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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 identily 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 [ (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 nel 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 hasic 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 COl gene;

DNA barcode; Beijing

1996 446 2 T 3 % Jmy 5 v B A} 2 B s W 5
FraAE, XA Rt X g P VRS S RT T &R 48 A9 ot
%, EIVENESRE T AR IX AR 2
(B ER) MR RS T 6 38 7 4R R i B g v
PRI AR A, B X LAY B R L 4R R
SRS R FR T T R A RIE S SE, BES AL
XEE PR AR K 3 FL6 AL 7 Fh (45 £ 3
% 1998) : 13k AR 4R Calliphora vicina | K3k & 4
Chrysomyia megacephala .22 Y654 Lucilia sericata JIE:
5V K W8 Parasarcophaga crassipalpis , 2. 86 V. JbK B8
Parasarcophaga portschinskyi Rohdendorf 7 FE 5I BR b
Boettcherisca peregrina F1ZZ48 Musca domestica ,

SRR 4 TAF EEARE I 8% LR,
{HEMH TR ML EEZ R 2 EE ML
BHRMAEM, UETAEMNA DB KN —HX
FEFENIFETHERX S, A LM EZ L
425 (juvenile form) JE XTETE, W ETEAE
AT R ACTE I X RE, RA S5 R AL
J& (AR AT LLAYER ) A RE R #E6H 45 5 ( Catts and Goff,
1992; Stoeckle, 2003) , YRR =R EER
F, % R LA B O S AT AR AR — B S
AR TS MR YEE, XA TR RN 2
P HARALAY , Xt R B BE B A 1 S BRI R AR ¥
PR A BRIA

BEE DNA K A A8 R 9 R A B, kB
R A g i B RS M T TR ER
HRORIERE P AR 2E) ST MR £, W RFLP,
AFLP [X X DNA l F¥ 5§ ( Sperling et al., 1994;
Kakouli-Duarte et al., 2001; Amendt et al., 2004 ),
AR, M E BB F LA B AR 4 A
KT R4 E M IX 43 19 DNA 5% 35 ( DNA
barcode ) £ A 1& [E b 15 2| T R A9 K & F1 1
(Hebert et al., 2004b; H 4 46%, 2004; Meyer and
Paulay , 2005 ; Savolainen et al., 2005) , {# FX—+
ARFTLLLAR S P A 53 76 1R 40 Bt ) P9 ME B | 25 T X
BiRA T EE MKy, KKES 5% E
B X 2F Ry 4 257 (Smith et al., 2005; F 8
W TR AR 0K, 2007 ) | PR 37 4 9% (Hebert et al.,

2004a) Ffe b BL2# (Ward et al., 2005; J& 7 i %,
2007 ) S5 BN HIACR FSE AR . Rpifk DNA Ly
M C HILEE W 1 3£ W (cytochrome oxidase
subunit 1, COI) (4 100 ~650 bp ¥ i <2 i xF 1R £ &)
YR U T 2L X 73 (Hebert et al., 2003 ; Stoeckle,
2003) , HWitt, BRI R 21% DNA barcode
SN Br p

AT /IR R P I ARG Aif iR 1993 4F: i i
TR I 3 R 4 JB 7 Rhog kbR Lok
fRALE COT 1 120 bp 9 DNA JF 5l 17K, 73
TSI A A AR T 5 R AR IR,
HJ54E DNA barcode 94347 3% 8 fL 00 5 7 RUMERY
RS EFEL,

1 BMRERE

L1 BAXRE

W P PR S AR £ 7 2006 — 2007 4FAb nE
KRG KSR, BR85S (s 7R
f8) VB () Il (B RS0 (b))
(F)5ES DLT AR AR X, SR 46 B Y B
PRI 77 3k, BARERRET 95% L BE,
w1 E R B s R i ok L TR S 0 %
T, EELURA: kw1 Sk, kg 1T Sk,
22 J6ERuE 19 Sk, MR RRE 7 &, S8 AR |
3, BRREABRES 6 S MK 26 3L, FHIESILE L,
1.2 DNA 2E

