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Abstract

Hybridization is a mating between genetically different species. It results from
incomplete reproductive isolation. Viable and fertile hybrids may lead to gene flow between
populations or species. This can be checked using molecular biology techniques. Ornate Chorus
Frog (Microhyla fissipes), Dark-sided Chorus Frog (M. heymonsi) and Noisy Chorus Frog (M.
butleri) are amphibians of the same genus. They are similar in body size, found all over Thailand
and share their habitats. Essentially, the external fertilization of amphibians may increase the
risk of hybridization. Therefore, this study aims to investigate genetic diversity among these
three Microhyla species in order to design species-specific mtDNA marker to identify species,
and to detect possible natural hybridization. Forty-eight M. fissipes, Forty-three M. heymonsi
and nine M. butleri individuals were collected from Khao Khew Open Zoo, Chonburi province.
All of the collected samples were screened and compared in terms of the COIl gene base
sequences of the mitochondrial DNA extracted from the liver tissue. The results showed that
only seventy-two samples had obvious and reliable COIl sequences, 677 base pairs. Thirty-six
unique haplotypes based on 189 (27.92%) variable sites were detected from the 72 aligned
sequences using DnaSP program. The haplotype diversity (hd) and nucleotide diversity (TT) were
high. On average, hd = 0.973 + 0.006 and T = 0.10891 + 0.00525. In addition, the genetic
distance between populations ranged from 0.000 to 0.223, indicating high genetic diversity
among the three Microhyla species. These results revealed that the COIl gene is suitable for use
as a species-specific mtDNA marker. Moreover, phylogenetic analysis of the mtDNA haplotypes
indicated that M. fissipes, M. heymonsi and M. butleri are monophyletic in their evolutionary
relationships. Furthermore, the detections of gene flow between the two species may indicate
the occurrence of historical natural hybridization between M. heymonsi and M. fissipes, and

between M. butleri and M. fissipes.

Keywords: hybridization, amphibian, gene flow, mitochondrial DNA
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psrFpLsusnITIiings Tneagyinisasaaeunsteaieudnevesdu COI sewinsdsisan
¥in wiiosnnemiafedifunuitesudusessihifimsfnuidoyadduionilelnduesdu COI vasds
thigh Bedned uarBsaeiaer afuiteussiuaudululdlunsuauiudumeiug fussninsd e
aurindsfoaiuannisfnwulsiiumeiusnssuestu col TuliinmewsSeafiduovesdeis 3 vin
Lﬁ@ﬁ?‘ﬁayjaﬁiﬁuﬁa@ﬂLLUULﬂ%‘lad‘mﬂEJaLSuLa‘ﬁlﬁﬂ’J’mﬁﬂLWWG}'@SQLLﬁiazsﬁﬁﬂ (Species specific
mitochondrial DNA markers) fewdioldlumsnsaaaounisinemadouinevesdu COI sswriadeiia

ausiasolulusuan
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Ornate Chorus Frog

Microhyla fissipes Boulenger, 1884
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Dark side chorus frog

Microhyla heymonsi Vosgt, 1911
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Microhyla butleri Boulenger, 1900
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A = %

AN BIAMUMAINNANENINUSNITUVDIEY COI wazdu 16S rRNA Tululnpeuwsuandueuadds

v
o kY

Ui (Microhyla  fissipes) 8491961 (M. heymonsi) Wazdsaneiass (M. butler) Tunuiaiudn
WAty Jminvays
D9 NWUULATBIMLNRALD UL zaLLaz AU N EAavlnve DI eanLviinan

feutnralalnevesdu COl 3oy 16sRNA Nlg



A5aL U538

WANTuNTIIBUAZUNUNITUJ URY

3.1 349 aunsal uazasiadl
Tanuazaunsal

- Digital Dry Bath (Labnet International, Inc.)

- DNA Thermal Cycler (Eppendorf)

- Centrifuge models 5418 (Eppendorf)

- Centrifuge models GMC-260 (Labtech, Korea)

- Microcentrifuge tube 0.2, 0.5 wag 1.5 ml. (Treff® Switzerland)

- Automatic Micropipette P2, P10, P20, P200 tag P1000 (Hirikul Science)

- Micropipette tip P10, P20 ,P200 waz P1000 (Treff® Switzerland)

- -20°C Freezer (Sharp, Japan)

- Whatman® Laboratory sealing film

- Collection Tube 2 ml. (QIAGEN, Germany)

- Mini column (QIAGEN, Germany)

- Microwave (Sumsung, Korea)

- | = MyRun Electrophoresis (Cosmo Bio Co., Ltd)

- Power supply (Cosmo Bio Co., Ltd)

- Chamber, tray, comb

- PCR-Cooler (Eppendorf)

- Safe Imager Transluminator (Invitrogen Corporation)

- Digital camera (Nikon)

- Electronic clock timer Model CT-30 (Canon co. Ltd., Japan)

- Vortex Mixer (Gemmy Industrail Corp.)

