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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 bio-molecular techniques. Ornate Chorus 

Frog (Microhylo jissipes), Dark-sided Chorus Frog (M. heymonsi) and Noisy Chorus Frog (M. 

butlerO are amphibian in the same genus. They are similar in body size, found allover Thailand 

and share their habitats. Essentially, the external fertilization of amphibians may increase the 

risk of hybridization. Therefore, this study aims to design species-specific mtDNA marker to 

identify species and to detect possible natural hybridization among these three species. 

Seventeen M. Jissipes were collected from Chulalongkorn University (CU) and Khao Khew Open 

zoo (KK), twenty M. heymonsi were collected from Thong Pha Phum Natural Park (TP) and KK 

and ten M. butleri were collected from TP. These were screened and compared in terms of the 

COl gene base sequences of the mitochondrial DNA extracted from the liver tissue. The results 

showed that only twelve M. Jissipes and nine M. heymonsi had obvious and reliable COl 

sequences, 678 base pairs. Ten unique haplotypes based on 138 (20.35%) variable sites were 

detected from the 21 aligned sequences using Dnasp program. The haplotype diversity (hd) and 

nucleotide diversity (1t) were high. On average, hd = 0.810 ± 0.080 and n = 0.09202 ± 0.00887. 

In addition, there were 129 parsimony informative sites and the genetic distance among 

populations ranged from 0.000 to 0.202. This indicates that the COl gene is suitable for use as a 

species-specific mtDNA marker. Moreover, phylogenetic analyses of the mtDNA haplotypes 

indicated that M. Jissipes and M. heymonsi 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. Jissipes and M. heymonsi. 

Keywords: hybridization, amphibian, gene flow, mitochondrial DNA 
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1 

n1';jlJ.t1';i~'U'VI1.:l~'U5n';j';i1lIJ.a~n1';itl';i~Uj'Wf"I1111dJ'Wttlt~'Wn1';j~~1I~1.:l~1l:1~'U:h~Vl11.:l 

~.:lJ1b~1 (Microhyia jissipes) ~.:l,j'1.:l~1 (M. heymonsi) bba~~.:la1mael~ (M. butieri) l~l:I 
l.ijii1~'Uihflmelt'VIfl"tlel.:l~'W'U1.:l i;f1'U"tIel.:l1111'VIf"1el'Ub~'il:la ~ b~'Wbell'Wn1';i{;l';i11i1~el'Ut'W~'W~ 

el'V'4.~5. 

GENETIC VARIATION AND GENETIC ASSESSMENT OF POSSIBLE NATURAL 


HYBRIDIZATION BE1WEEN THREE SPECIES OF TOADS IN THE GENUS MICROHYLA 


USING MTDNA ANALYSIS IN THE RSPG AREA 


e):W'W~ 1blnbb':h bb~~ 1b'1l!l~ fl'U~eJ 

Amporn Wiwegweaw and Wichase Khonsue 

Department of BioLogy, FacuLty of Science, ChuLaLongkorn University, Phyathai Road, Pathumwan, Bangkok, 

10330 

u~~oJ'Ulv1'iJn1~Pimn1~m~ ~J1fl'lm~ltln1~bbU'IbbtJtlYl1'1n1~~'U~'U~ (reprod uctive isolation) 'lJeJ'I 

~\liJ~1(;)eJ~1\1tll1\1'lJl1\1 .;(\11'UVl'1lbb~~ ~(;)1 ~\I~~~1 tl tl1~~tl'I~1'W'U';h ~\liJ~1 (;)1 'Uli~~:W'1l1 &i'\ll~1 tJ'1ID~~iJfll1:W 
1f1~:a~il'UYl1\1?11tJ119l1'U1n1~ (closely related species) bb~~iJn1~m~~1tJ~l1Yi''Usi{eJ'Uil'U (overlapping 

ranges) '\Il~m-if1:W1eJ1~tJeJ~1'Ll~'Ll~b~tJlil'U (contact zone or sympatry) ?l1:1J1~t;l~?I:W~1\1?11tJ~'Ll~ 
(interspecific hybridization) bb~~1~n1bD~~tl~?I:W (hybrid) ~iJ~1~ ~eJ1~btl'Ubb~~ljJbu'U'\Il~'Ulv1' (Arnold, 

1997; 2006) ~1 tl n1~Pimm'\Il~l'dbb?l~'11~bi1'Ll':h~(;)l'\1l~e)'vh';('1 ?leJ\I?ltJ~~t1'UcJ'IiJtl1 ~ bbU'I bbtJ tl il'UYl1\1n1~ 
~'U~'Ulfl~?I:W\pru (incompletely reproductive isolation) ~\ln1~bbU\lbbtJtln'LlYl1\1n1~~'U~'U~.Qbn~~1tl~\lii~ 
'lJl1\1Yl1\1n1~~'U~'U~ (reproductive isolating barriers) ~v11'\1l111~-U~'lJ11\1V!~mJeJ\ln'Utl1~bn~~'U'lJeJ\I~tl~?I:W 
(Coyne &Orr, 2004) ~\lii~'lJ11'1Yl1'1n1~~'U~'U~.Q?l1:1J1'W'W'Ulv1'bileJ'U'Vlm~tJ~'lJeJ\lm~'Ul'Un1~~'U~'Ll~ ljJl1~~ 
btl'U'lil\1r1eJ'Un1TUl]?I'UIT (prezygotic isolating barrier) b'li'Ll ~tl~1\1v!~eJlm'l?l~1\1'lJeJ'IeJltJl~~'U~'UlfljJb-if1~n'U 

(genitalia incompatibility) (Kubota & Sota, 1998) v!~eJv!~\ln1TUl]?I'U6 (postzygotic isolating barrier) 

b'li'Ll fl1~ljJb-if1~n'U~~'\Ill1\1~'Ll'lJeJ\lhhbfl~?lbtH:w (genetic incompatibility) (Palumbi, 1991; Levitan, 2002) 

a\l~~1~~m.J?I:W(;)1m~eJ'I~1tlljJ?l1:1J1~m~~ru bu'Utltl&ilv1' G1~\liJ~1~.;(\li;'IeJ\li;'ItJ~~~~?I:W~1\1?11tJ~'Ll5cJ\ll~iJ"V • 
119l1'Ll1 tl1('lJv\l~\lii~'lJl1\1Yl1\1 f1l'j~'U~'U5'\1l~'1tl1TU, n?l'UIT tl1~t:.J?I:W ~1'1i;'11tJ~'Ll5~ eJ:w'l111tl an1~bn ~~'Ll'lJe:J\I6J ,,, 

fltle.Ji;'IlJ (hybrid) ~iJ~l(;)bb~~ljJbU'Uv!~'U ~\lV!1nbV!~n1~rur?1\1tl~11 bn~:ff'U~~\lfltlt:.J?llJbV!~1t1'UeJ1~v11V!111~bU'U
" ." 
~1f1fl1\11'Utl1~ci1tJYlv~~'U~1tl~(;)1'11D~v!~\lltlcJ\I~~1~tl'1lD~V!~'11v1' (introgression or gene flow) (e.g., 

Barton & Hewitt, 1985; Mallet, 2005; Plotner et al., 2008) 



2 

~,nYlbI'11 (Ornate chorus fro~; Microhylo jissipes Boulen~er, 1884) ~\lih\liil (Dark-sided 

chorus fro~; M. heymonsi Vo~t, 1911) bb(t~~\l(tlm(te:J~ (Noisy chorus fro~; M. butleri Boulen~er, 
1900) ~~bth.JiX(;r5a~bV1tnYla~bV1t!'U n~mnt!an(t b~mnt!btie:J\l "ill nlj~n'l!lru~Y11\liXGHi1t!1Y1cnm CJt!e:Jnl'1~l CJI'1 ~\l 

~ ~. 
fl'U lj"lJ'Ul~~1~1b~n 1lJbb(;1n~1\lnt!lJln 1'Utl~~ bYlf'l1Y1CJallJl~f1YfUn1~m~"illCJ~1"lJe:J\l~\l~\lallJ"!Iij~1~'UYlnml'1• 
'Ue:J\ltl~~bYlf'l1Y1tJ ~\l~\lallJ"!Iij~dlj~n'l!lru~~t!e:J1l'1mu~l~l'1~lCJ" fl'U fi81~lu1~ n8\li1t! n8\lVl~1 bb(tdJa~~'U., 
u'U~'U~t! ljn1~ m~"illCJ~Tv1Ui8'Unt!1t!VI(I1CJ~'Umt!tl~~bY1P11Y1tJ bb(t~~alf'lru~\l b ut!iX(;11lj m~~niX'UVI~\l~lj

~ 'U 

n1~tl!ia'U5bbuumCJ'U8n (external fertilization) ~\lbu'Um~u1'Un1~~allJl~mY1lJLan1a1~abtl~lJ"lJ8\l~\l"!lij~ 
VI~\lb"lllt.JalJnU 1 ~"lJa\l~\lan"!lij~VI~\l1~~lCJnl1n1~ljn1~tl!iat!5m CJ1'U (internal fertilization) ~\l"illn"llm.!(t 
~\lncil1"ll1\l1'1t! ~\lljmllJ bU'U1tl1~~~\laa\lVl~aallJ"!Iij~d"iJ~t.JalJ~1\lalCJ~'U5n'U1~ ~\l11\Jb~8tl~~bi1t!mllJ• 
bUt!1tll~t!m~t.JalJ~'U5"llllJ n'U~~Vll1\l~\l~\lallJ"!Iij~d ~\l1'11~(;1~1"iJa8U~11ljfj'UL~(tl"iJl n~\l"!lij~VI~\lltl~\l~\l 

, 'U 

~n"!lij~VI~\lVl~a1lJ L~CJ1ibYll'1ijI'1Y11\l~lt!'lbLlJb(tn(t1'Un1~m1"iJ(,'1aU• 
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f11) ~"'lJoUllJ "'1 tJ'y~'t<1l5, (hybr id ization) L\J 'IJ f11) ~"'lJ~'tjlh, ::;Vlrh~~.:dj:gi \?l '" e:J..:J 'lltJVI~ijFll1lJ 1 fl ~ilVI tl'IJ Lil..:J 

11~'lJlf11)~mFl)..:J",11..:JYll..:J-W'IJ5m)lJ'lle:J..:J'lh::;'lllmVl~e:J",tJ:g"~Lb\?ln~1..:Jtl'IJ lV1Clf11)bnVlf11)~"'lJoUllJa1CJ~'lJ5, , 
J'lJij~r;'!lJl\11nm::;'Ul'IJf11)f11)bb'IJ..:JbbCJflYl1..:Jfl1)~'U~'IJ~~111"'lJ\!)cl (incomplete reproductive isolation) 

(Futuyma, 1997) 1'IJ'U1..:Jmruf11)~"'lJ-UllJ"'lCl-W'IJ~e:J1\1'l.hhJ~fl1)~a\?l~n~"'lJ (hybrid) lV1Cl~n~"'lJ~bnVl~'IJ 
cil'IJ 1 Vlru\l::;ija fl~ru::;'"ru~l'IJillCl'IJe:J fl~l~..:J (intermediate) )::;Vl';h..:J~..:Jij:gl \?l~..:J"'e:J..:J'lltJVI ~..:JdtJlr;'!fl~"'lJ~v.." 
bnVl~'lJJ'IJ"'llJl)tle:J~)e:JVlbbr;'!::;~'U-W'IJ61~ r;'!n~"'lJbVl~lJ'lJe:J1\1'Vh1~\nVlf11)ril m Ylbfl~e:J'lJiflCl'lle:J..:J~'IJ (oene flow)

~ , ~ ~ 

)::;Vl'il..:J",tJ:g"~..:J"'e:J..:J1~ (Arnold, 1997, 2006; Mallet, 2005) lV1Clfl1)~"'lJ~'lJ5bb'U'U backcross tl'U",tJ:g"vle:J, . 

Vl~e:J",tJ:g"bbll fl1)~r;'!n~"'lJijf11)~"'lJ~'lJ5bb'U'U backcross tl'U",tJ:g"vie:JVl~e:J",tJ:g"bbll\l::;'Vh1Vl1~r;'!n~"'lJ~ij
'" " 

an~ru::;"'ru~l'IJmCJ'lJe:J n b Vlij e:J'lJtl'U ",:u:g"vl e:JVl~e:J",:u:g"bblllJl fl~'IJ \l'IJ1'IJ~'" VI bn 171 b\J'lJr;'! n~"'lJ~ijafl~ru::;"'ru~l'IJ
41 't 'U dJj 

mCl'IJe:J m 'Vlij e:J'IJ",tJ:g"vimlf~ e:J",tJ:g"bbll\l'IJbbCl n111 e:Je:J n 1'IJ mru-d :.G'..:JlJ f11)tJl L YlFltJflYll..:J~1'IJ:g11lJ br;'!flr;'!, 
(molecular biolo~y) lJl1m'lJf11)\?l)l\1"'e:J'U11lJtl'U-UmJr;'!Yll..:J~1'IJ"'ru21'IJ1Yl Cll b"li'IJ fl1)\?l)1\l"'e:J'U~'IJ1'IJ1lJ 1 Yl 

fle:J 'lJb171~ Cl r;'!~ b~ 'IJ Le:J'll e:J..:J ~..:Jij:gl \?l11lJ tl'U fl1))::;'U 'lltJl71'll e:J..:J~..:J ij:gl \?l \11 n a n~ru::;m Cl'IJ e:J n ~..:JVll n~..:J ij:gl \?lJ 'lJL\J 'IJ, 
r;'! n ~"'lJ ~..:Jij:gl\?lJ'IJ \l::;ij'lltJ l71'lle:J..:J 8'IJ 1 'IJ1lJ 1 YlFl eJ'lJbl71~CJr;'l~b~'lJbeJffill "'eJl71F1~eJ..:J tl'U f11))::;'U'lltJl71'lleJ..:J~..:Jij:gl \?lJ'IJl~CJ" , 
1-uan~ru::;mCl'IJeJfl fl1)~"'lJoUllJ "'1 Cl~'lJ5(}11lJ5))lJ'll1 ~J'IJL~e:Jl1 \l::;Lnl71~'IJ1~CJ1 fl L~eJ..:J\ll fl~..:Jij:gl \?l bb~r;'! ::;'lltJl71ij, 
flr;'!1fl fl1) Lb 'IJ..:J bbClnYl1..:J fl1)~'U-W'IJ5~"'lJ'U)tlhh

\J 
1~~..:Jij:gl \?l'lltJI71J'IJ" 111"'llJl)t:l~"'lJ-W'IJ5tl1J

, 
~..:Jij:gl(}1'lltJl71~'IJ"

I 
1~ 

" I 

bb~iJ \l\l'\J'lJij fl1)~fl~l'V1'U';hlJ~..:Jij:gl (}1Vlm Cl'lltJl71~"'llJ1)tlt.l?llJ-UllJ"'l Cl~'lJ5tl'IJ1v)' b"li'IJ fl1)~"'lJ-UllJ"'l Cl~'lJ6l.'IJ , " 
Ur;'!l (e.g. Wilson & Bernatchez, 1998) 1'lJLblJr;'!..:J'Vl~ (e.g. Bachtro~ -et al., 2006), 1'IJm::;~lCJlh (e.~. 
Alves et al., 2008; Plotner et al., 2008), 1'IJVl'IJ (Bozikova et al., 2005) )llJ~..:J1'IJ"'\?l1"'::;bVi'IJJ1"'::;bVi'IJ'Un