AEE QIAGEN A & QIAamp DNA Mini Kit
TR AR B LR v P PR 25 1 miDNA, ELIR 2 Mt
TEEAT : (1) FEARRTALL R : 4 bk RE A LR K
BRYE 4 ~5 W WOKAN T 55, A BRI E 2 89 70 8T &
whsk JE R R, KB SR LARE T
WA, FIB T I E TR, s AR R
BN HL TR AR, 7 R 25 mg FEA K
AKET LS ol B.L0EPEMH; (2) A 180 pL
Buffer ATL; (3) il A 20 pL Proteinase K, 56°C /K&
HAL3 h, f/hMIRE 2 ~3 0 (O REC, A
200 ul AL, F4iE2], 70°C KIS 10 min; (5) il A
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1.3 5/#i&it
A Primer Premier 5.0 #{4( Premier 22-&), fill

ZR)RIHCOIG Y, V= YE R 1 COLERK
106 bp F| 1 326 bp K73, HIKFIHIFFH
Sense (F): 5'-CGAGCTGAATTAGGACATCCTGG-3" 23 bp
Anti-sense (R): 5'-TGGGTAATCTGAATAACGTCGAGG-3' 24 bp

200 pL (96% ~100% ) B, FE5HRS], BB L,
(6)¥%RIESWH| QlAamp spin #1, 8 000 rpm &5.(»
1 min, 0 E%,; (7)MA 500 pL AWI, 8 000 rpm
Bl min, HEE; (8) A S00 uL AW2,
14 000 rpm&.(> 3 min, #2 1.5 mL Z.08; (9) A
200 plzgifK, ZEEE S min, 8 000 rpm &>
I min, —20°CHRTF&H .

Rl EPHBERARESEMN COI EEF 5 GenBank B S
Table 1 Collecting data of sarcosaphagous flies in various localities in Beijing and

GenBank accession numbers of COI sequence

Fh R IEH S B GenBank % 338
Species Locality Date ( yy-mm-dd) GenBank accession no.
N A 22 kiR JBU L Shunyi 06-07-09 EU815010 - EU815)13
Calliphoridae Lucilia sericata B Changping 06-07-11 EU8L5014 - EU815)18
F1l1 Fangshan 06-08-03 EU815019 - EU815)23
K i 5t Tiantongyuan 07-08-12 EU815024
X iffi 5t Tiantongyuan 06-08-13 EU815025 - EU815)26
# T Deshengmeng 07-08-22 EU815027 - FU815128
4T 3k W8 Calliphora vicina X i i Tiantongyuan 07-09-27 EU814982
Kk B ok JB S Shunyi 06-07-09 EU815035 - EU815136
Chrysomyia megacephala 5 S Shunyi 070927 EU815037
B Changping 06-07-11 EU815038 — EU81540
52111 Fangshan 06-08-03 EU815041 — EU815044
X ifi 4t Tiantongyuan 06-08-13 EU815045 - EU815047
5[] Deshengmeng 07-08-22 EUB15048
JpRE R b R Dl ke Jisi 3£ Shunyi 06-07-09 EU815029
Sarcophagidae Boeucherisca peregrina 13 Changping 06-07-11 EU815030
Bl Fangshan 060803 EU815031
X iffi 4t Tiantongyuan 06-08-13 EU815032 - EU815034
HEZ50TF. JpK 0 J5 X Shunyi 060709 EU814975 - EU814976
Parasarcophaga crassipulpis B Changping 06-07-11 EU814977 - EU814978
211 Fangshan 06-08-03 EU814979 — EU814980
X %%t Tiantongyuan 06-08-13 EU814981
28T K "
Parusarcop hag‘; jﬂiﬁﬁyi Rohdendorf K %t Tiantongyuan 07-08-12 EU814983
o) KR JGE . Shunyi 06-07-09 EU814984 - EU814990
Muscidae Musca domestica B Changping 06-07-11 EU814991 — EU814995
B2 1y Fangshan 06-08-03 EU814996 — EU814999
X % Tiantongyuan 07-08-12 EU815000 - EU815007
L] Deshengmeng 07-08-22 EU815008 - EU815009

