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DNA- Based Identification of Necrophagous Fly Species Using
HE Abdominal-B (Abd-B) Homeobox Sequence

Hu Guo Piao, Ukhee Chung, Shang Eon Shin, Kwang Soo Ko, Juck-Joon Hwang
Department of Forensic Medicine, Korea University College of Medicine, Seoul, Korea

In medicolegal investigations, correct identification of the necrophagous fly species
collected around and on the corpse is an essential step for estimating the postmortem
interval (PMI). Therefore, forensic pathologists and entomologists investigating deaths
due to violent crimes need a rapid, easy-to-use protocol to identify fly species found
on corpses. A rapid and robust DNA-based tool that can distinguish between various
immature and mature species from the Calliphoridae, Muscidae, and Sarcophagidae
families would be ideal for such investigations. To date, the DNA barcode initiative is
the best approach for identifying species-specific nucleotide sequences. We have
developed 3 sequence-characterized amplified region (SCAR)-based identification
systems derived from the Abdominal-B homeobox sequences of 17 fly species
belonging to the Muscidae and Sarcophagidae. The flies used in this study were col-
lected in Korea. These assay systems can classify 17 forensically important fly
[ species into the dipteran family group and reliably distinguish them from inter- and
intraspecific fly species through a 2-step multiplex PCR. This novel approach may
also be used as an alternative to conventional DNA-based identification methods.

necrophagous fly, Abdominal-B, identification, postmortem interval
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X} T oy gt Aol
Sukontason 5?3 Mendonca 592 FAF#
(scanning electron microscopy, SEM)& ©]-&3&}o] 7
7} (Diptera: Calliphoridae) ¢l 3@sk= vlAd < 71419 55
Jatoithal Baskgl o o] Begh njAd<r JHA ] FEEhA
TAAE e R stEE Y OV] ol A 0 7 0]43}7]
T A7l wpEhA B AT AbES TAET Y &
J ¥ (DNA—based species identification) = A|¢+a}31 1
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nEZ=gol AAEAE C 43} & 4 (mitochondrial
cytochrome c¢ oxidase subunit I, CO 1) §-AF= o] -3} A] 2]
3 9Hg1e] F sl Bt AT Wol Ry H ek 1y
u]E:VEE]o}. DNA= 1:17_-”31:]- o Xﬂﬂl—— E_/H HHE—oﬂ x]ﬁ.fﬂ—
Ao 72 FTol £3}3}Fe] incomplete lineage sortings H.o|&=

ZAA Q] F (sister species) ©)H ©]F 7 F (hybrid) &) 7
Folli= o] & bEAY AT E e A E dgs] 1t
oFety] of k= Algto] Gt 0 mebA] AFAbES B T
Az viAE 7] A% ATE ARl AR Tl
Chrysomya (Diptera: Calliphoridae) 44 2nd ribosomal
internal transcribed spacer (ITS2) T+ ribosomal DNA
(rDNA) 5] & DNAE o] &3k k2] £ w7 #3 A+
7} Hhig,]o%r,]_ 11,12)

o]9} Zro] & DNAE o] g3t A2 989 & F4 5
FsAdol 1o obd7kA] & DNAE o] 8-3to] dharolA
B Al B9 S s s o7 flSlaL, HekrAke]
oA A2 FHe o] theFst Foll st F 5ol Algsl

glof g FAo|B7 E AFoA = MEE H DNAE ©]

AR wAE ekt skoi

A &= (53], 23 ollA 4] 34 (homeotic gene)
= wjo} WA A HEA (segmental identity) & ZAdH=
Qs FAAEA, 2FolA Bz A §AA = Labial
(Lab), Proboscipedia (Pb), Deformed (Dfd), Sexcombs
reduced (Scr), Antennapedia (Antp), Ultrabithorax (Ubx),
Abdominal A (Abd—A), Abdominal B (Abd—B), Hox 3
(Zen, 72, Bicoid), fuzitarazu (Ftz) 5©] QItE* o] §-44&
2 43734 (homeobox)' 2Hal 3= Z1g}4 07 2 R Ex
of = 180718 9715 Edtstar qlom, o] 17| de] 23]
60712 ot =4ko 2 3% homeo domain®] EA| S, ©]
HF-9le 22 & Btohl et A& T2 FolX & Ads] Akt
A7NMLGE 27wl &L 2sketA Aol wol o] &y
a1 Qlth 71 Tl Abd—Bi= ool g TJr?ﬂ of| A 10— 14 B
A Aol Fojsl= FARRA 11 7)5S AASA

