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he CO1 and 16S r RNA gene sonofs ix7dx( &E C3ioirer ptoses THp en@ix e an
eight speci esHipfpoguanthappaempseged t Dr itchesep nsgdedi5e s Ad fu
TridacnBh. gd/daceag ula.modar aatsrai ct i on endonucl ease was ide
andridaQ€a@ 00bygder t he Ternizdyawenitdemedi fferentiate bet wee
family found in the Phifliirpnpeidn etsh eweirdee nste ¢ e nocfe dg i faonrt ¢
mol ecul atbhaspeppr scpelti es i dent infoilceactuiloanr. tWec hfniirqgsute sr.e pTohret -u s e
ed here the BOlhsepmadpusmaeofi tt oomMaitloahldeenti fy different spe
online through GenBank. We dlogotheportpedpehemdhnhagemaesmntghan
Tridaena-2YCar5 in Philippine waheest heay aunedeaslclr ideecd ar ed as
species of giant cl am, which has initially been reported
potentially new species thatl WBRODWOTIgGN t o be found only
wan. Phylogenetic trees of CO1 and 16S rRNA gene sequence
of gi ant clam samples from thad aBRhbi lcil mpnis n esée wleanreg essfat n sbhievuaw
using both-Jtohei Ngi @lppomach famdmth%l rd/aafcama mmmacelk 1819 t o
Likelihood approach. Bot h tTeiedacsrhab wpidgeasss ml1 7T &8 (tJowion ioa ye
whi €©hi daodappdmpusned t wo dli.sfTheste c¢clachesbelong to the subf
crocea, TT. sqmaammaaanldri dapnhgetaer a Hiapnpechppdis i d aObhadaman et al
YCTR2005 showed monophyl etic Tegvoo lspiercg e a1 n kit pongybiptgpeEpro@eaursu sh i [
Chametrachea confirming thelLirrrcoagwns zHdidm@or pauusmi pRgossceenl fil t agriu & 1
clams based on morphology. AQrh r telee soutbhgeern elr e dhied:adensgadr & e AGE@ m
mapping based on the 16S r RNSAt rgvelmiteo hs hiosweado mp ousie dg @aif g raGshca ngestp
chea&i ch i s c¢composTerdi doafc nfal anla xsi
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Jant zen, Zi bdahanandeRisd ti era t2¥0di&n)h; piosp ud carh-i o n . Recent surve
posed of TwbdapeRdadiemgsd@F+9I&amemdl5 countries showed that t
na t elvooas, Ledua and Br al eyr a(nlguecsa$t pestih@allD.vi #9@1%) peThe que
present Teit@daamsa &foseenvkaot earnid Soanrel aptoop ul A9 1 ons reached numbe
is still ambiguous (Benzie amer Wsgglaaemsm@&nwé8B) (Ot hman et al
species ofH.gihainptp ocpluasms H. ,Tp.or c

Past researches on giant deams aaxodonomaxdmi.e dhrroecasega asnio g |
been reported and have focusreadpomt embl|l @ECanwaentpihyn ogrerniynt Ber
and Williams (1998) studied calelsoz(yGldeTEVSr i 2012 )n. a T likeapbd hee i
found support for the prHivpifki mg afk®ondadognyuts@foagilant ecl mmer
popasdri davena monophyletic sdcurece tamd, saadsdd acdciitreeteefdormar ¢ e
monophyletic subgenera coul d( Alec @ asrcr il-;B 6 & & d&vd mwiataldi nGolmei zd 8

Tridacha §ig&hé&mdtr aqhlueaano(s a,s iTt.e smaixni mahe Phil i ppi fgsahavel
and. crocaad Ple.r sd main@issa (t §vamaa vi dual s per square meter (
Mar uyama et al . (1998) studhadet éehiphiytleody elngyc aolf egitamtct ¢ b

using partial 18S r DNA and obtained three different phyl oc¢
ic trees for subgemai @aemetadnheaahi s study, we have ident
squambPsac (Tocesagudmosed xi mandsqgobhams sampled in the Philippin
mo s(h. crdcemaxi md | wi th highCOdo atndt rlé6pB $ RNAomgtene regions.
Schnei d@&woighdl O(1999) studi etd nter itdheec n"GQOile streglRpmrer Fi Ve al
by analyzing partial mitochdamrdrei alo mé 6 8v ir RNMCreg eloafp st aR6ED0OD r @ @

