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Abstract 

t 

Infection of blood parasites is commonly found in a wide variety of tetrapod 

vertebrates both domestic and wild ones. However, in Thailand, little is known from wild 

lizards of small sizes. In this study, we examined the parasitic infection in the spotted flying 

lizard, Draco maculatus - an arboreal entomophagous agamid lizard indigenous to forests 

throughout Thailand. A total of eight Draco maculatus were captured during 2011-2012 

from Khao Wang Khamen, Kanchanaburi Province. Blood specimens were examined using 

thin -filmed blood smear preparations with Giemsa staining. Six of them were found positive 

with the presence of Hepatozoon sp. and two of which were co-infected with Trypanosoma 

sp. Microscopic observation revealed that red blood cells infecting with Hepatozoon 

gametocytes showed a sign of loss in their plasma membrane integrity. Amplification and 

sequencing of SSU rDNAs of the two infected lizards confirmed the same taxonomic identity 

of this apicomplexan parasite by BLAST analysis. Sequence and phylogenetic analyses based 

on SSU rONA sequences of several clones showed high percentages of sequence similarities 

and their close relationships, suggesting the infection of single Hepatozoon species. 

Keywords: parasite, small subunit ribosomal DNA, reptile, molecular biology, apicomplexa 
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';j:;u'UD b 1f'1 v).:J n~ l1iJ fl11:UVlfll nVlfllEJ'IJ tl.:JVI.:J'UD (Yl bbfl:;:S1'U11J'IJ eJ.:J b:[lUl'U?j.:J J11 CJ "1h~ \liJ:Ui \?lbVI~TW mflEJ . " 
tl~~llJn1Jbbfl:;iJmllJ b~CJ11CJ.:Jn'U11Jbd'IJtl.:Jvh.:J1"1lbbfl:;?f1CJ1EJeJ1V11';j

" fl1';ji'lmni~m~tl1VllJ1mllJjfl11:U b.ul h b~CJ1n'Uu~~lJ~1J'Lb:;Vll1~~.:Ji1:Ui\?l bb'U'UU';j~\?ln'U b:[l 

Ul'U ~.:Jml00.J1Jlfl1';j~l:un'UlJ1.ul1Jl1J~.:JiJflll:U~lbU'Ubbfl:;611At1Jt.:J tl~l.:J1Jnm:u fl11lJ b -1Jlh~bbYI~~.:J 
~:;rimn(YliJmrX Vilfl'IJ1~fl1';ji'lfl'\j1';j:;v)U~1J~11J'Vl1.:J:U1iVltlllrXbbri eJ'Um:ui51'U ~1J5f'11?1\?l1 Dblf'1iVltll ... " 
"1i?lb\?lb:U~fl~ (systematics) bbfl:; 1~1flb;ub1J~n~ (phylogenetics) 'IJeJ.:J~.:JiJ:Ui\?lVJn'UU(Yl~b~m.utl.:J ~.:Jfl1';i 
lrX:u l'IJtl\l-1JtllJfl b VI~ld~:;1111u?ifl1';iu';j:;tJn\?l1-ifflll:U~fl11:U b-1Jl1;u~.:JU n~:U~1Jlh:;VI'il.:JU ';j~1il n'U~.:JiJ :Uilil 

\J 'U 'I 'U d..J 

~1J.Jf.:J11JVll.:J nl ';j bb'I"J 'Vl ~ fll ';j bn~1il J" bbfl:; n 1 ';j B'U l'n~'V1-r'I"J CJ 1 n';i511:U 'Ill ~ bbfl:;~.:J bb 1(Yl rKtllJ 1~BcJ 1.:J iJ, 
.1 ~ ~ c: '.1 '1 <
u';j:;?I'Vl5.fl1'I"J bbfl:;nB uJ":; bCJ"lJ'U?j.:J?j(Yl" , 
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~'lril'ihJ (flying dragon V1~e.J flying lizard) lU?fn~ Draco vU'tJ~l'Il:iJm~~n~'tJVliI'lml:W 
'" '. .. 'U .. 

~1'I1L~BEJf)i.'n'tJVi'V'jum~:Ulc.J'v(1hfl'tJVlmtJn:iJmfl bb~~Ll';i~ne.Juv1';ltJ?f:lJ1:Un1'tJ?fn~:lJ1nw.h 30 '1j'O~ C'h 
~ , 

~Vl5 LmVl~~'lJ~l, 2552) m';iPim~lLl';i~I'I'Ue.J'l~'lriTU'tJVlmEJ'll-o~1'tJ?f~~-n (Draco sppJ 'V'ju'ilihltJ'll'lJ 

:W1~'lbb~U f),fl. 1960 LLI'lE1'l:iJm';iPimne.JtJ1~:lJ1mrn 
~ 

Laird (1960) ';iltJ'l1'lJ'V'jUL~B:lJ1~lL~tJ1'lJb~e.J~'lJe.J'l~'lril'u'tJ1Xl~Yh Draco volans "inn~le.J~l'lvi 
LnU\\lln Hulu Langat, Selangor Ll';i~LVlf'l:lJ1bm'liml1'lJ'1'lJ 1 ~11~CJ~'l~m~e.Jvi'V'ju11 Plasmodium 

vasta tar Laird, 1960 ~'l';i~EJ~tVItyj'lle.JtJ!?l (trophozoite) 'lJe.J'lb~e.J~'V'ju1V1~-n:iJilmHLJ~LV1iJtl'lJtl~:iJtJ1?f'l 
~ 

(highly amoeboid) bb~~iJ';i~mmnmI'l1'1lv1 (gametocyte) 'lJ'tJl~1V1qj ~'lritl'V'jEJ15?fm'V'jbb~~vhmEJ 
ci"C<:~ !VII 

b'Il~~ b:W~ b~B~'UB'l b:U lUl'lJ 

Telford (1986) Pim~l'lb~1'I1'lJb~tl~'Ue.J'l~'lril'U'lJUn:u~ Draco maculatus luLl';i:;bVlf'l1VlEJ, 

'Ill'tJ'1'lJ 14 1Il'11'lJ'IlTW1'lJ~<5'u1v10'tJ 1 1111 'V'jum';i&l~b~e:J~?f:W Atl Fallisia bb~~ Plasmodium ?fn~~e:JEJ, 
Carinamoeba t~tJ'll-o~V1~'l'V'jUbiJYI1:;1'tJL'Il~~b~"H~e:J~'ll-o~ thrombocyte LLi.'1:; 1v1~'l~B1111 

Plasmodium (Fallisia) siamense ~1'tJBn'll-o~V1~..:J'V'ju1'lJL'Ili.'l~dJ~b~tl~LL~..:J~'l'lllbL'tJn1n'lJ?fn1.'1
• 

Plasmodium bbl'lE1'l1~?f1:lJ1';im~u'll-o~1v1 1'le:J:lJ11'tJU f).fl. 1988 Telford 1v1t11EJ Plasmodium• 
(Fallisia) siamense :In 1 n'U?fni.'l Fallisia b.Qe:J'l:U1n Fallisia LtJ'U?fni.'l'lJe.J'lb;fie:JLl';i~1'I1'Ub~e:J~~1'l;giVl1~:iJ, . 
';i~tJ~viBEJ11.Jb'lli.'l~L~~b~e:J~Lb~..:J (Telford, 1995) 

~ 

Telford (1995) 1v1';i 1 tJ'll'tJ'V'jU b;fie:J :lJ1i.'l1 b~tJ11..1 ~'l ri1U'tJVI1 ~Yh1'tJLl';i~ bVl flVHiLlU'tJi.'l ?f i:W1';iC] 

'Il1bbl.Jn1v1VLJ'tJ Plasmodium vastator bbi.'1~'ll-o~1V1~Bn 2 'll-o~ 1v1bbri Plasmodium draconis bb~~ 

Plasmodium volans l~tJ~..:J 3 'll-o~ iJilmH1J~';iLl1l'lbb1.'1~'lJ'tJl~'Ue:J'l schizont 'Il1'tJl'tJ'Ue:J'l merozoite 
~ 

bbmmnffiI'l1'1lv1Lbl'lnI'l1'ln'U 'tJe:Jn\\lln-nc.J'l'V'ju1Ll';ilV1il11.Jnci:w haemogregarine &l~b;fie:J11.Jb"IJi.'1~ b~~b~e:J~, 
monocyte bbi.'l~ eryth roblast 1'tJ~'lrilU'tJ'lXl~Yh01.Jv1'1EJ LbI'l1~'V'ju-iJe.J~mltJ'l1'tJ11.J';iltJi.'l:;bBEJ~ 

:lJ1~iJ ~m:W'lf)i.'1ni.'1 bbi.'1~f)ru~ (2548) 1v1PimnLl';i~1'I1'Ub~e.J~'Ue:J..:J~'lrilU'tJVli.'lltJ'll-o~ (Draco, 

sppJ vi'Y'/'u11.J~1.J~bm~.u1..:J <5'..:JVll~ml~ Vll'lnlflVl~1'UBBn'Ue:J..:JLl';i~bVlf'l1VltJ bbi.'1~ ~1.J~bm~'V'j';i~Vle:J..:Jbbi.'1~ 
bm~';i~ <5''lVll~~'l'll ~'lVl~bi.'le)'U~l:tJ1.J Vl1'lnlfl1~'lJe:J'lLl';i~bVlfl1VlEJ 'V'jU1l ~'lrilu'Uun:u~v1'V'ju:Uln~1.Jvi• 

bn1~.u1'l :iJn1';i&l~b~e.JVl1.Je.J1.J'V'jtJ15\il'1ni.'l:W11.Jn~:w m icroAlaria 
, 

:Wl~iJ ~1'I';i:W..:Jfli.'lni.'l bbi.'l~flru~ (2552) 1v1Pim~nLl';i~1'I11.Jb~e:J~'Ue:J'l~..:iril'U1.J (Draco sppJ \\llmn1~, 
n~ 
~ 

~..:iVl'l~m1~ 'V'ju'h ~'lri1U1.JUml~iJm';i&l~Ll';i~1'I 4 'llU~ 1v1bbri Fallisia sp., haemogregarine 1, 
'll-o~, Plasmodium sp. bbi.'1~ Trypanosoma sp. ~1V1-rU~..:iri1u'UtJni.'1ltJ Draco taeniopterus 'V'ju:iJ 

n1';i&l~b~BVl1.Je:J'U'V'jtJ15\illni.'1:W1'Un~:w microfi laria , 
c :lJ1~iJ ~VI';i:lNfli.'1ni.'1. bbi.'1~flru~ (2554) 1v1Pim~l'lh~Vl1'Ub~e.J~'Ue:J..:i~'lrilu'UtJn:u~ Oraco, 

maculatus \\lln~1.Jvi b 'Ul1'lb 'U:lJ') <5'..:iVl1~n1ru:u'UU~ 'WU1l~'l rilU1.JtJ n:u~11.J~1.Jvi~'lncil1:iJ n1';i&l~b~Bv , , 

'lh~Vln~:w haemogregarine t~tJiJfl'11:W'qn (prevalence) LYllnu 66. 7% t~m:ffe.JLl';i~I'Iv1'V'juc.J'll~ 

http:vi'Y'/'u11.J~1.J~bm~.u1
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~'lh~11m.h'liVlb'l'U 

mJ1-U-Ue.JlJ(;1'V11'l:zj11lJb~ n~1'UmJ'ill bb'U mb~~J~'UmiJJ G'l n~ bb~~'lllJVl'lle.J'l~'lij:gi \1l-vli.'11J1~yj'Ub tJ'U 
'U, ".. .. 

15n1JvllJl'f'U n1J tJ e.J lJ'f'U 111~e-J~-vlijfl11lJtln~e.J'l bblJ'UthG'l'l 8n~'lEl'lij n1J1-Ubbyj~'M~ ltJ1'Ut1~'lu'U1 'U 
'\J '\J , 

~'lij:zj1\1l'MmtJn~lJ~'lbb~~~:zjyj-vlij'll'U1Vlb~ n 1 tJ'l'U(i'l~'lij:zj1 \1l-vlij'll'U1Vl1'M'1i (Chantan~si et ai., 2007) 

tVltJ-lie.JlJ~'VI1'l:zj11lJb~~~vllJtJlJ1-Uel'Uwd'l fie.J mJH~1~'UlJ1fl~1e.Jl'V1~ (nucleotide sequence) '1m'l 

bfl~e.J'l'MlJltJllJb~n~ (molecular marker) vlyj'Ul~'U~'UomJlJ'lle.J'l~'lij:g1\1lvlnl~'lPimn 'M~'l1'U, , 

bfl~e.J'l'MlJltJllJb~n~vllJmJ1-li Ae.J ~1\9l'UlJ1fl~1e.J1Vlvl'lle.J'lG'llJ e.J(;1i'UtJlJ\1l1J 1 'Ut"ljlJe.J~~lli)'Ube.J (smaLL subun it 
, '\J 

ribosomal DNA 'M~e.J SSU rDNA) ~'lbtJ'U8'Uvlyj'Ul~'U~'lij:gi(>1'V1n'lllJVlbb~~ij~lJtJlJPimnlJ1n vh1m'U 
, '\J 

t1~'lU'Uij~l'U-lie.JlJ ~'ll e.J'l8'Ud1 'U ~ 'lij:zji \1l'M~1 tJ n~lJ'M~l tJ'lllJ Vl ~ 'l btJ'UtJJ~ltJ'llU e.J ~ 1'1 ~'J~e.J nlJ1~tJ 
.. cOl " .. 

btJ~tJ'UbVitJ'Un'U~'Jij:zji(>1vlnl~'JPimn 'Ue.Jn'llnd ~1\9l'UlJ1fl~1e.J1'VIvl'lle.J'lfflJe.J~.a''UtJlJ(>11J 1 'U1"ljlJe.J(;1~b~'Ube.J
'\J 

El'lffllJ1Jml1lJ11m'U mJff~l'lbbe-J'UfliJ ~'U1~bbffVl'lmllJ~lJ~'U6'V11'Ji11'lJ'U1mJ'lle.J'J~'Jij:zji (>1vl nl~'lPimn n'U 
'\J 

~'Jij:g1 (>1~'Uvl b~tJ1-lie.J'J b~ e.J1m'U m JbbffVl'l bb~ ~'V11'UltJJtJbb 'U'U'1Je.J'li1l'lJ'UlmJvl bnVl~'U1'UG'l1 tJi11'lJ'Ul mJ 
'\J 

'1Je.J'l~'lij:gi\1lvlnl"''JPimn (Chantan~si and Leander, 2010) 

'l1'Ui~tJflf'Jd~'J'l11bVlfllJfl'VI1'J:g11lJ b~n~lJltJJ~tJn(>11m'UmJJ~'Un~lJ G'ln~ bb~~'lllJVl (>1(;1e.JVl~'U.... ...... 

mllJ~lJ~'U6'V11'Ji11'lJ'UlmJ'1Je.J'ltJJ~\1l-vlG11J1'lyj'U1'Ub~e.JVl'1Je.J'l ~'JfiTu'Uun~Vl Draco macuiatus ~1 n, 
~'Uvlb'lJl1'lb'lJlJJ ~'l'M1Vlmfll'l'U'U~ lVltJ lJl~iJ U(>1JlJ'Jfl~n~ bb~~flru~ 1'Uu yj.l''l. 2554 'Ue.Jn~lndEl'l0l:: , , 

'V11mJPim~lyj tJ16ff[l1yj-vl m"ilij~'U 'l1 ntJJ~\1l1'Ub~ e.JVlvl (>1J1'lyj'U ~ e.J b.Qe.J b~ e.J b~e.JVl'lJ.e.J'l ~'J rhD'Uu n ~ ,Vl b~lUl'U 
fI11lJ~vllJl'l1 n'Jl'U1 ~tJ~'Ud~ ~'l111tJ~f111lJ b-lil1~(i'Jfl11lJ~lJ~'U6J~wil'ltJd~(>1 bb~ ~ b~lUl'U bb~~ tJ'JbtJ'U 

'\J '\J 

bb'U1Vl 1 '11'Umd'IJ1tJ'V11'UltJn1J bb yj ~m~~ltJ'M~e.J[l11~ mJJ~'U1Vl'lle.J'ltJd~\1l e)'U'l~btJ'UtJd~ltJ'll'U1'UnlJ 

tJJ~tJ n\1l1-li'VI1'l mJ bbyjVl6 mJbn'1j(>1J bb~ ~ n 1 de.J'U 'fn';Vl'fyj tJ 1 m OJ JlJ'lll~ bb~ ~~'l bb1 Vl ~e.JlJ e.J ~1'J5'Jv'Ubb~ ~ij, . 
tJd~~'VI6[l1yj~e.J1tJ 

b~e.JPin'1jl-lie.JlJ~'VI1'l:zj1tlJb~~mb~~yjtJ16ff[l1yj'lJe.J'l Hepatozoon 1'U~'lrilD'Uun~Vl (Draco 

macuiatus) 1'U~'Uvlb'lJl1'lb'lJlJJ ~'l'M1Vlm~~'U'4~ 



1. nl'Hn'U~1eJ~l.:1~,uhu'UUml~Filln~'Uvib''l/11.:1b''ll:IJ1 ~.:IVl1~n1ru~'U'U~. ... . 
v11fl1'Jbn'U\9l1m.h'l~'1ril'i}uum)~"illn~'Uvib"IJ11'1b'llm ~'1V11~fl1ru"il'U'U~ 2 f'lf'll~bbri 'J~Vdl'1, u , 

l'Uvi 19-21 ~'1'\111f'l:IJ 2554 bbt'l~ 27-29 b:IJ'M1EJ'U 2555 bn'U\9l1mh'l1~'Jl:!J 8 \9l1 1~EJ\9l1mh'l~.:Jril'o'Uvi 
bn'U1~:!J1"illfl~'Uvi'V11'1b~'Uc;;'1'Jl"il'U~muozlem'lmJ1~ (.fl1'V'lvi 1) 

2. n1'a~'a1~Vll'l.ha~1'Ub~eJ~bb6'l:::'V'IEl15a.f11'V'1vibii~lfi''Ubi1m~eJb~eJ~·lm,:j~,:jfhu'Uun~~. 
fl1 'J \91 'Jl "il'\lll'lh~ \911 'Ub~ eJ ~ '1J eJ.:J ~'I ri ltJ 'Uu fl "il ~vi ~'U m11ii' 1~ CJ101fm 'J1m \9lmJ fll CJ '\111'1 b~ flU eJ CJ. 


('l.h~:!J1ru 1-2 b'11'U~b:!J\9I".i "illfltJmCJ'\II1.:J) (.fl1'V'lvi 2) U'U1~b~eJ~:!J1vi'U1blrutJ611EJ'\II1.:Jbbt'l~ bb\9l~VlCJ~b~eJ~ 
t'l.:J'U'Um~"ilfl~lf1~ 101fm~''ilfl~lt'l~~mbcJ'UIf.lltJvi'\llEJ~ b~eJ~vieJ~'U'Um~"il fl~lt'l~b~eJvllbbcJ'UYI~:!Jb~ eJ ~'I1U~ 

" 
'Ul.:J (.fl1'v~vi 3) -rfl'Ml~.fl1V'lb.nm~m~eJ~1~EJfl1".i~:!Jt'l.:J1'U methanol 100% (.fl1'V'lvi 4) "illmr'UEJeJ:!J~lEJ~, 
Giemsa (1:10 1'U phosphate buffer, pH 7.2) bU'Ubl611 20-30 'U1Vi (.fl1'V'lvi 5) ~l.:J~EJeJ:!JeJeJfl~lEJ 
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Jl'Lh~'lh ~..:J,,1{;lt'l1l\J'ULL~..:J LL~1~..:JL11JJ1ml\Jt'ltl':i~{?l.fl1EJl~n~€I..:J\J{;lVl'J'Jl'1u It'1EJ1'U.ff'ULL'In ml\J~':lEJ 
'U , 

L{;l'U"1n~1{?l~fhr..:J'1lmEJ~lri€l'ULVim'iTth~{?l'1l'Ult'11Vlqj L"li'U trypanosome Lb~1~..:JtJ1UJJ1~tll~..:J'1lmEJ~..:J 
LVi€lvi1tJ'J~{?l~€1 ~Jl1 EJ1'UL~t'I L~ €It'1 LLt'I..:J LL(;i ~fIlmn~mTI".f1 1~~ Lil t'I flU L 11€I L~ €I L~ €I t'I LL{;l ~ L"IJ{;l~L~ t'I L~ €I t'I \J 1 fl 

'U 

LL~'UV1~:IJ L~ eJt'lJl1EJl~fl~€I..:J~{;lVl'J'JI'1U LL(;i~r\'1'UlruVilAlI"111:IJ'lJn (prevalence) \Jln~{?l'J 

Alrll1:IJ'1fn (%), 
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1l1Vivi 5 lJ,a~,:ml'j"EJ€JlJ~IJ,i:J'UYhhJL~€l~"lfiJ~U1':!'1J€J.:!~.:!fhiJ'UtJn:U~~ltJ~EJmJ Giemsa LU'UL1(;ll 20-30, 
'U1Vl :Ul f)1i'U~.:!~l':!~EJ€JlJ€J€Jn~lmhlh:::'lh v1.:!1,xLL,x.:!rl €J'Uul1'll1'l'j"1 :u~'ll'j"~l'lmtJ1~n~eJ'I:U (;l'm'j"I"IU 

~ , 

3. n1'aAn'tnii€llJ6lVl1'1;j1LlJLan6l'IJv'l Hepatozoon" . 
f)1'j"~m~l-tJeJlJ(;lVll'1~bllJL(;ln(;l'lJeJ.:! Hepotozoon ~(?\'l'j".:!;glI'lLu'U'll'j"~l'll'U~'1rlliJ'UtJn:u~ ~ltJ 

~ , , 
f)1'j"L~mh'Ul'UalJ€J(;l.a\miJl'lblu1"l1lJeJ(;l~LB'ULeJ (small subunit ribosomal DNA Vf~eJ SSU rONA) iJ 

" 
~ 

'j"ltJ(;l:::L5tJ~~.:!u 

3.1 f)1'j"i:'itl~~LB'ULeJ'lJeJ'I Hepotozoon l~tJH"1!~i:'itl~~LB'ULeJ MasterPure1M Complete DNA 

& RNA Purifiction Kit 'lJeJ'I EPICENTRE (Madison, WI, USA, Cat. No. MC85200) ~.:!iJ.ff'Ul'leJ'Uf)1'j" 
v 

i:'itl(;l ~'1U 

(1) l-ffm'j"1m~i:Jl'Uf)1'j"v11mllJi:'i:::fl1(;l~lmeJVimLeJ(;l neJeJeJ~ 9 5% 1'l(;l'llmtJVfl'1'1J€J'I~'1rlliJ'UtJn 

(2) l.ffDTu'U1~L~eJ(;l:Ul nVfl'1'lJeJ'I ~'I rll LLI'l:::'llmtJVfl'1~iJVftJ~ L~eJ(;l(;l'lC,J'U'l~l'U1'U'lJeJ'IVf(;leJ(;l1lJ11'1 'j" 

L~'UI'l~Yhn'lJ'Ul~ 1.5 ii(;l~~(il'j" ~iJ 2X Tissue and Cell lysis buffer 'll~lJ1m 150 1lJ1fl'j"~m eJ~ (m'W 

~ 6) 

(3) L'lJ~lt:Ji:'ilJl'lleJ~l.:!L~eJ(;ltl'U 2X Tissue and Cell lysis buffer l,xL-tJltl'U 

(4) L~lJLeJ'U1"l111 proteinase K 'll1lJ11'l'j" 40 1lJlfl'j"~I'l'j" (;l'll'UVf(;leJ(;ll'llmh'l LL(;l:::t:Ji:'ilJl,xL-tJltl'U'U'U 
d . 

