@EM§§ sibciei

I: C3u 11:D1 Samples 1l:D1-6 IV: C1 V: C15

AT 11 UHuAINsIANgumuANAR1EAGIveteIAUsEneuTinuesE M 1B uTINa G TINY
Tudznn$sanasineg auannditusegsluiufivunlzn i minvayiuazszens iduduag

o

wansdamuuanaegeltedAglunsiangy (p < 0.05) Mensnaaay SIMPROF

NaaINNITIATIZIesdudAuAdeads (SIMPER) wudtlulzn$sanaiieniu wu
glavasavsegusuvadadendaiu tnefiiuesidudaundiendauanafianisnen 3

- |
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M19197 3 N1TIATILYAUAIEATIVBIBIAUTENOUUTEIANAMS B YUEUMAT LUUEN1T AN

Uunsazana
Similarity
Dipsastraea (5) | Porites (22)
60.00 % 92.90 %
C3u C15
Favites (9) | Galaxea (4) | Goniastrea (3) | Platygyra (18) | Pocillopora (16) | Turbinaria (7)
75.28 % 100 % 66.67 % 72.88 % 71.83 % 76.19 %
D1 D1 D1 D1 D1 D1
D1-6
Acropora (4) | Echinopora (2) | Hydnophora (2) | Leptoseris (2) | Pavona (9) | Oulastrea (2)
100.00 % 100.00 % 100.00 % 100.00 % 100.00 % 100.00 %
D1 D1 D1 D1 D1 D1

Fuavlwsdundsdoanaveslznis munefesnnuimegadildlunisiesisi
Wesidudanuadendwesesdusznauamsegusumad neluuzniisanatiue
ylevosameidussiisznaundnnieslulzniSanatiug

199 3 azfiuliinuznSeana Porites Aputhsianusimizianzasiuainsie
Cladocopium sp. (C15) lagwuninna 90 Wesdudvasdszunsamuaiiinundnw uas
Usn5sana Pocillopora  AautaiiAIugwWIeia18aiuaInsie Durusdinium spp. (D1 uae
D1-6) aruugnieiindus wu Durusdinium sp. (01) Juwdnuiu

desnsnausiedismiusazeieiivanurazaniisiuauldwinty fuiu s
ﬁmLﬁaszm%’amwﬁmﬁwﬂﬁﬂaﬂwmaﬂﬁuﬁ laun YsnSsana Favites Pavona Platygyra
Pocillopora Porites wae Turbinaria Wotu1dasieiauwlsUsIuYeInIsHUBIRUsEneu
VBIANINYYUTUNAG Tuitudisheg Ténasmnsiedt 4

M15199 4 NMTIATILVIANWUTUTIUVAaEFIMUT (MANOVA) va3a3AUsenaulsevnuaInsiesy
wruadtulznsadtunnuluaaiiaig

ana Df SS MS Pseudo-F P (perm)
Favites 2 6574.1 3287 1.8205 0.119
Pavona 2 0 0 0

Platygyra 3 18111 6037 3.0185 0.026%
Pocillopora 2 12812 6405.8 3.0707 0.1
Porites 3 558.92 186.31 0.89207 0.864
Turbinaria 1 1285.7 1285.7 0.49451 1

* NUAILLANANTEN AN Tog 19l tud A saiA p<0.05
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mﬂawﬁﬂizﬂauﬂwsmﬂwuaqa'ma"]asgLLsdumaﬁiqum%’qLf\’]’wﬁ’mﬁgq 6 @na WuAIY
wansingegiideddgynisadfsenieanntl wmgludenSeana Platygyra Ffuainita 4 @andl
(SC, SS, Ml wag HP) nuandaniifineudsilunnaneiu Aeseninsaaifuiis (HP) IR HIGRE
LaNans (SS) (p=0.087) wagseninandnginizdda (SO) wagngintzuauans (SS) (p=0.067)
Tngandlfiuiie uazvyjin1zdds wuamse D1 Wuesduszneundn luvaisivginizuanans wu
C3u tWussruszneundn

Slolnsgimanuduitussninieaduszneusiinvesausogueumadnuludznne
nquwu leun Yzn13sana Pocillopora, Platygyra wag Porites sfuadedunday (M1
7l 5) wuideg1azn13sana Pocillopora @aulngfiun sainaaniinizdds uauans uay
Fuia 39ldviinnsinszRisendneamantiiwindu Wudwawwiwazjmuma%%ﬁmﬁLﬁu
osAvUsEnaunantulzn3sana Pocillopora #e Durusdinium spp. (D1 Wag D1-6) @4 D1 agmy
loynannll waslimnuduiusluduinusunusinemislunguddne wouludey luwnsn uaz
woawn luvazdl D1-6 fanuduiusfuanufuuazaamall nusnuSnMaNAsLAY U
(n it 12 a) Uzn15sana Platygya wuawsieana Durusdinium spp. (D1) 1ussfusznaundn
Tunnanid Tusugilana Cladocopium sp. (C3u) WUlRWIEAUTIIMLNIELANANT Tl
auduiusiusigevnslunguuenluden lunsn uazwean (nmd 12b) druvzniisana
Porites \Juvfiafidwmgiuamsgluana Cladocopium sp. (C15) lunnaniil uinuitluanndl
RUPARN wuaméwwﬁﬂﬁ'uﬂs’ha W C1, D6 wag D1-6 LagNUNdUNUSAUUSUIUTANS LAz Ny
Durusdinium spp. (D1) Ustiamginizaiu Inedanuduiusiudsunaasuuiuase (TSS) (i
12¢)
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M15719% 5 AdeuazAmd@snuulnggIu AunNNaainuieg1ans 4 aanduinaulzniminrays wasszees Tusswinggusay
nyueenileuvile (fuaau 2559 - Tuaw 2560) uazgusguagiunnidedld (Fwau 2560)

Site Depth (m)  pH Temp  Salinity DO NHq" NO, NOs PO, Si TSS
(°0) (ppt) (mg/L)  (ugN/L)  (ug N/L)  (ugN/L)  (ugP/L)  (ugSi/L)  (mg/L)

Sichang Is. (SC) Mean 4-6 8.39 30.28  29.36 6.42 17.39 2.43 21.70 4.11 863.91 15.28
SD 0.25 0.41 3.72 1.18 12.08 2.87 24.90 2.69 146.45 3.31
Samaesan Is. (SS) Mean 3-6 8.18 3045 3297 6.48 ND 2.00 0.42 2.09 102.43 15.51
SD 0.03 0.35 0.95 0.12 ND 3.53 0.48 0.73 114.81 3.78
Man Is. (M) Mean 3-5 8.19 2845 32.00 6.21 0.00 0.00 6.61 2.54 113.33 32.03
SD 0.02 0.35 0.00 0.24 0.00 0.00 9.35 3.59 160.27 1.01
Hin Ploeng Pinnacle (HP)  Mean 6-12 8.25 2928 31.38 6.55 7.49 3.65 2.86 2.74 268.11 23.20
SD 0.02 1.08 1.90 0.39 12.20 8.95 2.44 0.37 161.55 14.11