Ado] FHAEAH BFsh=, o} ol ]”éxiod A=
Z et} 23h2] o] Abd—B -4+ Exon 72 Exon 84}
olof] Tl Q& shef] FoJ3}A] ¢4i= intron A71AGe] EA)
sz Ao Z A A 9l o]l intron?] EAE AR THE F
7t 97144 wol 9 Ao]t}E A (sequence and length
polymorphism)= UEPE 2102 odAte g £ 24 np7 s
Mak=dl, Abd—B FA2+e] VA dAkel 1 5 $1714
A& o] gkt skqirt

I, & R A4 49 £8 S0

5

ot

ofo O > A%
m&rﬁ:mﬁ%nrﬁw_

er:l—rL
i, oE j}ﬂ E]Il Y3t s JJrE] *lﬂc’ﬂ DNA ‘?3 W%ﬂ
| S Qd?ﬁ—ﬁrl 5374 & o] gsto] A2 e =]

Abdominal—B (Abd—B) &g &4 Xt H7IMLE g

T HEsH AT 4 e A Y] =2 F 50]4 DNA
A2} A A (species—specific DNA marker system) <!

sequence characterized amplified polymorphic regions
(SCARs) = 7Hekatarat aFict.

1. o2| 2HE % DNA &

E78 HAE o

yHAhﬂ(ﬁg:]q]zﬂ-ﬁ l-:;(]%%xl
Az] 20054), 29} #H| 9] 1HS o]
olyfEr wd 2006\) ol A TJH
HE grofe = AJAA T F

R, st H“ﬂd o Xﬂ
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(20084, 2009) ol = A
e FA] sl & EuaE 71del ‘ﬂoLx] 0}01 }l.:]'—/\o]‘
st AR A7) Fits foldA wro R & Ty Kol
E5 AYs F 95% e L Ts S Yo nAssicth &
ot} % AHE AHyE 7HZ]—E€% F@7)oll A =218 3+ At
S5 FHA ARSIl AL, ofeloll A AFE S g ol st
o= Aeagith AT gl 25wt A
T7}oﬂﬂl FENeH] &2 o= skt (Table 1).

Zo] ghelx ulg]= 2.0 ml Eppendorf tubeol] @1l
ﬁ:i 58 3% WEAIZl & SKMILL-200 (Tokken Inc,
Chiba, Japan)& ©]-&3to] o2& Fstltt € ez
Ao 2 HE QIAamp® DNA Mini kit (QIAGEN, Hilden,
Germany) & ©]&3Fo] A ZA} XAl A (manufacturer’ s
instruction)®] w2 DNAE F &3 $, DU650
spectrophotometer (Beckman, VA, USA) £ o] &3} 5%
= S4skqleh

ok
e
)

ERE

FO|

—

2. Abd-B &I HIIME

ok

A7 vk, Huke|at, Flste] el adE= A2 Tk 31
S (199704 ©] Abd—B 3/3473kst 1 R A7 9 e
Z23}7] 918 NCBI GeneBankell 5% %3] (Drosophila
melanogaster, NM_206498.1), A= 5=7] (Schistocerca
gregaria, X69161.1), AA®E=S A A (Triboliumca—
staneum NM_001039430.1), - ] (Bombyx mori,
NM_00146228.1) 2] Abd—B F+3AF2] A 719} 1 51
A7 d 3 otu Ak ESs F 53¢ &, Chromas Pro
DNAStar X2 7135 AR5} Codon degeneracy’} S+ &
s 971449 FES AEdE F Primer 35 ©] &3t
degenerate primerg A|&-38FSItE A 2H¥ forward primeri=
5 —GLHEW—-3' ¢ ojn| At Aol Z£738k] 5" ~GGN YTN
CAY GAR TGG AC—3’9]a, reverse primers 5 —