- n33lns, A (Forcept)

- N3EAWIYY (Scott, Thailand)

- 9ailoen4 (Hycare International Co., Ltd)

11
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GUEILCEY
- Favorgen's Tissue Genomic DNA Extraction Mini Kit (Favorgen Biotech Corporation,
Taiwan)
- MilliQ
- 10 pM LCO1490 primer
- 10 pM HCO2198 primer
- 100 bp + 1.5 kb DNA ladder (SibEnzyme)
- Loading Dye (SibEnzyme)
- Agarose (Promega corporation, USA)
- SYBR® Safe DNA gel stain (InvitrogenTM)
- Sterile water

- Absolute Ethanol (Merck, Germany)

oulad
- EmeraLdAmp®GT PCR Master Mix (TAKARA BIO, Japan)

3.2 aguiiinin1siseuazinudoya
WUF9e1999181 99t19a  wazdeansaaylunuaudaniida@en sneessen Jande
gaus  Swnwrlinavdsznn 1040 fege leeegisiiuinldaggnifiusnvidaegnlily 95%

ws1uea Weathluldlunsadafduesely

m

Usznousie 5 sunaundng Leun

3.3.1 NM3annRLOULe (DNA extraction)

3.3.2 e uauiy COl tnewaileiidons (DNA amplification)

3.3.3 NIATIVABUVUIAVDY PCR product #1875 agarose gel electrophoresis

3.3.4 mysruasuilndlolng (DNA sequencing)

3.3.5 MyiATzRaauiiindlelng (Multiple sequence alignment and genetic analyses)

< a o’
3.3.6 NMT9DNLLUULATDINUNYALDULD
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3.3.1 NM3annnLdULe (DNA extraction)

anmndueNadasuvedmsaewilalagld Favorgen's Tissue Genomic DNA Extraction

Mini Kit #1 protocol: DNA Extraction from tissue flatunaunisaludl

1)

4)

Wnsslnsdmiodesurasdusazedn vueUssanar 03-04 wuiwes ldadunaee
lulasiwunsiadouin 1.5 Jadans

WU FATGL Buffer 200 lulasdns wavansazaneteulesl 10 uM Proteinase K USunau 9
lilasans Mndunalidnfuserdesodifin (Vortex Mixer) thluvuflonmaii 60 o
waldeaduna 3 $alus sewinanisualy dhluresiinlu 30 witusn

a

W FATG2 Buffer 200 lulasdns ihlusesiiniielinauluiedendu diluvuiigumgl

Y

70 serwaed Wuan 10 ud
{Hias 100% Ethanol 200 lailasans udnhluresivin anduihiuiumiesionionaunsing
fimuis2 14,000 soUdoUNT 1Huan 10 undl
Uszneuiidiaedus] (Mini column) aslunasamnsatardy (Collection tube) antuthinedns
nnzdndiduasazarelatiuna 560 lulasdns adufifnedud udrhluduwissse
LS AUASTATIAMIEY 14,000 seusowd Wuna 1 il ielifsueluansazanedu
snuullusuluvaenidnoauy

fedwiduieenainveonneaardy  uwdrhidneduianadlunasnnoatandusaiy
mndudy Wi Buffer 500 Talasans  udnhlutunissdheresaussiinginiua
14,000 s0URDMT Hunan 1wl ileliRiBuedianuuTanBundeiu
fedruiidiuieenainvasnneaandy ududn WASH Buffer 750 Tulasans umissdae
LS URSTsTiAMILEY 14,000 souseund Wunan 1 Wi
wawiduhite ludumissiheerdeseussiinginnuss 14,000 sousiount Wunan 3
wil ielifveamaiausannaslunasanoaandy
tiaweiidneduvauaduvaonlulaswussiindaeslmivinn 1.5 Tadans anduiy
Elution Buffer 50 Tulasans asuSnamsinarsvesidneduy seisld 10 Wil Weliad
aodutigadu Elution Buffer udiludumissheinieasuniindianmia 14,000 seu

soudl Wuwian 2 wil wislsduennadlunasslulaswunsing

10) vhmauiidueiiatnldiigamall 4 ssrueaded newhlldlutuneussly



14

3.3.2. nMsisuauBu Col Tnawmaiinfidars (DNA amplification)

wallnfigens (PCR) fPeifuimeiinujAsengnlelndiueisa (Polymerase Chain Reaction) 1y
windaiuTinumsiugnssmdueliivinaannnevanewin  lusseznanduning  lasende
wdnMITaesivesaefidue (DNA Replication) Bsuuuunszuiunsdaunmeimidueludadidinna
s95UTA - AifnnsassaneSuemelnddmiliansaniiduedy  Tagldiaies PCR machine 3o

Thermal cycler \udteliiinufizen Tnslunis@nwiassiinisiindsunadiduemamaiiafides

< a =

PINADUBAULUUUIIMEN COI (cytochrome oxidase subunit 1) FaduBuiiegluluinaewnieadiou
w0 Feldlnswesluduiuuinnninan tngldlnsuesnldlunmsfnwassil fie LCO1490 uag HCO2198
(Folmer, 1994) (1157199 1)

A15197 1 wansdawaransuladlniindlenaveslnswasniglunisane

T primer v e ome om . AINYTT
avuledlniimdlalng (57 - 3°) T™ (°C)
(Forward/Reverse) (bp)
LCO1490 GGTCAACAAATCATAAAGATATTGG 25 59.2
HCO2198 TAAACTTCAGGGTGACCAAAAATCA 25 61.6

