
Establishment of green bottle blowfly (Lucilia sericata) line for maggot debridement therapy 
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~ ~ 

~lUl~£Jillh!~'il'lri'N1u'~1~ £J' ~i'Ufl11lJ~hlJjjD 'illf1'4flCllfl';j11~'ffmUU1~£J 

""" """" fl';j~11';j1~'ff11il':iW~'lJ UCl~ 1I1fl111£Jlff1'ff~';j'ff11il';jW~'lJ mlJ111£J1ff1'ff~';jfl1';jU'V'l11£J 

fl1fll<J$11hiY~1l1t1l flW~U'V'll1 £Jff1'ff~{ ~W1Cl~fl';jWlJl11111£J1"£J 

. .
~ 

lIHu~lul~m~D~fl1';jnD~~'ff1£J~lJiulJCl\rJlJ1111~{n (Lucilia sericata) !YJD '~d111i'U 

11ifl1';ji'fl1:l1UHCl~1£Jl1UDlJ UlJCl~lU i~i'u'VJlJ~~11'4U..t1'1.J'illfli'!U1Cl 1.J';j~~liJ 

~U1.J';j~lJ1W 2552 



OJ , 

Uflfl~[JO 

'b'iJ~ Chrysomya megacephala, Chrysomya rufifacies U"~ Lucilia cuprina u,,~ 

" flnffm:ll'Vll,:jtltlJ~11V1t11'lJ0,:j(j'U cytochrome oxidase Glhv£l'Uv'U'h~'U 3 species U 

" '\.Wml1flUfln1~tVlfliJfI Reaction-Restriction Fragment Length Polymorphism (PCR­

" " RFLP) V,:jff1lJ1'jf.l"lilt1~lU'Uf)UlJ",:j1'Ulht~tllvi,:j 3 'b'iJ~ui~ PCR 1,r~'mNft~ 1324 

" 
tUff 1'UUlJ",:j1'UMlt~tJ1vi,:j 3 'b'iJ~ fl1'j~tltlNft~nwcn PCR ~1t1 Taqa I and VspI 111' 

" " 
RFLP U'U0f)'il1f)'il~"lilt11'Uf)nff1'jl'ilUlJM1'UM11~tll~1t1;j'UU~lV,:jff1lJ1'jf.lU11J11~ 

" ""."",,, "" '" 'JI 1lJ 0 1'JItI'JI'tI 'j~1tI'b''UVl1,:j'U~f)fJ1V1V10f)~lt1 !~Uf)fl1'j'U11J1 'b' 'j~lJ1Wl1m~lt1 (post mortem 
• 

, I jJ 4 ~ cr , 111 d 
interval (PM I)) ffl'U Lucillia sericata ilJff1lJnf.l'nU'~'il1flfl1'jf1f)lJ1f1'j,:j'U OtiH !m 

i i/a d " Q.I QI .c:::t iJ d. 

~llJ ~Vl1fl1'jVl~"0-3mtl,:jUlJ",:jl'U'I11t'lJtll Chrysomya megacephala ~1t101'11ntVltllJ 

QI QI ..r:::::l I.c:.,.." 'nuUUfllit~ tit 'il~f.lJ1'UO 1'111'jtlitllJU U"~ '11 'U tl 'U IllJ",:j l'U '1111'lJ tllff1lJ1'j f.lt 'il'j f.lJ 'il 'U t'lJ1,,! 

. " " 
Uff~,:j,h0 l'11n tli tllJli1fl 'U fl1'jVl~" tl ,:jUI'I1lJ1~ ff1 '11 i'U 1 ~t~ tI,:j '11 'U tl 'U 

'" '" '" UlJ",:jl'U 'I11t'lJ til 

• 
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Abstract 

Blow fly surveillance was perfonned in 6 provinces of Thailand including Bangkok, 

Phitsanulok, Chiang-Mai, Tak, Chumphon and Buri-Ram. Chrysomya megacephala, 

Chrysomya rufifacies and Lucilia cuprina were identified morphologically. Molecular 

studies of the cytochrome oxidase gene were con finned the identification. PCR-RFLP 

also assist to identification of these three blow fly species, The PCR yields a single 

1,324 bp-sized amplicon in all blowfly specimens, followed by direct DNA 

sequencing. Taqa I and VspI predicted from the sequencing data provide different 

RFLP profiles among these three species. Other benefit of the study is used for 

forensic entomology, in order to estimation post mortem interval (PMI). Lucillia 

sericata was not collected from this study, however we were able to establish system 

to maintain sterile Chrysomya megacephala instead. Artificial media was tested to 

maintain complete cycle of Chrysomya megacephala and no bacteria was detected, 

therefore the artificial media prepared from this study is suitable for maintaining 

blowfly larvae. 
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20 

5 




91 

v 
i;l'l '1l1ty iIWf 

m . .I1 

QI d QI 

Chrysomya megacephala 9l1191lJll1 11 

QI d <V 

Phaenicia sericata 9l1191lJll1 12 

~11~ 4 6% native polyacrylamide gel mY~~tl1U1Jl1'lJfl~ 


PCR-RFLP ~U91f)911~nU'.i~11'.h~~i1;ff'Ufl~UlJ,,~ilnrl1~rJ1 19 


.Id .1 <ld <I '" 
~ul'l 5 Identity matrix U~~~lufl'.itC)j'U91fll1lJmlJflU'Ufl~ 


~l~UiJlf1~lfl 'l'l~'.i~W.h~~fl~~lfl~l~ 21 


'.i11~ 6 U~UfliJli~Ulf)1'.iU~~~fll1lJfflJ-WU;'.i~11'.h~~lfl~H.. .. 
" UlJ,,~iU'Ufl~yj~ 3 ~i1;ffl~lImflll.ufllJ"'Ufl~~l~uihfl~lfl '1'l~U1nUl COl-COli 22.. 

23 

24 

. . " 
~l1li 9 '~11lJ,,~iu':f11~£Jl1jjfltWf)'1iU'il1Ul1"fl~t~fl tm~ 

iUll"fl~l'l~"fl~~ii~l'.i~l'.i"~"l£J 0.05% iC)j't~£JlJ'~ l11f1m) h~ 25 

, I i.I " 

'.il1li 1 0 llUflUUlJ,,~iU111t~£J1Vit~1I~iUfll11l'.it~£J~lVilllJ 26.. 
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U'YI'lh 

" iI " , jI ,I 
H~~U1ltift)hfllnrifl'U ;1'rwlut).:J111f1UlJ~.:J1'Ut)lfffnfln'Uh.J'Vlf1Vl'UViViffm.hf1 l'lf'U f1fl.:J'lHJ~ mlJ 

~ . 
• !II • 

1'U '1~ 9f1f1Vl"lf9f1 f1ff~111~ml~f1'J~;1.:Jml11'J 'Ufl.:JfI'U 'U t)f1111f1U UlJ~.:J1'U v.:Jii'j ~ £J~~1f.l t)'U Vi! ~'U~1 

• !II 

lUt).:J 111f111 'j~!'Vlffi 'Vl£Jii ff f11'W t) 1f)lffffl'Utj$'W ll1lJ1~H fl f)l'J ll1~tlJ !~'U i ~'U t).:JUlJ ~.:J1'U l'l1 1 l1'ff1lJ l'j tI 
u 

l!lJ~.:J1'W flfl 1 'l1ln~UtlJl11U flfl'U lJ1f1lJ1£J flt) 1'l1!n~fl11lJ ',hfl1tlJ~ t)fI'U U~~iY~1 UlJ~.:J1'U 
u u 

!II !II 

ff1lJ1'JtlU1 hfl '1~l~£Jiiltiffl hfl~~i11fi'Uri1'U~1.:J'l'Ufl.:J:i1.:Jf)l£J l'lf'U 111f1 'U1 U~~'U'U ltift) hfll1~\lf1 

flt)1'l1ln~ hfl~l.:J'll1m£J"lfu~ !'If'U hfl'J~'U'U'Vl1.:J!~'Ut)1l11'j h~Ufl Ylfl.:J:i1.:Jt)V1.:J~'UUH i'Vl'rJ€l£J~ 
!II • 

'W1'j1 '1'Vl'rJt)£J~ m111~f1hfl ml11'j!~'WVilJ 'Uflf1111f1Uml1flfl 1l1'!n~hfl i 11~1t) U~~hfli11ff~'W'l 

!'If'U hfl~~ff~1.:J~1 !gfl'U~l~mff'U U~~19I1U~.:J UlJ~.:J1'W'U1.:J"lfi1~ i "If!,j'1'Vl1.:J~1l1t!.:J'Ufl.:JfI'W !!~~ffI9l1• 

!II 

'U1.:J"lfU~ ~.:Ju~UlJ~.:J1'Uflflll1'!n~ i 'VllJl'Ufl'W u~t)th.:J i 'J~~llJUlJ~.:J1'UV.:JiiflW11'j~ l£J"lfu~t)fI'U;1.:J• 

'Yl1.:JI9I'j.:JH ~~'Vl1.:J e1'fllJ ~1!~lJ1tJ'U fl.:JUlJ~.:J1'U ':f1l~tJ1ff1lJ1'j tI'lf1£J1'W f)l'j ~fflJrr'U iVl'l$~.:J!~'U f1U 

l~lJ~~ ~~19I'Vl1.:J f)l 'j !filJ~ 'J 1'U 'UW~~~1f.lfl'U 'Ufl.:J UlJ~.:J1'W D1'W tI 
~ 

fiU llJ1 1 <M!~'Wml11'j ri1l11'U '1 fl.:J1\l 

~\ll~'UiYI9I1lff'jlJ~ n 11 '1 ~~ 'U fl f1111 f1if~1f.l t)'U 'U t).:J UlJ~ .:J1'W V\l'lf1tJ1'U f)l 'j Vt) tJffm£J9f1 f1VlG)$9f1 f1ff19l1 

1'l1ffm £J i 11fl V1.:J 'j 1~!~1ri1l11'U11'j ~ i tJG)$U'Vl1.:J f)l'j H 'W'VlVl1'U fl'W UlJ~.:J1'U ff1lJ 1'j tlU llJ1 1 ~1 'U f)l'J 
!II 

1 f1lJ1'U1~u~m'\.h'j1lJ;1.:J1<M11'j~ ltJG)$U'Vl1.:Ju~nu1'Vlm l'U f)l'j11'j~lJ1Wnm~ltJ~f1~1£J 
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. ~ 

f11'j~fl'l:llU~~ If1rHJlfftJl1,\H)'UUlJ~.:jl'U!1:I'WilHliif11'j'1~lJ1~.:ju~111'j1tu (Chan et ai, 2007) ~fllJ1 

i li'ii flnff\llfl~Um~,j'UYifl~~'tIfl.:jl1'W fl'W UlJ~.:jl'U~ii~ fl111f1U~~1fltJff~ tJUVl'VlVGJf11fl1lJ ~ fl'U 

Forney Zacharias1 fltJff .:j1fl~Vl11'htI1f1U~~'tI fl.:j'Vll1 n flllJ~ fl'U~iil1'U fl'UUlJ~ .:jl'U ~~111tJl~1fli1 
. . 


dllJ let Q.I 1 'II d .a d 

111f1U~~'VIllJlJl1'Wfl'UUlJ~.:j1'W (Chan et ai, 2007; Steenvoorde et ai, 2007) fltJl.:j l'jfl~lmlJfllJf11'j 

~ ~ 

iJ ty111f11'j~fl tJ1tJ i)~1'U~'tI fl.:j 1tMfl ~ ~~Vl i1l f11 'j ~fl'l:l1111f1U~~1i'1tJl1'W fl'W UlJ~.:jl'W ~.:j i Ii'ml11lJ 1 

'" "" d .t .JJ
'j11f111lJ'UtJlJflflflHl1'U'l (Whitaker et ai, 2007; Collier M, 2006; Nigam et aI, 2006) 

~ 

sericata) lf1tJi1lf11'j~fl'l:l1111f1U~~ih~tJfli1 maggot therapy l1~fl maggot debridement therapy 

~ 

l1'jfl biosurgery (Chan et ai, 2007; Whitaker et al,2006; Steenvoorde et ai, 2006; Wolff and Hansson, 

~ ~ 

2005; Sherman, 2005) "hl1~11 fl~ i flflnfl fl flt)'VIii'tlfl'll1'U fl'UUlJ~'ll'U '1 'U fln ~fl'l:ll11 1f1U~~iJ'Wii 3 

. . 
tJ'j ~ f11'j $i fl G)$1t1fll ~fit11 

~ 

fl VlllJ 11~tI ill ~fl1 tMflll11 fI Vl1~ tJ U~ ~ fl 'j ~~1..1 '1 Ml flfl fl'j ~ 11 11..1 f11 'j ~fl'l:ll't1 fl 'l 

~ . 
1..1 fl fl111 fliW'lii tJ 'j ~1tlGJfUVl i Ii'111 fl fl n ~fl'l:ll11 1f1 U~~1fI tll1'W fl'U UlJ ~ 'l1'W ~ fl$i flG)$1t1~ fI 

..: '" 1IJ~fl~'UmlJ'U'Ufl\l111f1U~~~'llfi (James, 2007; Brin et aI, 2007; Smith et aI, 2006; Thomas, 2006; 
~ . 

