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Problem/Background : Estimation of postmortem interval (PMI) is essential for supporting
justice especially in legal cases. At early stage of death, the PMI
can be evaluated using data from physical changes of the
corpses. In case of the corpses that have died more than
48 hours, the physical change may be less accurate for
prediction. The species identification of blowflies, early found
on corpses, as well as the specific developmental stage are
required for PMI estimation. However, it is not yet practical for
morphological identification. To surpass these problems, DNA-

based identification is preferentially applied.
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Objective : To demonstrate the application of the second internal transcribed
spacer (ITS2) region and the NADH dehydrogenase subunit

5 (ND5) gene for differentiation of forensically important blowflies

in Thailand.

Design : Descriptive study

Setting : Department of Parasitology, Faculty of Medicine, Chulalongkorn
University

Methods : Thirty-one samples of blowflies DNA from previous study were

amplified for ITS2 and NDS5 regions via PCR technique. Then,
the PCR products were cloned using the pGEM ®_T vector and
transformed into Escherichia coli strain DH50¢ competent cell.
Three clones were sequenced from each sample. The DNA
sequences were compared with GenBank database. For PCR-
RFLP analysis, the PCR products for ITS2 and ND5 were
separately digested with restriction endonucleases Dral and
Vspl for ND5 gene, respectively. Also, phylogenetic tree was
constructed by neighbor-joining method.

Results : Sequencing reactions revealed that PCR yielded the ITS2 product
size of approximately 400 bp and the ND5 product size of
437 bp. Results from PCR-RFLP analysis could separate blowflies
into 4 patterns. Additionally, sequence analysis showed no
significant intraspecific divergence in the same species.
Phylogenetic analysis by neighbor-joining (NJ) method indicated
the close relationship among them.

Conclusions : These molecular methods serve as the promising tools for
molecular identification of these common blowfly species

especially in case of morphological difficulties.

Keywords : Blow flies, ITS2, ND5, PCR-RFLP.
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nsdnunrdaunasiuidernfinnudragnieiaiginelulssnalnelagande
ﬂaa‘dlamiﬁ'uqnﬁuu%wm second internal transcribed spacer 2849 ribosomal DNA

waz@u NADH dehydrogenase subunit 5. IRIAINTULIYAT 2555 H.A. - N.W.; 56(1):
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Adueaniuniuasnnilnainia lmieun Joynisinand
Ansanduiondle varesaisuiesins second internal transcribed
spacer (ITS2) uazEy NADH dehydrogenase subunit 5 (ND5) iie
nrunTinrasuuasiuiadaanarAny ludssmalng
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2 AIAITILIRAINGT AUSUNNEIAIANT IWIANNTEUNNIINL 1AL
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me’islfﬂuwmgmmdﬁmumﬁm@ Escherichia coli mz/w”ug DH5x
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WreuneuiugIuyeya GenBank wenaIndeNyIn12ANIA9E
WAllA PCR-RFLP TazmAeneulausinannie Dral a195uaanan
WaR7UTI0d 1TS2 wazieulausiananmiy Vspl @1v5uLFioaiély ND5

UASYININITAUATIEIULNUYAFTINIIN9IREAE neighbor-joining
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Nan157398e : NANTTYIAIALHIAA TR INANLAILTnY ITS2 Juumlsznd 400 bp
UAZAIUIBNEN ND5 911 437 bp HAN173AT1EY PCR-RFLP #1417
uunauuanaNla 4 giluuy nisamsieuaisuidonala naves
wuasiuiadea luwuaruuanawne lusidadeaiue s WluaAtY
UAZAINNITUATIEUAEANHUEN WNAIAMUINITAILAE neighbor-joining
UaaN A NANTUS INaTAN NAETIMUINITIENINTBAUNAN T
aa o a ° & & ° a

a5y : An1envangTaaneianrnuin lraTuarevide lun1sauunain

o o o Yorg a a "o ~ay !
wNadTuiudea lnee el use@nsnin unuen Tneiawaslunsali lu

mmim"ﬁLLunmoﬂ@”nymmwﬁmgﬁu?wm

AR : WNANTUIAGE9, ITS2, ND5, PCR-RFLP.
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wazfiu NADH dehydrogenase subunit 5
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nirTusINaRnaefadeine1ed® Geealung
NYNABIUBLAUNBIZUZIIAMAINTANBANNTY
fifNnanen (Forensic Entomology) tiw@n
o ¥ A v
a1 lgaeyan1edainanvesunasunls  iwenay
tynengusnalasfumunnlunisigauwnneaaency
B NNI92YITULIAMAINTTANY B9 TuANaLlsimATiy
= = o ' ¢ ! o o
fnnsAnwiuesanaemang aululssmalnedad
' o A = 'd oo Y da o = ' g
Tunnntin AiveslufaBmitiuninisiunnonlauuss
Tunsduaou WunsAnwatinunasinuainginaAn
TRAVDIUNAINAIUTUIBLNTIZEZ0AINIAN TR
Anla  Wesannszuounisudesaesanazingg
dl :j/ a A (3-5) dl
wasuulasiamaedl @anan uaznianin® ? Gaay
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ANN1TDAMNFIRaUI T RLNAITdAle Usznauniy

