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vosastdnsiivana Radix
Biology, Geographical Distribution and Genetic Diversity
of Aquatic Pest Snail Radix
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Abstract

Biology, geographical distribution and genetic diversity of aquatic pest snail
Radix were elucidated from October 2016 to September 2017. Totally 80 specimens
of Radix were collected from 8 provinces (Tak, Yasothon, Ubon Ratchathani, Sisaket,
Nakhon Ratchasima, Suphanburi, Nakhon Pathom, and Kanchanaburi). 71 samples were
morphologically identified as Radix rubiginosa while 9 samples were R. swinhoei.
Molecular investigation using coxl also confirmed the morphological identification of
Radix samples. There are two major clades of Radix found with more than 50%
bootstrapping support (NJ and ML) and more than 0.5 of posterior probability value
(BI). Further population genetic research for Radlix is needed to get ecological insights

which is crucial for management and control for this species.
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WUgNITUVRIMRUNANIHYaNa Radix AeLsLABUAAIAY 2559 Aafauiuengy 2561 1o
A108191108 Radix aviue 80 A39819310 8 J94min (A1n elass guasIysill Asasiny
UATTIVAUY ANTTNUT UATUFY Wazn1eyauy3) wuin 71 19819 R. rubiginosa wagdn
9 AI9E19AB R. swinhoei KAIINNITANYIAIUNAINVAIENNUTNTTUADAADINUNITIEY
wilavey Radix MmeanyaredagIuinel wuiuueandu 2 ngulugainnisinsizinig
ad 1 I3 = o & ¥ = [ s a gl’ dl' 1
T8 NJ ML wae Bl egalsinuianudndusesdnuiugeansussvinsveamesyiinilivel
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duumuasiuuliufasduladeluluounen egslsinuguassadifyuesmsndnliines
nsdenandeiyminisdihatsainuesidnsivdeadiannudesnisunnssalid
uenniifuarldvesssinlufusiuldl vlmdsnalunsérehanuazeinneuiidsoen &
mnnsnuiituiuaglivesinlyfunssaliihdseanazgnnvhats vlvnimmatinig

dseanliiinveslsewmelneidauidednaie

naudrnnnuastdshnsifevesdnswssalin wuieshdnsiivana Radix
(298 Lymnaeidae) Hunisludinfifinnuddqidosnannsaiamndomeuinssaliiii
Useiuiiuegnann Shwuvesanatanlufulih wesidwianelaenistaduluaudems
1 Hudu uasifuordueglutssmalne Snnunuuaninda wu vues Aaes S uith 1y
fu Bnadnenuindudagdvhaetrlulssmasude

yesana Radix Tneglured Lymnaeidae iumestindalifiinln arunsewuldiialan
(Hunova et al., 2012: Correa et al., 2010) Tutsemalnenuseau 3 viia lown Radix rubiginosa,
R. swinhoei uag R. luteola ynuflaannsaidudinansvesng dineliianlsaluay fagu
R swinhoei \usanarswesmendlulslusu W | exustus wag Radix 521138031 wesfy
donnanuesmaniilulsadinarsvemesluliludonvesdn] Fsfsoussozwoiannde
vompBwardannsoveulwihuimdadnginenie uildamnsaadyduladeluld vl
Aantladniauuazionnisiu (Tivani, 2549) 151897471 R. swinhoei Wi finnuLaznelvilin
ANULAEELATINAN (Tian, 2008) N9NTUIYVINITINEATIAILTUNSAN Y I ARgNTT
lﬁfwl,l,azwudmaaaqa Radix ﬁLﬁwaaﬁi’mgWismiﬁﬁmwﬁu (eATunarAMy, 2557)

fiseunsinunmsiufivinluneswed Pomacea canaliculata Taefnwnudizsh
21 afanudnsnstuiiindaus 1.1 1 22% seaiminduazdanuuaneiulufiviiu
azviln nevavvouAufiviflulnsiaugs uaznandssiioill daudszneunsis (dry matter
content) g4 wagfivunswdafiflansiaiiivesliveuitu a1susznouiiuedn Jaenad eafiu
msfnwiluvessfindu wu P, insularum wag Lymnaea stagnalis (Wong et al., 2010; Elger
and Barrat-Segretain, 2002)