" 
(Spolsky & Uzzell, 1984; Sumida, et al., 2002) 

5..:JJ1L1'i'1 (Ornate chorus frog; Microhylo flssipes Boulen~er, 1884) 5..:JoUl..:Jvh (Dark-sided 

chorus frog; M. heymonsi Vogt, 1911) bbr;'l::;5..:Jmmr;'!e:J::; (Noisy chorus frog; M. butleri Boulenger, 

1900) ~l71b\J'IJ"'(}11"'::;LVi'IJJ1"'::;bVi'IJ'Un~ml~'lJ1fl1)1n~ill71n'IJ ~~eJCl1'IJ"'flm~mn'IJ' ~eJ Microhylo 5..:JJlb1'i'1" , 
ijmllJCJ11U)::;lJlru 28 ilr;'!ablJm nm..:JVla..:JijmCJfl~lCJ)uJlbI'i'1~Jl(}11m-UlJ -ul..:Jvhbbr;'!::;~l~llJbbt:l'U~vh~l'IJ

" 
()U~ 1) 5..:JoUl..:Jv11 lJmllJCJ11U)::;lJlru 20-22 Dr;'!ablJ(}1) flm..:JVla..:JlJb;;1'IJbbFl'U~\ll..:J 'V11~lJl(}11lJLb'IJ1"''lJVla..:J 1 
" 

b;;1'IJ )::;Wll..:Jb;;1'IJe:J1\lij\lI71U)::;fl'U oUl..:Jr;'!::;\l171 ()'tJ~ 2) bLr;'l::;5..:J(;11CJbr;'!eJ::; ijfll1lJCJ11U)::;lJ1ru 22-26 D(;1ablJm, , " 
flm..:J'Vla..:Jijr;'l1l71m Cl"'lJlJl mtl'IJ 'll eJ'U'lleJ..:Jm ClVl 8m\J'lJfl ~'IJ~\ll..:Jr;'!..:JlJ1fi..:J~oUl..:J bLr;'l::; L \J'lJm CJ'V11171lJ1~'ll1 ()U~ 3)

" 
\11 n-ue:JlJ r;'!~..:J fl~11\1::;'V1'U115..:J~..:J 3 'lltJVI t1ij '/J'lJl 171 ~1 ~1111 bL(}1 fl~l..:J tl'IJ ijafl~ru::; ~ru~l'IJmCJ'lJe:J tlfl~l CJFI~..:Jtl'U" .. 
bbr;'!::;"'llJl)t:l'V1'U5..:J~..:J"'llJ'lltJI711v)'YltlmFl'/Je:J..:JU)::;bYlI"l1YlCl (Matsui, et al., 2011; Meijden, et al., 2007;, 
5qjqj1, 2546) ~..:JJ'IJ:.G'..:JijmllJb\J'IJ1u1~~..:J~\l::;'V1'U5..:J~..:J"'llJ'lltJ~e:J1?(CJeJ~1'U'U~blrub~Clltl'U (Sympatric area) 

b"li'IJ 1'IJ'U~nrueJYlCJ1'IJbb~..:J'll1~YleJ..:J~1.flil eJ. VleJ..:JC..J1.flil \I. fl1ru\l'IJ'U~ 'V1'U5..:J~..:J"'llJ'lltJ~eJCJ1'IJ'U~LlruL~mtl'IJ 
, 'U 'U CIJ" 'U 

~1'IJ1'IJlJ1flll71miJ'V11::;1'IJ()~~'IJ (1b'lln~bb(;1::;flru::; 2546) bb(;1::;~'l1l'1qjfl1)~5..:J~..:J"'llJ'lltJ~ijfl1)U~"''lJtiLL'U'U 

m Cl'IJeJ n (externa l fertilization) vll1VlleJfl1"'~\I::; bn 171 f11)~ "'lJoUllJ "'lCl~'lJ5n'IJ)::;w;h..:J 5..:J~..:J"'llJ'lltJl71 b\J'IJ1u1~, 
~..:Jn11 fl1)U~"''lJtiLb'U'UmCl1'IJ (internal fertilization) L'V1)l::;fl1)U~"''lJtibb'U'UmCl'IJeJm\J'lJfl1)b~lJleJfl1",1~ 
"'bu1'lJ'lleJ..:J5..:J'lltJI71Vl~..:JL-rh~"'lJn'U1-zJ'lleJ..:J5..:JBn'lltJVI'Vl~..:J1~~lCl (Huxel, 1999; Wells, 1977) \llnoUeJlJr;'!~..:Jn~11

" 

http:VleJ..:JC..J1
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'lh:::neJunuijnl'~"1';il"il~u5'1~ij~n~ru:::~1M'I';i:::VI'-.h'l5'1~'IG'l1~'llU~ (intermediate) blfl:::ijn1'jpjfl'tn~Ul1nu 
'U1 2 G'luii~ foieJ Rona limnocharis I.I.fl::: R. cancrivora G'l1~1';ifltJG'I~-U1~G'l1tJ~'Uqn'U1~ (Sumida, et al., 

2002) ~'Iln~G'I~~~~1'U~'U115'1~'IG'l1~'llii~G'l1m';ifltJG'I~-U1~G'l1tJ~'U5n'U1'U6';i';ilJ'll1~1~VI~eJh1 ~'I1'Ufl1';i'Vl~G'leJU.,. , 
G'I~~&i!1'U.Q b'j1G'11m~fl1otl15fl1'j(Pl'jl"ilG'leJU1~~'I'Vl1'1~ru!1'Ul'VltJ1 (Morphology) bbfl:::'Vl1'1Yr'U~m'j~ 
(Genetics) U.~ltieJ'I "il1flfl1'jI'l'jl"ilG'leJU'Vl1'1 ~ru~1'Ul'Vl tJ1ij-umhn~1'Ufl1'j;ij1 bb 'Un'llu~"UeJ'I5'1 1~mu~1:::B'IViij... 
~fl'I~ru::: intermediate ~'ItJ1fl~€lm'j;ij1u.'Ufl'llUVI"U€J'I5'1 ~'IJ'U1'Ufll'lml"ilG'l€l'UG'I~~~~1'U1'Uflf'l.Q ~'I,j115m'j

'" 
l'l'jl"ilG'leJ'U'Vl1'1~'U6m';i~b-u1m"liltJ 1~tJ"il:::vl1m';iml"ilG'l€l'Um'j~1m'Vlbfl~B'UihtJ"U€l'l~'U COl ';i:::Vll1'15'1~'Ia1~, 
'llU~ U.~btieJ'I"il1 n'l1'Ul~tJ.QdJ'U'I1'Ul~m~~I'1'Ubbfl::: ~'I1~ijm'jpjn~1-UeJ~fl~1~uiilflm€l1'Vl~"U eJ'I ~'U COl "U€l'l5'1 

'lJ 

.J1b1'11 5'1-U1'1~1 bbfl:::5'1mmmJ::: ~'IJ'Ub.yjenh:::biJ'Um1~ ltJ'U1 LJhil 'Um'jtJG'llJ~'U5-u1~G'l1tJYr'U5n'U'j:::Vl11'15'1~'I, , 
G'l1~'llU~~'II'1B'Il~~"il1flfl1'jpjfl'l~1blLJ'jer'U'Vl1'1vr'U6m';i~"uB'I~'U COl 1'U1lJ 1 'VlflB'Ub~~ml~l~'Ul€l"uB'I5'1~'I 3 'llU~, 
b.yjB,j1-UmJflvh~mBeJmlU'Ulfl~B'IVI~1tJ~l~'UbB~i1fll1~;ij1l~1:::~B5'1ll~fl:::'llii~ (Species specific 

mitochondrial DNA markers) rieJ'Ubvi€lHn'Ufl1'jI'l';il"ilG'lBum'j~1m'Vlbfl~eJ'UcJ1tJ"UeJ'I~'U COl 'j:::Vd1'15'1~'I 
G'l1lJ'llU~~eJ1ill'UeJ'U1fll'l 
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Ornate Chorus Frog 

Microhylofissipes Boulenger, 1884 

am;w:: 'lJ'\J1~l~"illfltJmtJtJlfl~'1tl'U 23-30 :nt;l~blJ~'j" 'll'Ul~tJl'Uflm'lr1e:J'U'l11'1b~fl ~11'l1e)1'Ubb'\J'U 	 ~A~lmtJ 
" " ~llJ bVl~tJlJ ~1 bbVlt;llJ 1lJb{1'Ubb~'UVl 'lJlr1Vl~'1~'U b~mVlfltJ~1tJ'l11'1Vl111oVe:J bYll"il~B~m'l~lbbv1'\l'1ABVl~B1fl~n'\J 

" " 	 " 
'j"~~'\Jt;lfl ~lllJ b~ tJtJ 1flB BflltJ .a1 b Y11'V'le:J'IBe:Jfl ~B'UtJm mb~llJ bU'U bb~'Uflt;llJ bbt;l~iiYr'l~~B~ b~tJ'I'W~ b~ tJ1'V'lB~'1 bfl~

'\J ' . 	 'U 

l~LVhL1'U ~11'l1~1'UVl~'1aBe:JmYl~1t;lAJl L11~1t;leJB'U Vl~BL11~1t;lBBm'Vll m~mmtJA~ltJL11b~h~'U~'lltJB~~'U 
" 	 " 1tJB~'j"~Vlll'1t;lfl~l~'1~El'I iimllJVlm flVlmtJ 1 'U'j"tJ bb'\J'U bb~~mllJboVlJ'Ul'1~hi~lJlfl 'Ul'1~1bb 'Vl'UllJiimmt;ltJ l~tJ 

\J " 	 " 

bQ'V'l1~~1biimj'fliim~mtJllJr1e:JtJi~b "iJ'U bb'lJ'Ubbt;l~'lJliimtJaAJ1'V'l1~'lJ11'1~'1iit;lltJ~ bvl'U"1 b~tJ'I 2-3 mm'YhL1'U 

1~AB~1~aAJl l~Y1B'Ibbt;l~l~bb'll'U'llla'll11Be:JflbVl~B'I l~~liimb~~iJl b Y11aAJlflllci1'U l~'lJl t;l fl~B~ii'lJ'Ul~1'l1 
" 	 " 

\'~flbbm~1tJ~'1bb~'1 ci1'UVl'Ul~~'lJB'I~1{h'U ~lmj'Vl1'1~1'U'l11'1'lJB'I~1 ii"il~aiilm~"illtJ~1~11'l1 bb~Vl'Ulbb'l1'Umfl , " 	 , 
'U~ bdru~ bU'U fl~B'I ~lJB'I bb~'UA~'UVll'11Vlru bb~~ii"ilVlaiil m~"illtJ~1 bb~'Uf1~'U Vll'1tJ11 bbt;l~ ci1'UtJ t;l1 tJ'lJ El'IVll'1 b~ tJd 

.tI"-. , 

b~flbU'Ub~'U tJlflB~tJmtJ~~'lJB'I~1 'lle:J'ItJlm~fl llJii~lJV1'Ubbt;l~1lJii"il~'1BtJtJlfl (~tJ~ 1) (5qJqJl, 2546; lb'll!l~ 
bb~~f1ru~ 2546) 

" m~\,t'Vdm-::"'\)ltJ iifl1'j"m~"iJltJflll'1'lJ11'1 ~'1bb~~'Ub~tJ~B'UbVl-Ue:J bbfl'UbYlBm'lJ1v!lJl~tJ Vh~'Ub~tJ 1"f~r;i''1fl1 ~'U 

flB'Ifl'l m1 bltJ~'UllJ nlJ'V'l'lll mbt;lb"litJ ~'1f1hH 'V'llJl bfl1~l~Vl'r'U ~t;lBVltJ'j"~b'VlI"f~'U1Vl~'Ut;l'lhJ~'1f11'U~lJ'm" , 
lJmtJ 1'UtJ'j"~b'Vll"fl'VltJ'V'l'U'VlflmA'llB'ItJ'j"~b'Vl1"f~e:J~B1pjtJ "liB'U1'l11m'Uhj' 'lJe:J'Ul~ bbm~l~~~flmB~'U'U~'Uth ~1ltJ 

\I q 'U 	 , 'U 

'V'l'U1'UtJ~lJlrutJ'j"~'lll mi.'l'l~~~1'Ufl~lJ5'1'lJ'Ul~b~fl~'1VllJ~ l~mQ'V'll~1'Ufl Vle-l'U'll1'1 b~B'Umflillf1lJ 'V'l'U1'Ummru\J" , 	 d.J1111 \I 

lJlfl'U~b1ruth~'U bb~'1 ~B'U"1 bbtl'lJl~bU'UbbVlci'l b~'Ul~'lJB'I~fl~e:J~ ~'1bb~tJmm~B'Uii'Ulf1lJ"il'Ut;1'1 b~B'U:n~'UltJ'U 
t;lfl5'1'll'Ul~b~mj'flVlln'U~B'U 61 bbtl'l~b~'Ul~m"iJlfl~bU'U~fl~e:JVl 
\J 	 I " 

~t1ihrtJ Vl~'U"liB'U1'l11'Ub1mflm'l1'U'U~b1ru~iif111lJ~lJ~'Ubbt;l~e:Je:JflVll n'Ub1mflm'lA'U 'W~tJfl1~m~l~VlVl-ubdm 
f1nmlJ~ulB'Il1 bbt;l~m~1~~1tJlvnn~ bb~l.'JnVllJB'Uti'lB~n'U~Vl~'1"illflm~lVlVlltJbb~1 B1pjtJfl1~'V'l~1'1~1Vl~'Ub~tJ'I
" 	 " 

ifm'Ufll'rl llJl~bu'U~~lul~lJA'j"B'I~llJ'V'l~~'j"1'll.,jruru1i~'11'Ubb~~~~lth~lJA~B'I 'V'l.I"f. 2535 bbt;l~llJii~m'Um'V'l , 	 u" , 
~ . tU 4' 4' 

b'V'lBfl1'j"B'U'j"fl~~llJbnru"YI'lJB'I Office of Natural Resources and Environmental Policy and Planning , 
(2005) bb~~~llJbflru.yj'lJEl'I IUCN (2008) 
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Dark side chorus frog 

Microhylo heymonsi Vogt, 1911 

~11VI~ ~l'UVI~\l~tllm~b'VllVl~tl~tllVll~bVI~tl\lVl~tl~tll m~ bbVl\l bb~:::ij b~'U~b-illJVllVlVlllJ EJ 11u'UVI~\lVlmEJ b~'U 
Ul\l~lm\lij bb~lJb U'UmVlmEJ fI~lEJtll b~ltlciu'UVI~\lfl ~lEJnU"ll tl\l ~\ltll b~l bbVl11l-a'Vl b\I'U bb~:::Ul\l~lm\lij b~'U~ 

" 
\ll\l"lltlU~~ltlciu'UVI~\l1'ULL'Ulfl~1\l~1 ~1'U-ill\l~1~1\11flU~lEJ~lfi\l"lllVli1uLU'U~~1 ~1'UVltl\l~"ll11tllJbVl~tl\l bb~ 