1.4 PCR ¥ 180 F

PCR MK &R K25 ul, BRALE: 2.5 ul 10

x buffer, 2.5 uL. ANTP (2.5 mmol/L), [.6 pL
Mg’ " (25 mmol/L), 13.5 pL 37K, 3 uL DNA f&
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12, 0.3 wl Taq DNA BAR(S U/l 24 )
ERG#)40.8 pL (5 nmol/L) , i Perkin2Elmer
9600 447 T PCR 448, S 554K 95°C fin#h
5 min, SR #4735 K PCR 1E¥: 95C 481 30 s,
52°CiRk 35 s, T2°CHEMH 55 s, fiefig 72°C HEAHT min,
PCR P ¥ (R 77 T 4°C, 1% B I B B8 M | 0K 20 15
PCR %), Goldview #% R Ytk (EB B M) f 6,
¥ 18 =¥ B {£ B BigDye Terminator V3. I Cycle
Sequencing 1A & #E1T IE [ [7) W5 [ b, FifEFE T
HARME, /0 ABI 3130 (AB vu],REH) Aahllfy
G TN
1.5 FAatHh

FIH Lasergene v7.2(Burland, 2000) i) SeqMan #2
PR B — A UK E R I I Ty a0 25 R PE R, ARG (B
MegAlign F2F O T TR Rl — 4R 2 BEA Y
5\, BRI TR A6 Hx R H RO & B — ]
MMXEL, TR 1, {75 bp F151 bp BI¥E3)
O BRERTATF AT ARG 50 o, B 0 AE 0
ZIE oy SO & ORISR 173 #7EE, 4
Megad %X {4 ( Tamura et al., 2007) % H Kimura 2-
parameter #% ( Kimura, 1980) HlEx K ZH G BISRFE A
( Maximum Composite Likelihood, MCL) ( Tamura et al.,
2004) ¥IERIFHE]¥ UPGMA (Sokal and Sneath, 1963)
F14 4% ( Neighbor-Joining ) ( Saitou and Nei, 1987) £4¢
KHERE, Ta]6F K H bootstrap 45 45 ( Felsenstein, 1985 )
(1000 ) iHERGARAEM T — 70 A SCFFH. J35h,
T Megad THE VIR MR AP BL, 118
¥ H Kimura 2-parameter f5#! |

2 HR

2.1 FHERMBIHEOSIT

281 0F 1 P L R AR B L AR TR OE
AR AR X B, FA15 8] T & fa ml it e 4
Prim B F o) 77 5%, FHIKE 3/ 7E 1 076 bp
Z 1155 bp Z[H], *F¥H 1105 bp, A FI4EZE
% GenBank 5BIMN M85 (£ 1), FHEAITHTLL
ZIFFIATHI 1076 bp ALK EE 5,

buRG e SR =35 2 I ¥ Ve gt EL TS
B 1, WNERIRMFTLUEE, FolR e 2R S7E
BN EXBEAA G THBEEENAKR, 8
BETT OO MR s AR M T R, 500 bp it
AJAS 57 S /L, 1T 600 ~ 650 bp B I AT 75 {07 %K
&%, FRUA, MRS FIET R, (ERF

FIBEA X BLAE 075 EF H AE R

— 75bp # BT L 75 bp sliding window

30 ---- 51 bp #r5h# 1 51 bp sliding window

N [3e)
[=] wn

—_
W

H] AR AT A
Number of variable sites

._.
(=]

5

0 200 400 600 800 1000 1200

EW LWL (bp)
Center of windows

BT ¥ 50 el AR f e 04 08 B T 1 44T
Fig. 1 Sliding window analysis of variable sites
among all sequences
HISRET I I ARB S 1/3 B KJE | Adjacent windows have an overlap
of 1/3 window span.