finnsAnunsaufivitlunes Radix swinhoei wuin wesaiintianunsaiunssadliitn
dna Myriophyllum Monochoria Eichhornia Brasenia Cabomba Alternanthera Hydrilla
Elodea Ottelia Vallisneria Hydrocharis Potamogeton Egeria Monochoria Utricularia ha e
a1u190nU Pomatogeton malaianus lﬁmﬂﬁem (Li et al., 2009; Xiong et al., 2008)

f518unsnwiigdiudiine1vemesiiana Radix Asil Gaten (1986) 518911477
Radlix peregra #8M351N134A30YU0IANE1NUFDNDEYTENINN 2.41 §19 2.86 TaGlunT fig
svgslaan 4 dUam Maluaaue 11 83 99 Westengu Huniugiiies 1 seusied dexn Bryne et al (1989)

vVeaw U

MNENUNANUREUTEHT b&De dnifFRuimanitnive ARBNMRNEaS




397

% v

I¢i51891091 R, peregra SvasTindous 140 F 728 Yu ilelurrenglilulfauasduggfou
nasaniineenuianlafaueriuden 0.9 i 1.1 Jadwns Tuusemnealne Ay (2520)
ANYITIINE1UI9UIEN15UDY Radix rubiginosa wuimesriadiuunanouiia unasaeu
o lnevmon Nudau amsiensyeln vy Tausgau dnds 9on wi Wusy Sesidud
nsegsendusufuioUszana 50 Wesidud fdwaulviade 11 fa 28 vle

ANIAINVAIENaRUgNTINYRsAng i lidlagadnet durinen wagnszuIuns
TIwuIN1s (evolution) Tun13szuInynin (invasion) VoMY NsWNINszare (dispersal)
nsasuulatsewns (demography) wazn1sUSud (adaptation) vaafngiylidiu
Aunndeuiiudsundasiy %’a;gamdwﬁﬁmwmﬁL?Juazméwiamﬁmmiﬁmgﬂ% (applied pest
management) foyaldsiugnssuaunsaldiiontsszysdadagiiv (identification of pest
species) ltUszLiiuUszansna (efficacy) suaﬂﬂﬁ%’@ﬂﬁé’i’mgﬁ%ﬁﬁmﬂmma (target invasive
pest) AaunstinlsIngn1sainewin (bottleneck effect) nasannnisldansiaiidesiunidn
dngiin shlsdndruvesdngivfidumuiinnnty Wuiy 1lunseduemamsniiintufy
UszwInsAngiY (pest demographic history) kagAIAALLULEUNIINITYNIN (reconstruction
of pest invasion route) (Kirk et al., 2013)

frenunsinuieafuamumainuatensiugnssuuazonydiinenvemostnda
doi] maldieRemmneluanaifiossyrilsvomeslingd Lymnaeidae luuszmelne (Kaset et al, 2010)
no8luwied Lymnaeidae 9nvaneviU (Correa et al., 2010) wagluuseinaianusl (Dung et al., 2013)
no8lu1sd Bithyniidae (Kulsantiwong et al., 2013) fin1slinaila real-time PCR Tun1suen
sliavoslursd Lymnaeidae ludssimeonsiauiiun (Duffy et al, 2009) wenaniinisAnen
AuVINVINENIaRUgnIINTesastn Physella acuta tiemeudiniuindinnglatied
tmvessiiadluundnszarsludianuiidu (Van Leeuwen et al,, 2013) ann1sfinyinas
Radix balthica wuimatgladuigunisiia local drift uaznien AiinasdanlnumaInrany
M199ugN T3 (Pfenninger et al., 2011) #ox1 Haun et al. (2012) lafinwiAinuvainuany
MINUFNTIUVRY R. bathica LLazWU’jwmiLéﬁ’wlU&y’aﬁugm (colonization) wagAUWUTUTIU
Y93Us¥Y 3808 (Metapopulation dynamics) SikasoAUMEINTAIENISRLGNTTY