'jJ d. ~.d. d Q.I.Q I gJ 

Steenvoorde et aI, 2006; Steenvoorde and Oskam, 2005) 111fl'tlflfl'tlfl'l11ifln'UfI'l'VIfl~11lJ11W1 

'j 1lJi'liJ'l~flfh '1 ~~1t1 '1 1..1 f1l'jfl U ~ 11 1f1 U~~~.:j i I1lJ1 fl yb '1 M11:l'U ~iJ tllJ '1 1..1 tJ'j ~l'Vlff~ 1'l~ l1mtl.. 

i do'" '1~'1
2005; Raynor et aI, 2004; Steenvoorde and Jukema, 2004) !fltllJfln'U111'Ufl'UUlJ~'l1'UlJ1 GJf !'Uf11'j 

. '" ;" ~ 
f11'j~l~flllJ'U~'U (Chan et ai, 2007; Nigam et aI, 2006; Steenvoorde et ai, 2006; Wolff and Hansson, 

2005; Sherman, 2005; James, 2007) 
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" " . 
ff1l1i'u11 'j~!'VltY1 'VIfJiJ~ hjijfll'j!~ fJ~l114 f.)14 tllJ ~ ~114 6)fU~tj rwf.)' '*,14 fI1 'j i'flll1U 1~tlN~lJ1 r)f.)14 

"," . 
'j llJ'Vi ~,rf.)lJ~!fi fJ1 flUUlJ ~ ~ l146)fU ~tj ijUf.) fJlJ 1 fI 111 fI fI1 'j -ff1 'j 11l'U f.) ~ \PIlJ 'j 1 tY114 U~~fI ru~!ij f.)tJ 

~ q 

" ~.tY. 2519 (Tumrasvin et aI, 1976) 'j1fJ~114'hff1lJ1HI~UUlJ~~1146)fU~tjlfi"14flH~'VI~lJl1114fI'j '14 
q 

L. sericata 

" fl11lJ-ffUlqJ'Uf.)~UlJ~~114,:r1!~ fJ1'lfU~tj~~ flci 11Uti'111ifll'j i'flll11 ~fJfI1'j1'*l114 f.)14UlJ~~l14i ~ 

!~14 ~ fl11il1~~~ 1l~\1 m.J1lJ 1 1 ~114 11 'j~ ~ 'VItY1 'VIfJ U~ fI1'jth~,r1l114 f.)14UlJ~~l14 1I1f1~1~11'j~ ~ 'VItYiJ~ij 
. " . 

'j1f11U~~lJ1fI 11'j~! 'VItYl 'VImf.)~ ~~1411'j ~!'VItYViijff1fJ,;r14 liUlJ~~ l146)fU~tj f.) VA! ti'1 tI ~dj ffflfJfl1~Vi 
q ~ 

" . 
fJ111~~114~~~1fi' 14 f.)fl1l1f1tjiJ~ff1lJ1H) N~\PI ~Vi f.) fI1'j~l'14 f.)14 1f1\P1~ f.)' 11 

91 Q.lQlQ Q.I~ QlQI 

tll14( house fly: Musca domestica ) U~~UlJ~~114l11~'UfJ1 (blow fly) UlJ~~1'WU114U~~UlJ~~114l11 

~~fJl~~f.)~'14er14~U (Order) Diptera, er14~UVeW (Suborder) Brachycera, Suborder Muscomorpha 

(!~lJflf.) Cyclorrhapha), ~~lJ~~l14,j'l14~~f.)~'14l~ff (Family) Muscidae U~~UlJ~~1'W,:r1~~fJl~~f.)~ 

114l~ff Calliphoridae tllJ~~114ijfl1'j~11~fJ14ffru51114 (metamorphosis) tlUUfflJ\!'jru (complete 

metamorphosis l11f.) holometabolous) l~fJij 4 'j~fJ~'141~1l'j~1\P1flf.) ,~ (egg) ~lfif.)14l11f.)~1 
<!I '" ~ '" d '" 

l114f.)14 (larva l1'jf.) maggot) ~fltI~ (pupa) tI~~\PI1~\PIlJlfJ (adult) 
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..., ..., "" 
mJ'tl~1l!'l11&~U1 (Blow flies) 

iI 

U1J~~1'\.fI11t~£J1~~fl~hJ Family Calliphoridae U1J~~1'\.J1'\.J Family -W iJ'I1m£JG)fii~ ~lflfl'\.J 
"1 " 

'lJfl~U1J~~l'\.J'Vnf1ij f1Wlf1 fH1\9rHi~l£JU~l '11~fl f1'\.JtU 
'JI 

m'\.11 '\.J fl mllf1-wiJ~'V'lUt1:l'\.J U';iff~'lJ fl~ff~l'lJ1 
iI 

U~fl~'I1m£JG)fii~~l£J U1J~~1'\.J1'\.J Family -W iJih~11'11qjt'Vlfl~'Vl~ U~~'V'lU'lJ'\.JU~~ (bristle) ~l1Jih~l 
iI • 

~1'\.J1'\.J1J1f1 Family-W U';i~f1flU~l£J'I1m£J subfamily UI9iYiiJfl111J"hflty'Vl1~f11';iU'V'l'VlVU~~ff~1 

U'V'l'VlV 1~Uii Subfamily Calliphorinae U~~ Subfamily Chrysomyinae 

Subfamily Chrysomyinae iJ'Clm:H.u~~"hflty~~iffifl 'lJ'\.JU~~ (bristle) U'\.Jflf1U~fl~f1m~ 
(mesonotum) t'j)~tlJ1li~irf1 tff'\.JUf1 stem vein 'j)~1liiJ'lJ'\.J~'\.Jt1:l'\.Jutn ~';i~f1~~'V'lU1J1f11~uri

u ~ 

• iI • 

Chrysomya t1:l'\.Jtt1J~~1'\.JYiiJih~£J1'j)'\.Jf:)~ihht~'\.JU'\.Jf11 U~~~';i~fJ~ Cochliomyia t1:l'\.Jtt1J~~1'\.JYiiJ 

Subfamilies Calliphorinae iJ'Clm:Jtu~"hflt1J~~if 'U'\.JU~~ (bristle) U'\.Jflf1U~fl~f1m~ 
"'" <:1 ~ <:1 li] ,<:1 J d d li] ~ ,

(mesonotum) t'j)';itlJ~ tff'\.JUf1 stem vein ~';i~f1~'Vl'V'lU1J1f1 L~Uf1 Luicilia,
u 

'j)~ L1J1J'lJ'\.J'lJ'\.Jtll'\.Jutn 
~ 

1 Q.I " 'JJ ~Q Q

Phaenicia U~~ Calliphora L~£JU1J~~l'\.J Luicilia U~~ Phaenicia ff1'\.Jflf1U~~ff1'\.J'Vlfl~'j)~1Jm'lJ£J1 
., 

t1:l'\.Jt~1 t~£J1'Vlfl~U~~ 'I1~fl'Vlfl~U~~ 'Utu~~U1J~~l'\.J Calliphora ri1'\.Jflf1'j)~iJfff11 ri1'\.JYi'fl~iJff'\.h 
iI 

t~'\.J U'\.Jf11 '11~flff':ht~'\.J:iJ'\.J 111ff~Yi'fl'\.JU ff ~ 

Chrysomya megacepha/a, 

Crufifacies, Phaenicia sericata U~~ P.cuprina 

..., ..., "" 
mHl~1l!'l11t~U1 Chrysomya megqcepha/a 

iI 

U1J~~1'\.Jrr1t~£J1G)fii~-W~~fl~1'\.J Subfamily Chrysomyinae 'V'lurhiJf11';iU'V'l~f1';i~'j)l£J 

i11 u1 '\.J Uf1U.fliJ.fl1fl~~1'\.J flflf1 U~~flflm~';i t~£J 1li'V'lU1'\.Jt'lJ~UflyJ~ f11 t1:l'\.Jtt1J~~1'\.Jrr1t~£J1~'V'lU . ~ ., 
1J1f1Viff~ "uu';i~t'Vlf11'Vl£J U1J~~1'\.JG)fii~-w'j)~iJ'lJ'\.J1~1'11ru r;ll~liJ'Ull1~ 1'11ruU';i~1J1tu 8-12 iJ~~t1J~';i

• u u ., 
oQJQJ doQ d 

~ 1~11J'\.J111ff'\.J 1t~'\.Jt 'lJ £J1 
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, 
ltJii 1 Uff~-:J~fl1JW~'VI1-:JffW~1'W1'VW1'Uf.)-:JUll(;l-:J1'tJ'l11t~£J1 Chrysomya megacephala ~11~lll'£J 

(1)lfl Greenberg, 1971) 

1-3~fI (Life cycle) 1~Ull(;l\l1''W'l11t~£J11)~f1mtl'W~TH'Wf.)'W.fl1£J1'W~~[J~nm 9-10 i1!ll-:J ~ 

f.)WlWiJ 24-28 f.)\lfYWl$(;l!CM£Jff !1(;l~ff1lll'Hn1\11~1~\h~lllW 200-250 'Wf.)\1 ~1'11'Wf)'W1)~11)~Ul1~~
• OJ " 

1'W f.) I'll l'H'I1 (;l 1 ~1'11'W f)'W 1)~ f.)ri~1lltl'W !tI'W flcluu ~nwri1'W lJWlJ f)\lf.) 1'111~ rcrf)\l1)l fl~f.) -:J fll~ f) 1fllfY 
OJ • 

" " 
ff1lfi'lJlf1[J 11) ~1lf'W f)'W'U f.)\lUll (;l\l1''W 'l11!~ £J1'lfU~U1)~'VilJll1fl1'Wll(;l 'Uf)\I ff~ln'Wl'Wf.) ri1'Wll(;l 'U f.)\l

OJ OJ 

Q.I ~.d~ a ,., d ~ d d ~ .a d 'JJ d 'JJ d 'JJ rQI 

ff\PI 1 'VI fl'W'Vi'lf'i)~'VilJ'W f) £Jll 1fl III f)~1lf'W f)'W!'i) ~ty!\PIll'VIU (;l1 'i)~!fI (;l f)'W 'VI!'U1lf1'V1UIf-:Jl'Vi f.) fll'H'U1~ 

:i~[J~~flU~ lW~t'li1ri:i~[J~I~lll''W'lJGlf1\l~f)hJ 
OJ 

. 
C\ Q, • • III QI 4:!, .:::., d.cS 

'Vf~flflnlJ f)1'm't.nll'Yil':i (Feedmg behaVIOr) Ull(;l \l1'W lf11'U £J11)~'VilJll1fllJ:i nwuIf(;l \I f) llf1:i 'VIll 

" " Tl.h~'Wff\l 1.Jf'W 1HCJ.hff\PI1 !!'I1cl\l'U1mJm 'U1t1tUf)ff\PIl 1~£J1)~~~n'WlJ'W!Uf)ff\PI1U(;l~,jm
OJ OJ 

" . " 
'W f) fl'i) 1flUV\l fflll 1:i t)'VilJ i ~lJ~nwflf) \l 'U£J~ lJ~nw \PI (;l1~ t!'l1cl-:J 01 ~~'U [J~ll(;l Nf.)[JYiljfl11llt1f'W ff \l lfY1:I 

OJ OJ 

.Q' " Q.lQI.c:::t. ~.Q 

'Vf~flfl':i':ilJU'tl~fll':iU'Vf':ifl':i~'illti (Behavior and distribution) Ull(;l\l1'Wlf11'U£J1'lf'W~'W'VilJ 

. . " 
U'Vi~ fl:i ~ 1) 1£J'Yi1 1,j~ lllUlf cl\lf) llf1:i 11 (;l~U lfcl\l!'Vi 1~-W'W iYiljfl11llt1f'W ~ \lfli1Ull (;l\ll''W i11'W fl11ll0'W 

" " "d IQI ~ a 
£Jl1'U eJ -:J f.)l~'U'W eJ~fllJfJW If.fJllU (;l~fl11ll'lf'W 1'W1inll'lf1~Ull(;l\ll''W'l11!~£J1'lfU~U 'i)~11\l i~' 'W 

" . 
fJ 'i) 'i)l:i~fI'W 'W f) fl1) 1 flU V\I 'lff.) lJ11\1 1~' lJClnflff\PI1Yi\PI1£JU ~1 
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..., ..., "" 
U'lJi;H1'U'YI1&'UlTJ Phaenicia sericata 

v • 

UlJCl,rj'W11'"H~fJ1Glfa~i1~~Hl~1'U Subfamilies Calliphorinae lhlf)'I:lW~l1rilflty~eJ 
v

d 
'U'UU'U.:J (bristle) ll'UeJfl,j~eJ.:Jf)Cll\U~~ruhl/~ UCl~ff1'Uilfl stem vein ~~iliij'U'U~'U!tI'UUtl1 ItiU . u . 

