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ABSTRACT: Insects attracted to cadavers may provide important indications of the postmortem interval (PMI). However, use of the flesh flies
(Diptera: Sarcophagidae) for PMI estimation is limited as the species are often not morphologically distinct, especially as immatures. In this study,
23 forensically important flesh flies were collected from 13 locations in 10 Chinese provinces. Then, a 278-bp segment of the cytochrome oxidase
subunits one (COI) gene and a 289-bp segment of the 16S rDNA gene of all specimens were successfully sequenced. Phylogenetic analysis of the
sequenced segments showed that all sarcophagid specimens were properly assigned into four species (Boerttcherisca peregrina [Robineau-Desvoidy,
1830], Helicophagella melanura [Meigen, 1826], Parasarcophaga albiceps [Meigen, 1826], and Parasarcophaga dux [Thompson, 1869]) with
relatively strong supporting values, thus indicating that the COI and 16S rDNA regions are suitable for identification of sarcophagid species. The
difference between intraspecific threshold and interspecific divergence confirmed the potential of the two regions for sarcophagid species

identification.
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The major mission of forensic entomology is to provide useful
information for investigation of murders and suspicious deaths by
helping to determine time, manner, and place of death (1).
Necrophagous insects are attracted by decaying corpses and colo-
nize them immediately after death (2). Insect larvae and adult
insects found on human corpses provide important clues for the
estimation of the postmortem interval (PMI), especially when infor-
mation on the postmortem phenomena is not available (3). The Sar-
cophagidae or flesh flies (Diptera) comprise more than 2500
species in more than 100 genera globally, with many species being
carrion breeders and initial corpse colonizers (4,5). Many sarcopha-
gid species have the potential to be used to estimate the PMI
(3,4,6). The larval stages of many species of Sarcophagidae are
necrophagous, and for this reason, those species termed ‘“flesh
flies” are significant in forensic entomology, being second only to
the Calliphoridae (Diptera) in terms of their usefulness (7). Death
scenes from which flesh fly larvae have been recovered vary from
ones with relatively fresh remains to much older mummified
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corpses (8). Moreover, the reproductive cycle of the sarcophagids
makes them prospectively more reliable for PMI estimations com-
pared with other initial dipteran colonizers (4,9). Flesh flies, such
as genus Sarcophaga, can fly under inclement conditions that would
prevent the Calliphoridae (10); thus, in the rainy seasons, flesh flies
may be the first species to arrive on carrion.

Unambiguous and rapid sarcosaphagous insect species identifica-
tion is an essential requirement for forensic investigations. Sarcopha-
gine flies are notoriously difficult to identify because of their highly
similar morphological appearance. For some sarcophagid species, it
is only the adult males that can be identified with certainty (11).
Furthermore, no suitable key for the identification of the immature
stages of sarcophagid flies exists (4). Time-consuming rearing of the
larvae to adults for identification may delay the criminal investiga-
tion or cause significant problems when rearing fails (3). Some
authors suggested and demonstrated that mitochondrial DNA
(mtDNA) sequences could be successfully employed to distinguish
some species of the sarcophagine flesh flies (2,4,12-14). PCR
amplification of selected regions of the mtDNA, sequence analysis
of the amplicons obtained, and alignment of the data with reference
sequences are the usual and recommended methods. Molecular
methods can be carried out on any life cycle stage without further
rearing and on dead, preserved, or live samples.

The DNA analysis of forensically relevant insects focuses mainly
on the cytochrome oxidase subunits one (COI). Even partial
sequences of this COI gene have been proven to have sufficient
discrimination power (2,4,15-18), which makes it, in particular,
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suitable for forensic applications. However, some closely related
species failed to be discriminated by COI sequence analysis (19—
22). The main limitation to the use of COI sequence data has been
the inability to distinguish between some closely related species
(23). Under these circumstances, other sequences of forensically
important flies from different geographical regions were examined,
such as the nuclear encoded 28S rDNA sequence and the mito-
chondrial encoded 16S tRNA. The 28S rDNA sequences were used
to identify some closely related species of Calliphoridae family and
different results from the COI phylogenetic analyses were produced
(24,25). Meanwhile, some studies indicate that 16S rDNA gene has
potential as a discriminatory tool in identification of forensically
important flies (26-28). In this study, a fragment (278 bp) of the
COI mitochondrial gene and a fragment (289 bp) of the 16S rDNA
gene from 23 Chinese Sarcophagid fly specimens belonging to the
four forensically importance species were sequenced.