1 : WsupueynsgideyaanaudiTeuasimnninensnmelauasseiliening e Jusen
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a) Pocillopora

Transform: Square root
20— Resemblance: S17 Bray Curtis similarity

Cc15

Salinity D1-6

NG,
7SS
Depth

HP

o
1
T

Ss

dbRDA2 (2.3% of fitted, 2.3% of total variation)

-20-4 ' ' ! 1

r T T T 1

-40 -20 0 20 40
dbRDA1 (97.7% of fitted, 97.7% of total variation)

b) Platygyra

40—+

SC

N
o
I
T

o
I
T

dbRDA2 (29.9% of fitted, 29.9% of total variation)
)
S

404,
-20

0 2 40 60
dbRDA1 (71.6% of fitted, 71.6% of total variation)

c) Porites
10+
SS

HP

MI

dbRDA2 (13.4% of fitted, 13.4% of total variation)

-204L | 1 } § t T 1
-40 -30 -20 -10 0 10 20
dbRDA1 (86.5% of fitted, 86.5% of total variation)

A7 12 DbRAD wéenuansauduiussznialadednindoy uasalinvesamseguaunad
ludgnn$sana a) Pocillopora b) Platygyra wag c) Porites Tuaanfivigin1edds (SC) wawans
(SS) vsiimgsiu (MI) uag Auita (HP)
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unii 4
aAUseHanazaFUNan1sANY

nsfnuluasiifuiognsusnmiuddudmiasays uassses 1uau 113 daegng
nUzn3e 11 296 Shuaustedu 21 ana 90 4 4019 NUANUNAINTLAYDIANINLYUTUNGS
lu33d Symbiodiniaceae ag1atioy 5 ¥lin Usenauludlsana Cladocopium 313 3 iin
lawA C15, C3u way C1 wazdna Durusdinium 9819tae 2 via laun D1, D1-4, D6, D1-6 i
AN TS2 falalanusnsEunUUANAINIENING D. trenchii wae D. glynnii le (Wham et
al, 2017) @sdoAruvainuatsvassiiareudees WewSsudlsutusisauaindseina
5‘146] (937971 6)

o 3 a ! a a 1 Y [ 13 Qll
13190 6 ENF’VLJ38?1@‘1.17114@%@\13’11/13']8%1&%“LVla'ﬁLLﬁgsﬁu@L@u (MIUN) IUU3ﬂW§QLL7N VI‘WUIN

NinAR199
Usine wana | Iwuile | esduseneuniln | Audumie | References
(Ugn159) | (guouwnad) | (gueuimnad)
Thailand (Gulf | 21 >5 D1, D1-4, D1-6, | Porites (C15) | This study
of Thailand) D6, C15, C1, C3u Pocillopora
(D1-6)

Thailand 12 >30 e.g. C3u, C101, | Porites (C15) | LaJeunesse et al.
(Andaman) C1, C3b, C3z (2010)

C15, D14, D1-4-

10, D5
Singapore 6 4 C1, C27, C15, | Porites (C15) | Tanzil et al.

D1, (2017)
Hongkong 12 4 C1, C21, D13, | Porites (C15) | Wong et al.

C15 (2016)
Moorea/French | 14 13 Al, A3, C1, Clb, | Porites (C15) | Putnam et al
Polynesia C1f, C3, C3b, (2012)

C15, C21, C42,

C45, D1, D1-4

4.1 AN UTinva iU

amsgusuadinululgniduds enaffldfminiiamuansaigastvrinves
Ugm¥aintu videsiediliiemziaizas felladeiinaderudimnzinnzawosamineguey
wiad oradunamnainnalnlunsidunegendevesaminegusumadsauiuusnifadntiu o
1ndwanden wazainnisarenenainialadusgdan (Stat et al, 2008; LaJeunesse et al,
2010b) uonniiateAsndouluisasuisdsdnaneruynyuvesams sgusuad ana
Cladocopium spp. #1380 ana Durusdinium spp. (Tonk et al., 2013; Gong et al., 2018). 911
nsAnuUznFaria 21 ana Tunsfinwadell wuiieniieana Porites Sarudumneianzasi
@318 Cladocopium sp. (C15) wazlgn133ana Pocillopora fautnalaudwzivaImsy
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Durusdinium sp. (D1-6) Tuvusfiasne Durusdinium spp. (D1) Juwdiefiannsauninszane
lonainuangludsnmdmnana

fausiisamseana Durusdinium wag Cladocopium wanswdaazannsaususali
nuldluanminndeuifigumgieudisgs fanugugs udgmileuinuiuiusinemisenaas
Hudnuilallade Mervezdamaniossdusznounielulszviauvesamsegusumadluugg
Ugn133 (Tonk et al,, 2013; Gong et al., 2018) AnudoIn1staseasindouiiunndreiu 019
ilvamseudazyiadnisuiudsieaninuinde LLazamzﬁuagjﬁ’ummmmmiumﬁuﬁu
o1sveszmndnthu FeziinaseiinmnnsuasmsuiuivesamegueuImadiion ooy
Srufuiituusazadaiunnsiafu WunsiamsegueumadnieUsnniiazdesuande
sewineuusgansamlunsliuasitensiaiyiuln videguamvosuzn¥aantu (glesias-
Prieto et al., 2004; Mieog et al., 2009) @1%318 Cladocopium sp. (C15) ﬁwmﬁ’uwwagjﬁu
Ugnn¥sana Porites finagluuuiun¥siiihindoud sy (Sudara and Yeemin, 1997) uazan
seunuivenisitendeluifidoudisgu dniinsufudlasnsiuiuemns ilevaenis
é{ﬂmeﬁu,awaqmvﬁ'w&Jﬁmumaﬁﬁ'«iﬁﬂluamwﬁﬁLLaﬂﬁasJ (Ferrier-Pagés et al., 2011)
dmsulzni3s Pocillopora damicornis SinWuilAULaN2Laza9ny Cladocopium sp. (D1-6)
Tuwazfiamine Durusdinium spp. (D1) Wunguiifinsunsnszanenirswinsluvzasanana
uaznulunuugn¥siseudhmannuanglugilng

nuanisinuiluaded IWaziouldiduaududouressisuid waznisdede
Inemansvosaviegusumad esnamsiegusumadluana Cladocopium H8uauvie
finarnuans TunsAnwedeinuaundnedsdes 3 ¥ia wadsldldinstusuiesia ay
ndnnsnateinemaniegtadumans) dslumsdsdoniin asdesditoyamaiudugiuine,
wagduiugmansluanafiesnatiuayu dwmsvana Durusdinium annisAnwiiaiady
Usznauluse Durusdinium og19ties 2 ¥ia ui 1A30MUY ITS2, cob waz chloroplast 23S
gelalanunsnszuauuAnd1asenIeslia D. trenchii (D1-4, D1-4-6) uag D. glynnii (D1-6, D1-
4-6) & (Wham et al, 2017) uenniidanuin luunsiiognadiil co-dominant sequences 1w
D1-4-6 enaausduldats D. trenchii w3 D. glynnii Iumswaﬁ’wLLuﬂ%ﬁmaaaméwsJegLLsziumaﬁﬁﬁ
Aaulnadaduuing luana Durusdinium Taewanig D. trenchii wag D. glynnii 9¢6 094
AoavINEMeugNTINTiiiAIL gt LWy psb A™ e microsatellite \udfu (Wham et al,
2017)

