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Rl E, LA, AW, HARET
(1. FREREBRISEARE, % 100049, 2. L3 A% AL VKB AU T, L3 100085,
3. AL MBI, 6% 100029, 4. sHEAHEBESIBIST, L3 100101)

FEE : VB R RAE A AT TR [ A B 5 TG B A EE N, T DNA ST S5 BOR RRIE B X dL B Fn4)
H R SR LA B R SRR S 5 T R L AR K, A B T B R M AR B R A e . ATFSTRAE T AL
X 7 A P SRR AL 77 MAMKRIREA, WIE T FTA MALRL A DNA F4fE AR C S LEgIFE I (COI) &K
1120 bp {751, HETFINMRGEREMTER, F—PFAFAMERFIE AR 9% B HFHEREE—E. 7
A7) 6] B S B G TR ik SE W AE W) o PN ) IR 0 BN S 1%, TS [ W b ) B0 05 23 B3 2oL 7. 74% , s T3k
14.85% o W|BNE AR, TEHAFF X Bfa] 22 AL QR EBCF W B3 . @€ COI R T 5, #ar
TACHTHLIX 7 AN P PR AR i) DNA ZRTERS, R I SEBE 1T XX Se b iify Dol R BRI IX o AL SE , IR
JE B2 T 458 AR R S e AL i Z S 4R A T SR EHE o
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Sequential analysis of mitochondrial COI gene for seven common
sarcosaphagous flies ( Diptera) in Beijing and the establishment of their

DNA barcodes
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Abstract: Sarcosaphagous flies have very important applications in death time estimation and crime scene
reconstruction for homicide cases. DNA barcoding technology can extricate the investigators from the
difficulty of culturing eggs and larvae of these flies as well as the reliance on special knowledge to
scientifically identify the following imagoes, which is of great help for rapid identification of fly samples
collected at the crime scene. We collected 77 samples, which belong to 7 dominant species of
sarcosaphagous flies in Beijing, from different districts, and sequenced a 1 120 bp region of the
mitochondrial cytochrome oxidase subunit I (COI) gene for each individual. Phylogenetic analysis showed
that individual sequences of each species highly clustered together with 99% bootstrap support. Sequence
divergences within species were less than 1% , while net divergences between species were all greater than
7.74% , the highest reaching 14. 85% . Sliding window analysis demonstrated that variable sites for all

species were relatively equally distributed along the entire region. By sequencing part of the COI gene, we
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established the DNA barcodes for the seven dominant species of sarcosaphagous flies in Beijing, which

realized the accurate, rapid, and easy identification of these species and provided basic material for the

future selection of variable sites that can be used for direct identification of sarcosaphagous flies.

Key words: Forensic entomology; sarcosaphagous flies; species identification; mitochondrial COI gene;

DNA barcode; Beijing

1996 4EAC I T % Jj 5 o E B B s M) i 52
FrEfE, XAt X g 7 MR R I T RGE M BE
5, EIVENESRE T AR F X R [F Z=
(FEFK) FA R FR5E T 4w 58 7 44 JA il i B e v
PEBRE FAR R U, S a0 R Y e L 4l R
SRR TR IS T IR A MBS 2 A, B ARt
X g P PRSP & 3 B 6 JBL 7 (A EBE
&2 1998) : 21 3L W8 Calliphora vicina ., K 3k 4 i
Chrysomyia megacephala .22 Y6454 Lucilia sericata It}
S0V PR W8 Parasarcophaga crassipalpis . & 44 . K 1%
Parasarcophaga portschinskyi Rohdendorf ., #3% F& 51| JFK 1
Boettcherisca peregrina FN1ZZ1E Musca domestica