v v
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=3 a A dla dl * [ % ! (7)
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uAsaafeilidunisdnenansuiionalelna
2095L1LLFII0U second internal transcribed spacer
(ITS2) 4848114 ribosomal RNA (rRNA gene, rDNA)
uazEl NADH dehydrogenase subunit 5 (ND5) Tag
a7AzmAlA Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP) 9url
N1TIATIETUANLANAUTNNITMUINIT (phylogenetic
tree) ANTIALLNTRALRILNAI TN d Ayl

szinalne

A8N15ANEN
=S a o 3 dy =S a
NNFANEIAA 8 ATIR WA TANTLTINTTOUUN
T deilnlai 08197 18 ULeIRILNAIT WAL 819
uTomane 7 ludsznalng Ae ngamnumniuag
fiwnylan @ealus AN uasgung Auaw 31 Aaeena

1 v v
ANIUARNAUNLNT ©

maiNawILREwanewmAilA Polymerase Chain
Reaction (PCR)

WuduneunsifiuBunafifueeses e
falunsdnmaseil lolwiwes 2 g0 Taagadi 1 &
ANAHLANIZIANzaLiULlane 3 189 5.8S rRNA gene
uwar 5 1849 28S rRNA gene Lﬁ@mi@uﬁqudﬁﬁu
fiamalalnaLiians second internal transcribed spacer
(ITS2) 124 rRNA gene'"” équqmﬁ 2 AIDLAQNATSL
fanalelnaunsgauaesiin NADH dehydrogenase
subunit 5 (ND5) 284 mtDNA “”(ﬁlﬁﬁ"k‘ﬁﬁl 1)

Ufjnsen PCR dsznaumas 10X Taq buffer
LFN0 2 W, 2 mM dNTP 133070 2 wl, 25mM MgCl,
3104 2 Wul, 10 mM forward Wag reverse primer, Taq
DNA polymerase; Invitrogen® (5U/u) UFund 0.2 Wl
DNA template (200 ng/ul) H3uns 1 Wl waziAx
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No. Name Sequences (5' -3') Expected Reference
PCR Products
(bp)
1 ITS2 F TGCTTGGACTACATATGGTTGA 400 Song et al., 2008
ITS2 R GTAGTCCCATATGAGTTGAGGTT
2 ND5 (a) CCAAAATATTCWGATCAHCCYTG 437 Zehner et al., 2004
ND5 (r) GGATTAACTGTTTGTTATWCTTT

ddH_ O aulat3unmssan 20 u gAnsunszuaung
PCR (337l DNA denaturation step 1unan 5 w9
ANuAAEl 35 281184 denaturation step Lwaan 45
217 annealing step 1waan 45 3UN7 UAZ extension
step 45 FUN LL@Z@‘LIG;JQ?J final extension step
anan 10 widt tnelmiedes GeneAmp 2400 PCR

Thermal Cycler (Applied Biosystems®, USA) wazin

P4

ﬂ’]ﬁ‘ﬁ]?’]‘ﬂ@ﬂﬂﬂ]uqﬂ@LﬂuL‘ﬂV]iﬁ@'mmﬂuﬂW“ﬁ‘ﬂ%‘ﬁfJﬂ

1% agarose gel electrophoresis

nsasanaaiaflauegnRANLaz e lauINg
ULAdLEe
o A Ao A a = a ' o
UNHANAAN TR N UTANT N aumai L
Mauenvztiin pGEM®-T easy (Promega, USA)
Iae1l Rapid DNA ligation kit (Promega) TPEvIIRNN
TUROUA LTy NAALUTYE wazinisnnalen
a a & dl ¥ aaa
(transform) WaARARALEULIEYNNANT IAa U AzeN
L%ummmﬁ@mﬁﬂﬂuﬁmumLﬁnm Escherichia coli
mawuﬁ DH50L WALLA BaLTaa 7 B uN19n 8 loy
‘WmmmmL@uL@@Jﬂmmuuumumﬁm@mﬂizﬂ@um&
Luria-Bertani (LB) agar, 100 pg/mL ampicillin,
100 mM IPTG way 50 ug/mL X-Gal (blue/white

