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Abstract

Necrophagous species of insects provide useful complementary data to estimate the postmortem interval in fo-
rensic cases. Here, for the first time, we report on insect specimens collected from human corpses in Riyadh,
Kingdom of Saudi Arabia. During the study, 14 beetle larvae were collected from the outdoor corpse (case re-
port one) and five flies and seven beetles were collected from the indoor corpse (case report two). Sequencing
was performed to study the mitochondrial DNA (mtDNA) as the prospective basis of an identification technique.
The sequencing focused on a section of the cytochrome oxidase | encoding region of mtDNA. Two beetle spe-
cies, Dermestes frischii (Kugelann) and Dermestes maculatus (De Geer) (Coleoptera: Dermestidae), and one fly
species, Chrysomya albiceps (Wiedemann) (Diptera: Calliphoridae), were identified. These results will be instru-

mental in the implementation of a Saudi database of forensically relevant insects.
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The study of necrophagous arthropods on human corpses plays an
important role in forensic investigations. The importance of these in-
sects in criminal investigations (a science denominated as forensic
entomology), resides in the fact that they are the first to detect and
to then locate a cadaver and are present in all stages of body decom-
position (Byrd and Castner 2010). This means that they can be help-
ful in determining the time of death or postmortem interval (PMI),
as well as any postmortem transfer and the presence of drugs
(Introna and Campobasso 2000). Insects are found in various places
and there are many differences between insects associated with
human corpses in outdoor and indoor conditions (Byrd and Castner
2010). When using arthropods to estimate PMI, it is important to
consider the factors which may affect the rates and patterns of insect
invasion in the body, such as the environmental conditions, includ-
ing temperature, humidity, and rainfall (Goff 1992).

Payne (1965) showed that many insects are associated with ca-
daver after death and their pattern of succession occurs in a se-
quence. Insects are attracted to a body immediately after death, and
they colonize in a predictable manner. A corpse is a large food re-
source for a great many creatures, and supports a large and rapidly
changing ecosystem as it decomposes. The cadaver progresses
through a recognized sequence of decompositional stages, from fresh
to skeletal, over time. During this decomposition, it goes through
dramatic physical, biological, and chemical changes. Insects at-
tracted to the cadaver differed according to the decomposition stage.
Some are attracted directly by the corpse, as food source or an

oviposition medium, whereas others are attracted by the large aggre-
gation of other insects they use as a food resource (Van den Oever
1976, Coe and Curran 1980, Henssge et al. 1995).

The family Calliphoridae constitute the most common type of in-
sect evidence collected during criminal investigations (Keh 1985,
Catts and Haskell 1990). They are often the first organisms to arrive
at a corpse after death, attracted by the odor produced in the early
stages of decomposition (Goddard and Lago 1985, Smith 1986, Wall
and Warnes 1994), and their activity may accelerate the decay and
disintegration of the body (Mann et al. 1990). Calliphoridae are com-
mon in The Kingdom of Saudi and are widely distributed throughout
the country Arabia (Al-Ahmadi and Salem 1999, Al-Misned 2003,
Dawah and Abdullah 2009). In addition, carrion beetles are import-
ant in terrestrial ecosystems, consuming dead mammals and promot-
ing the recycling of organic matter into the ecosystem
(Dekeirsschieter et al. 2013). The most common carrion beetle fami-
lies include Cleridae, Dermestidae, Histeridae, Scarabaeidae,
Silphidae, and Staphylinidae (Byrd and Castner 2010).

The key point for any taxonomic system is its ability to deliver
accurate species identification, and in recent years one of the most
popular methods of identification has been molecular taxonomy
(Harvey et al. 2003). Several mitochondrial (mt) genes have been
used in molecular taxonomy to identify the forensic species of the
following genes: mt 16s rRNA gene (Li et al. 2010, Tang et al.
2012), mt cytochrome oxidase c¢ subunit Il gene (Ratcliffe et al.
2003, Ying et al. 2007), NADH gene (Zaidi et al. 2011), and mt
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cytochrome oxidase ¢ subunit | (mt CO1) (Nelson et al. 2007, Aly
and Wen 2013). According to Hebert et al. (2003), DNA barcoding
accurately identified species in more than 95% of cases. The efficacy
of DNA barcoding depends on selection of a suitable segment of
DNA. Indeed, its mutation rate must be slow enough so that intra-
specific variation is minimized but sufficiently rapid to highlight
interspecific variation, it must be relatively easy to collect, and
should have as few insertions or deletions as possible to facilitate se-
quence alignment (Hebert et al. 2003).

The work reported here sought to study and document insect
species associated with human corpses in Saudi Arabia by identify-
ing the collected species molecularly based on mt CO1 gene.

Materials and Methods

Case Reports

Case report 1: A 62-yr-old man was found dead in a field in Al-
Manakh district, Riyadh, where the ambient temperature was about
42°C. The corpse was taken to the Institute of Legal Medicine at
King Saud Hospital on 28th July 2015. Based on police investiga-
tions, the time of death was estimated to have been 14 d before the
discovery of the body. The corpse was hidden by some planks of
wood. The part of the body that was in indirect contact with sun-
light was hard, stiff, and leathery. The corpse was at the decaying
stage.

Case report 2: A 75-yr-old man was found dead in his house in
Al-Massif district, Riyadh, where the ambient temperature was
about 27°C. The corpse was taken to the Institute of Legal Medicine
at King Saud Hospital on the 18th August 2015. Based on police in-
vestigations, the time of death was estimated to have been 61 d be-
fore the discovery of the body. The corpse was found on the ground
next to an air-conditioning unit. The corpse was completely
skeletonized.