RGPS TAE EERFER A2 LIWERHE,
BEM T XA RIEREZNRZ AR R I Z
SIRMAN, BT L8R DL KX — 4%
REBWYFP TSR X 53 A — LY E £ LU
2h75 (juvenile form ) JEXFF7E, WL BT AR
B AT R B X MR AE, RO S5 8 R L
J& (AR AT LAY ) 74 REA HERH % % ( Catts and Goff,
1992 ; Stoeckle, 2003) , £k h Fi2# R E B 3
2, DY & LAY B BN B RE A A B AR 3R — B ) JE
A REFATIE SRR AE , XX T ar 1M = 2
PR AR, 3X Rk B B M 2 7 S B 70 38 AR
N RIARA R A

BEE DNA G A3 Hr SR i Rk g, B
B R 2 U W 25 B A& R T FBRONEE R
B (U P RS ) ST B %€, N RFLP,
AFLP DI F DNA | ¢ %5 ( Sperling et al., 1994;
Kakouli-Duarte et al., 2001; Amendt et al., 2004 ),
VTAER , T8I A B F LA R 38 43 7 571
K AT ) B % E X 43 B9 DNA & JE 15 (DNA
barcode) $7 R 7 [F M5 B T 1 2 1 & J& A1 A
(Hebert et al., 2004b; 4%, 2004; Meyer and
Paulay, 2005 ; Savolainen et al., 2005) , fifi FixX—+%
ARFTLALEE L L A 53 7E 7R J BsF [ A 1 28 O R
HizWFh T € MIX 5, RRIRE T 5L E
A RHFRHN T A 5% (Smith et al., 2005; 8
W& T % B, 2007 ) | fR 7 A4 ¥ %= (Hebert et al.,

2004a) gL Fl2% (Ward et al., 2005; B =155,
2007 ) 4R FBCRFISE B . Zokifk DNA FfY
MR C EALEE V3 T FH (cytochrome oxidase
subunit 1, COI) ¥ 100 ~ 650 bp #kIELHEXTIR £ 3)
Y P AT E %X 43 (Hebert et al., 2003 ; Stoeckle,
2003) , FHith, B E#H T EER % DNA barcode
PR E S TR,

ABISE B2 L I P B AR X Bk 1993 4F B
FE AL T HE R UL 3 B 4 J&8 7 Fhig 7 PR Lok
fREL[A COL 1 120 bp iy DNA JE3)#EATHI, 7658
1t P8 BN A SRAMAHEAT S8 8 T IX A i[RI B,
)5 DNA barcode F) 347 5 5% LB 13 43 BURFF 5T
RIS EZF L

1 MR5EFE

1.1 BEERRE

g P PERRSSHE AR SR 4R B 2006 - 2007 AEJb T
RGP AR, B 08 30 (J6R R
) BF(F) Bl () R sE (db) FERE]
() 5 5 ML F AR J7 e B HLIX 2R 52 B Y B R
FEAILTT 77 3k, BAREFRIBT 95% W LB,
i H E R 2B s AT 55 BTk 2 BT TR AR R 2R
B, SRRy ki 1 Sk, RkEmg 17 3k,
22tk 19 Sk, B RKES 7 3k, 24T KK 1
3k, BREAIRRER 6 SLFIZRME 26 3k, IS ILE 1,
1.2 DNA 32H

F7EE QIAGEN /A &) QIAamp DNA Mini Kit
SR E LR g 28 ) mDNA . BR 4R B
JrEAn T s (1) FEAHTHAAL 3 - F bR A I XZE K
BEUE4 ~5 WK BRI T 5, 40 TR 835 ) 85 &
TSk R, BB R R L R T
WAH, AEFRIREETFHES, DA
BN NLRH RIS R, 737 E 25 mg FEA Ky
KEF LS5 mL BLEPHRZMH; (2) /WA 180 pL
Buffer ATL; (3)fill A 20 pL Proteinase K, 56°C 7K ¥
HAL3 h, /R 2 ~3 K (4) B, A
200 pL AL, FE4HE4], 70°C K% 10 min; (5)HNA
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200 pL (96% ~100% ) ZBE, FESHRA, BB O
(6) A& IE-S Y E] QlAamp spin H1, 8 000 rpm Bf.L»
1 min, #E%; (7)/MA 500 pL AW1, 8 000 rpm
B 1 min, $EE; (8) 1A 500 pL AW2,
14 000 rpmE.[>3 min, # 1.5 mL B0 ; (9) A
200 pLZ&MK, ZIEFE 5 min, 8 000 rpm B L
1 min, -20CHAEE,