PMnLUINITdLATIEEEUeds lUauTunausssa Ul
WS eUAIUNANYRIEN ST luNs AR e luvasslulaswunsiidvuia 0.2 Taddnsikiunistiaeie

ud lowagldusunaansnigg Tulsaznasasall

Total DNA template 5.0 pl
10 puM LCO1490 (forward primer) 2.5 ul
10 uM HCO2198 (reverse primer) 2.5 ul
MilliQ water 15.0 l
EmeraldAmp® GT PCR Master Mix 25.0 pl

Total volume 50.0 l

[

Fupsrzgulmanelagldinios DNA Thermal Cycler PCR Tnainualusunsulifianiizigensseil

JunOUN 1 Initial denaturation 94°C 2 U
Supoud 2 Denaturation 94°C 30 U7
Annealing 45°C 1 W

Extension 72°C 1 w19 30 U
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v
o

EIUTUADUT 2 PNUAIFUTUNDULDEVIEU 35 58U

suumau‘?i 3 Final extension 72°C 3 U

Uwaenlulasigussihinddunauvesansilslunsiliiaufisegnldlnfuwesaunldly

1A389 DNA Thermal Cycler LaglAuLp3oq

3.3.3 NSASIAIUVUIAYDY PCR product A1875 agarose gel electrophoresis

3B 1% agarose gel Tag s agarose ntin 0.5 n¥u ldasluviagUvms) 1Fn 1X TBE buffer
50 ml e Withfuudnhlud bilasniigaumad 130 ssmeadea Wunar 1 wift 30 Jud
{Hiu SYBR® Safe DNA gel stain 5 pl weilvidniu fslsldmedoundam agarose gel solution aslu
tray wazld comb asly Faigl3l agarose gel udadnusvanas 30 undl wdais comb sen ntuthas
walusaslu agarose gel chamber 1d 1X TBE buffer watlu chamber ilsuSmadigsninfamih
agarose gel ~ 2-3 mm 1% micropipette an PCR product flaz 1 fee1e wag maker adlu well
nniudaededngldnnumedndd 135 Taad Wunan 30 uWdl e1uwaves PCR product Tagld Safe

Imager transluminator LagaIYNINLIAAILNADIAINDA

3.3.4 nMsgnuannuiinadlalng (DNA sequencing)
Umdndunidersiminliusansunduluduneun ¢ YSinw 50 lulasdnsdaludauien
Macrogen Inc. sz malaliovinnseuaauiianalelvelaedd automated DNA sequencing

Inevmsusvnazdstayadduiiandlolnaunlugduuulddoya

3.3.5 MsAszvaauliandlalng (Multiple sequence alignment and genetic
analyses)

ihteyadiuiaedlelndflfunsaseunugniosienian (visual correction) Mntuniiug
gy Multiple sequences Alignment saelusinsu Clustal W version 1.81 (Thompson et al,
1994) e Genetic distance vasBmEmslamelulsrnnsiieafunazsenielszanns Tneld
1UsunsN Mega version 5.05 (www.megasoftware.net) (Tamura et al, 2011) Tglusunsu DnaSP5
(www.ub.edu/dnasp) (Rozas et al, 2003) d@uiuA1uIuA1 Haplotype Diversity wag Nucleotide
Diversity AS1ERANUENNUSTITRIUINISIAEDIAETS Maximum  Likelihood method lagA1uau

bootstrap percentage 1,000 A% Lﬁaaﬁuayu tree il felusunsy Mega version 6.06 Tl M.
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annectens (Genbank accession number AB611944) uag M. marmorata (AB611952) \Ju outgroup
YDINSANYI N deyanlevmuaundaseiieniunisiadlalnanunnseiuierinnsg

DONLUULATDIMUNUALDWLENIIANUI N ADDILARLTUA
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WNANIIANEN

2 w . v o 2 a = P A aa g 2 % 9 & v

1. NANISIAUATBE1Y N1TENARLIULELAZNISINUUSUIUEY COI Aremalai@13v09d9ULAN D999
o = &1 S v A, = [ [ =)
a1 uwazdeangiaae Tunuiaudnlilawden Jminvays

lums@nwassillmAuiiegradaindisiui 48 67 dadraminuiu 43 uagdeaneiaeydiuiu 9
i Mnanudnidawndes Jmiavays mnduliihnsadadiduenniadefuvesduisaueiindiui
WU 100 feegne wavthuwiulsuudu col lululnaeuessanduemelnsiues LCO1490 uay
HCO2198 lpuwaliafi@onsuaznsiadeuauim  PCR  product  #ldlae  0.8% agarose  gel
electrophoresis Wudiiies XX fegrawidudilvug PCR product Midesn1s (ms19n 2) 1ae PCR
product 9BeN1sHIUIRYTEUIM 700 Akua (FUN 4-14)

Y

A151991 2 LAAIHANISIAUAIDE1Y NsadaRdue NISINIIWILEY CO Mmeuwatini@os wazni1sm

deudmalelng
YUNVDID
DIUUAT  DI9AN DIAEL@RY 52U
FuufmegenldlunsanaRLe WL 48 43 9 100

€ 3

UIUADY TN ANN UNNT DS
L a4 35 9 88
Wuwauddutaiau

[N

R P AN AN AR PG AIRIN G
) L 39 24 9 72
FaluLazULyne




v & s

JUN 4 LARIHANIINTIRERULIANGAS T NFD SR NATIUIL 8 67 A naudiilarTe)