The knowledge of local fauna is very useful in forensic investi-
gations, because data from other regions, which may have both dif-
ferent environmental and faunal characteristics, may not provide a
sufficient degree of accuracy (20). The longitude and latitude span
of China is so large that the climate condition and geographical
environment differ considerably among provinces. However, molec-
ular data available with respect to the sarcophagid flies are very
limited in China. To the best of our knowledge, few studies on
genetic identification of Sarcophagidae in China have been pub-
lished. The goal of this study is to research the utility of COI and
16S rDNA for identification of four forensically important sarcoph-
agid fly species in China, simultaneously to accumulate genetic
data for the global study on Sarcophagidae.

Materials and Methods
Specimens

Six specimens of Boerttcherisca peregrina, four specimens of
Helicophagella melanura, four specimens of Parasarcophaga
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albiceps, and nine specimens of Parasarcophaga dux were
obtained from 13 different locations in China from 2007 to 2009.
Another two dried adult specimens of Musca domestica (Diptera:
Mascidae) were obtained from Xi’an (Shannxi) and Yongzhou
(Hunan) in the year 2009. Collection information is listed in
Table 1. Two kinds of baits were used: rat carcasses and pig car-
casses. The animal carcasses were placed on the outdoor grassland.
All the specimens were collected by hand net or tweezers, and sub-
sequently, air-dried at room temperature, or stored in 70% ethanol
at 20°C. All specimens were identified morphologically by expert
entomologists through the use of relevant taxonomic keys (29,30).
The southernmost collection location is Wanning located in
Hainan Province, SA (18°80’, 110°39’), and the northernmost and
westernmost location is Urumgqi in Sinkiang Municipality, SA
(43°46’, 87°36"). The easternmost collection location is Linyi
located in Shandong Province, SA (35°05’, 118°35"). Although not
every province is involved in this study, these samples almost rep-
resent the four main sarcophagid fly species throughout China.

DNA Extraction

mtDNA from all samples was extracted using the CTAB (cetyl-
triethylammnonium bromide) method (31). To avoid possible con-
tamination of fly DNA with DNA from ingested proteins and eggs
of gut parasites, the thoracic muscle of each insect was used as the
source of DNA, whereas the head and abdomen were retained for
further morphological and molecular analysis. DNA was resus-
pended in 50 pl of 1 x TE buffer (1 x TE buffer, pH 8.0; 10 mM
Tris—HCI, 1 mM EDTA, pH 8.0) and stored at 4°C.

PCR Primers

The 278-bp fragment of the COI gene from all specimens was
amplified using the primer pair C1-J-2495 (sense) (32) and CI-N-
2800 (antisense) (33). All of the 16S rDNA sequences were aligned

TABLE 1—Locality and reference data of specimens newly sequenced for this study.

Accession Number

No. Species Col 16S Locality and Coordinates Date
1 Sarcophaga peregrina (Robineau-Desvoidy,1830) HMO037095 HMO016588 Lanzhou, Gansu [103:83E, 36:06N] 2007
2 HMO037097 HMO016590 Jishou, Hunan [109:43E, 28:18N] 2008
3 HMO037096 HMO016589 Linyi, Shangdong [118:35E, 35:05N] 2007
4 GU145171 HMO016587 Urumgqi, Sinkiang [87:36E, 43:46N] 2009
5 GU145177 HMO016592 Yongzhou, Hunan [111:61E, 26:42N] 2009
6 HMO037098 HMO016591 Changsha, Hunan [112:59E, 28:12N] 2009
7 S. melanura (Meigen, 1826) HMO037109 HMO016607 Xining, Qinghai [101:49E, 36:37N] 2009
8 HMO037110 HMO016608 Yinchuan, Ningxia [106:91E, 38:46N] 2009
9 HMO037111 HMO016609 Shijiazhuang, Hebei [114:26E, 38:03N] 2009