cluded tHMappaopuigrn alacea monophlyilleitpxi ne water s, a possibly
sister taxa and subgenus Chacnheatnr atchhaeta, wawh i tctho thgahst tthe Ba mé
pology with the second treeunpubposbdd boybsMarviaytdmar s gt al .
(1998) , i s & .sitgi@erordealxacsrg) itgoa s

with these three latter taxaMATHRIbAeL SgAND aMETIHADNS a si ngl e
Tridacna .(Tlrn daontajast, however , Nuryanto et al .

(2007) conducted a phylogene$SamplamaCyglsliesctoiforf our species o
clams maxi ma, T. s q Waardogiagiadsing crocea

the CO1 genetic marker and s h®ivwaendt tcheasres guiearet colldmst ed t
monophyl.etcirdceada quamds & maxTTi . m&hi |l i ppines (Figure 1A). I ni ti
gi gasl)ndeed, there is still fdehededustiongdoF 4@ n estpiecci grsofii dé:r

identify giant <c¢clams existin@Camperhtidri ppndheNiwvamendl998)0 a@mtde
mation that can be used to ELuopeamloy orharntagee garmhtc ad aenr wcau | tt
in the future. Samdar.. hi pTp.opgisg a s,rTo.c esaq uaannto. s a
dergdfsagures 1B, C, D, E and F

The mt DNA acyxXxodhsemsubunitEdstgemre $L£L@OAN i dsipheaeds,, whi ch
being widely wused for mol ecubhitri slplexc T e dda tdiefn(tRnidgtusreeta isb ) hw
wide (Hebert et al. 2003) . Tthaiisn endo |fercoumt aBro | mentalbg d Piash galss o a
as DNA barcoding. DNA bar coedd nfgr oo eSri dairheasn, t Negmpo o bOeai de
caused by comparable morpholofgittlad | watsemi i ar fipeeimsnutead,i
incorrect species identificawasoncsl.i plpheed GG @gé aecedEbEbDr appe@
be among t he mostcoadd mge rgweanteisvreignpStciteearmmh-ano | . Voucher speci
tochondri al genome of ani malspeands cwerteai pmlsacae dgrienata nr aincgee
phylogenetic signals which betpsordy stoi mbobhteqwd mtseda ya lryes
species and phyl ogeographicrggromumped wiot htihne aatseé mgafet esrp etchi

(Brown et al . 1986, Fol mer emenswadestoret it %I ethandl a theNFRDI-GFL laberdtory. 2 0 0
and Hebert 2001, Wares and Cunningham 2001). Another wusef.
mar ker for supporting speci eBNA dexnttriafcitciaodn on is the mitocl
16S r RNA gene, which has also been widely wused for speci
identification and for del i nOatei mgangophgd ofhenhtey i mg roefl attiisost
among marine org@hlpsms (Guo wtemnille disposable razors. DN.

met hod of Santos et al. (2010)

A vast diversity of giant tilamse i sampluas imndr érh @ Ir @e acternat Im
Pacific region (Spalding et calntalRPODdy. 606f OLt-wafmnferdeys(hd A€
genic and environment al fact@lrAsB @lIxlt racnti minb btud feo (phel 8eb
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Figure SampAing sites: Bol i nao, Pangasinan, BWHi ppaopuSamappawmias rs
clam@)T,ri dacnat gugagi B,Atr i dlazm)( bcorroicnegk, Trliadngcna ¢ U amedaTaliam)c;na de
(Derasa c6,dm) dapnd-YCUT5.

shaken vigorously by inversiomly Taidpltiuifbie@dl pved.er Tsnasy b avtee di s 3
C in a water bath overnight wmaith iomt eprrmint€tresntdsgudacadkfionogy &b e
every 30 minutes for the firNur ywemrtee etouals.. FAAQGHEA nhicAfbvaa @