& s

20035191 Jminvays lnendndueiigeninlativuinuseuna 700 A

Lane 1-8 - WARSUIRE NSRBI NS uIL 8 i (Fethe?l MFKK1a-8a)
Lane M : 100 bp + 1.5 Kb DNA ladder

<€— 700 bp

a Y & s

JUN 5 LAAIHANIINTIERUVLNANGAS TR NS YRIBN WAL 8 §7 A naudniilaiTen

% € 3

° = v o = a aAv val !
DINBAIINUN ﬁ]\‘iﬁ')ﬂsﬁauﬁ ImEJNamﬂm%W%miwlﬂmmmUﬁzmiu 700 @JLU?‘

Lane 1-8 - WARSUTIRT NSRBI LIL 8 §a (FRethedl MFKK1-8)
Lane M : 100 bp + 1.5 Kb DNA ladder

Lane N : Negative control
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<€— 700 bp

U 6 LARINANITATINADUVWIANERA TR TU9IBIUNNTINIY 10 A3 Anasudn anden

& s

20035191 Jminvays lnendndueiigeninlativuinuseuna 700 A

Lane 9-18 . HAnSueIiTeNSvesBaEs LAY 10 § (Fegheil MFKKS-18)
Lane M : 100 bp + 1.5 Kb DNA ladder
Lane N : Negative control

a v & s

JUN 7 UARIHANIINTIRAB UL ANG A T NTD15VRIDNATIUIY 10 617 9naudniidniuden

€ 3

guner3sy Jwminvays Inendndaeifigensiladuunaussana 700 g
Lane 19-28  : nARueiRTR1TU0999U AU 10 A (FBE19N MFKK19-28)
Lane M : 100 bp + 1.5 Kb DNA ladder

Lane N : Negative control

19



a o & s

FUN 8 LARIHANIINTIRAB UV ANGAS T NTD S VRIDNATINIY 12 67 naudnTidnuTen

[y & A s

gn0A33191 Jmdnvays lnendndueiigeninlativuinuseuna 700 A
Lane 29-40  : WAASINTDISVRIBIUNAITINAU 12 f1 (FIRE199 MFKK29-40)
Lane M : 100 bp + 1.5 Kb DNA ladder

Lane N : Negative control

M- 7890

& A s

JUN 9 LAAINANIINTINADUVWIANERAS T TR TU09B MU 10 i1 MNaudniilaiden
° = v o = a o sdaAd  gav va ]
guner3sy Jwminvays Inendndueiigensiladuunaussana 700 g

Lane 1-10  : WAnAITZe15v09B0MTINU 16 67 (Fee19i MHKK1a-10a)

Lane M: : 100 bp + 1.5 Kb DNA ladder
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<€— 700 bp

JUN 10 KARAIHANIATIVHOUVUIANGASINTD15U09DU 1MUY 6 f17 MNaud il Ty

guner3sy Jwminvays Inendndueiigensiladuunaussuna 700 dua

Lane 1-6  WAnAuTRTefvasdadnadduau 6 6 (Fegnefl MHKK1-6)
Lane M : 100 bp + 1.5 Kb DNA ladder
Lane N : Negative control

a [

JUT 11 UAAIHANITATIVHOUIUIANGNTUINTD15U09DU 1MUY 6 13 Mnaudn il nded

& s

gn0A35191 Jmdnvays lnendndueiigeninlativuinuseuna 700 A
Lane 13-18  : WAASINNTD15VRIBIUIMIIUIUN 6 3 (081997 MHKK13-18)
Lane M : 100 bp + 1.5 Kb DNA ladder

Lane N : Negative control

21



19 20 21 22 23 24 25 N

[y ¢ A s

JUN 12 WARAIHANIATIVHOUVUIANGNNUINTD15U09D90 1MW 7 61 Mnaudniidanded

& s

20035191 Jminvays lnendndueiigeninlativuinuseuna 700 A

Lane 19-25 - nAnSusifigensuesdenamsuiu 7 §2 (fegneil MHKK19-25)
Lane M : 100 bp + 1.5 Kb DNA ladder
Lane N : Negative control

27 28 29 30 31 32 33 M

a (% & s

JUT 13 UAAIHANTTATIHOUVUIANENTUTNTD15U09BeT 19U 7 i1 nanudniidanded
° = v @ ~ A o sas fal v '
DUNBDAITNUN mmmjaqs IWEJNﬁmﬂm%W%@ﬁﬂlﬂu%uqﬂﬂﬁguﬁEu 700 @JL‘UEI
Lane 26-33  : NAANUNNTDISVBIDIVIANIIUIY 7 #7 (F2981991 MHKK19-25)
Lane M : 100 bp + 1.5 Kb DNA ladder

Lane N : Negative control
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% € s

gﬂﬁ 14 LEnINaNITATIFOUVUIANAAN UNAT 15U 9898181808 T1UIU 9§ ngIudnIUalude)

° = YY) = a o sad sal v !
DINBAIINUN WAINTAYS I@EJNamﬂm%wszimiwlﬂwummﬂSsmm 700 @L‘Uﬁ

Lane 1-9 - HARS TSRS aeanr UL 9 1 (Fheeafi MBKK1-9)
Lane M : 100 bp + 1.5 Kb DNA ladder
Lane N : Negative control