screening) Unauni3aT 37 °C Whinan 16 alu

nsananlalatiALaulagaNaN (positive clone

selection)

lawmaila colony PCR lunismsnaaay
PP ' Al A ow ) ¥
Naad AR BegNNANIIHT uALE UL aulande
primer NAUNZAALTIANL ITS2 LAz uaesiiu ND5
o ' - X dy p PR pip
sana1n  leededenlalnadenianislnladinidann
Weidunuuuueesjisen PCR uni DNA template

wazl1nszuqunng PCR muﬁﬂmqmn@wm ANNTU

1 Y v

ATIRAALIUIATBILANAAT LAY 1% agarose gel
electrophoresis ¥ lAaun N’]uﬂﬁ’j‘ﬁlifl‘ﬂ@'ﬂULLgQ’M
73 uaoufui auland aeluannsivan LB A4
ampicillin 100 pg/ml ‘]_llu‘ﬁl 37°C, 200 ﬁ?m_lmlfmmﬁ
dunan 16 Fals amiuinnnsaiananaiaidue

gnuaNAETAATANAIANARLEUE QIA Spin Miniprep
Kit (QIAGEN)

NSUAIALRIAALA INALAZNISAATITURA

o o o a al " a a @ dl

NN1IUIAIALTRIAR I A LTI A LB ULET
aulalunaradinfiduiegnuaninegls ABI PRISM
BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit (Perkin-Elmer Applied Biosystems
Division, Foster City, CA) Toela T7 promotor primer
WAL SP6 promotor primer Lﬂuprimer AIUFUNI
° o a = T o a T o o a = <
aduiianatealng vn1simszuansuilaealelneg
lamaqelilsunsy BioEdit wax ClustalX wazilFeuiiay
fuansufisndlelnalugiuaeys GenBank nqe
T1sungN BLAST N (Basic Local Alignment Search
Tool)
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NNFAATIZUANHNUAINUANEAILLNATIA PCR-RFLP

LA UUANANTBIAN LT LA IR
AEwemEmATiA PCR-RFLP Tnsitintanan PCR 104
LA ULA A TTIANYANN IR A A Lo T AR Y
Dral dwsuiidom ITS2 uazievlaufnsniniy Vspl
AMFULFEY ND5 ‘Emﬂﬁ'}mu%umuﬁu?ﬁﬁwémﬁm
LLuxﬁ’]LLﬂ?.:mifmmu;w 8 % native polyacrylamide

gel electrophoresis (PAGE)

N5AATIZUAMNFNNUENIIIRUINNG
(Phylogenetic tree analysis)

e 1

o ¥ ° o a a = =
u’]ﬂl@ﬂ;ll@@ﬁﬂﬂuf)ﬂﬂtﬂiﬂﬂﬂB\I'Wuﬂ’]i‘L‘]_]iEI‘LI

100 bp

1A

WeuAnswmilen (multiple alignments) paeililsunsy
ClustalX mm;mmuqﬁﬁff B1INT (phylogenetic tree)
patlilaunsy MEGA 4.1 (beta 3) wuu Neighbor-
Joining method TnenadaUANNUTadan saia

A% bootstrap test A1147% 1,000 98U

NAN15238

nansialnaduiuniml fizenfidans

(polymerase chain reaction; PCR)
anmsfinenlnglgmadia PCR Thisians ITS2

LAYAILTREL ND5 TAHARER PCR Fiaunatlszanny

400 bp WAz 437 bp ANAAL (JUA1A uaz 3171 1B)

100 bp

1B

gﬂﬁ 1A AT 1B. WAASKANAR PCR 13904 ITS2 (1A) uay ND5 (1B) annsasnauladduindanluwnazaiialag Lane
L A2 100 bp DNA Ladder, Lane N An negative control UWae Lane 7 1-6 A" WAKAR PCR U3La04

ITS2 209/ 2981MuNATUNAITaqa8lin Chrysomya megacephala, Chrysomya bezziana,

Chrysomya rufifacies, Chrysomya albiceps, Lucilia cuprina W8y Lucilia sericata ANNANAL

(TILANAR PCR HULNAMNIAUANAFIDLTINNA 31 Faaena)

AN5197 2. TNATUALE AN HIUNIFARAR AUl aNARaNI

Blowfly species

ITS2 digested with Dral

ND5 digested with Vspl

Chrysomya megacephala Undigested
Chrysomya bezziana
Chrysomya rufifacies
Chrysomya albiceps
Lucilia cuprina