QI d.t::::So Go' QI dd. dt::::Sd QI f a QlQ 

UlJCl.:J1'U'VIlJell~1lJ'W111ff!'UfJ1ff~ ~.:JlJG)feJfll'1:l1eJ.:Jflq'l:l11 green bottles ell~1lJ'U'Wl~ 5-10 

(~lfl Greenberg, 1971) 

v V 
4C!It. .c:t. QlQld ~d ~ QI 

nqVlfl'.i'.i'lJfl1'H)'Utll'Y11'.i (Feeding behavior) UlJCl.:J 1'W 111!'U fJ1G)f'W~'W ~~~~ fl'W eJl11l'H'YIClTJ1lJ'VI.:J 

~ ~ . 
eJll1l'Hl1 mmt;l.:J! 'W 1~'W'W1! 1~ fJ~~ fl'W'U eJ.:Jl111'W 'U eJ.:J'U eJ.:Jll1Cl1 'U eJ.:Jll1Cl1l11 fl~ ~lflfl1':il11J'fl 

Jll111'W~lmflff1~eJfli~ \9l1t~JJlfJ\9l1tijfJ~eJ.:J fl111 ,j1~'Wt~eJ10M!'U fl11.wWl'Ul'UeJ.:J i '\ihf'iJfl11 t ~~ru 
u 

, cv Gt ' QI rp 3J ~QI QI 

U'YI~~ml~nf) (Resting places) fl11!fl1~'W fl A'UG)f1.:JnCllf)ell.:J1'U ~~tfl1~'Wfl'W eJf)lll'W~llJ~'U'WG)f 

ff1'U fl11! fl1~.wf)1'Unell flCl 1.:J~'U ~~1f)~!~ fJ.:J tlllttl1 t;l.:J~l11 fl'W 1'W n ell flCl l.:Jl'U 
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oOt.' 	 ~ QI 0' 
l"nlVlf)'i'nmt1~f)l'iU'Vnf)'i~mtl (Behavior and distribution) 'Wq~fl':i'nJfll':iY-lfflJ'W'W1f\J~~ 

" U1Ht~1'W'I11!~ tl1GlfW~i1;)~ lI~ij fll':i Y-IfflJYi'W{vj(;i~ 111 fl~~ fl1l1fl~flU~ml'1 3-8 1'W 11'r;l~ 111m11 ~ t1l ItI'W 
I 	 "1 I " 

~1!~lJ1t11~ 8-14 1'W 1I~!~lJfll':i11~1"lil~m{l~flw'W'Vi~1'Viijfn1lJ~'W~~ 6)f~'lJ11~ 1"li'lJW)f1m1~1 
" . 	 " 

11'~~!i1~ff~1Yl!'W1!'I1~'W fll':i11~ 1"li''WU~~~fli'~1I~11~1"lilh~lJ1W 80-170 vJ~~ 

o dQl I CVQll::1 ~ I 

1. 	 ff1':i11lH~~lfl'lJ~1~ tl1~HlJ~~1'W11'1t'lJtl11l1 fl1JWllfl~l~G""j U'lJ'lJ11I1~1l~ (Purposive sampling) 

1'W 6 ~~11'1~ 1~Hfi f1~.:Jl'Y1'YnJ'lHWm, ~1:ltl! lClfl, l;v.:JhnJ, \9l1fl, 'I1lJ'YfJ UCl~1J~i'lJU 

QI 	 CV, QI QlcS ~dl Q~ ct 

3. 	 fffl~ DNA 1l1fl~1~tl1~HlJ~~1'W'I111'lJtl11'W~fl'fl1:l1'Y11~~~ 6)f11'YItl1'lJ~~tI'W cytochrome 

oxidase 

" 
5. 	 'YI~~~~I~tI~11''W~'WUlJ~~1'W'I11t~tl11'W ~111'1':i IYltllJ 
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Vi 1f)1 'j t ~1J I?lTel dN mJ ~.:J 1'W 111t~ £J11?l1 t~ lJ 1 £Hl1 f),tTV] f)fl iJfl1 fl '\J ~nJ 'j ~ t'VI ffl 'VI £J hi'tt ti 
q ... 

~nf1flf)~.:Jt'Vl'W<1, vh:l~ 1~f), t~£J.:Jhnj, ~1f), GJIlJ'W'j u~~1J1i'lJ6 (~11~ 1 U~~~U1.:J~ 1) lfl£J'~l~ 

fly trap ~.:Jij~'W~~'W~rl1flt)J~.:Jd t~lJ1)1f)f)U '~I?l1Jl1l.!tn'Wm~~~~ h.J tJ.:J'W"lff~mll'W n~l 24 

i11:1Nt~~'..rUlJ~.:J1'WlJ1~~lJ UlJ~.:J1'W~~1J'~1)~Qf)ff~1J lfl£J'~fl11lJtV'W~ -20 ~.:JffWlf~t~£Jfftll'W 
. " 

nm 1 i11lJ.:J 1)1f)ir'WVi1m'j~lU'Wf)fftl~fffl1£J'I91'f)~~.:J~"'VI'j'jffUfft~~11~ (~'W SZX9, Olympus, 

Tokyo, Japan) lfl£J~lff£J~m:lru~'VINiYru~1'Wl'V1£J1'U~.:J ~1J'j'j£J1£Jlfl£J Crosskey U~~ Lane 

A 0 ~I<OS 0'?1 d <OS j) j) '" '" <OS d liJ j)

(Crosskey and Lane, 1993) tlJ~'VI1m'j'j~1JfflJG)ffftlJ'W'VIt'j£J1J'j~£JU~1 UlJ~.:J1'W111t'U£J11)~Qmf)1J n 
.. " 

''Wl1~~fl'VIfl~~.:J-¥iiJ 70% ethanol -¥ifl11lJtV'U 4 tl.:JffWlf~t~£Jfftitl'WVilm'j'VIfl~tl.:J''W'U'U~tl'W~tl'11 
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Tak---r-.. 

Chumphon 

N 

A 

'V11f11'jffn~~ !~hJW~ lmh'W ~ f1U'f:l~ 'U l'U~ .:J~1~riH !!lJ'f:l.:Jl'W 111!:Urnl~ rJ 1~'lf~ffn~~ !fl'W!~• 
~. ~ 

QIAamp DNA Mini Kit (QIAGEN Inc., Valencia, CA) 'V11\9l111'l1''U\9l~'WVi1J~1:T'VI~~~\9l i~9}mH ~ 

15 




, .:::. 0 d d !JJ ~ 
nfl'W!'VnJ1l1'W1'W~Wl.Hfl~1t1t'Vlfl'Wfl Polymerase chain reaction (PCR) 

. 
.tr:::\ 0 ciA iI Q 

m'jnUI1l1U1U~UfllUel~1m'YIflUfl peR 

o ~ 0 ci d "I "" ci 1 "I ~ci d 
'Vllm·.H'YUHl1'U1'W~W'WW ~'WlJ'.H1ijW'W mitochondrial cytochrome oxidase I-II ~tl ~"l$~!fl'W 

..; "" l!J ~"I ~ • ~ d d • "" " "I ~l!J " ~ 0 "" ""ciW'YIffn~ ~~ ~'U'U'U~fl'Wnfl'Wl1'Wll.HtI'WtUJ'VnJ~ (template) U~~ ~"l$ t~'HJJfl1 (primer) 9f'llH'l1~lJ'W 
" 1fl~1fll'Y1f1~'l\9iflhJit forward primer (5' GAGACCATTACTTGCTTTCAGTCATCT 3') U~~ 

reverse primer (5' GAGACCATTACTTGCTTTCAGTCATCT 3') (Wells and Sperling, 2001; 

Schroeder et aI, 2003) 11~f1~tllm1!~lJ~1'U1'U~t~'UtmJ1lJl\9l1 25 llJ 1fl1 il\9l 1 lh~nfllJfi'1tl~!~'W 

tflU~WlJ.w 150 'Wll'Wni'lJ, forward U~~ reverse primer fl~l'l~~ 0.4 llJ 1fl11lJ~1{ MgCl2 2.5 iJ~il 

1lJm{ dNTPs 200 llJ lfl11lJ~1{ U~~ Taq polymerase (Invitrogen, Carlsbad, USA) 1 QiA~ 1~tl 

1~tfl~fl'l GeneAmp PCR System 2400 thermal cycler (Applied Biosystem, Foster city, CA, USA) 

~ """". l!J .1 ci d cif11tl1~fltuMfllJ~'l\9lfl nJ'U: initial denaturation 94 fl'lfflt9f~t9ftlmtl'Wn~l 3 'Wl'Vl, 30 1fllJ'Ufl'lf)11. ... 

t~lJ~1'U1'W~h~'W!fl~'l111~nfllJfi'1tl 94 fl'lfflt9f~t;tlmn'Wnm 451'Ul~, 60 fl'lfflt9f~t;tlfftn'Wnm 
"" ci ci?1 ci "" ci ci ?I

45 1'Wl'YI, 72 fl'lfflt9f~t9ftlmlJ'Wn~l 1 'Wl'YI 30 1'Wl'YI, final extension 72 fl'lfflt9f~!9ftlmlJ'Wn~l 

10 'Wl~ U~~111nU\9l111lfffllJ~t~'Wtfl~1~1l1nnUt~lJ~1'W1'Wfi'1tl11i 1% agarose gel 

electrophoresis 
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Blowfly species Sex Location Accession no. 