4.2 GT'\Lmﬁqﬁéf’awmgﬁmam% wazdnswavnadedandoudidenasdaussvinuves
dmsgYLTUMaR
AMuraINaeilnvesdaineyusumadiulsniswddudminvaysuazszeas
Aoudes Lﬁam%wLﬁﬂuﬁ’uﬁﬁmu%ﬁmaqmmﬁaﬁLL%uLmaﬁﬁWduUzﬂﬁaLL%@ﬁLﬁumﬂmLa
2un3U (LaJeunesse et al., 2010a) LLaz‘ﬁlgu“] (M15197 5) 91NN"SANIEY Laleunesse et al.
(2010a) 31nnetaduntuveIlseinalng wuamsvana Cladocopium 593 23 ¥lia wag
Durusdinium 11 wda FeuansliiiuiuuiusniSalmziasunsiuvesdsemndlve faumann
vilavesamegueuinag gendinznidudminvayiuazszees udillewIouifisussduszney
vosamegusumad Tulznferdadoarfuiinusznineduniu wazuuiusnisimiavays-

BALATAINAMNNAIENNUINT TNV U IBYUTUIMAT IuLUIUzNSiwgilananz Tuaan 27



sveRe NUTTEeIu UgN3eana Porites InNULRNIEIA90EUAMI18 Cladocopium sp.
(C15) Tuvagdidanziaduansiu wu Cladocopium sp. (C3u) Wurdianufinulgluvesnyafidy
broadcast spawner 1 Acropora, Platygyra, Favites, Goniastrea, Symphyllia wsiludsnin
%a‘uﬁ'uazawaq nduNU Durusdinium spp. (D1) \Wuesrusgnaunan Tuvessd Cladocopium
sp. (C3u) axnulgtes waznuluzmSunssdaluunsiuiivindu Auansdnwiinu cau lu
Uzn139 Platyeyra IuﬁuﬁmgmwLLa:umsmﬂﬂdwaawﬁﬁuaéwaﬁﬁaﬁﬂﬁmmﬂaaa) uonand Ty
Uzn159 Pocillopora Tungiadun1du wu Durusdinium sp. (D5) \UuesAUsEnaundn wily
Janinvays-szees Wul Durusdinium spp. (D1 waz D1-6) iWussrusznauman

Wuieatudululsemadanlud geans ntu wieudnseiiafi Great Barrier Reef
Useineeaamsiae wudgniseana Porites drulugjiininuianizianzasedivaivsie
Cladocopium sp. (C15) Tanzil et al., 2016; Wong et al., 2016; Keshavmurthy et al., 2014;
LaJeunesse et al., 2004) Tuvuziveni$s Pocillopora damicornis finulug1ilng Palau waz
dealus ds1g91udnerdeedsiuduainsig Durusdinium glynnii (D1) (Tanzil et al., 2016;
Pettay, 2011) Tuwasfiusioe Great Barrier Reef 301012 Okinawa N&UNU3A P. damicornis
91dyRgINNUAIMIY Cladocopium spp. (C1j uay Clc auannu) (LaJeunesse et al., 2004)
Tummvﬁimwauéu L ‘Uivmvﬁéaam nuIUyn3edna Pavona uag Platygyra mﬁaaa
suAvaInIy C goreaui (C1) winddu (Wong et al., 2016) uaUgn13sana Pavona 7 Great
Barrier Reef 8ndgags3uiuansny Cladocopium spp. (C3h, C21 way C1) Tuaaeiiing
Okinawa Wu1Aeag 3y D. trenchii (D1-4) LL@SWU’j’]U“ﬂ’]%IJﬂﬂa Platygyra i Great Barrier
Reefmﬂaamamu Cladocop/um spp. (C3, C3h) Tuvae ¢l Okinawa WU Cladocopium sp.
(C55) (LaJeunesse et al., 2004) @quumimwuaaﬂﬂimawumaqamsﬂammumaa’luﬂvmﬁﬂ
yiangiu uginiasneiu mf\muaQﬂuamﬂimawummmmﬁssgLLezjumaaiuLmauww
LAZAILT N2 VTTAVDIUENMTUNUIULAZ BTNV AU Y

Lwimnmsﬁmwuamiwiuaqa Durusdinium spp. (D1) WuvdaaululgniSvane
¥ila lunnqaarifiinis@ne Wuldldinamseluana Durusdinium spp. (D1) iny
unsnszaeialuludmineays wagszeesiu 019vwUseneulufeamieninnd 1 ia ue
shedodrfnveuniomane ITs2 ilvdsliannsaszyluneazidoaléitamsne Durusdinium
spp. (01) Uszneulusedalaths Fadiuuildudnazdusdaiiiniswnsnszateninaisly
Qﬁmﬂﬁ oA D. trenchii (D1-4, D1-4-6) wag D. elynnii (D1-6, D1-4-6) R R AR A niT
Uzn139 Pocillopora (LaJeunesse et al., 2010a; Pattay, 2011) Fowuilusalneamsrenans
wilaluana Durusdinium 3 haplotype A1sananseviinife iy ﬁwuiuq:ﬁmﬂ?iw]

wiannsAnuruandslifinis@nuniiduiwnuamsanveawuivznslusnine

fidnwaiznwivznSuazesrusznevtinvesls nisfireudaainwane nsfinzneuanulii

lé”jwmmwwumammu wagAINY luana Durusdinium Hazfiausumnziuuznngs
ERITRLY vﬁaaﬂwmzﬂuamumaqmmmﬂu idednduiidedtiedosmunenaiugnssudisl i
hlunsesnaeuaruuandsssrisdaiigsduniieiomng 12 Weasludoyadiddnyluy
NS UINITINBRUNITTANSRUIUE ST sUSudluanmuindeuiisiin egrawus
Uzgnmisiluenlne
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Symbiodiniaceae Associated with Porites (utea and Pocillopora damicornis in the
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F18UaTUN15EU
LAUNLATINITIZUUUINIGIUITY  2560A10802084 deyayavil 142/2560

Tasen153dguszianeuyszanatunglaanntuaanyuizuia (SuUszanausuay)
UsedUaUUsEUI W.A. 2560 AMINYIRBYINA

¥alA59N13 BUALATAMUNAINNAIENINUINTTUVRIEMTIEgUTUmMaF ULz Faeile
NMANEILBANLAZANNTNNIZYBLIUU-VTiavaa s eNlasUBNSNaaINFaLnda

o/ [

YorantilAseINsITERTUNY NA.AT.USUNIT AsdUNIAS

=

51890 TUYIAMATUN 1 UNTIAN 2560 BITUN 30 Tquieu 2562

szgzaAiun1s 2 U 6 1hou AueTUN 1 1ns1AN 2560 - 30 Aguneu 2562
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Genetic Diversity of Symbiodiniaceae Associated with Perifes lufea and
Pocillopora damicornis in the Gulf of Thailand Inferred from
Nucleotide Sequences of Internal Transcribed Spacer-2