10 HMO037112 HMO016610 Shijiazhuang, Hebei [114:26E, 38:03N] 2009

11 S. albiceps (Meigen, 1826) HMO037099 HMO016596 Shijiazhuang, Hebei [114:26E, 38:03N] 2009

12 GU145174 HMO016594 Zhangjiajie, Hunan [114:51E, 38:04N] 2009

13 GU145197 HMO016595 Hohhot, Inner Mongolia [111:38E, 40:48N] 2009

14 GU145178 HMO016597 Zhangjiajie, Hunan [114:51E, 38:04N] 2009

15 S. dux (Thompson, 1869) HMO037107 HMO016606 Datong, Shanxi [113:13E, 40:07N] 2007

16 HMO037104 HMO016602 Wanning, Hainan [110:39E, 18:80N] 2007

17 HMO037103 HMO016601 Changsha, Hunan [112:59E, 28:12N] 2007

18 HMO037108 HMO016605 Yongzhou, Hunan [111:61E, 26:42N] 2008

19 HMO037106 HMO016604 Xining, Qinghai [101:49E, 36:37N] 2009

20 HMO037105 HMO016603 Urumgqi, Sinkiang [87:36E, 43:46N] 2009

21 HMO037102 HMO016600 Yongzhou, Hunan [111:61E, 26:42N] 2009

22 HMO037100 HMO016598 Xining, Qinghai [101:49E, 36:37N] 2009

23 HMO037101 HMO016599 Wanning, Hainan [110:39E, 18:80N] 2009

24 Musca domestica (Linnaeus, 1758) GU145163 GU145238 Xi’an, Shannxi [108:91E, 34:23N] 2009

25 GU145164 GU145239 Yongzhou, Hunan [111:61E, 26:42N] 2009
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using the sequence alignment program DNASTAR (MEGALIGN
version 7.1.0; DNAStar Inc., Madison, WI). Conserved regions of
the alignment were evaluated and marked. The most commonly
occurring nucleotides at each position of the conserved sequence
were selected and inputted in the primer design program PRIMER
PREMIER 5.0 (PREMIER Biosoft International, Palo Alto, CA).
The primer-binding site should lie entirely within the conserved
region. And the general primer design rules were considered to
avoid false priming and primer-dimer formation in cross-family
PCR. A portion of 289-bp fragment of the mitochondrial 16sRNA
gene was amplified and sequenced by using forward primer
(5’-CGCTGTTATCCCTAAGGTAA-3) and reverse primer (5-
CTGGTATGAAAGGTTTGACG-3").

PCR Conditions

The PCR volume was 25 pl, containing 1-5 pl. (2040 ng)
of template DNA, 12.5 uL 2 X GoTag® Green Master Mix
(Promega, Madison, WI)—4 pL. dNTP (1 mmol/mL, 1.0 U Taq
polymerase, 2.5 uL 10 x buffer [Mg2* 1.5 mM])—0.25-2.5 uL
each primer (10 uM), nuclease-free water (Promega) added to a
total volume of 25 pL. Amplifications were performed in a thermo-
cycler (Perkin-Elmer 9600; Applied Biosystems, Foster City, CA)
programmed with the following parameters: initial denaturation at
94°C for 3 min; 30 cycles of 94°C for 30 sec, 50°C for 30 sec,
and 72°C for 30 sec, and a final elongation at 72°C for 5 min.