ples were centrifuged at 6, AAC AGE#a nfdo rr ey 5 FAECT REDAGE G C C A
chloroform:isoamyl alcohol (SCTAAW¥roe aantpdeid yan@GOImi gene pr 6 p e
by inversion for three minutcelsam asnpde ccieenst.r i Haugeswe fajtc t 8p,e0i Onde ir
5 minutes to separate the pfhiaBae sc,TaTihekm psnieEOHR a thd @aimdwad et a
ferred to a new tube and thesprdoredeafrese dowe topmgaddch @plnl
the addition of <chlorofor m: itstoema myaraihmiln gvetrrei ddaodiddi Adh GshBekdAi e
pl es wer e precipitated wi t h-T SBAGCAT GG3@TEM r & v @5r-ds ®C TaRACIACtAe
(NaOAc) and 900 OL of cold 9BBCATHASC®AWChithle sotoesshulwhyg ¢
tly mixed to produce ¥2i8bQ ocouvsgreDiNA. iamgaamacsudiafese khist of pri
night. After precipitation, stthuedyt uibse ss hwoewne icnenfalblfaigkd Rad
rpm for 10 min. Lastl vy, DNA rpalctetonswevee ewashedewi bbbt 900
70% ethanol twice, air driedapprdxieauisepegndeld GLn BNO tOdmpol f
TE buffer, and stored in a reifrhgdr &moir2MGCIOL dNTPs (2 mM)

(10mM), 2.0 OL of each pri mer
PCR Amplification Polymerase (Kappa Tlag)RCRanwasl

formed under the following con

mt DNA COA ffemgment of t he COplergeetnuer ef oart t9MeACs ifxors pe-mi nut es
cies of giant clams was amplatfureed atsi H4AC hfrere 1 ymes. of1p5
general primer from Folmer e&t7TAETfod ABA&Y ,f diopapndprudst,e rea@dl 4 ¢
B&EGTCAACAAATCATAAARATRATMT GEGeve rfSTer s g uTa.mogdagtarsi d a pfhGTR2 00 5) an
HCO2198F AAACTTCAGGGTGACCABAAMAEBCAI nute extension at 72AC.
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Tabllenflor mati on on giant clam species collected in the PF

Accession No. (GenBank database system)

Species Name Sample ID Place of Collection Collector
Co1 16S rRNA
Tridacna crocea Tcl Guiuan Samar, Philippines KJ202107 N.A Apollo Lizano & Nonita Cabacaba
Tc2 KJ202108 KJ508352
Tc4 KJ202111 KJ508351
Tc5 KJ202109 KJ508350
Tc7 KJ202110 KJ508349
Tridacna squamosa Tsl Guiuan Samar, Philippines KJ202117 KJ508358 Apollo Lizano & Nonita Cabacaba
TridacnapYCTF2005 Tml Bolinao, Pangasinan KJ202114 KJ508356 Apollo Lizano & UP MSI staff
Tm2 KJ202115 KJ508355
Tm3 KJ202116 KJ508357
Tridacna derasa Td1l Samar, Philippines KJ202112 KJ508353 Apollo Lizano & Nonita Cabacaba
Tridacna gigas Tg Samar, Philippines KJ202113 KJ508354 Apollo Lizano & Nonita Cabacaba
Hippopus hippopus Hhl Samar, Philippines KJ202105 KJ508348 Apollo Lizano & Nonita Cabacaba
Hh2 KJ202106 KJ508347

Partial sequences of mitochondrial DNA CO1 gene were submitted to GenBank database.

out at 72AC for 5 minutes. PuClRa rp rioddeunctt isf iwceartei otnh eonf rtuhne odi f
agarose gel and viewed underudliVvndg i ONA. barcoding was based

Tridacaad oneHisppeocdpiersa sbbder ma
16S rRINA.l arge 16S ribosomalfrRNA GemBasnlof ( Abee ssixors pHu mber
cies of giant clams were ammpmlnidf iEdUb 2B86i7Mg fohe COA)I| waisnag spO
from Kessing et (BMGCCITGIZI AT CclabtSiaorn and discrimination
AAAAACZETaENd 1(6BHEGTCTGAACTEAGAONC and 16S r RNA gene sequen
ACGB )PCR reactions were doneowisiwgr et hceconprtotugdodcldi igr 08§ J
mt DNA CO1 gene amplificati onanedx ctelpd -Widkesdtimuhioeo da n(nMeLa)l | aa@p rt oe:
perature was adjusted to 45ATamwmaaBimegiceantwi ¢ lha ndasprec iceosr.r