Anchalee Chankung]'z**, MNarinratana Kaﬂgjandn-e', Wansuk Senanan' and Vipooszit Manthachitra'

ABSTRACT

Undemstanding the variation in symbiotic algae-coral associations can provide insights about
how corals respond to environmental changes. We examined community composition of family
Symbiodiniaceae in two scleractinian coral hosts, Porifes futea and Pocillopora damicornis at nine sites
(n=4=5 colonies/species/site) in the Gulf of Thailand (GoT). Species in the family Symbiodiniaceas
were resolved from denaturing gradient gel electrophoresis (DGGE) and identified based on Internal
Transcribed Spacer-2 (ITS2) DNA sequences. We observed five ITS2 haplotypes including those
contained within Cladecopium goreawi (C1), Cladocopium spp. (C15, C15.7), Durusdinium glynii (ID1)
and [, ghemmii (D6), Cladocapium sp. (C13) was ebundant and prevalent in Por lutea, D, glhmnii (1)
was prevalent in Poc. damicornis. PERMAMNOVA revealed the effects of host species and site interactions
on Symbiodiniacese communities. The sampling sites coniributed to the variation in Symbiodiniaceae
gpecies composition in Poc, damicornis (P<0.01), but not in Por futea. Cluster analysis suggested
three groups: (1) Por utea (domimated by Cladocapium sp. (C13), (2) Poc. damicorniz (dominated by
D glynni (D)) and (3) a minor group consisting of Pec, damicornis from SM with D, ghanii (D6).
D. glynnii (D1} is likely to be widely distributed in the GoT while other is restricted in particular habitats.
Despite multiple bleaching events in the GoT, our resulis suggest the persistence of spatial variation of
Symbiodiniaceae communities, and thus stress the importance of local adaptation of coral-symbiont
partnerships.

Keywords: Coral, DDGGE, Gulf of Thailand, ITS2, Symbisdiniaceae, Looxanthellac

INTRODUCTION

The Gulf of Thailand {GoT), locates
between 5" (07 and 13* 30" N and 99 00" and 106"
00" E, is a semi=enclosed, shallow coastal basin
situated on the northwestern part of the Sundra Shelf,
and measuring approximately 400 km by 800 km.
The gulf can be considered as the inner and lower
GoT, divided by a line drawn from the most southern
tip of Chonbun Province (Sattahip District) to Hua

Hin District, Prachuap Khiri Khan Frovince, Due to
the enclosed nature of the inmer GoT (surmounded by
land in the north, east and west), strong influence
from major rivers and unigue sea surface circulation
(Buranapratheprat ef af., 2008), several islands in the
inner GoT harbor a high diversity of scleractinian
corals, and the most inner island, Sichang Island,
hosts a unique coral comimunity. The eastern part
of the inner gulf contains reefs developed along
the coastline and near islands in Pattaya and Satizhip,
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Chonburi Provinee and further along the east coast
from Ravong to Trat, Along the west coast of the
lower Gulf, a few islands are surrounded by fringing
reefs in Prachuap Khiri Khan and Chumphon
provinces, and with Losin Island (Paitan Provinee)
being the furthest south (Sudara and Yeemin, 1997;
Phongsuwan et al., 2013).

Coral reefs in the GoT have been threatened
historically by natural and human disturbances,
and the pressure 15 alarming in the present. In the
past two decades, coral reefs in the GoT, especially
in inshore areas, have experienced at least five
mass bleaching events, with mild bleaching in
2003, 2005 and 2008, and severe events in 1998
and 2010 (Sutthacheep ef al., 2012). Prior to the
1998 bleaching event, reef communities were
dominated by Porites and Acrapora, and Pocillopora
was common, but afterwards, mature colonies of
Acropora were almost wiped out from the GoT
(Boonprakob and Chankong, 2000). Acropora and
Pocillopara were most vulnerable, and To-50%
died, while massive corals such as Porites and
faviids were less impacted. During the 2010 coral
bleaching event, 30-20% of live corals died and
previously healthy recfs bocame deteriorated,
However, branching colonies of Acropora appeared
io resist the 2010 bleaching. In this case the more
vulnerable coral taxa were Porites futea and faviids;
additionally, Pocillopora disappeared from many
reefs in the GoT (Sutthacheep et al., 2012). Several
factors may have contributed to this changing
regilience among coral communities in the Go'T,
meluding coral-symbiont associations, adaptation to
high turbidity and the heterotrophic feeding ability
of corals,

The composition of symiiotic roocanthellae
in coral colonies depends on geographical and
environmental conditions, as well as host species.
In their recent systematic revision of the formerly
known genus Symbiodiniwm, Laleuncsse ei al.
(201 8) described Symbiodinium “clades™ as being
equivalent to genera in the family Symbiodiniacese,
and some new species were described (previously
recognized as subclades). For example, a common
C1 type has been revised to ‘Cladocopium gereau”,
and D] and D] =4=6 to ‘Durusdinivm glynnil’
(Laleunesse ef @l. 2010, LaJeunesse and Thomhill,

2011, Wham e al., 2007). Our preliminary resulis
indicated six [TS2 haplotypes (i.e. O goreaui (C1),
Cladocopium spp. (C3u, C15, C18.7), D0 glynnii
{D1) and D. glynnii (D6)) from four scleractinian
corals, including Pordies futea, Platveyra daedalea,
Pavona decussata and Pocillopora damicorniz in
the castern GoT. The diversity of Durusdinium spp.
(two haplotypes) was less than that of Cladocopium
spp. (four haplotypes) (Chankong, 2018). Due
to changing vulnerability of coral hosts to coral
bleaching, in this study we are intercsted in the
association of Syvmbiodiniaceas in brooder species
with branching colony growth form (Poc. damicornis)
and broadcast spawners with massive growth form
(Por: lutea) along the reefs in the GoT. 'We tested
the effects of location (inshore=ofTshore), site and
host species on the Symbiodiniaceas community
composition within Poe. damicorniz and Por,
lutea. Insights from the study will benefit coral
rehabilifation programs after future coral bleaching
events,

MATERIALS AND METHODS
Study area and sample collection

During 2016-2017, we collected coral
tissue samples by SCUBA diving on reefs from
a depth range between 3-19 m at nine locations in
GoT (Figure 1), These locations represented mshore
(1.5-8 km from shore) and offzshore (13-80 km
from shore) arcas (Table 1), Distance from shore
was associated with water turbidity levels, with
inshore areas being more urbid than those offshore,
Five inshore sites inchaded Sichang Island, Chonburi
Province (3C), Samacsan Island, Chonbun (55),
Samet [sland, Rayong (SM), Kudee Island, Rayong
{KD) and Khai Island, Chumphon (KH) and four
offshore sites were Hin Ploeng Pinnacle, Rayong
(HF), Rankai Island, Chumphon (RK), Kra Island,
Nuakhon Sn Thammarat (KR) and Losin Island,
Pattani (LS). Characteristics of coral communities
and their dominant species varied among sites,
except for Porites being prevalent across all sites.
Corals at these sites have experienced various
degrees of coral bleaching in the past 20 vears.
Coral tissues were sampled from a total of 8% coral
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colonies, belonging to a broadeast spawner species
(Por lutea, n = 5 coloniesTocation) and a brooder
species (Poc, damicorniz, i = 4=5 colomies/site).
Tizsue biopsics were preserved in 95% cthanol for
further analysis,

