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ABSTRACT: Insect collection from the crime scene and their identification is very important and crucial step in
forensic entomology. Sarcophaga princeps (Walker) and Parasarcopahga hirtipes Wiedemann, are two impotent
species belonging to Sarcophagidae family. Male and female specimens of both the species have been collected,
examined and were identified based on DNA sequencing analysis. Male genitalia offer unambiguous species
identification characteristics in the traditional taxonomy of flesh flies but the female flies are very similar to one
another in general morphology. For molecular identification, mitochondrial COI was employed and a 465bp fragment
was isolated. DNA sequence data was analyzed using MEGA 5 software. Sequence divergence between two species
and nucleotide composition were calculated using maximum likelihood method. Phylogenetic analysis was done by
constructing neighbor-joining and maximum parsimony trees by employing Tamura-3-parameter given in the same
software. Results showed that molecular methods have the potential to be used as supplement to the traditional
morphological identification process.
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I.

INTRODUCTION

Insect specimens collected at crime scenes can be used to estimate the minimum postmortem interval (PMI),
season of death, presence of toxins, or corpse transportation [1,2]. For accuracy, forensic entomologists, where possible,
utilize evidence from initial corpse colonizers, which include carrion-breeding species of blow flies (Diptera:
Calliphoridae) and flesh flies (Diptera: Sarcophagidae) [2,3]. Flesh flies can provide precise PMI estimations as they
are viviparous (lay live larvae), producing immatures that are ready to start feeding immediately on the corpse and
contribute to its decomposition. Despite the considerable forensic potential of sarcophagids, their use to date in forensic
investigations has been limited in comparison with calliphorids, as accurate species-level morphological identification
at any life stage is very difficult [1–5]. Sarcophagids collected from crime scenes are generally therefore reared to
adults to assist with taxonomic identifications; however, this is not always possible [2,3,6,7]. Many studies have
demonstrated that the identification of adult flesh flies can done by using various molecular methods. Mitochondrial
genes are proved to be important, including cytochrome oxidase subunit I (COI) and NADH dehydrogenase subunit 4
[2,8,9]. Moreover, the 658-bp barcoding region of COI has shown a lot of potential to effectively distinguish between
Australian Sarcophagidae [10], along with the flesh fly Sarcophaga (Liopygia) argyrostoma [11], blow flies of eastern
Australia [12], butterflies (Lepidoptera) [13], blackflies (Diptera: Simuliidae) [14], mayflies (Ephemeroptera) [15], and
tachinids (Diptera: Tachinidae) [2,16]. So, the present investigation has been undertaken to identify two forensically
important flesh fly species of Indian origin by using short fragment of mitochondrial COI gene.
II.

MATERIALS AND METHODS

A. Insect Collection and preservation:
Eight specimens of insects belonging to two species of family Sarcophagidae (Table 1) were collected over the
meat kept as bait with the help of entomological net. After collection, the flies were killed by keeping them in
potassium cynanide killing jar. After that, flies were pinned and kept in the entomological boxes for further use.
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B. Identification, amplification and DNA sequencing
External genitalia of all the specimens was cut and immerged in 10% KOH solution overnight. Morphological
identification of all the specimens was done by following the keys given by Senior White et al. [17], Nandi [18] and
Pape [7]. The genitalia and 5th sternite were examined under microscope and illustrated. Finally, the genitalia was
either kept with glycerol in glass vials with cork stopper or mounted
For molecular identification, DNA was extracted from the dried thorax of the fly specimens using the Coen
method [19]. The extracted DNA was eluted in 200 μL elution buffer and kept at -20˚C for long term storage. After this,
a partial fragment (450 bp region) of COI gene of the mitochondrial DNA was amplified using two primer sets as
suggested by Sperling et al. [20].
Species
Sarcophaga princeps SeniorWhite

Voucher
A342.Punjab
D26.UK
D384.HP
JK31.JK
S71
S25
CSU140808CS74
CSU140808CS73

Parasarcophaga
(Weidemann)
Musca
autumnalis DeGeer

hirtipes

A269.Punjab
D58.UK
D274.HP
JK3.JK
-

Place of collection
Roopnagar, Punjab
Mussoorie, Uttrakhand
Manali, Himachal Pradesh
Kathua, Jammu & Kashmir
Malaysia
Malaysia
Chengdu, China
Chengdu, China

GenBank
JX507345
JX507348
JX507349
JX507346
EF405949
EF405948
KM279655
KM279654

Hoshiarpur, Punjab
Sahastradhara, Uttarakhand
Parour, Himachal Pradesh
Kathua, Jammu & Kashmir
-

JX507312
JX507317
JX507316
JX507314
GQ223329

Table 1: Collection localities, voucher number, and GenBank record for present specimens and their world references.
Sequencing of both sense and antisense strand was done using an ABI PRISM Big Dye Terminator Cycle
Sequencing Ready Reaction Kit by ABI PRISM 3730 (Applied Biosystems, Foster City, U.S.A.). Big Dye terminator
v3.1 was used as the sequencing agent. The sequences obtained have been deposited in GenBank by Sequin
(http://www.ncbi.nlm.nih. gov/Sequin/index.html) and their accession numbers are listed in Table 1. The sequence data
was analysed by using the MEGA 5 software.
III.