Chrysomya megacephaJa 

AOI d' Tak FJl53258 

A02 <.( Chiang-Mai FJl53259 

A03 d' Chiang-Mai FJI53260 

A04 Chiang-Mai FJI53261d' 

A05 d' Chiang-Mai FJI53262 

A06 <.( Buri-Ram FJl53263 

A07 <.( Buri-Ram FJl53264 

A08 <.( Phitsanulok FJl53265 

A09 d' Phitsanulok FJl53266 

AlO d' Chum phon FJl53267 

All d' Chumphon FJI53268 

Al2 <.( Bangkok FJl53269 

Chrysomya rufifacies 

BOI <.( Bangkok FJ153270 

B02 Bangkok FJl5327 Id' 

B03 <.( Phitsanulok FJ153272 

B04 <.( Chiang-Mai FJl53273 

B05 Chiang-Mai FJl53274d' 

Lucilia cuprina 

COl <.( Chiang-Mai FJl53275 

CO2 <.( Chiang-Mai FJl53276 

C03 Chiang-Mai FJ153277d' 

Musca domestica (outgroup) 


001 Bangkok FJl53278 


, . 
.c:t, 0 Ido QI Q,lQlQ 

V1l'n~n 1 lflJlm~'lJ Code, 1'Wfl', I?llUlf'W.:j'VI'VIlf11'Hl'U U~~ accession number 'lJel.:jlllJ~.:jd'Wlfdl'lJtld 
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Yl1nl'HHi~ ~ !gtHel~ i fi'111 fH'Vl fI UfI PCR h1U~~rVl i111 n agarose gel 1~ tI1"*GJt~ ffn~ 

Perfectprep ® Gel Cleanup kit (Eppendorf, Germany) 1~tl111\PlllJi'W\Plel'W~u~11'Vl~~il\Pl ifi'~Ul1':) 
• 0''' 

U(;l~Yllf11';jlnih~uU1f1~lel i 'Vl~fi'1t111i direct DNA sequencing 111n~tg'W Wl1ffn~twnu~~'Vliiij 

fi'1t1GJt~ ABI PRISM® BigDye ™Terminator Cycle Sequencing Ready Reaction kit (Perkin-Elmer 
., 

Applied Biosystems Division, Foster City, CA) 1~tI'"*i'Vi';jtlJel1!~tl1nut'VlflUfI PCR ~llmr'WYl1 
.,. "0 "'.,. d ~ 1IJ"~ dt ® 

nl';i1tfl';jl~Yi(;l1~U'W1f1(;l !el !'Vl~ !~tI!flHI':) automated ABI PRISM 310 Genetic Analyzer 

(Perkin Elmer, Foster City, CA) U(;l~111f11';jYil~lUYitl':)\9l~EUel':)W'W iC)flf\9l~~lt'Vi1~ l~tI'"*hhun';jlJ 
cS 

NEBcutter V2.0 web-based programme (http://tools.neb.com! NEBcutter2lindex.php) C)f.:)f11';j 

l!fI';jl~'Yf'ViU'h Taq (J.I U(;l~ VspI !~'W W'W i C)flf\9l~ ~lt'Vil~~ffllJ1H'1 Utlnfl11lJU~n~1.:)';j~Yil1':)ffil~rl' 

EUel':)UlJ(;l':)1'WM1!~tl1 ifi' 

o '" dc::l dllJ3I .,. 31 IIJ ,,'" (J.0 

'Vllnl';j\Pl~~W'WW'Vl !~111fH'Vlfl'Wfi PCR ~1t1!el'W !C)flJ\Pl~1l1!'Vil~ Taq I !W~ VspI (New 

England Biolabs, Ipswich, USA) l~tlYllf11';j\9l~UtlnYi(;lel~ 'll~fWtllf11';j\9l~'ll1lJ1\Pl';j 10 ilJ lf1';jil~';j 

'll';j~nelufi'1t1~!g'WW 500 'Wll'Wni'lJ, lOX UvJrvJel11 ilJ lf1';jil~';j, lel'WiC)flf\9l~~ll'Vil~ 2 gU\9UW~ 
., . 

'Yll f11';j'lli'U'll1lJ 1\Pl ';j,,rfl ';jU 10 ilJ1fI ';jil~ ';j~1tI'Il 1n{;\'W (DNase-free water) U (;l~Yllf11';j\9l~flltl'~ 

~tlm1JiJ 65 el':)ffllC)f(;ll~tlfffflYii'Utel'WiC)flf Taq (J.I U(;l~ 37 el':)ffllC)f(;ll~tlfffflYii'Wel'W iC)flf VspI 1~'W 
.., . 

11(;l1 12 i11lJ':) 1l1nir'W111f11';jUtln~tg'W1ell1i~Yi{;\':)f11';j\9l~~1t111i 6% native polyacrylamide gel 

electrophoresis (6% gel concentration (T), 3.3% crosslinking (C), IX TBE buffer (89 mM Tris­

q31 ' ''''' base, 89 mM Boric acid, 2 mM EDTA, pH 8.3) (Maniatis et ai, 2001) flltl !~fl11lJ~1.:)ffntl 100 

llMlt~'Wt1m I i11lJ':) l'11f11';j~ellJ~tg'W!el~1melVll~tllJ lu';jilJ~ (Ethidium bromide) U(;l~\Pl';j11l~ 
q31 d31 dt 1IJ3I "IdOJ

flltl !\PlUff.:)g1~1mfl';jel':) Gel Doc EQ system (Bio-Rad, CA, USA) !~~(;lUff~':)~NtlJ'Vl 4 U(;l~ 
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M 1 2 3 4 5 6 8 9 

2,07 
1,50 

QI Q.I.d ~ 0 Q.I tJ) ll] r/Q.I 0 a 
'UtI\lmHH1'W'Hlt'UtJltlJtI'Vllm'H91~ COl-COli PCR product ~lmtl'W !C}$lJ1I~1l1t'vn~ Taq I ml~ 

" VspI 1l1f)~ltJhJ'Ul1~\lit undigested PCR products from C. megacepha/a, C. rufifacies and L. 

cuprina respectively (lane 1-3); C. megacepha/alTaqa I (lane 4); c. rufifacieslTaqa l (lane 5); L. 

a 
cuprinalTaq I (lane 6); C. megacepha/alVspI (lane 7) ; C. rufifacieslVspl (lane 8); L. 

cuprinalVspI (lane 9). Lane Mis 100 bp DNA standard marker. 
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Blowfly species 	 TaqaJ digestion VspJ digestion 

Chrysomya megacephala 30, 111, 156, 264, 307 and 456 bp 4, 12, 160, 495 and 653 bp 

Chrysomya ruji/acies 30, 81, 186, 264, 307 and 456 bp 12,653 and 659 bp 

Lucilia cuprina 30,81,86,177,188 and 762 bp 210,450 and 664 bp 

o Q 0'0 cv ""''1 lIJ o'dllJ 3131 '1.1Q

'VI 1fl n 1tfl ':i l~'" '0 1~ 1J'W 1fl '0 ~ eJ ~ 'VI~ 'VI ! ~ ~1 [1 ! lJ ':i U flHJ Chromas Lite version 2.01 

(http://www.technelysium.com.au) 	 U '0 ~ 11J ':i U fl ':i lJ BLAST search 
, ~ ~ 

(http://www.ncbi.nlm.govIBLAST)t~eJf11.:i~lU.UflffiJ~fft11~1JiJ1fl~leJi.VI~. 'Wflnfffl1Jlfl~.:JU 
t I~c::l~ 31 
'VI.:J"'lJ~ll~~flff.:Jt'WeJtfl1Jtu'Wil'W'\JeJ~'O'\JeJ.:J GenBank database (accession number FJl53258­

F 1153278) U'O~'V'i1f11':i t1J~ [11J tli£J1Jt11~1JiJ1fl~1eJ i 'VI~'\JeJ.:Ju~'O~~leJdH~l[J l1J':i Ufl':ilJ Clustal W 
dCVQ 0' 0' 0' 

algorithm (http://www.mbio.ncsu.eduiBioEditibioedit.htmI) 'W eJ fl1l1 fl'W [J.:J 1tfl ':i l~'" t1J eJ ':i tC)f'U ~ 

G+C U'O~ t1JeJ{tC)f'W ~fl111J mijeJ'W '\JeJ.:J t11~1JiJ1fl~1eJ i 'VIfh ~WjHffeJ.:J~leJdH (~1J~5) ~1[J 
~ , 

l1J':iUfl':ilJ Bioedit 1l1mr'WYilflnfffHu~'UtJiJ11~'Wlfll':i (~1Jli6) ~1[J11i neighbor-joining 

(Kimura's 2-parameter model) 1~[J'~11J':iUfl':ilJ MEGA(Q version 3.1 U'O~'VI~ffeJ1Jfl11lJ\lfl~eJ.:J 

~1[J 1000 bootstrap replicates (Kumar et aI, 2004) 
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Code AD1 IfJJ2 ".,3 A04 ADS A06 AtI1 A08 AfS AI0 All A12 801 802 BIJ3 804 005 COl CO2 C03 

ADI 
A02 99.8 
A03 99.8 100 
A04 99-8 100 100 
ADS 99.8 100 100 100 
A06 99.8 100 100 tOO 100 
Al11 99.8 100 100 100 100 100 
A08 99.8 tOO tOO 100 100 100 100 
N19 99..7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 
AI0 99.8 100 100 100 100 100 100 100 99.9 
All 99.1 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.1 99.9 
A12 99..1 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.1 99.9 9U 
801 91.1 93~ 9l.3 913 93.3 933 933 933 93.2 93~ 93.2 93.2 
802 911 9l.3 9l.3 93.3 93.3 93.3 93.3 93.3 9.l.2 93.3 93.2 93.2 99.8 
803 93 9.1.1 911 911 93.1 93.1 93.1 93.1 93 91.1 93 93 99.6 99.6 
B04 9l.1 93.3 933 !il.3 93~ 93.3 93~ !il..3 912 93.3 912 912 99.8 100 99...6 
J'm5 93 93.1 911 91.1 93.1 93.1 93.1 93.1 93 93.1 93 93 99.6 99.8 99.6 99.8 
COl 60.1 60 60 60 60. 60 60 60 60 60 60.1 60 60 60.1 60.2 60.1 60.1 
CO2 60.2 60.1 60.1 60.1 6Q.1 60.1 60.1 60.1 60 60.1 60..2 60 60.1 60.2 60.3 60..2 60.2 99.9 
COl 60.1 60 60 60 60 60 60 60 60 60 fiO.l 60 60 60.1 60.2 60.1 fiO.1 99.1 99.8 
001 57.4 51.4 57.4 57.4 57.4 57.4 57.4 57.4 51.4 51.4 57.4 57.4 sa.4 58.4 58.3 58.4 58.3 53.3 5J.2 51A 

NIt -/.1 l. Cfuysom}O m~~h; fI() 1-805.. Cfuysun!Y(l' IlIfifade~: rot - CIa. tucIjfa atpr1Jlll:r; 00 1. Mu.'!:il dOOlesdc<t. 
, 

l'lHi 5 Identity matrix Ufffl-:JttJel1tC)f'W~fl11lJmjjel'W'Uel-:Jihfi'lJ'W1fl~iel i'VI~'j~ldl-:Jffel-:J~1eldl-:J 

• 
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AY909052 C.megacephala(Malaysla) 4 

AY909053 C.megacephala(Malaysla) 3 

AF295551 C.megacephala(Papua New Guinea) 

FJ153266 C.megacephala(Philsanulok) A09 

AJ426041 C.megacephala(lndia) 

FJ153268 C.megacephala(Chumphon) A11 

FJ 153269 C.megacephala(6angkok) A 12 

65 FJ153260 C.megacephala(Chlang-Mal) A03 

FJ153259 C.megacephala(Chlang-Mal) A02 

FJ153263 C.megacephala(6uri-Ram) A06 

99 FJ153265 C.megacephala(Phltsanulok) A08 

,-----------------1 FJ153262 C.megacephala(Chiang-Mal) A05 

FJ153261 C.megacephala(Chlang-Mal) A04 

62 FJ 153267 C.megacephala(Chumphon) A 10 

FJ153264 C.megacephala(6uri-Ram) A07 -
~ FJ153258 C.megacephala(Tak) A01 

_AF083658 C.rufifacies(Florida) 

99 IAj=~·~:fi::~:~~a:.:~~:) 5 

89~: :~~::~: ~:::::::~~;:~~~:04I, FJ153274 C.rufifacies(Chlang-Mai) 60s 

83 L FJ153272 C.rufifacies(Phitsanulok) 603 

FJ153270 C.rufifacies(6angkok) 601 

99 IAJ417707 l.cuprina(Perth) Perth 1995 
,--- ----l 

52 rAJ417704 l.cuprfna(Hawall) Honolulu 1998 
99 IL AJ417705 l.cuprlna(Hawall) Waianae 1994 

'---- -9-9...,l' FJ153275l.cuprina(Chlang-Mai) C01 

FJ153276l.cuprina(Chiang-Mal) C02 

'- FJ153277l.cuprina(Chlang-Mal) C03 

'---------------------------- FJ153278 M.domestlca(6angkok)outgroup 

, ~ 

nln 6 U~'\..lflij11~'Ulm~Unf)'1f111)JfflJ'W\l1i~~ldl'1~';wrh:m)J~\rj'U"UeJ'I'Yi'l 3 niJ~ri'1~WeJ1ffV 
.. 'II 
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U'tl1,l) 

, 
aun 7 fll'~~tJ1MmJ£l.:J11,1..r1&1jtl11H',j 

d "" ~I ~I ,d d ~ 
15 !C)$'W\pHlJ\9l)" ~llJ~fl)\l\9l1"u1mlHHl (metal netting) ~1)"lJ~11lJfll1\l'YHH"lJ~1)" 