me| Zol =8 /5

0| 8et A4



DLP.QH-3" (") F43%) < opv]mAt A el 7 5}o]
5 =TT RTC NAY NGG TCA YTG RTG-3" o] 4},
Degenerate PCR9| HE5-8912 7} 7S E3lslo] HF5 T
7} 1x Gold buffer (Applied Biosystems, Foster, CA, USA),
2.5 mM Gold MgCl, (Applied Biosystems), 0.2 mM dNTPs
(Finnzymes, Espoo, Finland), 0.1 M primers, 0.2 unit
AmpliTaqg Gold™ polymerase (Applied Biosystems), 20 ng
% DNAE sl o9l T/FT5 ket HF +
& 10 w7t H25 s3ith SEN-2 94 CollA 583 4
A2 st 7, 94°Col A 30%, 42ColA 15, 72TollA 1829 %=
AoR webe-& Aldsto] Wis] A 25 1TH w0
34C7HA] w3 = 93] 9] =3RbE-& $F 5 103]5-E] THA] 94
ToA 30%, 42Coll- 18, 72TCAA 1231y w3hite&
3538 A skl

PCR AHEE5S 3% agarose gel (Seakem GTG 2%:
Nusieve GTG 1%, FMC Bioproducts, Rockland, ME, USA)
2 A7]% 8l ¥, Geneclean III kit (BIO 101 Systems,

Table 1. Sample Size and List of Necrophagous Fly Species Used in
This Study

Family Species Name (symbol) Sample Size

Calliphoridae
(blow fly)

Aldrichina grahami (Gr) 6
Lucilia illustris (Il) 8
Lucilia ampullacea (Am) 5
Lucilia caesar (Ca) 1
Lucilia porphyrina (Po)

Paenicia sericata (Se)

Phormia regina (Re)

Chrysomya megacephala (Mg) 1
Chrysomya pinguis (Pi)

Calliphora vicina (Vi)

Calliphora lata (La)

Hemipyrellia lingurriens (Li)

Triceratopyga calliphoroides (Cl)

Muscidae
(house fly)

Fannia prisca (Pri)

Muscina angustifrons (Ang) 1
Muscina stabulans (Sta) 1
Muscina pascuorum (Pas)

Hydrotaea dentipes (Den)

Ophyra chalcogaster (Cha)

Ophyra nigra (Nig) 1
Ophyra leucostoma (Leu)

Musca domistica (Dom)

Phaonia aureola (Aul)

Sarcophagidae Boettcherisca peregrina (Per)

(flesh fly) Helicophagella melanura (Mel)
Parasarcophaga albiceps (Alb)
Parasarcophaga harpax (Har)
Parasarcophaga kanoi (Kan)
Parasarcophaga similis (Sim) 1

0
5
5
5
0
6
9
7
1
7
3
2
0
3
Hydrotaea occulta (Occ) 4
8
4
2
9
4
4
7
3
9
7
1
1
Parasarcophaga haemorrhoidalis (Hae) 4
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Vista, CA, USA) & o]-&3a}o] A ZAFe] 2| A4 o] we} 2k PCR
AHEE-S AASET, T&A Cloning Vector kit (RBC Cloning
System, Real BioTech Corporation, Taiwan) S ©]-&3Fo]
cloning ¥, ABI PRISM BigDye® Terminator verl.l Cycle
Sequencing kit (Applied Biosystems)Z o] £ 3} ]
sequencing PCR 3}, ABI Prism™ 310 Genetic Analyzer
(Applied Biosystems) £ 971495 5313t 254 9471
A48 Molecular Evolutionary Genetics Analysis (MEGA)
4 Zrafor FA% S Aozt et 28 A5t
gzl djdsh= A4 9elE2] Abd—B @734 e X3
st T A7IMdS A 5 4 & universal
primer setsE A&t Forward universal primer+
UF1 (5" — CACGAGTGGACGGGGCAAGT-3"), UF2 (5’ -
CATGAATGGACCGGTCAGGT—3")0o]1l, reverse primer
+ UR1 (5" =TGGCATGATGGCCCATGCTC-3"), UR2
(5" =TTGTCCAAGGGTCACTGATG-3") = AAIsti . 4
ute] 7= UFL} URL, UF29F UR1E 7 &7 2lprimer £
gh Avke)gh= UF2¢t URL, UF29F UR29] 5 £579] primer
z38t saE|Tb= UF29) UR29] & 72 primer 2302
7} 98] 2= 9 EE PCR $% 8 4 =5 s3Itk PCRE
RS- &S 7 s E3ete] HEEE7 1x Gold buffer,
2.5 mM Gold MgCly, 0.2 mM dNTPs, Z+7}+2] 0.2 pM primer,
0.5 unit Ampli Tag Gold™ polymerase, 10 ng 53 DNAZ %
Fetes of3laL, ST s AUkt HE -y 25 Wt &