Sequencing

Vertical nondenaturing polyacrylamide gel electrophoresis was
used to isolate PCR products, which were then purified using a
Qiaquick PCR Purification kit (Qiagen, Hilden, Germany). Col-
umns cycle sequencing was performed on both forward and reverse
strands using ABI PRISM Big Dye Terminator Cycle Sequencing
Ready Reaction kit by ABI PRISM 3730 (Applied Biosystems,
Foster City, CA) with BIG DYE TERMINATOR v3.1 as the
sequencing agent. Sequence chromatograms were edited and dis-
crepancies between forward and reverse sequences were resolved
using SEQUENCE NAVIGATOR (v1.01, Applied Biosystems).

Because the sequences were protein coding and did not contain
any insertions or deletions, all resultant sequences in this study
were aligned using ClustalW (http://www.ebi.ac.uk/Tools/msa/
clustalw2/). The obtained sequences have been deposited in Gen-
Bank by Sequin (http://www.ncbi.nlm.nih.gov/Sequin/index.html)
and their accession numbers are listed in Table 1. To identify spe-
cies, the COI sequences were compared with Dipteral sequences on
the NCBI web site via the BLASTN function.

Phylogenetic Analysis

A total of 289 aligned sites for the 23 fragments of the mito-
chondrial 16S rDNA and a total of 278 aligned sites for the 23
fragments of the mitochondrial COI sequences were included in the
analyses. Two M. domestica (Linnaeus, 1758) samples belonging to
the family Mascidae were used as outgroup for phylogenetic analy-
ses (Table 1).

To determine whether they were of mitochondrial origin or rep-
resented paralogous sequences in the nucleus, the sequences were
tested using MEGA4 (34). Evolutionary history was inferred using
the neighbor-joining method (35). The bootstrap consensus tree
inferred from 500 replicates was inferred to represent the evolution-
ary history of the taxa analyzed (36). The tree was drawn to scale,
with branch lengths proportional to the evolutionary distances used

to infer the phylogenetic tree. Evolutionary distances were com-
puted using the maximum composite likelihood method (37) and
calibrated with the number of base substitutions per site. Codon
positions included here were 1st + 2nd + 3rd + noncoding. All
positions containing gaps and missing data were eliminated from
the dataset using the complete deletion option.

Results
Alignment of COI and 16S rDNA Sequences

A 278-bp fragment of the mitochondrial COI gene and a 289-bp
fragment of the mitochondrial 16S rDNA gene were successfully
sequenced for all the specimens. No indels (insertion or deletion)
was detected. The sequence alignment consists of 324 variable sites
on the 278-bp COI region, while only 114 variable sites on the
289-bp 16S rDNA were revealed (Table 2). All the sequences were
proofread and aligned in the program MEGALIGN 7.1.0 included
in the DNA analysis package DNASTAR and the different bases
were bolded.

Phylogenetic Analysis of COI

The phylogeny of sarcophagine flies was clearly separated into
four genetic clades (A-D) (Fig. 1). Clade A, which is comprised of
nine S. dux specimens, was supported by high bootstrap value.
Clade B is known as the albiceps group as it only contains species
S. albiceps. Within clade C, the peregrina group, two different
branches were formed sharing a supporting value of 57%. Four
S. melanura specimens were united under clade D as the melanura
group. Clade A and clade B belonged to the genus of Parasarcoph-
aga, clustered together with a supporting bootstrap of 60%.

Pairwise divergence between species was calculated and shown
in Table 3 (below diagonal). And average variation among all
taxon studied was calculated. The number of base substitutions per
site from analysis between sequences was shown. The overall aver-
age of all specimens was 0.07, interspecific variation varying from
7 to 10%. The maximum and minimum levels of divergence
between these four sarcophagid species were similar, ranged from
7 to 11%. The minimum intraspecific values of the four species
were all 0%. The maximum and mean values of S. peregrina were
8 and 5%, while those of S. melanura were 1 and 0%, and for
S. albiceps were all 1%. No significant intraspecific variation
within the S. dux samples was observed.