U ¥

UBNIINUDY Radix fi'fmLﬁuﬁmgw*ﬁmlﬁﬁfﬁﬁﬁmﬁyum fisrsaunsfnyiiefues
anatiluudvesauddydunisumng Wesmnrossdiadidunvevemenatela ogrils
fou Sanedeyafiuguluiurediinerdudy eynsiisu 19asTin mauiug undsdey
01d waros Wudu Mauninsznedgiimans uasarmmainvaneeiusnsIe el
ToYan19weU FIINYT NITUNTNTEBTQAAENT UATAIUAINTAYNTUTNTTUVDMY
g ladesssunnagnginssuvesnosthdnsfisainiléftedu waganmnsaldidu
%aagaﬁugmiumsé’w@qLﬁ?ﬁﬁmmi iienstlestufdnuaziinnudndudenisnsunuiiients
fansviesthdngfivegnediuszavsam (pest management) seluld
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AAniiung
gunsal
- NABINAARNVUIAAI 9 NTEATBOIUNUTEAIA
- nefilly (inFesilotavunndenvien)
- 91msUanaileudn
- NApeeFUATNea
- @iy warldhin
- (N
- 1A%3849 UV transilluminator
- 1301 autoclave
- 1389 PCR
- IppsaUANTeY
EEIT
1) ifiufiegne AsmesLaAnYINITUNINTZ1Y
EjaJLﬁUf?f’JasJ’]wamfﬁmgﬁﬂjaqa Radlix mmqu‘Uqmmmmdaﬁwsaamﬁ Juiin
dnwazvosszuvinaiiduiegerdeveaes fverms fadrmnadunsasia Usum
oondiau Ansilwihaesi Tuiintoyanisunsnizneilegiimans lnen1sanduiiniiie
piirnans sune Sandn anwdl dunndennazdnuvaziuiioguemes vinnstudindeyade
1Usunsu Google Earth

2) ﬁﬂmé’ﬂwmzmaé’mgm%mLLawfmﬁﬂ

thuesiiiudiog s lfuninaiiugevenddon (3 apex aufisinuasgnves
aperture) ANHEIVRRUREN AUNTNVBIITA (aperture) 91U (whorl) dNuaEYDs
Waen dedwinves thunadesnsmimanuduiussenineeuen ANUgIvaLUReNIaY
‘l:f’mﬁﬂ P85 correlation analysis

3) Ain¥11995%n

3.1 thnesfildanlude 13.1 twesundsadiednynasiinlundesmaiafinuun
13 x 13 |ualuns g4 10 Loufins ﬁﬂwiumiﬁ;ﬁmizmm 3 dns WiouamIIenaNIEION
ihludedluuinniifuas gungll 25:2 ssrnwaidea Ionsavdadauasdnmanouyn
3 $u upgnaiAsudiethuasliuaadounamn 7 fu TANNgIRNENITeLURen thwiin
Tarauilunsanuazenmgl

3.2 Wleneaiinnisnauiuguazinell Juiinduiuldsiengy Tminldudedlundes
WANARNUIIIUILATA M IENNTEsannaadlual iegnvessui 1 fineenunainlunad du
1w Falwlinuaginvuegnuesiintulvdyndaim

3.3 \aeegnvioagui 1 aunseruasyivladuduiuiowasaiunsonaniugle T
Aiiun1smuten 13.3.1 uag 13.3.2 JUNTENUAAGNVRLIUN 2
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4) ANYIAIUVAINNANENINHUTNTTY

4.1 Msainmdue

tiileibovamesinatafibuelneynataiiduodiiagy anatagunmvesiibue
eiBladianlnsinida lnowwdsueynilsaaa anandudu 1% wazthlldlundosiusseiid
duvlles naufdueduddenludnsdiu 1:5 waziiluneenaslumguueteznlana Wali
nszualwiiissufienudnadng 80 Taadidunan 30 undl thezmlsawaundeusoiefiie
TuslusuasiludesquauiiBuienielduasy Weusuatuiduominnes udminduia
Buedlaralaluiduinuniteamgil 20 esmwaldea

4.2 MafiuUiinudu coxl Mefidens

yihnsifisUIabu coxl meisiidenslngldelniuesues Folmer et al. (1994) us
avlwiwosfiduiondlelnddsd LCO1490 (5-GGT CAA CAA ATC ATA AAG ATA TTG G-3)
kag HCO2198 (5’-TAA ACT TCA GGG TGA CCA AAA AAT CA-3’)
USRIt Usnes 50 pl Uszneudeasiadiieluil

10x buffer 5 il

10 mM dNTP mix 1 ul

10 uM LCO1490 primer 1.5 il

10 uM HCO2198 primer 1.5 il

2 U/ul Tag polymerase 0.5 pl

template DNA (Aldutoveineoy) 1 ul

51ﬂél’mlaaﬂﬂizagﬂaam%a 39.5  ul
thansvanunldlunasafidorsuaznanlidifu ndiniuiiluldlunios thermocycler
meldnmaiiai