" 
U1 b 1 ru fll\l bb~ :::VI'U1€I flij ~ Vl~~lb~ fl m:::\1 1 EJ (bVll'f ~'l:::VI'Jl\l (] ~~U't~''Uqij fll\l Lbi;l :::i:11'U~'U"ll tl\lVlU 1 €I fl~~1) "ll lVlU1 

bbi;l:::"lllVl~\liji;llEJ ~b-illJVllVl"ll11\l U1blru'lltl\lbtJVl'ln'Uijbb~lJ~~l"lllVlUl~'ULbi;l:::"lllVl~\lfi tl'U-ill\l~'U Lijtl~U"lllVl~\l
" 

bb'UU nU~l~11U'Vll\l~l'UVlUl -ilmV11 tlEJ1'U1'l1 bbVIU\l'Vll\l~l'UVlUl"lltl\lm .olb V11Vlul11lij bb~'UVI,r\l'l:::Vll1\l.ol
" 

.01 bVi'lV1~\lij bb~'UVI,r\l b~ fllJ1 fl €I ci vITfI'U.ol i:11 'UU ~1EJ"ll tl\l.o1'Vl fl.ol"ll!'J1 EJ bU'U~lJ b~ flU€I EJ i;l fl B tlVlij ~1~1b1!'J1!'J11~ 
~ ,,~ 

flJl fl1UVll\l b~fl 'l:::Vll1\lVll~\lfltl\l-ill\lij~bVI~tl\lVl~tl~L~'U VllVl'Ul1\l tlci Vl'l\li:11'UVlUlflVl"lltl\l~1 1lJtJUlfl~1\lb u'U " , 
bb~'UVI,r\l~Ul\lfli;llJbbi;l:::~Vl-VlVlM (~U~ 2) (5qJqJl , 2546; 1b'll{}.2bbi;l:::flru::: 2546) 


n1'lu,'Vfim::1iI1fl 1~Vl1'U ~'U €l'Ub~tJ Vl1l1 ml b1EJVl'UllJ nlJVl'lll lJ1bi;lb6/iEJ ~\lfllu{ 1'UU'l:::b'Vll'fl'VlEJVlu'Vlflmfl
" , 
"lltl\ltl';i:::b'Vll'f 

~eJdtJ1tlfl "I1fl'1itl'U~11~Ul~bbt~\l fltl\l~'U fltl\lVlrYl bLi;l:::1f1~~'U1 U'U~'U~'U l1fltl~llJ1fli;l\llmbVl~\l"ll!'J1tJ~'U~~\l 
bu'Umi\ltlloU\l VlU1'UU1lJ1rulJ1flU1blruth~Ubb~\l 'ltlU '1 bbei\ltll~bU'ULLVI~\lb~UlVl"lltl\l~flBtl~ ~\lbb~b~tl'U 
~\lVllf1lJ\I'Ufi\l b~tl'Un'U!'J1EJ'U ~\lbU'UVli;ll EJfI~eJ'U i;l fl~\l"ll'Ul ~ b~fll1flVll f)'U'ltlU" bbei\l~ b~UlVllJ1 \I 1 fl~bU'Ui;l fl BtlVl 

VI'U 'U I '\J 

http:vITfI'U.ol
http:bb~'UVI,r\l'l:::Vll1\l.ol
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mJi161v VI"U-de],U~11 'UL1"1flfl1'11'UU~L 1 ru~ijrl11:w'li:W~'ULL,,~aaflVl1n'UL1fl1flfl1'1R'U L~afl fldU fl1Wil~ fld~1~~ 
., q 'U 

Vliku'U':i~tJ~'Vm1fl" L1"1~fl"'1I:1'iff'U~WiI~~UVl~fl~1V1"UL~11I'itu1lYVI~ali.'l~~'U" V1'UVi hjVl:wauti'lmJFlu~
'I.J 'I I 'U 

L Vlija'U ~'1"1fil~~'U"1 ~'1~U~1:1J1~mn1~tJ1fl (;.Ji.'l:W~'U~ LL"~11'11 'lJ'1'ULLe:i'lJ1-rr'l.a-1rl'j"11~fld~~1t1 a~'1'Uth L~'1-r'l 
LL"~1'Uth~ULL~'1'j"~Vll1'1~~~'U 'j"1:W~'11'Ue:i1'1LnuJ1 LL,,~i1'1J1~~'Iln'U~'U~th 

LVlafl1'j"a~-rm1~1:WLflru.n'lJa'l Office of Natural Resources and Environmental Policy and Planning 

(2005) LL"~m:WLflru.n'lJa'l IUCN (2008) 

5'1fl1m"a~ 

Noisy chorus frog 

Microhylo butleri Boulenger, 1900 

v v 
.d I t V V QJC!t1 'V II ev-d d do d do I 

L'j"tJu LL~'Vl1'1i.'l1'U ~'U'lJ a'l~l'UVI"'1:W~:lJLLU'Ufld~~ltJatJUl '1~1'UVI"'1i.'lL'Vl1V1'j"ai.'l'U1~1"L'Vl1V1'j"ai.'l'U1~1" LL~'1 i.'l1'U , " 
tJ"ltJi.'l~'lJa'li11 L iJ'U~~l'1 LL,,~ij'Vl1'1~rl~:W~ 1fl~1'UVl1 tJ~1"'11tJ~~'U'lJ1V1th U'U VI~'1ij"1~"ltJ~L-if:W'lJaU'lJ11V1~a, 
'lJau~ LL~'1'j"tJ~1'1rl~ltJJ1 L~l ~1'U-if1'1c;i1 ~1~~1'1 LL,,~ij~~~LL~'1 fld~~1tJLVlfl~ijrl1'1LiJ'U~~tJ'j"~~L'Vl1 L-if:w LL" ~"il~ 

'U 'I 'U 'I 

~1'1~'ULfiau'lJ111'ULVlflLijtJ 'lJ1V1U1 LL"~'lJ1V1~'1L~tJ1 tJ11 L~a~U'lJ1V1~'1LL'UU nuc;i1~11tJ'Vl1'1~1'UVlU1 -ifmVl1 atJb'U 
" ~lLLVltl'l1fl~1:11'UtJ"ltJ'lJa'ltJ1fl D1LVl1V1U1hjijLL~'UVI,r'l'j"~Vll1'1D1 D1LVl1V1~'1ijLL~'UVI,r'ltJ'j"~:IJ1ru 1/3 'lJa'l 

rl1 111 tJ 1 d ,1d ~1 tnJ ia11 {J~ eJ'lt1'J VI f).nd~ tJ 1tJ el eJ f1 btJ tJ ~1JLLa:3111el tJVf fJn\'11 'l ~1'Uvnll1J el..:J ~lJ nuii1el\J tJl1 eJ ~ 
.. 'I 'I 'U 

'Vl1'1~1'UU'U'lJ a'll'l:W l'llJ'lJeJ'ID1 LVl1V1~'11Vlrufll1'lJ eJ'ID1 LV11V1U1 "fl5eJ~ij'lJ'U1~ ~1 L~ mL"~1tJ~'1LLff'l LLl'lij~~tJ 'j"~~vh
'I 'I v 'I.J 'I 

vi'1c;i1~1 1:11'UVI'U1'l1mi11'lh'U LL~'Url~UVl1'1~hL~'1 1:11'UtJ"1t1'lJeJ'IVl1'1L~tI1L~mtJ'UL~'U tJ1fla~tJfl1tJi.'l~'lJeJ'I1:11'Ui11
'U , 

hjij~:wV1'ULL"~~'1eJtJtJ1fl (4tJ~ 3) (6tyty1, 2546; lL"1f:!J~LL"~rlru~ 2546) 
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~eJ~eJ1AEJ e:J~1'l1:U~U~1~'lJe:J,n'J1U~Llru~iJrr.l1:U~:U~u 1~£Jvi'11tle:J~l'll:U.ffU1 U l~~uu~uul~ULL~~LL~~'lhm""1 
1:Ui;h~'1£J '1ie:Jue:J£J1til'IJe:JUWLL~~fle:J~1 U 1~j;J 

~ . 
eJtlihlEJ V!~U'1ie:JUI9l11un~lflm~luu1Llru~iJfll1:u'li:U~ULL~~e:J e:JflV!l nULlmflm~~u j;J61:U~UBLL~~11~1'IJ11..1 

i " q 
I ~ ~ .0:::.1. q V QJ I ~ ~ d 
m~LflU1.J1 :u L61£J~'Je:J~~~mle:J~'11UVle:J'U""1 

LVle:Jf11'JmfrmWl1mflru.;j'IJe:J~ Office of NaturaL Resources and EnvironmentaL Policy and PLannins 

(2005) LL~~l'll:ULnru"]'lJe:J~ IUCN (2008) 

1. L~e:J~fl'l~lfll1:ULLtl'J~uvn:J~u~m'Jm~V!11~tl'J~'111m'IJe:J~5~"htill (Microhylo jissipes) 5~';h'l~1 
(M. heymonsi) LL~~5'1mm~e:J~ (M. butlern vr'lJl1£J1utld'~'111mL~£Jln'U LL~~'J~wil'1tld'~'111m 1~£JH~1~U 
Ulflrue:J1VI~'lJe:J'I~UU1'1cilU'lJe:J'I1:1..11Vlfl e:JUL(il~£J~ ~LSULe:J 

2. L~ e:J ~ fl,\,}l fll l:ui1:u ~uBVil '111(9)JU 1 fl1 'J'IJ e:J '15~ vr~ 611:U'11U (il ~m~ 'iJ 1 £J 1911 €I ~1u~U~ ~ 1~""1 'IJ e:J~ 
1fld'~f11'J eJ'I"l.61D. 

3. L~tJtl'J~L:UUfll1:ULtJultlhnunl'Jj;J61:U~1~611£J~U~'J~V!11'1~.:jvr.:j611:U'11i1(il ~iJ~u~ fl1'J 

m~'iJl£JI9lT\ij'U'i{tJuflU 1~£J1off~uU1~cilmlnl:u1I'lfle:JUL~~£J~~LSULmtJu~1LiJw.mr1~tJ'Iv!lJ1 tl1u f11d'I'l'Jl'iJ61eJU 

http:m~LflU1.J1
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- 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 bb6'l~ 1.5 ml. (Treff® Switzerland) 


- Automatic Micropipette P2, Pl0, P20, P200 bb6'l~ Pl000 (Hirikul Science) 


- Micropipette tip Pl0, P20 ,P200 bb6'l~ P1000 (Treff® Switzerland) 


- -20°C Freezer (Sharp, Japan) 


- Whatman® Laboratory sealing film 


- Collection Tube 2 ml. (QIAGEN, Germany) 


- Mini column (QIAGEN, Germany) 


- Microwave (Sum sung, Korea) 


- I - 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 (Gem my Industrail Corp.) 


- m~lm, ?hJ (Forcept) 


- m~~n'l'fVi'll'll (Scott, Thailand) 

" 

- ~'1iJm.n'l (Hycare International Co., Ltd) 

"" i11<,jUUI 

- QIAamp® DNA Mini Kit (QIAGEN, Germany) 


- Favorgen Gel/PCR Purification Kit (FAVORGEN, Taiwan) 


- MilliQ 


- 10 iJM LC01490 primer 


- 10 iJM HC02198 primer 


- 100 bp + 1.5 kb DNA ladder (SibEnzyme) 
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- Loading Dye (SibEnzyme) 


- Agarose (Promega corporation, USA) 


- SYBR® Safe DNA geL stain (InvitrogenTM) 


- Sterile water 


- Absolute EthanoL (Merck, Germany) 


b€llJl'ij~ 

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

do QQ,# a II

3.2 ~f11lJ'VI'VI1n1'~"Hlf.I bb!;l:amJ'tJ€I~!;l
" 

bfhJlPld€l ~1,:j~,n1,:j31~'(jii~'o\J1 fl~'U~~1,:j '1 'tJ€I,:j lfl~,:jfl1~ €I"v'U'i5. bbfl~'o\J1fl~W1fl,:jmru~'VI11Y1m"'CI 
(1'11~1,:j~ 1) ~1'Ud'lJ'(jii~~~u~~mru 10 IPld~€1 1 ~'lJ~~Pimn 1~fJlPld€l~1,:j~,:j'VI~~~b;hJ~11~'o\J~tlf1bnu-rmnH

" 
1'U 95% beJ51'lJ€I~ 

'ilVll~~mrulJvnl'V1EJlGi'tJ 2555 7 
€j.:J,htih ----- ----------------------­

2555 10 

25~·7 10 

. v , 

2555 10 

2547 10 

2555 o 

TP 

KK 

TP 

~ 
3.3 'tJ'Y91eJ'Yfl1~'VI~6leH 

U~~fl€lU~dfJ 6 ~'lJI'1e:JU'VI"'fl11~bbn 
3.3.1 fl1~3n~~b8'lJb€l (DNA extraction) 

3.3.2 fl1~b~~~1'lJd'lJ~'lJ cOll~mY1f1iifly;~€I11 (DNA amplification) 

3.3.3 fl1~md'o\J3€1U'tJ'lJ1~'tJ€I,:j PCR product ~dCl15 agarose gel eLecirophoresis 

3.3.4 fl1~'VhC-J~I'1ii'ru.;jy;~€I11~rX€I,:jfl1~1~U~~Y1~ (PCR product purification) 

3.3.5 fl1~e:h'lJ,h~'uiidflm€llY11?l (DNA sequencing) 

3.3.5 fl1~lbfl~1~'thh~uiidflm€ll'Yll?l (MultipLe sequence alignment and genetic analyses) 
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3.3.1 n1~"n~~bij'UbB (DNA extraction) 


G1nVl~b~j,JbeJIiJ1mtrm~eJ~U·lffi.:j5.:jbb~~~'lIijVllVlCJ1off QIAamp® DNA Mini Kit 'lJB.:jU~';'V1 QIAGEN, 


Germany (>mJ protocol: DNA Purification from Tissues ~.:j.ff'U~eJ'U~'1~BhJ.Q 
1). 'l.l1btrm~eJ~u'lJeJ.:j5.:ju.~~~'lIijVl 'lIijVl~~th~lJ1ru 10 i1~~nrlJ 1ci~'11'U'VI~eJVlbJlf1'jb"l!'U~~YJ1~'lJ'U1Vl 

1.5 i1~~;;.\m 

2). 	b~:W buffer ATL 180 l:wlf1'j~~'j bb~~ G11'j~~a1meJ'U1"1!~ 10 mg/ml Proteinase K 91:wlf1~;;.\~'j 

u.~~t-J(;1:W1~b.u1n'Uv11mfl~B.:j1eJ{b'Vin (Vortex Mixer) U1hJvi1m'jUlJ~eJruVl.ni1 56 eJ'I1'f1b"l!m~cm , " 
btJ'Ubda1 1.5 ~11:w.:j (n~UVll;l8VlhJlJ1Vln"1 1 ~11:w'l) 

3). 	b~:W buffer AL 200 llJlf1'j~~'j n~uVI~BVl1'lJlJ1 10 flf.:j bbiK1U11'lJt-J(;1lJ1~b.u1n'Uv11mfl~eJ.:jleJ{bVin 
vi1m'jU:W~leJ~1'1~eJruVl.ni1 70 eJ'I1'f1b"l!m~CJ(;1bU'Ub1a1 10 'U1Yi 

, \J 

4). b~lJ Absolute Ethanol 200 llJlf1'j;;.\~':i n~uVI~eJVl1'lJlJ1 10 flf.:j ~'Uv11mfl~eJ.:jb"l!'U~~vh~ 
(centrifuge) ~fll1lJb~1 13,000 ':ieJu~m<nYi btJ'Ubda1 15 'U1Yi 