Genomic DNA extraction of Symbiodiniaceas

Coral tizssue and calcium skeletons were
ground and processed for DNA extraction following

a modified salting=out method (Ferrara ef al,,
2006). Approximately 500 mg of each sample was
incubated in 1 mL of Tysis buffer sohation (SDS 20%,
EDTA 5 mM, Tris=HC1 10 mM) with 0.1 pL of
proteinase K (10 pLimL) for 3 h at 56°C to lyse coral
and symbiont cells. Proleing were precipitated in
saturated CHyCOOMa (6.1 M), with 1 mL added for
cach 4 mL of lysate, Samplmw-:rcﬂ:u:n centrifiged
at 10,000 g for 20 min, and the supernatant was
transferred to a new twbe. Two volumes of 99%
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Figure 1. Locations of coral and Symbiodinisceas collections m the immer Gulf of Thailand {Sichang, Samaesan),
eastern Gulf of Thailand {Samet, Kudee, Hin Ploeng) and western Gulf of Thailand (Rankai, Khai, Kra

aivd Lasii).
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Table 1. Eavironmental and coral community characteristics of nine sampling locations in the Gulf of Thailand

surveyed in 2016-2017.
Inshare’ Location Distance  Depth  Torbidity Caral reel Daminant e earal
Offshare from {m} Tewed area (km®)  corals erlonies
shiore (ma=kT1L} (Mumber of bleached
{km} coral species) im 2000
Inshore 1. Sichang Is. [EE} # duy 1.68 00912 Porites, Pavona, =1l
Chatthurd Provinee [10=15} faviids
2. Samaesan s (55) 2 Aty 1.04 0.5424 Farites, Pavona, 30 =50
Chanburi Province WE=i fawiids, Pocillapara
3. Bamet Is, (3M) 3 1.5 1,640 1.1904 Parttes, Pavona, 500 T
Rayong Province [ 25=200) fviids, Acropara
4. Kndee Is. (KL 4 =i 0.7 0,124 FParites, Pavona, 500= 70
Rayong Province (2530 faviids, Acropora
5. Khai Is. 3 46 047 01824 Parites, Pavona, 10-30
Champhon Provines [20=25} favilde, deropara
Offshore 6. Hin Ploeng (HF) 13 1012 052 0,014 Porites, Pavona, =10
Rayong Province [20-25) faviids, Pecillopora
7. Rankai [z, (RK) 15 15 037 0.00%6 Parites, Pavona, 10-30
Champhon Provines (2025} faviidls, Pocillopara
B Bra I (KR 53 Sall 035 0.6542 Avropora, faviids, 3050
Makban Sn Thammarai [ 15=D21Kp Faritex
Province
& Login Iz, (L8) &0 16-19 034 0.0 Acropors, faviids, 10 =30
Pattari va%ct [15=20) Porites

cold ethanol were added to each supematant sample
to precipitate the total genomic DMA, The samples
were then incubated at =20°C for 30 min and then
centrifuged at 12,000 g for 30 min. The solution
wias discarded and DNA pelleis were allowed to
dry for 15 min, then resuspended in 50-100 pL of
sterile distilled water, DNA quantity and quality
wis checked by electrophoresis on a 1.5% agarose
gel in 1xTBE buffer.

FCR amplification and DGGE analysis

We inferred the 8ymbiodinium OTUs
from the ITS2 nucleotide sequences, obtained
from community DMA profiles on polyacrylamide
denaturing gradient gels (Laleunesse and Trench
2000). The ITS2 region was amplified using the
primers [TSintfor? (3" GAATTGCAGAACTCCG
TG=3"y and ITS2CLAMP (5'CGCCCGCCGOGT

CCCGOGCCCGTCCCGOCGOCCCOGOCCGn
GATCCATATGCTTAAGTTCAGCGGGT-3") in
pelymerase chain reactions (PCR) (Lalcunesse and
Trench, 2000). Each reaction (20 pl) contained
1 pL of template DMNA, 1 x PCR buffer, 3 mM
MgCl,, 0.2 mM of each dNTF, 0.2 and (.4 pM of
forward and reverse primers, respectively, and 1 unit
of Tag polymerase (5 UspL!, Vivantis, Malaysia),
To maximize the amplification of Symbiodiniaceae
within coral colonics, we employved the touchdown
temperature profile where annealing temperature was
decreased or increased at a consistent rate (0.5°C per
cycle in our case, LaJeunesse and Trench 2000). The
temperature profile consisted of @ DNA denaturing
step at 52°C for 3 min, followed by 20 cycles of 92°C
for 30 5, then 62%C=52C for 40 = (1.2, a touchdown
step), and finally 72°C for 30 s and 15 cycles of 92°C
for 30 8, 52*C for 40 8, 72*C for 30 5 and ending
with an extension step at 72°C for 5 min.
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The ITSZ fingerprint of the Symbiodmiscese
community in each coral colony was resolved using
denaturing gradient gel electrophoresis (DGGE,
#% polyacrylamide gels with a 45-80% gradient
of urea and formamide - 3.2 to 5.6 M urca and 18%
to 32% formamide) (VS20WAVE-DGGE, Cleaver
Scientific, Ltd, Warwickshire, United Kingdom)
for 14 =15 hat 110V at a constant temperature of
65°C. For visualization, gels were stained with
I x SYBE Gold (Life Technologies Corporation,
Eugene, OR, USA) for 10 min.

Prominent bands of representative ITS2-
DGGE fingerprints were excised, eluted overnight
in distilled water, and re-amplified uzing the ITS
for 2 and the reverse primer without the GC-rich
clamp (ITSrev), using PCR ingredients and a
temperature profile similar to the original PCR
conditions (annealing temperature of 52°C),
excluding the touchdown step, The PCR products
were then purified using a commercial column-
based purification kit (GF1-AmbiClean, Vivantis,
Malaysia) and submitted for sequencing (ABI
3130x], 1¥" Base Inc., Malaysia). The sequences
of diagnostic bands and the accompanying ITS2-
DGGE fingerprints were aligned: the remaining
fingerprints were inferred from the diagnostic
kandz. All nucleotide sequences were checked
and edited manually using Sequence Scanner v.1
(Applied Biosystems, USA) and contiged with
CAP3, 2 sequence assembly program (Huang
and Madan, 1999). To identify species of family
Symbiodiniaceae, the sequences were aligned with
existing sequences available in the National Center
for Biotechnology Information (NCBI, hitps:/hlast,
nchinlm.nih.gov/Blast.cgl) database, a custom
ITS2 BLAST database (Arif et af_, 2014) and the
SymbioGBR datsbase (hitp://www.symbioGBR_org)
(Tonk e al., 2013), using the nucleotide basic local
alignment search tool (BLASTD).