1.3 5|¥igit

] A Primer Premier 5. 0 #x{4:( Premier A ], il
ER)RITCOLT| ), ¥ =B 35 T COLEH
106 bp %] 1 326 bp {751, BAKT|HF5) N
Sense (F): 5'-CGAGCTGAATTAGGACATCCTGG-3" 23 bp
Anti-sense (R): 5-TGGGTAATCTGAATAACGTCGAGG-3' 24 bp

F1 FEEPMIERFERFEEE COI EEF 5 GenBank B RE

Table 1 Collecting data of sarcosaphagous flies in various localities in Beijing and

GenBank accession numbers of COI sequence

IS SRAEH AT REHB GenBank % 5
Species Locality Date (yy-mm-dd) GenBank accession no.
(L g1 JI5E S Shunyi 06-07-09 EU815010 - EU815013
Calliphoridae Lucilia sericata E - Changping 06-07-11 EU815014 — EU815018
B2 111 Fangshan 06-08-03 EU815019 - EU815023
i 7 Tiantongyuan 07-08-12 EU815024
-3 3% Tiantongyuan 06-08-13 EU815025 - EU815026
1k ] Deshengmeng 07-08-22 EU815027 - EU815028
41348 Calliphora vicina i 7 Tiantongyuan 07-09-27 EU814982
3k 4y JIfi . Shunyi 06-07-09 EU815035 - EU815036
Chrysomyia megacephala JIii . Shunyi 07-09-27 EU815037
E5F- Changping 06-07-11 EU815038 — EU815040
Bz 11 Fangshan 06-08-03 EU815041 - EU815044
-3 3% Tiantongyuan 06-08-13 EU815045 — EU815047
#E 1k "] Deshengmeng 07-08-22 EU815048
FRURFL A R SRR AR JI5E S Shunyi 06-07-09 EU815029
Sarcophagidae Boeticherisca peregrina E - Changping 06-07-11 EU815030
B2 111 Fangshan 06-08-03 EU815031
i 7 Tiantongyuan 06-08-13 EU815032 - EU815034
JEZ50 T SR JI5i X Shunyi 06-07-09 EU814975 - EU814976
Parasarcophaga crassipalpis E - Changping 06-07-11 EU814977 - EU814978
B2 111 Fangshan 06-08-03 EU814979 - EU814980
-3 3% Tiantongyuan 06-08-13 EU814981
3
Pamarcophaj‘fnjifffkﬁ Rohdendorf <88 Tiantongyuan 07-08-12 EU814983
LGRS L JIF X Shunyi 06-07-09 EU814984 — EU814990
Muscidae Musca domestica E5F- Changping 06-07-11 EU814991 - EU814995
Bz 11 Fangshan 06-08-03 EU814996 — EU814999
-3 3% Tiantongyuan 07-08-12 EU815000 — EU815007
#E 1k "] Deshengmeng 07-08-22 EU815008 — EU815009