Phylogenetic Analysis of 16S rDNA

At the species level, three distinct congeneric and monophyletic
clusters (E-G) were well formed (Fig. 2). The high bootstrap val-
ues (297%) provide percentage robust support for the monophyly
of S. peregrina, S. albiceps, and S. dux. Within clade H, three
S. melanura specimens clustered together with a supporting boot-
strap of 88% and the specimen from Xining (HM016607) is sister
to them with a supporting value of 99%. Clade F and clade G
belonged to the genus of Parasarcophaga that were not resolved as
sister groups, while clade E and clade F clustered together with a
supporting bootstrap of 38%.

Pairwise divergence between species was calculated and shown
in Table 3 (above diagonal). The overall average of all specimens
was 0.03. The levels of interspecific variation varied from 3 to 5%.
The maximum and minimum levels of divergence between these
four sarcophagid species were close, ranged between 3 and 5%.
And the specimens from the same species group exhibited little
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TABLE 2—Variable positions in the 278-bp COI gene fragment (above) and 289-bp 16S rDNA gene fragment (below) alignment of Sarcophagidae specimens.

Specimen Base No.
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TABLE 2—Continued.

Specimen Base No. 1 2 3 4 5 6 7 § 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
203 T T T T T T T A A A T T T T T T T T T T T T T T
204 T T T T T T T T T T T T T T T A A A A A A A A A
239 T T T T T T € € C C T T T T T T T T T T T T T T
250 T ¢ ¢ € ¢ ¢ ¢ T T T T T T T T T T T T T T T T T
279 T 1T T T T T T T T T T T T T T A A A A A A A A A

The different bases were bolded. The specimen number in this table is corresponding with Table 1.

S.dux(Changsha)HMO037103
S.dux(Yongzhou)HM037102
S.dux(Urumqi)HM037105
S.dux(Xining)HMO037100
S.dux(Wanning)HM037104
S.dux(Xining)HMO037106
S.dux(Datong)HM037107

60 S.dux(Wanning)HM037101
S.dux(Yongzhou)HM037108

2
38

A

S.albiceps(Zhangjiajie)GU145174
35 100 LLS.albiceps(Hohhol)GU1 45197
73 - S.albiceps(Zhangijiajie)GU145178
g2 S.peregrina(Urumqi)GU145171
99 S peregrina(Y: )1451
I— S.peregrina(Lanzhou)HM037095

57 S.peregrina(Linyi)HM037096
99 [ S.peregrina(Jishou)HM037097
85— S.peregrina(Changsha)HM037098

'— S.melanura(Xining)HM037109

g2 S.albiceps(Shijiazhuang)HM037099

B

C

) ji iM037112
g3 || S-melanura(Yinchuan)HM037110

63! S.melanura(Shijiazhuang)HM037111

M.domestica(Xian)GU145163
[ Outgroup
100L M.domestica(Yongzhou)GU145164

A
001

FIG. 1—Single most parsimonious phylogram of forensic relevant Sarco-
phagidae species (heuristic search with 500 random step-wise additions)
based on a 278-bp region of the COI gene. Numbers on branches indicate
the support value. Four major clades were identified as (A) dux group; (B)
albiceps group; (C) peregrina group; and (D) melanura group. Neighbor-
Jjoining tree of Kimura-two-parameter (K2P) distances for 23 COI gene
sequences from four species of Chinese Sarcophagidae. Morphological spe-
cies identification, voucher ID, and city are given in specimen label. Two
Musca domestica samples from family Mascidae are included as outgroup.
Evolutionary distance divergence scale bar is 0.01.

divergence based on 16S rDNA, such as S. peregrina (0%), S. mel-
anura (0-1%), S. albiceps (0%), and S. dux (0%).

Discussion

Insects can be of significant importance in cases of badly decom-
posed and unidentified remains and with an undetermined time of
death (38). To implement the use of sarcophagids for PMI estima-
tion, a method for easy yet accurate species-level identification at
any life stage is required. In this study, we assessed the COI and
16S rDNA sequence as a potential marker for the identification of
Sarcophagidae family flies from China. Although the amplicon size
and sample size were both small, these data provide an opportunity
to evaluate the potential value of COI and 16S rDNA for basic bio-
logical studies of these sarcophagid flies. The mtDNA technique
can be used as a supplemental means of morphological method in
identification of the four Chinese sarcophagid species, as the tech-
nology is easier to perform and saves more time for forensic scien-
tists within their routine work.