LI'l'j"eJ'I vortex mixer 

(5) L~lJJl ultrapure (;l'l1'U1'l1€l~1'11m~'ll~lJ1I'l'j"~'V15 300 1lJ1fl'j"~I'l'j" 
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illW~ 6 LLi:'l~':]fl1'jLtlul'i'lmh':]Li'im'r'J1fl~~r;'U'UUml~~.:]1'Uv!~eJ~1:ulmL~'U\Ol~vhn"lJ'Ul~ 1.5 iJ~~~\Ol':i, 
L~e:J1m'Ufl1'ji:'li1~~LB'ULe:J~'jT'ilV!lLJ'ji:1~ Hepatazoon ~ltJ15'V11':]~11:UL~~~ 

(6) ,jlv!~eJ~1:ulmL~'U~~Yhn~:ljl'i'le:J81':]Li'ieJI'11LJ~':]U'ULfI~eJ.:]1~f111:u1e:J'U (heat block) ~ 
~ruV!iJjJ 65 e:J':]Y'f1L'1f~L~m' dJ'ULlm 8-9 il1m LL~:;'Vhfl1'jL"lJE11LU'U'j:;tJ:;"1 

(7) ,jlv!~eJI'11:ulf1':iL~'U~~Yhn~:ljl'i'lmh~luu.'liu'UJ1LL~':] b~eJ~~eJruv![1jJLU'UL1m 3-5 'U1Vi 
, 'U 

(8) H'tlLLJ\Oll'lel\Oll'Ulm~~i:'ll'j~:;ml'J MPC protein precipitation LJ~:lJ1\Ol':i 150 l:ulm~\Ol'j 1~~.:] 

1'Uv!~eJ~1:ulf1'jL~'U\Ol~vhn~:ljl'i'le:J81':] L"lJ81eJ81':]t1lm~e:J':]LU'UL1i:11eJ81.:]UeltJ 10 l'U1Vi LL~1,jl1LJ~'ULV!~ tJ~ 
~f111:UL~1 11 ,000 ':ieJu~eJ'UlVi ~eJruv![1jJ 4 eJ~Y'flL'1fm~tJi:'l LU'Ublm 10 'U1Vi L~e:J\Olfl\Ol:;fleJ'U1LJ'j~'U

, 'U 

(9) H'tlLLJ\Oll'lel\Oll'U~~~~1'UJ11i:'l1LJ1~V!rleJ~l:ulf1':iL~'U\Ol~vhn"lJ'Ul~ 1.5 jJ~~~m'VIi:1e:JI'11VIlJ v1~ 
'U 

~1'U~:;fleJ'Ufl'-tlv!'i'\eWl1U 

(10) HtlLLJ~l'lel~lwJ~~1'1 isopropanol LJ~:lJ1~'j 500 l:ulm~~'j 1~i:1~1'UV!i:1e:JI'11:ulf1'jL~'U\Ol~ 

vhn~:ljl'i'lmh~mj fl~UV!i:1e:Jl'1~'U~':] 30-40 f1f.:] L~eJ~fl~:;fle:J'U~ibB'ULeJ
'U 

(11) ,jl1LJ~'ULV!~tJ':]~f111:IJL~1 11,000 'jeJUt1le:J'U1Vi ~eJruv![1iJ 4 eJ.:]Y'flL'1f~L~m'l L'LJ'UL1~1 10 
, 'U 

'UlVi U.~lL'VI~1'UJ11i:'lv1.:] LV!i'im11'U"lJe:J':]~ LB'ULeJ~\Olfl~:;fle:J'UHn'Uv!~e:J~ 
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(2) l~hmJVll'Ue:lflfll1lJ\,oiJ~oiJ'U 75% fl~1'UVlfle:lVlv1';le:lchrtJ'1m(?lJ 500 1~lm~~J lyje:l~I~ 
(?l:.me:l'U~lB'UlB ll~lHi'u l tJ (?liieJ(?l1'U:J.MVlVllo'Vn~cil'U~lu'UJ11~e:le:ln V'h.Jl 2 flf~ 

'U 

(3) 'l11Vl"e:lVl~1e:l~1~1tJ~~lV1muVl~,l1Hu'Ulfl~e:l~1~rnl~~e:l'U~mlJVl.fliJ 65 e:l~mb"llm<EtJ~ , " 
-;y'Um~~~le:lVll'Ue:li.'\1'UVl1.'le:lVlJ~lVltJe:le:ln1tJ-;y'UVl~VI 

(4) l~~~IJ"~mmJvky.Je:l{Vi~ (Tris EDTA buffer: TE) tJ'1mm 251~lflJa(?lJ lyje:l"~mtJ 
(?l~ne:l'U~bB'UbB 'l11v11B~I~~ lB'Ube:l1tJbi1U111'U~b8'U~ml.!Vl.fliJ -20 e:l~1"11b"llm<8m'1 -;y'Un11~~H1'UntJVlt 

'IJ , " 

tJiFl'1tJ1~'U~BhJ 
3.2 mJv'htJBn~tJ1~nl"ll1'V'lab~e:l{lJ~ (polymerase chain reaction: PCR) Vl~m~<Em{ 

0) 'l11v11B~I~~lB'UbB~b(?l1tJ~1%1~~'UbU'Ulb:W~~W (template) ;;11Vl1'U'l111tJb'vimJ~mru111 U 1"ll 

~B"~bB'UlB (ribosomal DNA) ~lmVlfliJfl~<Een{ lV1tJ1i KAPA2G™ Robust HotStart PCR Kit 

(Kapa Biosystems, Inc., Woburn, MA, USA, Cat. No. KK5531) 1'V'lJb~B{ (primer) bbrl~~ml~1'U 

m'Jv'htJ5n~tJl v1~~e:l1tJ.Q 

[1] 5X KAPA2G Buffer A 	 5 l~lf1J~~J 

[2] dNTP mix 00 mM each) 	 0.5 1~lf1Jam 

[3] Forward primer: 	SSU-NPF1 (5'-TGCGCTACCTGGTIGATCC-3') 

fll1moiJlJoiJ'U 10 fJM 2 1~lf1'J~~'J 

[4] 	Reverse primer: SSU-R4 (5'-GATCCTICTGCAGGTICACCTAC-3') 

ml~ loiJlJoiJ'U 10 IJM 2 1~lf1J~(?lJ 

[5] ~bB'Ule:l~lnoiJe:l (14) 	 4 1~lf1'Ja(?l'J 

[6] PCR grade water 	 11.3 1~1f1Jam 

[7] KAPA2G Robust HotStart DNA Polymerase (5 units/fJl) 0.2 1lJlfl'Ja~'J 

tJ~~I(?lJ~VI~ltJ 25 1~1f1Ja~'J, 
'l11Vlrle:lVl~<Em{~b~~~I'Jb1tJU~Bmbih1cirl~1'Ubfl~m thermal cycler ~~~1tJJblm~v1\1.Q 

hJ':ibbn':ilJ COIKP50: 

Heat 95°C dJ'Ubl1.'l1 3 'U1Vi 

Denaturation step 95°C I.U'Ublm 30 l'U1Vi 

{45 1'E1U 	 Annealing step 50°C bU'Ublrl1 30 l'U1Vi 

Extension step 72 °c bU'Ublrl1 1 'U1Vi 

Final extension step 72 °c bU'Ublrl1 10 'U1Vi 

Hold step 20 °c -;y'Un11-;y~'l11tJ5n~tJ1e:lBmnmfl~B~ 
(2) 'l11tJ5n'1tJ1Yl<Een{~1~~1 nnl'~vlltJ5n'1tJ1f1f~l.bIn (primary PCR) oiJl~~'U1tJHi'bU'Ul.b:W~~W 

1'Um'JvlltJ5n'1tJl~<Em{~'U~B1tJ (secondary PCR) lV1m~lJ~1'J1'Um'JvlltJ5n~tJ1(?llmhv1U v1~.Q 
[1] 5X KAPA2G Buffer A 	 5 1~lfl'JaVl'J 

[2] dNTP mix (10 mM each) 	 0.5 
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[3] 	Forward primer: SSU-NPF1 (5'-TGCGCTACCTGGTIGATCC-3') 

fl11lJb-iflJ-if'U 10 JJM 2 1lJlfr.i~(;11 

[4] Reverse primer: SSU-Api1738R (5'-GACCTGTIR1WGCCTHAMRCTICC-3') 

fl11lJb-iflJ-if'U 10 JJM 2 1lJlfl1~(;11 

[5] ~ bB'UbtFiJ1 nun n~ tJ1-w6/le:n{fl~,:j bb1 n-if1,:j tl1'U 	 1 1:tJ1fl1~(;11 

[6] PCR grade water 	 14.3 1:tJlfl1~m 

[7J 	KAPA2G Robust HotStart DNA Polymerase (5 units/JJl) 0.2 1:tJlfl1~(;11 

U~m(;11?l~V11t1 25 l:tJlfl1~m, 

lt1';ibbmlJ COIKP55: 

thvl6'1eJ~-W~e:n{~b~lJ?l11b~tlu1eJmb~11?f6'l,:j1'Ubfl~eJ,:j thermal cycler ~~,:j1U1bbn1lJil,:j11 

Heat 95°C dJ'Ubdm 3 'U1Vl 

45 d'ilU { 
Denaturation step 

Annealing step 

95°C 

55°C 

dJ'Ubd6'll 

b'U 'Ubd 6'11 

30 

30 

1'U1Vl 

1'UlVl 

Extension step 72°C b'U'Ubd6'11 1 'UlVl 

Final extension step 

Hold st~p 
72 °c 

20 °c 

btJ'Ubdm 10 'UlVl 

'<iJ'UfrhiJ~,j1Unn~tJ1eJeJmnmfl~eJ,:j 
1~tI~'Ubb6'1~.u1,:j'hil'U'iJlflmeJ1v·wl~f1mYimh'U1'U~'U:lJl fit) U~b1ru ribosomal DNA (rONA) ~ 

" 
U1~neJ'Ur1'W ~'U 18S VI~eJ SSU rONA (small subunit ribosomal DNA) ~,:jihJ'Ul~j;,J~m!)ruo/iY;~eJ11~ 
1~"illn1'W1blJeJ{ SSU-NPF1 bb6'l~ SSU-R4 u1~mru 1,800 ~bU?l (base pair: bp) bb6'l~'<iJln1'W'H:tJeJ1 

SSU-NPF1 bb6'1~ SSU-Api1738R U1~:lJlru 1,450 ~bU?l 

(3) (;111"il?leJUj;,J~(91Jl'ruo/iY;6/le:n1~1~"illn-ifeJ (1) bb6'1~ (2) 1~tlf111?ln~bbtln~lEJm~bb?l1vhih 
(agarose gel electrophoresis) 1'U agarose gel ~fl11:tJb-if:tJ-if'U 0.8% bb6'1~?l116'1~6'11t1U'VJbyJeJ1VlbeJ5 
(Tris Acetate EDTA buffer: TAE) 'V'l~eJlJ molecular marker 6(I'U~ 1 kb plus (Invitrogen, Grand 

IsLand, NY, USA, Cat. No. 10787-0 18) 1~tI~,:jri1bb1,:jbfl~eJ'U1yJyh~ 100 116'11'l btJ'Ubd~l 30 'UlVl 

(4) VI~\I"il1nfl1U 30 'tJlVl ,jlbb~'Ub"il6'1hJifeJlJ1'U?l11~~mtl ethidium bromide btJ'Ubdm 10 

'U1Vl 

(5) ~l\l?ll'm~mtl ethidium bromide ?fl'Ubn'UeJeJn1~tI,j1 bb~'Ub"il6'11Ubb'1J1 '\.J1.11n~'Ub tJ'Ub1m 10 

'U1Vl '<iJlmr'Um1"il~~~(;1j)ruo/i-w6/leJ14mvlmtl1tl1bb?l\lCJl 'V'l~eJ:tJu'UVinm'V'l 
" 	 " 

(6) vhun n~tI1.ff11 'U-iftl (1 )-(5) b'YieJ1Vflvlj;,J~(;1Jl'ru';;-w6/leJ11~jjfll1:tJ b-iflJ-utJ:tJ1n'V'ltlb~eJ1m'Uf11 1 

lfl6'1tJ~tJ6'l\lltJ1tJbbUflVl b~tlvieJ1U 

(7) t11j;,J~(;1j)ruo/i-w~eJ11~,:jVl:tJ~"il1n-ift) (6) 1U?ln~bbtlnr11t1m~bb?lly.J'\~h1 'U agarose gel ~fl11:tJ 
b-iflJ-iftJ 0.8% bb6'l~m16'1~mtluyJb'vjeJ1VlbeJ5mlJ-ifeJ (3) '<iJ1mr'U,jlbb~tJb'<iJ~hJifeJ:tJ(911:tJ-ifeJ (4)-(5) 

(8) t11bb~tJb "il~1U(;111 '<iJ~mCJ1tl1bb?l,:jCJlbb6'1~1mujj~~?l~eJ11?1~l?IbeJ1 bQ'V'l1~b'<iJ6'l1'U?f1tJ~jjbbflU~bB'U
" " beJ'1JtJ11?I~tl1eJ\lnl11?f6'l,:j1tJVl6'leJI?I1:tJlfl1b~'U(;1~Yhn~~1'Unl1eJU~lhb;fftlbb~1'1J'U11?1 1.5 :iJ6'l~~(;11 
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3.3 rn'Jvhfrn:lJ(f~en~e.J~(?).nru"f1Yi6lie:n{~":m UltraClean™ 15 DNA Purification Kit (MO BIO 

Laboratories, Inc., CA, USA, Cat. No. 12100-300) 

(1) L~:lJ ULTRA SALT tJ~:lJ1(?)'J 1 ili;1~~m i;1~Vli;1tJ~1:lJlfm<ih.J(?)~Yhn~:iJLbtl'tWili;1~LihJLtJ'1J'Ul~~ 
~€I~rnTU'J'J"<il€l~ e.J(f:lJl~LoUln'U 

, 1) 

(2) '11TIIji;1tJ~1:lJlf1'J L~'U\'l~~l n1tJ ~'1'tJ'U Lfl~tJ~1 ,xfl1l:lJ1 tJ'U~eHl.JVlJlil 55 €I'1fllL"I.!m6litJ(f L'U'ULli;11 
, 1) 

tJ'J~:lJ1ru 10-15 'U1Vi v1~111~L"<ili;1i;1~i;11tJ"<il'UVl:lJ~ '111Vli;1€1~tJ€ln"<il1mfl~€I~1~fl11:lJ1€1'U v1~111,xL8'Ui;1-:J~ 
€IruVlJlil~€I'1 , " 

(3) l~ ULTRA BIND tJ~:lJ1(?)'J 71:lJlm~m i;1-:Jl'U(f1'Ji;1~mm"<ili;1-tJtJ (2) e.J(f:lJl~L-tJln'Ul~tJnGlu 

Vli;1tJ~ltJ:lJllu'Unmmh-:JifmJ 5 'U1Vi 

(4) '1111tJ~'UlVl~EJ~~fl11:lJL11 12,000 'JtJUl?ltJ'U1Vi lU'ULlm 30 l'U1Vi L'v1?i1'UJlli.'1v1~lli;1~UlU 
ci1'U(?)~mJ'U ULTRA BIND ~n'UVli;1tJ~H 

(5) \'~:lJ ULTRA WASH tJ~:lJlm 500 l:lJlm~m i;1'11'UVli;1€1~1:lJlfl~L~'U(?)~~ln ~~i.'I1'J~'Ui;1~1~
1) 

ULTRA WASH e.J(f:lJnu ULTRA BIND "<il'UhjlVl~€Ici1'U'1JtJ~ ULTRA BIND lU'U(?)~ntJ'U€I~~n'UVli;1tJ~
1) 

(6) '1111tJ~'ULVl~EJ~1il1EJm1:lJL11 12,000 'J€lUI?l€l'U1Vi l U'ULlm 30 l'U1Vi L'v1?i1'UJlli.'1~~LLi;1~bnU 
~l'U{;l~ntJ'U ULTRA BIND ~n'UVli;1€1~H 

(7) vh.a1l'U-tJtJ (5) bLi;1~ (6) 

(8) '1111tJ~'ULVl~CJ~Bnflf~~fl1l:lJl11 12,000 'JtJUIPl€l'UlVi LU'Ub1m 2 'UlVi "<illn,!'Ut-utlLtJ(?)\il 

B(?)l'UW1~~~l'U ULTRA WASH ~LVl~€I€1EJ'1'UVli;1€1~€I€1n"<il'UVl:lJ~
1) 1) 

(9) '111Vli;1 tJ~l'lltJ ~1~1tJ ~~l~mD~t,h1l'U 'Ubfl~ tJ~1~fl1l:lJ{tJ'U~tJ 
, 
ruVlJlil 

1) 
55 €I~fl W/fi;1l'1lCJi.'I 

\J'Um~y(~ ULTRA WASH l'UVli;1tJm~LVlCJtJ€ln1tJ"<il'UVl:lJ~ tJ'J~:lJ1ru 5 'U1Vi 

(10) i;1~mEJ~Lil'ULtJtJtJn"<il1n ULTRA BIND 1~m~11J1 ultrapure water tJ~:lJ1(?)'J 15 l:lJlm~(?)'J 
e.Ji.'I:lJ"<il'ULu'U\'dm~mn'Ul,xloU1nu ULTRA BIND "<illn'!'U~-:J~~H~€IruVlJlil,x€l~LUlJnm 2-3 'U1Vi , " 

(11) '111Vli;1tJ~l'lltJ~1~1tJ~'U\,Vl~EJ~~fl1l:lJL11 12,000 'JtJ'tJ I?lfJ'U1Vi LU'U\'1m 2 'U1Vi "<ill n'!'UliD 

ltJ(?)~B(?)1'Um1~~?i1'UJ1li.'1~ii~lS'UlfJi;1~m CJ€I~ltJ1i.'1b 'UVli;1tJ~111lf1wli'U(?)~~l nVli;1tJ~1Vl:W 'J~l-:JfJ~ll,xci1'U
1) 1) 

'1JfJ~ ULTRA BIND ~~~~111nu?i1'UJ1l?f 
1) 

(12) '1111'l1fJ~1~~\'S'UlfJ~1~lfl'tJ111'U~\'8'U~fJruVlJlil -20 fJ~fl1L'1fm;EJi.'I "<il'Unl1"<il~1oUt 'Unl'JVll 
1) , 1) 

tJ5n~m~'UlPlfJ1tJ 
3.4 nl'Jlf1i;1'Uv'U SSU rONA '1JfJ-:J Hepotozoon ~l~mJl'U1'U1~ 1~CJ1i'q~lfli;1'UD-:J 

StrataCloneTM PCR Clonin~ Kit (A~iLent Technolo~ies, Inc., Santa Clara, CA, USA, Cat. No. 
," " 

240205) ~~ii-v'U(?)fJ'U 1'l~11 

(1) b~11i.'11'JI?l€l1tJi1(?)1:lJ1A'1I'lUi;1~1'UVli;1tJ~'lJ'U1\?1 0.2 ili;1~~m 
- StrataClone ™ Clonin~ Buffer 3 1:lJlf1'J~m 

- e.J~\9l.nru"'Yi;e:n1~'Vhm1:lJi.'I~en~\'\'~1'lJfJ~V'U SSU rONA 2111lm~(?)~ 
- StrataCloneTM Vector Mix 1 1:lJlm~m 
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~"'lJ1~L-Uln'UL'Ul61 LL~l~'1~'1H~mWAJl:iJ~v'lLiJ'Unm 5 'U1Vi 
I • " 

(2) L~vm'U 5 'U1ViLL~1 t11'V!~vVltlBn~cn1t1~'1'U'UJ1LL~'1 
(3) t11"v1~vVl StrataClone SoloPack competent cells vvmnn~~rnllJL~'U -80 v'l1"11 

~ ~ c! " 
L'lf~L'lfCJ'" LL~~11'l'U'U'U1LL,(J'I"i)'U~~mCJ 

(4) ~Vltllln~CJ11'U-uv (1) L~lJ~'11'U StrataClone SoloPack competent cells ~~~mmLib 
t-J"'lJ1~L-Uln'UL'U11 ~'1H'U'UJ1LL~'1Ltl'UL1m 20 'U1Vi 

(5) heat shock tllln~CJ11'U-uv (4) 1'U water bath ~~ru"v1JJ:iJ 42 v'lI"1lL"(jm~CJ'" bU'UL1m 45 