1.4 PCR ¥ i&Fnil 5

PCR & WA Z H9 25 L, B 2.5 uL 10

x buffer, 2.5 pL dNTP (2.5 mmol/L), 1.6 nL
Mg’* (25 mmol/L), 13.5 uL $Z&sK, 3 wL DNA £
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#2, 0.3 uL Taq DNA BEAF (5 U/uL, 24T
ER5I#)40.8 pL (5 nmol/L) , i#id Perkin2 Elmer
9600 ¥ 34{WiHAT PCR 473 . SMLARAFHy 95C ik
5 min, SRJG¥EFT 35 YK PCR #E¥: 95C A5 4 30 s,
52°CiB k35 s, T2°CHEfH 55 s, B )5 72°C ZEH7 min,
PCR =W R 47 T 4°C, 1% 35 f8 0l B i W Tk 7 B8
PCR =4, Goldview #8244k} (EB & ah) R,
P14 7= ¥ A {#i F§ BigDye Terminator V3. 1 Cycle
Sequencing R & AT IE 5 [ )55 ) L, & HERE T
#E, 1A ABI 3130 (AB AF],EE) HzhillfF
AT
1.5 RFIaH

] Lasergene v7.2(Burland, 2000) #9 SeqMan 72
PRt g — A IE S 1 I P i 25 SR B4, R
MegAlign 27 LY I3 TR [F— PR i 2 AT
B, BeJei@ A FA 0 H X I LA E B — AT
FARIX B, FEMERNZ b, {75 bp F151 bp HE3)
& B S Al 2 s B AR oL, & D AIE A
ZIE A BERNE D KER 1/3 #17ES, [ H
Megad %% 4 ( Tamura et al., 2007 ) ¥ Fi Kimura 2-
parameter %Y ( Kimura, 1980) Fl& KH SRR
(Maximum Composite Likelihood, MCL) ( Tamura et al.,
2004) ¥R E]H UPGMA (Sokal and Sneath, 1963)
F4PB32 ( Neighbor-Joining ) ( Saitou and Nei, 1987) &4
RH, [EET % A bootstrap £ 4% ( Felsenstein, 1985)
(1000 Y) ARG KA G—0 X SFHE, 735,
B Megad THEYF N IR S BUE 0L, 1155
¥ Kimura 2-parameter 157

2 #R

2.1 FIERMBIHHOS

2853 IE I R BF2 L [R5 3] e X AT AR OE
IR AR R X B, BRAVER T /5 ol ik i oy
PR BRF S 77 %, FHIKES7E 1 076 bp
Z 1155 bp ZIH], ¥R 1105 bp, FifFHIHRAC
% GenBank 15 ZIHHN 45 (F 1) o JEHE I
ZJFFI T 1076 bp AFEX B S,

SiibuR - eif Ak =3 27 R WA= wiidl: e
E 1, WNERRATTLLER, 750 K 2500 5 7
BAMRXBENHE S0 HEEZENAR, (S5
e DO A S A BT R #, 500 bp BT
AT AR B0 D, 1 600 ~ 650 bp B3/ AT AR {3 53 4K
&%, Frlh, MRS FI ST I, T

BN XBEREATEFERRFER.

—— 75 bp IFENE O 75 bp sliding window
---- 51 bp 3N H 51 bp sliding window

30

AR AN
Number of variable sites

0 200 400 600 800 1000 1200
& 0L E (bp)

Center of windows
Bl ol R AR S sh B 0 A
Fig. 1 Sliding window analysis of variable sites
among all sequences

FI4BE O HEAE = 1/3 % 0K E ., Adjacent windows have an overlap

of 1/3 window span.

2.2 RAEEEWIGE

Bl 2 & 77 % ¥ 5[ ) UPGMA R Gk AW,
Ko B &R MER R EBR T B3E, ML
53 X SCHHE YR 99% , RV [E— Y Fh i MAT]
DL R A A i A AR AR 5 3th X 23 FF o ZEFD [R]KOF,
R B [R] R R 3 A DL KRR 3 4R 1]
f 4> 32 S5 9 R 95% F1 92% , i TR e Ak 1 R
AR 7 S SCIFE A 55% 1 76% o Hirp AR
00N SRR RN 5 STV JER 8 ) S PR s , (L 31 R
HIER B RRER RN 25 R R I IR MEERS, B
AR5 AU 76% B X H5E