=5 SQITE SENES 95 CellA] 1087 WAk, 95T 30

J

%, 58T 30%, 72°C 60z%°4] 353] <=3hik-g- 5 72T 1587+
=]

&5 th. PCRAME £9 20 woll calf intestinal
phosphatase (New England Biolabs, Ipswich, MA, USA) 0.2
¢, exonuclease I (New Enggland Biolabs) 0.25 w5 37}s}k
o] 37°CellA 4587 kA7) AL 72T 1583t B33}
kAt 1 & ABI PRISM BigDye® Terminator verl.1 Cycle
Sequencing kitE ©]€3}9] sequencing PCR& A 835}a1, ABI
PRISIM™ 310 Genetic Analyzer & ©o]&3to] d7|-d2 &
Saeiry,

3. AS+ 24

MEGA—4 Z2 IS5 AHgsto] 23] 4 2549 A4
3252 Abd—B #7333 AF 971 9-& F7kete] FHsta,
Neighber—joining W 22 AE4 £4 (phylogenetic
analysis) & A3t AESF £4S ¢8) p—distance
model& AH-3151 11, Bootstrap< 1,000%] ¥H-&3}31t}, Out—
group Z2342] 9] Abd—B /3344 471D o839
i, o] & S AeTe HeE AAste] AP B T A
o] 9] Mo AHAE FHT 5 UEF 3ith Abd—B
A 4ARe] S7FE-dlo] intron G711 Qo] EAEEE AE

1-‘m4-40



 EX 4] complete deletion model-S AF&-8FA] 911 pairwise F = £ Eo)HQ primers AAGtL o] &S X35}
deletion model-& A &35} th. multiplex PCR A AE F+F3}ItH(Table 3). Futg]e] &
£0]4 Q] multiplex PCR RH&-&-H2 7} A& £3sto] HE

4. SCAR markerE 0| &8t multiplex PCR M Al 75 57} 1.2 x Gold buffer, 2.0 mM Gold MgCly, 0.2 mM
dNTPs, 1 x primer &3 (.25 unit AmpliTaq Gold™

549 31F Y 7 HEE QLS FEE 5, polymerase, 20 ng—r DNAE ¥ etes a3l ?%"Fg
FastPCR 6.0 L2735 o]&3to] 3} E0|4 <l primers A A7Vete] FE By 10 Wt 9% o}oﬂr:} Z=Zyre o g5

Astal ol 5S 2835k multiplex PCRAAIE 5331t} TellA 11 7L “ 9331, 95C 30%, 53T 30%, 72T 60x%
(Table 2)."” PCR WF&-3 942 7} &5 Edet] HAF5rt A 303 £&Hiks 5 60T 4523t wH-&-8k3ith + vk} &
1 x Gold buffer, 2.5 mM Gold MgCl,, 0.2 mM dNTPs, 1 x  £o0]#¢l multlplex PCR WH-§-§-9 7} Y-8 E5ato] %
primer =3+ (0.5 unit Ampli Tag Gold™ polymerase, 20 ng %7} 1.0 x Gold buffer, 2.5 mM Gold MgCly, 0.2 mM

3 DNAES ifﬂ‘é‘}‘: 1, SHTE HUisk] HFFE H dNTPs, 1 x primer %E‘O—ﬂ 0.25 unit AmpliTaq Gold™

&= 10 w7t HEE aolvh FR 95ColA] 1137 polymerase, 20 ng T DNAE X33t 319, ?%—’Fi

A8k, 95T 30_:_, 53T 30%, 72°C 60x°lA 303] +=3t-<- HrVste] H= =10 Wt 9= O}Odq FEHFS-2 05