Lucilia sericata

188 az 165 bp
125,122 Uaz 65, 63 bp
125,122 UAaz 65, 63 bp
217,96, 56 Uaz 22 bp
217,96, 56 Uaz 22 bp

205, 126, 56, 39 LAz 11 bp
313 uaz 124 bp

370 uaz 67 bp

370 uaz 67 bp

244,126 UaY 67 bp
244,126 UaY 67 bp
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HANNSIATITMAINUAINANEAIZINATA PCR-
RFLP

L0l 1TS2 Aamasiawlasfasnmig Dral
LAZAYL8dEY ND5 Faaatienlasfasnmig Vspl
(gﬂ‘ﬁ 2A A gﬂﬁ' 2B) msaadaumat 8 % native

polyacrylamide gel electrophoresis (PAGE)

NAILASIZEUAIAUNIAA LD LNABASANNANNUS

N9AIVRIUINIG

ihnanalnAduegnuanasutonalelne

wazyinnsFuifisusauiianalelnadilaainnis
AniSions ITS2 wazaausesiiu ND5 ﬁugm%mg@
GenBank Thasfielanaumunis (ANTT 3 Uz 4)
ey asduianalelnainm ITS2 wavdauzesiy
ND5 ﬁﬁmmgmmuqﬁﬁimmﬂﬁ (phylogenetic tree)
G:QF;I Neighbor-Joining method (g‘]ﬁl‘ 3 LL@&;‘]J‘?II 4)
TN
BseiiTunsAnE AN umananenIa

arewugaesunaviwiadaslulsemealng Taavin

300 b
- 200 bp

150 b
. 100 bp
. TEER

B0 bp

2A
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= 6 o a o g A '
AsAnEansuiaaalanavesndwe luaqy second
internal transcribed spacer (ITS2) 24849 rDNA LAy
NADH dehydrogenase subunit 5 183 mtDNA /1N
ATANUTUNAERLELTI0 ITS2 289Ul asTUTLTENn
79 6 adTd posmellaNdenslalngues ITS2 F ua
ITs2 R™ dsnguoumduennzuiafilszanulone
400 bp A9gUN 1A Feguasuilamisniiaauaule
elnglnnaiaNdans? aurnree PCR products
nlasennaesiuaayasdudondlalnatdinn 1TS2

a aaa ' = No o oa A <
1AINTIANQUUNASTIaTHaALUTaAaTa lnaLsying
200 - 400 bp ¥ uazuanisunaisuilanalalng
1310 ITS2 Tmamﬂﬁ@ummm@umwwy pGEM®-T
easy ﬂuﬂummnwmmqumﬂmmuﬁwmm? A%
InedLTinnalelABILA 360 - 391 bp aUNNsIY
NN UALE e8NS T U T B9 LT I AU B e
ND5 Usngunufidue1uintlszuins 440 bp A3

a = = o ¥ 6 o a g
717 1B delnamasiuneyaanduilanalenanaaas

284 Zehner kazAni!” uazainnislaauiangurnines
pGEM®-T easy wazvinismansuiapalelnalvuna

anpasuianale mamiulunnaildane 437 bp

00 bp
300 bp
150

100 be m:
™
F=1 ]

2B

51171 2A uaz 2B. uamsgLliuL PCR-RFLP 994HaNAR PCR 1F1004 ITS2 RenunisdnmeienlanDral (2A) UAHAHAR
PCR 131904 ND5 fenunisimmqeiaulan Vspl (2B) Tagl Lane L1 Aa 100 bp DNA Ladder, Lane L2
A8 25 bp DNA Ladder uaz Lane #1 1-6 Af naudm PCR 13iand ITS2 An1unisfandaiaulan

FAANIZRIARR 8 LN AT UNASTAeaTTin Chrysomya megacephala, Chrysomya bezziana,

Chrysomya rufifacies, Chrysomya albiceps, Lucilia cuprina W% Lucilia sericata ANANAL
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ANS9% 3. LaAY % identity I0saAUTaAATe INALEAM ITS ﬁigqmmsﬁﬂmﬁugmgmﬂ@ GenBank
Blowfly species Number of GenBank record or previously published ITS2
specimen Accession number % Identity Reference

Chrysomya megacephala 16 EF560175.1 99% Marinho M.AT., Junqueira
A.C.M. and Azeredo-Espin
AM.L.,2007