2.2 REEERME

2R 77 ZIFSIM M UPCMA R4 K E R
Bl 7@ S i MR RE B B E, M
Or S B S 99% , E AR 4R ag A kAT
LA R b el (4 A AR & S X 23 S, 6 R Ia] K
U R ARG 3 NP RR LA SRR LAY 3 N R )
(945 32 % BB 4% B 95% 1 92% , T i 48 Bk FILRR
BRI 7 X L HFE B 55% 1 T76% , H AR
SFUEFOR SR 2 SV SRR 098 [ J8 1 SRR TR L 1L 31 R e R
AR FE SRR B R S 4 T SRR e TR B L
FERE 5y SCANA T6% 4 34548

BATEAEART 5 5 — Bk 278 bp 1y COL J7 %)
AYBIBIIO( S84k 3, 2005 ) A9 8 A X B i 1 284
MWRGEKE . ZEAXKENKE R 186 bp,
HEHBMRERERWED KM XS
1 076 bp2 725 R —B, H &YW IIT {5
LA 99% iy 73 3 IFFERETFE— R (BB AER) .

AN IRAT R R T 50 B B KA A LSk R R R
1 076 bpKil 186 bp FFFIHyi UPCMA KM, 4% B8
BRI S, R—4R )y 51 LA 100% (1) 37 £
EHERESRE, MR I ETFRMANEL
(E2 DIRRRREIE) . YRAMEFEmEL L
BRT, Kk S WX AOFE R R BRFEIE A 7E — 2 (Bt
AER) o X—HIRMpEELERIFfE M, At b
RIS 73 LM HFE N 90% (X Ri1 076 bp2h ),
T UPGMA % A2 MR o1 3k 4 8 144 3 43 R 60 A1 B
BN 95% X {H ., S Kimura 2-parameter 57
[EAE A2 NI B4R iR AYEE R
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Fig. 2 Unrooted UPGMA tree constructed under Kimura 2-parameter model with | 076 bp sequences
Jia: %W Musca domestica; D (DT): Kk & #8 Chrysomyia megacephala; FY: JIE 75 \F ¥k W8 Parasarcophaga crassipalpis; JG: 245 F K 93
Parasarcophaga portschinskyi Rohdendod'; ZB: %758 $KSE Boeticherisca peregrine; H: £1-L N8 Calliphora vicina; S: 22 Y4588 Lucilia sericata. [G+
BT A 1 000 YK bootstrap K38 9 L H5(A . W4 %h MAETF 41 R £ 14 TR EIL£] 99% . T FI 3 ST L FFE A F B8, Sequencs of same

species are highly clustered with a suppont value of 99% . The number for each interior branch is the bootstrap value, and values within spec es are nol

}

shown.
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2.3 FiaES

Py Rh S AR R YT B I St K 2.
KPATLLES, FIHMAZERHA0.0016(S) 5
0.0069(ZB) N, ¥yxMid 19 . Fla) 22 R {H i
ANHBRTE ZB F1JG Z i), 4 0.0774, B K BLEE
JIA R FY Z[a), k3] 17 0. 1485, WARMFES K
AT ES I 2, R RIT ES RV NEIN &1
FRATIF OB e i B R —

R AR SR 45 R 1 15 80 21k 0 e 1 22660 0 IR 1Y
DNA P35 1 %%, R THEMNTI S EBSIT LA
s A A AP AT L g, FRATH X M D DNA 73]
7r GenBank f# " blastn FLAt, H A HIZT 3k fn 48 5 51
HI A4 B AR 09 [5] 9 B % 31 8 DQ345096, ik |
99. 5% ; ¥ 5 M Lt B & 0N [ AT 5O
DQ345095 ( 2 Calliphora pattoni) , {1 K96. 4%
128 R BEAY T 51 JG6 FLE i A i AN [ 40 A iy
532 EF405937 (4 R4 Sarcophaga dux) , #H{LLE
H194.4% ; FIFITFHTIALE], XLLER K], &
AL AN A LIS 71 8 7 B SN W S [=|
AR B 079U B2 OB T ][R H Al #h X
L