60T 4587 ¥-5-3k3iTh TollA 1123+ tﬁ"o 321, 95T 30%, 53T 30%, 72°C 30%9]
Aotel e} Astel el gy AAA g 5 R A 303] £#RES F 60T 451 RSt

Table 2. Family-Specific Primer Sets for Calliphoridae, Muscidae and Sarcophagidae

Primer Name Sequence (5" —3) Conc. (UM)* Product Size (bp) Genotype
CsF AAYAAYAGTTCAAATAGT 2.42 100 F1A01
MsF GTGTCTTAAYAGTTCRAATTCC 0.90 104 F1A02
SsF AAATTCYCAACGTCAAGCT 1.10 134 F1A03
CMS-R FAM-GCATGATGRCCCATGCTC 0.40

CsF; forward common primer to the families of Calliphoridae and Sacrophagidae flies. MsF; family of Muscidae-specific forward primer, SsF;
family of Sarcophagidae specific forward primer, CMS-R: reverse common primer for families of Calliphoridae, Muscidae and Sarcophagidae.
Y; CorT,R; AorG. *: optimal concnetraiton for PCR reaction

Table 3. Sequences and Concentration of Multiplex PCR Primers for Amplifying Muscidae and Sarcophagidae Species-Specific SCAR Markers

Family Primer Sequence (5" —37") Conc. (uM)* Product Size (bp) Genotype

Muscidae MSsFO1 GTGTCTTAAYAGTTCRAATTCC 1.400 104 MsA02
MsF02 AAGGTGAARATTTGGTTYCAG 0.200 178 MsA04
MsFO3 AATCACAATCTTAGTCAAGCGC 0.015 81 MsAQ1
MsF04 GTGTCAGCGTCAGGCCA 0.012 131 MsAO3
MsFO5 CAAGTAAGTATTTGACAGMAGTC 0.280 243 MsA09
MsF06 AC TTTGTTCCCTTAYTCYAACA 0.080 200 MsAO05
MsFO7 ACCGA AAGACAAGTAAGTGG C 0.030 251 MsA10
MsFO8 TCTTTCTTTTCCTACTTCTTTTAC 0.140 204 MsA06
MsF09 AGTTAGTTAGTCTACGGAAAC 0.040 237 MsAQ7
MsF10 GTGTCTTAAATCAAAGTCTACAT 0.180 240 MsA08
MsRO1 FAM-TGGCATGATGRCCCATGCTG 0.400

Sarcophagidae SsFO1 AAATTCYCAACGTCAAGCT 0.030 134 SsA02
SsF02 GTGTCAATAGTTCAAATAGTAAC 0.030 102 SsA01
SsFO3 AAGCGTAAACCTTATTCAAAATCC 0.060 369 or 371 SsAQ7
SsFO4 GTGTCTTGACAAGTAAGWTGAT 0.400 259 SsA06
SsFO5 GTGTCTATGGTTCCAAAATCGA 0.040 173 SsA03
SsF06 TTGCCTTTGTGTATTAAAC 0.450 240 SsAO5
SsFO7 GTGTCTTGAAATAAATCTGAT 0.320 233 SsA04
SsRO1 FAM-TGGCATGATGRCCCATGCTG 0.200

MsF; Muscidae species-specific forward primer. MsR; Muscidae species-specific reverse common primer. SsF; Sarcophagidae species-specific
forward primer. SsR; Sarcophagidae species-specific reverse common primer. Underline; non-template sequences, W; Aor T, Y; Cor T, R; A
or G, *; optimal concnetraion for multiplex PCR reaction

Abdominal—B (Abd—B) BHAM MR AT |IME S 0|5 AN T2| Zo| S8 [/



PCREZAMHE-2 loading dye 0.2 @, GeneScan™—500 ROX
" Size Standard (Applied Biosystems) 0.2 w, Hi—Di
formamid 2.0 @6, PCR 2Hg 1.0 5 €338 5 95TCol|- 5%
T RAAAI7I AL AEelA 283 ¥ZAAIZ $ ABI PRISIM™
377 DNA Sequencer (Applied Biosystems) & ©]-&3}o] #
719%38t9 on, A7|9%F A3+ ABI GeneScan 3.1
(Applied Biosystems), Genotyper 2.1 (Applied
Biosystems) Z& 188 o] g-3ko] A5k T}