> o . . . 4 8 v & v o ]
2. ?Ja;;!aﬂqquwaqﬂwaﬁlﬂﬂquuﬁqﬂisu (Genetic dlverSIty) UVDIDNUIAT BIUVNNA LLasdagLassy

a o  saa s ~ = a ) 24 8 v &4 v o =
NNANNUNNYD13VDIEU COl IUINIW?]E)ULﬂiEJaWLE]uLE]sU@QENu’]LG]’] PNKININ LLasENmEJLaE]ﬂu

[ '
= I v 6

fufieudnidannden Yminvayidnau 88 fedn nulwdasuriitorsvesduiidiun 39
o8 Bednaidiuiu 24 dhegne wagBemeiaeydiuiu 9 §egadiliing sequencing FRauarliiiiin
msfeuriufiuvesiduia (et 2) Taedrsuilandlelnaiildfinnues 677 Alua faiifiuesidus
A+T 1dawiriu 0.57 Gl nucleotide composition tHu: T(33.5%), C(25.6%), A(23.9%) Lag G(17.0%)

Pnmsesziasuianalelndaielusunsy Dnasp wusiuau haplotype fiwanenafiugiua
36 haplotype ﬁﬁmmLLUiﬁumqﬁuqniimﬁmu 189 (27.92%) #uwua (gﬂﬁ 15) 3 parsimony
informative sites §1uau 178 fumils uenanilunismen genetic distance 1n®35 Kimura two
parameter Wui1sEviUszrngresdeg dedad uazBaaneiany fien Genetic distance o)
s¥wing 0.000 &1 0.223 TneAn genetic distance MeluusznsvosdagniAsnIng 0.000-0.196
(5U71 16) f genetic distance elulszrnsvesdstnadiliseming 0.000-0.026 (FU7l 17) wawAn
genetic distance mefluszansvesdeansiaosilriseming 0.001-0.015 (5Ui 18)

nMsfuInAAne vesdaiuazdieiiluusarusyanns Wun stuaudhedns (n), S1uaues
mutation (m), 31UUVBY haplotype (h), haplotype diversity (hd), waz T = nucleotide diversity
wandbilupnsnedl 3 mﬂﬂmsmmﬂnﬂﬂssﬁmﬂsmaaﬁaﬂgﬂaawﬁmzwmw Tnewndean  haplotype
diversity (hd) uazfn nucleotide diversity (T0) fifnAeudnags lnetads hd = 0.973 + 0.006 uag T =
0.10891 + 0.00525
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CCATTTTCTCCCTACATCTAGCTGGGGTATCCTCTATCCTTGGGGCAATCAACTTTATTACCACAATT-ATTAACATARAACCCCCATCAGTAACCCAAT

499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
499
500
499
499

MBKK3
MBKK9
MBKK1
MBKKS8
MBKK2
MBKKS
MBKK4
MBKK7

cODLOLOLOLLOL

: 6
:
-
&

MFKK40
MBKK6
MFKK7

.G.

MFKK22

T T AT

LT.G..

MFKK5a

T T AT e

MFKK25

MFKK38

T T AT

.T..T..A.

MFKK3a

MFKK21
MFKK4

T T AT

L.T..T..A.

MFKK10
MFKK1

T..T..A.

MFKK8a

MFKK27
MFKK2

.T..A..T..

MFKK35

MFKK20

MFKK33

T T AT

MFKK15

T T AT

MFKK31

T T AT

MFKK39

T T AT

MFKK14

MFKK28

T T AT

.T..T..A.

MFKK17

MFKK18
MFKK5
MFKK3

T T AT

.T..T..A.

MFKK23

MFKK16

T..T..A..T..
T..T..A..T..
T..T..A..T..

MFKK26

MFKK11

MFKK19

T AT

MFKK13

MFKK32

T AL T

.T..T..A.
.T..T..A.

MFKK34
MFKK6

MFKK4a

MFKK24

MFKK37

.C..A..T..A..A.
.C..A..T..A..A.

LIT.ALLT. ...
LTT.A.

MFKK2a

MHKK1la

.C..A..T..A..A..TT.A..T.....

.C..A..T..A..A.

MHKK23

LIT.ALLT. ...

MHKK24

MHKK2a

MHKK15

C..A..T..A..A..TT.A..T..

MHKK30

MHKK17

MHKK19

MHKK18

MHKK8a

.C..A..T..A..A..TT.A..T....

.C..A..T..A..A.
.C..A..T..A..A.

MHKK14

LTT.ALLT.. ..

MHKK3a

LTT.ALLT.. ..

MHKK7a

.T..A..A..TT.A.

.C..A..T..A..A.

MHKK6a

LTT.ALLT.. ..

MHKK22

.C..A..T..A..A..TT.A..T....

.C..A..T..A..A.

MHKK29

LTT.ALLT.. ..

MHKK10a
MHKK16

.C..A..T..A..A..TT.A..T....
.C..A..T..A..A..TT.A..T....

MHKK20

MHKK28

.C..A..T..A..A..TT.A..T.....

MHKK31

.TT.A..T..

C..A..T..A..A..TT.A..T..

MHKK27
MHKK3
MHKK4

M.

.TT.A..T..

.C-C.