Chrysomya rufifacies 6 EF560177.1 99% Marinho M.AT., Junqueira
A.C.M. and Azeredo-Espin
AM.L.,2007

Chrysomya albiceps 3 EF560172.1 97% Marinho M.AT., Junqueira
A.C.M. and Azeredo-Espin
AM.L.,2007

Chrysomya bezziana 1 EF560174.1 83% Marinho M.AT., Junqueira
A.C.M. and Azeredo-Espin
AM.L.,2007

Lucilia cuprina 4 EF560185.1 99% Marinho M.AT., Junqueira
A.C.M. and Azeredo-Espin
AM.L.,2007

Lucilia sericata 1 EF560187.1 91% Marinho M.AT., Junqueira

A.C.M. and Azeredo-Espin
AM.L.,2007

A15197 4. WARY % identity 783aALTaARTe IMALFaMEL ND5 RlaaannisAnsniugauaesa GenBank

Blowfly species Number of GenBank record or previously published ND5
specimen Accession number % Identity Reference
Chrysomya megacephala 16 FJ614869.1 99% Zaidi F. and Chen X.-X., 2009
Chrysomya rufifacies 6 EU661319.1 100% Yang J.B., Wang J.F. and
Chen Y.C.,2008

Chrysomya albiceps 3 EU661319.1 99% Yang J.B., Wang J.F. and
(Chrysomya Chen Y.C.,2008
rufifacies)

Chrysomya bezziana 1 FJ614872.1 99% Zaidi F. and Chen X.-X., 2009
(Hemipyrellia
ligurriens)

Lucilia cuprina 4 FJ614876.1 99% (Lucilia Zaidi F. and Chen X.-X., 2009
sericata)

Lucilia sericata 1 FJ614876.1 98% Zaidi F. and Chen X.-X., 2009
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A133LAFIZUAIGURAA LD INATAILNAITY
o o ~ A ¥ ! °
Wodealuiin 1TS2 wag ND5 7 lanwuaiuiniiun
nunananisfnnoetaulananwizine lallsunsu
NEB Cutter wuawauwlan Dral waz Vspl mINasL
¢ lAU1NATD9TU DNA ATNANT NN 2 LaZLianInIg
v N o = o o 4 ~ T
FREIR 2 SUANNLNAITUIEENY 6 ATTR LavLana
stluuiy RFLP Aananqli 8 % native polyacrylamide
gel electrophoresis lAANHUTAGLIT 2A FruFutiy
ITS2 Ninnaeiaulay Dral wazgii 2B §miutiu ND5
Admaoeewlin Vspl AMNA1AL T940AAARSALNA

Agwatasalallsunsn NEB cutter mAila PCR-

Chula Med J

RFLP MAAAINN17ANAN1ILALE1Lea1T904 ITS2 WAd
FanaeaulaNd AT Dral WAZANTLA NA1UIY
P ! ~ Yo ¥ e o
ALEUR42ULR9EY ND5 wadsnmqeeulalfnawie
Vspl Ingiluuunanmnzaausaduind@an Chrysomya
megacephala Wax Chrysomya bezziana TF9g1NNT
o o o = 4 = = =~
UBNUNAITUIIE e 2 aTT4 andn 4 adda waz
gduwuuanmazne Chrysomya rufifacies i
Chrysomya albiceps (Tluanunsauen 2 addsilng
PCR-RFLP mqein3fintasawlaniia 2 1a) waz Lucilia
cuprina iU Lucilia sericata (@alug@nunsauen 2 ad3s

#ilmel PCR-RFLP aneinnsiinlmenaulaaiia 2 1a)

W02 megacephatalCheang-Mai )
p— LADE-C magacophalaChiang-Mai)
W1E-C megacephataBangkaok )
W12-C megacephaladChurmphon)
ADT7-C. megacephalal Tak)
WAQS-Cmegacephetal Cheang-Mai)

b= WADB-C. megacephala{Tak)

45| LADS-C. megacephata(Tak)

003038

onse LADA-C megac ephaind Cheang-Mai)

A13.C megacephalaPhits anulok)
1A14-C megacephalaiPhits.anulok )
IA11-C. magacephataChumphon)
W10-C. magacephalal Chumphon)
WA03-C megacephatal Cheang-Mai )
WA04-C. megacephalal Cheang-hal ]
W15-C megacephakal P hesanulok )
IB05-C.nufifacios(Philsanulok )

1203-C. albiceps|Chiang-Mai)
IB01-C.nufifacies{Chiang-ai)
IB02-C.nufifcies|{Chiong-Mai)

Qs

ICO2-C albicops|Chinng-bs |
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