4

L)

ni
1. Abd—-B REA2| HIIME =4

AL Aol ARE-gE AAA Tkl FEjsHA o g A
g7} 8% 13F, Auteld 65 11F, 387 3% 7502
TFE QAL sericata®)l 75 ¥ A A= Paenicia sericata
2 FskSith(Table 1).%1

7y A2 sk 2 5E E58 400~450 bp 2171¢] Abd—B

Table 4. Sequence Alignment of Abd-B Homeobox in The Calliphoridae, Muscidae and Sarcophagidae Fly Species

T 111 111 122 222 222 223 333 335 333 444 444 444 455 585 B85 556 666 666 666 777 777 777 768 888 6558 889
123 456 789 012 345 678 901 234 BE7 590 123 456 783 012 345 675 901 234 567 830 123 456 789 012 345 675 801 234 567 830

0. ma janogast sy

GTC CGG AAA AAG CGC AAG CCG TAC TCG AAG TTC CAG ACC CTG GAG CTG GAG AAG GAG TTT CTT TTC AAT GCG TAT GTT TCC AAG CAA AAG

T.calliphorofoas .. T Ta il B &l salkin ol e o I . L 5 BTl whiiailb B B 5 B A LG LA
A. gratami L TU8h wil ol od8 Wil oalin ollse o & wondTiles o b BTk vlioiB B i JB s G..A
C.vicina weBimon® s wrll it 4ol woll sl sl omons s & vew Loea v w & ol BTl v Basonn vl 0l 0 MBlaon  wail 0ol woll
G, lata il 5l i vil 2l Bl &l ks e W T A A CT.AA .C.C.C.G.....A.G..A
C.pinguie v Bk es vl il vl el oolils oBaas o K coanan A LA LLA cobon BT AT aan C..C..A..T..A... ..A
G. magacapinla I C L and ool vl el weln cBoms E oo ob ol O WO o1 7 O 1, — (S Y RS . TR
L. ifluetrie ¢ Bk b eid wils pely ol aalie B aee 5 Ao T.A L T4 woli BTl sl Wl 2l 5 B vl 555 208
L. corsar vl i will il ol ol oells s wi K ovoTolis o Tolk vilivs JBTel elaicun B wilf o Wi ik a o ll
L. ampul facez woPnd v wil wadh 0l ool vl ol e v X ovaiTala aw A cvlis TR wliaall ol il o iBows vl an v sl
L. porphyr ina vilecelk awil ol el sl salin ol e & e Tl o Wil & sl BTl wlaraile il Al v iBiens il w0 sl
P.garicata sk v il sl T wlll oo socblmams w L Y ERE A vebies BT il wall odl o Bians ol s aull
H. 1igurrione T — S RPN Y [T [N - p—— ALTT A ) cvbios BTB ByealBl ol wol 0 (B vl o A
P.raginag LELLA L AT LT LA AL A T.A A LLA & . CT.A.A ... ..C..C..C... ..A. A
K. angustifrons . .G..A ., LT 40T C b AT AT A ALY LA A LA L E LG A LG LA
B pascuorum i Bl e wul aol e al el vl T T o ol Ta v osws vnson Bhnd ofvrsan e ey wd R..G..A.G..A
. stabulane o iBnl s T ok ol odlll walBin s A AT, AT AL 80V LR LAL [ — C..R..A..G..A
0. laucoetoma ol W v v wad sl el Wl ol ol e W K eilkiTon 5 o8 T o ol esvnlin (BB vl G v v M B A
0. chaleogaster . .GA.. ... ... L ALCLTLCLA L A AT, AT AL AL CLGWA L. C . LA LG LA LG LA
O.nigra T o e T e ) R sl b T sl wnd o &6 b s o s ol B el ol ok
H.ococulta sl ToBmmiran swi woe ol swBharal e wolb s, i el T il Tow salben ol BTl ol vim ol sice wvll il sl B ool
H. dantipas S . s A - NU: R { TR . T IS O . (10 N TR— . N TR R -
P.auraoia T S Ny ) ) R e AT Tl vl T o v R Tk BT 5 08w T ol ms G..4 ..