F£2  FAFFIERE S SRR

Table 2 Sequence divergence between and within species

FY H JG ha S ZB D

FY 0.0027 0.1232 0.0867 0.1485 0.1113 0.099 0.113]
H o 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 0.0843
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
A CHIEE 2 MERMAIF LR, FEANM R, I
SRR RN R E R M 2 R L NA KRR - RIFIL

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 i

Wit TR DNA | COl &K 1 076 bp J§
BB E FTELEC T, ANl SR 4 A R [ R mg
PRSI AMAS B T IR 4, AR BN ERE
ZRAESFEEHFRARETE—, KA
RISR SR YT 5 5€ 2 7T LAE R DNA barcode

W TR R, JREschr BT, R4
b7 R B B g 7 P o 25 L e R R (A
DNA JF Ay, 53418 barcode 751 1§ 1L
X, BPRTARIEIT 910y R # e A, X Rl
WEROHET R ORE S RP A 2 R PR GO IR, B RE A K
BEAICRE BB R fr ik R R P Y R AN

Sy— T, W E O T s A AR R S
A A COTFH A& A X B, R 186 bp ¥
O T o I 20 TN P ek S - 37, R
2005), ¥ F COU KM 0] 48 fif 43 o A 5§ ik,
650 bpE: 2 5 40 59 F B 51 R RT 58 31 28 (U HH 4 7
BB (9 IX 43505 ( Hajibabaei ef al., 2006h) , fTLL 7R
5 B 15 B A KBRS KA, HnTLLRIA
WFR 24 HH 09 1 T 3158 AT b 38 (B 2B barcode 1
F2), MIMISCBUR R X 45 fide

8 2 7 90 a8 Y 5 4 1K R 58 &R
., [F— PR AN AT S RN R AT 844 Rl
R ILTE Ko g RAR—By e Blan, Mg
7 JRR 958 1) S5 00 I PR 55 RIS 200 IV JRR e 22 ) 0 8 o35
7 Ll AN 5] JE8 7D 5 T JBR 9 15 455 o R A 22 1] g 8 28
KUMEZ. FRUUBRAMH TRERZFE KW I
B, B Rt TR # AT, barcode AN
KRB ELEN ARG KL 2, 74T barcode Fp 51 # &
1 R G A B ANTE BRI M M O R st A L 09 &
SREXRER, XHZ AR BT 2 — B8 ( Russo
et al., 1996; Zardoya and Meyer, 1996; Hajibabaei et
al., 2006a) ,

£ B DNA 5y FHRic, 46 STR A1 Y Bk
SNP 54, # e A T 36 45 B ) 64
(ZEFRES, 2001 ; 24K F, 2000) o AT -
Fiff, XARFIH TR R TR E R R 8 E
SRR, RBFSEFTRISA24 1 100 bp (75 thn]
VAR 0 16 FH T8 7 1k g 25 40 el X 73 A9 £ 47 & DNA
FFOLRMIE R, W BT A R
Py 2 AN MARITE, TRATTAR 5 5 0 8 TR K
& DNA K — X E B — 4R BT s 2 240 2109 41
A AITARIE X 1X 62 037 45 119 73 B 38 ] SC L X 7y
FARI SRR YIRP Y B Y. XGRS 78 H b 4 5
KREEMIMC % — 5 T (Troesch et al.,
1999 ; GG FIE M, 2003; 2305555, 2008) , i fF
BER RN SR A R EENF LN
(B, X W 771 26 b 24 A1 ) 40 A (9 S — S P
HRGHE K 20 B 5 R K B8 UL KA ) R kR (A
DNA COl ERITIMut— PR, R
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