- Fra3udiu

95°C tWuran 5 w1l 1 50U

- Pty

a) 95°C \Juran 1 uil

b) 50°C tJutaan 1wl

0) 72°C \Juwan 1wl

yhe3enNEIiuan a) B o) 35 Teu

- YIAATINY

72°C WJuwian 10 widi 1 seu
nEanduhansuauiiduedihunsihuiiseideslunseaeuiindefasiag

o15idsnnAntunielyl Tnewdenosnilsana anududu 1.8% uazihluldlundesfiussy

#1080vies navansnanfoweivddouludnsdiu 1:5 uasihluneenadlunquussesnilsa

a8 Walvinszualiiisiuiianudisdng 80 Thadifuinan 30 undl 1hegnlsalaaudon

maefiisulusluduaziludesquauiduenieliuaed Wevruaiuddueniinnes i

findnfuafidorsndosnisvuinussanm 600 guaintulimhlliiusnunaamall -20 asm
waggasen1seuavuiiindlelvasely
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4.3 nMseruanuilanalelnng

Budndueifidenslusiugiduiinndlelvddieinies automated sequencer 7l
Tusnslneusemenvuiisuirserugduiandlolng svuiandlolndiilaaziiluinsizd
wazasasunugisuldvely

4.4 mylmsgvaruilindlelnduasadaununiinuld

ilnddldanniserugisuianalelndaierdes automated sequencer 1n3ias1ed
Lagdnuinadygausunueen Welildlwdifidfuiandlelnduesdu coxl ynfeea
ndnduirgrduiinalelnadléudadodaelusunsay MAFFT version 7 (Katoh and
Standley, 2013) wdantuthuai g dfulivansuduiusniel imunisdeisns
3 38 ool

4.4.1 35 neighbor-joining

anuiedlolnaluasisununiauldaigds neighbor-joining (Saitou and Nei, 1987) lag
TalUsun3s MEGA version 5.1 (Tamura et al., 2011) laglalaina Kimura-2 parameter Way
yadeuATosiuTesAsi eI ynaun3U 1,000 8

4.4.2 35 maximum likelihood
ihdduinalelndlunaasumlumaiimunzaudielusunsy jModeltest version 2 (Darriba
et al., 2012) LLawmaniNLqummulmmImmawmmuﬁmmaiﬂmﬂsu PhyML version 3
(Guindon et al., 2010) LLa‘“Vmﬁ@Uﬂ’J’IQJL“UEJ@JWUENNWJEJ’JﬁU‘I/]ﬂLL‘I/ﬁU 1,000 sm

4.4.3 75 Bayesian inference
thdfuiedlelndluadraunugisuldnlumaiimunzausislusunsy MBayes version
3.2.1 (Ronquist and Huelsenbeck, 2003) Tag@aA1 MCMC chain 11/ 10,000,000 S8U
Wagdn burn-in 88N 25% ABUATIUNUYH
dunugAfldanniis 3 FBusnliduwnugiiiel wisuideutudrduianilelngdly
GenBank wagldduinaalelndves Lymnaea sp. \ihdsdidinuenngy

- nstuiindeya

ANNGIBRUFRN (31N apex IWNUA1EATDY aperture) AINEIIVBRUTN AW
n119uea3ila (aperture) 91U (whorl) dnwaugvaUden dhndnvey Snuairvessyuy
Tnaiduiiogorfovesmes fivemns Jndanudunsasins Usanueendiau Arnnsuilui
U931 Juiintoyansunsnszatelenienans lnemsanduiinfinagiienans sune Jamin
anuil dsndeuuazdnvaziuiioguemos

auazaaIui

Fuflunsnnaesdauiifeunaiay 2559 - funeu 2561 Taeifiufegianesana
Radlix musIIuTALazLasUgniUszmeAlne Yandnniinen afndidueuazinfidens
 NFUITEANINGINITNENT NquRuardnInel uwaznguauldifoudlss nquidelsa

Ny AUNIFYNAUINITINSNVING NTUIBINITHNYNT
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NALAZIATUNANITNAADY

U ]