F.prisca cilelcirms wan o b ooBrd s & oo i Eoa Tow ool T el ool BB ods 5 o anl A LG LA LG LA
. domastica A AR ) R, - QU N, O | IR A il Ty voBbinans wll @il v ol o wn wil smwe ol weils ol s v A
P.oalbicaps wid Bl s LT PN N G LU g R g | P ES D AR ., . TR | p—_— W oios woll alB il s oo &
P. harpax DTA L ST AT LT A e A A AT AL LA AL e A LG A L A
P haamorrioidalfe T LA . el ol aledlaekek sne & Ao Tob ol Tow o o b 00l sl ol 5 wlBlam sl 08 el e w &
B.paragrina ST A sl vl cnl el el s e Ao TA VAT s oo o B AL L L LG A L A
P.oeimitis STAA ST LT LT A A Ao TA AT AL BLA AL C e A LG A A
P kanoi LT AL sol vl wnd sl sl wie o Ko Tl 28 T o o ol Bl cbe oo B il ol wad s o A
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ampullaceal, caesar, porphyrina) < A2 0.0~1.7%2] 9714
A Aol Bl HHA, 7]Ee Lucilia £ 2.2 #5757 % 34
sericatai= Lucilia %% 98] 453+= 2.8~4.5%%] Afol& K.
o B Ao A sericatas phaenicia®s L. H-Hal=d] 27
7bE = Qv AR vk o] Fd e gke] Sulell Abd—-B &
38 471D e AfelE E1g At C. Lata, C. vicina,
L. illustris, L. ampullaceax Z}7}2] U3 Fuo)A
0.0~0.6% =Fo|7} &L Y11, 11 &9 g £ 717t £
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2 FYst T A71MES v nEA sk Skt 124 v
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71Q# vlwst da 7 w2 2ol 7t Qe 2 C. vicina
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8.6%, 6.7%, 5.5%, 1.7%°] #to]7} #FH AW, M.
pascuorume S| Zfol7} 2 R] ok},

Fejeta] oA Huteel sidy e 7F vl Abd-B
LA AL L 2ok A71M L3 22.0~25.0%°] A
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2 U8 YT 2ol5 HolA] Wit HAvfelzte] FYst
2] F ol Abd—B @74/3747 71 d 8] Aol & vl st 4
3} P. albiceps FWA ) 1.7%2] 2Fo]E KA 719] 5%
(B. peregrina, H. melanura, P. harpax, P. similis, H.
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Skek WM, P kanoi= 8771 Aol U 2lelE £
Ak Azt 2] st el Abd—B 37373744 intron
Q= P harpax 7} 72 bp ©11, Y™ A 6 % (H. melanura, P.
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Ade vlwd A3 H melanura= 0.0~3.0%, B. peregrina
¢} P. albiceps= 0.0~1.4% ©]1, YA 3 (P, similis, P.
haemorrhoidalis, B. peregrina)-2 2to]7} 2= ] ¢kokth,

MEGA 4 2738 o] &3}o] Abd—B 34434212} intron
=z - A71M el tiste] 2342] Abd—-B
AL 4714 LS out—group .2 A7 s T Sharof A
A 31 & A2 ] A71M LS uiE o R XsHA A

86! L.ceasar
C.vicina r Calliphoridae
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|
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1 = M.pascuorum
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- Muscidae

0.02

Fig. 1. A phylogenetic tree for 31 species of necrophagous flies,
based on Abd-B homeobox sequence. Out-group is used that of
Drosophila melanogester.
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Fig. 2. Electophoregram showing family-specific SCAR marker
for necrophagous flies detected by family identification
multiplex PCR system (a; Calliphoridae, b; Muscidae, c;
Sarcophagiae).
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Fig. 3. Electrophoregram showing each species-specific SCAR
markers for 10 Muscidae species detected by the multiplex PCR
system.
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Fig. 4. Electrophoregram showing each species-specific SCAR
markers for 7 Sarcophagidae species detected by the multiplex
PCR system.
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