TATRAEAF 5 5 — B 278 bp ) COI J35
AY818110( &4k %5, 2005 ) 1 & X B 72
KRG KL, ZESXBEKERA 186 bp,
BEREEAN RS K EMED KT XEXS
1 076 bp2JFF LR —3, B&WF N KFIM
L 99% i) 53 X SCHHERETE—E (BHERER) o

FHNFRATIE T 3 Y B K 2 A oL AR 1B AL X
1 076 bp#il 186 bp Fr3iyEE UPGMA KA, 45815
BIFFER B, W —F T3 L 100% i SCHF
ELRER R, T 8] 23 52 Y SCHHBLAE ZE M S 1 AR 4k
(E 2 UL BRBARER) o SRR B &4
RIET, Sk Ao 7 RN R e 4 & e — i (B
KRIETR) o X—EERMDPREELRFESEL, At b
WS 7 ST SCHHE N 90% (XF 1 076 bp452) ,
T UPGMA & A= A Hh R Sk 46 W 1 22 Dl S M 0 R 4
B 95% Z3%{EH, YA Kimura 2-parameter F7Y
[FIREt AR R M NI #8455
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Fig. 2 Unrooted UPGMA tree constructed under Kimura 2-parameter model with 1 076 bp sequences
Jia: ZX M8 Musca domestica; D (DT): K3k 4 M8 Chrysomyia megacephala; FY: J 45 V. ik #8 Parasarcophaga crassipalpis; JG: 2 % . jk B8
Parasarcophaga portschinskyi Rohdendorf; ZB: 43 B S| kiR Boettcherisca peregrine; H: 413k TR#8 Calliphora vicina; S: 223G5% 88 Lucilia sericata. &
BB 7 1 000 K bootstrap Ky (¥ S R, RIWIFI AT IR M ST RHE A D) 99% » FHITF 53 X SZRHER T B/Ro Sequences of same

species are highly clustered with a support value of 99% . The number for each interior branch is the bootstrap value, and values within species are not

shown.
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2.3 RFISESt

YR N ERFI RN A B PN A BT LR 2.
RPALER, FIHMFAZESFH0.0016(S) 2
0.0069 (ZB) A&, Rt 1% . Flal 275 E &K
/NHBRFE ZB F1JG Z ], 70.0774, HARMEHIMTE
JIA FIFY 2], BE T 0. 1485, HEERMAEL R
AT ISR AH—B, RS 2R BUNRITTSTE
A R i B R B,

FEA SR AR RN 7745 B 21 3k T e 0 2 46 S BRI P
DNA JFHUL 1 5. R TEFMNFI 5B ST EA
S RO A R A EU A, RATRAX B4 DNA ¥ 31
1E GenBank i T blastn FtX}, FHHFIZT Sk IR g P 31
HI1 FE AL B A A [ 9 # % 51 o DQ345096, 34 %]
99. 5% 5 F¥ 5 A8 ol ¥ B & 8K 5 B R OF 51 R
DQ345095 ( W& Calliphora pattoni) , X }96.4% ,
NSRRI Y 7 51) JGO AHALLURE B /5 O AS [ 0
5|2 EF405937 (% I FRi8 Sarcophaga dux) , FH{E
H94.4% 5 RFFFTIRIKE], XELEREY, B
SRELL RN 2 R P8 A R 1 4%, 2
REAVEBN WP IE B LUK e AT R H At 4 Fh X
i

F2 FhRFEFES 5B IER

Table 2 Sequence divergence between and within species

FY H JG Jia S 7B D

FY 0.0027 0.1232 0.0867 0.1485 0.1113 0.099 0.1131
H 0.1245 NA 0.1304 0.1341 0.0846 0.1326 0.1028
JG 0.0881 0.1304 NA 0.1408 0.1033 0.0774 0.1211
Jia  0.1509 0.1351 0.1418 0.002 0.119 0.1428 0.1069