of
ce
|

genes based on model selection

DNA Sequencing and Analysis (Ver. 5.02). S eTgrui edmecpen a2YIACAG N rae 1t

T. mafxarmar estriction enzyme si

PCR products were sent touBaogogdme pnogramoGeme ifoous sseo-f

guencing. Al mt DNA generat Rambaquer©®©€3) including 13 COl1
sequences and 12 16TS. rcRrdlAGesaeequences (five

squantotsrdead dapena2YCO'5 ,T.ongd g@ s, Al | CO1 and 16S rRNA gene s

erasd H.wohi ppopbooth mt DNA man kiarys )wewer esuibmi-t t ed t o GenBar
ially aligned and edited usiumpetGeneious software (Dr ummc
nd RaZbOamu)t. A total of 60 COl sequences from five spe-
ies of Jgiamrtrocleams T( sSm.uamORBESULTIISi dacna

00B., maxiamad derasd 71 16S r RNA sequences

rom 10 speci &s offogesaguiarmodsamsTalbl e 1 shows the |list and C
as p. -2YXObr,i dacnal.consatXaitmah eVortohee, 16S r RNA and COl1l sequence:
i gasd,er @tsiap,popus paonmdiepp @apwscohlilpe-ct ed from Philippine wat e
opuswer e downl oaded from GenRAAk aadd CWdr ep aiimonvi ke dgeinnet i ¢
he phylogenet|c analysis (Gablups29f cAildnts ecqguaenmsc ensi t Weres
apse to 75 wunigque haplotypmostf dras@O0l1l larwvd ng3 membagu eColf a pt
ypes for 16S rRNA using ltlkeeea@gnlei ne software FaBox (
0Q7)Multiple sequence alignment for al |l unique haplotype
as

d
t
a
c
2
f
n
g
p
t
I
t
2
w performed using Clust al W (Thompson et al. 1994) . Mo |
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TablRai2r wi se genetic distance estimates between ten speci
Cerast odersmange dull3e bp of | arge 16s r-phoammakbr RNAOOndolma s¢
i mpl emented in MEGA ver 4.0
1 2 3 4 5 6 7 8 9 10 11
1 Cerastroderma edule -
2 Tridacna crocea 0.446 -
3 Tridacna squamosa 0.443 0.024 -
4 Tridacnap. YCR005 0.450 0.046 0.034 -
5 Tridacna gigas 0.487 0.114 0.110 0.098 -
6 Tridacna derasa 0.492 0.070 0.066 0.039 0.083 -
7 Hippopus hippopus 0.402 0.164 0.162 0.142 0.181 0.168 -
8 Hippopus porcellanus  0.407 0.175 0.169 0.152 0.184 0.180 0.079 -
9 Tridacna maxima 0.419 0.064 0.049 0.044 0.097 0.077 0.152 0.165 -
10 Tridacna tevoroa 0.478 0.099 0.102 0.91 0.109 0.088 0.180 0.160 0.111 -
11 Tridacna costata 0.425 0.064 0.059 0.032 0.101 0.062 0.153 0.149 0.035 0.095 -

Figure 2B shows the NJ trdaepbbadéd skeygue@ cEang(,7 5unyruibd u es
haplotypes) from seven specilersi dosgpYnaRart5 glromp eandvi o me t et
tax€n @edublaesed on 417 bp of geh@lsamdtorachadmersahioavle d DNMA c | ols.er

COl1 gene wusipmgamaemer awBth asbhoatmddamapg oswphment speci eGonund
(N=1000 replicates). CO1 andelgaunt RNA doregs@mupRamice Hd wwes €
used for species discriminathern BU@OI &) i i cat éTo.adnndxidgrha
collected from the Philippi ngewencnesr eblaasteido nont oo urre f@&01le nacrea |sy
mined from GenBank. The treeblsdhhomwiedi che moinfoipdhgytliedn.c groupin
under t tHé ppeapmdls a dJacamarmad majority of col -

|l ected giant clams clustered Wwiitghurtehe2 Ar esflrearvesnc® sSsemulkarces
estingly, sampl es Tml, Tm2 agiedn €T nf3r o(nT a8b3l es elgyu, e nicneist i(a5 3 yunii
fied. amaxigmauped with the new awnrdecs carmsb eadn ds ptehcei erse soufl t s st
giantTrildapg na@05 (GenBank AtceesicomsNumeted using the mtD
ber DQ168140) . I n addition, 1a6 SBLIAEBBNA seaquréeindeorofsampéed mIm
Tm2 and Tm3 were done in BOlshoamd tmoemo@daiyBamk cd gl woiuda gnga
and yielded a 98r5%apnaXCAIBYEROWSt EB6S r RNA reference seq

