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Abstract

Mass coral bleaching event in South East Asian countries in 2010 caused a severe
damage on reef dwellers in the coast of the Andaman Sea and the Gulf of Thailand.
Bleaching is a process where the symbiosis between corals and zooxanthellae
(dinoflagellates of the genus Symbiodinium) breaks down. The symbiosis between
Symbiodinium and corals is essential to the productivity, survival and success of corals.
Symbiodinium associated with coral hosts is classified into six genetically distinct clades.
Each clade possesses unigue environmental, ecological and geographic variations,
influencing the resilience of corals to elevated temperatures and bleaching. This study
was the first field observation of changes in Symbiodinium communities in the Gulf of
Thailand over two years including a natural bleaching event in April 2010. Phylogenetic
clades and diversity of Symbiodinium inhabiting soft corals of the genus Sinularia were
investigated using the analysis of chloroplast gene sequence variation at the ribosomal
large subunit 23S Domain V. Sixty nine Sinularia samples were obtained from two
sampling sites of Jorake and Juang Islands (Sattahip, Chonburi Province) during two
sampling periods: before (November 2008-January 2010, n = 45) and after (November
2010, n = 24) the 2010 coral bleaching event. The results revealed a significant change in
Symbiodinium community after the bleaching event. Before the bleaching event, most of
Symbiodinium clade D was detected from Jorake Island while clade C was dominant in
Juang Islands. In contrast, after the bleaching event, only clade D was identified from

both sampling sites.
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(Mmefifineu  inMefifia 1Me519n waenyin1gdlidy) Yewmuaduaniu namsinwiwui
Symbiodinium clade D Wusiafinuinnuaswuléiilu luvnauwwvsniereils 3l
gampidingiagenituaziingneuaisuviuassuinnituiiinuuavzniilnails
duvsnuemive dnsfnvisdauasanunainransvesasng Symbiodinium Tulgnngs
gouana Sinularia  Ivuuinuutsmeilwsunizesad uazuuivzadlnatles
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ribosomal large subunit 235 Domain V (cp23S rDNA) Faduusnaifiannuiuiys
MINUFNTTUMINTAUADBNNTIUNEINIY Symbiodinium Tusedu clade  (Santos et al.
2002) Tngldindeanuneugnssy cp23st (forward primer):
5 -GCTGTAACTATAACGGTCC-3' WAy cp23s2 (reverse primer):

5'-CCATCGTATTGAACCCAGC-3" (Oliver and Palumbi 2011) Ufjii5en Polymerase Chain
Reaction (PCR) finkuawnainiinislu Zhang et al. (2000) TnslunsngfAsondediviings
50 pl Ysznauniy 0.2 mM dNTP (Promega), 1xPCR Buffer, 50 nmol primer (Macrogen
Inc., Korea), 2.0 mM MgCl,, 1.5 unit platinum Tag DNA polymerase (Invitrogen) uag
0.1-1 ng/ul template DNA

ﬁumau‘luﬂﬁﬁ%m PCR fauvasnandunouly Zhang et al. (2000 Tag@ua1nns
wonanefduelutiaFud (nitial denaturation) figauund 94 °C 1Wuian 2 wd Ay
35 59UTBINSULNANBALEULD (denaturation) #1194 °C WHua1 30 Juift  msdug
semiaeiemneiusnssuiufiduloasiies (annealing) 7 55 °C (Hum 30 it uay
mMadfiuuinafidue (extension) 772 °C Wunan 2 und Uathedunousenisia
USnaiidule (final extension) 71 72 °C Wulian 10 il