5). 	mlJfl8~lJt1 (mini column) ~.:j1'UVI~8Vlfl8~b~fl~'U (collection tube) bbiK1U1~18~1.:jbu'Vn~cil'U 
~bU'U(;11':i~~a1CJ1ci~.:j1'Ufl8~lJt1 u11'lJ~'Uv11mfl~8.:jb"l!'U~~Yh~ (centrifuge) ~fll1lJb~1 8,000 ~eJU 
~8'U1YibU'Ub1a1 1 'I.,nYi 

6). 	 ~.:jci1'U~btJ'UJ1eJeJnIiJ1nVl~8VlfleJl;lb~fI~'U VI~.:j1iJ1mr'Ub~lJ buffer AWl 500 llJlf1':i;;.\m ~'Ucil1CJ 
bfl~mb"l!'U~~Yh~ (centrifuge) ~fI11lJb~1 8,000 ':ieJU~eJ'U1Yi btJ'Ubda1 1 'U1Vi 

7). 	~.:jci1'U~btJ'UJ188nIiJ1nVl~eJl'lfl8~b~fI~'U bbiKlb~lJ buffer AW2 500 1lJlm~~~ ~'Uv11mfl~8.:jb"l!'U 
~~yh~ (centrifuge) ~fl11lJb~1 14,000 ':ieJU~8'U1Vi bU'Ubda1 3 'U1Yi 

8). 	b'V1ci1'U~bU'UJ1~.:j ~'Uv11mfl~8.:jb"l!'U~~Yh~ (centrifuge) ~fI11lJb~1 14,000 ':i8U~eJ'U1Yi btJ'Ubda1 

1 'U1Vi b~81~'lJeJ.:jbVlm~bVl~m~.:jVllJVl~n~.:j1'UVlmJVlfl8m~fl~'U ~.:jcil'U'lJeNbVlm~.:jVllJVl 
9). 	U1bU~1~fl8~lJt1(;11lJ~.:j1'UVI~81'11lJlf1':ib"l!'U~~Yh~VI~eJI'I1VI&.i b~lJ buffer AE 30 llJlf1':i~m~.:j1'lJ~':i.:j 

na1.:jfl8~lJt1 ~.:j~.:jH 3 'U1Vi bbiK1U1hJ~'Uv11mfl~8.:jb"l!'U~~vh~ (centrifuge) ~fl11lJb~1 8,000 

':ieJU~8'U1Yi btJ'Ubda1 1 'U1Vi VI~.:j1iJ1n~'Ub~lJ buffer AE Bn 30 llJlf1':i~~':i ~.:j~.:j1i\tJ'Ub1a1 1 'U1Vi 

bbiK1~'Uv11mfl~eJ.:jb"l!'U~~Yh~ (centrifuge) ~fI11lJb~1 8,000 ':i8U~eJ'U1Vi btJ'Ub1a1 1 'U1Yi 

10). bnu~b~'UbeJ~(;1nVl1cil~eJruVl.ni1 -20 eJ.:j1'f1b"l!m~CJ(;1 r18'Uu11'lJ1off~eJ1'lJ , " 
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3.3.2. n1cab~1J~11J11J~1J cOI1~m'VIFlilfl-W~eni (DNA amplification) 

'I11~k~'Ubel~G'fn~1~lJlb~lJtfhnru~'UbthVllJ1C1 ~eJ ~'U COl (cytochrome oxidase subunit I) ~':lbtJ'U 
~'U~eJClL'UWl'VlfleJ'Ub~~ml~ibii'UbeJ ~lm'Ylfl-Ufl Polymerase Chain Reaction (PCR) 1~Cll·tl1:V'l1blJeJ1 1 fi ~el 

~ ~ 

.,(

LC01490 bb~~ HC02198 (Folmer, 1994) (\?ll"jl~'Vl 2) 

d . 
'/Iel pnmer 

(Forward/Reward) (bp) 

LC01490 GGTCAACAAATCATAAAGATATTGG 25 59.2 

HC02198 TAAACTTCAGGGTGACCAAAAATCA 25 61.6 

\?lllJ~1.J\?lel1.J~~t'lelltJ.Q 
, , ... 

b\?l~mJci11.J~G'flJ<[Jel~m"j~Hi1'Utl1"jvhV1~mn'UVI~el~llJ1f1Wll'U\?l1Yh~<[J'Ul~ 0.2 iJ ~ iiliil mVi tJl'Utl1"ji1~~l b~eJ 

u~11~CI~~HtJ1lJlruG'fl"j~1~ll1.Jbb~~~V1~el~~~.Q 
Total DNA template 5.0 IJl 

10 IJM LC01490 (forward primer) 2.5 IJl 

10 IJM HC02198 (reverse primer) 2.5 IJl 

MilliQ water 15.0 IJl 

EmeraldAmp® GT PCR Master Mix 25.0 IJl 

Total volume 50.0 IJl 

~~bA1'1~~~1.Jb{J1V1lJ1C11~ClHbfl~eJ~ DNA Thermal Cycler PCR l~tJnlV1'U~1 tJ"jbbmlJ 1 ~lJG'fm1~-V1~m1~~d 
v , 

i1.J(91eJ1.JVi 1 Initial denaturation 94°C 2 'U1Vi 
v , 

i1.J(91e:J1.JVi 2 Denaturation 94°C 30 1'U1Vi 

Annealing 1 1.J1Vi 

Extension 72°C 1 'U1Vi 30 1'U1Vi 

.yh.Jl11.J~1.J(91eJ'U~ 2 \?lllJ~l~U~'U(91e:J'U~elmr~~'U 35 "je:JU 
v , 

i'U\?leJ1.JVi 3 Final extension 72°C 3 'U1Vi 

'I11V1~eJ~llJ1A"jb''lj1.J\?l1Yh~~lJci11.J~G'flJ<[Jel~G'fl''jm.;n,'Utl11'Vl11,.~\n~tJ~n1C11~n1"111~~blJeJ b"jG'flJl1G'fL'Ubfl~e:J~ DNA 

Thermal Cycler bb~~b~1.Jbfl~e:J~ 

3.3.3 n1"j~"j1~aeltJ'lJ1J1~'lJeJ.:j PCR product ~1t:J1fi agarose gel electrophoresis 

b(911C1lJ 1% agarose gel l~tJ ~'1e.J'I agarose V1'un 0.5 n1lJ lci~~1tJ<[Jl~~tJ'/IlJ~ b~lJ 1X TBE buffer 

50 ml b'lJ~lbUll 1~b.uln1.Jbb~1'1111tJbo[11lJ1f1"jb1y.J~~ruVlJJiJ 130 el'll"llb"1l~b~ClG'f btJ'Unm 1 'U1Vi 30 11.J1Vi 
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b~lJ SYBR® Safe DNA gel stain 5 IJl b-U81h1\oU1tl'U v1\1111iVi1tJ~eJ'Ubb~1bVl agarose gel solution m1'U 

tray ua~1~ comb a\lhJ ~\lv1\1111i agarose gel bb~-:JlilTtJ';l~lJ1ru 30 'U1Vi bb~d~\I comb eJeJfI ~lmr'Ut11m~ 
b~ahh1\1a\llu agarose gel chamber 1ci 1X TBE buffer bVla\l1'U chamber 1m~i\glJ1ru~i;'l\lfll1~1Vl,j'1

'IJ 

agarose gel ~ 2-3 mm 1i micropipette ~~ PCR product Via~ 1 1'l1v81\1 bba~ maker a\l1'U well 

lil1mr'UbiJ~bfl~eJ\l1~tJ1ifl11lJ~l\1~fI~~ 135 11a~ biJ'Ubdal 30 'U1Vi el1'Ue.Ja-ueJ\I PCR product 1~tJ1i Safe 

Imager transluminator bba~~ltJ.fll'Wb"a~1tJfI~B\I~~lPleJa 

3.3.4 n1'.i'Vh~a~.nru~H~l~eJ1'iv1~el'ln1'al~'U~,!'V1~ (peR product purification) 

t11e.J~lPlnru';;~~eJ1i~~eJ\lfI1';llJTVh1i:wm1lJU~i;'lVl~1~tJ1i'll~i;'l1';lbfl:wa1b~lil';ltJ f1eJ Favoroen 
, 't 'U :::> 

GeVPCR Purification Kit (FAVORGEN, Taiwan) 1~tJ:wi5f1T'j~\I,j 
1). b~lJ FADF buffer 5 byh-ueJ\I 1'l1eJ 81\11'UVlaeJl1I1lJ1f1';ib"/l'UIPl~Yh~ ~~e.J~lPlnru';;~~eJ1itJ~lJ1ru 56 

'IJ 

llJ1m~IPl';iVl~m~\lVllJ~a\lltJ e.Ji;'llJ1~boU1tl'U~1mfl~eJ-:J1eJibYlfl 

11I~1'l1eJ81\1a\lltJ1'UfleJ~lJ'I1 t111tJ~'UbVl~ tJ-:J~1mfl~eJ\lb"/l'UIPl~Yh~~fl11lJ b~h 13,000 ';leJu~eJ'U1Vi
'IJ 

bU'Ub1m 30 1'U1Yl 

3). b'Vlci1'U~bU'UJ1v1\1 l,~lJ wash buffer 700 llJ1f1';i~IPl';ia\lltJlPl';i\lflm\l-ueJ\lflv~lJ'I1 t111tJ~'UI,Vl~tJ\I 
~dmfl~eJ\lb"/l'UIPl~Yh~~ml:WI,~1 13,000 'aeJu~eJ'U1Vi I,U'U1,1m 301'U1Yl 

4). b'Vlci1'U~bu'UJ1v1\1bl,~1t111tJ~'UbVl~tJ\I~1mfl~eJ\lI,"/l'UIPl~Yh~~m1lJl,~1 13,000 'aeJU ~eJ'U1Vi I,U'U 

bdm 3 'U1Vi 

5). 	 t11f1eJ~lJ'U1cia\l1 'UVla eJI1I1lJ1ml,"/l'UIPl~Yh~VlaeJI1I1Vl:W b~lJ elution buffer 25 llJ1m~IPl';i a\llPl';l\l 

flm\l-UeJ\lflB"'lJ'I1l,b~1~\lv1\1H 5 'U1Vi ~'U~1mfl~eJ\lI,"/l'UIPl~Yh~~m1lJl,~1 14,000 'aeJu~eJ'U1Vi I,U'U 

bdal 2 'U1Vi b~eJ1~~h~'UbeJVla~lil1flfleJ"'lJ'I1a\l1'UVlaeJ~llJ1f1'ab"/l'UIPl~Yh:il bnue.J~l'lnru';;~~eJ1i~, 

U~i;'l'Vl~bb~1H~ -20 eJ\lP11b"/lab~tJi;'l
, 

6). t11e.J~lPlnru.;j~~mi~yh1Vf'U~i;'lVl~~\lVllJ~lJ1mdlili;'lvU~dtJfl1';iyhBb~fI1 'Vlwl eJ~~i;'lu'UeJ~fI11 'ai;'lblila, 
~i1f111lJboUlJoU'U 1 btJeJil,~'U~ iJeJlJb~a~1tJ SYBR® Safe DNA gel stain 1'U TBE buffer fl11lJ 

l,oUlJoU'U 1 wh 1~tJ1im~bl,(;11vh~1';i~~U 13511a~ I,U'Ubdal 30 'U1Vi 

el1'Ue.Ja-ueJ\I PCR product 1~tJ1i Safe Imager Transluminator bl,a~ci1tJm'V'l~ib~'Ul,eJ~tJ';i1fl!l 
U'U eJ~fl11';ii;'lI,~a~1tJfl~eJ\I~~l'la 

3.3.5 n1'.iei1'Ua1~'Uil1f1mel1'V1~ (DNA sequencing) 


t11e.J~lPlnru';;Yl~eJ1i~y]11Vfu~i;'l'Vl~lJlfl~\I~'U1'U.ff'Ul'leJ'U~ 4 tJ~lJ1ru 50 llJ1f1';i~mci\lltJEr\lu~,;'Vl
• 
Macrogen Inc. ~tJ';i:::I,VlP1l,fI1Vlm~l,~eJY]lf11';lell'U~1~UU1f1meJ1'Vl~'1~tJ15 automated DNA sequencing 

1~tJVll\1U~,;''Vl~:::ci\loUBlJ~~1~uiJ1f1meJ1'Vl iilJ11'U'atJbl,uu1yJ~oUeJlJa
'IJ 	 '\J 'IJ 

3.3.6 n1'.i1bfl'.i1:::~a1~'Uil1flmel1'V1~ (Multiple sequence alignment and genetic 

analyses) 
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thlialJmh~Ulbflma1'V11'i~1~lJ1(P1~1~aa'UfI11lJt1n~a.:J~r;lfJ~l1bthh (visual correction) ~1mr'U'\.h:.J(;j
~ ~ 

m~lJ1'Vi'1 Multiple sequences Alignment ~1CJhbbbmlJ Clustal W version 1.81 (Thompson et al, 

1994) vmh Genetic distance 'lla.:J5.:Jrr.:Ja1lJ"llD~.fl1CJ1'Utl,)~"ll1mb~CJ1n'Ubb(;j~~~'VI';h.:JoJ,)~"ll1m 1~CJH 

1tl~bbmlJ Mega version 5.05 (www.megasoftware.net) (Tamura et al, 2011) H1oJ~bbmlJ DnaSPS 

(www.ub.edu/dnasp)(Rozasetal.2003)G11.V1-r.Ur11.U1rufl1 HapLotype Diversity bb(;j~ Nucleotide 

Diversity lbm1~~fl11lJ~lJ~'Ulh~.:Jl1~'U1m')1~CJtl1I'1CJ15 Neighbor-joining, Maximum parsimony bb(;j~ 

Maximum Likelihood method 1~CJr11'U1'U bootstrap percentage 1,000 flr.:J b~aa,r'Ua1i'U tree m~ 
~1CJ1oJ~bbmlJ Mega version s.os1~CJH M. annectens (Genbank accession number AB611944) bb(;j~ 

M. marmorata (AB6119S2) btJ'U outgroup 'lla.:Jm')P1fl'\~1 ~1mr'U'I11-lia~(;jm~rr.:J'VIlJ~lJ11bm1~~b~a'VI1 
~1 bb'VIU.:JD1 flma1'V11'i~ bblP1 n~l1.:Jn'Ub~a'Vi'1m~aan bb'U'U bfl~a.:J'VIlJ1 CJ~bB'Ube:l~:WfI11lJ~1b~1~~e:l5.:J bb~(;j~"llD~ 

www.ub.edu/dnasp)(Rozasetal.2003)G11.V1-r.Ur11.U1rufl1
http:www.megasoftware.net
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b~ij:: 

o Q.I.::.Id ~4Q.1 ~~t/.J..,O.:::f 0 ~ I
0,.1 

Yllfl1'~afH'WlleJ'Ub8~lm'UmCJa~'U~lfleJ..:j'Ulb(>11 a..:j-Ul..:j~l bb~~eJ..:jmm~eJ~ "ill'U1'UYl..:jVl:W~ 47 maCJ1..:j 


bb~~'I11:Wll.~:w'IJ~:Wlru~'U COl 1'U1:w1Ylfla'Ub~~CJ~~bS'Uba~1CJ1~{l.:wa{ LCO1490 bb~~ HC02198 l~mYlflUfl 


~~eJ1{bl.~~~~1~aa'U-UiJ1~ PCR product vtlm~tJ 1% agarose gel electrophoresis ~'U'hi'h~CJ..:j 23 