.C..T..T.

annectens

ALT..C-CCuvvvniinnnnen

T....

M. marmorata



29

540 560 580 600

520
ATCAAACACCTTTATTT-GTCTGATCTGTCCTAATTACAGCTGTCCTTCTCCTACTTTCCCTCCCTGTTCTTGCTGCAGGCATTACAATACTTTTAACCG
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MBKK3 : ACCGCAACCTCAATACTACATTCTTTGATCCAGCTGGGGGCGGTGACCCAGTCTTATATCAACACCTGTTCTGATTTTT
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(MFKK) B9dnasi (MHKK) warBaanaiaos (MBKK) iaufu outgroup Téu M. annectens uag M.

marmorata WeLATBINY (1) LARIBILULIYDLUATIMI DU Y



MFKK1 MFKK2 MFKK3 MFKK4 MFKKS MFKK6 MFKK7 MFKK10 MFKK11 MFKK13 MFKK14 MFKK15 MFKK16 MFKK17 MFKK18 MFKK19 MFKK20 MFKK21 MFKK22 MFKK23 MFKK24 MFKK25 MFKK26 MFKK27 MFKK28 MFKK31 MFKK32 MFKK33 MFKK34 MFKK35 MFKK37 MFKK38 MFKK39 MFKKA0 MFKK3a MFKKda MFKKSa MFKK8a MFKK2a
MFKK1
MFKK2  0.001
MFKK3  0.006  0.007
MFKK4 0006 0007 0012
MFKK5  0.004 0008 0004 0.010
MFKK6 0.003  0.004 0009 0006 0.007
MFKK7 0054 0056 0058 0054 005 0054
MFKK10 0006 0007 0012 0000 0010 0006 0.054
MFKK11 0004 0006 0001 0010 0003 0007 0056 0.010
MFKK13 0006 0007 0003 0012 0004 0009 0058 0012 0001
MFKK14 0004 0006 0004 0010 0003 0007 0059 0010 0003 0004
MFKK15 0003 0004 0003 0009 0001 0006 0058 0009 0001 0003 0.0
MFKK16 0.006 0007 0000 0012 0004 0009 0058 0012 0001 0003 0004 0.003
MFKK17 0004 0006 0004 0010 0003 0007 0059 0010 0003 0004 0000 0001 0004
MFKK18 0004 0006 0004 0010 0003 0007 0059 0010 0003 0004 0000 0001 0004  0.000
MFKK19 0004 0006 0001 0010 0003 0007 005 0010 0000 0001 0003 0001 0001 0003  0.003
MFKK20 0003 0004 0003 0009 0001 0006 0058 0009 0001 0003 0001 0000 0003 0001 0001 0.001
MFKK21 0006 0007 0012 0000 0010 0006 0054 0000 0010 0012 0010 0009 0012 0010 0010 0010  0.009
MFKK22 0054 0056 0058 0054 0059 0054 0000 0054 0056 0058 005 0058 0058 0059 0059 0056 0058 0054
MFKK23 0006 0007 0000 0012 0004 0009 0058 0012 0001 0003 0004 0003 0000 0004 0004 0001 0003 0012 0058
MFKK24 0003 0004 0009 0006 0007 0000 0054 0006 0007 0009 0007 0006 0009 0007 0007 0007 0006 0008 0054 0.009
MFKK25 0042 0043 0045 0038 0046 0042 0015 0038 0043 0045 0046 0045 0045 0046 0046 0043 0045 0038 0015 0045 0042
MFKK26 0006 0007 0000 0012 0004 0009 0058 0012 0001 0003 0004 0003 0000 0004 0004 0001 0003 0012 0058 0000 0009 0.045
MFKK27 0000 0001 0006 0006 0004 0003 0054 0006 0004 0006 0004 0003 0006 0004 0004 0004 0003 0006 0054 0006 0003 0042 0.006
MFKK28 0.004 0006 0004 0010 0003 0007 0059 0010 0003 0004 0000 0001 0004 0000 0000 0003 0001 0010 005 0004 0007 0046 0.004  0.004
MFKK31 0003 0004 0003 0009 0001 0006 0058 0009 0001 0003 0001 0000 0003 0001 0001 0001 0000 0009 005 0003 0006 0045 0003 0003 0.001
MFKK32 0006 0007 0003 0012 0004 0009 0054 0012 0001 0003 0004 0003 0003 0004 0004 0001 0003 0012 0054 0003 0009 0042 0003 0006 0004 0003
MFKK33 0003 0004 0003 0009 0001 0006 0058 0009 0001 0003 0001 0000 0003 0001 0001 0001 0000 0009 005 0003 0006 0045 0003 0003 0001 0000 0.003
MFKK34 0006 0007 0003 0012 0004 0009 0054 0012 0001 0003 0004 0003 0003 0004 0004 0001 0003 0012 0054 0003 0009 0042 0003 0006 0004 0003 0000 0.003
MFKK35 0001 0000 0007 0007 0006 0004 0056 0007 0008 0007 0006 0004 0007 0006 0.006 0006 0004 0007 005 0007 0004 0043 0007 0001 0006 0004 0007 0004 0.007
MFKK37 0012 0013 0015 0013 0013 0012 0054 0013 0013 0015 0013 0012 0015 0013 0013 0013 0012 0013 0054 0015 0012 0042 0015 0012 0013 0012 0015 0012 0015 0013
MFKK38 0006 0007 0012 0000 0010 0006 0054 0000 0010 0012 0010 0009 0012 0010 0010 0010 0009 0000 0054 0012 0006 0038 0012 0006 0010 0009 0012 0009 0012 0007 0013
MFKK39 0003 0004 0003 0009 0001 0006 0058 0009 0001 0003 0001 0000 0003 0001 0001 0001 0000 0009 005 0003 0006 0045 0003 0003 0001 0000 0003 0000 0003 0004 0012 0.009
MFKK40 0192 0192 0196 0188 0198 0188 0194 0188 0194 0196 0198 0196 0196 0198 0198 0194 0196 0188 0194 0196 0188 0194 0196 0192 0198 0196 0196 019 0196 0192 0194 0188 0.196
MFKK3a 0006 0007 0012 0000 0010 0006 0.054 0000 0010 0012 0010 0009 0012 0010 0010 0010 0009 0000 0054 0012 0006 0038 0012 0006 0010 0009 0012 0009 0012 0007 0013 0000 0009 0.188
MFKK4a 0003 0004 0009 0006 0007 0000 0054 0006 0007 0009 0007 0006 0009 0007 0007 0007 0006 0006 0054 0009 0000 0042 0009 0003 0007 0008 0009 0006 0009 0004 0012 0006 0.006 0188  0.006
MFKKSa 0054 0056 0058 0054 0059 0054 0000 0054 0056 0058 005 0058 0058 0059 0059 0056 0058 0054 0000 0058 0054 0015 0058 0054 0059 0058 0054 0058 0054 0056 0054 0054 0058 0194 0054 0054
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MBKK1 MBKK2 MBKK3 MBKK4 MBKK5 MBKK6 MBKK7 MBKK8 MBKK9
MBKK1
MBKK2  0.010
MBKK3  0.003  0.010
MBKK4 ~ 0.004  0.006  0.004
MBKK5  0.009  0.001  0.009  0.004
MBKKé  0.015  0.007  0.015 0.010 0.006
MBKK7 ~0.004  0.006 0004 0000 0.004 0.010
MBKK8  0.007  0.009  0.007 0.003 0.007 0013 0.003