(6) t11"v1~vVl#i'1mh'l1t111'l'U'UJ1LL~.:jY('UVi bL~~~'1Hbtl'Unm 2 'U1Vi 

(7) L~lJ"'11~~mCJ SOC ~ri'UH~vru"v1Jl:iJ 42 v'lI"1lL"(jm~CJ'" f1'11'U"v1~vVl#i'1m.h'l 250 1lJlf11~(?n, , " 
(8) t11"v1~vVl#i'1v~1'l1t1b"lJ~11'U(,)tilJ~vru"v1Jl:iJ 37 v'lI"1lL"(jm~m1 LU'UL1m 1 -B'11m

" . " 
(9) "v1~'1~ln 1 -B'11lJ'I ~Vltllln~CJ11'U-uv (8) tI~lJlm 100 1lJlf11~m hif1'11'U~1'UL'V'lln~v~il 

Vl"v111L~CJ'IL~v'{jDVlLL~'1 (LB agar) ~'1ilCJ1t1ll'lh'U~ ampicillin v~LLf1n~lJ X-gal 2% tI~lJl\?l1 40 

1lJlm~\?l1 nv'Uwult1 bfl~CJ (spread) tllln~CJ11~vhill"v111b~CJ'IL~V 
(10) Vh~11'U-uv (9) n'Utllln~CJ1~L"v1~vv~1'U~1'UL'V'l1~L~v1"v1~ 
(11) tilJ~1'Ub'V'l1~b~vvr'l"'v.:j1'U(')tilJ~vru"v1Jl:iJ 37 v'll"1w(jm~CJ'" Ltl'UL1mv~1'liivCJ 18 -B'11m

" . " 
(12) ml~~lf11~tJ"lJ11LL~~1f11~tJJ1L1'U"v1~.:j~lfltilJtllln~CJ111-UllJfl'U 1VlCJ1f11~tJ"lJv'lLb'UflVib~CJ~ 

i1~"lJ11~~il~'Ucil'U"lJv'l~ba'ULvmcib-u11tI v~ 
" 

3.5 fll1vi'ltllln~CJ1~n1'lf1'V'l~LlJv1b1"'VI~v~~v11~lfllf11~tJ"lJv'lbL'UflVib~CJ (colony PCR) 

(1) 1mlJ'~lJ~'U~~1'Ufll1v'U~lL~mb~1 ~lJmfl1~tJ"lJv'lLb'UflViL~CJ~il~"lJ11 
(2) t111lJ'~lJ~'U1'U-Uv (1) 1tlbbnl'11'UVI~vVl"lJ'U1Vl 0.2 :iJ~~~m ~ilJl ultrapure water eJ~ 10 

" 
1lJlm~\?l1 

(3) vi'1~11'U-uv (1) bb~~ (2) n'Ulf11f1tJ"lJv'lLb'UflViL~CJ~il~"lJ11 6-81f11f1tJ 

(4) vi'11~\'lf~~bb'UflViL~mL\?lfl lVlCJfll1t11"v1f1vVl#i'1v~1'l1ci~'11'Ubfl~v'l thermal cycler ~~'1 
vruVlJl:iJH~ 94 v'l1"11L'lfm~CJ'" bU1.Jnm 10 'U1Vi. " 

(5) H"'11~~mCJ1'U-uv (4) L tl'ULb~~lJv1'(\lVl1''Ut111tiL~lJtI~lJlru111'U1-IJlJv~~La'ULv (ribosomal 

DNA) ~1mV1f1DfI~~v11 lVlCJ1-u GeNei™ Red Dye PCR Master Mix (2X) (Merck Ltd., Klongtoey, 

Bangkok, Thailand, Cat. No. 61060210003) 1'V'l1LlJv1 (primer) bb~~"'Jl11~1'Ufll1vi'ltlBn~CJl 

~.:j~v1t1t1 
[1] GeNei™ Red Dye PCR Master Mix (2X) 5 

[2] Forward primer: T3 (5'- ATIAACCCTCACTAAAG-3') 

fIlllJb-UlJ-U'U 10 IJM 1 

[3] Reverse primer: T7 (5' - AATACGACTCACTATAG-3 ' ) 

fIlllJL-UlJ-U'U 10 IJM 1 
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[4] ~bihm)'Jlfl-ilB (4) 2 lJJlfl';i~(01';i 

[5] peR grade water 1 lJJlfl';i~Vl';i 

tJ~lJ1Vl'H'II1J~ltJ 10• 
'I11'MflBI1J~~m{vib~hJG11';ib1tJu1Bmb~11?ffl.:J1'Ubfl~B.:J thermal cycler vi~.:J1tJ';ibbmJJ~.:J.Q 

1tJ'mm-:u BACSO: 

Heat 95°( b'U\Jb1fll 5 '" \JTVl 

{ Denaturation step 95°( dJ\Jb1m 1 '" \J1Vl 

35 J''tlU Annealing step 50 0 
( btJ\Jb1fll 1 '" \J1Vl 

Extension step 72 O( btJ\Jb1m 1:30 '" \J1Vl 

Final extension step 72°( btJ\Jb1m 10 \J1Vl 

Hold step 20 O( ,<\)\Jfl'hil~'I11tJBn~tJ1e:mmJ1mfl~B.:J 
(6) \91';i1,<\)G1BUC-J~(01.nruo/ivihi1I1JVfll';iG1nl1JbbVfl~1Vm~bbG1hh~wzi'Ub~cnnu 3.2 -ilBvi (3)-(5) 

(7) 1\Jmruvi1fllfllJvit:1m~BfliJ~\Jvi~B.:Jfll';ilflfl\JB v1VlyhJl1\J-ilB (5)-(6) 1 'M1~C-J~ VlJlruo/i tJ~JJ1Vl';i 
~ ~ 

50 lJJlfl';i~Vl';i 'M~B1V1iJfl11JJb-ilJJ'lm.:Jbbt:1uki)\Jbm~v.:J"vIJB1'Ufll';i?f.:JltJvmh~U'mmTIBlvwl 
3.6 fll';i'Mlci'1~'\JD1fl~lBlVlii (DNA sequencing) '1JB.:J~\JviIXB.:J fl1';i1?l1V1'V'nbJJB1vib'MJJ1~G1JJ 

ll1Jv1ib'VIflUflfll';i'Mlci'1~'\JU1fl~1Vlii5Vll\J:w~hbUU6';i';ilJl1Jl (normal automatic sequencing) 1?l1mfl~B.:J 
3730XL DNA sequencer lI1JVvllfll';i?f.:JC-J~VlJlruo/iviHl,<\)lntJBn1tJ1~fll.zil"vIJ~blJB1b';iG1'M1BC-J~VlJlruo/iYHl 
mfl.\J-ilB 3.5 (7) ltJtJ.:Ju~,;'Vl Macrogen tJ';i~bVlf'1bfll'M~ b~Bvllfll';i'Mlci'1~UU1flmB1Vlii 

3.7 fll';i\91';i1'<\)~Gh~uu1fl~lBl'VIiiviHlI?l1vltJ';ibbmJJ Finch1V (©PerkinElmer, Inc.) bbfl~ 
" 

1bml ~v;~l~tJ{h fl ~lB1Vliivill?l1l1J tJ'I111 tJ bVl vtJ bdB.:J ~\J n'lHil\J-ilBJJfl'UB.:J National (enter for ... " 
Biotechnology Information (N(BI) ll1JtJ1i ltJ';ibbmJJ BLAST (Basic Local Alignment Search Tool) 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi)b'~B'1i1tJ1\Jfl1';i~I1J"'il'lbb\Jflbbfl~';i~~'UUI1J'1JB.:J Hepotozoon 

~;;11';i1,<\)~tJ ~1JJ flU fl1';im1,<\)Vll.:J;;i'ru~1\JiVl tJl.fl1V1~fl~B.:J,<\)flVl';i';if'1U... , 
3.8 rn';ilbml~v;ci'1~'\JU1flmB1Vlii~hv1tJ';ibbmlJ MEGA (Molecular Evolutionary Genetics 

Analysis) b1Bfi\J 5 (Tamura et ai., 2011), jModelTest (Posada, 2008), MrSayes version 3.2 

(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) bbfl~ phyML 3.0 

(Guindon et ai., 2010; Guindon and Gascuel, 2003) 

c: 

http://blast.ncbi.nlm.nih.gov/Blast.cgi)b'~B'1i1tJ


1~ 

1. tha~l'lJb~f1~Hb/;l::'Wtllcra.n1'v..vhn~nUL'dmgm~f1~"l.Ie:HI~~tiTU'lJtJnlij~ Draco maculatus , 
'Il1nnl'Hf1'U!il';1'e:ll:h.:]~.:]ril'U'UUn'llVl"ill'UltJ 2 A~':] ~€J 1tJb~€J'U~'1V!lA:W 2554 bbr;'!~b~€JtJb:W'e}ltJ'U, 

2555 "l:lJ1';imf1'U!ill€J~l'l~.:]rilUtJUn'llVl'llln~'U~ b 'lJT)W1Jm ~.:]v!-)Vl f11 ru'll'U'U~ 1~'n:W~':]V!:WVl"il1'UTU 8 , v , 

!ill (mVl~ 7) f11':l~';iTil'lh~l'lltJb~€JVl'IJeJ'I~.:]rilUtJ~~'UHi1VltJ15f11TVll bb~tJvM:w b~ €JVl'1JU Vl'U1':]bbr;'!~tr€J:W 
~lCJ~ Giemsa VI'U'l.h~l'lhhll'lil 2 i.'I~r;'! 1~bbri i.'I~~ Hepatozoon (mVl~ 8) bb~~ Trypanosoma 

(i1TI~~ 9) lVlCJfiVlLutJfllbua{b~mlAl1:W'1Jn'IJ€J'I'lh~1'l1tJLb~~~i.'In~~':]Lbi,'lVl'l1 tJl'll':ll':]~ 1 tJamJ1 n111tJ, , 
~'1ril'u'Uun'llVl~~'U1~Ul~!ill LI."Vl':]f11':l~VlU':l~I'lLU';iLI'ls/{l~':] 2 i.'In~'Vfr€J:wfltJ1tJm~Lbi,'lL~€JVl (mVl~ 10). .. 


ll1'Vffi 7 LL"Vl':]G1n'e}ru::~lhJ'IJ€J'I~':]fhutJumlVl Draco macuiatus A: ~.:]ril'utJun'ilVl (mVll'Um€J'U, , 
~L'Vi~ CJ:W) 'lJru::~fh G1-:Jbf11::€J ~u'UWI'Uhj' LVl CJiJ f1l';iVl';il'l !ill1 ~,h!illiJ~Jll'll~ n~'Ufl'U~'lJa.:] bu~€J nli1; B: 

\I 

illVl 'inn ~ltJ'ViG1'1'1J €J':]~':] ri 1U 'Uu n'ilVl LLi.'I 1'1 'I G1n'ljru::~l Vl~1 tJ Lb~ ::~'IJ€J':]Ch'Vi'U'l.zr1'1;;11!ill~ bb~ €J €J n f1f(1 tJ un, 
lVlCJlf1';i.:]a~l'111'1ilCJVlm!ill1tJ'lJru::~iJf11':l1atJ'IJ€J~~'1ri1'il1n~V!~.:]1ufJ'IBn~V!~'1; c: .fl1V1'il1 n~ltJVl€J'I'IJ€J'I, 
~'1 ri 1UtJU n 'il 1'1 bbi.'l 1'1'1 'ilVl ~J1V11r;'! ~1~ 'U ~nru1mm.:] i,'I~l'1~l'ViU'l~iJ~n'ljru~fI f(1CJ U n (mVl'ill n "'1'1J1 6,:], , , 
Vl1U'1J, 2554) 

U':li'11'l Hepatozoon sp, ~VI'Ul'Um::bbaL~tlVl'IJ€J'I~'1ri1U'ULutJU';ii'1l'll tJ';i::CJ::bbniJ11'l1'IJv1 

(gametocyte) b'IJ~~llulLfI~tJatl~mn'lL'IJ~~LLmdhU~tln~:w (parasitophorous vacuole) tl~.fl1CJ1'U 

L'1f~~ b~Vlb~tlVlbbVl'l G1n'ljru::u)~l'l~VI'Ull';iu11'1bLu'ltltln1~LtJ'U 2 LL'U'U 1~Lbri LbU'U~ 1 L u~tlnVl:wiJ~f1'I~ru:: 
\I , 

tJ111'l)':] bL~::umEJ1:wlA'I':]a -)Vl'1J'U1Vl fl l1:wml LL~::;Al1:WfllWZJeNbtl~aflVl:W LL~::L:ff€J~ tl~.fl1EJ1tJMLVllfl'U , " 
15.6-18.2 x 2.6-3.1 iJm bW:: 10.0 x 2.0 iJm 1'l1:W;;11~'U bb~:: bb'U'U~ 2 btl~€Jn~:wllG1n'J.ofru::ni\.Jbbr;'!:: 
tlm EJLA,:],:] €J -)Vl'IJ'UlVl Al1:W EJ 11 bbr;'! ::Al1:W nl1'1 'IJ €J'I btl~€J nVl:W bbr;'!::b :ff€J~a~.fl1 EJ1'U 1~b'lIll fl'U 18.4-24.8 x 

, '\J 

3.5-5.7 iJm bbr;'!:: 7.5-8.0 x 2.5-3.0 iJm 1'll:W;;11~'U (mVlVi 8) 



lS 

.n1'W~ 8 LLG1~~ 'Lh~~ Hepatozoon sp.1'U'J:::EJ:::LLflffi~1'11l1 (gametocyte) LLUU~ 1 (~fll'!'J) LL~::: LLUU~ 
2 (~1~fll'!'J) ~'WU1'UL~tJ~'tIeN~~riTU'UtJfl'oiJ~~~U1~'oiJln~'U~L'tIl1~L'tIlJ'J 

'II , 

.f11'W~ 9 LLG1~~'Lh~~ Trypanosoma sp. ~'Wu1'Um:::LLG1L~tJ~'tItJ~~~ril'U'UUfl~~ ~l'U.ul~'tItJ~L'1I~~lj 
11'l'J~G1-rl~~1-&1.'Ufl1'JLI'l~tJ'U~ L~EJfll1 undulating membrane (~fll'!'J) LL~:::U1L1W kinetoplast (vh 
~fll'!'J) EJtJlJ~Vl~LLVl~ (scale bar = 10 Ll-J1'I1'a'U)
'II 
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lil1'U'l'U ;)1'U'l'U 	 fI'l1lJ"lln fI'l1lJ"lln. (%)/lil1'U'l'U~~~'\J';ja~." .Q I Q q " 
n~n1'u'U'rI n':lfhu'U~~fl (%) (~'l) 

Amn (~'l) 'lhafl (~'l) Hepatozoon Trypanosoma 

19-21 ~.:jVllFllJ 2554 4 3 75 75/3 25/1 

27-28 LlJ'l'fltJ'U 2555 	 4 3 75 75/3 25/1 

8 6 75 75/6 25/2 

Hepatozoon sp. (~fll"1';j) bLG1~ Trypanosoma sp. (~1'jfll"1';j) 'W~BlJfi''U 

'lh~1'l Trypanosoma sp. ~'W'U1'Um~LL~L~B~"lIB.:j~.:jfhu'ULU'U'lb~1'l1'Ud~tJ~ trypomastigote 

L'1f~~ljillLFl~tJmU'ULLtI'U BE11lJL'1fG1~ 'U1Llru~l'U.;rl.:j"llB.:j~lb'1f~~lj undulating membrane ~.:jljLLyj~fl
'U 
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b~~~lJ1~tt.!f)l'Hfi ~ eJtl~~l'1eJ~ lilltlvlltl'lJeJ'I b'll~~iJtm'li,'l~\.:I~b~tJfl':h kinetoplast b'Utl~l'1 cJeJlJ~l'1 ~bbl'1'1 
b-iflJotll'1b~tl b'll~~lJ'lJtlll'1fldllJtI11bb~~fll1lJfll1'1t!';i~lJlru 35.6-45.8 x 3.3-10.0 fJm (9l1mh~\J (m~~ 
9 bb~~ 10) 

fll';iPimn~tI15i,'lfll~~LfiVl~lnt!';i~\9ll'ieJLdeJL~eJL~Bl'1'lJeJ'I~'Inl{jtlUn~Vl~~l'1t!';i~\9l Hepatozoon 

sp. ';i~tI~bbnm\9l1'llvl (gametocyte) mtl1tlb'll~~b~m~eJVlbbVl'l ~'lJll b'll~~L~l'1L~Bl'1Lbl'1'1~lJb~eJeJ~mtl1tl 
"U 

~~lJ'lJt.!1Vl1'IIIq! nl1 b'll~~b~l'1 b~B(jlLL(jl'lt!n~ 1'll1\9l~mi,'llJ~(jl~~1'1 tleJfl~lndUl bfl~tli,'l'lJeJ'I b'll~~dJ(jl b~eJl'1 
bLl'1'1~ ~(jlL~B~~lJ'tltlll'11'lllru~tlU~~hl'lJl'1b'll~~'Vi'lJl1Ul bfl~tJi,'l~~tlmbtJflBeJmUtl 2 t:11tl ~'Ilt!11,rmll 

~ "U 

b'll~~'lJeJ'IL~eJt!';i~\9l Hepatozoon sp. ~~L'ljtJl'1U1LfI~tJi,'l'lJB'IL'll~~b~l'1L~e:J(jlLLl'1'11t!e:J~1lJb'll~~ ~tI15i,'lm~ 
~b~tlMotll'1b~tl1tl L'll~~L~ l'1L~ €I l'1 bL(jl'l~lJL~e:Jt!';i~\9le:JcJm tl1t1 a nt!';i~m ';i'lll~'Iilfi €I L~ e:J~lJl'll~~'lJe:J'I L'llGl ~L~l'1 

"U • 

L~ e:Jl'1 Lll'1'1 ~ ~t!';iln{] LUtI'lJe:J'lJ L'lJ \9l1:Jotll'1b ~tIl'il'1 ~1 fl b~ e:J~lJ b'll~ ~'lJ e:J'IL'll~~L~ l'1 L~ €I l'1 LLl'1'1m:J ~l'1t!';i~(i] (fll~ ~ 
8 LL~~ 11) e:JcJl'1hil~ 1t1R'Inl{jtlumlVl~~l'1t!';i~(i] Trypanosoma sp. il'lhj~'lJ~tI15i,'lm~~LfiVl~ln 
m';i~Vlt!';i~(i]'llUVld btiB'I ~lflt!'j~\9lmP1tJe:JcJtlBfl L'll~~ L~(jl b~e:J~ LLl'1'1 1lJ1~ilt!L~1rumtJ1t1L'll~~ L~~ L~BVl 

"U ~ 

LLVl'lL'VIlJe:JW1'lJ Hepatozoon sp. 

m'W~ 11 LLi,'lVl'lLL~'UW~lJL~B~'llUl'1'lJl'1 LL~~~tI15i,'lmY4'lJB'lLdm~m~Bl'1'lJB'l ~'lfh{jtlun~l'1~lJm';i~l'1L~B. 
t!';i~(i] Hepatozoon sp. fI1tl1t1b'll~~L~(jll~B(jlbbVl'l~TUltllJln 1VltlU1LfI~tli,'l'lJmL'll~~~~Vlt!'j~(i]~~lJ 
'lJtllVl1'VIrufll1t!fl ~Ll~~1'11LLVlU'l'lJB'lUlbfl~tli,'l~~tlfl LiJ tll'1~l'11t!e:JcJ1lJL'll~~ (~1~ flf'l'j) am~'lL~BV;lJ b'll~~ 

QJ 'U 'U 'U 'I 

'lJB'l L'll~~L~Vl L~Bl'1bLVl'l~i,'lm tl1t!L,:1t1'lJe:J'lJL'lJ(i]1:iJotll'1 L~t1 
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2. m~f1m~l-lfeJ:IJ!;l'Vll.:joijdt~ b6'ln6'l'lJB.:j'\.J~~lPl Hepatozoon vly.ju1'U~.:jfhu'UtJn~~
'U. • 

m'j~fl~l~lmh,:) Hepatozoon sp. hJ'j~~'UeJru~hl'VltJl~1Ji'~lfl~,:)nlu'Utlmwrv1li1'U~lflvr'U~
" . 

b'1JT1\1b'1JlJ';i ~\lvrl~mru~'U'U1 1'Ub~eJ'U~':)'VllfllJ 2554 (lJ1~tj Q(>1'jlJ,:)fl!;lfl!;l bb!;l~ flru~ 2554) l~cJ'v'ilm'j 

61fl~~ bS'U beJ~ 1 n ~l ~81,:)'b~ eJ~'1JeJ':)~':) n lU'UtI fl~ ~ ~l'Ul'U 3 ~l eJ 8'1,:) ~ (il'jl"iJ'V'l 'U'h ~~ b~m.h~(>1
• 

Hepatozoon sp. Ji'l CJ m'J(>1'jl~ b~eJ~bb!;l~8EllJJi'lCJ~ Giemsa ~n~lm CJ11?i'flrKeJ':)~!;l'Vl'J'jI'1'th{;1'U~'\.j'j~fleJ'U, 
bb'U'Ulibb61':) bb!;l~Vl~{;1eJ':)b~JJ~1'Ul'U~'U61JJEl!;li'UCJU(il1 'j 1 '\.JhJJeJ!;l~bB'UbEl (SSU rDNA) l~CJ1'1hJm11tJl!;lflhi

" ~ " 
lV'l~hm){b'j61 bb{;1~'Vl161ml~1'Uf11'jvhtJ5n1tJl~b'ViJJ1~61JJ V'l'Ul1 h,'j'jbJJEli~,:) 3 ~l 1Ji'bbn SSU-NPF1, 

SSU-Api1738R bb{;1~ SSU-R4 (>1{;1eJ~~'U61.fl11~1'Uf11'jVhtJ5n1tJl fieJ 1tJ'JbbmJJ~~,:)1'Ubfl~eJ':) thermal 

cycler 1Ji'bbn COIKP50 ;;11'Vl-r'UA1V'l'JbJJEl{ SSU-NPFl fl'U SSU-R4 bb!;l~ COIKP55 ;;11'Vl-r'UA1'V'l'jbJJeJi
" " 

SSU-NPF1 flU SSU-Api1738R 611lJ1'jtl1~'Uf11'jb~JJtJ1lJ1ru~'U'U1bJru SSU rDNA '1J'U1~tJ'j~lJ1ru 
1,800 Ab'U61~ln1'V'l'JbJJeJ{Abb'Jn (.fI1V'l~ 12) bb{;1~'1J'Ul~tJ'j~JJ1ru 1,450 Ab'U61~lfl1'V'l'jbJJeJiA'Vl~,:)1Ji' (.fI1'V'l~