To generate a phylogenetic matrix,
alignments were performed using MEGAT software,
The length of the sequences used in the analysis
was 282 bp. Based on the maximum likelihood
approach implemented in MEGA 7, the best=fit
(lowest Bayesian Information Criterion score),
All positions containing gaps and missing data wers

elimmated. Maximum likelihood phylogenetic frees
of the IT52-DGGE sequences were constructed
uzing the maximum likelihood (mL) approach based
on Kimura 2-parameter model (Kimura, 19800 with
1,000 replicates to generate a supporting value for
each node (MEGAT software, Kumar ef al., 2018).
Clade A was used as an outgroup (accession no,
MH211593.1).

Sratistical analysis

All statistical analyses of Symbindiniaccas
community composition were performed wsing the
software package PRIMER 6 (Clarke and Gorley,
2006) with PERMANOVA+ {Anderson ef al., 2008)
(Multivariate statistics were exccuted with the
software PRIMER v6 and the add-on software).
All analyses used a Bray=Curtiz similarity matrix,
hased on presence/absence data for Symbiodiniaceas
assemblages. We evaluated global effects of
location (inshore-offshore), site, and host species on
Symbiodiniacese assemblage using a permutational
multivariate analysis of variance (PERMANOWVA)
(Anderson et al., 2008), Posthoc pairwise tests
were also performed and P values were generated
by 1,000 permutations. To test for host specificity,
we performed a one-way analysiz of similarity
(AMNOSIM) of Symbiodiniaceas assemblages betacen
the two host species and performed similarity
percentage analysis (SIMPER) to identify the species
contributing to the composition differences. An
unweighted pair group method with arithmetic
mean (TPGMA) dendrogram was also generated
to reveal the clustering pattern of Symbiodinium
assemblages by host coral species, and the SIMPROF
test was conducted to defermine statistical significance
of the dendrogram nodes,

RESULTS
Phylogenetic relationships

We recovered 52 Symbiodiniaceas ITS2
sequences oblained from 45 Por Mufea colonies and
44 Poc. damicornis colonies. All Symbiodiniaceae
sequences were assigned to genus Cladocopium
(3 DGGE profiles: | profile of C1, 1 profile of
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13, 1 profile of C15.7) and genus Durusdinium
(2 DGGE profiles; | profile of 31 and 1 profile
of D6) (Table 2). Phylogenetic analysis of family
Svmbiodiniaceae, inferred from ITS2 sequences
(271=283 bp, variation 57.45%), revealed that
prominent genera Cladocopivm and Durusdinim
were genetically distinet (bootstrap values =
99, Figure 2). Genus Cladocopium formed a
menophyletic group consisting of three haplotypes
namely O goreaui (C1), Cladocopivm sp, (C15)
and Cladocopium sp. (C15.7). All haplotypes are
associated with Por lutea, Cladocopium spp. (C15
and C15.7) haplotypes formed clozely related

group (bootstrap value = 98) while . poreaui
{C1) 15 separated. Genus Durusdinium consisted
of four haplotypes: D ghnnii (D1, D1v] (2 novel
D. glynnii (D1) variant 1, 1 bp different form ITS2
type of . glynnii (D1)), D1v2 (a novel D. glynnii
(1) variant 2, 1 bp different form ITS2 type of
D. glymnii (D1)) and D. glynnii (D6). All haplotypes
associated with Poc. damiicornis, which D, glynnii
(D1} and D1v] formed a monophyletic group
{bootstrap value = 100). D, glynnii (D1v2) and
B glynnii (D6) were more genetically similar to
each other than to D. glynnii (D1) (bootstrap value
=53).

Table 2. GenBank sccession number for Symbiodiniaceas [TS2 haplotypes.

Symbisdiniaceae [TS2 haploiype GenBank accession number Cusiom database (Arif et al., 2014)
Cladocapinn goreaud (C1) AF333515 Telfuery_ 46063
Cladocapinm sp, (C15) AT L6639 TelfQuery_239713
Cladscapinm ap. (C15.7) HEST9015.1 el uery_ 10047
Durysdindum ghendd (D) EL24806] IelfQuery 239813
Prururdiniwm ghmii ([94) EU%12742 Teluery_d547
- Derrveedingurn glymmi (D) Pocillopore damricormes
100 | Dwrevasdinfor glpmweii (Dv1) Pocitaparn damicorms
= Ihtrnifindn gfprmll (D1v1) Poclflopora doeleorsic
= [hrrrasafinieran gy mmif (6] Pociliapern demicormis
Cladscopinnr ghrntl (C1) Pories faea
9 L[ETﬂm'uMi'm sk (CL5) Porites larte
i . )
Cladecopinn spe (C15.7) Porfies davea
Kyanbicrdimirarm sp, (clade A} (M H2ZI1E93.7)
e
[N ]

Figure 2. Maximum likelihood phylogenetic tree of unique Symbiodiniaceas ITS2 sequences (Kimura 2-parameter
madel) in Por: lwtea and Poc. damicornis in the Gulf of Thailand. Branch labels mdicate booistrap values

{1,000 replicates).
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Diversity af Symbiodiniaceae in coraly in the Gulf
of Thailand

Cladocopium and Durusdinium were found
in similar proportions in the assemblages, 48.4%
and 51.6%, respectively (Table 3). We detected
five ITS2 haplotypes of dominant Symbiodiniacese
species, inchuding C. goreand, Cladocopium (C135,
CI15.7), D. ghmnii (D1) and D, ghynnii (D6) (Figure 3).
Colonies typically contained a single species, with a
fieww rare cases having two species (i.e, three colonies
of Por: futea and one colony of Poc. damicornis at
5C and 55, Chonburi Province and SM, Rayong
Provinee). The number of Symbiodiniaceae species

observed in Por lutea (at least 3 species) was higher
than in Poc. damicarnis (1 species). Cladocopium sp.
(C15) was prevalent in Por lutea populations, while
D glynnii (101) waz prevalent in Poc, damicornis
populations,

Overall, every Symbiodimaceae species
obgerved in this study was found at least one of
the inshore sites, while at the offshore sites only
Cladocopium sp. (C15) (in Por. luiea) and [
glynnil (D) (in Poc. damicornis) were recorded
{Table 3, Figure 4), However, the spatial pattern
of Symbiodiniaceae species distribution differed
between the two coral host species.

Table 3. Occurretice of Symbiodiniacese ITS2 haplotypes and DGGE profiles in coral hosts (expressed as the
number of colonics) from five inshore sites and four offshore sites in the Gulf of Thailand.