TablRai3r wi se genetic distance estimates between g
chrome oxidase | gepear @@OLer pysl 000 Bamtusarad@p value
in MEGA ver. 4.0
1 2 3 4 5 6 7
1 Cerastoderma edule -
2 Tridacna crocea 0.385 -
3 Tridacna squamosa 0.408 0.132 -
4 Tridacnap. YCR005 0.368 0.197 0.178 -
6 Tridacna derasa 0.392 0.208 0.204 0.223 -
7 Hippopus hippopus 0.405 0.270 0.260 0.244 0.225 -
8 Tridacna gigas 0.418 0.225 0.228 0.287 0.251 0.254 -
9 Tridacna maxima 0.400 0.181 0.178 0.201 0.185 0.231 0.174
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® Tc5 Assembly 2
HE995442 1| Tridacna crocea
- Te2

JNI92058 1| Trdacna crocea
JHII2066.1] Tridacna crocea
HES95440.1] Tridacna crocea
HE995441 1| Tridacna crocea
HES%95439 1] Tridacna crocea
MI92062 1| Tridacna crocea
JNITZ064 1] Trdacna eroces
- Tct

p @ Tcd Assembly 4

EU31344 1| Tndacna crocea

EU31341.1| Tndacna crocea
@ Tc2 Assembly

Eﬂ @ TcT Assembly

@ Tc5 Assembly 5

EU341331.1] Tndacna crocea @ Te7 Assembly T. crocea
AM303764.1| Tridacna crocea B) l@ Tcs Assembly
T HE995453 1] Tridacna crocea
q EUM1349.1] Tndacna crocea . crocea HES95452.1| Tridacna croces
|EU341347 1| Tndacna crocea HE35448 1| Trdacna crocea
= AF 122980 Trdacna crocea HES95447 1| Tridacna crocea
8 HE995451.1| Tridacna crocea
1 EU1337.1| Tridacna crocea HE995446 1| Tridacna crocea
EUM1342 1] Tridacna crocea - IHES95444 1| Trdacna croces
EUM1M0.1| Tridacna crocea HE95443 1] Tridacna crocea
HE995445 1] Tridacna crocea
EU341333.1| Tndacna crocea HES95450.1] Tridacna crocea
= EU341339.1| Tndacna crocea HE995449.1] Tridacna crocea
' | apgona7s 1| Tridacna crocea HE$95532 1| Tridacna squamesa
HE995524.1] Tridacna squamosa
o AMB09762.1| Tridacna squamosa HE$95454 1) Tridacna squamasa
g @ T5 Assembly & - HE995522 1] Tridacna squamosa
L EU341338 1| Tridacna squamasa HES95516.1] Tridacna squamasa
HE995520 1] Tridacna squamosa
EUB1345 1| Trdacna squamesa HES95504 1] Tridacna squamosa
- AF 122978 Tridacna squamosa 1. squamosa HES95528 1| Tridacna squamosa
|AMSE09759 1| Tridacna squamosa ] HEB95530. 1] Tridacna squamasa
ANGOSTSE 1| Trdacna scuamoss HES95506. 1| Tridacna squamosa T.squamosa
’ P HE995526. 1| Tridacna squamosa
1 82} IAM309T61.1| Tridacna squamesa e HE995498 1] Tndacna squamosa
AMI0ITE3 1| Tidacna squamasa HES95508.1| Tridacna squamosa
HES95510 1| Tndacna squamosa
@ T3 Assembly 2 I
DQ119339.1) Tridacna sp. YCT-2005 1. 50 YCT-2005 HES95514.1| Tridacna squamosa
@ T2 Assembly -sp el HE995518.1| Tridacna squamosa
@ Tt Assembly L HE995512 1| Tridacna squamosa
e HE 995496 1| Tridacna squamasa
50 =@ Td Assembly 4 g9 = HE995478 1] Tridacna maxima
AF122976 Tridacna derasa T derasa _WFI-HE?SSJ?S 11 Tridacna maxima
AF1229TT Tidacna tevaro HES55480.1| Tridacna maxima
n s HES95487.1] Tridacna maxima
@ Tgl Assembly 2 1ai HES95485 1| Tridacna maxima