~1a~1..:jl'Vh~'Um~e.J~ PCR product ~~8..:jfl1~ ~~1)#-..:j~ 2) l~CJ PCR product ~~a..:jfl1~jJ-U'U1Vl'IJ~~:Wlru 700 


flb'U?f (~'IJ~ 4-9)

" " 

CU KK TP KK TP KK 


7 10 10 10 10 o 


~1'U1'U~18~1..:jm~e.J~~Jlrusvl~6/l 
7 6 2 7 2 o 


eJ1 {I.tJtlbbtl'U~h-rr:wi~ I. ~tl 

~1'U1tl~18~1..:jm~~1~'UU1flma 
7 5 2 7 o o 


1Yll'li~b~'Ubb~~oJlb~8~8 

http:Q.I.::.Id
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'a'I.JVt 4 bb?fVl-1e-J~l'1nruo/iY16/len~'lJeJ-1~'U COl., 

'<ilWl~-1mru:W'lnlVltJ1~CJ 'il. m-1bVlYi vl'dCJf11~vllBb~fl1Vl~~eJ~~mJ'UeJ~f11bm'<il~~i1fl'dl:Wb-rr:w-rr'U 1 btleJ~b~'U1'l
, , 

.,J 

bbtnVl 1, 7 : Negative control 
". . 

bbtn 2-5 bb~~ 8-10 : ~~l'1nruo/iY16/len~'lJeJ-15-1t1lb(ih.iJl'U'd'U 7 ~'d (~'dmh-1V1 1-7) 

: 100 bp + 1.5 kb DNA ladder 

'a'\J~ 5 bb?fVl-1e-J~l'1nruo/iY16/leJ1~'lJeJ-1~'U COl 1'U1:w1VlfleJ'UbVl~CJ~~bS'UbeJ'lJeJ-15-1-rrl-1~1~1'U'd'U 1 0 ~'d '<ill flYiTVI'UeJ-1., , 
tl~-1 eJVlCJ1'Ubb'lA-1'lJl~VleJ-1~li1lJ u. VleJ-1e-Jli1lJ 'il . n1ru'il'U'\J~ vl'dtJf11~vllBb~fl1Vl~~u~~?f'U'UeJ~n1b?fb'il1;'1~i1fldl:W 

, 'U 'U IV 'I 

.,J 

bbtnVl 1 : Negative control 
. . 

mn 2-6 bb~~ 8-12 : e-J~l'1nruo/iY16/lul~'lJeJ.:J'lJeJ-15.:Jifl.:J~1~lm'U 1 0 ~'d (~'deJ~l-1V1 1-10) 
.,J 

bbfl'dVl 7 : 100 bp + 1.5 kb DNA ladder 
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':i'lJ~ 6 bbG'f~.:j~~"1ilru"']Yl~en{'lJe:J.:j~\J COl b\J1JJ1VlAe:J\Jb~~tJf1~dj\Jbe:J'lJe:J.:j5.:jmtJbf1e:J~..iJl\Jl\J 1 0 ~1 '<il1fl'V'fJ' 
~ , 
'Vl\Je:J.:j'lJ~.:j e:JVltJ1\Jbbvi.:j'lJl~Vle:J.:j~1f1JJ €I. 'Vle:J.:j~lf1JJ "il. mru'<il'U'U~ C?11tJm';j'Vh~ib~fllVl';j'\I'Je:J~'B61u\Je:J~mb61b'<ilf1~

.. 	 '\J 'U v '\ 

bbm'Vl"" 1 	 : Negative control 

bbtll 2-6 bbf1~ 8-12 	 : ~~I'l.nru.yjYl~m{'lJe:J.:j'lJe:J.:j5.:jmmf1e:J~..iJl\JI'U 1 0 ~1 (~1e:J~1.:j~ 1-10) 

: 100 bp + 1.5 kb DNA ladder 

':i'lJ~ 7 bbG'f~.:j~~(>l.nru.yjYl~en{'lJe:J-:j~\J COl 1\J1JJ1'VlAe:J'Ub~~tJf1~bS'Ube:J'lJe:J-:j5-:jJ1b~h..iJ1'U1\J 8~1 '<illflG'fI\J~(9l1
~ 

btJ~b'lJlb~m e:J. 1"1~';jl'1J1 "il. '1Jf1U~ C?11tJm';j'Vh~'lb~fll'Vl';j'\I'Je:J~'BG'fu\Je:J~fl1bG'fb"ilf1~:nAI1JJb-rrJJ-rr'U 1 b'\Je:J{b~\JrA, 
""bbtll'Vl 1-4 bbf1~ 6-9 : ~~(9l.nru.;jYl~m{'lJe:J-:j'Ue:J-:j5-:jJ1bv11..iJ1\J1\J 8 ~l (~1e:J~1.:j~ 1-8) 

""bbtll'Vl 5 : 100 bp + 1.5 kb DNA ladder 

bbtllVi 10 : Negative control 
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~tJ~ 8 bb61~,:je..J~(91.nruovl.y;61len1'1JB,:j~'U COl 1'U1lJ 1 VlflB'UbV11CJl.'l~bB'UbB'1JB,:j~,:j.rrl,:j~1,rl'Ul'U 10 I'll ~ln611'U~(911
'U 

btJV1b'1Jlb~CJ1 B. Pl1'Jl'1Jl ~. "lll.'l1J1 ~lCJfl1'J'Vi'18b~nlVl'j'\"JB1sa61'U'UB~fl1h61b~l.'l~i1fll1lJb.rrlJ.rr'U 1 b'\JB1b~'Uv1, 
bbtn 1-6 bbl.'l~ 8-12 : e..J~(91.nruovl.y;6/len1'1JB,:j'1JB,:j~,:jo[l,:j~1,rl'Ul'U 10 I'll (v11B~1,:j~ 1-10) 

d 
bbtllVl 7 : 100 bp + 1.5 kb DNA ladder 

~ 700bp 

~tJ~ 9 bb61~,:je..J~(91.nruovl.y;61len1'1Jm~'U COl 1'U1lJ 1 Vlfl B'UbV11CJl.'l~bB'UbB'1JB,:j~,:jtYlbl'i'lbbl.'l~~,:jo[l,:j~1,rl'Ul'U"lliJ~l.'l~
'U 

3 I'll ;Uln611'U~(911bU~b'1Jlb~CJl B. Pl1'Jl"ll1 ~. "lll.'l'U1 ~lCJfl1'J'Vi'18b~f11Vl'JyjB1sa61'U'UB~fl1h61b;Ul.'l~i1fl11lJb.rrlJo['U, 
1 b'\JB1b~'Uv1 

m11 1 : Negative control . ... , 

bbtn 2-4 : e-J~(91.nruovl.y;6/len1'1JB,:j'1JB,:j5,:j111bI'i'1,rl'Ul'U 3 I'll (v11B~1,:jVi 1, 6 bbl.'l~ 7) 

bltn 6-8 : e..J~(91.nruovl.y;61len1'1JB,:j'1JB,:j~,:j.rrl,:j~1,rl'U1'U 3 I'll (v11B~1,:j~ 4, 5 lbl.'l~ 9) 
d 

bbtllVl 5 : 100 bp + 1.5 kb DNA ladder 



19 

2 . .utl~(;tfl1111V1(;tlnVl(;tlfJ'VI1{j~tJ~m'a1l (Genetic diversity) 'tJtl{j~{jJlb~l ~{j.ijl{j~l bb(;t:::~{j(;tlm(;ttl::: 
fillrlt:.J~I11Ji'rueri-w~e:ni"lJeJ.:J~tJ (01 1tJllJ1'Vlf1eJtJb~~8~~ib~tJbeJ"lJtJ.:J~.:JJlb~1 ~.:J-ifl.:J~l bb~~~.:Jmm~eJ~1 U 

allJ~tJ~"lJeJ.:J'th~b'Vl1'l1'Vlmhu1tJ 23 ~1eJ~1.:J Yn.rjlbu~1~t:.J~I11Ji'ru"-w~mi"lJeJ.:J~.:JJlb~1~l'U1tJ 12 ~1bb~~5.:J 
-ifl.:J~1~lU1U 9 ~1 bvh,rum,x~.m sequencing -B'~bfiltJbb~~llJdi~fl11ieJtJvluntJ"lJeJ.:Jal~\Jb'tm (111111.:J~ 2) 1~8 
al~uibf1illeJh'Wlm~nf111lJtJ11 678 rlbua nbua~ihtJeJib~tJl'i A+T bu~mvhnu 0.58 ~.:Jn nucleotide 

'OJ 

composition bUU: T(33.8%), ((25.2%), A(24.1%) bb~~ G(16.9%) 

fillrlfl11ibml~~al#i'uij1f1meJl'VlI>i~181tJ1bbmlJ Dnasp 'I"lU~TU1U haplotype Vibbl11rlI'l1.:Jnu~lu1U 

10 haplotype ~nf111lJbb'therU'Vll.:J~1.J~m1lJ~l'UTU 138 (20.35%) ~lbL'Wt1.:J (~tJ~ 10) n parsimony 

informative sites ~11.J11.J 129 ~lbbVl'll.:J 1.JeJrlfillrlmUfI11V11rh Genetic distance 1~CJi5 Kimura two 

parameter 'I"lUl11~Vll1.:JtJ1~'lllm"lJeJ.:J5.:JJlb~lbbfl~~.:J-ifl.:J~lnrh Genetic distance eJ~1~Vll1.:J 0.000 ~.:J .. 
0.202 (111111.:J'Vl 4) 

fI11Al1.J1rur111'l1.:J"l "lJtJ.:J5.:JJlb~lbb~~~.:J-ifl~~111.Jbbl'l~~tJ1~'lllm l~bbn ~11.J1U~1mh.:J (n), ~11.J11.J"lJeJ.:J 
mutation (m), ~11.J11.J"lJtJ.:J haplotype (h), haplotype diversity (hd), bb~~ 1t = nucleotide diversity 

bba~.:Jl111.J111111.:J~ 5 Vlln~fill1rulfillnVJrltJ1~'lllm"lJeJ.:J5'1~'1aeJ'I'llij~'i\l~'I"lUl1 1~mu~8r11 haplotype 

diversity (hd) bb~~r11 nucleotide diversity (1[) nr11r1eJu-ifl'1~'1 l~mu~CJ hd = 0.810 ± 0.080 bbfl~1[ = 
0.09202 ± 0.00887 



••••• 

20* 	 40 60 so 100
* * * * 
MF2-KK AAAGATATTGGTACCCTTTATTTAATTTTTGGTGCCTGAGCTGGAATAGTGGGCACTGCCCTCAGTCTCTTAATTCGTGCAGAACTAAGCCAACCAGGCT 100 

MH1-KK 100 

MH2-KK 100 

MHS-KK 100 

MH3-KK ••••..•••••••••••••••••••••••••••••••• G••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••• 100 

MH7-KK ••••.•••• • •••••••••••••••••• • ••••••••• G ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 100 

MH6-KK ••••.••••••••••••••••••••••••••••••••• G•••••••••••••••••••••••••••.•• • ••••••••••••••••••••••••• G•••• 100 

MH10-KK 100 

MF4-KK • ......•..• C .• T .•.•. CC .... C ••... G••...... C ....•.•. A •. A .. A .•... T ..••.. C ..•• C ....•••. G .. T •...•... C .•• A 100 

MFS-KK · ....•..... C .• T ... . . CC .... C ..... G......•. C ..•..... A •. A .. A ..•.. T •..••. C ...• C .•.•. G .. G .. T •.••..•. C ••• A 100 

MF3-KK · .........• C .• T ..... CC .... C .•.•. G....•.•. C •.....•. A •. A .. A ..•.. T .....• C ..•. C ........ G .. G •......• C ••• A 100 

MF7-CU · ........•• C •• T ..••. CC .... C ..... G.•.•..•. C ..•..... A •• A .. A ..•.. T •.•..• C •.•. C ..•.•...... T •.•..•.• C ••• A 100 

MH3-TP · •.....•.•. C •. T ..•.. CC .... C ..... G.•..•... C ........ A .• A .. A ..•.. T •....• C .... C •••.......• T •.•..••. C .•• A 100 

MFS-CU · •...•.•... C .• T .•••. CC .•.. C .••.• G .•..•••. C ••...... A .. A .. A .•.•. T •..... C ..•. C .•........• T .....•.. C ••• A 100 

MF6-CU ••••• 0000 .C 0 T .• 0 • oCC 000 oC •• 0 •• Go 0 C •• • 0 ••••• .. 0.0 •• A .. A .. A .• 0 • To ... 0 .C. 0 •• C 00 •••••• 0 •• T o . 0 C ••. A 1000 	 0 ••• 0 

MF3-CU • •••••••• C .. T ....• CC .•.• C 0 0 G..•.. 0 0 C ••...... A .. A .. Ao • 0 0 T .. 0 ••• Co. 0 Coo 0 0 0 0 0 T ..... •• C .. oA 100• 0 	 •• • • 0 0 0 0 0 • 0 

MF4-CU • ••••••• 0 • oC 0 • T ..... CC .•.. C 0 •••• G..•...• 0 C ..... 0 •• A .. A .. A ..•.. T ...... C. 0 • 0 Co •• 0 • 0 • 0 ••• T ..... 0 • 0 C .. oA 100 

MFl-CU · .......... C •. T ..... CC ... oC 00 ••• G.. •. . 0 •• C ........ A •• A. oA. 0 ••• T .. 0 ••• C .•.. Co ..•... ••• To .. 0 •••• C .. oA 100
0 

MF2-CU · .......... C •. T ..... CC .... Co .... G........ C ........ A .. A .. A 0 •••• T •..... C .... C ..... • 0 •• T ........ C. 0 A 100
0 0 	 0 

MHS-TP · .......... C .. T ..... CC .• 0 • C .... oG 00' •••• C ...... 0 .A .• A .. A ... . . T ... 0 • C •.•. C ........ •• T ..•.•.•. C •• oA 100
0 	 0 0 

MFS-KK · .......... C .. T ..... CC .... Co .... G .. 0 ••••• C .. 0 ••••• A. 0 A 0 • A 0 • 0 0 • T .... 0 • Coo 0 • C. 0 0 0 •• 0 •••• Too. 0 • 0 0 • C. 0 0 A 100 

M. annecte o .... C. C .. C ... T. G .. CC. TG. A ..... C .. C. G. A ..... A .. C. TC. C ..... A 0 	 T .• GG 1000 	 0 •••••••• 0 •••••• 0 0 • 0 0 • 0 ••••••••••• 

M. 	 marmora · .... C .. C .. C ..... Ao • CC. TG .A. 0 0 A. 0 •••••• T ..... A .. A .. C •.. T .A ..... TC. T ..• • . Ao .••• G .. C 00 •••••• 0 •• AA 100 

C T CC C G C A A A T C C T C A 


N 
o 



120* 140 160 lS0
* * * * 200 
MF2-KK 
MH1-KK 
MH2-KK 
MHS-KK 
MH3-KK 
MH7-KK 
MH6-KK 
MH10-KK 
MF4-KK 
MFS-KK 
MF3-KK 
MF7-CU 
MH3-TP 
MFS-CU 
MF6-CU 
MF3-CU 
MF4-CU 
MFl-CU 
MF2-CU 
MHS-TP 
MFS-KK 
M. annecte 
M. marmora 

CTCTTCTAGGAGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCATTTGTTATAATTTTTTTTATGGTTATACCTATTATGATTGGAGGTTTTGG 200 