Lascation Tatul
{Inaharel Sites Caoral species il C15 €157 m 10 DGGE
Offshore) prafiles
Inshare Sichang s (S0} Pariter lutea 1 1 - - 1 3
Pacillapers dancormis - - 4 - 1
Samaesan I8, (55) Parites lutea - 5 - - - 1
Pacillopera damicorsis - - - 4 1 2
Samet 12, (SM) Porites ilea - 3 1 2 - 3
Pacillapera damicormis - - - - 5 1
Kudee Iz, (KI) Parites futea - 5 - - - 1
Pacillapera damicornis - - - 5 - 1
Khai [z, (KH) Porites lutea - 5 - - - 1
Paocillopere damicornis - - - 5 - 1
HTshare Hin Floeng (HF) Pariter lulea - 5 - - - 1
Pocillopora damicarnis - - - 5 - 1
Rankai Is. (RK) Parites lutea - 5 - - - 1
Pacillopers damicornis - - - 5 - 1
Kora [z (KR) Porites lutea - 5 - - - 1
Pocillopera damicarnis - - - 5 - 1
Losin I3, (L5) Parites lutea - 5 - - - 1
Pacillapera dandcornis - - - 5 - 1
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Figure 3. Percentage of occurrence of Symbiodiniaceae communitics in Porites [utea (=45 colonies) and Pocillopara
damicornis (=4 colonies) from five inshore sites and four offshore sites in the Gulf of Thailand (Refer

to the text for Symbiodiniaceae species names).
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Figure 4, Frequency of occurrence of Symbiodiniaceas ITS2 haplotypes observed in Por lutea and Poc, damicornis
al inshore and offshore sites in the Gulf of Theiland.

PERMANOVA suggested that the
Symbiodiniaceae assemblages were highly
structured by host species and site (P=0.005).
Symbiodiniaceae specics compositions in Por lutea
and Poc. damicornis were significantly different
in four pairs of sites (35=5M, SC-5M at P = 0.05;
SM-KD, SM-KH at F = 0.01). We also observed
highly significant interactions between site and host
species (P=0L005). The Symbiodiniaceas species
compositions in Poc. damicomis differed among
sites (88-8M, SC-SM, SM-KD and SM-KH at

P =0,05), However, we did not observe the same
pattern in the Symbiodiniaceae communities
it Por futea. The pairwise tests suggested no
significant differences in Symbiodiniaceac specics
composition in Por, lufea among sites,

Global AMOSIM tests showed that the
Symbiodiniaceac specics association with coral
species was significant (R = 0,789, P = 0,001},
indicating host specificity. SIMPER analysis
revealed that the proportions of Cladopapfum sp.

- |
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(C15) and D. glynnii (D1) o theit combinations
contributed to a distinctive composzition in each
coral species, Por furtea was mainly associated
with Cladapopium sp. (C15) and Poc. damicornis
was associated with D. ghmnii (D1). The UPGMA
dendrogram revealed a consistent clustering
pattern with each coral species harboring a
distinctive Symbiodiniaceas species composition
(Figure 5). The dendrogram provided additional

Species
A Por, furea

W Foc, damicorns

insights into host species and site interactions.
At 65% similarity, the dendrogram supgested three
main clusters, with one major cluster containing
mostly Por, futea and another containing Poce,
damicorniz, and a small but quite unique cluster
of Poc. damicornis with D6 from SM. In addition,
we found some coral specimens (from 85, 83C
and SM) that contained more than one species of
Symbicdinaceas,

(i average

Trans form: Presencembsence
Resemblance: 517 Bray Cortis similarity
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Figure 4. UPGMA dendrogram based on Bray-Curtiz similarity of Symbicdiniaceac species composition in Por
lutea and Poc. damicornis from the Gulf of Thailand, Red line indicates significant groupings (P < 0.05)
based on the SIMPROF test. Labels for nine sampling sifes are SC, Sichang Is.; 55, Samacsan [s.; SM,

Samet Is.; KD, Kudee Iz,; HF, Hin Ploeng Pinnacle; KH, Khai Is,; RE, Rankai Is.; KR, Kra Iz, and L5,
Losin Is. The host=symbiotic algae associations are supenimposed on the sigmificant clusters {1 to V1L
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The clustering patterns were associated
with dominant Symbiodiniaceae species. The first
major group consisted of most Por fuiea colonies
hosting Cladecopiwm sp, (C15) (subgroup I).
The second major group consisted of most Poc.
damicorniy colonies hosting 0. ghmni (D1) and
two Por lurea at SM (subgroup 11). The third
major group consisted of Pec. damicornis colonics
hosting 0. glvmnir (D6 {subgroup [IT). The other
smaller groups (TWV=WII) each of which contained
only a coral colony, incloded Por fwtea colonies at
SC hosting Cladocopiumn sp. (C15) in a combination
with C. goreaui (C1) or . glynnii (D6); an 5M
Por. futea colony containing Cladocopium sp.
(C15) and Cladecopium sp, (C15.7) and an 58
Poe, damicornis colony hosting [, glymnii (131 -6)
(subgroup VII).

DISCUSSION

Compared to other Indo-Pacific regions,
we found relatively diverse Symbiodinizceae species
in Por, futea (5 ITS2 haplotypes) and in Poc.
dumicornis (2 haplotypes) across nine sites from
the GoT. Cladocopium sp. (C15) was dominant in
For furea while [, glymmii (121) was dominant in
FPoc. damicormis. Symbiodiniaceae communitics
were highly strucnired by host coral gpecies and by
site. 'We observed significant interactions between
the coral host species and two geographic factors
on Symbiodiniaceae species compositions.

Svmbiodiniaceas communities in relation to local
environmeni and geography

The overall number of Symbiodiniaceas
IT52 haplotypes (or profiles) detected for Por hufea
and Poc, damicornis in the GoT (thiz study and
Putchim (2017)) is lower (5 haplotypes) than in
repoits from the Andaman Sea (11 haplotypes)
(Laleunesse ef al., 20010; Putchim 2017), but higher
than for reefs in Singapore, Hong Kong and Taiwan
{Tanzil et al., 2016; Wong ef al., 2016; Keshavmurthy
el al., 2014). In thiz study, we found three ITS2
haplotypes of Cladocopium spp. (. goreani (C1),
Cladacopium sp. (C135) and Cladecopium sp.
(C15.7)) and two Durusdinium spp. (D, ghwmii (D1),

D glvani (De)), while Putchim (2017) reported
one additional haplotype, namely Cladocopinm gp.
{C17). In the Andaman Sea, Laleunesse ef al.,
(2010 and Putchim (2017) reported 11 haplotypes
in Poriter and Pocillopara, with Por. lutea being
associated with five haplotypes (Cladocopium
spp. 4 haplotypes and 0. trenchii), and Poc.
damicornis being associated with seven haplotypes
{Cladocopium spp. 4 haplotypes and Durusdinium
spp. 3 haplotypes). In Singapore, Hong Kong, and
Tarwan, Porites harboured only Cladocopium sp.
(C15) and Pocillopora was associated with only

a few haplotypes (Keshavmurthy et af,, 2014; Tanzil
el al., 2016; Wong ef al., 2016).