Tafi9819%08UERSNY Radix M9nUs 80 H19819 ANTINIATIMIAUATIIHEU LS

Y
Y I

9 o819 Jminnn 10 Mee Jandinguasnvsill 10 Med1e Jminngyauys 25 frees
Janinelass 5 Mo IMIngnIsays 1 fMege Jamiamsasiny 10 faeg Janinuasusy
10 feg wudwesilAuldandmianigauySuazuasusidunesuia Radix rubiginosa
waz R swinhoei Smindu o Wuneswila R rubiginosa (Fig. 1) wuindaegnsdrulng
(71 970 80 fheehe Amdu 88.8%) \uweswiln R, rubiginosa iftesarutisawindu (9 a1n
80 ae1e Anilu 11.2%) Wuvosila R swinhoei ieswia R rubiginosa wulunniiuiif
yinsfnw vaizdl R, swinhoei wuilles 2 Sminan 8 Saiaivihns@nw (Table 1)

nNMsfnwdnwenaulives R. rubigsinosa wuin naulives Radix iflenviunguly
ufigunuieus 10-40 wessendga lasilndusinnelu 3-6 Yu 9ndu nevasigivlnan
annsonslalaldinauszana 25-45 Ju deladuiiazfinnueaudentszanm 9 8 35
Tadwes wavdanuniaudonyseann 6 89 8 Taduns

N5 ARLEULIINFIDE19MBY 20 H29879 LarAaUulA1AI L EUNITIIANILNR
a ° aaa N ¢ =~ ' Aaa o aa & v N
fanlunsviuiseni@ensvesdu coxl nulanenagalunisyinigeishenisidieseuiid
91snugmMnlinasyItaselull

1) 95 29ALTALTYE WU 1 U

2) 40 29 gaLted WIu 1 W

a

3) 72 a9Angaed uiu 1 w1d 30 W

ilAlandnduaiGeons (Figure. 2) wrtadl non-specific product LAATUNIUIA
Uszun 500 drualuuiediegne edesdinisuSuanieiidensaindnd Tudunoudn 2
(annealing) W@l 45 serwa@ea uu 1 Wil waussnandnely

nNNsaiafduewazyifitesvesdu coxl 3ndreg1meedIuIl 30 10813 lawn
NYIUYS 6 freee UATUFY 6 foE1e UATIIYENT 5 e AN 5 819 auasIvs il 5
AI9¢19 wagAsAzNY 5 1819 wudlaueaiingauigadmsuasiaunugiinuliians

(% v 6 a v & v a v 4 Y 1 .

ANUANTUENIITAWINISAD HKY+G+ 9 nnisasisunugiiaulduansliiiuiiny Radix 2
wiin loun Radix rubiginosa (Nqu A) wag Radix swinhoei (Ngx B) adnunielAsaasnaves
WHUNHIINNTATIUHUATAIETTNNT neighbor joining, maximum likelihood Wag Bayesian
inference WunilamnuaenAdetuiuanYMEnIdugIUINegT (Figure 3)

dsunannsnaaeuazAILugin

MNMsAuF1e819m08aNa Radi Hevaa 80 29813 910 8 Fanta wudndu
Radix rubiginosa 71 $179819 ke Radix swinhoei 9 #1981 NI IHUNNIIFUFIUINY
aeandosfun1slidu cox lunsadrsunundduliniaiauinisieands sedl aas
yhnsAnwiluseiuiugmaniuszens deflasidnladelneivonddiana ngAnssy uaz
mauninszeldfBstu Suasthlugnismusunisinnimvesthdnsiiasely
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LONA591999

Yoy deanily. 2520, F¥ine1u1alsen1svesiay Lymnaea (Radix) auricularia rubiginosa
Michelin (1831). Anetnusszaulsygrumduda @198 Judning1de
NN AU YATANERNS.

Y | a

e yadles dansed nseauzan Fste Tsatiuasegas wavunns ASISWUS. 2543. viesduuile

sO3lumuazvesdulamaeita londadafiiane sluliveslanusssunflunues
ihildnnoazuy Sminaman. nsussgumdnmvasminedonynseans asa
i 38: anvrdmunvemans, ngam. i 370-378.

L) 6

g1 258A. 2534, Wugliid1 Aquatic Plants BO351 diiniuiunine §esiuAms. 500 v

Mg A Age gvidorsual A3S1usId ARdun 31 Uaenasyd ywus uifasiung
WAEWIIHNT B819uel. 2553, nsAnwvlinnasneadeuyseansnmanstesiuidauwuas
dngnssaliii. MeemAdeussdl. nquuimsdngiivdinidetauiniseninaiis
NIUIYINITNEAT. Y1 1569-1580.