• "" f 

- tJwl'tJ'Viij hjUlJ~1\l1'WlJlll\lli~lEJfi'W fi1J~1Jff~tJ1'I1Ufl 50 fli'lJ afl~'W'I1i1\l u~llitJ~lEJ 
" Iii,• .1 <I cv 0 ILl lIJ~~ d d<!l <!I ~ 

fl)"~~llll"ttJ EJ~ 111fl'W'W'W 1 !lJll\l n~l'W1J'U "UtJ\lfl)\l'Vl1J)")"~'\H~tJEJ'I1)"tJ\!EJlJ~'W)"ll 

-tilJ (Incubate) !tJlli~f:JW'l1iJiJ 25-26°C !~'Wnm 5-61'W!'vitJ)"tJ1M''I1'WtJ'WUlJ~\l1'W!~1~ 
• !II , 

)" ~ EJ~~flU~ '11~\l111 fl'W 1J':hij f11)"! U~EJ'W!tU~\l) ~ EJ~ U~l 1M'1tJ 1~'W IPi1J'ViiJ\lm~ tJ tJ citJ tJ fll1lfl 
'" 

fl)\l 

c:S cv ~ cv ~ cv "" l' 1 ~ "" <!I
-!fl1J~ flU~ "UtJ\l UlJ ~\l1'WU~~ \! EJlJ~'W)" lltJ'W!~lJ ff~ \l 'Wu fll'W~ lff\9l fl'l1)" tJfll"lf'W~1J)) ~ 

'W~lff~fl~ij~lllJff\l 5 !~'W~!lJ\9l)" flil\l 9 !~'W~!lJ\9l)" U~ltJlhbl\ll11'Wfl)\l!vttJ)"tJf11'i
'" 
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v 

~l'U1'W 1,000-1 ,500 ~1hi' 
v v 

-f)1';i!~tI.:jUlJ~.:jl'W~1!~lJlt1 1~'W11111'U11.:j 1 'U fl';i .:j\Pl~tl~nmU~~~lJff'JJ~l"y~~fftl.:jfli'.:j 

-UlJ~.:jl'U~1!ijtl'V'l1tllJ!~lJ11.:j1 ~11r;i'.:j1l1f1!1I'U~1!~lJlt1U~1'JJ';i~lJ1W 1 ff'JJ~l"y U~~ 
, v 

UlJ~.:jl'UffllJl'Hnl.:j 1 ~1~\J~lJ1WlJlfl !:JjtlUlJ~.:jijmQ 1 !$ltl'UU';i fl ~.:j,:r'U1l1111fl~tl.:j flU 

!itl.:jUlJ~.:jl'U ~'W~tl'l 1 'JJfl1';i1l~~tl.:j'VI';illJilUlJ~.:j1'U ffllJHl11.:j 1 'll11l~.:j 1 !$ltl'Ufl~.:j 
o cv d ~d' I 'liJ <!t & dl <!t

-fl1';i'VIlfl11lJff~m~fl';i .:jUlJ~.:j1'U!'V'Itl1')j'!~tI.:j~'W~tl ~ 'JJ'VJ fl 1 !~tl'UflHfl.:jfftl.:j!~tl'U 

fll"Hih.J'.,jmJil'l1l,1Uil~m'llhfnnhuHnm;f) (Collection and Sterilization of the eggs) 

l'l1~ 8'.,jUlJil'l1l,1'1111~tl1 (gflYl'l) 

-1N Petri dish ~ij'JJ~lff~ 1'UflHUlJ~.:jl'U 
iI , • I 

-1l1fl,:r'U!:Jjtln~1~,h'U 1'JJ 3 i1 ilJ.:j 1 M!m~lJViij1 ~6ijtl.:jUlJ~.:jl'Utltl flll 1 flfl';i .:j 
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A B 

lU~ 9 , ,jUtl~-!il'U'I11!;jll1!rlf)HlIfl'1h'!1l1'Uui;U)~!;1f) (A) H~~''U'11~f)~'Yl~~f)-!i~ihn'ii;Tl'i~~~lll 

0.05% 1C)$!~lItI'e'JlufI~f)''i~ 

-!~lJ i.utltlf1111f1U{;11' rifHI hflHH)~'Vl~HHN'\J'W1~U~lJW1'j 50 lJ{;l~~~'j U~1t~lJ1lU "'~m£J 

0.05% lC)$!~£JlJ i~hJ~H'tl l'J'fl' U~lJl~'j 35 lJ"'~~~'jt~f)!Wf1 i .u~~~n'W!~'Uf1~lJtltlf1111f1n'U• 

Sf 
QlI , QI QI fj/4 

'Vl~{;l tl~ 1I1fl'W'W fI~HJ~ !'Vl1l11 '" ~m£Jtl tl f1tl m~'j~:IJ~ 'j ~1~ U{;l1!~:lJ1lU{;l ~{;l1£J 5% 

'VJtl{:lJl",~i~~ U~:lJl~'j 35 lJ{;l~~~'j (;l~''U,}Wtl~'Vl~{;ltl~t~:IJ U~11'U£h1l1'j"'~m£Jfi'1£Jijtl 

lh~:lJ1W 5 'W1Vi 

gJ I iI iI
!II III '!II 0 QI _I QI , !II_I <!I 
-m~ !'\J~1£J'Wlf1"''Wu'j~:lJ1W 3-4 flH 'W~u'jlfl1l1f1!GJ1fl (Hood)

'U 

d QI 

!~'.w:IJlIlf1~lJ 

Sf Sf • 

-'~~:IJ (Forceps) f1~~lJ'W tll'H'l'j t~£J~!~m1m£J~ 'Vll~ t-Wtl' M'H''Wtl'WU:IJ{;l~1'W'H'~~YJf1111f1 

'j ~ £J~ l.u1l1:IJ1HI~ 11 ~ i GJ1!.u'1 i U 1'W tll'H' l'j1fi' 

... 

fll'iiin'i'Uf)'UHUtl-!il'U1M'iJ'ilftll 1 mctif) 


,.. ". 'j/ 

-tllJ l.u1 'W tll'H'l'H~£J~ !~tlVitlW 'H'.nlJ 25-30°C ~"'tl~r1~~'W 
• 'U 

• Sf • 

-'H''Wtl'WU:IJ'''~1'W1I~t~:lJYJf1~1'H'~~\11f1ir'Wlh~:lJ1W 10-12 i11:IJ~ 
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• • " jI 

-mlTUl'H'Ufl'UUlJ~Ni\aJ1flU.yj 25-30°C !~'Unm 8-12 i'11lJ~ 1'UeJ1'H1';i!~£J~!t)ffl'lfi1~ 
. . 

• ~ I ~.<:I • 
Blood agar, Chocolate agar U~~ ThlOglycollate broth !'Wfl'Vl~ffflU11f11';im~'Vlm'UlJ1 

" . 
tI';i1fHl1mtMfl~~'M'Wfl'U'H1fl ili 

, , IlJ' IlJ' 

l'lHi 1 0 'H1H)1-!U'lJtl-311-!..r1!~tl1.yh~£J-311-!~1'Hrn~£J-3r"£J'lJ 

'" 1 .1 d '" liJ a 1~ 1~ Q liJ ~d ~ Q ° "'.<:I.J a 1~I

-'H'Ufl'UUlJ~~TW 'lHI1'Wfl1'H1';i!~£J~'Vl£J~ tlJ'W1lJ1 'If 'H!flU tTVlI!!!£J'U 5-6 C 'Vl'W'Vl 91~'Vl1 'H 

UlJ~Nl'UV~ij'M1~';ifl~fl~ill 5-61'W 

-'H'Wfl'UUlJ~~l'W~~fl~ f11';iU1lJ11~fl1';iflU~fl'th~lJ 1W 2-3 1'W ~~W 'H \]iJ 30-35°C f)';i~..t~ 
. " . 

'H'W fl'U ij'lJ'W 1~1~'V'l fl f)';i~11~fflJ1HIU1'H'W fl'U fl fl ml1ml1'W fl1'H1';i!~ £J~!,WflU1 i,j1rif)cifl~ 

'V'l"lff~ f)~U';i ';i ~'l.lfJlJ~'V'l~11~fl i,j ff1'Hi'Ufl1'H1';i U"~'H'W fl'Wff1lJ1Hl11~ci1fJ i tlV~111'W Petri 

dish 1'H:uill!~fl1,1''H'W fl'U illi'Ufl1'H1';i U"~flfl f)c)$!11'W~!,~£J~'V'lfl~fl f11';i! ~1U1!~U1~ flfl'U ~11~ 
u 

U1'H'U fl'W~~f)cil1 i ,j11~1'W f)cifl~'l.l£JlJ~'V'l~1111if11';i~~ f)ci11!~tJ11i~i1fl~ f)'U f11';i!n~f)~'U 

111 f)f)1';i!'U l'lJfl ~ fl1'H1';i~ij~1J!~'U ri1'U tI';i~ f)flU 
., 

" Q.I Q.I .cI. •
fl1"Hfl'lJA1'H1-!~1-!U'lJ-311-!mfl~1'H11!tl£J-3 (Harvesting of maggot s from the medIUm) 

" . . o cv dd cv 

-!'VI'U 1f)"'W" ~U'W 11 1'W fl1'H l';i'VllJ'H'U fl'W!!lJ"~ 1'W 
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" • jI • 

-ci1£J'I1'W'f)'W~,nnj~ ~'1''W fl1'lf'W~Vi11'j1fHl1m.:)f'f)'u,'I1l-i1~£JViri1'W!1'U til 'If'U:: \l flU U'I 

'f)'f)mrl'U 8 "If'f)'1 l~'f) '11'~1£JI9l'f)fl1'jUU'I~1'U1'U'lJ'f)'1'11'U'f)'U 
" <JI" " •

-~'U'W1'f) 'f) flU ~11~:JJ'W1ff~ 'f) 1~ ~'1' 'I1l-i '1i'W \91 'f)'U fl1 'j f{l'1fl'l fl~11, 11'fi 10]$1 fl'j~11.:tlfflr1'U 'f) 1'111'j 

v • v 


-~'U'W1fl~'U~'1111fl flU~1fl'j'f)'1fl flfli''I 


v • v 

-eMu 'W1 ri1'U 1 fl'U 111 £J fl'j ~~ 11JVi 11 'j 1 ff1l1 m.:)f'f) 

• v 

-!OU'l1'U 'f)'U Vi ~1'1 ff~ 'f)1~ Uf{1111£J~U 11 'j 1ff1l1 m.:)f'f) , ri'l1~ 'f)~'Vl~ ~ 'f) 'I 11~:JJ 1\91 'j 50 iJ ~~~\9I 'j 

QI Ii) " V Q Ii) Vd Q 0 _I ~ 1 QI "'i 


-'I11fl£J'I!:JJ 'If'l1'U'f)'Ufl1'j!flU !1'Vl'f)f,U'I1fl:JJ 5-10 C u'j~:JJ1f,U 1-2 'lf1 t:JJ'I 'Vl'U'Vl

• <u 

V 
"'i QI QI 

ff1'j~~~1m!~~'f) 1'111 'j!~ £J'I'I1'U 'f)'U U:JJ ~ '11'U U~~U:JJ ~ 'I1'U 

V 
Q 0 , ?I v Ii)V

-!\9I:JJff1'j~~~1£J'U1'1111'W 20% Sugar water 'U 100 Erlenmeyer flask U"~U~~fl'lJ1~~1£J !ff 

2.1C)f!~£J:JJ18111fl"'f) 1 'j~ 

0.05% 1C)f!~£J:JJ18111fl"'f) h~ 
v • 

-!~:JJ 10% 1C)f!~£J:JJ18111fl"'f) 1'j~ ,j~:JJ1\91'j 2.5 iJ~~~\9I'j ''U'W1fl~'Ull~:JJ1\91'j 500 iJ~~~\9I'j 

3.ff1'j~~m£J 5%yJ'f)1:u~~18~ 
v • 

-!~:JJ 35%yJ'f)1:U~~18~ 11~:JJ1\91'j 100 iJ"~~\9I'j ~'I''U 'W1fl~'U 11~:JJ1\91'j 600 iJ"~~\9I'j 

27 




iI • 

-~~~lU Kanamycin monosulfate (Sigma, Kanamycin A, K-1377) 2 f)i':IJ hn.hml'W 

5. i'Vi~iJucM'W1j~~tvJ~ (Polymycin B sulfate) 
iI 

-~~mu i'Vi~iTucM'W1j~~tvJ~ (Sigma, Polymycin B sulfate, P-1Q04) 500 iJ~~f)i':IJ 1'Wlh 
. 