MBKK9  0.001  0.009 0001 0.003 0.007 0.013 0.003 0.006

U 18 wansr1 Genetic distance neluuseansvesdaeezrainaiudniiUauiliey Swiavays 9uiu 9 e TATeimeis

Kimura two parameter Ingaiauihadlelnanlalunisaiuadaueawindu 677 bps
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M99 2 UAASAIANIUVAINYANENIIRUINTINVDIDNLA Badnes uagdeaneiaegluiunaiudniln
WIRER Fdnwsganlelunsne: N = 91uUf0e19; M = 91U2UV9 mutation; h = 91UIUVBY
haplotype; hd = haplotype diversity LLaxﬁ’]LﬁﬁJﬂLuummgm (£ S.D) uag Tt = nucleotide diversity

wazANTEAUUNINIFIU (+ S.D)

EIGR N M h hd £ S.D. 7T + S.D.

Sﬂﬁjﬂl,éﬁ 39 215 16 0.941 + 0.015 0.03049 + 0.01075
5@6%@9% 24 32 13 0.924 + 0.032 0.00797 + 0.00797
5\‘1@’181,@83 9 14 8 0.972 + 0.064  0.00665 + 0.00127

nnusz¥Ing 12 233 36 0.973 £ 0.006 0.10891 + 0.00525

UG
haplotype diversity (hd) vinefia $1uruiagasiives haplotype fiusnsstudinulusaeng Auimmin
hd = (1 -2xi 2)n /(n -1) (Nei and Tajima, 1981) \iia xi fio AWETE haplotype way n fie S1uiudeg
nucleotide diversity (TT) nefis AaABvass uIL nucleotide Twnneinede 1 suvtis 1fieudy sequence
5uLLUUdu AN TT = nAn - 1)2xixTTij (Nei 1987, equation 10.5)
Wi TT = Zxij/nc (Nei 1987, equation 10.6) iile n e $1u3u83 sequence Tvhn1sTnszsing, xi fie AILdve

sULuv ith Tu sequence vasAduafIBE Lay nc fio TuIuved sequence TisnuATIvhinmMsUSeuiay
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3. AruduTuENTaun1sved g Suihedn uardneiae:
NNNMTIATIERANLFIR U TMuINTsiaensaiausuglinananeduiusmaTaunns
(Phylogenetic tree) #1833 Maximum Likelinood szwingdeingn e uavdeaneiaey andisy
\wafiimues 677 bps wuszannsvesdanauiauteondu 3 clade vy Mmeiumudnwes
Fugresdusazein 1iun clade vesdaingn (MFKK) clade v038ainasn (MHKK) wag clade vosds
anelaez (MBKK) $efn bootstrap probability #iunnndn 80% Iae clade finfsUszneumeuszens
yesdagimun clade flaossznoudieussannsuasdireiianan (entiu MFKK2a) @ clade 7

AU5ENBUMBUTEYINTVBIDIA18LADLNINUA (8nLI1W MFKKAO)
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JUN 19 wnuniuansaeduiusmaiinuinisvedaiig 3sdne wagdsaneiass Naialag s
Maximum Likelihood method Tagiasigianainuiiindlelnaniiniue1s 677 bps Aauiniuuu