Py arine. 2549, nsinierlisounydlullssesiresaiereanesulIned
Thiaridae Tun1amiloassuszinelueg. Ingrdnusszavlsyarunidudin @1
1IN TudiaIeas nnInedudalinsg.

EYRE

afityeyn WInT1gey. 2548. AllensimzifeduavdseanwssaldinUanaeny. dinfiunidesu
& a a L4
Uadiine. 130 wtn

]

930 700808 UM MYVIY Uazenle1d @1eFuns. 2555, N1sANWIvEALAZNIINTEINERUS
vommssallsiilunens fuseniBuaviionauuuressumalne. ngueniAfenssalli
an1tuiedn iasruuaswssalith difnidouasimuntszanin@n nsudssa.
316 v,

oAU WBeNgITIMAY Blgyn MAUiBwY A5 s Sunedny uazdsiamves wsvain

anuvanyianaznistesduiidanesdngnssalddiuseiu stemunanuide

av o

UseanU 2557 d1MITuNAIUINITDISNVNY NSUIVINITNYAT LN 2682-2693.
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Table 1 Number of Radlix samples found in various locations throughout Thailand

Province Radix species

R. rubiginosa R. swinhoei

Northern region

Tak 10

Northeastern region

Yasothon 5

Ubon Ratchathani 10

Sisaket 10

Nakhon Ratchasima 9

Central region

Suphanburi 1

Nakhon Pathom 6 a4
Western region

Kanchanaburi 20 5

vVaw

MBNUNANUREUSEL B& D dninREwRuUNMIZNThWY




406

Figure 1 Aquatic pest snail Radix rubiginosa

Figure 2 PCR products of coxl from 8 Radix samples (left to right): KAN1 to KAN5 and
NKP1 to NKP3
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KP279638.1:12180-13706 Radix swinhoei mitochondrion COI

e B “<Radix swinhoei”
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- 100/100/0.58 BH KT337571.1 Radix auricularia isolate SnUK16 cytochrome ¢ oxidase subunit 1 (COI) gene partial cds mitochondrial

10011 KT337570.1 Radix auricularia isolate SnUK15 cytochrome ¢ oxidase subunit 1 (COI) gene partial cds mitochondrial
! KT337569.1 Radix auricularia isolate SnUKE cytochrome c oxidase subunit 1 (COI) gene partial cds mitochondrial

--1.00 100/99/1.0Qu 6736199.1 Radix baltica voucher CHDSB2 cytochrome oxidase subunit | (COI) gene partial cds mitochondrial

1 4‘ GUT36198.1 Radix balthica voucher CHD5A2 cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
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100/98/0.99 TAK1

(U451737.1 Radix rubiginosa isolate RADIX01 cytochrome ¢ oxidase subunit 1 (cox!) gene partial cds mitochondrial
KX056255.1 Radix rubiginosa voucher Miym-63 cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
KMOG7685.1 Radix rubiginosa voucher IEPN-G360.9 cytochrome oxidase subunit | (COI) gene partial cds

KY574609.1 Radix rubiginosa voucher Miym 108 cytochrome oxidase subunit | (CCI) gene partial cds mitochondrial
MH189926.1 Radix rubiginosa voucher Miym108 cytachrome oxidase subunit | gene partial cds mitochondrial
KU318330.1 Radix rubiginosa isolate ALA2 cytochrome oxidase subunit | (CCI) gene partial cds mitochondrial
EU818795.1 Lymnaea stagnalis isolate 22 cytochrome ¢ oxidase subunit | (COI) gene partial cds mitochondrial

10

=2

Figure 3 Phylogenetic tree of Radix samples inferred from coxl sequences. List of
abbreviation as following: KAN = Kanchanaburi Province, NKP = Nakhon
Pathom Province, TAK = Tak Province, NRS = Nakhon Ratchasima Province,
UBO = Ubon Ratchathani Province and SSK = Si Saket Province. The first italic
numbers above the branches referred to bootstrapping statistics by neighbor-
joining (NJ) method. While the second and third italic referred to bootstrapping
statistics by maximum likelihood (ML) and posterior probablility with bayesian

inference (BI).
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