ml'W tl1:IJ1~'J 50 iJ~~~~'J 

iI 

~ d d ~ 


6.1'Wel1'Hl'Jt~U'n1'Wel'Wt~'JU:IJ1l1f)~1J (Liver Agar Medium) 

-~tlf)'Jru 
• • iI 

-~1J tfl~el\lil'W Uvi\lfl'W 1l1'W'Vi~1ft'~f) 1~fli'\lt~U1 f)'J~1Jel f)~1\1 1~ri1'Hi'1J~1\1 

ft'1'J~~~lUtl1:IJ1~'J'titn'W 2 ~~'J ~1i'\I "lJ1~itl6)f:IJ~ (Erlenmeyer flask) tl1:IJ1~'J 5 

iJ~~~~'J 'ff~~tf)t:J\I t~elf)~f) '\J1~itl6)f:IJ~ (Erlenmeyer flask) tl1:IJ1~'J 500 iJ~~~~'J U~~ 1 

~~'J UfJ1Jf111 (autoclave tape) f)'J1U'Vimft'~f)'\J'Wl~t~mt~~"lJ'Wl~ 1'Hqjtllf)f)~l\l tl1f)01 

d 

!'\JtJ'W~mf) 

iI iI • 

-~l\l~1J'H:IJ tJ l'H'Wf) 2000 f)i':IJ ~1tJtJ1t-Wel tel1 , '\JiT'WU~~tff'Wt~el~n'Welelf)
'II 

iI 

t~:lJtJl~\I'tl2526 iJ~~~~'J 
iI iI iI 

-t~:IJ~\I~'W (3.5%) ri1'Hi'1Jf)'Jru~\lf)ci11!~:IJ 88.4 f)i':IJ ~\l1'WtJl1l1mr'WtJ1'tI~\l1J'W 
q 

~ I ~ I d .;" ~ ~ ~ 
Hot plate 16)fU'Vl\lUf)1fl'WU:IJm~f) (magnetic stirrer) fl'Wf)'J~'Vl\l1'W~~~ltJ'H:IJ~ ('\Jelft'\ltf)~: 
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:II •• 
, ~o , ~ ~I .:1 ~ ,~~ IV ~ '~IV .:1"" ,~ ~,
'I1'UllJltl1JCJ.JWlftllJ'j~lJ1W 15 'Ul'YI Ul:ll~TI'lJ 'I1t'Ulf1lH'V'ltl 'I1~1JTI'l'U'YI~~tlt'J~l'U'Ul\l'Ul~ 

'" 
•• :II 

~TI'lJfl1J1;il'Ufl'U~ i~ U~tlt'J,..r!~'Wf1'j~.yr\lTI'llJl'H;)!'YII:l'lhHl1'W Petri dish i~ titl'U'\.hiU!~t'J\I 

'I1'Utl'U'..r!~lJt'Jl Kanamycin U~lJl~'j 1 iJl:l~~~'j !W~t'Jl Polymycin B sulfate ~tltll'l11'j 
:II 

!~t'J\I'I1'Wtl'W 100 iJl:l~~~'j U~l~TI'lJ'..r!~ln'W 

~ , ~, " d "" ~ ~ I""
-!'YItlll1Ul'WI:l'l 'W1l1'U Petri dish 'U'UWl!TI''U~l'Wff'Wt'Jf1m'l 9 !Clf'W~!lJ~'j fllt'JlJ'jlJWJ'j 20. '" 

29 




f)1'HYl'j'Hl ulJ~~1'tn111~ [J11l1 fl f11'j 1~fi'IJ~fl~ fl1l1 fliJiJfl1f1~ 1~~ 'Ufl ~U 'j ~!'Vl ff'W 'lJUlJ~~1'W'I111~ [J1 

ff1ftty 3 '1$Uflflfl Chrysomya megacepha/a, Chrysomya rufifacies U~~ Lucilia cuprina u~ll-i 
I tJ ,.. " 

.c::), ~ ~t::I '3J d. Q.I d 

ff1lJ1'jf,)'W'IJ'1$'Wfi Lucillia sericata !'HlJfl'W'VIlJ'j1t1~1'Wflfl'W'H'W1'W (Tumrasvin et aI, 1976) 'Vl~'Wf11'j 

" ~'j1llfffl'IJ'1$Ufl'Ufl ~UlJ ~~1'W'I11!~t11l~'V'l111~1~t1~~fl'l:lru~'Vl1~ffru ~ 1'W1'Vl [J1U~~'Vl1 ~flru~11'Vl[J1
~ ~ ~ 

" . 
'W'IJ l~t1fltl''W'Vl1~t11nhl~~fl!lJ~fllU~~1Jfl'W'IJ'IJ'W!Ufl-vi!'lJ 1U~~'IJ'Wff'W• 

" 
'j 1[J~ 1'Wl~[Jil~ulJ~ ~1'W 'IJ 'W ff'Wl1~1'W fl'j ~ !'Vl'WlJ'H It.!fl'j (I~'W f)1'j fffl'l:ll'Ufl~flru~ ~1~£.I) U~~ ~~'Hlfl 

• ~ < 

" 
!~t1~h,l-i (Sukontasorn et aI, 2001 , 2005) iJ~1l-ilfltl'W'lJUlJ~~1'W'I111~t11'1$U~i1lJ1f1fl'W U~'W'IJ 3 

. " " . 
'1$U~-vi'j1t1~1'W 111'W~1'Wl~[Ji1 tl11l ff1lJ1'j f,)~~fflJlJ~ jTW 1~i1 'j1[J~ 1'W -viiilJ 1f1fl'W fl11l1n~fl11lJ 

~ 111.1111 $I' '" '" <:I .1 '" Q ~ oJ Q Q i III $I
ru'W AU tfl11UlJ~~1'W'H1!'Utl1 Lucillia sericata \lflu'j~'1$lfl'jUlJ~~1'W'1$'Wflfl'WC)l'~11l'jtyl~'IJ t~ tfl 

~ fli1'VlflU'Vl'W1l'W 'HlJfl 1'1 1 fl1i'j 'jlJ'1$l~lU 

Q.I Q.I d. i ,9J do 
UlJ~~1'W'H1!'Utl1 tfltl '1$ primers 'Vl1l11'W1~ (Wells and Sperling, 2001; Schroeder et aI, 2003) U~::: 

"" . 
ff1lJ1'j f,) ~ 111'W fl'1$Ufl 'U fl~UlJ~~l'W 'I11!~t1111~ 3 '1$U~i1l~1fl £.If.) I'll fl~UU 'IJ'IJ'U fl ~ DNA -vi \l fl~fl t1~1t1 

dill rI a. <!J d $I Q<:I .101$1Q 1 0 Q

!fl'W tC)l'lJ Taq I 'H'jfl VspI (~U'Vl 4) fl1[J11if11'j'W'Vl1 mflflfl11lJff~fl1fl 'Wf11'j1l1U'Wfl'1$'Wfl'Ufl~ 

" UlJ~~l'W lfltlll-i~fl~'H1~1~'lJI'lJff rl~f11'j f11'jff1'j11lU~~1l1flfl1'j'Vlfl~fl~i1ff1lJ1'jf,)U11uU'j~~flI91'1~ 
"" .

fi'IJff1ff~ {'Vl1~U~n{)l'Vl till~ fl~11flfl UlJ~ ~1'W'I111~ t1111~ 3 '1$U~i1 ItI'WUlJ ~~1'W '111!~ t11-vi'W'lJt1fl £.I 

, I tJ , i1. I 

"" rI 
1'Vltl1ff1ff~'j 1'lf'W fl1 'j Ifl ~ fl'W ~1 t1ff'W I'll fll! 'H~~-viij IIlJ~ ~1'W'I11!~ t111J 1~Yl'W-vi1u~Yl'W -vi-vi 1l-ifl 
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, QI ~ d !II"" QI 11] !II -=! d1l] !II di 
UlIfWI1'lfl'U '¥l'l'Wflru~~1'iHJ 1f!';iltJ'll'Ufll';if1fl'l:ll'W n1'W11';iffl';i Forensic Science International 9f'l 

lI] QI d Q "" " !II!llQI

1f!';iUfll';i1l6U';iUrYHlllVUJ'WUI:l1 (Appendix) (Preativatanyou et aI, 2010) 

iI ,jI , 

ffl'l1i'U fll';i!~tJ'l'l1'W6'UUlJ I:l 'l1'U':h!~tJ1!.w6'Vll 1 M',j I:l6f!!916 I'U6'l 'tJlflll 1 flfll ';i fffl'l:llhiffl lJ lHI'WU 

Q..' Q.I.d .c::tI ~Q.I.cSlJ]9J1jJ Q.I QJ Q A 

UlJI:l'l1'U'I11!'tItl1'lf'Uf! Lucillia sericata flru~~11)tJ1)'l!f! 'lfUlJI:l'l1'U'I11!'UtJ1'lf'Ufl Chrysomya 

megacephala U'¥l'U fll';i11)1'jru~'m 1'U!:}f'l6t1!~11'¥ltJ1UI:l~ fll';i i~ffllJ1HI1l';i11l'WU Lucillia sericata 

ffllJ1HHh'U!~lJ!~lJi~1)lfl Preativatanyou et aI, 2010 
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• 'j) • 

~mJ 'j ~ ff.:j ~Yi ff1flty'U e.:j.:j 1Ui ~[JU rVle 'l'll fll 'j ff1 'j 1 1) 'lfU~ 'U e.:j I IlJ ~N lU 111I~ [J1'lfU~ Lucillia sericata 

I " , " 

lYle ne~.:j ff1fJ~U (ffTl1rlJ'l'llfl1'j r flll1lJ l~H~{;l ~iJ1[J ~.:j U~i11)~ ililJ 'j 'j ql~qll 'j ~ff.:j~mlJVi~.:j i 1 

lt1e.:j1)lflfluff1'j11) ili~lJulJ{;l.:jlu111!~[J1 Lucillia sericata ~.:j!rwI~miulJ1neui1ff1lJ1':itI~lJ 
'j) 

UlJ {;l.:j lU111I~[J1'lfU~U1U11 'j~!'YIffi 'VI VlJ1neu 

11IU'lfU~ Chrysomya megacephala, Chrysomya rufifacies U{;l~ Lucilia cuprina 1~f.lflUffflll1'V11.:j 
'j) 'j) 'j) 'j) 

etlJ~1i'VI[J1'Ue.:jUlJ{;l.:jlU 111!~[J1rlr.:jutJlJll1U 'j1[J.:j1u~m.!{;lUrlr.:jU 'j fl 1UlI'j~!'YIffi 'VI [J 1I'j~ l[J'lfU 

'j) • 

UlJ{;l.:jlU1111~ [J1!l1~1UlJ 1!n[J1~e.:j OlJ ffWVll 1 Mff1lJ l':itI'U llJ111 'j~lJ1Wnm~ 1[J'U e.:j ff~ IW~1U fl'jru 

~ij fll 'j Irl~eu ~1 [JffYl e 1 1)lJe fl I I 'I1~.:j ~lJ1'Ue .:jff~1~ [Je 1ff[J~elJ {;l~U1i fl'j'j lJ'U e .:jHlJ (;l.:jlu111!~ [J11U 
'U • 

d.J,1 '" '" d Ii]~i Ii] , 'd "" 
1'VI[JlJCJf.:jff1lJ1'jf:l!{;l[J.:j'l1ueUUlJ{;l.:j1U'I11!'U[J1 Chrysomya megacephala !~ ~~[J !lJ~lJ11lJfll'j!1)'jty 

'j) 'j) 

'Ue.:julJflYi!~ [Jlu e1'111'j !~fJ.:jU{;l~1U'I1U eu 1~[Jfl'j~U1U fll'jvh1M'I1U eUUlJ{;l.:jl1"!1I'j1ff1)lm~e ili 

• • 'j) 

~flu~i~ e1'111'jlYi[JlJYi iliijuUfI!~ m"~ty~.:j iliijflil'W!'I1~Uff1lJ1'jt1 1~[J.:j i~1uMe.:jll~tr~ fll'j 'j~uu 
, "" " ," 

YiVi 1fll'jl~[J.:jU~.:jtJU i ~i1~~elJ ff1'11rU fll'j I~ [J.:j I IlJ {;l.:jlU 1111~ [J1Yi 11 'j1ff"1 fl I ~e I I UflYi I~ [Ji ~ U(;l~ 
'j) • 

~U'VJU fll 'j I~ [J.:jtJUi1~ fllJ 1 mjjelYi [JlJ OU fl U U1 I ~l'11Ueu "1 fl~ 1.:j1l'j~! 'VI ff 
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Accurate identification of insects collected from death scenes provides not only specific developmental 
data assisting forensic entomologists to determine the postmortem interval more precisely but also 
other kinds of forensic evidence. However. morphological identification can be complicated due to the 
similarity among species. especially in the early larval stages. To simplify and make the species 
identification more practical and reliable. DNA-based identification is preferentially considered. In this 
study. we demonstrate the application of partial mitochondrial cytochrome oxidase I (COl) and 
cytochrome oxidase II (COli) sequences for differentiation of forensically important blowflies in 
Thailand; Chrysomya megacepha/a. Chrysomya rufifacies and Lucilia cuprina by polymerase chain reaction­
restriction fragment length polymorphism (PCR-RFLP). The PCR yields a single 1324 bp-sized amplicon 
in all blowfly specimens. followed by direct DNA sequencing. Taq"'l and Vspl predicted from the 
sequencing data provide different RFLP profiles among these three species. Sequence analysis reveals no 
significant intraspecific divergence in blowfly specimens captured from different geographical regions in 
Thailand. Accordingly. neighbor-joining tree using Kimura's 2-parameter model illustrates reciprocal 
monophyly between species. Thus. these approaches serve as promising tools for molecular 
identification of these three common forensically important blowfly species in Thailand. 