'U 'V 'V '" 

13) 1~CJVi~,:)1 'U1'V'l'jbJJeJ{AVi~,:)d AeJ SSU-Api 1 738R 1Ji'tlflEleJrlbb'U'UlJ1b~El1~ijmlJJ~l b'V'l1~b~1~:U\l1 'U 
" " n1'jb~JJ~l'Ul'U~'U SSU rDNA '1JeJ,:)1'V'l'j~61(>11'Ufl~lJ Apicomplexa ~,:)ij Hepatozoon btJ'UVi~,:)1'U61JJ1:Un 

" '1JeJ,:)~{;1:UV'l n~JJ'u, , 

il1y.j~ 12 bb61~':)e.J~(ili1ru.nVlsgmi'1JeJ':)61JJeJ!;li'UCJU(il1 'j 1 'U1'lJJJ eJ{;1~bB'UbeJ (,xl{;1 ni'1'J) ~ b~JJ-;Jl'Ul'U1Ji'Ji'lCJ1'V'l'j
" " 

bJJtJi SSU-NPF1 fl'U SSU-R4 '1J'Ul~tJ'j~lJ1ru 1,800 Ab'U61 ,<\)lfl~ltJ81':)b~tJ~'1JtJ':)~':)fhD'Utlfl~~ Draco" . 
maculotus ~~~tJ'J~(il 3 I'lltJ81\1 ~':)~'Ub~tJl'U~ 19-21 ~\lVilflJJ 2554: 'lleJ':)~ 1 AeJ 1 kb molecular 

t.I o::::::iI ~ I 'V I ..::.I c:: 
marker ({;1 n Pl'Jm 'U'U 'Ubb61~':) bW'U ~ beJ 'U btJ'1J'Ul ~ 2,000 fl bUC1 bb{;1 ~!;l fll'1 'j ~ l'U{;11':) bb61~,:) bbtl'U ~ btJ'UbtJ'lJ'U1~ 

\J 'U 'U 

1650 f'ibUC1) 'lltJ':)~ 2-4 AeJ e.J~\ilJlru'V1VlsgtJ1i'1JtJ':)C1JJeJ(;l<B''UCJU\ilhl'Ul'1lJJtJ{;1~bB'UbeJ'1J'Ul~tJ'j~lJ1ru 1,t300 
, " " 

Ab'UC1 '1JeJ,:) Draco maculatus ~l~ 1, 2 bb(;l~ 3 \illJJ~l~U 1~CJ'V'l'Ul1f11';jvhtJ5n1CJ11ufl~,:)dtJ,:)hJ
" C11JJ1'jm~JJtJ1JJlru~'U61JJtJ(;l<B''UCJU\ilhl'Ul'1lJJtJ(;l~bB'UbeJ'1JeJ':) D. maculatus ~l~ 31Ji' ~,:)hJbi1'Ubbtl'U~

" 
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m'V'l~ 13 bb?f(91~r.J~~.nrus;l~68e:n{'lJ€l~?f:W€l(1sS'UcJ'U~b1 U l"ll:W€l~~h~'Ub€l (VllW"Wl'J) ~b~:W-;l1'U1'U1Ji'Ji'rltJ1'I'l'J 
\J '\J 

um{ SSU-NPF1 n'\J SSU-Api1738R 'lJ'Ul(91'lh:;mru 1,450 AbU?! '<\JlnI'11v~1~b~v(91'lJ€l~~~fh\hJUfFiJ(91
'\J , 

Draco moculotus 3 1'11mh~ 1(91CJHrr.J~~.nrus;l~68e:n{A~~bl'Jn~1Ji''<\Jln1'1'l'Jb:W€l{ SSU-NPF1 nu SSU-R4 

dJ'Ubl~~:W~'lJ€l~m'J'VhLl~n~CJ1Af~~ 2 Ji"m1'1'l'JblJ€l{ SSU-NPF1 n'U SSU-Api1738R: 'li€l~~ 1 A€l 1 kb 

molecular marker (~n!"1'JJi'1'UUUbl?f(91~llt:1U~l'~hJbv'lJU1(91 2,000 A b 'Uml~:;(1fl!"1'JJi'l'U~l~ bl?f(91~ blt;lU~bilu
'\J '\J '\J 

bv'lJU1(91 1,650 Ab'U?!) 'li€l~~ 2-4 flv r.J~~.nrus;l~68V1{'lJ€l~?!:W€l~i'UCJij~bl'Ul"ll:wv~~bilUlv'lJU1(91
'\J '\J 

LJ'J:;:Wlru 1,450 ~l'U?f 'lJv~ Draco moculotus (i]l~ 1, 2 bb~:; 3 ~l:W~lv1U 1(91CJy.jUllfl1'JvlltJ~n~CJ11u 
Af~dcJ~A~1~?fl:WT~Wl~:wLJ~:Wlru~'U?f:W€l~i'UCJij~b 1 Ul"ll:W€l~~bil'Ub€l'lJ€l~ D. moculotus (i]l~ 3 1Ji' ~~ 

'\J 

'<\JlnI'11€l~1~ ~~nlU'UU n'<\J(91~:ij'U1Ji''<\Jlnm'Jv€Jmn'U 1'11€J~1~ 2 Af~ 1'Ub~€lU~~'j,'l1A:W 2554 lb(1:;, 

b~€JUl:W~lCJU 2555 -;llUTU'Jl:W 8 (i]1€J~1~ 'I'lU~.:JnlUUUn~(91~~(91LJ'J~~ Hepotozoon sp. ~lU1U 6 

(i]1€J~1~ m'J b~:W~lU1U~'U?f:W €J~i'U~ij~1'J1 U l"ll:Wv (;1~l~'Ub€Jl(91CJ1.;rtJ~ n~CJ1~flhl1'I'l~ b:Wv'h 'J?fJi'lCJ1'I'l 'J 

b:Wv{~iiAll:W~1l"V'l1~vi€JLJ'J~~ Hepotozoon sp. 1'U(i]l€J~l~rf~ 6 ?f1m'Jm~:W~l'Ul'U1Ji'r.J~~.nru""lbt;lU~ 
lil'Ulv'lJ€J~~'U~~€J~m'Jv1~n~11rf~VI:W(91 5 1'11mh~ VI~~'<\Jln1Ji'r.J~~.nru""~68e:n{'lJ'Ul(91~~€l~m'JllG'i'1 ~':)vll 
ml:W?f~€l1(91r.J~ ~.nrus;lv1,:) n~111~'U~?!'Vl~ lb(;1~vll m'JlA~'U~'U~'U~?f'Vl~d~~1 tJ1 'Ubb 'U AVl b~CJ l~ Vb~:W, , 
LJ~:lJ1ru~'UnmJ~':)r.J~~.nrus;l~1rutJVll~lv1'UijlA~l€J1'Vl ~ b~€l8'UrJ'Ur.h r.J~~.nruo;1~68€l1{~l~:W-;llU1U1Ji't1u 

lt1U~U?f:W€J~SS'U CJij~1'J1 U l"ll:W€J~~lilu b€J~l:W~~v,:) fl1'J'<\J~~ l(91CJvll fl1'JVll~1v1'Uijl~1€l1'Vl~'<\Jln ~Um~(;1~
'\J 

1LJ1UbbUA.yh~CJ€JC.h~iivCJ 2-3 lA~u Ji'ltJ1'1'l'Jb:wv{'lJ€J~y.jlV1~~H1um'J1A(;1U~'U (cloning vector 

primer) T3 lb(1~ T7 
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e.J~Vl.ti'ru'V1Y;6ljB1{'Vtl.:J~tJ6UJtl(\iutI'QVl111'U1'1llJtl(\~k~'LIbtl"ill'tJTtJ 5 vlT€l~1.:J~~llJl'H1bYilJ"il1'LIltJ 
" 

lJ1t1'L1 ~llJl'H11cib-rr1nUV'l(\1i.'1iJVl'W1Vl~bb(\~'l11~bb'UflVJb~tJ1J1"il1'LI1'LI 2 vlltl~l.:J (A.:Jfhu'LItJn\1Vlvll~ 1
" 	 .

bb~~~.:Jfhu'LItJn\1Vlvll~ 3 \11fl nl~bn'Uvlltl~l.:J1'LIb~tltJ~.:JVl1fl1J 2554) \11nt1tJ lJ1vi'l nl~Vl16h~uUlflmtl, 
1Vl~\11n~'LI~1ci~.:JhJ1'LIbb 'UflVJ b~tJtl~l.:Jiicw 2-3 1mltJ b~tl~tJEJ'LI11e.J~Vl.ti'ru'V1Y;6ljtll{~bYilJ"il1'LI1'LI1J1JtJ 

bU'LI~'LI~lJtl~i'U~J'uVll~1'U1"IJ1Jtl~~ bBtJ btlVll1J~vltl.:Jnl~\1~.:J JlltJ 1 'W~b1Jtl{'Vtl.:J'W1V1~m-tiltJnl';i1A61'L1~'LI T3 
" bb~~ 17 ~.:J~fl~11H-rr1.:Jvl'LI 

nl'JVl'Jl\1i.'1tl'U~1~UQlfl~1tllYl~~lJ1J1ltJ1U'J bbmlJ Finch1V b~m~fl~~~lrueJ1'LI~1~'Ui1lflmtl 
1Vl~11tltJ1'LIr;rn'lSru~~~eJ1'LI1J111 nvltl.:Jbb~~ bbm'V~1~UUlfl~1tllYl~~eJ1'LItJVl'W mVl \11 flJtJ~.:J'l11~1~'Ui1lfl~ 

" 	 " 
1tllVl ~m.x~ru tu1 ru~ bb(\~ 11 flvl tl.:J1u1-li1 'LIfl1'JVl Vl~tl.:J'J~'Ui.'1 fl~'Vtl.:Ju'J~Vl~lJl\11 flvll tl ~1.:J b~tlVl'Vtl.:J A.:.Jn1u'LI v IV 'U 	 , , 

tJn~Vln'U]l'LI-rrtl:IJ61'Vtl.:.J National Center for Biotechnology Information (NCBI) ([n'W~ 14) 1VltJ1<U' 

~1~'Ui1lfl~1tllVltil'U1.:.J~1'LI'Vtl.:J ~'LIi.'1lJ tl61i'UtJi1Vl111'U1"1f1Jtl61~ilB'LIbtl\11numtJ 5' hJEJ.:.J 3' 'Vtl.:.Ju'J~Vl~lJl 
" 

\11n~.:JfhutJtJn\1Vlvll~ 1 "il1tJl'L1 1,417 rlb'U~ ~.:.J 3 1fl~tJ lJlbbn DmBLlC3, DmBLlC4 bb(\~. 	 " 
DmBLlC6 bb61~~.:.Jn1UtJtJn\1Vlvll~ 3 "il1'LIltJ 1,417 rlb'Ui.'1 ~.:.J 21fl61tJ lJ1bbn DmBL3C1-3 bb~~ , 	 " 
DmBL3Cll-2 ~.:.Jbbi.'1Vl.:.J<U'l.:J~l.:.J 

.Mp'M"ItfI'SfII"·hI"'Qb!WMmN.ttIffl'H!!6 

~ 2527 99~ 0.0 99"h1 

Hepatozoo~ SD . AOS small subunit ribosomal RNA Qene. partial sequenc DLll ]')16 100% OJ; 99°h 

Hepatozoon SD . AOS small subunit ribosomal R;~A gene, Dartial seQuenc: r>1.f· 251(. 1 0:)e,~. 0 .0 g~o.~ 

HeDatozoOil sp . 6V2 185 r ibosomal RNA aene. partial sequence ,?2lQ 2510 1 0D',~) 0.0 99~ 

£J..illlliJ, Hepat ozOO!1 SD· AS7 small subuni t riboso~c! RNA gene, :)artial sequ€:nc :f~Q2 	 250:- l OC e...:) D.C 99:>":~ 

2499 100<1,:. O.D£.~~~&.. :- HeoatolOOr} SD. BVl 185 (bosomal RNA Qene. oartial sequence Lt2 99"'/~ 

Hepatozoon SD. ASiS small subunit ribosomal RNA Qene. oartial seQuer. li\Qt. 2494 tOG:)!.) C.O 99~ 

v ..... ili.l2llL..L HeoatoZ,)O;1 SD. A012 smaH subunit ribosomal RNA Qene, partial seQuer ills.: 	 2"~8 tau¥., 9tH'::' 

2'lt~ 1 9gr.i i.! 93:l{.J/',Q.l3 l i:}· I . l Hepatozoon SD. HeDBiC~OO l aene fa. 185 r ibosomal RNA, partial seQUf 	 2~5 1 O.C 

f~:n·))\(I. l Hepatozoo:'l sp. squ j,rel 1 185 ribosomal RNA gene, partial sequence 	 ~ 2368 10(;"'" 0.0 9:% 

):362 2362 t)ge,~ 0.0 97J,~!:rj~ Heoatozoo:'l SD. DG! smail subunit ribosomal RNA Qene. partial seQuenc 


,.; .;·t .... ~p.j. Hepatozoon sp. DG2 smal l subunit ribosomal RNA gene, partial seQuenc = 2337 '=I9 "/(, CI .e; ~7~[, 


: AF29708::.l HeoatolQOn SD. Boica small subunit ribosomal RNA, cornolete sequence ~ }7.44 	 qc;e;.:. n.n 9(1~"O 

AVi'·i·S'"',:' I ~ 	 Hepatozoon felis isolate Spa in 2 185 ribosomai RNA gene, partial seque = 2242. IOO"h D.C 95% 

Heoatozoo!1 fel is isolate Soain 1 185 ribosomal RNA aene. oartial seQue '0:,)'(;£: ';3; .1 "};}Z 2237 1 0 0<:· 0.0 95~'., 


: F= 2nl..'';:; , l Hepatozoon 'p. Ew ropean Dine m arten 1 185 ribosomal RNA gene, parti 22.12 V I S 1[;::::1,.;:· D.C 9~~ 


fl1l'lvi 14 bbi.'1Vl.:.J t:.J(\ fll'J b U~ tJ'U b-v1 tJ'U ~1~'Ui11fl ~1 tllYl~'Vtl.:J~tJi.'11Jtl(\i'U tJUVll~1'U1"lj1Jtl~~ bB'LIbtl~1J1\11 n 
" 

tJ'J~Vl1'L1b~tlVl'Vtl.:.J~.:.Jn1U'LItJfl\1Vlvll~ 1 "il1tJl'L1 1,417 rlb'Ui.'11fl(\'LI 	 DmBLlC3 n'U~l'LIiftllJ61'Vtl.:.J NCBI 
, \J 	 d.3 \J 

1VltJ1mU'JbbfldlJ BLAST bb~Vl.:J1.xb~tJl1~1~'Ui11fl~1tl1Ylii'Vtl.:J1'J1'U1"IJJJtl61~bBtJbtl~lJl\11nfll'JPimn1'LIfl~.:.J 
di'lml1Jfl~ltJfl~.:.Jfi.:.J 99% nmh~'Ui11flmtllVl~'Vtl.:.Ji.'1lJtl61i'UtJ~Vll 'J1'U1"IJ1Jtl61~bBtJbtl'Vtl.:.J Hepotozoon

" 
oyorgbor ~~Vlb~tllvntJ~Vlm1J Python regius bb(\~ Hepotozoon spp, ~1:J1J1~~~'Vi1VlBnVlmtJi.'11tJ 
~'LIl5. 

http:bb~Vl.:J1.xb
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. ~l~\J'ilJflilleJ1'VH91U1'1~1'U'1JeJ'I~'U(;'f:JJeJfl.uutJ'U(ilb l'Ul"1l:JJeJfl~bB'UbeJ~lntlmtJ 5' 1tltJ'I 3' '1JeJ'I 
" tl"j~()l'vi1~~ln~'1fhu'UtJn~l'll'll~ 1 ~l'Ul'U 1,417 ~b'U(;'f ~'1 3 lf1fl'U 1I'ltJiA'1~'UiJlf1illeJ1'Yl#i~ln~'1 3 

lf1fl'Ud:nfll1:JJfI~ltJfI~'1n'U~'1:JJln:UbY1tJ'I 4 (?\'lbbVlti'l ~ln 1,417 ~b'U(;'f FieJ (?\'lbbVlti'l~ 106, 163, 458 

bbfl~ 1,386 bvhtT'U (bb(;'fl'l'l bU'Ul'llVl'Ulbbfl~~1'l b~'U1t>lfl1fl'U) ~:U~l~'UiJ".lfIilleJ1'Ylvlvh'ln'U 

DmBLlC3 TGCCAGT1,GT CATl\TGCT'J'G TCTT?J\AG;c,,'J' 'I'I:,AGC CA'T' GC 1\CG'I'C'J'Al\G'T' 50 
DmBLlC4 TGCCA.G'1'AG'T' CAri\'I'GCTTG TCTTAAi\GAT T.II. .'\GCCA'L' GC 1'.CGTCI'i\J\.GT 50 
DmBLlC6 TGCCAG 'T'AGT CNI'!'lTGCTTG TC'1''1' I\AAGAT 'I'AAGCCATGC i\CG'I'CTI\AGT 50 

DmBLlC3 ATAAGC1:......b..,.AI:.J. A'1'ACAGT1:']\A ACT GCAJI]\TG GC'l'C.A.TTA.C.Zl, ACI",GTT AT.n..G 100 
DmBLlC4 r.TM\GCAAA.lI. i\TAC!,G'I'AAA I\CTGC!\/\!\TG GC 'T'CNI'Ti\CA ACAG'T'T'A'I'l\G 100 
DmBLlC6 I'.T l\l\G U\T,.l',.A l'iT?C"A.GTAM\ AC TGCA}\ATG GCTCATTACA ACAGTTATII.G 100 

DmBLlC3 TTTCTCTGAT }I.ACAAA.CGTT TACATGGATA ACCGTGGTA.A TTCTl\GAGCT 150 
DmBLlC4 TTTCTTTGAT AACl'.AACGTT TACATGG.Zl,Tl\ ACCGTGGT .0..1'., TTCT AGl'.GCT 150 
DmBLlC6 TTT CTTTG.Z'..T i\ACAAj\CGTT T .lI.Cl',TGGATA .l\CCGTGGT A.!:;, TTCTAGAGCT 150 

DmBLlC3 P·J,TACATGI'lG T/;Aj\j'TCTCZ\ "A.C·J'G'J'TTTAA GN\Gl\GI\)\GC ,\T'I' 'T'/\TT1\GA 200 
DmBLlC4 JlJ,TAC1\TGAG TACATTCTCA ACTGTTTT.l'....l', GA.II.GJI.GAAGC ATTTJI.TTAG.lI. 200 
DmBLlC6 leI, 'I'!\ C /1.'1' G!\G TllA]';TTCTCA AC 'I'GT'I"I'T M\ GlI.AGl,GI\J\.GC !,TT'T'T\'I'TI\GA 200 

DmBLlC3 TAAl"_A.AACCA ATAT}'\.TGTTT 1'1' J.]\.AG C AT.!:;. AA..A.ATTGGTG AT1'1'J..CAATF.. 250 
DmBLlC4 T1".J'.J:J.J>..l',C C F.. AT.!:;'TATGTTT TT.~...i\AGCATl'. f\J"... f._!:;. TTGG1'G ATTTACJI.A1'A 250 
DmBLIC6 TJ..A.n.Jv'o,J\CCA ATJ..TATGTTT TTl']\.AGCA1'A AAAATTGGTG L~TTTJ.~CAATA 250 

DmBLlC3 ;;.CT F<J,GC.Zl,PoA TCGCACAGTG CI'\f.]\.C'IAGCG ATA1']\.TCAT1' CAAGTTTCT G 300 
DmBLlC4 JI.CTAAGCl-..AF... T CGCACa.GTG CF<A!:;'CTAGCG AT J..JlJI:rCA1' T CA..A.GTTTCTG 300 
DmBLlC6 .1\ C T f.\J:, Gell.?.. ; TCG CACAGTG C.l'....l'....l-..CTAGCG .l\T.lI.L1\TCATT CA.l\GTTTCTG 300 

DmBLlC3 ,;C C'TATCl'.GC TT TCG.A.CGGT A.lI.GGTATTGG CTTACCGTGG CAGTGf..CGGT 350 
DmBLlC4 AC CTATCf..GC TTTCGACGGT A.AGGTA1'TGG CTTACCG1'GG CAGTGlI.CGGT 350 
DmBLlC6 .1\CCTAT CAGC T TT CGACGGT .l\.1l..GGTATT GG CTTACCGTGG CAGTGI,CGGT 350 

DmBLlC3 T.;ACGGGG.Z'.]\ TTAGGGT TCA ATTCCGGAGA GGGf..GCCTGJI. GAA.lI.CGGCT_i'.. 400 
DmBLlC4 '1' !\!'.CGGGGAi\ TT'l\GGG'I''I'Cl\ A'T''I'CCGG.lI.G.4. GGG,\GCCTGI\ GJ\!\l\CGGCTP:. 400 

DmBLlC6 T.;ACGGGG.Z'.,A TTJ..GGGTTCfI. AT T CCGGAGA GGGAGCCT GA GAl,ACGGCTA 400 

DmBLlC3 CC}\CA'I'C T f'.A GGi\l\GGCAGC lI.GGCGCGCAA A'T"I'/\CC CAAT 'l'CTP·,]\CAGCl\. 450 

DmBLlC4 CCl\CN1'CTA.A GGA!\.GGCl\GC AGGCGCGClI.lI AT'I'ACCCAA'I' TCTAAC!'.GCl\ 450 

DmBLlC6 CC}\C]\'I'CTAA GGlli\GGCAGC AGGCGCGCfI.A l\T T[\C C CMd' TCT.lI.lICi\GCI\. 450 

DmBLlC3 T.Zl,,I'G.;GAGGT f4.GTGACA1'.GA F..AT.!:;'J'..CAGT1'. CA.AGGCAGTT A"A_A.ATGCTT T 500 

DmBLlC4 T.;AGAGAAGT AGTGACAAGA A}\T.;ACAGTJI. c.i\.lI.GGCAGTT l\AA.1l..TGCTTT 500 

DmBLlC6 T.;.",GAGAGGT f4..GTGAC.l\J..GA "A..ATA1\CAGTA CA.AGGCAGTT AA_A.ATGCTT T 500 

DmBLIC3 GTA/\,],'.I.' GG,".A 'T'GA'J.'lIGAAAT ' _r~rl:,l\l\rT!\.CTfr 'T' T T /\/\/\ G'rl\ 'J' CJ\l\'j"TGG/\GG 550 
DmBLIC4 GIXAT T GGAi\ TG?TAGfLZl,PI T '1'1'1>..P.XI' /I.C TT T~T~r P·.. A?4GTAT CANI'T'GGAGG 550 