RESULTS AND DISCUSSION

This study showed that mitochondrial COI gene fragment has a lot of potential for identification of Indian
flesh flies. A 465-bp fragment of the COI gene was sequenced from eight specimens, representing two forensically
important species of Indian Sarcophagidae. The 465 bp region under present study has revealed 366 conserved and 99
variable and 65 parsimony informative positions which indicated that mitochondrial COI gene have both conserved and
highly variable regions across taxa which is very crucial for the species discrimination. Our results are in association
with Song et al. [21] who noted 151 variable sites in the 552 bp long fragment of COI gene amplified from fifteen
sarcophagid species belonging to China. They also emphasized that out of 151, 129 variable sites were in the third
codon position. Bajpai and Tewari [22] also studied five sarcophagid species and observed 71 variable sites in 296 bp
long sequences in which only 26 sites were parsimony informative.
Both the tree i.e., neighbor joining (Fig. 1) as well as on the maximum parsimony tree (Fig. 2) based on the
sequence data showed several distinct congeneric clusters. The high bootstrap values (100%) provide an indication of
good percentage support for the grouping nodes of all the species under present investigation. From the bootstrap
support for each group and the level of nucleotide divergence between groups, it is thus evident that these gene
sequences have potential for identification of sarcophagid flies. A high bootstrap support (69-93%) was also seen when
we compare our samples with world samples .The monophyletic separation of all the samples of two species (Fig. 2)
confirmed the sufficient resolution of the genetic marker. All the samples of both the species of Sarcophagidae were
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separated and the bootstrap values were all 100% and these results are in agreement with those of Zehner et al. [9],
Bajpai and Tewari [22], Alessandrini et al. [23], Guo et al. [24], Guo et al. [25]. Tan et al. [26] and Stamper et al. [27].
D384.HP465

100 D26.UK465
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EF405949Malaysia

100
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Fig. 1: Neighbour-joining (NJ) tree of Tamura-3-parameter (T3P) distances for 08 COI gene sequences from two
species of Indian and world Sarcophagidae. Evolutionary distance divergence is given by bar which indicates 0.02
substitutions per site.
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Fig.2: Most parsimonious tree using Tamura-3-parameter (T3P) distances for 08 COI gene sequences from two species
of Indian and world Sarcophagidae.
Percent pairwise divergence between species was calculated and was presented in Table 2, and variation
among all individuals of the species was calculated. The number of base substitutions per site from analysis between
sequences was shown.
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[
1
2
3
4
5
[ 1]
[ 2]
0.0
[ 3]
0.0
0.0
[ 4]
0.0
0.0 0.0
[ 5]
2.0
2.0 2.0
2.0
[ 6]
2.0
2.0 2.0
2.0
0.0
[ 7]
3.0
3.0 3.0
3.0 1.0
[ 8]
3.0
3.0 3.0
3.0 1.0
[ 9]
15.0 15.0 15.0 15.0 13.0
[10]
15.0 15.0 15.0 15.0 13.0
[11]
15.0 15.0 15.0 15.0 13.0
[12]
15.0 15.0 15.0 15.0 13.0
S.Nos: 1-8:S. princeps; 9-12: P.hirtipes

6

7

1.0
1.0
0.0
13.0 12.0
13.0 12.0
13.0 12.0
13.0 12.0

8

9

10

11

12 ]

12.0
12.0
12.0
12.0

0.0
0.0
0.0

0.0
0.0

0.0

0.0

Table 2: Showing the percent pairwise sequence differences for the 465 bp region of COI gene for two flesh fly
species.
In Table 2, S. prineps showed interspecific variation of 15% with samples of P. hirtipes. S. princeps showed
genetic divergence of 2% with two Malaysian samples (EF405949 and EF405948) and 3% with two Chinese samples
(KM279655 and KM279654). 2% genetic divergence was seen between samples of Malysian (EF405949 and
EF405948) and Chinese (KM279655 and KM279654) origin. However, no significant intraspecific variation was
observed within each of these two sarcophagid species within their respective countries. The results of interspecific
variation between other species were found to be higher, which showed the efficacy of COI to identify the species from
different genus of Sarcophagidae family and these results are in complete consonance with those of Harvey et al. [28].
IV.

CONCLUSIONS

With the preceding discussion, it is clear that the investigated COI gene sequences have lot of potential for
identification of Indian flesh flies. As no significant intraspecific variation was observed within each of these two
sarcophagid species because this COI sequence is partial and short to infer required amount of information for species
identification. Future workers are encouraged to do full length analysis to get best results for intraspecific variations.
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