<tl 2010 Elsevier Ireland Ltd. All rights reserved. 

1. Introduction 

Estimation of postmortem interval (PM!) is crucial for time of 
death determination. Some physiological changes such as body 
cooling, lividity, and mechanical excitability of skeletal muscle 
have been used to calculate the early postmortem period. 
However. such postmortem changes may not be a reliable 
parameter for approximation of PMI after 48-72 h. After decom­
position is initiated. developmental period from hatching to larval 
stage of insects collected from corpses is the best evidence for PMl 
estimation (11. 

Blowflies playa role in the early decomposition process because 
of their great abundance and behaviours including feeding and egg 
laying on corpses. Unsurprisingly. blowfly larvae are usually 
collected from death scenes and also determined as the best 
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entomological indicator for PMI estimation. The challenging step 
for forensic entomologists is larval species identification because 
many morphological similarities among closely related species 
make difficulties in definite differentiation. A taxonomic key 
covering all immature stages of common forensically important 
insect species in all geographical regions is yet unavailable. 
Although electron microscopy-based identification of some 
chrysomyine larval stages has been proposed [21. it is not practical 
and requires many special skills for sample preparation. Alterna­
tively. rearing larvae to the adult stage followed by traditional 
identification based on the adult morphological characteristics can 
be performed. but rearing is a time-consuming procedure. 
Moreover. specimens may be killed or damaged before arrival at 
the laboratOI)'. 

Several studies using DNA-based identification of some 
forensically important blowfly specimens have been reported 
(3-71. These molecular tools can overcome many difficulties 
associated with morphological problems as previously described . 
At present, mitochondrial DNA (mtDNA) is preferably applied for 
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forensic investigations because greater abundance in tissues, when 
compared with nuclear DNA (nuDNA), makes it easier for 
extraction even from small amount of sample 16]. In addition, 
because of its strictly maternal inheritance and no genetic 
recombination, mtDNA haplotype is a good candidate for 
evolutionary and population genetics study. Especially, mitochon­
drial cytochrome oxidase I and 1/ (COI-COI/) genes are suitable as 
molecular markers because relatively a high degree of genetic 
variation in this region has been reported 16,7J. 

Chrysomya megacepha/a and Chrysomya rufifacies are the most 
common blowfly species in all locations ofThaiiand and have been • 
extensively documented from forensic cases in both urban and 
forested areas 18J. Lucilia cuprina is another species of forensic 
interest since it can be found in both urban and forested locations, 
although less frequently than Chrysomya species. Interestingly, it 
has also been reported that this blowfly species can be found with 
C. megacepha/a and C. rufifacies in the same cadavers [8J. It should 
be mentioned, however, that molecular identification and genetic 
relationships of these three blowfly species of forensic importance 
have not been reported before. Therefore, our approach is to 
demonstrate the utility of mitochondrial cytochrome oxidase 
genes for identification purpose and phylogenetic analysis of these 
three common forensically important blowflies. 

2. M~teri~ls ~nd methods 

2.1. Specimens collection 

Adult blowny specimens were collected from various regions of Thailand 
including Bangkok, Phitsanulok. Chiang-Maio Tak. Chumphon and Buri-Ram (Fig. I) 
using ny-trap method as previously described [9 J. Brieny. pork viscera were used as 
baits for trapping blownies in a large plastic bag for 24 h. Flies were anesthesized in 
a freezer at -20°C for I h and then identified morphologically under a 
stereomicroscope (SZX9. Olympus. Tokyo. Japan). by reference to the taxonomic 
key of Cross key and lane [101. The identified mes were stored in 70% ethanol and 
kept at 4 ·C until use. • 

• 

Fig. 1. Map ofThailand. showing the locations for collection of blowny specimens. 

22. DNA extraction 

Total DNA was prepared from thorax and legs of the ny specimens using QlAamp 
DNA Mini Kit (QlAGEN Inc.. Valencia. CAl following the manufacturer's instructions. 
The extracted ny DNA was eluted in 200 ....1of elution buffer and kept at -20 ·C for 
long term storage. The fraction of extracted DNA was spectrophotometrically 
quantitated and diluted to 50 ng/ ....I prior to PCR amplification step. 

2.3. PeR amplification 

Using the total DNA as a template. partial COl-COli region was amplified. Two 
oligonucleotide primers including forward primer (S'-CAGCTACTTTATGAGCTT­
TAGG-3') and reverse primer (5'-GAGACCATTACTTGCTTTCAGTCATCT-3') were 
designed following previous studies 13.7J. The amplification reaction was set up in a 
final volume of 25 ....1. containing 150 ng of extracted DNA. 0.4 ....M of each primer. 
2.5 mM of MgCI,. 2oo ....M of dNTPs and 1 unit ofTaq DNA polymerase (Invitrogen. 
Carlsbad CA. USA). The PCR reactions were performed in a GeneAmp PCR System 
2400 thermal cycler (Applied Biosystem. Foster city. CA. USA) using the condition as 
follows: the initial denaturation (94 'C for 3 min): the subsequent 5 cycles consisted 
of 94 ·C for 45 s. 56 · C for 45 sand 72 · C for 1.5 min: followed by 25 cycles of 94°C 
for 45 s. 60·C for 45 sand 72 · C for 1.5 min: and the final extension at 72 · C for 
10 min. Aliquots of the amplicons were detected on 1 % agarose gel electrophoresis. 

2.4. DNA sequencing and restriction patterns prediction 

In order to verify unique restriction sites for PCR-RFlP. the PCR products were 
purified from agarose gel by using a Perfectprep" Gel Cleanup kit (Eppendorf. 
Germany) following the manufacturer's instructions. Direct DNA sequencing was 
performed by using ABI PRISM f' BigDye™ Terminator Cycle Sequencing Ready 
Reaction kit (PerkinElmer Applied Biosystems Division. Foster City. CAl. Determi­
nation of the nucleotide sequences was performed and analyzed in both directions 
using the same forward and reverse primers used in PCR step to ensure that 
variations of nucleotide sequences were not due to sequencing errors. The reaction 
products were analyzed with an automated ABI PRISM''' ' 310 Genetic Analyzer 
(PerkinElmer. Foster City. CAl. The resulting sequences were used for prediction of 
species-specific restriction sites by using the NEBcutter V2.0 web-based program 
(available at http://tools.neb.com/NEBcutter2/index.php). From restriction predic­
tion data. two restriction endonucleases (TaqQI and Vspl) were chosen for 
restriction fragment length polymorphism (RFlP). 

2.5. RFLP 

The PCR products were digested in separate reaction with TaqQI and Vspl (New 
England Biolabs. Ipswich. USA). Reaction mixture was composed of approximate 
500 ng ofPCR product. 1 ....1of lOx appropriate buffer, 2 units of restriction enzyme 
and DNase-free water to final volume of 10 ....1. The mixture was incubated 
overnight at 65 'c and 37 · C for TaqQI and Vspl. respectively. The restriction 
products were electrophoresed through 6% native polyacrylamide gel electropho­
resis 6% gel concentration (T). 3.3% crosslinking (C). 1 x TBE buffer (89 mM Tris­
base. 89 mM Boric acid. 2 mM EDTA. pH 8.3). run at 100 V for 60 min [111, (ollowed 
by ethidium bromide staining and visualized on a Gel Doc EQ system (Bio-Rad. CA. 
USA), 

2.6, Sequence analysis and phylogenetic tree construction 

Nucleotide sequences were prepared and analyzed using Chromas lite version 
2.01 (http://www.technelysium,com.au)and BLAST search (http://www,ncbLnlm.­
gov/BLAST) for species identification. All partial nucleotide sequences of COl-COli 
genes obtained (rom this study were submitted to the GenBank database and 
assigned accession numbers as FJ 153258-FJ 153278. Sequences were aligned by 
using the Clustal W algorithm implemented in the BioEdit Sequence Alignment 
Editor v, 6.0.7 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Percentage of 
G+C contents and sequence identity matrix were also calculated using the BioEdit 
program. Phylogenetic tree based on the COl-COli sequences was constructed by 
neighbor-joining method using the Kimura's 2-parmeter model implemented in the 
MEGA ~ version 3,1 112 I and the tree was tested by 1000 bootstrap replicates. 
Bootstrapping values indicate percentage support for grouping by random 
resampling of the data. 

3. Results 

3.1. Amplification of mitochondrial CO/-COl/ genes 

Result obtained from PCR amplification and agarose gel 
electrophoresis revealed that total DNA extracted from thorax 
and legs of an adult fly was appropriate enough to serve as a 
template for amplification of mitochondrial COl-COli genes. The 
specific primers used in this study yielded the PeR-amplified 
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Fig. 2. The 6% native polyacrylamide gel shows different PCR-RFLP patterns ofCOI­
COli amplicons digested with two restriction endonucleases. From left to right as 
follows: undigested PCR products from C. megacephala. C. ruJifacies and L. cuprina. 
respectively (lanes 1-3); c. megacephala{faq"l (lane 4); C. ruftJacies{faq"l (lane 5); 
L. cuprina{faq"l (lane 6); c. megacephala/Vspl (lane 7); C. ruJifacies/Vspl (lane 8); L. 
cuprina/Vspl (lane 9). Lane M is 100 bp DNA standard marker. 

product of 1.3 kbp in length for all blowfly species tested as shown 
in Fig. 2. 

3.2. IdentiJication and distribution oJ blowfly species in Thai/and 

In this study, 20 blowflies were collected from 6 different 
regions of Thailand (Fig. 1) including Bangkok (Center), Chiang­
Mai, Tak, Phitsanulok (Northern), Buri-Ram (Eastern) and Chum­
phon (Southern). Based on the sequence analysis and BlJ\ST search 
of partial COl-COlI sequences (1200 bp in length), the blowflies 
could be classified into 3 species: C megacephala, C ruJiJacies and L. 
cuprina. These bioinformatics results were consistent with the• 
taxonomic key-based identification (data not shown). From the 20 
blowflies collected, 12 specimens (from all 6 regions ofThaiiand) 
were identified as C megacephala; 5 specimens were ofC ruJiJacies 
(isolated from Bangkok, Chiang-Mai and Phitsanulok), whereas the 
remaining 3 specimens (collected only in Chiang-Mai) were 
classified as L. cuprina (Table 1). 

Table 1 

Isolate code, sex, location and accession number of each blowny used in this study. 


Blowny species Sex Location Accession no. 