LLNuQﬁLLamﬂ"] bootstrap probability 31nA15%1 1000 %1 Inedl M. annectens Wag M. marmorata
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djUuazIasalua

v a

nameTsilasSeudisudsuinadlelnduestu ol vosdning Suihei uarBimneiaoy
Tufluftaudeilonden Smiavaud Swauiomn 72 fegs suhiauenvesiduiiadlelns
Wiy 677 bps e genetic distance $¥1I19UsEUINTBEYTENING 0.000-0.223 UagdAuwUsiung
ffugnssa (genetic variation) $1u7u 189 (27.92%) susmis uaasrinszrinsvesdsaausiaiai
uansemaugnIsTesBu COl Aputeas dudaisuiileunantsinunadsifuniteues Mejden
wazany 1 2007 (Meijden et al, 2007) #ildEu COI lun1sfinw1 molecular phylogeny 1838439
Microhylidae $1uau 34 ad3d (saveaaingn Seied uavdianeiaey) Tne3oudfisusduinnale
oy COI Anue 573 flua sewinedans 34 aU3d nuhddmumsiifianuudsdumatugnasaie
267 suvtls Bauansliiiuingu Col ludaed Microhylidae fianuuusiumsiugnssuAsudisnn 49
aondosiunAtendsiinueuusiumeiugnasuangs 189 suwils feduenaagllfindu cor &
asmngaufivzihu i duedemnefibue (species-specific mtDNA marker) wisldlunissuun
yinvasdaisauaiinld wandlewToudfloudn genetic distance melussrnsvesdausiazaiin wut
f1 genetic distance melulszansvesdsiniimanheildannelulssnnsvesdeiniuagds
Mooy uaAiUsErInsvesdstuanImITaIaE RGNS IINAN ST N TYesE AR
Wi

wennimansenuilddmuin Taende haplotype diversity (hd) wag@1 nucleotide
diversity (1) wesUszrnsvesdeiuardsineidiroudnegs Inswadie hd = 0.973 + 0.006 way T
= 0.10891 + 0.00525 waranuUATiuansanediusA Tauinsiiaidagds Maximum Likelihood
Fuanslifiuindaing suhe wazdensaesiinuduiusmaTaumaduuuy  monophyletic
group uaztenoanilu 3 clade mudnvauzdugiunsusnatadaau uenaniimsiinuindaiug
MFKK2a dnoglu clade Wenfudsthad uaz MFKKAO dnaglu clade Wenfufudsansiaey Auansiy
An gene flow veslulnmousseamdue (MDNA) sewieUszannsvessaingiulssensveseedng
fuardeaneiaey wioenananléindaie 2 fegel (MFKK2a ey MFKKAO) \Dugnuaniiinainms
nautuaeusszrnadaingifudaineh uasseidaiintudsmewmerluein Wesmnuimay

FaTandganmausiegauntu Wuusnafaiunsanuswisaustaledy  waztdununnnuIng

anuvdpondvegsiniu Fllanulululandsisaueiinasnaudwaeiugiuseningldd aenisiin

[V 7]
v

gene flow 89 MtDNA asianulaluassdnuiiissidnafes Ao mtONA 31nUsEYINTV0IDIT19M

introgress gUs¥INTVOIBMUNA Uag mIDNA INUTLIINTVRIDI@ELADY introgress gUTEUINTVBIBY
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g LLamdwﬂmﬁmmiwam%’mﬂ’uﬁawdwﬁﬁwﬁwﬁuﬁqﬁwLé}’ﬂ uazszrisBameiaesiudeingn lu
sssurAlueAmiuaafiniuliusraunnudiSufssfiamaien Taammioveddnsiviodimeiaes
whiuflaunselisdngnuadlfifonastrumeiugiumedue e Turnsfinadovosdaiugilsl
annsaliuiagnuasldiflonandwaneiusiumeduaidainviedimeasy mInIany gene flow
Tudnfasiiuihanduun lneléimaladuonTiveuay mDNA marker lumsnstaaeutu ieed
579971unUlY The European water frog S¢%319 Rana ridibunda &g and R. lessonae (Spolsky and
Uzzell, 1984) Tu canyon treefrogs S¥%iN Hyla arenicolor wag H. wrightorum (Klymus et al.,
2010) Tu green pond frogs s¥1i19 Pelophylax nigromaculatus wag P. plancyi (Liu et al., 2010)
Judiu

g Xy

= U = = a < a Y I o
nsAnwaseiilunsfnyiieysedivenuduldlalunmsiinnisnandiuanenugseninegs

U dsdnai wardeneaezlusssund Walunistudunisfianisnanduaieiugseninedaisany

'
a

YUALUSTIUTRLATAAUTITY  39ATYIINISAUIBg1Daurdaliunngd  Tegnnizdiansiass
wazAIsiuIuiuAnfnwliaseunauuinndil Tnemsinnisinudiegnsisainiuiinudaiissyie

W (allopatry) wagiiuinwudansaesvilnenfeegsiuiu (sympatry)  warAIsviNsAnyIdLeAdesh

Wueeugiuluie WeiSeuidisunanis@nunilassninlulnaeuesvafidweiuiuedesmdue
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