DmBL1C6 GTl\I\T ~r GGPi.l\ TGATAGI>..P.l'.T 'fI'l\l'\.l'., TI~CTT TTTA!\AG'l'AT CAAT'TGGl,GG 550 

DmBLIC3 GCi\AG'TC'I'GG T GCCAGCl'.GC CGCGG'I'li.l\T'1' CCi4.GCTCCA1'. T"A.GCGTATI~T 600 

DmBLlC4 GCAAGTCT'GG TGCCAGCAGC CGCGGT lI.ATT CCAGCTCClLZ\ TAGCGTI\TNI' 600 

DmBLlC6 GCp~;GTCTGG TGCCAGCl".GC CGCGGTA.l\TT CCAGCTCC;1'. TA.GCGTATAT 600 

http:TGCCAGCl".GC
http:TGCCAGCl'.GC
http:f4.GTGACA1'.GA
http:AGGCGCGClI.lI
http:CC'TATCl'.GC
http:JI.CTAAGCl-..AF
http:GlI.AGl,GI\J\.GC
http:ATTTJI.TTAG.lI
http:r.TM\GCAAA.lI
http:GC'l'C.A.TTA.C.Zl
http:1'.CGTCI'i\J\.GT
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DmBL1C3 T.ZV'-.A? TTGTT GU\GTT.;P·...n.A AGCTC GTAGT TGAJ,TTTTTG C T p...P-~~~?,-T4~~ 650 

DmBL1C4 TAA],J\TTGTT GCp.GTTAAP.A 
 AGCTCGTAGT TGA1l.TTTTTG C T .71.."'..'o..;AT14.A 650 

DmBL1C6 T.'\.ll.AATTGTT GCAGTTAJI...ll.A 14.GCTCGTl-\GT TGi4_'-\TTTTTG CT14.AA'\I:.,.TA.; 650 


DmBL1C3 CCGGTCTGCT 
 TTTp,TTA.'"TA AA.JI.GTGGT.;T CTTGGTGTGT TTTTP.,GCA1\T 700 

DmBL1C4 CCGGTCTGCT TTTATTAAT.Z'., A.Z\..;GTGGTAT CTTGGTGTGT TTTT,;GC A.>:;'T 700 

DmBL1C6 CCGGTCTGCT TTTp,TT.Z\./'.TA Al-'AGTGGTl'.T CTTGGTGTGT TTTT;,GCA.;·T 700 


DmBL1C3 A}\TGTCCTTT GAf!.,l'.TGTTTT TTACTTTP.TT GTMAp.AGC; ATTTTCp,GG.; 750 

DmBL1C4 l,l,'I'GTCCTTT GlIP,A'I'GT'rTT T'T'I,C'l'TTATT GTP,I..IIAliGCA Z:\TTTTC1\GG1\ 750 

DmBL1C6 p.,ATGTCCTTT G.n.Afl,TGTTTT TTACTTT.z\'TT GT AAll.AAGCP .. ATTTTCfl,GG.Z\. 750 


DmBL1C3 TTTT'L;CTTT GAGfl.AA.z\'TT A GAGTGTTTCA AGCAGGCTP..P.. CGTTTTGAXI' 800 

DmBL1C4 TTT'I'TII.CTTT GloGl\i\l\i\TTP.. G/\G TGTT TC/l, AGCl... GGC'L'[\A CG'T' TTTGAl\T 800 

DmBL1C6 TTTTTI'..C'T'TT GAGPJV\.!\ '1' TA GAGTGT TTC/\ I\GCAGGC'U\l\ CGTTTTGN>.T 800 


DmBL1C3 i\CTGC'\GCAT GGi\P-.'T'p.J\T IIA l'-;ATAGGATTT 'I'AGTTC'I'ACG 'J'TATTGG TTT 850 

DmBL1C4 l ... CTGCAGCf\T GGlIA'I'AATM', P·.AT'l\GGATTT TAGTTCTACG 'rT .."A..'T.tjTGGTT'I' 850 

DmBL1C6 ACTGCAGCAT GG/lJ,l'AI'.. 'J'IIA i\Ari\GG'/I.TTT' TAGTTC'T'I\CG 'TTliTTGG'T'T 'T' 850 


DmBL1C3 'J'M'.GI\i\CTi\l\ ArT!o.!>.TGl,'l"I' GAfAGGAGCA G';"TGGGGGCl, TT(rGTP:" TTT 42~ 900 

DmBL1C4 T.L\i'lGA...l\CTl>JI. ATT1'"\PJ.TGATT G."'.TI,GGAGC!'. G'TTGGGGGC1\ TTTGT).\rr'T~i,~ l\ 900 

DmBL1C6 TAAGAi\CTlili ATTAATG.;TT GATi'1.GGAGCA G'I"I.'GGGGGC}\ TTTGTA'T"TT.'" 900 


DmBL1C3 l'.CTGTC.'-\G.D,G GTGAAATTC'I' TI\GP.. TTTGTT AAJI.GP-.CACAC TACTGCGII}\A. 950 

DmBL1C4 ]\CTGTC1\GJ-i.G GTGAlv\TTCT TF­.... GI\TTTGTT AAl\GlIC;\CAC T2\CTGCGI,IV\ 950 

DmBL1C6 l'.CTGTC.'\Gi'..G GTGAI'-:ll.. TTCT 'L".GATTTGTT AAI\GACACAC TACTGCG.A_:ll..A 950 


DmBL1C3 GCATTTGCCA Al'.GATGTTT'I' CATTA."A.TCl-\..!1, GAACG14 . .A}\GT TAGGGGA'I'CG 1000 

DmBL1C4 GCl'.,T TTGCC]I. i4}'IGl'..'I'GTTTT CATT l'..ATCP..io. G]I.ACGl'.AAGT TAGGGGXI'CG 1000 

DmBL1C6 GCATTTGCCA }lJ'..GATGT'I'T'I' CP.. TTlI...l!..TCA.i\ GN\CGAA.:ll..GT TAGGGGATCG 1000 


DmBL1C3 i'J'.GACG.'-\TCA GATACC GTCG TAGTCTTJlj\.C TATl'.JI.ACTAT GCCGACTP-.GA 1050 


DmBL1C4 .'\.'\GACGP..TCA G.'\Tl'..CCGTCG TP-.GTCTTM..C T."A.'I'1\..ll.l'.C'I'AT GCCG.'l.C 'L;GA 1050 

DmBL1C6 J.J,GACGATCA GATACCGTCG TAGTCTT14,AC TATAAACTAT GCCGl'.C TAGA 1050 


DmBL1C3 GNf TGGAGG 'I' CGTCTTTATp. AACGACTCCT TCP.GCACCTT P,CG,Z\.Gl..M:>.TC 1100 


DmBL1C4 GATTGGp.GGT CGTCTTTATA AACG.l'lCTCCT TCAGCl'.CCTT ACGJ..G.'-\AP..TC 1100 


DmBL1C6 GP..TTGGAGGT CGTCTTTATl', A}\CGACTCCT TCZ\.GCACCTT ACG.Z\.Gl'.AATC 1100 


DmBL1C3 ,l;..l',.AGTCTTTG GGTTCTGGGG GG.l',.GTATGGT CGCAAGGCTG l'.,AACTTAA..A.G 1150 


DmBL1C4 AAl'..GTCTTTG GGT 'I' CTGGGG GGAGTA'I'GGT CGCAAGGCTG A.AJ\.CTT p,AAG 1150 


DmBL1C6 ,l',..l',.AGTCTTTG GGTTCTGGGG GGAGT14.TGGT CGCl',.,l',.GGCTG p,AACTT I<j:,,_>:;.G 1150 


DmBLlC3 G/-j\TTGi\CGG AlIGGGCACCr... CCl'.GGCGTGG JI.GCCT'GCGGC 'T'TAl'.. '1'T '1' Gi\ C 1200 


DmBL1C4 GlIJ:'.TTG,z;,CGG A.JI,GGGC.Zl.CClI. CC.i\GGCGTGG .A.GCCTGCGGC TTAATT 'I' G,;C 1200 


DmBL1C6 GI,,i-\TTGACGG AlIGGGCACC!\ CCA.GGCGTGG AGCCrGCGGC 'T Ti\J\TTTGJ\C 1200 


DmBL1C3 TCJ\/,CACGGG P.J'/I}\ C 'T' C A C C AGG'TCCl\GAC .l!..'T'i\Gl\,i-\AGGA TTG;\Cl>.G!\'I'T 1250 


DmBL1C4 'l'C!:.J>.C;\CGGG( l\A!,-'!\C'I'CiKC AGGTCCl\GlIC b.Tl~Gi\!...l\GGl). TTGACAGATT 1250 


DmBL1C6 TCJ\I~Cf.\.CGGG .".AlII\C T C AC C l\GGTCCAGAC P·.'LZl.Gl,l\hGGA TTGAChGAT'T 1250 


http:GG.l',.GT
http:P,CG,Z\.Gl
http:GCCGACTP-.GA
http:TTACTTTP.TT
http:TTTp,TT.Z\./'.TA
http:14.AA'\I:.,.TA
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DmBL1CJ GACAGCTCT T TCTTAT:.,.TTCT ~;;TGGGTGGTG GTGCATGGCC GTTCTTp~GTT l300 

DmBL1C4 G.~CAGCTCTT TCTTAJ\TTCT }\TGGGTGGT G GTGCATGGCC GTfCTT AGTT 1300 

DmBL1C6 GAC.;GCTCTT A.TGGGTGGTG
TCTTAATTCT GTGCATGGCC GTTCTT."~GTT 1300 

DmBL1CJ GGTGG}\GTGA TTTGTCTGGT TA.JI.TTCCGTT ~;i._;;CGAp.CG.'l.G ACCTTl'J\CCT 1350 

DmBL1C4 GG TGGAGTGA TTTGTCTGGT T.'l.l'.TTCCGTT ;u.ACG.~ACGAG ACC'TTJo.ACCT 1350 

DmBL1C6 GGTGG.'l.GTGA TTTGT CTGGT TA? TT CCGT'f ~;i.}4.CGAp.CG.'l.G ACCTTAl'.CC T 1350 


DmBL1CJ GC'T.Aj'lj',.Ti'lGG GTTAA}\~A..L\CA TTTGTTTTTG j\j\TTlI.TTTCT TAG]\P.GG}I.C'1' 1400 
DmBLIC4 GCTANI.TP-.GG GTTA.;M'>.F.CA TTTGTTTTTG A.A '1'T}\CTTCT TAGl-L".GGACT 1400 
DmBL1C6 GC'LI\.A.u.Ti\GG G T T F-.AAP.Jo,C A TTTGTTT'l'TG AATTlI.C'l'TCT TAGAAGGAC'I' 1400 

DmBL1CJ TTGCG TGTTT ~AACGCA1l,. 1417 
DmBL1C4 'I'TGCGTGTTT .'\.lICGClIA 1417 
DmBL1C6 'T'TGCGTG'I'TT li.ACGCAA 1417 

6'11vlUUlflffi€J 1V1~'Ul'l61";1'l.J'lJ€J'I~'U(;'f~€J(li'Utj'uVl11b-U16(jjJ€J(l~&UL€J-:UlnLJfnCJ 5' 1LJtJ'I 3' 'lJ€J'I 
" 'lh~Vl~hl-:Uln~'1rilU'UtJn-:uvWll~ 3 ~l'Ul'U 1,417 AL'U(;'f ~'1 2 1fl(l'U 1VlCJ6'11vlUDlflffi€J1'v1~-:Uln~'1 2 , " 

1fl(l'UdiJfl11lJfl~lCJfl~'1fl'U(;'f'lmni'h~CJ'I 2 vllLLVlU'I -:Uln 1,417 AL'U?1 fl€J vllLLVI'Li'lVi 732 Lb(l~ 1,056
" " 

Lv11J'U (LL?1V1'1LtJ'UvllV1'U1LL(l~iJV1L~'U1v]rllfl'U) ~iJ6'11vlUDlf1ffi€J1VI ii~l'l fl'U 

DmBLJCl-3 TGCCP.. GTAGT CA'L'l.TGCTT G TCTTA~r"P·.G.;;T T.'-Ip.GCc.qGC ACGTCT}\}\.GT 50 
DmBLJCll-2 TGCCl\GTAGT CATATGCTTG TCTTA.'I..".GAT TAAGCCHGC .;;CGTC'1'A.. ".GT 50 

DmBLJCl-J ATAI:.,.GCAAI\F. ATAC.".GTAAI'>. F.CTGCAM-iTG GCTC;;T T.".CA .u.CAGTTAT.".G 100 
DmBLJCll-2 AT.'l.AGCA..;i.Jv". .n.TACAGTAAA ACTGCF~r"ATG GCTCATT.sCA ACl'.GTTiH.r"G 100 

DmBL3C1-J TTTCTTTGAT p.f,C.;;l\.sCGTT Tp.cp·:rGGATl<. ACCGTGGTAA i TCT .z-...G.1l,GCT 150 
DmBL3Cll-2 TTTCTTTG,;;T AACAl'.ACGTT TACATGG.L.T.z-... ACCGTGGT.".A TTCTAG."'GCT 150 

DmBLJC1-J P-_A. T fI.CP.'fG,;;G U,-CATTCTCP, ,~CTGTTTTA". GAAGAGAI:.,.GC XTTTATT fl.Gp. 200 
DmBLJCll-2 1'>..".T .r"CATGAG TAC.Zl.TTCTCA AC'l'GTTTTA.A GAp.GAG.l\,..~GC ATTT.;TTP.. GA 200 

DmBLJCI-J T,'\.APJ,Z",ACC/\ !\Tp.... T.l\l.'G1·TT TTJI.AP.. GCI\TA AAf'lA'l'TGGTG l\ 'T' T' '1' l\C\Il,.I'A 250 
DmBLJCll-2 TJl..AAAAACC.s ATATATGTTT TTAlV\.GC1\T.". P,~~A~;;TTGGTG .Zl.TTTA.Cl';.l'.T fl. 250 

DmBLJCI-J ACTAl'.GC.z-...M·... TCGCAC.L.GTG CAA..;;CTAGCG ,~TA.A}',-TCATT Cl'~~GTTTCTG JOO 
DmBLJCll-2 !,C'l'l\]\GCIV,]\ TCGC.l,CAGTG Cl\l\l\C TA.GCG A'I'A!\i\TCA'I'I' CAi\G'I'TT'CT G 300 

DmBLJC1-J f\CCI'I,' I'C t,GC T'T''T'CGI,CGG,]' iV'.GG'T'lIT'T'GG CT"I'!\CCGTGG Ci\GTGi\CGGl' 350 
DmBLJCll-2 l\CCTATCAGC T'T'I'CGi\CGG'T' AAGGTI\T'rGG C'I'TL\CCGTGG ChG'I'GACGGT 350 

DmBLJCI-J Tt\i\CGGGG.Zl.h TTAGGG'I'TCP.. t,'I'TCCGGp.GA GGGAGCC T GA Gl--.AI\CGGCTA 400 
DmBLJCll-2 TAACGGGGAA TTAGGGTTCA P-.TTCCGG.I\GA GGGAGCCTGA Gfl.fl.P.CGGCTA 400 

DmBLJC(l-J CCACP,TCTM'.. GGJI.AGGCAGC 1'.GGCGCGCAA ATTACCC)\i\T 'I'CTI-..ACAGCA 450 
DmBLJCll-2 CCJ\CA'I'CTP,I\ GGM,GGCAGC IIGGCGCGCAJ, IIT"I'/\CCCAAT TCT'l\/\C[,GC!'. 450 

DmBLJCI-J Tl\l\GI".Gl\GGT l\GTGACAAGl-\ AA Tl\.AC l\GT.;; G\l';GGCi\GTT A.!\l,ATGCTTT 500 
DmBLJCll-2 TAAGl\GAGGT AGTGI\CAAGA AATAAC.l1GTA CJlJ-\.GGG,GT'I' AJ>J1.ATGC T'T'T 500 

http:t,'I'TCCGGp.GA
http:GAAGAGAI:.,.GC
http:l.AGCA..;i.Jv
http:ACGTCT}\}\.GT
http:F-.AAP.Jo
http:GTTA.;M'>.F.CA
http:GCTANI.TP-.GG
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DmBL3Cl-3 
DmBL3Cll-2 

GTJI~l\.TTGGj\.'" 

GTJ\ATTGG.l\.J.. 
'I GAT P-.GAf....A. T 

TGATAGAAAT 
TTA.."'I'T~l\.CTT 
'ITPJ.;A T jI,CTT 

TTT)'..P:Jo..GTAT 

TTTJlJLZ\GT !'--,T 
C;';T TGGP.. GG 

CP....u.. TTGGAGG 
550 
550 

DmBL3Cl-3 
DmBL3Cll-2 

GCA)l,GTC T GG 

GGI,AG 'ICTGG 
TGCCAGCAGC 

TGCCAGCAGC 
CGCGGTAl'.'IT 
CGCGGTP,ATT 

CCAGCICCAl, 
CC]l,GCTCCA1:,. 

TP,GCGT]\.TAT 

TAGCGTIHAT 
600 
600 

DmBL3Cl-3 

DmBL3Cl1-2 
TA."Ll:;.P,T T G T T 

TJI.AAATTGTT 
GCAGTTJl._"A.l<.A 

GCAGTT.l"AA.II. 

AGCTCGTAGT 

AGCTCGTAGT 
TGJ.,ATTTTTG 

TGAATTTTTG 

C T jI,p.Jl,A;U.TP,A 

CTI'..:A,.FJ,_"AT ]lJ:., 

650 

650 

DmBL3Cl-3 

DmBL3Cl1-2 
CCGGTCTGCT 

CCGGTCTGCT 

T'I"I' !i.TT!-\A'i'A 

TTT.o,TTAlI.TA 
IIAAGTGG'l'AT 
A]l,AGTGGTAT 

C'I'TGGTGT G'.l' 

CTTGGTGT GT 
'T"I'TTAGCAAT 
TTT T;v,Gc'''Ll:;T 

700 

700 

DmBL3Cl-3 

DmBL3Cl1-2 
AATGT'CCTTT 

AATGTCCTTT 

GAl\l,TG TTTT 

GAA.lI.TGTTTT 

TTl\CTTTATT 

TTACTTTATT 

GCA]\.AP ...l\GCl\ 

GTF.AAl,P-.GC]\. 
ATTT'ICAGG1, 

ATTTTCl,GGA 
750 

750 

DmBL3Cl-3 

DmBL3Cl1-2 

TTTTTACTTT 

'l'TI'T'I'ACTTT 

GAG1'0."v.\AT'l'j\ 

Gl\GA.lI!IA'I'TA 

GAGTG'I'TT CA 

G!,GTGT' T TCI\ 
I,GCl,GGC'l'!'J\ 

AGC/\GGC T',i\A 
CGTTT'I'Gi\AT 
CGTTT'l'GA}\'I 

800 

800 

DmBL3Cl-3 

DmBL3Cll-2 
l\C'T'GCAGC!\'l' 
,\CTGC!\GC1\T 

GG1,.'\ T'IIA 'I'.i\A 
GGI,]\Tl,!-\TAi\ 

AAT!\GGl,'I'I"L' 

i\P,Tl,GGl'.'l'TT 
Ti\GTTCTACG 
TT, G'TTCTT\CG 

T'J'i\'f'TGGTTT 
TT,~, T'rGGTTT 

850 

850 

DmBL3Cl-3 

DmBL3Cll-2 

TT,AGI\P,C TAA 

TA?-. GAAC Tl\A 
i\T'TAl\TGJ\TT 
[,TTP-.;;TGJ:..TT 

Gi\'T'I,GGT'.GCA 

GA'T'AGGAGC''. 
GTTGGGGGCA 

GT TGGGGGC A 
TTTGT1\TTT!\ 
TTTGT ."A..T TTi'; 

900 
900 

DmBL3Cl-3 

DmBL3Cll-2 

."A..CTGTCAG.''l.G 

ACTGTCl\Gl\G 

GTGj\.A,n..TTCT 

GTGAi\t\TTC'l' 

TAG."A..T TT GTT 

TAGATTTG'l'T 

p.JiJi.GA. c,,,,C"C 

!\.?>"j\GACT"C!-\C 

T J..CTGCG.;}\.D. 

'I'hCTGCGio.i'lA 
950 

950 

DmBL3Cl-3 

DmBL3Cll-2 
GCl\TTTGCCli 

GCATTTGCCA 

IAAGI\TGTT'TT 

AAGATGTTl'T 

CNfl' I,!dT]\lI. 
CATTA.?>"TCAA 

GP\l\CG,\i'-J\GT' 

Gl'.ACG}\A\Gl' 
TTlGGGGATCG 

TP-.GGGGATCG 
1000 

1000 

DmBL3Cl-3 

DmBL3Cll-2 

f....A.GACGATCl'. 

A..l:..G,l\.CGl'<.TCA 

GATACCGTCG 

GATi\,CCGTCG 

TAGTCTT;A.AC 

T .'-\GTCTT Al\C 

Tl'.TA}\ACTAT 

T.'l.TA..l:.J,CTAT 

GCCG.A.CT.;G.Ll, 

GCCGAC TP-.GA 

1050 

1050 

DmBL3C1-3 

DmBL3Cll-2 
GAT'1' GGAGGT 
GI,TTGA.Il...GGT 

CGTCTTT]\TA 

CGTCTTTATA 

i\ACGAC'l'CCT 
}\I\CGI,CTCCT 

TCf'.GC/\CC'['I' 

TC!\GCI\CCTT 

[\.CG,\GI\i\}\TC 

T,CG1\GIV\l'-.TC 
1100 

1100 

DmBL3Cl-3 

DmBL3Cll-2 

l<..A.AGTCTTTG 

AAAGTCTTTG 

GGTTCTGGGG 

GGTTCTGGGG 

GGAGT l',TGGT 

GGAGT}\TGG'l' 
CGCl'<.AGGCTG 

CGCAAGGCTG 

P....l-.".7C..CTT A)l,AG 

}\.A,'l.CTTlv·.P.G 
1150 

1150 

DmBL3Cl-3 

DmBL3Cl1-2 

GAP.. TTG.A.CGG 
GA..A.TT GACGG 

]l,AGGGCACC/:.,. 