200 

200 


•••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••• G•••••••• 200 

200 

200 


......•...•••.••..•......•.•......•......•..••....A ••••.•.•..••..•...........••.•...•.....•••.••••.. 200 


..........•......•.••.••..•••••....•.........•......•...••••.......... A .............••....•••••••••. 200 

· ... G..... C.............. C.. C.. T........ C..... T........ A...... .. ............ G.. A........... C.. C.... . 200 

• •.• G••••• C.............. C.. C.. T........ C.............. A.................... G.. A........... C.. C.... . 200 

• ••• G••••• C.............. C.. C.. T... .. ... C.............. A.................... G.. A........... C.. C.... . 200 

• ••. G..••. C................. C .. T... .. ... C........... C .. A....................... A.. C..... C.. T .. C.... . 200 

· ... G..... C................. C .. T........ C........... C.. A....................... A.. C..... C.. T .. C.... . 200 

• ••• G••.•• C................. C.. T........ C........... C.. A....................... A.. C..... C.. T.. C.... . 200 

• •.• G•..•. C................. C.. T........ C........... C.. A....................... A.. C... , .C .. T.. C.... . 200 

• •.. G•.•.• C................. C.. T . ....... C........... C.. A....................... A.. C..... C.. T.. C.... . 200 

• ••• G.•••• C................. C.. T........ C........... C.. A....................... A.. C..... C.. T .. C.... . 200 

• .•• G •.••. C................. C.. T........ C........... C.. A....................... A.. C..... C.. T.. C.... . 200 

· ... G..... C................. C.. T ........ C........... C.. A....................... A.. C..... C.. T .. C.... . 200 

· ... G..... C................. C.. T........ C........... C.. A....................... A.. C..... C.. T.. C.... . 200 

· ... G..... C................. C.. T ........ C........... C.. A....................... A.. C..... C.. T .. C.... . 200 

· C........ G.. C................. A.. C..... C.. C.. T.. T........ G..... C.. C.. A..... G.. C.. C.. A..... G.. A.... . 200 

..... T.... C.. C.. T.............. A..... A.. C.. C.. T .. T..... C.. G.............. C.. G.. C.. C.. A........ C.. C.. 200 


G C CT C A AC TC 
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220* 	 240 260 280 300
* * * * 
MF2-KK TAACTGACTGGTCCCTTTAATAATTGGAGCCCCAGACATAGCATTTCCTCGAATAAATAACATAAGCTTCTGACTTCTCCCTCCATCGTTCCTTTTACTC 300 

MH1-KK 300 

MH2-KK 300 

MH8-KK ..•.................•....•. G..•.........................•....••..•••.•.....•....•.•...• A •..•.••.•••• 300 

MH3-KK . ..•..•......••....•..•••.••.••...•.••.......•.•..•••..••••••.••....•.•.•••.••••....••.A •••••••••••• 300 

MH7-KK ..........• .. ..••..•..•.••....•.•...•.................•...........••...•••.•..••....••• A••.•.•....•• 300 

MH6-KK .......•.........•..•....•....•...... G...•. A........•............•.•.•.•.•••.•..• C•..•• A.•...•••.••. 300 

MH10-KK ...•...........•.•••..•••..•••..••••......•..............•••.......•.•....•••..• • C •••.• A •..•••.••..• 300 

MF4-KK · .. T .•... T .. T .• AC ..•.•.• C ••.•••.. G . .•.. G....• C.•.....•.....•..••......••••..•• T .. C .• T •. T .. T •• CC . TT • G 300 

MF8-KK · •. T ••... T •• T .. AC .....•. C •....•.. G•..•. G..... C....•••••...••....•.........•.•• T .• C •• T •. T .• T •• CC. TT. G 300 

MF3-KK · .• T ..... T .• T .• AC •....•• C.•...•.. G..... G..... C......••••..••.•........•...••.. T •• C .. T •. T .. T •. CC. TT. G 300 

MF7-CU · .. T ....• T .• T .. AC .......•..... T .• G•....•.. G.. C ....•..••.•..•.••..•....•.••..•• T .. C .. T .. T .. T •. CC • CT . G 300 

MH3-TP · .. T ..... T •. T .. AC .....•.•..... T .. G•..•.... G.. C......•..•.......•........••..•• T .. C .. T •• T .• T •. CC. CT. G 300 

MF5-CU · .. T ..... T .. T .• AC •...•..•..... T .. G........ G.. C ......•..•.•............•..•.•.• T •. C •• T •. T •• T •• CC. CT. G 300 

MF6-CU · .. T ..... T .. T .. AC .••......•... T .. G.....•.. G.. C..•......................•..••.. T .• C •. T .. T .. T •. CC. CT. G 300 

MF3-CU · .. T ..... T .. T .. AC .....••... •• . T .• G.•.....• G.. C ......•...........••.•.....•.••• T .• C •. T •. T .. T •. CC. CT. G 300 

MF4-CU • . • T •...• T •. T .. AC ..........•.. T •. G...•.... G.• C ...••.............. . •••..•.••••. T •• C •• T •. T .. T •• CC. CT. G 300 

MFl-CU · .. T ..... T .. T .. AC .......•..... T .. G•....... G.• C.......•.....•...•.............. T •. C .. T •. T .. T •• CC. CT. G 300 

MF2-CU · •. T ..... T .. T .. AC ....••••.••.• T .• G...•.... G.. C....•..................•••. • ••.• T •• C •• T •. T •• T .. CC. CT. G 300 

MH5-TP · . . T ..... T .. T .• AC ............. T .. G........ G .. C•.............•.••........•.•••. T .• C •. T .. T •. T .• CC • CT . G 300 

MFS-KK C .. T ..... T .. T .. AC ..........•.. T .. G........ G•. C ....•.....•......•...•.•.•••.... T .. C .. T .. T •. T .• CC • CT . G 300 

M. annecte · .. T ..... T .. A .. CC . T .. G.. C .. G.. A ........ G........ A ..•..•.• C•.... G.....•...•. C•. G .. A •• C•..••...• C. C .. T 300 

M. 	 marmora A. . . . . . . . T .. A .• AC . C. . . • . . . . . .• A. . . . . . . . G ....••..•.• T •.... C .• T . . • . . T .. T ... T . G .• T •. C .• C.. C•••••• C • T •.. 300 


T T T AC G C T C T T T CC CT G 


1\ 

N 

N 




* 320 * 340 * 360 * 380 * 400 

MF2-KK TTAGCCTCATCAGCCGTAGAAGCTGGGGCAGGAACAGGATGGACTGTTTATCCACCCCTAGCCGGTAATCTTGCACATGCAGGTCCATCCGTGGATTTAA 400 

MH1-KK 400 

MH2-KK 400 

MH8-KK 400 

MH3-KK 400 

MH7-KK 400 

MH6-KK 400 

MH10-KK ........................•.....•.......•.•.......•.... C .....•.....•....•••••.•.•..•..•..•..•••..••••• 400 

MF4-KK C .... T ........ A .. T ... T . A •..•. T •..•. T .. T .. A .. A .•...•.• C ..• T •... T •....••.•.. C •• C •• C .. C .......••.. CC • T • 400 

MF8-KK C .... T ........ A .. T ... T . A •.... T •... ". T .. T .. A .. A .•.....• C ... T •... T ...•....... C .• C •. C .• C•..•.••••.• CC • T . 400 

MF3-KK C .•.. T •....... A •. T ..... A ..... T ...•. T .. T .• A .. A ••.....• C ••• T •..• T .....•.•... C .. C .• C •. C •••.••••.•• CC • T • 400 

MF7-CU C ............. A .. T ..... A .. A .. C •.... T .. T .. A .. A .•...... C ... T •... T ..... C ....• T •• C .. C .. C ........••. CC • T • 400 

MH3-TP C ............. A .. T ..... A .. A .. C •.... T .. T .• A .. A •....•.. C ..• T .•.• T •..•. C • ...• T .. C .. C .. C•.••.•.•••. CC . T • 400 

MFS-CU C .....•....... A .. T ..••. A .. A .. C ..•.. T .• T .. A .• A ......•• C •.. T •.•• T •••.• C •...• T •. C •. C .. C ...•••••••• CC . T • 400 

MF6-CU C •............ A .. T ....• A •. A •• C ...•. T .. T .. A .. A ..•..... C •.. T ••.. T •.... C ..... T •. C .• C •• C .....••...• CC • T • 400 

MF3-CU C ............. A .. T ..... A .. A .. C •.... T •• T .• A .• A .....•.. C •.• T •••. T ...•. C .••.. T •. C •• C .. C ...•....•.. CC • T . 400 

MF4-CU C •.•.•.......• A .. T .•.•. A .. A •. C •••.• T •. T .• A .. A ••.••••. C • .. T •.•• T •.••. C .•.•• T •• C •. C .. C ••..••.•••• CC • T • 400 

MFl-CU C ............• A •. T ...•. A •• A •. C ••.. • T .. T •. A .. A .•....•. C •.. T •... T •.... C .. • •. T .. C •• C •• C ••..••.•.•• CC . T • 400 

MF2-CU C •............ A .. T .•..• A •• A •• C ••••• T •• T .. A .. A .••..•.. C ••• T .... T ...•. C •.•.• T •. C •• C .• C ••.••••••.. CC. T • 400 

MHS-TP C .•••..••. • ..• A .. T •.... A .. A .• C ••... T .. T .. A .• A ••..•... C •.. T .••• T •...• C •.•.• T .. C .. C •. C ••.•...•••• CC • T . 400 

MFS-KK C •••..•....... A .. T ..... A •• A •. C ..•.• T .• T •. A •• A .•...••. C •• • T ...• T ...•. C ...•. T .• C •. C .. C .....•..••• CC . T • 400 

M. annecte 	 C . G .. A .. C ...•• T .. T .•... G••...•....• G.. T .. A .• C .• A •• C .• C ..••• C ....• C •• C •••.• T ...•. C .. C •. C •• T •. A .• CC ... 400 

M. 	 marmora C .... A .• T .. T •. A .. T .•.•. C •• A •. T .. T ..... C .. A ....•....•.•.. T •. T .. T .. C .. C .• C .• C .. C •. C •. C •• T •• T .• A .. C ••.• 400 


CAT ACT T A ACT T C T C C C CC T 
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N 
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420	* 	 440 460 480 500* * * * 
MF2-KK CAATTTTTTCCT TACATCTAGCCGGAGTTTCATCAATTTTAGGTGCAATTAATTTTATTACTACCATTATTAACATAAAACCCCCATCTGTTACTCAATA 500 

MH1-KK 500 

MH2-KK 500 

MH8-KK 500 

MH3-KK · .............•..........••.•...•.. • ..•...•.... . . . .•.....•• • ..•• •. •.••..• T •..•.•. • .. •.. .•..•••••.•.. 500 

MH7 -KK · ... . .. .. .....•. . .......................•.•...•..•.••......•...•...••.... T ••.. .. ••• • .•••.....•..•.•. 500 

MH6-KK 500 

MH1 0 -KK 500 

MF4-KK · .......... C .G ... T.... T.. G..... T...... C. T .. G... .. ............... T........ T.............. A.. G....... . 500 

MF8-KK · ...... . ... C. G ... T.... T.. G.... . T ...... C. T .. G.................... T........ T.... . ......... A.. G....... . 500 

MF3-KK · .. . ....... C.G ... T... . T .. G..... T...... C. T .. G.................... T....... . T .............. A.. G....... . 500 

MF7-CU · ...... C..... G... T.... T.. G . .... T...... C. T .. G.. .. ................ T................. T.... . A .. A..... G.. 500 

MH3-TP · ..... . C . .... G... T.. . . T .. G..... T...... C.T .. G.................... T.. . .............. T..... A . . A ..... G.. 500 

MF5-CU ....... C..... G... T.. . . T .. G..... T...... C. T . . G .................... T................. T.. . .. A.. A..... G.. 500 

MF6-CU · . ..... C.... . G .. . T .... T.. G . .... T...... C .T .. G.................... T............... . . T ..... A.. A..... G.. 500 

MF3-CU · . ..... C..... G... T.... T .. G.... . T ...... C. T .. G... . ..... . .......... T................. T..... A . . A ..... G.. 500 

MF4-CU · ...... C..... G... T.... T .. G..... T.... .. C. T .. G.................... T........ . ..... . .. T..... A.. A..... G.. 500 

MF1-CU ..... . . C ... .. G . .. T.... T.. G..... T...... C.T .. G.................... T................. T..... A.. A..... G.. 500 

MF2-CU · .... . . C ..... G... T.... T . . G ..... T...... C. T .. G.................... T.............. .. . T ..... A . . A ..... G.. 500 

MH5-TP · ...... C..... G... T.... T .. G..... T...... C. T .. G.................... T........ .. ....... T..... A.. A . .. .. G.. 500 

MF5-KK · .F! •.•• C..... G... T.... T.. G..... T. . . . . . C . T .. G........... . ... . .... T.... . ........ .. .. T..... A.. A..... G.. 500 

'M. annecte · C.. C.. C... C. C ........ A.. G.. A.. C..... CC .... G.. T.. C.. C..... C..... T.. CC .A .... .... ...... C.. A.. C.. C.... . 500 

M. 	 marmora · T......... C..... T . ... T.. G.. A.. C...... C . C .. G.. C.............. A.. T.. CC . C ......... .. ... T..... A.. C.... . 500 


G T T G T CT G T A A 
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520* 	 540 560 5S0 600
* 
MF2-KK CCAAACACCCCTATTT-GTGTGATCTGTTCTAATTACTGCTGTACTTCTTCTTCTATCTCTCCCTGTCCTTGCTGCAGGCATTACTATACTTTTAACTGA 599 

MHI-KK .... .. ..... .. .. . .......... . ..................................................... . ............ . 599 

MH2-KK . . ............. . ................................................................................ . 599 

MHS-KK 599 

MH3-KK ............... ..... . .... . ................................................................ . . . 599 

MH7-KK 599 

MH6-KK ............... . ............................................................................... . 599 

MHIO-KK .. . ............ . ................................................. .. ............................ . 599 

MF4-KK T ••....•• • .•.•• C- .• T .• G •• C •• CT •... C •...• A •. C .. A .. A .•.•• T .. C ••.•• A .. T •..•. C •.... T ••••..•.•••. C •.•.•.• 599 

MFB-KK T •.•....•..•.•• CT •• T •• G •• C .• CT •••. C ...•. A •. C •• A •. A •.••• T .. C .•.•• A .• T ••.•. C •••.. T •.••••.••••. C .•••.•• 600 

MF3-KK T ..•.•••••••..• C- .• T •• G .. C .• CT .... C .•..• A •. C •. A •• A .•..• T .• C .••.. A •. T •.• .. C ..... T .••••••.•.•• C •••...• 599 

MF7-CU T ••••.•.• .•. •.•• - •• C .•••. C ..• T .... C ••..• A •. T •. A .. A ••••• T •• C •..•. A .• T ••••. C ••••. T ••..••••..•• Co ••.•. 0 599 

MH3-TP T.I\ .. ........... - .• C .••.. C ••. T •••• C .••• oA .• T .. A .• A •...• T •. C ••••• A .. T •.•.. C .•••. T .•.•...••••. C • •• ...• 599 

MF5-CU T .••.••••.•••••• - .• C .•..• C .•. T .... C •...• A .. T .. A •. A ..•.• T .. C ••..• A •. T ..... C ..... T .•.••..••... C •••..•• 599 