From Table 2, we can see that much more variable positions on
the partial COI analyzed were revealed than that of the partial 16S

rDNA, indicating that this selected 16S rDNA region is a highly
conserved region. Accordingly, phylogenetic analysis performed
based on the COI sequence shows that different branches were
formed sharing low supporting values for clade B, clade C, and
clade D (Fig. 1). In the genus of Parasarcophaga, the two species,
S. dux and S. albiceps, clustered together with a supporting boot-
strap of 60%, indicating the efficacy of COI to identify the species
from same genus of Sarcophagidae family. In Fig. 2, the
monophyletic separation of the four species (clades E-H) in the
phylogenetic tree examined by 16S rDNA confirmed the sufficient
resolution of the genetic marker. The four species groups of Sar-
cophagidae were separated and the bootstrap values were all high.
However, in the genus of Parasarcophaga, the clade F and clade
G failed to cluster together directly, indicating the ability of this
partial 16S rDNA region to identify the species from same genus
was not as efficient as that of the partial COI region. This may be
related to the selected region of the 16S rDNA gene, and more sar-
cophagid species from more locations should be studied in the
future.

Genetic species identification is to match the sequence of the
evidence item to an authenticated reference DNA sequence. If a
sequence of an unknown insect matches a reference sequence, we
can conclude that these two taxa are identical or at least belong
to the same species complex (3). Once differences occur, informa-
tion about the intraspecific versus the interspecific variation is
necessary to evaluate these differences. In the Table 3 (below
diagonal), the interspecific variation between species of different
genus was higher than that from same genus, which indicated the
efficacy of COI to identify the species from different genus of
Sarcophagidae family. Furthermore, the interspecific variation
between S. dux and S. albiceps was larger than 5%, which could
distinguish these species of the same genus Parasarcophaga. The
intraspecific variation within S. peregrina samples ranged from 0
to 8%. And the mean level of the intraspecific was 5%, which
showed the difference within the S. peregrina species. In Table 3
(above diagonal), the interspecific variation examined by 16S
rDNA between species was low, and even no significant intraspe-
cific variation was observed within each of the four sarcophagid
species. Similar observations have been reported for the flesh flies
Sarcophaga argyrostoma and S. crassipalpis (intraspecific varia-
tion 1%, interspecific variation about 3%, respectively) (4) and
the blowflies Calliphora vicina and C. vomitoria (intraspecific
variability of less than 1%, interspecific variability of about 5%
in the COI) (16).

Detailed systematic studies are required to enable DNA identifi-
cation of Chinese species encountered in forensic entomology.
Seven of the Sarcophagidae are considered to be forensically
important in China, including S. peregrine, S. albiceps, and S. mel-
anura (39). To the best of our knowledge, there were no reports on
the COI and 16S rDNA sequences analysis of S. peregrina, S. mel-
anura, S. albiceps, and S. dux from China. To introduce these two
gene sequences as an instrument for forensic entomology, we
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TABLE 3—Pairwise distance matrix of Sarcophagidae 278-bp COI sequences (below diagonal) and the 289-bp 16S rDNA sequences (above diagonal).

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23

[1] - 000 0.00 0.00 0.00 0.00 0.05 0.05 005 0.05 0.03
[21 007 - 0.00 0.00 0.00 0.00 0.05 0.05 0.05 0.05 0.03
[3] 006 001 - 0.00 000 000 0.05 0.05 005 0.05 0.03
[4] 001 008 0.07 - 000 000 0.05 0.05 005 0.05 0.03
[5] 0.01 008 0.07 000 - 000 0.05 0.05 005 0.05 0.03
[6] 0.07 0.00 0.01 0.08 008 - 0.05 005 005 005 0.03
[71 0.09 008 0.08 0.09 009 008 - 0.01 001 001 0.05
[8] 0.08 0.08 0.08 0.09 009 008 0.01 - 000 0.00 0.05
[9] 0.08 0.08 0.08 0.09 009 008 0.01 000 - 0.00 0.05
[10] 0.09 0.08 0.07 0.09 0.09 008 0.01 0.00 000 - 0.05
[11] 0.11 0.09 0.09 0.11 0.11 0.09 0.08 0.09 0.09 009 -