A.A.GG GC!'--,C C.'". 

CCAGGCGTGG 

CCA.GGCG T GG 

,\GCCTGCGGC 

.7C..GCCTGCGGC 

TT.'l.f',TTTGl\C 

TLu..ATTTG]l,C 
1200 

1200 

DmBL3Cl-3 

DmBL3Cll-2 

TCAACD.CGGG 

Tc''".ACACGGG 

All..P.ACTCl\CC 

l'.AAACTCACC 

,".GGTCCl'.G,l,C 

AGGTCC.l:;GAC 

.7C.. TAGA..P.._'l.GGl:'" 
]l,T !'--.G.l\.'"..l:;GGA 

TTGACAGATT 
TTGf'.CAG,7C..TT 

1250 

1250 

DmBL3Cl-3 

DmBL3Cll-2 

GACAGCTCTT 

GACAGC'T'C'l'T 

TCTTAATTCT 

TCTTAAT'TCT 

ATGGGTGGTG 

IITGGGTGG'I'G 

GTGCATGGCC 

GTGCATGGCC 

GTTCTT.'".GTT 

GTTC'TTAGT T 

1300 

1300 

c 
DmBL3Cl-3 

DmBL3Cll-2 

GGTGGi\G'rGl~, 

GGTGGAGTGA 

TTTGTC'I'GG'T' 

l''l'TGTCTGGT 

'I'AAT'I'CCGT'I' 

TAl\'['TCCGTT 
.V"CG!\J\CG!\G 
AACGI,,;\CG,i\G 

.'\CCT'I'I'1\CCT 

ACC'l'Tfl.I\CCT 

1350 

1350 

DmBL3Cl-3 

DmBL3Cl1-2 

GCTAl\l\TAGG 

GCTAi\!-,'I'AGG 

GTTAI1Al\I~Cl\ 

GTT1\AAAACA 

TTTGTT TTTG 

T'J"I'G'TT'TTTG 

P.P.TTACTTC 'I' 

lll-lTTJ\C'J'T'C'l' 

T P-.GA.Il...GGACT 

T/,Gi\I\GGi\CT 

1400 

1400 
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DmBL3C1- 3 TTGCGTGTTT P,ACGCf..8. 1417 
DmBL3Cll-2 TTGCGTGTTT AJl..CGCA.", 1417 

nTHtl~tl'U bVi tl'UiA'll'l'U'Ulfi ~btl1'VI ~'Ul'1~lt!'1Jtl'l~t!,UJtlfli'Utl-UtillJ b 'Ub«flJtlfl~b~t!btl'ill ntlm tl 5' 
" 

ltl~\I 3' '1Jtl\ltlJ~til Hepotozoon sp. ~lJl'illn~'IrlTOt!tln~V1~l~ 1 ~'I(;11lJ(;11tl'V1'llfl11JJbbtilmh'l~1t!1t! 
4 1'11bb'VItl'l'illniA'll'l'U-ulf1~btl1'VI~-X'I'VIJJVI 1,41 7 ~b 'U(;1 flVlb'lJt!rllf111lJbbtilnvll'1 p-distance bQ~mvhn'll 

0.1882% bbm:~rilf111JJbbtilnvll'1bVltlH' Kimura 2-parameter modeL bQ~mvhn'll 0.1885% 611'V1-r'll 

iA'll'l'U'thf1~btl1'VI ~'lll'1~lt!'1Jtl'l ~t!(;1JJ tlfli'll tl-Util1Jb 'll b"llJJtlfl~ b~t! btl 'ill ntlm tl 5' 1tl i)''1 3' 'V tl'ltl J~til 
" 

Hepotozoon sp. ~lJl'illn~'Irilut!tln~V1~l~ 3 djml1JJ1btl~tl'UbVitl'llnt!'V1'llrh -X'I(;1tl'lmtliJfI11JJ 

bbtilnvll'1nt!~lt!lt! 2 1'11bt.Vlt1'1'illniA'11'l'll-Ulf1mtll'V1~-X'I'VIJJVI 1,417 ~b'll(;1 flVlbtJt!rllf111JJbbtilnvll'1 p­

distance bvhn'U 0.1411 % bb(,1~rllf111JJbbtilnvll'1bVltlH' Kimura 2-parameter modeL bvhn'll 

0.1413% 

b~elvl1m J b tl~ tl'll b Vi tl'll iA'll'l'llUl f1~L tl1'VI ~'U l\1~lt!'V el'l ~t!(;1JJ tlfli'U tl-U till '.iL 'll L"IlJJ elfl ~ b~t! bel 'ill n 
" 

tlmtl 5'ltli)'\1 3' 'Vtl'ltlJ~til Hepotozoon sp. -X'I(;11JJ(;11tl~lJl'illn~'IfhDt!tln~V1~1~ 1 bbfl~(;1tl'lmtl~lJl 
'illn~\lrilut!tlm)V1~l~ 3 'V1'UfI11JJbbtilnvll'1~1t!1t! 6 1'11bb'VItl'l'illniA'11'l'U-Ulflm€J1'VI~-X'I'VIlJVI 1,417 rlb'll(;1 , " 
lJlbbri 1'11bb'VItl'l~ 106, 163, 458, 732, 1,056 bbfl~ 1386 l'l'lbb(;1V1'1Jllt!~l'1 

DmBL1C3 TGCCAGTAGT CATATGCTTG TCTTlV'.Jl.GAT T.:\AGCC]'..T GC ACGTCTA~".GT 50 
DmBL1C4 50 
DmBL1C6 50 
DmBL3Cl-3 50 
DmBL3Cll-2 50 

DmBL1C3 AT1:!·J,GCP,J'lliA P,TACAGT ]'.._".1';. ACTGC;Sl'..ATG GCTCA'l'T,l'..CA ACAGTTAT,l'..G 100 
DmBL1C4 100 
DmBL1C6 100 
DmBL3Cl-3 100 
DmBL3Cll-2 100 

DmBL1C3 TTTCTCTGAT P,ACI'\I'l..l'.. C G T T Tio.CATGGATA ACCGTGGTA.A TTCT.'\GP.. GC T 150 
DmBL1C4 T 150 
DmBL1C6 T 150 
DmBL3Cl-3 '1' 150 
DmBL3Cll-2 T 150 

DmBL1C3 1V'.T'l\C1\ TGl',G TAAl\T 'J' CT'CA ACTG'T"T'TT tIl''. Gi\!-',GAGIIIIGC ATT 'l'A'T Tl,Gl\ 200 
DmBL1C4 .C. 200 

DmBL1C6 200 
DmBL3Cl-3 .C. 200 

DmBL3Cll-2 .c. 200 

DmBL1C3 'j'Ai\.I\/\i\l\CCA I\.TATl~TG'Tr.r~.r TT!\!\P.. GCATA Ai\PJ\TTGGTG AT'T'I'P..CP,/, 'I'A 250 

DmBL1C4 250 

DmBL1C6 250 

DmBL3Cl-3 250 

DmBL3Cll-2 250 

http:ACGTCTA~".GT
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DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

DmBLIC3 
DmBLIC4 
DmBLIC6 
DmBL3Cl-3 
DmBL3Cll-2 

ACTP'..I~,GCAFJ\ TCGCl'.CAGTG Cl'lAACT1-\GCG .'l,Tl'JiliTCl'..TT G\.:'>,GTTT CTG 

ACC T};TCAGC TTTCGP,CGGT A.7:l.GGTF.TTGG CTTACCGTGG CAGTGACGGT 

· . . . . . . . .. .......... .......... . .................. . 

· ................................................. . 


TAACGGGGl'<.A TTAGGGTTCA iI.TTCCGGAGA GGGAGCCTGII. GilA7:l.CGGCTA. 
· . . . . . . . .. .......... .......... . .................. . 

· ... ...... ...0....... .......... . .................. . 


· . . . . . . . .. .......... .......... . ................... . . 

· . . . . . . . .. .......... .......... . ................... . 


CCI\CATCT'l\i\ GGAAGGCt,GC 
• ....................
 

T.~f\GAGAGGT AGTGACl'AGA 

!'.GGCGCGCAP, 
•••• '0. • • .• 

f..ATAACl\GTA 

i\T'fACCCl\/\'T TCT'!J\Ci\GCA 

CF.AGGCi\GTT .~A,l'...;;TGCTTT 

..•.... A.. 

GCA.1I.GTCTGG TGCCAGCAGC CGCGGTAl'.TT CCAGCTCCl'.A T}'\.GCGTATAT 

TAAi'lJl.TTGTT GCAGTTiI .. ZV\.l'.. AGCTCGT.;GT TGl,-~TTTTTG CTAAA.JlJ".TiIJ'.. 

CCGGTCTGCT TTTATTAATA AAAGTGGTAT CTTGGTGTGT TTTTAGCi\AT 

300 

300 
300 
300 
300 

350 
350 
350 
350 
350 

400 

400 
400 
400 
400 

450 

450 
450 
450 
450 

500 
500 
500 
500 
500 

550 
550 
550 
550 
550 

600 
600 
600 
600 
600 

650 
650 
650 
650 
650 

700 
700 
700 
700 
700 

http:CGCGGTAl'.TT
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DmBLIC3 AA1'GTCCTTT Gl'l}\}l.TGTTTT TTAC1'TTATT GTlIJV\}\J'.GGl.. l<.TTTTC'\GGA 750 

DmBL1C4 .. . .. .. .. .. .. .. .... .. .. .. ................................ .. 
 750 
DmBLIC6 750 
DmBL3Cl-3 
 .C ....... . 750 

DmBL3C11-2 
 750 


DmBL1C3 TTTTTACTTT GAGIl.P-J'.ATTA GAGTGTTTCA AGC AGGCTA.;; CGTTTTGi'J'.T 80 0 

DmBL1C4 ...... ...... ................................................................... 800 

DmBLIC6 .. .. .. .... .. .. .. .... .................... .................... .. .................................... .. 800 

DmBL3Cl-3 .. .. .. .. .. .. .. .. .... .................... .................... .. .................................... .. 800 

DmBL3C 11-2 .. .. .. .. .. .. .. .. .... .. ...................... .. ............ .. ...................................... .. 800 


DmBLIC3 ACTGCAGC}'\T GGAP,TAAT.i\A ?f'..TAGGl'TTT TAGTTCLloCG TTATTGGTTT 850 

DmBL1C4 .. .. .. .. .. .. .. .. .. .. .................... .................... .................... .. ................ .. 850 


850 
DmBL3Cl-3 
DmBLlC6 


850 
DmBL3C11-2 850 

DmBLIC3 TAAGAACTAA AT TAATGATT GATAGGAGCA GTTGGGGGCA TTTGTATTTA 900 

DmBLIC4 900 

DmBLIC6 900 

DmBL3Cl-3 900 

DmBL3Cl1-2 900 


DmBL1C3 ACTGTCAGAG GTGAA.~TTCT TAGATTTGTT AAAGACACAC TACTGCGA.~A 950 

DmBLIC4 950 

DmBLlC6 950 

DmBL3Cl-3 950 

DmBL3Cl1-2 950 


DmBLlC3 GCi".TTTGCCl'. l'..A.GATGTTTT CATTA.Zl.TCAA GAACGJ<A",GT Tl'.GGGG.A.TCG 1000 

DmBL1C4 1000 

DmBLIC6 1000 

DmBL3Cl-3 1000 

DmBL3Cl1-2 1000 


DmBLIC3 Aj4.GACGT-\TCA GATACCGTCG TAGTCTV.AC TATP,]'ACTJ'..T GCCGA.C TAGJ'.. 1050 

DmBL1C4 1050 

DmBLIC6 1050 

DmBL3Cl-3 1050 

DmBL3Cl1-2 1050 


DmBL1C3 GATTGGAGGT CGTCTTTATA AACGACTCCT TCAGCACCTT ACGAGAAATC 1100 

DmBLIC4 1100 

DmBL1C6 1100 

DmBL3Cl-3 1 10 0 

DmBL3Cl1-2 ........ .. fl. ........ 1100 


DmBL1C3 AAAGTCTTTG GGTTCTGGGG GGAGTATGGT CGCAAGGC TG AAACTTAAAG 1150 


DmBL3Cl-3 1150 

DmBL3Cl1-2 1150 


DmBLlC4 1150 

DmBL1C6 1150 


http:TAGTCTV.AC
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DmBL1C3 GA}I.TTGACGG p,AGGGCA.CCA CCAGGCGTGG .;GCCTGCGGC TT..;P.,TTTG,"c.C 1200 
DmBL1C4 1200 
DmBL1C6 1200 
DmBL3Cl-3 1200 
DmBL3Cll-2 1200 

DmBL1C3 TCA..sCACGGG AN\.}\.CTCACC AGGTCCF.GAC ATl'.,GA.;..r,GGA TTGp,C}'IG,sTT 1250 
DmBL1C4 1250 
DmBL1C6 1250 
DmBL3Cl-3 1250 
DmBL3Cll-2 1250 

DmBL1C3 GACr..GCTCTT TCT'T..I:;...;TTCT ATGGGTGGTG GTGCATGGCC GTTCTT,Zl.GTT 1300 
DmBL1C4 1300 
DmBL1C6 1300 
DmBL3Cl-3 1300 
DmBL3Cll-2 1300 

DmBL1C3 GG'T'GGJ\GTGA '["fTG'I'CT'GGT TU,'l"l'CCG'TT AP·,CGA1\CG/\G ACC,],'ff'j'.cc'r 1350 
DmBL1C4 1350 
DmBL1C6 1350 
DmBL3Cl-3 1350 
DmBL3Cll-2 1350 

DmBL1C3 GCT.I:;...Zl..Zl,TAGG G T T A.;.;P.,AC; TTTGTTTTTG F~;TT1\TTTCT TAGA.A.GG.;CT 1400 
DmBL1C4 C 1400 
DmBL1C6 C 1400 
DmBL3Cl-3 C 1400 
DmBL3Cll-2 C 1400 

DmBL1C3 TTGCGTGTTT A..A.CGC.;;t." 1417 
DmBL1C4 1417 
DmBL1C6 1417 
DmBL3Cl-3 1417 
DmBL3Cll-2 1417 

b~B'Vhn1Jbtl~CJU bViCJU~TU1'Uml:lJ bb(?)n\9l1~'lleN~l~UUlf1~lB1'Vlilj~Vll1~?llCJUlf1meJ1'Vlilvi1JlvY~ 
5 ?llCJ ~Ul1~~1'Ul'Uf111mb(?)n ~1~J~Vll1~ ~l~UUlflmB1'Vlilbb~~~A~~ bb~ 2-4 ulf1~lB1'Vlil l~CJlJ 

'U 

AlbU~CJ'1JB~~1'U1'UU1f1~lB1'Vlil~bb(?)n~1~n'UJ1:lJb 'Yl1nu 2.6 ulf1~lB1'Vlil (\9l1Jl~~ 2) b~B~~lJilllAl 
v , 

f111:lJbb(?)n~1~ p-distance 'WUlJAll9i'~bb~ 0.1411-0.2823% bb~~lJAlf111:lJbb\91fl\9h~ p-distance bQ~CJ 

J1JJ'1JB~vY~ 5 (flCJ b'Yl1nu 0.1835% (\911Jl~~ 3) ~1V1-ruAlml:lJbb\91fl~1~1~CJ1.zr Kimura 2-parameter 

model 'lJB~~l~uu'mmeJl'VlilvilJl~~ 5 i;'flCJ 'WU11lJAlbtl~CJ'lJbViCJ'lJbb~fl~A~~bb~ 0.1413-0.2829% bb~~ 
'U 

lJAlfll1JJbb(?)fl~1.:Jl~CJ1.zr Kimura 2-parameter model bQ~CJJ1JJ b'Yl1n'IJ 0.1838% (\911jl~~ 4) l~CJ 
'W'lJl1 Al f111JJ bb\91 fll9l1 ~vil'i'Tln illHlh;'h;u~ btJ'UA 1f111JJ bb\91 fl19l1~ p-distance 'V!~eJ f11 jrll'Ul ill1~(J1,;) 

Kimura 2-parameter modellJA11'Ubbl9lfl~~btl~CJuhJ(i~ 1 % bb?l~~11~1~UUlf1meJl'Vlil'l.mw'Ui;'fJJeJfl 

iU~U\911 j 1 U 16(jJJeJ~~iL8'UbeJ'1JeJ~tlj~\91 Hepatozoon sp. vilJl~ln~~fhu'UtJfl~~~~i;'fB~l9i'lV1~eJviJJ1~lmbl9l 
~~1f1fl'U1'Ul9i'lb~CJln'U'l.11~~btl'Uth~\91 Hepatozoon sp. '1JU~b~CJln'U VI~eJmhlsmrCJ'V!ti~nfleJ ~~fh 

http:lJAlfll1JJbb(?)fl~1.:Jl~CJ1.zr
http:1V1-ruAlml:lJbb\91fl~1~1~CJ1.zr
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u'WtJn~Vl~l~ 1 bb!;'l~~lvi 3 MVl'lb~(i] Hepatozoon sp. 'llUVlb~tnn'W 'W€ln'iJln,!'W 1'W~w?1eJ'Wf1l';ilfl!;'l'W 
fJ'Wbb!;'l~Vll~1~UUlfl~l€l1'VIii'll€l\lfJ'W?f:lJe:moUu~u(i]1';i1 U l"lf:lJ€l!;'l~d)'Wb€l'll€l\l'lh~V1 Hepatozoon sp. 'WUll 

~1~UUlf1m€l1'V1(i)vi1mlllj~mH1J~'1J€l\lfll';ioifm.,l'vlUVl1m.J?f:lJn'W bb?fVl\lll'tJ';i~V1 Hepatozoon sp. ~~Vl1 'U 

~\lrilU'Wvr\l?f€l\ltll'iJ~lj b~ tJ\I'llUVlb~tn Vl1€ln~TJ5 m1tJVI~\I nA €I 111'Wuf1l';i~Vlb~m..h~(?l Hepatozoon 

:lJ1nnil 1 'llUVl1'W~l€l ~l\lb~BVlbb!;'l~~\lrilu'WtJn'iJVlvivhf11';iPim:n, 

I'Il';jl.:1~ 2 bb?fVl\lr11btJ~tJUbVitJ'Ub'u'W~ (pairwise comparison) 'U€l\l~I'Wl'Wfl11:lJbb(i]n~l\l';i~Vlil\l~I~U 
Ulf1~1e:J1'V1ii (number of nucleotide differences) fl11:lJtJll 1,417 r1bU?f'1J€l\lfJ'W?f:lJB!;'IoUutJU(i]blUb"l!

" " :lJB!;'I~d)'WbB'U€l\ltJ';i~V1 Hepatozoon sp. ~1'Ul'Wvr\lVl:lJVl 5 ?fltJ 3 ?fltJ'iJln~\lrilu'UtJn~Vl~lvi 1 

(OmBLlC3, DmBLlC4 bb!;'l~ DmBLlC6) bb~~ 2 ?fltl'iJln~\lfhu'UtJm)Vl~lvi 3 (DmBL3C1-3 bb6'1~• 
DmBL3C11-2) 

(i]l';jl.:1~ 3 bb?fVl\lr11btJ~tJUbVitlub'iJ'W~ (pairwise comparison) 'UB\lr11fll1:lJbbV1n~l\l p-distance 

';i~Vlil\l~lilUUlf1~l€l1 'VI iim 1:lJ till 1,417 r1 bU?f'UB\I EJ'W?f:lJ€l!;'loUU tJUV1b 1 U 1"lf:lJ B!;'I~ bS'U b€l'U B\ltJ 'J~(?l
" " 

Hepatozoon sp. ~l'Wl'Wvr\lVl:lJVl 5 ?fltJ 3 ?flt1'iJln~\lfhu'UtJn~Vl~l~ 1 (DmBLlC3, DmBLlC4 bb!;'l::; 

DmBLlC6) bb!;'l~ 2 ?fltl'iJln~\lrilu'WtJn'iJVl~lvi 3 (DmBL3C1-3 bb~~ DmBL3C11-2). 
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Vl1~1'1~ 4 bb?f(91\1A1btJ~tJ'UbVitJ'UdJ'U~ (pairwise comparison) 'lJeJ\lA1fl11JJbb(1lnvl1\11(91tJH Kimura 2­

parameter model ':i~Vll1\1~1t?l'UUlfl~leJ1VI~f111JJtJ11 1,41 7 ~bU?f'IJeJ\I~'U?fJJeJr;'liU~U(1Ib 1Ul'/JJJEJ~~ 

b~'UbeJ'lJeJ\ltJ':i~(1I Hepotozoon sp. ~l'Ul'U~\lVlJJ(91 5 ?f1tJ 3 ?fltJ~ln~\lrl1U'UDn~(91~lvl 1 (DmBLlC3 , , 

DmBLlC4 bbr;'l~ DmBLlC6) bbr;'l~ 2 ?f1tJ~ln~'1rl1u'Uun~(91~lvl 3 (DmBL3C1-3 bbr;'l~ DmBL3Cll-2) 

0.1413% . 