MF6-CU T .••••.••.•...•. - .. C ...•• C •.. T .•.. C ..••• A •. T .• A •. A ..••• T .• C •••.. A •• T •..•. C .•••. T ....••...•.• C •.•..•• 599 

MF3-CU T ..•••...•...••. - .. C •.... C ... T .... C .•... A .. T .. A .. A .. • .• T .. C ••.•. A .• T ....• C •...• T •.•.••.•..•• Co •••••• 599 

MF4-CU T •.•..... '" ..•. - •. C ..... C ... T .•.. C .•.•. A . . T .• A .. A .•... T •• C .•••• A .. T .•••. C •..•. T ...•.....•.. C ••.• '" 599 

MFI-CU T .•.••...• .•• .•. - .. C •.... C ... T ••.. C .•.•• A •. T •• A .. A ••.•. T •• C •. " .A •• T .•. •• C •••.• T •...•...•.•. C •••••.• 599 

MF2-CU T •........••...• - .. C .••.. C ••. T . . .. C ....• A .. T •. A .• A •...• T .. C ...•. A •. T .•... C •.••• T ..........•• C ••••... 599 

MH5-TP T ....•... . ..•••. - .• C . • ••• C •.. T ...• C ..••• A . • T •. A .. A •• ..• T • • C ••••. A • . T •• " .C ••••. T •.••..•...•• C •..•..• 599 

MF5-KK T ..•.•••...•.... - .. C ..•.. C •.. T .... C •..•. A •• T .. A .. A •...• T •. C . ••• . A .. T •.•.. C •..•. T •.••••..•.• . C •••..•• 599 

M. annecte 	 T ...•. C .. A •...• C- .• T ..... G .• C .. C .. C •• A •• ••.••• C ...•••.. T .• A • •... C •. TT .A •. G •• C •• G .. C .. A .•. T .AC •••• C •• 599 

M. 	 marmora ••.••• C •. AT ..... - •• T •. ... A ..• T .•.. C • • A .•••.... AT .A •• AT. G •• C •...• A ••. .. A • . C •• T •• A ••••.•••.•. AC.C ••••• 599 
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620* 	 640 660
* * * 
MF2-KK CCGCAACCTAAACACAACATTTTTTGATCCTGCAGGAGGGGGGGACCCAGTCCTTTACCAGCACCTCTTCTGATTTTT 677 

MH1-KK 677 

MH2-KK 677 

MHB-KK ••••..••..••.•.•..•••....•••.•••.•••••• A ••.••••..•.•••...••• A •.••.•...•••••••• 677 

MH3-KK .....••.......••...•••.•••••• •• ••••.••• A ..••...••...•..••..• A ••••...•..••...•. 677 

MH7-KK .••..••.••. .•. .•.•••••....•• • .••.•••••• A .•••..•••.••.•••.•.• A ••...••.••.••.••• 677 

MH6-KK • . ~ ...•...•...••. • •.•..•••••.•..•••...• A •.•••••....••••.•••• A .•...••.......... 677 

MH10-KK •.....•.••.•..•.••.....•••...••....•••• A ..••......•.•..••..• A ••.•.......••••.• 677 

MF4-KK · .. T... T.G .. T.. c .. c .. c ........... T.. G.. A.. A.. T........ c .. T.. A.. T.. T.......... . 677 

MFB-KK · .. T... T .G .. T.. c . . c .. c .......... . T.. G.. A.. A.. T........ c .. T.. A.. T.. T.......... . 678 

MF3-KK · .. T... T. G .. T.. c .. c .. c ..... c ..... T.. G.. A.. A.. T........ c .. T.. A.. T.. T.......... . 677 

MF7-CU T.. A... T.G .. T.. c .. c . . c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

MH3-TP T.. A . .. T. G .. T.. c .. c .. c ........... T.. G.. A.. A.. . ........... T.. A.. T.. T.......... . 677 

MFS-CU T.. A... T. G .. T.. c .. c .. c .... ... .... T . . G .. A.. A.............. T.. A.. T.. T.. . ....... . 677 

MF6-CU T.. A... T.G .. T.. c .. c .. c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

MF3-CU T.. A... T .G .. T.. c .. c .. c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

MF4-CU T.. A... T.G .. T.. c .. c .. c ........... T . . G .. A.. A.............. T.. A.. T.. T.......... . 677 

MF1-CU T.. A... T .G .. T.. c .. c .. c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

MF2-CU T.. A... T.G .. T.. c .. c .. c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

MHS-TP T.. A... T. G .. T.. c .. c .. c ........... T.. G.. A.. A . ............. T.. A.. T.. T.......... . 677 

MFS-KK T.. A... T .G .. T.. c .. c .. c ........... T.. G.. A.. A.............. T.. A.. T.. T.......... . 677 

M. annecte · .. A... T.... T.. c ........ c .. c .. G..... c . ... ............. c .. T.. A..... G........ c .. 677 

M. 	 marmora T.. A... T....... C. . . . . . . . . . .... C..... G. . A .. A..... CA .... C.. T.. A..... A.. T....... . 677 


A T G T C C C T G A A TAT T 


~tl~ 10 bb61~~~llil'll\j'Jflme:Jhl\ii"ve:J~~i..! COl ml:lJtJ1'J 678 bp ~1i..!'Ji..! 21 ~hmh~"iJln 2 tl':i~'lJlm'tJe:J~5~Jlb~1 (Mjissipes) "iJln~'vn~~mru 
:lJv'l1i'VICJ1~CJ (MF-CU) bb~~61'Ji..!~(9)1bD~b"Vlb~CJ'J (MF-KK) bb~~"iJln 2 tl':i~'lJlm"ve:J~5~il~~1 (M. heymons;) "iJlne:J'VItJ1i..!bb'IA~'lJl~Vle:J~t.J1.f1lj (MH-TP) bb~~ 

, 	 'IJ 

61'Ji..!~(9)lbD~b"Vlb~CJ'J (MH-KK) bYiCJ'llrl'll outgroup l~bbn M annectens bb~~ M marmorata 1~mfl~e:J~VI:lJ1CJ (.) bb61~~l'\'lbbVlt.i~'lJe:J~b'll61~bVlije:Ji..!rli..! 
bb~~ sequence Vie:J~~li..!~l~'l~bb61~~ consensus sequence 

N 
0'\ 

http:iJlne:J'VItJ1i..!bb'IA~'lJl~Vle:J~t.J1


lJl1"a1-3vl 4 bb"'~'1r1"l Genetic distance ~1~16 Kimura two parameter 'lJeJ'I€f'lJlb~lbb~~€f'l.vl'1~l ~l'Wl'W 21 ~leJ~1'11~mh~'lJ'UlflrueJ1Yll'1mm'Um';i 
ril'Ulrui1fll1lWl1bvl1nu 678 bp 

MF1-CU MF2-CU MF2-KK MF3-CU MF3-KK MF4-CU MF4-KK MFS-CU MFS-KK MF6-CU MF7-CU MF8-KK MHI-KK MH2-KK MH3-KK MH3-TP MHS-TP MH6-KK MH7-KK MH8-KK MH1()-KK , 
MF1-CU ­

MF2-CU 0.000 

MF2-KK 0.193 0.193 

MF3·CU 0.000 0.000 0.193 

MF3-KK 0.053 0.053 0.200 0.053 

MF4-CU 0.000 0.000 0.193 0.000 0.053 

MF4-KK 0.053 0.053 0.202 0.053 0.006 0.053 

MFS-CU 0.000 0.000 0.193 0.000 0.053 0.000 0.053 

MFS-KK 0.001 0.001 0.195 0.001 0.054 0.001 0.054 0.001 

MF6-CU 0.000 0.000 0.193 0.000 0.053 0.000 0.053 0.000 0.001 

MF7-CU 0.000 0.000 0.193 0.000 0.053 0.000 0.053 0.000 0.001 0.000 

MF8·KK 0.053 0.053 0.202 0.053 0.006 0.053 0.003 0.053 0.054 0.053 0.053 

MHI-KK 0.193 0.193 0.000 0.193 0.200 0.193 0.202 0.193 0.195 0.193 0.193 0.202 

MH2-KK . 0.193 0.193 0.000 0.193 0.200 0.193 0.202 0.193 0.195 0.193 0.193 0.202 0.000 

MH3-KK 0.193 0.193 0.007 0.193 0.196 0.193 0.197 0.193 0.195 0.193 0.193 0.197 0.007 0.007 

MH3-TP 0.000 0.000 0.193 0.000 0.053 0.000 0.053 0.000 0.001 0.000 0.000 0.053 0.193 0.193 0.193 

MH5-TP 0.000 0.000 0.193 0.000 0.053 0.000 0.053 0.000 0.001 0.000 0.000 0.053 0.193 0.193 0.193 0.000 

MH6-KK 0.195 0.195 0.013 0.195 0.202 0.195 0.203 0.195 0.197 0.195 0.195 0.203 0.013 0.013 0.009 0.195 0.195 

MH7-KK 0.193 0.193 0.007 0.193 0.196 0.193 0.197 0.193 0.195 0.193 0.193 0.197 0.007 0.007 0.000 0.193 0.193 0.009 

MH8-KK 0.191 0.191 0.007 0.191 0.198 0.191 0.200 0.191 0.193 0.191 0.191 0.200 0.007 0.007 0.006 0.191 0.191 0.012 0.006 
MH1O­

0.187 0.187 0.009 0.187 0.194 0.187 0.196 0.187 0.190 0.187 0.187 0.196 0.009 0.009 0.007 0.187 0.187 0.010 0.007 0.007 ­
KK 

VllJlmVl~ MF-CU =M. jissipes "illfl~Wl~'1mrulJVll1Ylm~~, MF-KK =M. jissipes "illn"'l'U~l'IlbtJ~b'lJlb~~l, MH-TP =M. heymonsi "illfl~Ylm'U 

bb'vi'l'lJl~Yle:m.J1Jl~, MH-KK = M. heymonsi "illfl"'l'U~(illbtJ~b'lJlb~~l

" 


N 
-.J 
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9l1'l1.:J~ 5 bba~.:Jri1f111lJVlmnVlmCJY11.:J~'Uqm'jlJ (Genetic diversity) 'lJeJ.:J M. jissipes 1'Ubb~t;1:;~'U~~btl'll 
~1eJci'l.:J 1'l1elfl~'jcieJvrt-at'UIPI1'j1.:J: N = -;ij1'IJ1'U1'l1t.lcil.:J; M = -;ijl'U1'U'lJeJ..:I mutation; h = -;ijl'UTU'lJeJ.:J 

haplotype; hd = haplotype diversity bbt;1:;rilbUtJ.:Jb'll'UlJ1m~1'U (± S.D) bbt;1:; n = nucleotide diversity 
, "" Ut;1:;f'l1b'lltJ.:Jb'll'UlJ119l'HiTU (± S.D)

'" 

d 4 M.jissipes"mu'VI bfl'U 

~1mh.:J N M h hd ± S.D. 1t ± S.D. 

cu 7 o 1 o 0 

KK 5 132 5 1.000 ± 0.126 0.08612 ± 0.03601 

9l1'l1.:J~ 6 bba~.:Jrilfl11lJVlmf\VlmCJY11'1~'Uqm'jlJ (Genetic diversity) 'lJeJ.:J M. heymonsi 1'Ubb~6'l:;~'U~~ 
~ OJ , 

bfl'll19l1eJtJ1'1 

d 4 M. heymonsi"mu'VI bfl'U 

~1mh.:J N M h hd ± S.D. 1t ±. S.D. 

TP 2 o 1 o 0 

KK 7 14 5 0.905 ± 0.103 0.00774 ± 0.00127 

'\111J1t:JL'\II~• 
hapLotype diversity (hd) 'VI1J1EJf1~ 'ill'Ul'ULL~~mllJ~'1JB~ haplotype ~wiln~h~n'U~'Vi'U1'U!illB~l~ r11'U1UJ'illn 

hd = (1 -Lxi 2) n / (n -1) (Nei and Tajima, 1981) ditl xi ~B mllJ~'1JB~ haplotype LL~~ n ?itl 'ill'Ul'U!illB~l~ 
nucleotide diversity (TT) 'VI1J1EJf1~ Alm~EJ'1JB~'ih'Ul'U nucleotide ~LL\iln\ih~lPitl 1 Iilll.1.'VI1.l~ LViEJ'Un'U sequence 

~'ULL'U'U~lJ r11'U1UJ'inn TT = n/(n - l)LxixjTTij (Nei 1987, equation 10.5) 

'VI~tl TT = LxiVnc (Nei 1987, equation 10.6) L~tl n ~tl 'ill'Ul'U'1JB-:I sequence ~Vhn1dlLf1dl~~e.J~, xi ~B f1JllJ~'VB~ 
~ULL'U'U ith 1'U sequence 'Vtl~~LB'ULtl!illB~l~ LL~~ nc ~tl 'ill'Ul'U'VB~ sequence ~~'VIlJ~~v'hn1dbtJ~EJ'ULViEJ'U 
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OJ Q.I 4t:::t. 4CV d ~ II d II 0

3. fl11~~~'W\.!5L'tf.:l119)J\'!1n1~"lleNeJ.:I\'!1L~1LU1::eJ.:I"ll1.:1~1 

'iii1 f1fl1~lbml~~fI11lJi1~oW\.!5b:a~11\ijJ\'!1fl111~ tJ f11~G'1~1~ bbe.J'U.fllJ bbG'1~~G'11tJ i1lJoW'U5b:a~11\ijJ'Ul fl1~ 
'II 

I tJ. • 

(Phylogenetic tree) ~~vrh~5~oJlb~lbb~~5~-Ul~~1 'iillmh~''Ub'UG'1Viiifl11lJtJ11 678 bp y.j'Ul1bbe.J'U.fJlJbb~~~ 

G'11tJi1lJoW'U5b:a~i1\ijJ'Ulfl1~~G'1~1~1~tJi6 Neighbor-joining, Maximum parsimony bb~~ Maximum 

Likelihood LVie.J~fl1~~m~l~G'1e:J~fI~e:J~n'U f1~11~e:J y.j'Ul1'th~'lllm'lJe:J~5~,ylb~lbb~~5~-ul~~la1'U1VlqJ bb'tll 

e:Je:Jf1btJ'U 2 clade LVlqJ1 ~1tJn'U ~1tJ~1 bootstrap probability ~lJlf1fll1V1~m'Vhn'U 90% l~tJ clade ~ 
VI~~'th~f1e:J'U~1tl'th~'lllm'lJe:J~5~,ylb~1'~~VllJ~ (tJf1bl'U MH3-TP bb~~ MH5-TP) a1'U clade ~~e:J'l 
'th~fle:J'U~1tJlh~'lllm"lle:J'l5'l-Ul~~1'ii11flG'11'U"'~mtJ~b"lllb~m~~VllJ~ (tlf1bl'U MF2-KK) bb~~.:I115'1'~~G'1e:J'l'llij~d 
iifl11lJi1lJ~'U5b:a~i1\ijJ'Ulfl1~btJ'Ubb'U'U monophyletic group 'Ue:Jfl'iillf1d~~y.j'U115~,ylb~1'Ul~~1 ~e:J MF2-KK 

t:lf1~~e:Jtl1'U clade b~tl1nu5'l-Ul~~1 bb~~lu"llru~b~tl1n'U ny.jul1ii5~-Ul~~lUl'l~1 ~e:J MH3-TP bb~~ MH5-TP 
'II 'II 