S 0.1134 0.0854 0.1041 0.1208 0.0016 0.1158 0.0848

ZB  0.1037 0.136 0.0808 0.1472 0.1201 0.0069 0.1291

D 0.1157 0.1041 0.1224 0.1092 0.0869 0.1339 0.0026
FhEABBRIE 2. X MLNFNFSIZS, F=/MAMMEZSR, b
= BRTT Rl 22 5 B0 A A 22 5% i (E. NA RN AL— & F 51,

Species code is the same as Fig. 2. Diagonal, lower triangle and upper

triangle values are for within-species, between-species and net between-
species divergence, respectively. NA means just one sequence and no

comparison.
3 itig

AT B DNA I COI 255 1 076 bp ¥
H I R RN EL B AT, AS TR b SR S A [ b 2
PHRAMAR R T RO X 5, FIIMEBHRE
SRS EENMRPET S5, HILARM
FAS N &Y Y ¥ 51 58 4 1T LUIAE i DNA barcode

N TR R . SRS SEhRR A, XM
IR EE B 8 T 1 e S ] Bl 3 s R 4R B R R A
DNA J5#70F , 3 53ATH barcode J7 5347 Lt
XF, BIVATARYE TP 5 43 > I3 J@ i g Ho . X P
BT ZEARIE Y R S HERR M R, A BB KR
REEAR G 7 P R SIS A 1k B 4 e oy PR

F— T, W O AT BRI AR SE B
A COI FH A X B, [FIEF 186 bp J¥51 L
P 5 4 F 5 4 R X Ay — B (2% ki A
2005) , H F COI % FH By 7] 48 {7 &1 43 17 FF1E,
650 bpH: 2 T & 1 Fr B 5 B A] 3k B 2RI 2 )%
1| B} 4 X 43 3% 5 ( Hajibabaei et al., 2006b) , FfLIR
W5 i it 2 K X BN e KA, AT LURAR
W4 1 WK T 51 3547 38 ( BR{2 B barcode i
), IIMSEIA RPN X 3 AR o

275 T4 7 PRI R G0 & £
o, Rl FP AR T 5 R AR I (R B A A A
R AR R2EERA B E, Flin, FE
STV JER 5 B 1) 25 ) IV R 55 IS 20 S R e 22 1] 1) B 8 e
T FC A 5] T8 #5420 U JRR e 5 s R 1) R e =2 [ 1) B 8
RIUMEIL, TLULBEARMNEATRZRZGE LA T
B, (B7EW Bt IR BEA 7R, barcode Jf R
REEGR G KA 5341, 53T barcode J3 51 1y 3
B R GE R AN RE B AL R e SR AL A R
GRAERR, XMZETHR SR 2 —BH (Russo
et al., 1996 ; Zardoya and Meyer, 1996 ; Hajibabaei et
al., 2006a) ,

&% DNA 2+ Fhric, 14 STR 1 Y Zefafk
SNP 5545, %) 1z W F 36 F 5 FAMAR R S5 40
W(ZERAESE, 2001; AR, 2001), AR I
ki, XERAA T RERRITEIE LS B2
ST AT IR RI2 1 100 bp ()55t A]
LA e P F W 7 P 2 4 b X 43 1 42 R f& DNA
ZRA IR B, BB A S i —
YR AWML AERI T, RAVBE 500 FELRRL
& DNA B — X B 5t — Wy B4 1 2 28 0 23 4
A, NTTARHE X IX L0 2H A7 6 1) 43 B SA B SE X 43
AHRLMEE YRR B B o SR BB 58 78 FL A An 4 7
KIBETIE & A — L 5% TAE (Troesch et al.,
1999; A EM, 2003 ; Z=CIF4E, 2008) , MMifE
BB R AR s v O s B R R N R4
o X Rg 7 P 2 Fp 2RN B 1] 40 A P E— 2B T 5%
BT R 2 B R ) R R DL R e ) Fh 4 kL 1k
DNA COI EFFHI#E— LR, RLHBHREA]
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