3. fll11J61JJ'w'U5'Vn:j11~\.nn1~"lJB.:jtJ'aiilVl Hepatozoon v1'W'\J1'U~.:jri1'U'UUfl~Vl, 
".\11 mht?lUUlfl~leJ1VI~fIl1JJ CJ11 1,417 rl b'U ?!'lJeJ'I ~'U?fJJeJr;'li'U tJu(1I1':i1U 1 "lJJJeJr;'l~ b~'UbeJ'lJeJ\ltJ':i~(1I 

... " " 
Hepotozoon sp. ~l'U1'UY(\lVlJJ(91 5 ?!ltJ t11mVl1fl11JJ~JJ'W'U5'Vl1\111WJ'U1nl':inutJ'j~(1I Hepotozoon 

'1lD(91 bb~~?f1tJ 'W'U5~'U"1 ~1'Ul'U 13 ?f1 tJ'W'U 5 vliHfeJJJr;'l ~1t?luD 1 fI ~1 eJ1VI ~'IJ eJ \I ~ 'U b~ tJl n'U1'U~1'U-rreJJJ r;'l , "\J ~ 'U 

GenBank 'lJeJ\I NCBI l\iltJ'vh nl':i?f~1'11'W~ alignment 'lJeJ\I~lt?l'UUlf1~leJ1VI~~\I 18 ?!ltJ ~~eJJJn'U 
~'1ii~l(11vl1-rrb'u'U outgroup fleJ Adelino bomba(oonioe [GenBank accession number AF494059] 

~fl 1 ?!ltJ ':ilJJ~\lVlJJ(91 19 ?!ltJ'lJeJ\I~lt?l'UDlflmeJ1V1~ rleJ'Unl':ilbfl':i1~~~·m1~vhnl'j~(91;;il'U'lJeJ\lDlfl~leJ 
1VI ~~hJ?f1JJ l'H11 -ITt 'Unl':i1 bfl ':i1~Vl1~ ~.:j1~fIl1JJ tJ11?!Vl5'IJeJ'I~1 t?l'UUl f1~leJ1VI ~vl ?f1m':i~H1 'Ufl1':i. 
lbf1'jl~Vl1'U1'W~ alignment bviln'U 1,406 Ab'U?! 

" 
nl ':i1 bfl ':i1 ~~f111JJ~JJ'W'U 5V11 \l11WJ 'U1fl1 'j'IJ eJ\ltJ'j~ (11 Hepotozoon vlVIJ'U1'U ~\I rl1U'UD fl~(91~l tJ 

ltJ':ibbmJJ phyML 3.0 bbr;'l~ MrBayes bdeJ1'ii''U 3 . 21(91tJ1offbbUU~1r;'leJ\I'lJeJ\lnl':ibbVl'Uvl'IJtl\lDlfl~ltl1V1~ 
(nucleotide substitution model) vl1~~lflnl':i1bfl':i1~l1~ltJltJ':ibbmJJ jModelTest AeJ General 

Time Reversible (GTR) model ~lJJnU gamma distribution ~\lbbU\leJeJmD'U 8 '111\1 (category) bb~l 
t11~~fl1'j1bfl':i1~l1JJ1?f~1\1 bU'Ubbt:-.J'U.nii ~'U1JJVI1\111WJ'U1nl ':i?f(91V11tJ (m~vl 15) ~ 'Ul1~1t?lUUlfl~leJ1VI~" . 
'IJ€l\l~'U?!JJeJr;'liutJu\?lbl'Ul"lJJJeJr;'l&hi)'UbeJ'lJeJ\ltJ':i~(1I Hepotozoon sp. ~l'Ul'U~\lVlJJ(91 5 ?f1tJ~'Un~JJeJ~ 

" ' " 
~lt.Jn'U~lt.Jrl1?f11'U?!1i'U (support value) ~~\I AeJ Al bootstrap 96.6% ~lnfll':ilbfl':il~Vl1(91t.JH 
hbbbmJJ phyML bb~~ rl1 posterior probability ~\I~(9] Atl 1.00 ~lnnl'jlbfl':i1~Vl1(91t.J1mtJ':ibbmJJ 

MrBayes bb?f(9] \11 '!Xb ~'Ul1~1t?l'UDlf1~leJ1VI~'lJeJ\I~'U?!JJeJr;'liu ~D\?l1 'j1 U l"lJJJeJ~~ b~'UbeJvlm~ln~\lrllu'Uun 
~(9]fI'U ~ ~ ~l 'tl1 ~ ~ b'U 'U~1t?lUUl fI ~1 eJ1VI ~vlm".\ll n Hepotozoon sp. 'lJD (91 b~ tJl n'U 'U eJ fl ~1fln
• 
Hepotozoon vl~'U1'U~\lri1U'UD n~(91 bb?f(91\1fl11JJ~JJ'W'U5V11\111WJ'U1nl':i1n~'8(9]n'U Hepotozoon 3 ?f1t.J 

~'U~ AeJ Hepotozoon sp. BVI [AY600626] ~lflb~eJ(91'IJeJ\I ~(1I1Yl'UbbVl~ bank vole '1lD(9] 

http:lnfll':ilbfl':il~Vl1(91t.JH
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Ciethrionomys glareolus, Hepatozoon sp. AS15 [FJ719816] :Ulf1bifitlVl'lJtl_:Ji.11'l1Yh.!ll'Vl~'lJDVl 


Abrothrix sanborni bb~~ Hepatozoon sp. A05 [FJ719818] :Ulf1bifieJVl'lJeJ_:J i.11'l1~1..!bb'Vl~'lJDVl 


Abrothrix olivaceus mh_:Jbnl'lll1 rr:nlli.1l1~1..!;5deJ1:ufJ_:JjJfr:nllhJbbt1-B'Vl l~eJ_:J:Ulnrh~,r1..!~1..!1..!~1(9ibj 

~ , 

61\1~_:J61fJ\lrh AeJ 45.1 % bb~~ 0.39 
\J 

r----------------------------- Adelina 

49.6.--------------- Hepatozoon catesbianae [AFI76837] bambarooniae 
0.60 	 Hepatozoon ayorgbor [EFI57822] [AF494059] 

96.4/1.00h-------- Hepatozoon sp. squirrel 1 [EF222259] 

Hepatozoon sp. [DmBL3CI-3]* 

Hepatozoon sp. [DmBL3Cll-2]* 
f7"'!"~;;';";;';~h--1 Hepatozoon sp. [DmBLIC4]* 

Hepatozoon sp. [DmBLIC6]* 

Hepatozoon sp. [DmBLIC3]* 

Hepatozoon sp. BVI [AY600626] 

50.4/0.39 
 Hepatozoon sp. AS15 [FJ719816] 


99.7/1.00 Hepatozoon sp. A05 [FJ719818] 


94.8 	 Hepatozoon sp. DGI [FJ719813] 

1.00 Hepatozoon sp. DG2 [FJ719814] 

27.1.....---- Hepatozoon sp. European pine marten 1 [EF222257] 


Hepatozoonjelis isolate Spainl [AY620232]
8 3/ 	 01. 	 1. 0 

.--------- Hepatozoon americanum [AFI76836] 


100.0/1.00 Hepatozoon canis isolate Pelotas 1 [EF622096] 
L......__.......=.~=..:;:;~ 


Hepatozoon canis isolate Spain-l [A Y150067] 

I 0.01 

.flTVfvl 15 bbc.J1..!JJ~bl61Vl_:JfIlll1~1I~1..!;5'Vl1_:J11~1..!1n1'j'lJtl\l'\J':i~1'l Hepatozoon sp. ~1~:Ulf1b~fJVI'lJfJ\I~\lfh 

U1..!tJn~Vl (Vltl n~1..!) bbc.J1..!JJ~d~n61~l\1~":ltJ1 '\J'j bbn':ill phyML lVlCJ1-fflb'IJ'IJ '.\11~fJ_:J'lJfJ_:Jn1'jbb'Vl1..!~'lJfJ\lD1f1~lfJ 

1'Vlvl AfJ GTR model ~111fl'IJ gamma distribution ~\lbbU_:JfJfJf1bU1..! 8 'li1_:J bb~~bb61Vl_:JAl61,rU61~1..! 


bootstrap 'lJ1..!M\lAVlb U1..!b '\JeJ'h~1..!tfi:Ulnn1':i1 bml~t_1 1,000 ~1 ~l1..!Al61,r'IJ61~'U posterior probability 


~eJ~~Vl:UlnAl bootstrap AVlbU1..!'.\111..!11..!b~1I 1 1~:ulnn1'j1bfl'jl~t_1~1CJ1'\J'jbbmll MrBayes lVlCJ1-ff 

" bb'IJ'IJ'.\11~eJ_:J'lJeJ\ln1'jbb'Vl1..!~'lJtl\lD1f1mtl1 'Vlvl b~CJdn1..!n'IJ-ffl_:Jtil1..!~ll1n'IJ gamma distribution c: ~\lbbU\I 

fJeJflbU1..! 8 'li1\1 'Yhn1':i1bfl':il~t_1bb'IJ'IJ~'lJ1..!11..! (2 parallels runs) lV1CJh'!blvl~~f1~\I (run) v11n1':i1lfl'jl~t_1 
'.\111..!11..! 5,000,000 f1#\1 'j111~\lVlllVl 10,000,000 f1~\1 lVlCJ'Yhn1'j~1In1'j1bfl':il~t-1~1~'Ylnl 50 f1#\1 bbvl 

http:100.0/1.00
http:99.7/1.00
http:50.4/0.39
http:96.4/1.00
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~~lnl"ji bA'J l:;~~~lJ:fft!~J111..1 25,000 fI ~~ bb"j n'UeJ.:J bb~ ~ :;'llVl fl1"ji bfl "jl:;~ (run) v1.:J ri tJt!~ ~ :;111 fl1 "j, , 
::'hA'Jl:;~~bVI~mht!dt! 150,002 [75,001x2] nl"ji bfl"jl:;~:lJ1~~l.:JbtJt!bbe.Jt!.f1iJ~t!hJ'VI1.:J::H~t!1fl1"j

\J 

~VlVflE.J (f111lJE.Jld'UeJ~:U~~f11tlLJ~1ma'U 0.°1 bb~~~f111lJE.J11moUb U1E.JLJbViCJLJtlLJfl11lJE.J11 ~.:J'UeJ~bbe.Jt!.f1iJ 
, 'U 

b~e)'tl"j:;lJ1run1"jbbVlt!~'UeJ~~l~UUlflmeJ1Vl~~eJ 1 ~lbbVl1.l.:J1t!~lE.Jil~t!lm"j) 
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n1~Pim~l'th~Vl1'UL~BVI'lJB~~~ril'lh..!tln~VI Draco moculotus ~1'U1'U 8 I'll ~ln~'U~L'lJl'r~, 
L'IJ:!J~ ~'1'\.rrVln1t1!~'U'4~ 'V'l'U~~fhu'Utlfl~V1~I'U1'U 6 ~1 ~VI'lh~Vli:l~~ Hepatozoon sp. Lb~~~I'Ul'U 2 

1'U 6 ~1diJn1~~V1tld~Vli:l~~ Trypanosoma sp. ~1:!J~1~ ~~tl~~Vl~'I?lB'ILU'Utl~~Vl~~I~'I:Sil'l€J~1'U 
m~bL?lb~€JVI'IJ€J'I b{]lUI'UbL~ ~iJ ~m111iJm:::1'1n ~'U'vl~~~fi'U L~€JVILU'UB1V11~b{J'U'W lV1~ n1~~Vltl ~~Vl1'Uf1 #'1 

" db~€JVil fll~AVI btl€J1b~'UWif111:!J'lJfl1~ri1Lvii n'U 75% ~'1~m {J'UL tl €J'h~'UWif111:!J'lJ n~?l'lLn €Jb Vi ~'U ntJ 
, • \J 

n1~Pifl'l~l~iJ:!J1riB'UVI'Lhd Telford (1986) Pim~ltl~~(i)1'UL~BVI'lJB~~'1ril'lJDVlL~mn'U~1'U1'U 14 ~l~lfl 
~'Umn~ntJm'lL'V1'V'ldJVll'Uf1~ U~~bVlY'11Vl~ 'V'l'Utl~~(i)l'UL~€JVI Fallisia LL{;1::; Plasmodium l'U~.:JrilU'UUfl, 

~V1bY;~.:J~1L~m~ln~.:JVI:!JVlAVlbU'Uf111:!J'lJmvhn'U, , 7.14% (1/14) Lv11,!'U B~l.:J1JnVll:!J fl1~PimnL~€J111 

'Ul'Ud'IJ€J'I ?li'lJl 5.:J'W1D'lJ (2554) , ~1 ~ln~'U~L'lJTrW1Jm, ~'1vllfl1~~1~1~~.:Jrilu'Utln~V1~1'U1'U 8 

~.:Jv'j'rVln1t1l~'U~~ 'V'l'UU~~1'l 1 'lJDVlA€J Hepatozoon sp.1'U~'1fhO'U~1'U1'U 5 ~1 AVlLU'Uf111:!J'lJmv11ntJ 

62.50% (5/8) ~'11niKLA ~'1n'Ufl1~Pi m~11 'Uf1 #'1 d €Jl~Lu'U1tl1~11 Ltl€J{L~'UWif111:!J'lJn?l'l~'V'l'ULuw.m 
, " 

L~€J.:J:!Jl~lnf111:!J'lJn'lJB'I'W1V1~'lJB'I'lh~Vl Hepatozoon sp. ~iJ:!J1n1'U~'U~~h'l~'IVI'~V1b~mVi~'U ntJ~'U~ 
1 'lJm'lb VlVlVI1B'U1blruln~LA ~'1 lV1~~lnfl1~rim~lVlm~~'lJbL?lVl~1~b~'Ul1iJ'V'llVl~Vlm(J'lJDVlVlm~mi:!J~, . 
6'!1:!Jl~tl'111b~€J Hepatozoon sp. dJl~~l'lliJm~~fl~'lJVI~'1~L'vh (tetrapod vertebrate) 1J1 lV1(J'V'llV1~ 
'IJ€J'IL~€J Hepatozoon sp. ~::;L u'U~Vllll1iJm:::~fl~'UVI~'1~fi'Ub~e:JVlLU'UB1V11~ (hematophagous 

invertebrate) ~l'V'llflU~'1 (leech) Lb{;1:::~l'll'lJl.rr€J (arthropod) L'li'U ~'1 L~'U LU'UI11'U (Irwin, 2002; 

Vilcins et 01., 2009a; Wilson and Carpenter, 1996) n1~Pimnu~~~~iJ(:..J{;1~e:Jf111dJ'lJn1'Ufll'J~V1 
U~~(il Hepatozoon hinuliae 1'U~~LVI{;1'UL11 (Eastern water skink) Eulamprus quoy;; lV1(J Salkeld 

LL(;l~ Schwarzkopf (2005) y.j'Ul11'U~~LVI{;1'UJlI'11L~:!Jl~~~iJn1~~V1tl~~(9l:!J1nnl11'U~'1LVI{;1'Uthrmm1 

(juvenile) ~'1d€J l~LU'ULU'Ue.mL~€J'I:!J1~1 fl ~tlLL'UtJ'V'l~~flJ~:!J~ Ltl~(J'U1tl VldJl(J~l:!J~'1 m~ Ltl~tJ'U~fl~ru~ 
~mi€Jlf(tJ~l fllCJLml:!J1LU'U~1 L~dJltJ ~U bL 'U'UB1V11~~bu~tJ'U1tl ~~B1~'111:!J1~'11€J fl1i:1~~~bVI{;1'UJ1~1

\J \J 

L~:!Jl~~~'V'l tJb~ €J ~ e:J'V'lIV1:::~'111tl~~(9liJ:!J1 nnl11'U~'1LVI~'UJ11(J Lml 

'UBfl~lnU~~(9l?l~(;l Hepatozoon sp. LL~l n1~Pifl~lf1.f'ld~'1'V'l'Uu~~(9l6'!~~ Trypanosoma 

sp. Trypanosoma Lu'Ultl~1(9l.u1~1.rrbL'V'J{;1m~~~:!J1'Ufl1~Lf1~€J'U~€J~1'Un~:!J Euglenozoa 'V'llfl 

Kinetoplastida ~1 ~ '1:Si(il LU'Utl~~(9l€J ~1 'U ~:::'U'UL~e:JVI'IJ€J'I~(illiJ n ~~V1 n~'UVI~~~'1 n~:!J ~(9l1 b~€JVlb~'ULL~~ 
" \J' 

~(9l1L~€JVle:i'U lV1~il~(9lnl1ilflJ~Vlfl~'UVI~'1~fi'UL~€JVlLU'U'V'lIV1~ L'li'U m (Desser et ai., 1973) LL~~ u~~." . 
(Barta et ai., 1989) Try,panosomo lhtl~I'1V1m~bL'U'U~'Ue:J~n'U~:::~:::'lJe:J'IL~e:JLb{;1:::'lJDVI'lJB'IL{]IUI'U