[12] 0.11 0.09 0.09 0.11 0.11 0.09 0.08 0.09 0.09 0.09 0.00
[13] 0.10 0.08 0.08 0.10 0.10 0.09 0.07 0.08 0.08 0.08 0.01
[14] 0.11 0.08 0.08 0.11 0.11 0.09 0.07 0.08 0.08 0.08 0.01
[15] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[16] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[17] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[18] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[19] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[20] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[21] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[22] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
[23] 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.07
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The number in this table is corresponding with Table 1. [1]:

Sarcophaga peregrina (Lanzhou) HMO037095; [2]: S. peregrina

(Jishou) HM037097; [3]:

S. peregrina (Linyi) HM037096; [4]: S. peregrina (Urumqi) GU145171; [5]: S. peregrina (Yongzhou) GU145177; [6]: S. peregrina (Changsha) HMO037098;
[7]: S. melanura (Xining) HMO037109; [8]: S. melanura (Yinchuan) HMO037110; [9]: S. melanura (Shijiazhuang) HMO037111; [10]: S. melanura (Shijiazhuang)
HMO37112; [11]: S. albiceps (Shijiazhuang) HM037099; [12]: S. albiceps (Zhangjiajie) GU145174; [13]: S. albiceps (Hohhot) GU145197; [14]: S. albiceps
(Zhangjiajie) GU145178; [15]: S. dux (Datong) HMO037107; [16]: S. dux (Wanning) HM037104; [17]: S. dux (Changsha) HM037103; [18]: S. dux (Yongzhou)
HMO037108; [19]: S. dux (Xining) HMO037106; [20]: S. dux (Urmuqi) HM037105; [21]: S. dux (Yongzhou) HM037102; [22]: S. dux (Xining) HM037100; [23]:

S. dux (Wanning) HM037101.

S.peregrina(Lanzhou)HMO016588
S.peregrina(Urumqi)HM016587
99| S.peregrina(Jishou)HM016590
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FIG. 2—Single most parsimonious phylogram of forensic relevant Sarco-
phagidae species (heuristic search with 500 random step-wise additions)
based on a 289-bp region of the 16S rDNA gene. Numbers on branches
indicate the support value. Four major clades were identified as (E) pere-
grina group; (F) albiceps group; (G) dux group; and (H) melanura group.
Neighbor-joining tree of Kimura-two-parameter (K2P) distances for 23 16S
rDNA gene sequences from four species of Chinese Sarcophagidae. Morpho-
logical species identification, voucher ID, and city are given in specimen
label. Two Musca domestica samples from family Mascidae are included as
outgroup. Evolutionary distance divergence scale bar is 0.005.

assessed the suitability of these genetic markers for identification of
the four Chinese sarcophagid species. This is a preliminary study
of genetic identification of sarcophagid species, as the amplicon

size and sample size were both small; however, the bootstrap sup-
port for each group and the level of nucleotide divergence between
groups indicating that sarcophagid species identification by COI
and 16S rDNA sequences was possible. Future evaluation of more
Chinese Sarcophagidae, using different loci, and longer sequences
will further improve molecular identification of these forensically
important flies. In addition, further sampling to identify additional
forensically important Sarcophagidae will help to expand such anal-
yses to all relevant Chinese species.

Conclusion

The 289-bp fragment of the mitochondrial 16S rDNA gene and
the 278-bp fragment of the mitochondrial COI gene in this study
displayed that DNA-based method can be used as a supplemental
means for morphological method in identification of the four Chinese
sarcophagid species. As a preliminary study for genetic identification
of sarcophagid species, both the sample size and amplicon sizes were
small. More samples from different locations and different regions of
the COI and 16S rDNA genes need to be studied in the future.
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