yhuananInMsisUSINuAS e Mandn PCR) Tiusavslnoliyaviwandn PCR T
‘U%Ej‘ﬂé QIAquick PCR purification kit (Qiagen) Iﬂaﬁﬁﬂam’m%umauﬁuuulﬂu‘qﬂﬁ’mawﬁm
PCR  THuTaqnd antutwandn PR AldlUlassiifiemddumeiugnssuseados
automated DNA sequencer §u ABI 3730 XL  fiwiheiiasievivnadumaiugnssy
U Macrogen Inc. UsetnAanIva
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duun clade vo9iI0E198 MY Symbiodinium 1ag 2 35015 F5N15WSA I1UUAIN
madSguiisunnavesiiduedisgnsiufidueninsg iy (100bp DNA ladder, Promega)
YU 1.5% agarose gel Tnefiueiinumna cp23S rDNA Tu Symbiodinium @14 clade fiu
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GenBank Ingldlusunsu BLASTN (http://blast.ncbi.nlm.nih.gov)
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haplotype A28 an exact test of sample differentiation (Raymond and Rousset 1995)
LazdiATghsriumLANAaiugnITTe s I s eiuaginal NNMS
AUIMAN For (molecular distance: pairwise difference) Tapnistalusinsy Arlequin 3.5
(Excoffier et al. 2005)
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i i
WINLNETN WAL
AT [G0)
4 wsnee v UMD
O NS O (S b P AR ]
‘ n=11
n=186 Om:uin Omxum
mwuw tmx‘nw
O¢ oc
L) up
C+D C+D
Otmzmamﬁa 0 ingRnnie
1 1 1
a1lne gmnlng
W1 e
:t n=13 :l
) )
230N _100°S5E Scals 1:50,000 230N _100°55E Scale 1:50,000

AW#l 2 enives Symbiodinium clade (C D wag C+D) Tulalafiveazniideuana
Sinularia  imuuinanmzasgdiazminizans sunedniiu Swdavays lnowSouifieu

Mg nnounsiinusingnisaivenidaienyilul wa. 2553 () wagnaanisiia
Usingnmaailzmislonenaliuszesing 7 hou (v) aunaveensvhisnauwlstunuuunn
YOINGFUAIDE
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INNITUATILVAIUAULYTVDIAUNFUGNTIUUNEUUTIN €p23S DNA 1A
fhetwamie Symbiodinium $1uL 66 H981 (snLTusegndisl amsiegsiuiu 2
clade lushatnadien iesanmamddumetugnssulunsdd  Sufudesdimsusnuoy
fiduloveusiay clade waz/v3e cloning fiou ilevhliiidulevesusay clade U3qws)
Au50UNEIIIY Symbiodinium 1eeenilu clade C way D annswSeuifisuiiy
TOYATIAUNNRUTNTTUUTIN cp23S  1DNA  89a1m318 Symbiodinium  lugudeya
GenBank laglalusunss BLASTN Faaenadosfunan1sniiaaey clade  lnenis
Wibuiisuruinveadiduie 9nnisiU3euLiBudiun1aiugnssuredsiied9aIvmse 66
Fege (douweny1y n = 42, wdenu1d n = 24) Faflvuin 661 bp anansaduundisu
augnssula 4 JULUU w39 haplotype kA haplotype vee Symbiodinium clade D
wnume D1 D2 waz D3 way haplotype 983 clade C wnuge C1 haplotype %94 clade C
war D uanenefuegetalay Tnedidundefiiindlelvsuandeiuie 168 fums
anuandseulvginannisuuiivesindlelnduuy insertion we deletion  usiAIY
uwANe9was haplotype nelu clade eafufidnifosunn aafuifiss 1 dumis Suinain
nsunuivesiindlelnduuy insertion 13 deletion (i 3)
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01111111111111131113111111111222222222222222222222222
50012222233358888999999999000000001111222222233333
53661246701350245023456789012345672567123578923789
D1 AAGTGTAACCT~TTATGTTT-AGCTTAGGCCGCTGCTACTGGTGTCTTAA

22222222222222222222333333333333333333333333333333
44455566666666677777001114445555556666666666777777
13547802345678201234891355674567890123456789012789
D1 TTTCGCTTAAAATAAAGATCTT-TTTCTTCACACCTCAGATATAGATAAC

33333333333333333333444444444444444444444444444444
88888888889999999999000000000011111111112222222267
01234567890123456789012345678901234567890123456705
D1 CCCCGATTGGCCTAGGCTGTTAATGATCTATATCTGAGGTGTGCACGATT