, " 
~~e:J~ clade b~mn'Un'U5'loJlb~lBfl~1tl 

'II 
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MFS-KK 

MF6-CU 

MFS-CU 

MF4-CU 

100 MF3-CU 

MF2-CU 

MF1-CU 

100 MF7-CU 

MH3-TP 

MHS-TP 

MF3-KK 

99 
100 MF4-KK 

79 MF8-KK 

MH 10-KK 

MH3-KK 

MH7-KK100 

Bt 
MH6-KK 

73 - MH8-KK 

MF2-KK 
15 

- MH1-KK 
98 

MH2-KK 

I M. annectens 

I M. marma rata 

0.02 

~tl~ 11 bb~'U.n:Wbb'Wl.:j?lltJ~:lJ~'U5b:a.:jil~'Ulf11":i"lJeJ.:j~,nJlb~lbb~~~.:j'lh:j~1 (Phylogenetic tree) ~?l~l.:jl(iltJiff
'U 'U 

Neighbor-joining l(iltJlbml~lhl1mh~utllflmeJ1'Vl~~i1fll1:lJCJ11 678 bp ~lb~"lJ~fhlUU'Ubb~'UJJ:Wbb?l(il.:jrll 
bootstrap probability 'iJlflfll":ivil 1000 ~11(iltJi1 M. annectens bb~~ M. marmorata bU'U outgroup l(ilt/ 

~l~mb?f(il.:j?lm'U~bnu~leJ~l.:j bb?l(il.:j1'U1'l1":il.:j~ 1 

• 
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100 

100 

100 
100 

100 I 

100 

100 100 
I 

60 

100 

MF5-CU 

MF7-CU 

MF2-CU 

MF5-KK 

MF4-CU 

MF1-CU 

MF6-CU 

MF3-CU 

MH3-lP 

MH5-lP 

MF3-KK 

MF4-KK 

MFS-KK 

MH10-KK 

MH6-KK 

MHS-KK 

MH3-KK 

MH7-KK 

MH1-KK 

MF2-KK 

MH2-KK 

M. annectens 

M. mannorata 

~t1~ 12 ~~e.J'LliJiJ ~~'Wl.:j?llCJ~:W<V~\Jlh"8.:jll~'Lnm'J"Ua.:j~.:jJl~~l ~~l:l~~.:jih.:j~l (Phylogenetic tree) ~?l11.:jt~1CJ15 
Maximum parsimony t~CJ1~fl'Jl~vhl1n~1~UnlflmalV1~~~flll:WCJ11 678 bp ~l~l:l"u~fhtlUU'Ll~u:.J'LliJiJ 
bb?f~.:j~l bootstrap probability "illnm'J'Vl1 1000 .Jl1~CJlj M. annectens bbl:l~ M. marmorata btl'Ll 

outgroup 1~CJ~18mb?l~.:j?fm'Ll~bnU~lmh.:j bb?l~.:j1'Ll(?l1'Jl.:j~ 1 
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MF6CU-

MF7-CU 

MFS-CU 

MF4-CU 

100 MF3-CU 

MF2-CU 

MF1-CU 

100 MH3-TP 

MFS-KK 

MHS-TP 

, MF3-KK 

100 99.~ MF4-KK 

72 MF8-KK 

MH10-KK 

~7~ MH3-KK 

~O MH7-KK 
100 

'--­ MH6-KK 

r-MH8-KK 
70 

MF2-KK 

'­ MH1-KK 
97 

MH2-KK 

I 
M. annectens 

I M. marmorata 

0.05 

~'IJ~ 13 bb~'UJJDbbi."lVl\li."llrJ~lJ~'U5b:a\l11\OlJ'Ulfl11'lJeJ\I~\lJlb~~lbb{;1~~\I·h:j~1 (Phylogenetic tree) ~i."I-rl\11VlrJ15 
Maximum Likelihood method lVlrJ1bf111~vhnn~1l1i'uUlf1m€l1'Vl~~iJr1'".nlJml 678 bp 1'l1b{;1'lJ~f11rlUU'U 
bb~'UJJiJbbi."lVl\lfh bootstrap probability "innfl11'Vil 1000 .ffl1VlrJiJ M. onnectens bb~~ M. mormoroto 

bU'U outgroup lVlrJl'll~mbi."lVl\li."lm'U~bnUl'lleJ~l\1 bbi."lVl\ll'U1'l111\1~ 1 
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• ,U I 

"illflfll'HVhJ"ii'lLJ1LJ~LJ COl ~lm'VIf1lJf1~~eni"l.lB,:j5,:jmClb"'B~11,:jVllJvlbbfl~~dl"il?fBU~~~.nru.n~~€I1iVi 

l~bb~lhlb~LJbbtlU"I.IB,:j~~~.nru,]~~e:l1i e:l1"ilbULJb~dl~rhmLJijn~bBLJbB"I.IB,:j~,:jmm"'B~ij f11d"l.llVlbULJvlBLJ"l ~,:j 
v11 bbVlU,:j~bnVlmd"l.llVlbULJvlBLJ€I1"ilbULJv11bbVlU,:j~BCl'1LJU~blru"l.lB,:j~LJ COl ~~B,:jf11dPin'lofl~,:j'Vh1 m:!J?fllJldtl 

" 
b~lJ"ii'lLJ1LJ~LJ COl ~lm'VIf1lJf1~~€I1TI~~lb~"il 1LJ"I.Iru~~mLJijfl~bBLJbB"I.IB,:j~,:jJlb~lbb",~5,:j-rrl,:jvhcilLJ1VlqJij 

"'n'lofru~buLJmlwlBLJ l:!Jijf11d"l.llVlbULJvlBLJ ~LJ COl ~,:jij~l~UlJlf1mB1'VIv1~?flJUdru~,:j?fllJldm~lJ"ii'lLJ1LJ~lCl, " 
b'VIf1lJf1~~enfl~~lb~"il 

~flmd1bf1dl~~bb"'~btJ~ClU bViClU~l~UlJlf1mB1'VIv1"1.1B,:j~LJ COl "I.Im~,:jJl\'~l bbfl~5,:j-rrl,:jvh1'L!~LJ~~l,:j "l 
"I.IB,:jtJd~b'VIi'll'V1Cl l~bbn "ilWlfl,:jmrulJVll1'V1CJ1"'Cl, B'VICJ1LJbb~,:j'1l1~'VIB,:j~lf1ij bW~ ?flLJ6l~lbUlilb'Ulb~m "ii'lLJ1LJ , , " 
~,:jVllJlil 21 ~lB~l,:j ~U';hijf1l1lJCJ1l"1.1eN~1~UlJlf1mBl'V1v1bvllnU 678 bp ijfl1 Genetic distance d~VI'jl,:j 
'lh~'1l1mB~d~VI'jl,:j 0.000-0.202 bbfl~:nf1l1lJbb'l..h~LJ'VI1,:j~LJlmddlJ (oenetic variation) "ii'lLJ1LJ 138" , ~ 

(20.35%) v11bbVlU,:j bb?flil,:jrhtJd~'1l1m'UB,:j~,:jJl\'~lbbfl~5,:j-rrl,:j~lijf111lJbb~fl~1,:j'VI1,:j~LJ(mddlJ'UB,:j~LJ COl, 
riBLJ-rrl,:j~,:j ~,:j~mtJ~CJubViClU~flf11dPin'loflf1f,:jdnu,:jlLJ1~Cl'UB,:j Meijden U,fl~f1ru~ 1LJD 2007 (Meijden et 

al., 2007) m-rr~'W COl 1'Wf11dPin'lof1 molecular phylogeny 'UB,:j5,:jl,:jPl Microhylidae "ii'l'Wl'W 34 ?fD~~ 
(dllJ~,:j5,:jJlb~1 5,:j-rrl,:j~1 bbfl~5,:jmmflB~) 1VlmtJ~ClubViClU~1~UlJlf1mBl'V1v1"1.1B,:j~'W COl mllJCJ1l 573 ri 

" 
bU?f d~Vll1,:j5,:j~,:j 34 ?ftJ~~ ~Ul1ijv11bbVlU,:j~ijf1l1lJbbtJd~'W'VI1,:j~'WDmdlJ~,:j 267 vllbbVlU,:j ~,:jbb?fIil,:j1'tXb~LJ11, 
~LJ COl 1LJ5,:jl,:jPl Microhylidae :nf1l1lJbbtJd~'l.J'Vll,:j-WLJDmdlJriB'W-rrl,:jlJ1n ~,:j?fBIilf1~B,:jflU,:jl'W1~CJf1f,:jd~~u, 
mllJbbtJd~'W'VI1,:j~'WDmdlJlJlfl~,:j 138 v11bbVlU,:j ~,:jL1'Wen"il?fdtJlvl'11~LJ COl ijf1l1lJbVllJl~?flJ~"il~'l11lJ1HbU'W, , 
bf1~B,:jVllJ1Cl~bB'Wbm~B1m'Wf11d"ii'lbbLJn'1llJVl'UB,:j~,:j~,:j?fB,:j'1llJlil (species-specific marker) 1~ bb~\'~B,:j"illfl1 'W 

f11d1~Clf1f,:jden~Cl1:!JtJd~?fUfll1lJ~lb~"il1'Wf11dVll~1~UlJlf1mB1'VIv1'UB,:j~'W COl "I.IB,:j5,:jmm"'B~lvl' ~,:jL1'W~,:j1:!J 
" 

?fllJldtl?f1tJl~11~'W COl "il~\'VllJl~?flJ1-rrbiJ'W mtDNA species-specific marker "I.IB,:j5,:jmmflB~lvl'VI~B1:!J 

'WBn"illnd~flf11dPifl'loflvh~~,:j~Ull 1Vlmu~Cl ril haplotype diversity (hd) bb",~ril nucleotide 

diversity ('n) 'UmtJd~'1l1m"l.lB,:j~,:jJlb~lbbfl~5,:j-rrl,:jvhijrilriB'W-rrl,:j~,:j 1lilmu~Cl hd = 0.810 ± 0.080 b\'fl~ 1t 

= 0.09202 ± 0.00887 bbfl~"illmb~'Wfiijbb?fIil,:j?flCl6llJ~LJ(h:a,:j11~LJ1f11d~?f{1,:j1IilCl15 Neighbor-joining,
" 

Maximum parsimony bbfl~ Maximum Likelihood ~,:jbb?fIil,:j1~\~'W115,:jJlb~lbbm~5,:j-rrl,:j~lijf111lJ6llJ-W'l.J15 
b:a,:jll~LJlf11dbULJbbUU monophyletic group bbClflBBmU'W 2 clade ililb"il'W f11d~~U115,:jJlb~1 MF2-KK 

~IilBCJ'1LJ clade b~CJ1flU5,:j-rrl,:j~1 bbfl~5,:j-rrl,:j~1 MH3-TP bbfl~ MH5-TP ~IilBCl'1'W clade b~mfl'l.Jflu5,:jJlb~ln
" " 

bb?fVl,:jl1bnlil gene flow "I.IB,:jllJ1~f1B'Wblil~Clfl~bB'WbB (mtDNA) d~Vll1,:jtJd~'1l1m"l.lB,:j5,:jJlb~lbbfl~~,:j.;rl,:j~1 
VI~Be:l1 "il mhl1~115,:j~,:j 3 ~lB~I,:j~ bnUlJltT'WbU'Wfl fl~ ?flJ~ bnlil"ill nn 1'j~?flJ-rrllJ?fl Cl-w'Wlh~'vdl,:j5,:jJl b~l bbfl~" ,
5,:j-rrl,:j~11'L!B~~ b~B,:j "ill flU ~ blru?fl'W6l~1bUVl \,'lJl b ~m bbfl ~U~ b 1 ruB'VI Cl l'WbbvI,:j '11 1 ~'V1 B,:jmfiij~ b nUl'1l B ch,:jlJltT'W

, 'U 

bU'WU~blru~?fllJl'jtl~U5,:jJl b~l bbfl~ 5,:j-rrl,:j~11~~1 Cl bbfl~ bU'W~'W~~~U115,:j~,:j?fB,:j'1llJ Iilm~tJ B~~llJ fl'W ~,:jij
'U 

mllJbu'WltJl~~5,:j~,:j 3 ~1~,:jn~ll"il~bu'W"'n~?flJ'lJB,:j5,:jJlb~lbb",~5,:j-rrl,:j~1 1IilCJf11'jbnV1 gene flow 'lJm 
" 

mtDNA ~Vldl"il~ulru'Wf1f,:jd~ul~~,:j?fmVli'l'V11,:j m:hlf1B (1) mtDNA "illfltJd~'1l1m"l.lB,:j5,:jJlb(ih introgress 

~tJd~'1l1m"l.lB,:j5,:j-rrl,:j~1 bbfl~ (2) mtDNA "illntJ'j~'1l1m"l.lB,:j~,:j-rrl,:j~1 introgress ~'lj'j~'1l1m'lJB,:j~,:jJlb~1 
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~~"'~~11fn'l I.nVl fn'lt:.J'UJ'l11lJ ~\<lih~,dl~~,nJll.~ll.l.{;l ~~~'l11-lvhltJD'l'llJ"lll ~ltJeJ~~nrtJ "'llJl'ltll.n~~tJ11ii\h~"'u, 
fl11lJ'11i.~"iJ~-l"'eJ~Vi!"l'Y11~ lVlCll.l'l!"lLliCJ"lleJ~~~~~?leJ'l"lliimll"iJ~?llm'ltll~fhl.iiVl{;l nt:.J?llJ1lii'al~~"iJ1itJl.eJ~ fn'lI'\'ld"iJ 

" 
l'lU gene flow ltJ~1'\1"'~bVitJJ1?1~bVitJun lVlCJloffI.V1fliifllii'ltJ~dllJl.{;l~{;l 1.1.{;l~ mtDNA marker ltJfn~I'\'ld"iJ?leJu 
,1tJ I.f1CJij'llCJ~ltJy.jultJ The European water frog d~V!11~ Rona ridibunda um: and R. lessonae 

(Spolsky and Uzzell, 1984) ltJ canyon treefrogs 'l~'vdl-l Hyla arenicolor 1.1.{;l~ H. wrightorum 

(Klymus et al., 2010) ltJ green pond frogs 'l~vr.h~ Pelophylax nigromaculatus I.bfl~ P. plancyi (Liu 

et al., 2010) I.UtJ~tJ 

m'l~m~lf1#~dl.UtJ fn'l~mn I.deJ~ ~tJl.~mh~ l.iJtJfld llJ I.utJ1 tl1lii1tJfn'll.nVl fn'lt:.J?llJ'l11lJ?I1 CJ~tJlh~V!11-l, 
~~Jlb~lbl.fl~~-l'l11~vhltJD'l'llJ"lll&i 1.1.~1.~eJ-l":illmhudtJ~deJcil-lmiltJfn'l?in~lf1#~dij~ltJdtJifeJmntJ1tl~":il~vh 
fn'l?l'lUt:.Jfl 1 ~1.h I. ~eJ ~eJ1 Iii' ~-l,1tJ I.yJeJ I. tJtJfn'l~tJ~tJfn 'l I.nVl fn'lt:.J ?llJ'l11lJ?ll CJ~tJlh~V!11~~~Jll.~lbl.{;l ~~~'l11-l1'111tJ, , 
6'l'llJ"ll1~1~-ffVlI.":iltJ~~~tJ ~~fld1Vhfn1bnu~deJcil~ ~~~~"'eJ~'lJiiVll~lJ1 fl n':hd I.l.fl~f1ddb~lJ:illtJ1tJ~tJ~~~fl~l 
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