The Indo-Pacific Symbiodiniacese species
in both coral genera are generally less diverse than
those ohserved m the reefs off the Arabian Peninsula
(Persian/Arabian Gulf, PAG, Sea of Oman, 50,
and Bed Sea, RS) (Ziegler et al, 2017). Zicgler e
al. (2017) reported 10 (PAG) - 28 (RS) haplotypes
in Perites and 3 (PAG) - 8 (RS) haplotypes in
Pocillopora across all three regions, with PAG
harbouring the lowest number of haplotypes. The
loweer diversity in other Indo-Pacific regions may
be due to fewer species within each genus being
sampled, the molecular techniques emploved (DGGE
VE. MCXt gencration sequencing) or the environments
being examined having a narrower environmental
gradient. In extreme environmental pradients
among regions, Ziegler ef al, (2017) found a shift
in Symbiodiniaceae species composition from
Cladocopium spp. dominant reefs in the Red Sea and
the Sea of Omean (cooler water) to Durusdinium
spp. deminant reefs in the Persian/Arabian Gulf
{highly saline, warmer water). These results
sugpested that an extreme selective pressure (such as
in PAG) can drastically alter the Symbiodiniaceae
species composition with a tendency to lower
Symbiodiniaceae diversity. Also, the physiology
of ecach coral species may play an important role
in maintaining its Symbiodiniaceae association
within each environment,

In the GoT, zite had a significant effect
on the distribution of Symbiodiniaceae species for
Poc. damicorniz, but not for Por: hutea. In Por lutea,

must sites had one comman haplotype ( Cladocapium
ap. (C15}), and some colonies in Sichang and Samet
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Islands harbored additional, less common haplotypes.
Thizs observation of few haplotypes per site in this
coral species has been made in other areas in the
GoT (Putchim, 2017), the Andaman Sea (Laleunesse
et al., 2010; Putchim, 2017) and other Indo-Pacific
regions (Putnam et al., 2012; Keshavmurthy ef al,
2014; Wong et al., 2016).

In Poc, damicorniz, on the other hand,
we congistently observed more Symbiodiniaceas
species at the inshore sites (2 haplotypes) than at
the offshore sites (1 haplotype). An opposite pattern
was observed for the Andamen Sea, where LaJmmesse
et al. {2010) reported three Dwusdinium =pp. at the
inshore zites and six haplotypes (3 Cladocopium
app. and 3 Durnsdiniem spp. haplotypes) at offshore
sites, Our observation in the Go'T may be explained
by local adaptation of corals and Symbiodiniaceas
to highly dizsturbed environments nearshore,
Constant exposure to selective agents (high marbidiry,
freshwater discharge from major rivers, high
sedimentation) might have allowed for diversification
of Symbiodiniaceae species (Anthoay and Fabricius,
2000); LaJeunesse ef af., 2000; Sawall ef al,, 2014),
Also, coral colonies in the nearshore arcas, where
the water flow was high, were not as badly bleached
a5 somme of the offshore areas in the 2010 bleaching
event (Phuket Marine Biological Center, 20010).
In addition to potential lecal adaptation to persistent
environmental disturbances, light penctration through
the water column is decreased at these sites, thus
reducing the combined temperature/light stresses
that induce bleaching (Phuket Marine Biological
Center, 2010)

Host specificity

In our study, we observed associations
between the ‘host specific’ Cladocopium sp. (C15)
and Por lufea and between "host generalist’ types,
D, glyrrii (1), and Poc, damicornis, 'We detocted
a very high prevalence of Cladocopium sp. (C15)
(90% of total coral colonies) and D glynni (D1)
{4%4) associated with Por [utea. This pattern is
consistent with the observations of Putchim (2007)
in other sites in the GoT, where 60-100% of Por
utea colonies hosted Cladocopium sp. (C15) and
20=40% hosted C. goreaui. Similarly, Laleunesse ef
al. (2010) and Putchim (201 7) found Cladocapium

gp. (C15) to be associated with 75-90% of Par
lutea colonies in the Andaman Sea. In addition,
Tanzil ef al. (2016) found only Cladocopium sp.
(C15) associated with Por futea at three shallow
recfs around Singapore’s southemn islands (Le. Pulau
Tekukor, Kusu Island and Pulau Satuma).

In this study, Poc. damicornis with D,
ghynnii (1) was found in both locations (inshore
sites and offshore sites), whereas D, glyndi (D1)
was regularly found associated with Pocillogora
inhakiting turbid and shallow habitats in the far
tropical castern Pacific (Pinzén and Laleunesse,
2001}, In addition, we observed a difference in
species dominance at an inshore site in the eastern
GoT (D. glynnii (D6), Samet Island) (Figures 3, 4).
These dominant Symbiodiniaceae species in Poe,
damicarniz in the GoT differ from several locations
in other Indo-Pacific areas (e.g., LaJeunesse ef
al., 2010; Stat et al,2015; Tanzil et al, 2016). In
particular, the prevalence of 12 glynnii (1) that
was found alone at SM and found in combination
with Cladocopium sp. (C15) at 858 showed a
difference from other sites in the GoT. Conversely,
in the Andaman Sea Poc. demicarnis was found
associated with Durusdinium sp, (D5) (Laleunesse
et al., 20010). Interestingly, at Cape Panwa, an
inshore reef in Phuket which has similar reef type
to SM and 38, Laleunesse et al. (2010) reported
D, glynnii (D6) in combination with D1-4 {or
Dl-4-5) in Poc. damicornis. For comparison, in
central GBR where there was high temperature
and turbidity, C3h was the dominant symbiont
{LaJeunesse ef al., 2004).

The dominance of D, glyanil (D1) at
the offshore sites in the GoT was unexpected as
these sites are less turbid, less disturbed by human
activities and possibly cooler than the inshore sites.
The recent recolonization of Poe, damicornis in
the GaT after the 2010 severe mass bleaching event
(Sutthacheep ef al., 2012; Kuanui er al_, 2015) may
explain this association. This species was severely
bleached in 2010 and absent from many sites,
but juvenile colonies reappeared in 2014 (Euanui
et al., 2015) and they tended to have increased
bleaching resistance. A similar phenomenon
occurred in the Andaman Sea (Putchim, 2017).
The increased prevalence of I, ghywrii (D1) in our
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gamples is probably duc to the adaptation of new
Poc. damicornis recruits after the 2010 bleaching,
similar to Poc. acuta in Singapore (Tanzil ef al.,
2016).

CONCLUSION

Symbiodiniaceae fingerprints, inferred
from ITS2 haplotypes, in two scleractinian coral
hosts, Por lurea and Poc. damicornis, at nine
gites in the GoT consisted of one or a combination
of five dominant Symbiodiniaceae haplotypes.
Cladocopium sp. (C15) was highly abundant in
Por futea. while D, glynnil (D1) were prevalent
in Poe, damicornis, Symbiodiniaccae specics
composition varied significantly by site and host
gpecies, and by the interactions between site and
host species. Based on coral-Symbiodiniaceae
asgociation, the UPGMA dendrogram suggested
three major groups, (1) Par futea colonics associated
wilh Cladocopium gp. (C15) and ils combination
with less common haplotypes; (2) Poc. damicornis
colonies associated with D, glyandi (D1); and (3)
Poc. damicorniz colonies associated with D. ghomii
(D&). Despite multiple bleaching events and other
selective pressures doe to coastal influence on coral
reefs, nearshore corakSymbiodiniaceae associations
can still maintain some diversity and resilience,
However, recent drastic environmenial changes may
have altered coral-Symbiodiniaceae associations
in “less tolerant” recfs offshore, leading to lower
overall diversity. For the long-term resilience of
coral reefs in the region, the protection of these
Symbiodiniaceae refugia nearshore as well as those
*lesz tolerant” offshore may provide such a safeguard,
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