555555555556666666
233333778890234445
501234560421630120
D1 CAACACCTTTACCTAGC-

Cl TCGAGTTAGCCTTGTAA-

Al 3 sunmisfiuansmufuldsuesdifunisfugnssuuBIn cp23s DNA $1uau 168
AUNLL LWSBULBUSENINY haplotype 983811318 Symbiodinium (D1 D2 D3 wag C1)
finulunisfinenil fuaruuddunisiusnssuuansiuviavesihadlolnd (310 1-661)
ey . way - wansiandlelnaimiloufiuiu haplotype D1 wavnsunuTives
thndlelnsiuy insertion %38 deletion AudAY

neun1sfinusngnisaivgnidalonunalul we. 2553 Auives haplotype 104
@WM31y Symbiodinium clade C uwag clade D fatldunnsnsiiuuinin (relative
frequencies C1 = 0.452, D1 = 0.500; 97 2)  uindsainmstAausingmsaivznss
Wenv1? Wusreziian 7 Weu naunulawiy haplotype 83838 Symbiodinium clade
D wirtu (15797} 2) Audves haplotype v8d clade C uwar D Aounarwdnisiin
Usingnisaduenisanend1d wansnuuwand1segelitedAgneedis (Exact P-value <
0.00001, 30,000 Markov steps done) @eAAdBINUNAAIIULANAIIVIIRUGNTTHTENINS
Uszrnsamssnoukazndinisiiauingnisalvgniimensn (Fsr = 0.37, P < 0.00001,

no. of permutations = 1,023)
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=l < o . ! RPTIN
A15190 2 ANuA (relative frequencies) ¥a3 haplotype tua sy Symbiodinium 970
mafnelugnfeulsingnisaluzmiaenylul we. 2553 (fouweny1i) uaswdsaniin
UsingnsaliveniSanenyn Wuszoziian 7 ey mdwenum) haplotype v03 clade D

unuaie D1 D2 wag D3 uay haplotype v04 clade C unusay C1

Haplotypes nouneany1I N7
(n=42) (n = 24)
D1 0.500 0.833
D2 0.024 0.083
D3 0.024 0.083
C1 0.452 0
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Jasrzvinan1sIide

AsAnwaiil&sreunanisidsundasegrsdaanvesefusznavves clade
Tuawisy Symbiodinium fienfivegsamfiuuzmisdeudtana Sinularia  Fanuuiion
N1 Mendarinnisiiialsingnisaivznifaiananilul we. 2553 nauntsveny
medalznisdeuana Sinularia  9nmaiusieg wuudu fiamsie Symbiodinium
clade C ondvagiminuanidu 68.97% vesfiogaimun daufeduiivienverdvor
FWAVAMIIY Symbiodinium clade D WazUNDE UM e @ clade (WAl 2)
windsannisenyadunan 7 Weu fetheuzmisdouana Sinularia isentin o1fuey
SwAuamINe Symbiodinium clade D \iesviladon n1sgyiduaivsie Symbiodinium
clade C wiomsifiuduruvesamste clade D dnUsIngmsaiveniFamenyd
avasuwldnngnsinismeiuanenaiu (differential mortality) veaUymsadtuiionds
$anfuaminedsfianulidenisdsunlasvesanizuanden Wy awsie Symbiodinium
clade C Wisuifisuivamseiifinnumuniusensiuisunlamesannzuindeuunnii
Wian1swasuulaues Symbiodinium %"’qmﬁaaejnwa’luiﬂiaﬁwaﬂﬂzﬂﬂé’dLaﬁ’wﬁﬂu (nalnii
13uA11 Symbiodinium  shuffling %38 switching)  Symbiodinium  shuffling  #an13
WABUUUAILYNYLYBsAMIIY Symbiodinium  Wiay clade 430 subclade 1flasan
nansEMUYedaIndon Fanswdsuadudnuaimivayuayigiuidhensuiuives
@13y Symbiodinium dudunan1ann1swent1 (the Adaptive Bleaching Hypothesis,
ABH) ia@uelay Buddemeier and Fautin (1993) way Buddemeier et al. (2004)
Tagauyfigiud nalid venrdudrduaunsaudsuniousuiudsuaimse
Symbiodinium  fiedvegnivlulalad 990 clade  w3e subclade  #fimrwilarans
Wisuwawesdundeuluidu clade Afimrumumuunnniiseninanisvenym udednsls
fann nswasuudadludnuvariitnesdesdidiiinsaweiu Wy nsanawweadnsinis
\3nyiAUle Jones and Berkelmans 2010) uasmsgeyideussansamlumsduasieiuas
(Rowan  2004)  {ls191unisAnwininuioiinansdanisiiuaanuynyuvesamsie
Symbiodinium clade D ludgmiudiviu mendanmafnusingmisaideniiawenynn
(Baker et al. 2004, Rowan 2004, Berkelmans and van Oppen 2006, LaJeunesse et al.
- 2007, Jones et al. 2008) AsAnwInsUasuuUaeUsenAuEINIe Symbiodinium
Tulalafidslifanunoiavietivesusn13aw1nane Acropora millepora Tedsianounas
waamsiinUsngnsaivgmimenaalul we. 2549 UShaume Keppel numaulaves
Great Barrier Reef misfinwnil WiuwosudesuieindhensasuulasesUsymay
11318 Symbiodinium Suiloawnan Symbiodinium shuffling wae differential mortality
Uones et al. 2008) mssfudnufunisdrmelaladiifavueiasvessniiandanin
Stylophora pistillata USVIsuN1E Heron vamaulsives Great Barrier Reef ?fdm‘iﬁmsnf:
atfvayuf1esutwidaenisiiin diferential  mortality  Tutgmiudrthudediamdie
Symbiodinium ﬁl’miamaLﬂﬁauuﬂawaaqmwgﬁ UINAIIAIRSUIEIREnalnnSIAA
Symbiodinium shuffling amelulalativesUzn1isdnviuies (Sampayo et al. 2008) dwiu
mMsfnyINMsWasuLUasETIALEMS 1Y Symbiodinium ludgmssgeuana Sinularia adail
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Lil#insfanuneiavvestaladivhnisdsns msdnuneusazndausngnisaliuenfe
envalud wet. 2553 Fudunsifiudegauuudy fafuidilaunsossyldegadaaui
nMaAsuulasuotsyrianamsfiatunsiznnaiiin differential  mortality  wo
Symbiodinium  shuffing  8g19lsAny MsAnwilad Iniuiinissuunaiming
Symbiodinium  luseiu clade  Wuwmaiiafidewarldsudou wildnanisdnwiiiiaiy
dndede uraufunisdrsinnaauuiinisisunlasiifniuludseanaiudie
Symbiodinium wuutans™