1001 AF 122975 Tridacna gigas -gigas IHE995484 1] Tridacna maxima
AF122979 Tridacna maxima [ | = HES95482 1| Trdacna maima
EU003616.1] Tridacna gigas
EU341343 1] Tndacna masima HES95474 1 Tridacna maxima
% n EU341335.1) Tridacna maoima HES95486 1| Tridmcna maxima
5| 2905751 11 Tridsena mavima % L HE995483 1] Tridacna maxima T. maxima
I HES95456 1] Tridacna maxima
& ANS03T49.1) Tndacna mavoma T. maxima HE995468. 1] Tridacna maxima
DQ115320.1| Tndacna maxima HES95462 1) Trdacna masema
EUM13H 1| Tidacna maxima HE995458 1| Tridacna maxima
HE995472 1| Trittacna masima
AM309747.1] Tndacna mavama | HES85454 1] Tridacna maxima
630 AM309T43.1| Tndacna maama HE995466. 1] Tridacna maxima
AMI09741.1| Tndacna costata IHES95470. 1] Tridacna maxima
HE995464 1| Tridacna maxima
'249.1| Tidacna costata T. costata HES95460.1] Tridacna maxima
AM309732 1| Tndacna costata ® Tm1
AF122974 Hippopus porcellanus | H.porcellanus ) .':Q‘:B““ 2| Tidacna sp. YCT-2006 T. sp. YCT-2005
lﬁ m
73® Hh1 Assembly 3 ®Tm3
” @ Hh2 Assembly 4 - Td1
H. hippopus —n| GQ166591.1 I T. derasa
AMO0TES 1] Hi . | Tridacna derasa
% § AMIOSTES. 1] Hippopus hippopus Pl 1 T gigas
731 AF122973 Hippopus hippopus H |® Hip1
C. ede e ez H- hippopus
EUS23670.1] © edule
s —
Figure 2.-JNéengmigorntree of dgi6&ntr BNAan@wmsdDNAA CO1l. Gi ant cl ams sampl e
black circle) grouped with reference gi dentTicfl imeask i Tmab e dT m2 0o ma1Geé nT
groupedrivisppna-¥C05. Node | abels refers to bootstrap support (N=1
Philippin&. sagnmgdawspeodf with the Famgluy eavdai $hbWwe t he 16S r RN

16S
AF122977)

rRNA geng(i GewBank

with a bootstrap sTmdoanhdofTfmBOO.After

t hat there is a uni

Acces3rodaduatdhENBr,i dacnaaméax s mmp |l es
doi
gue

ng rest
restri

Vi evla

We also performed phylogeneflic neaxa ImBbi0s(ENBC DI st toep pMLs eap -
proach for both mtDNA COl1l anTdrildasSp maRWRCAI5 apeécibhe.t Aka
ed a similar result with thadaté OhagNdsappr eaclymeFitgourdi f3
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>

FigureM8xibmkm!| i hood tr el df6 SgirdBNA malbdlims . CO1 showed similar topol
with black circles represents giant c¢clams sampled in thetséPhilipp

and that could possibly be ws8dx fopecieesst rafctgioantf rcal gammesn tf
polymorphism (RFLP) analysispines were cHllbBcppdpunamely: cr
s a, T. gigasd@riTdas phar2?¥WX@ niti a

DI SCUSSI ON i dent iTf.i endd xaisiidhr ee di fferent p
st he COl1l gene of giant clams w

Thi s study was mai nly r e fFeorlemmecre de twi alh. t (eHPOOeAL) ) d € te lyper b tire

Nuryanto et al . (208 ad) g hinld NSichpg@e)it,deret amd . O(2007) -ameciofuir
which also used the mictoxd¢ Wdamsmriiimdr .DN@Gn ctyh®cbt bme hand, on
gene and the 16s r RNA gene fKoers scionngslt@8udck liwags plthsyd b gtem e & mp | |
of giant clam species. 10The COl1 and 16S rRNA genes of
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