Chrysomya megacepha/a 
AOI ,; Tak FJI53258 
A02 9 Chiang-Mai FJI53259 
A03 0 Chiang-Mai FJI53260 
A04 ,; Chiang-Mai FJI53261 
A05 0 Chiang-Mai FJI53262 
A06 !j! Buri-Ram FJI53263 
A07 9 Buri-Ram FJ153264 
A08 9 Phitsanulok FJI53265 
A09 0 Phitsanulok FJI53266 
AIO 0 Chumphon FJI53267 
All 0 Chum phon FJI53268 
AI2 9 Bangkok FJI53269 

Chrysomya rujifacies 
BOI 9 Bangkok FJI53270 
B02 0 Bangkok FJI53271 
B03 9 Phitsanulok FJ153272 
B04 9 Chiang-Mai FJI53273 
805 ,; Chiang-Mai FJI53274 

Lucilia cuprina 
COl 9 Chiang-Mai FJI53275 
CO2 9 Chiang-Mai FJI53276 
C03 0 Chiang-Mai FJ153277 

Musca domeslica (Outgroup) 
DOl 0 Bangkok FJI53278 

3.3. Discrimination oJ blowfly species in Thailand based on PCR-RFLP 

According to the sequence analysis of partial COl-COIl genes, 
the restriction sites and suitable restriction enzymes were selected 
by using web-based bioinformatics program (NEBcutter V2.0). Two 
restriction enzymes (Taq"'l and Vspl) were used in separate 
reactions in order to generate distinct RFlP patterns and thus be 
applied for discrimination among different blowfly species. 
Digestion with Taq()(1 and Vspl yielded different RFlP patterns in 
each species as summarized in Table 2. The representative of 
restriction patterns for each species is shown in Fig. 2 . 

3.4. Sequences analysis and comparison 

Multiple-alignments of 20 partial mitochondrial COl-COli 
sequences were performed by using C1ustal W implemented in 
the BioEdit Sequence Alignment Editor version 6.0.7. Analysis of 
the mean G+C contents revealed slight differences between 
species, ranging from 28.95% (C megacephala), 28.26% (L cuprina) 
and 27.37% (C ruJiJacies). Sequence comparisons between the same 
species showed that percentage of sequence similarity ranged 
from 99.7 to 100 (mean 99.91%), 99.6 to 100 (mean 99.72%) and 
99.7 to 99.9 (mean 99.80%) for C megacephala, C rujiJacies and L 
cuprina, respectively. The result indicated that there was no 
significant divergence of partial mitochondrial COl-COli sequences 
within the same species isolated from different geographical 
regions in Thailand. On the other hand, sequence comparisons 
among different blowfly species revealed that percentage of 
sequence identity between C megacephala and C rujiJacies ranged 
from 93.0 to 93.3 (mean 93.18%), whereas Similarity between C 
megacephala and L. cuprina ranged from 60.0 to 60.2 (mean 60.04%) 
and that between C ruJiJacies and L cuprina ranged from 60.0 to 
60.3 (mean 60.13%). The interspecific sequence comparison 
indicated that the partial mitochondrial COl-COlI sequence 
provided effective data for discrimination among these three 
blowfly species in Thailand. Table 3 shows the identity matrix 
representing the similarity between each individual sequences. 

3.5. Phylogenetic analysis 

PhylogenetiC tree based on COl-COIl nucleotide sequences of 
blowflies from several worldwide geographical areas including 
available data from GenBank was constructed by neighbor­
joining (NJ) method with the Kimura's 2-parmeter model 
implemented in the MEGA"" version 3.1 and the tree were tested 
by 1 000 bootstrap replicates (Fig. 3). Musca domestica was used as 
the outgroup of the phylogenetic tree. According to the tree, all of 
the C megacephala isolates clustered together showing no 
Significant differentiation between different regions. C mega­
cepha/a and C ruJiJacies could be well separated although they 
belonged to the same genus, implying that the COl - COli sequence 
was useful for identification of these congeneric species. All of the 
C ruJiJacies isolates formed a single cluster with branches 
indicating minor nucleotide variations between the same species. 
L. cuprina was clearly separated from C megacephala and C 
ruJiJacies and all 3 isolates were clustered together. 

Table 2 

Comparative RFLP patterns among three blowny species. 


Blowny species Taq"l digestion Vspl digestion 

Chrysomya megacephala 30, III. 156, 264. 4,12,150,495 
307 and 456 bp and 553 bp 

Chrysomya ruJifacies 30,81, 186,264, 12,553 and 
307 and 456 bp 559bp 

Lucilia cuprina 30,81,86,177, 210,450 and 
188 and 762 bp 564bp 
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Table 1 

Identity matrix reveals the percentage of partial COl-COli sequence similarity between each isolate. 


A'11Code AOI A02 A03 A04 A05 A06 A07 A08 A09 AIO AI2 801 802 803 804 805 COl CO2 C03 

AOI 
A02 99.8 
A03 99.8 100 
A04 99.8 100 100 
A05 99.8 100 100 100 
A06 99.8 100 100 100 100 
A07 99.8 100 100 100 100 100 
A08 99.8 100 100 100 100 100 100 
A09 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 
AIO 99.8 100 100 100 100 100 100 100 99.9 
All 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.9 
AI2 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.9 99.8 
801 93.1 93.3 93.3 933 93.3 93.3 93.3 93.3 93.2 93.3 93 .2 93.2 
802 93.1 93.3 93.3 93.3 93.3 93.3 93.3 93.3 93.2 93.3 93 .2 93.2 99.8 
803 93 93.1 93.1 93.1 93.1 93.1 93.1 93.1 93 93.1 93 93 99.6 99.6 
804 93.1 93.3 93.3 93.3 93.3 93.3 93.3 93.3 93.2 93.3 93.2 93.2 99.8 100 99.6 
805 93 93.1 93.1 93.1 93.1 93.1 93.1 93.1 93 93.1 93 93 99.6 99.8 99.6 99.8 
COl 60.1 60 60 60 60 60 60 60 60 60 60.1 60 60 60.1 60.2 60.1 60.1 
CO2 60.2 60.1 60.1 60.1 60.1 60.1 60.1 60.1 60 60.1 60.2 60 60.1 60.2 60.3 60.2 60.2 99.9 
C03 60.1 60 60 60 60 60 60 60 60 60 60.1 60 60 60.1 60.2 60.1 60.1 99.7 99.8 
DOl 57.4 57.4 57.4 57.4 57.4 57.4 57.4 57.4 57.4 57.4 57.4 57.4 58.4 58.4 58.3 58.4 58.3 53.3 53.2 53.4 

A01-A12 , Chrysomya megacephala ; 801-805, Chrysomya rUfifacies; COl-COl, Luci/ia cuprina; DOl . Musca domestica. 

- AY909052 C.megacephale(Malllysia) 4 

AY909053 C.rnegeoephala(Malaya/a) 3 

AF295551 C~apua New Oui~) 

FJI53268 C.megacephala(Phitsanulok) A09 

AJ426041 C.megacephala(lndla) 

FJI53268 c.megacephaIa(Chumphon) All 

FJl53269 C.megacephaIa(Bangkok) A12 

65 FJl53260 C.megaoephala(Chlang..t.laI) /IIJ3 

FJl53259 C.megaceph8la(C~MaI) NJ2 

FJI53263 C.megaoaphala(Buri-Ram) A06 

99 FJ 153265 C.megaoephaIll(PhilsanUlok) A08 

r-----------------I FJI53262 C.megacephala(Chiang-MaI) A05 

FJI53261 C.megacephalll(Chlanll"MBI) M4 

62 FJI53267 C.megacephaIll(Chumphon) Al0 

FJ153264 C.megacepheIll(BurI-Ram) N17-
- FJl53258 C.megaoephala(T"') AOI 

AF083658 C.ruflfacles(FIorida) 'IAY909054 C.rufifacies(Maleyaia) 3 

'------------99-1 ~AY909055 C.ruftfadee(t.Ialayaia) 5 ,! 

! FJI53271 C.rutifacles(Bangkok) 802U 

I 

89 1 FJI53273 C.ruflfacles(Chillng·Mal) B04 

I r FJl53274 C.ruftfades(Chlang-Mal) 80S 

83 '-- FJl53272 C.ruI1facIe6(PhIaanulok) BOO 

FJ 153210 C.I\Iflades(Bangkok) 801 

99 IAJ417107 L.wprina(Perth) Perth 1995 
r------j 

AJ417710 L.wprina(TownsvIle) TownsvUIa 1994'--------------4y 2 AJ417704 L.cupr'nB(Hawal) Honolulu 1998
99 AJ417705 L.wprina(Hawalil Waianae 1994 

99 FJl53275 L.cupr1M(Chlang-Mal) COl 

fJl53276 L.cuprtna(ChIang-MaI) CO2 

'- FJI53277 L.cupMa(Chianll-MaQ COO 

'------------------------ FJl53278 M.dornestIce(Bangkok)oulgroup 

0.01 

Fig. 3. The neighbor-joining tree using Kimura's 2-parameter model illustrating phylogenetic relationships among three blowOy species and one houseOy outgroup, based on 
the COl-COli nucleotide sequences data. 

4. 	Discussion megacephala (96.3%) represented the majority of all species 
whereas C. rufifacies (0.2%) was rarely captured by this trapping 

In accordance with previous reports [13-15). c. megacephala is method. A possible explanation for their abundance is their 
the most common blowfly species and more easily captured than capacity to utilize a wide range or ecological niches throughout 
other species, throughoutThailand. Boonchu et al. (9) found that C. Thailand. Additionally, each blowfly species may be differentially 
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attracted by the baits used. Sukontason et al. [81 reported that only 
L cuprina. not L sericata. was found in forensic cases in Thailand 
and. to our knowledge. L sericata. the sister species of L cuprina. 
has never yet been reported in forensic entomology cases in 
Thailand. 

Although PCR-RFLP used to be a preferred method for 
polymorphism demonstration. this method has some problems 
since restriction sites can mutate or get lost despite no 
morphological change. In addition. some authors state that 
identification by this strategy will be accurate when enough 
samples of overall flies in the taxa are done as reference profiles 
[16.171. However. RFlP serves some advantages for forensic 
personnel. by partly assisting in the exclusion of some fly species 
and for screening purposes. 

In this study. we demonstrated the value of PCR-RFlP in 
differentiating three blowfly species. C. megacephala. C. rufifacies 
and L cuprina. The 6% native polyacrylamide gel showed good 
resolution for discriminating two small fragments (81 and 
86 bp) for L cuprina by Taq"l digestion. On the other hand. Vspl 
digestion provided two larger fragments (653 and 659 bp) 
overlapping like a single band on the gel. for C. rufifacies. Vspl 
also demonstrated different profiles between C. megacephala and 
L cuprina. Very small fragments «50 bp) often disappear in 
Fig. 2 due to low ethidium bromide fluorescence intensity and 
possible diffusion during electrophoresis. All samples after 
digestion by Taq"l and Vspl showed similar restriction profiles 
within same species (data not shown). This result showed that 
intraspecific polymorphism was not observed here by RFlP. 
Ethidium bromide-stained polyacrylamide gel techniques dem­
onstrate that the different species-specific restriction profiles 
are suitable to apply in routine forensic laboratory tests. 
Although the PCR-RFlP can differentiate these three blowfly 
species. fly specimens collected from the death scene could be of 
other closely related species /16-181. a situation which could 
potentially lead to misidentification errors. 

To distinguish sister species more effectively. phylogenetic 
analysis has been widely employed [16-191. From Fig. 3. 
maximum parsimony phylogeny constructed from global data 
(available in GenBank) reveals reciprocal monophyly between 
species. Table 3 also shows that intraspecific variation was just 
detected -:;0.3% for C. megacephala. -:;0.4% for C. rufiJacies and 
-:;0.3% for L cuprina. supporting monophyletic pattern. However. 
Wells et al. [16-181 have emphasized the importance of using a 
broad enough genetic database of all relevant species as an 
essential key for accurate species identification by phylogenetic 
analysis of COl sequence. In addition. phylogenies based on 
different test loci may be discordant. Stevens et al. [191 found 
that phylogenies constructed from worldwide L cuprina and L 
sericata were para phyletic using COl but each monophyletic for 
28S ribosomal RNA gene. Therefore. the pitfalls of this study are 
small sample size and lack of genetic database of close relatives 
at different test loci for validating the methods. However. the 
current study successfully demonstrates not only the applica­
tion of mitochondrial cytochrome oxidase genes for species 
identification. but also provides phylogenetic information for 
these common forensically important blowflies from several 
geographical areas of Thailand. 
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