\J \J 

Trypanosoma sp. ~(9l~1~'V'l'U1'Ufl1~Pin~1f1.f'lde:J~lm~~~ trypomastigote bb~Er'l1:Ji:lldJl~m~'4~'I 
~~~'U'lJDVl1~ ~lml~'Il'U'lJeJ'I :!J1~U 5(i)~dJ'If1{;1~~ bL{;1~f1~~ (2552) ~Pin~ltl~~(9l1'Ub~€JVI'lJ€J'I~'1fhu'U 
VI(;llEJ'lJDVI (Draco sppJ ~lmn1~QVI ~'IVllV1(il~lV1 'V'l'Ull ~'IfhO'Utln~VI D. maculotus iln1~~Vltl~~(9l 
Trypanosoma sp. b'li'Ub~mn'U LL6'!VI'I1~L~'UCl'ln1~m~~1~1'11e:J~I'1nl1'1'lJl1'1'IJ€J'Itl~~(9l6'!~{;1ffi'U~'Iril 
U'lJ €J~1'1hn(9l1:!J rJ'Iil'iJB~{;1111bY;~'1'V'l€J~~~Vl~ltJ1~',h Trypanosoma sp. ~y.jtJ~ln~'Ifhu'UUfl~V1'lJ€J'I 
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~,:jGH),n~''U~bU'U'lliJ~b~tr;lfl'UVI~vhi ~,:jfll1~dJf1l1Plmn1'U1~~U lmt'l flt'lb ~ tJ~'UcJ'U~m'U,fn\'rV1l,:j, 
1 ....' lJ' , 

tJ~mlJ151'UVlI,b'vf~~,:j'lltJ,:j Trypanosoma spp. ~,:j~tJ-lVl'Wu 'Uvfl~lflll ,:j1'Ui~tJ'llv-l Telford (1982) ~,:j 

Plfl'l~l'l.h~!?l~~t'l Trypanosoma 1'U~!?l11,~vtJfl~I'U Mabuya multifasciata, Mabuyo moculorio 

1,1,t'l~ Takydromus sexlineatus .yj~ul~~Ifl'lb::;I,'Vli'l1v1tJ 'WU Trypanosoma 2 'lliJ~1V1lJ lVltJ1Vf~tJ11 
Trypanosoma scincorum ~~'Wu1'UI,~v~'llv~ Mabuya multifasciata I,I,~~ Mabuyo macularia 

LI,t'l::; Tryponosoma takydrom ~'Wu1'UI,~v~'lltJ,:j Takydromus sexlineatus ~..:lihLl11~fI~ltJfl~,:jnu
'U 

Trypanosoma sp. ~'WU1'U~,:jfhu'UtJfl~~ O. maculatus 1'Uf1l1~fl't~lfl~,:jd v~l-lhn~n:lJ fl11~~::;il 
fl11~mn1'U11tJfl::; 1,8tJ~b~vv'UtJ'U~~'lliJ~~'Wu~tJ1tl 

flI1~fl't~I'W tJ15~m'W~bil~1'UI,dm~m~tJ~'lltJ,:j~-l nlu'UtJfl~~~!?l11~'Wutl'j~(9) 1,1,~~,:j1VlI,i1'U11, 
I,'llt'l~ 1,~~I,~v~I,I,~,:j~~VlI,~tJtl1t'1(9)~dhvu I, 'U(9)I,'llt'lGl1lJi~1,~'UVI~m'lmtJ1tl Ull,fl~tJ~'llv,:j I,~~ l,~tJ~~~Vl I, ~tJ 

~~il'll'UIVl1Vlrufl111,~VlI,~eJ~tl fl~I,I,t'l~~::;tlfl I,1J tJVlltltJ~:U~~:lJ I, 'llGl~ ~~'W tJ15~ill'W I, 'Ii'U.Q'WUil'jltJ,:jI'U 1 'U1,'llGl~
v 'U 'U 

I,~VlI,~mmVl~~~~I,~eJtl1t'1(9) Hepatozoon mocassini ~,:jI,I,~~,:jfll'jl,~tJ~m'W'lleJ,:jl,~tJVllJl,'llGl~I,~VlI,~tJ~, 
I,I,Vl.:j~~VlI,~tJ (Nadler and Miller, 1985) 'UtJfl~lfl.Q '\.h~!?l Hepatozoon sp. ~'Wu~VlI,~tJ1'U~ 
Oendrelaphis punctulotus ~1:lJ11tl'vh1VlI,'ll~~I,~Vl l,~eJVl I,I,Vl-l l,~tJ1'\.l':iI.:j 1,1,t'l::;iJl I,fl~m'!f;1m1JtJVlltlmj~I'LI

'U 'U 'U 

VI~.:j'lleJ-l\''llGl~ ~~1tl fl11t1'U l,'1lfl~\'~Vl L~ vVl I,I,Vl,:j~~Vl L~eJtl'j~(9) tJ-lil flId Ltl~ tJ'U LL tlfl-l I,I,Gl ~v Vl tJ11eJtJn 1 'Ufill 

~::;mVl~~VlI,~eJ'lliJVlI,~tJln'Ud (Vilcins et aI., 2009b) eJ~l~hn!?ll:lJ md~mn1'Ufl~,:jdcJ~hJ1~vhflld 
ml~6'leJU'W tJ15?1m'W~eJ1~dlVl~'UnueJ1cn~~'U '1 t.IeJfl~lmdm~m~eJVl I, 'Ii'U fIlU tleJVl I,l,fl~~I:lJ I, u'Ual'U 

~.:jl,u'UtJ1m::;~tl1t'1~~I:lJldf:)il nld~U~'U~I,I,'U'UllJeJ1P1tJll,UU merogony I,l,fl::;nv1VibnVl'WtJ15~m'W1~~ 
e)'rtJl::;I,VI~I.Q (Wozniak et aI., 1996) ,~-l1,1,~111VltJtln~I,I,~11,;ijlUI'U~~VlL~eJtl'j~~n~:lJ 
haemogregarine lJflllJ I,I,?lVl~ eJ 1 fl1 dVl~eJ~l:lJ1df:)V1'U~ eJ I, ~eJ~ ~Vll~ eJ ~ 1,:j1d n~ 1:lJ G1~1~~Vl I, ~eJ 

Hepatozoon 1'U1,'llt'l~I,~VlI,~eJVleJT;Ubl,~Vl~ilI1~lfl~~~I~l'Ud~UU1Vlt'lbltJ'UIt'l~~1~ (Nadler and Miller, 

1985; Telford, 1984; Wozniak et aI., 1996) 

i:i'1V1-rU nidi I,fldl~'Vi'fll1:lJ I,b!?ln~I~'lleJ.:j~I~'UUlflmeJ1'Vlr;'lleJ~ ~'U~lJeJGls/j'u tJU!?lld 1 U l'll:lJeJGl~d)'Ul,eJ
'U 

~l~-;;)lntl'j~~ Hepatozoon sp. ~~ 5 ~ltJ 'WUfl11ml,(9)fl~I-l'lleJ-l~1~uiJlfl~leJl'Vlr;~I:lJ1n n~11AeJ 
titJ tJ n11 1% 1 'UnldPl m~lfll1:lJ bl,(9) n ~1,:j'lleJ-l ~1v1UiJlfl~l eJ1'Vlr; I,'~ eJ1m'U flId I,btJ fl'lliJ~'ll eJ~1'W d ~6'I (9)1Vl tJ 

Chantangsi bl,fl~flru~ (2007) 'WU11 I,l,m'U~~l,v(9)~~fl Tetrahymena ~.:jil?l:lJ1:Un1'Ui,'lf1fl~ilfll1lJ1n~:UVl 
n'U~,:jcJ,:j'WumllJ I,I,(9)n~l,:j bO~tJ'lltJ-l~Iv1uiJdfl~leJ1'Vl~'lleJ.:j ~'Ui;I:lJeJfliu tJiJ(9)1d1u 1 '1llJeJ~~ bB'Ul,eJd::;VI11.:j'llUVl

'U 'U 

b'vltn'U 1.56% bl,~Vl~1V11,i1'U11tld~(9) Hepatozoon sp. ~~Vlb~eJ1'U~.:jnIU'U~~ul~-;Ulfl~'U~1,'ll11,:jI,'llm 
,j1~::; I, u'Utld~(9)~eJ~1'U'llUVlVl~eJ~ltJ~'Ulh~cnn'U 'UB ml1 fl.Q nidI,iJ'U~ltJ~'L!fh~tJl n'U.QtJ,:jl~-ruflld 

'U' , 

~-WU~'U'U-;;)lnfll1i I,ml::;'Vi'ml:lJG1lJ~'U6Yn~11~'U1 flId ~-lLI,(;,\Vl-l1VII,i1'U11~Iv1UiJlfl~leJ1'Vlr;'lleJ'l~'U~lJBt'l. 
s/j''UtJu(9)hlul'1l:lJeJfl~I,B'Ul,eJ~l~-;Ulntld~(9) Hepatozoon sp. ~,:j 5 ~ltJ~ueJ~1'Un~:lJI,~tJln'U~ltJ

\J C 'U , 

fhm:r'U~'U'U~~,:j:lJ1n B~I'lhn(9)l:lJ bdeJ~-;Uldrulfl11:lJG1:lJ~'U6'VlI,:jl1~'Ulfl1'j'lleJ'ltl1~(9) Hepatozoon
• 'U 

sp. ~'Wu1'U~,:jnlu'UtJn~~ O. maculatus 1'UflI1Plm~lfl~~.Qnutld~(9) Hepatozoon sp. ~il-rrtJ~Gl'Vl1.:j 
tJlicl~li'VltJl~ltJ~'U~~'U'1 'WU11 Hepatozoon sp. ~'Wu1'U~~nlu'UtJn~Vlilfll1:lJ1f)~:UVl'Vll-ll1~'Ulfl11 
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flU Hepatozoon 3 ?fltJ~'U~ ~l~"illm~vl'1"lJB~~(>ll~'Ubb'VI:; 3 "lJDI'11'Un11~mn"lJB~ Criado-Fornelio 

bb(;1:;Aru:; (2006) bU'l:; Merino bb(;1:;Aru:; (2009) mil'll':inlPll:IJ ml:IJ~:IJ~'U6-dB1"il cJ~iJml:IJhi bb tl'iTl'1 

L~v'l"illnA1?f'l1'U?f'U'UA 11:IJ~:IJ ~'U B~~1 L~B 1 Vl1~mllJ~lJ~'UB~'iTVl L"il'Wbb(;1:;iJ Al1lJ {) n ~B'l:IJl n~~~'W A 1 ':i 
, 'IJ 

~"il~iJm':i~m~ltl':i~(1) Hepatozoon lUb~lth'W"lJi:JVl~'W1 1Vlmu'l'n:;v~1'l~'l Hepatozoon ~~Vl1'Wb~1 
Ul'W~iJml:IJ1m\':aVl'VI1~il~'W1n1':inu~,:jfh'iJ'WtJn"ilVl\9l81tl, 



•• • 

• • 
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1J1~Hj QI'l'J:IJ.:Jfl(l~(l ~f1~ tl~tJ1'U'U-vi LL(l~ ~:lJt]'Vl~ ~.:Jl1e)Tl~l 2548 tl'J~(9)"lJtl.:J~.:Jrhu'U (Draco sppJ 

~'U~lfl'J.:J m'Jtl'U1n';~'U5m'J:IJ~"lJe)'UL~tl.:J:lJl'<ill n'\"j'J~ 'n'1l~1~ ?ilJ L~'<ilV'l'J~L 'VlV'l1(9)'U'Jl"lJ?i{?)1 '1 ?itJl:IJ, , . 
'\.J'J:IJ'Jl'1ln:IJ1~ m'J'I.]):f"lfJJYlf7n7'JfJrva 2 TfJ'J.mnvui'mlwuDn'J'JJJw"lfe)Ul'dv\/JJ7v7nw'J:f'J7"lfvi7~j'I, " 

ru mfll':i'l.b~'1llJ 2 ~'UcJmj1n';~'U5m'JlJ~'1l" fl(ltl.:J1e.J '<il. 'Ufl'J'Jl"lJ~lJ1: 452-458. 
, \J, 'I 

1J1~iJ Q(9)'J:IJ.:Jfl(l~(l V'I.:J-rrtJ Vll'1J~'Vl5'Ulm lL'I.l~~ fl'U~tl LL(l::: ~?i~ tl~tJl'UtrYi 2552 tl'J~(9)1uL~tl{?)"lJtl.:J 
~.:JrilU'U (Draco spp.) '<illmm~Q{?) --il.:JVll(?l(9)'Jl{?) m'Jtf'J:f'1[JJj"lf7m'J'Ih:flhfJ fJrva 4 TfJ'J\/nn 

vufmlWUDn'J'JJJW"lfe)W Uv\/JJ7 v7nW'J:f'J7"lfvi7:h ru \"l 'UcJeJ'U 1 n';bl(l ~~V),J'U 1 'Vl1'\"j tJ1 m.!l1 fl (9) :::l'UeJtl n 
, , '\l 'I 

(fl'U~(9)lbU(?lL'Ulb:zjtr:l tl. fl~'Jl'Ul '<il. 'U(lU~: 325-332., 
'" , 

:lJl~iJ Q(9)'J:IJ.:Jfl(l~(l V'I.:J-rrtJ Vll'1J~'Vl5'Ulm ~(?l-rrCJ --il'U'V1'~I'1.:J~ lb'1l~~ fl'U"Iltl bb~~ ~(f~ '\.J~tJ1'U'U-vi 2554 

'\.J'J~Vl1'I.J«Vllf1~lV1'UJ1?i~bV1'Uumb~:::«Vllb~tl tJflm'U 1 'U~'U.ffif1'J.:J m'J tlYl.?ili. 'J7CJ\J7 !/Jl1CJYJUv~ l1UU 

\/UU'J::JJ7f1JUNu0u TfJ'J\/nn vW.fTD.-vW. 
v v 

l'JtJ'Vl~ bmVl~~'U(?ll 2552 jjl}CJ7ff~J1l~vCJfJmuu6Y::ff~J1fl:flYJUU7fT::,YJuun m.:Jb'Vl'\"j: ~l-Un~lJW, . 
:lJVlll'VltJ1~tJbn~(9)'H'11?i(9){ 

f11'1l1 5.:J'\"jl1J'U 2554 tf'Jff07w~eJ~Ufi::WCJ75fTf77Wv7ntf'Jff(?]7u;fvn'7iJufJnvYJ Draco maculatus 7u 

ifua, 'lJ7?\/L 'lJJJ'J l1\/'/I/?VJmwvuu'i lf1'J.:Jrll':i rll'Jb~tJ'Ufl1'Jf1tl'Ub~ mf1~lJtl'J~?iUfl1'Jru .!l1fll"lJl 
~ . 

Barta, J.R., Boulard, Y., and Desser, 5.5. 1989. Blood parasites of Rona esculento from 

Corsica: comparison of its parasites with those of Eastern North American ranids in the 

context of host phylogeny. Trans. Am. Microsc. Soc. 108: 6-20. 

Chantangsi, C. and Leander, B.s. 2010. An SSU rDNA barcoding approach to the diversity of 

marine interstitial cercozoans, including descriptions of four new genera and nine new 

species. Int. J. Syst. Evol. Microbiol. 60: 1962-1977. 

Chantangsi, c., Lynn, D.H., Brandl, M.T., Cole, J.c., Hetrick, N., and Ikonomi, P. 2007. 

Barcoding ciliates: a comprehensive study of 75 isolates of genus Tetrahymena. Int. J. 

Syst. Evol. Microbiol. 57: 2412-2425. 

Criado-Fornelio, A, Ruas, J.L., Casado, N., Farias, NAR., Soares, M.P., Muller, G., Brum, 

J.G.w., Berne, M.E.A., Buling-Sarana, A, Barba-Carretero, J.c. 2006. New molecular data 

on mammalian Hepatozoon species (Apicomplexa: Adeleorina) from Brazil and Spain. 

c: J. Porasitol. 92: 93-99. 

Desser, 5.5., Mciver, S.B., and Ryckman, A 1973. Culex territans as a potential vector of 

Trypanosoma rotatorium. I. Development of the flagellate in the mosquito. J. 

Porasitol. 59: 353-358. 



37 

Guindon, S. and Gascuel, O. 2003. PhyML - a simple, fast, and accurate al~orithm to 

estimate lar~e phylo~enies by maximum likelihood. Syst. BioI. 52: 696-704. 

Guindon, S., Dufayard, JF., Lefort, V., Anisimova, M., Hordijk, W., and Gascuel, O. 2010. New 

algorithms and methods to estimate maximum-likelihood phylogenies: assessin~ the 

performance of PhyML 3.0. Syst. BioI. 59: 307-321. 

Huelsenbeck, JP. and Ronquist, F. 2001. MRBAYES: Bayesian inference of phylogenetic 

trees. Bioinjormatics. 17: 754-755. 

Irwin, P.J 2002. Companion animal parasitology: a clinical perspective. tnt. J. Parositol. 32: 

581-593. 

Laird, M. 1960. Malayan protozoa 3. Saurian malaria paraSites. J. Protozool. 7: 245-250. 

Merino, S., Vasquez, R., Martinez, J., Celis-Oiez, J, Gutierrez-Jimenez, L., Ippi, S., Sanchez­

Monsalvez, I., Martinez-de la Puente, J 2009. Molecular characterization of an ancient 

Hepatozoon species parasitizing the "living fossil" marsupial "monito del monte" 

Dromiciops gliroides from Chile. BioI. J. Linn. Soc. 98: 568-576. 

Nadler, SA and Miller, JH. 1985. Fine structure of Hepatozoon mocossini (Apicomplexa, 

Eucoccidiurida) gamonts and modifications of the infected erythrocyte plasmalemma. 

J. Protozool. 32: 275-279. 

Posada D. 2008. jModelTest: Phylogenetic Model Avera~in~. Mol. BioI. Evol. 25: 1253-1256. 

Ronquist, F. and Huelsenbeck, J.P. 2003. MRBAYES 3: Bayesian phylogenetic inference 

under mixed models. Bioinformatics. 19: 1572-1574. 

Salkeld, D.J. and Schwarzkopf, L. 2005. Epizootiolo~ of blood parasites in an Australian 

lizard: a mark-recapture study of a natural population. tnt. J. Parositol. 35: 11-18. 

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., and Kumar, S. 2011. MEGA5: 

Molecular Evolutionary Genetics Analysis using Maximum Likelihood, Evolutionary 

Distance, and Maximum Parsimony Methods. Mol. Bioi. Evol. doi: 

10.1093/molbev/msr121. 

Telford, Jr., S.R. 1982. New saurian trypanosomes from Southeast Asian skinks and 

lacertids. J. Parositol. 68: 319-324. 

Telford, Jr., S.R. 1984. Reptilian hemoparasites. In: Diseases oj amphibians and reptiles 

(Edited by Hoff, G. L., Frye, F. L., and Jacobson, E. RJ, pp. 385-517. Plenum Publishing 

Corporation, New York. 

Telford, Jr., S.R. 1986. Fallisia paraSites (Haemosporidea: Plasmodiidae) from the flying 

lizard, Draco maculatus (A~amidae) in Thailand. J. Parasitol . 72: 766-769. 



38 

Telford, Jr., S.R. 1988. A contribution to the systematics of the reptilian malaria parasites, 

family Plasmodiidae (Apicomplexa: Haemospororina). Bull. Florida State Mus., Bioi. Sci. 

34: 65-96. 

Telford, Jr., S.R. 1995. Plasmodium spp. (Apicomplexa: Plasmodiidae) of the flying lizard 

Oraco volans (Agamidae). Syst. Parasitol. 31: 53-60. 

Vileins, 	I.-M.E., Old, J.M., and Deane, E. 2009a. Detection of a Hepatozoon and spotted 

fever group Rickettsia species in the common marsupial tick (Ixodes tasmani) 

collected from wild Tasmanian devils (Sarcophilus harrisii), Tasmania. Vet. Parositol. 

162: 23-31. 

Vilcins, I.-M.E., Ujvari, B., Old, J.M., and Deane, E. 2009b. Molecular and morphological 

description of a Hepatozoon species in reptiles and their ticks in the Northern 

Territory, Australia. J. Parasitol. 95: 434-442. 

Wilson, S.c. and Carpenter, J.W. 1996. Endoparasitic diseases of reptiles. Semin. Avian Exot. 

Pet. 5: 64-74. 

Wozniak, 	E. J., Kazacos, K. R., Telford, S. R., Jr., McLaughlin, G. L. 1996. Characterization of 

the clinical and anatomical pathological changes associated with Hepatozoon 

mocassini infections in unnatural reptilian hosts. tnt. J. Parasitol. 26: 141-146 . 

• 




39 

1. 'l"V~f'11;;W1'l"1~1'l"~ ~'l".:lJl~U Q(9l'l":lJ'IfI(lfl(l, 
1. ~v - 'Ul:lJ?lfl(l (nTtn1'VlCJ) , 

~v - 'Ul:lJ?I~(l (nTtne)~m]'l~) Miss Malinee Chutmongkonkul 

2. l(l'UVI:lJl cl'U(?1 'l"'th~ ~h ~";nJ':i~'lJl'IJ'U 3 1013 00156 54 0 

3. ~llbVl,j~U~~U'U, 

illfli'IJ1:tili'Vl tn fl ru~i'VlC.I11"11?I(9li ~~1 (l-:J fl'j ru:lJVlli'VlC.I1~CJ, 


l'Vl'l"Pl"l'H'l 02-218-5265 


l'Vl'l"?ll"'l 02-218-5256 


E-mail malinee.c@chula.ac.th 


5. 	 'thd~f11'l"fimn 

2519 1'Vl.lJ. (:tili'Vltn) 

2525 1'Vl.:lJ. (~(9l1i'Vltn) 

2534 Dr. rer. nat. (Zoology) University of Bonn 'th~b'Vlf'1lCJV'l"iT'U 

6. ?ll'Uli'IJlnl':iViiJfl11:lJ'I11'U1t1J~bf'1't1 'thi!1(?1i'Vlm (Parasitology) 

7. 'th~?lUnl'l"ruv1b~CJ1~v~nUnl'l"U~Vll'l"'l1'Ui~m~-:JillCJb'Ubb(l~mCJ'UtJm.h~ b'Vlf'l 

7.1 

7.2 «lVlUl1fl':i~m':ii~CJ: ~tJlm~m'ji~CJ 

7.2.1 fl1':i6'11':il~'lJD~'UtJ~tl(llbb(l~l:lJmb"/Jvfllb~CJ'Ue:J-:J'V'l CJ16bUhTI'Utl(lliJbfl~~b'U~1~ 

bnu1.h1JtJ-:Jb~v'Uf'l~'UfI~'U'Vli ~~Vl1~fl1ru~'Uul -:JUbb~'U~'UtJ 2552 
~ , 

7.2.2 	 tl':ii!1(9lb 'Ub~tJ~'UtJ~~(?11?1~ bVl1.J1.11?1~bVl'Uu n~l mfl1~tJlv1~ ~~Vl1~?1(?1(l, ~U 
" 

bb~'U~'UU 2552 

7.2.3 tl'l"i!1(9lb 'U~(?11?1~bVl'UJ1?1~bVl'Uumb(l~~(?11b~vCJfI(l1'U1'U'vr'U~ tJ'V'l.?lU., ~Ubb~'U~'U 
tJ 2553-2554 

7 .2.4 fl1':i6'11'l"1~b-dv~~'U'1JtJ-:Jb:lJm b"/JtJfllb~CJ'Ue:J~'V'l CJ16bU1m'Utlm~1'U'll':i~'Vll'Ubu'U 

e:J1V11':ib'U~'U~b~v'Ul:a'l"l(l~fl'jru ~~Vl1~nlru~'Uul. ~Ubb~'U~'UU 2554 
~ 

7 .2.5 ~ru]1'Ui'Vlmbb(l~'V'lCJ15?lm'V'l'Uv~tl':ii!1(?1Ul~'lJD~, ~Ubb~'U~'UU 2555 

7.3 c:r'h:lJi~CJ: ~tJlm~fl1':ii~CJ , 	 " 
7.3.1 fl11:lJVlmflVl(llCJ'UtJ~1'V'l'l"1'Vlo1{lbb(l~bb'V'l(l~n(?1v'U ~'Uffim~fl1':i v"l'u'l5., ~u 

bb~'U~'UU 2553 

mailto:malinee.c@chula.ac.th
http:ru:lJVlli'VlC.I1


40 

, 


7.3.2 fl11lJVl~lnVlmtJ'UeJ-.:Ihh1(?l<B'1bb~~bb~~-.:In(?leJ\Au~'i.Jvi1f11-.:1f111 em .Z'lLi. , .:'I'\J 

bbcJ'i.J~'i.JtJ 2554 .. 
7 .3.3 mllJVl~lnVlmtJ'lJeJ-.:IZ'lIVl~ltJ'I11~t>1'UI-.:1'/JDt>1, \I'\JbbcJ'i.J~'i.JtJ 2555 

7.4 .:'Il'i.Ji~tJVivi'lbZ'l~';ijbb~1 (t:-J~-.:Il'i.Ji~tJ) 

7.4.1 Book 
v 

, 1f1'j\lm1eJ'i.J1'n';~'i.JLim1lJYl'lJeJ'i.JlJ1~11 U(?l1lJ\lfI~n~ bb~~ :aWUtJ ~'i.JYI{I'l\l~. 2548. UWf/vnVlvu. , . 
b~e:l.:'llJ1';ijln~1~11'1l~I~Z'llJb~":il~1~bYl~1'v)'i.J11'1lZ'lm"1. Z'ltJllJ'U1lJ11'1lnlJ11. 'U~,jYl bi{fI i:lbbm{ , 
"'illnt>1 m.:'lbYl'V'l"1 . 352 Vlih . . 

lJ1~11 U~'J"lJ.:'IfI~~~ bb~~ ~\lo/JtJ Vllqj~Y1Li'i.Jlm. 2554. ~viFfJ?WI.ItI7{iJLgnv7v'lfiJ{iJluU'vm'vJ7~{iJ . 1A'J".:'IfI11 
Q.I II" Q..J .dl Q..I d 0 Ct. ~ Q.I q 

e:l'i.J'J"n~'W'i.JLim'J"lJ'W'1leJ'i.Jb 'i.Je:l\l lJ1'1l 1 n'W 1~11'1lt>111 Z'llJbt>1":il'W 'J"~ bY1~1v)'i.J11'/JZ'I(>1l "1 Z'ltJllJmml'1lnlJ11., , 'I, 
'U~,jYl~1'\JVl1f11TVllJ-W "'illnt>1 m\lbY1~ "1. 71 111'14\. . 

7.4.2 Journal articles 

t:-JZ'I~ 'lJ~t11'i.J'i.JVi, lJl~l1 UVl1lJ.:'IfI(1n~ bb(1~ tl'i.JZ'I'J"ru 'lJl'i.JZ'I'lJ. 2548. fI11b'lJ~tJ'i.Jbb'lJ(1\1'lJtl-.:l'lJ1~'lJlm61(?l1
'I .. 'I 'I 

G1~bYl'i.JJ'G1~ bYl'i.J'Un 1 'i.J~'i.Jvi1f1'j.:'lfl11G1~I-.:1tJ1VlllJ bb 'i.J1~1~11'lJ~'~ bb~~tJle:l'i.J1'n';~'i.JLim1lJYl'lJ, , 
e:lYl CJl'i.Jbbvi.:'l'1l1~V('U m'i.J el1bn e:lfl'j'U~. ~.:'IVl1Vl'i.Jfl'j11'/J~lJ1. n75thi:f'lf:JJ?'lf7m5U5:f,hOf'liv~, 2 'If:JJ5:JJ, 
f'lfJJ:fU:6V~V7U?'YJCJ7nn VW.OD. uf'I':J'J7'1fa:JJ7. VlUI 50. 

lJ1~11 U~1lJ.:'IfI(1f)rl, ~G1~ 'lJ~tJ1'tJ'i.JVi bbrl~ 61lJ~Y1B ~.:'It.1e:l1~I. 2548. 'lJ'J"~Vl'lJa.:'l~\lfhu'i.J (Draco sppJ 
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