nsasuudasesUssaua sty Symbiodinium  wWiieafufidsaamuniion
Wi wdansiiausingnisaiveniSanenunalull wa. 2553 TiAntuluudion
imeasad Woananiaguniud vinauugmisneils wu ingesud Yem3seeuana
Sinularia 3xii@ms1n Symbiodinium clade D fiansnsavunusegumgiigadivisiade
01fogfae (Panithanarak 2012) tneasad aeglillnasnmaursseannidn (rmd 1)
drumlinmzaasegvisanueiisluiszanm 48 Alawns femnl vinunzassdidisy
SvEwanInAIIILUsUSILREIIAdoN 1y ﬂ'nmju-’la‘uamfwma waznsasuuUases
seiunituiias deledumdrildsmansenusonumnyunarauduialudaifaunisves
@sie Symbiodinium clade D SnnsAnwnunnunefitiiifiudn awmshe Symbiodinium
clade D fhagnuendvegimiulsminithuiiuedouinnoil Jelddunansynudu
pgINNINAULUSUTILYRIAIAdeY (van Oppen et al. 2005, Mostafavi et al. 2007,
LaJeunesse et al. 2010)
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A3UNan1IY

M5M929A0UTIALALANLNAINYANINIRUSNTTUYOIEMINY Symbiodinium Tlendle
agsmtuUznissgeuluana Sinularia Tngnsiasigianuriuuysvesafiunaiugnssy
Usduus by cp23S ONA Tuaaslswanas wuamsiy Symbiodinium 2 clade laun
clade € uaz D lunsdrsiavsnaumeassduazniginizan dunedniiv Jminyays
neunsiiausIngnsaivznsmenyalul we. 2553 Taenmsiu dndiuveenisnsiany
amie clade C way D Helduansanedu wimdaanmsiiausnngnissivznidanenynn
Huan 7 e ndunuiamza s Symbiodinium clade D Fuduaugefiflann
numudegumniiguasmswenyfissviafeariniy magaudoamine Symbiodinium
clade C w¥onsifuAmynyuuesansie Symbiodinium clade D Tuvzn1sgouana
Sinularia AeRaIN1sHeEnY™ 91985UwldaINNISIAR differential mortality vesenselu
nauifimnladendmulsUsmvesdaandeu wie Symbiodinium shuffing aelulelal
yozgmindunu
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