Insect Collection

Samples were collected from two corpses during autopsy procedures
by the second author. Beetle larvae were collected from the first
corpse, which was located outdoors position, while flies (adult and
larvae) and beetles were collected from the second corpse, which
was located indoors. Corpse one was found dead in a field in Al-
Manakh district, Riyadh (24° 36'53.04” N, 46° 46'19.52" E), where
the ambient temperature was about 42°C. Corpse two, meanwhile,
was found dead in his house in Al-Massif district, Riyadh (24°
46'7.72" N, 46° 41'4.01” E), where the ambient temperature was
about 27°C. Samples were preserved in 70% ethanol in vials labeled
with the date, time of collection, and the stage of decomposition at
the time of collection. By using specialized taxonomic keys, the col-
lected insects were classified into family and species levels and con-
firmed by the experts in the Insect Museum, College of Food &
Agriculture Sciences. Then all specimens were identified to the low-
est possible taxonomic level using molecular identification
techniques.

DNA Extraction and Polymerase Chain Reaction
Ethanol-preserved specimens were washed in distilled water before
isolation, allowed to dry, and crushed in sterile 1.5-ml microcentri-
fuge tubes. Whole genomic DNA was extracted from individual spe-
cimens using QIAGEN DNeasy Blood & Tissue Kit (Catalogue #
69504), as per the manufacturer’s instructions.

The polymerase chain reaction (PCR) was used to amplify the
barcoding region of the mitochondrial cytochrome oxidase subunit I

gene (COI) from each specimen using the primer (Cyto 1F) Forward
sequence (5~ GGTCAACAAATCCATAAAGATATTGG-3’) and
Reverse sequence (Cyto 1R) (5’- TAAACTTCAGGGTGACCAA
AAAATCA -3’) (Folmer et al. 1994); Zaidi et al. (2011) and Salem
et al. (2015) approved the efficiency of the mt CO1 gene in the dis-
crimination of forensically important species.

Polymerase chain reaction was performed in 20-pl reaction vol-
ume, comprising 4.0 pl of Solis BioDyne 5x FIREPol Master Mix
(Reagents: FIREPol DNA polymerase, 5x Reaction Buffer B [0.4 M
Tris-HCL, 0.1 M (NH4),SO4, 0.1% w/v Tween-20], 12.5mM
MgCl, [1x PCR solution—2.5 mM MgCl,], and 2mM dNTPs of
each [1x PCR solution—200 pM dATP, 200 pM dCTP, 200 pM
dGTP, and 200 uM dTTP]), 0.6 pl of each primer, 2.0 ul of DNA
template, and finally 12.8 pl of nuclease-free water.

Polymerase chain reactions were carried out in an Applied
Biosystems Veriti Thermal Cycler and the thermal cycling conditions
involved were: an initial denaturation of 15 min at 95°C, followed
by 35 cycles of 45s at 95°C, an annealing step for 45s at 51°C, and
an extension for 45 s at 72°C. This was followed by a final extension
of 10 min at 72°C. Agarose gel electrophoresis was performed to
confirm amplification and 1.5% agarose gel was used to separate
the PCR products.

DNA Sequencing and Sequence Analysis
The PCR products were sequenced using the same primers as were
used in the PCR with the sequencing kit Big Dye terminator V3.1
(Applera, Foster City, CA). The results were analyzed using an ABI
3700 DNA Analyzer (Applied Biosystem, Foster City, CA).
Sequences were trimmed to ~650 bp and were then aligned with
their respective reference species using BioEdit Sequence Alignment
Editor version 7.2.5 (Hall 1999), and with ClustalW Multiple
Alignment program with the maximum number of 1,000 iterations
(Thompson et al. 1994).

Results

A total of 26 specimens of adult insects and insect larvae were col-
lected randomly from the two human corpses, whereas only dead
beetle larvae were collected from corpse one, which had been found
outdoors. Adult flies and beetles, as well as beetle larvae (both adult
and larvae) were collected from corpse two. Molecular identification
of the collected insects was attempted based on the mitochondrial
cytochrome oxidase subunit 1 gene. A 500 bp fragment of CO1 was
successfully sequenced for most of the specimens (n = 17).
According to the studied gene, three species were identified: from
corpse one, Dermestes frischii (Kugelann) (n = 2), and from corpse
two, Dermestes maculatus (De Geer) (n = 10) and Chrysomya albi-
ceps (Wiedemann) (n = 5). Sequences were identified using the on-
line BLAST search tool to ensure that there was no
misidentification. Intraspecific and interspecific variations were ana-
lyzed by BioEdit Sequence Alignment version 7.2.5. Sequences were
aligned between individuals of the same species to study the intra-
specific variability, and between individuals of different species to
study the interspecific variability. All sequences were aligned with a
standard reference recoded in the gene bank for each species.

Specimens belonging to Dermestes frischii were the least abun-
dant, accounting for 11.76% of the identified species, although both
obtained sequences showed 99% identity with the reference se-
quence (GenBank KM578824.1) from the GenBank database, Table
1 and Fig. 1.
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Dermestes maculatus represents the most abundant species
among the identified specimens, which account for 58.82%. The se-
quence of all 10 specimens showed 99% identity with the reference
used for this species (GenBank HM909035.1) from GenBank, Table
2 and Fig. 2.

>The third species, Chrysomya albiceps, accounted for 29.41%
of the identified species, and all the sequences showed 99% iden-
tity with the reference species (GenBank KJ193726.1), Table 3 and
Fig. 3.

The results of the sequences revealed high interspecific variability
between D. frischii and D. maculatus, ranging from 8-9% (Table 4).

Discussion

The major aim of this study was to identify some of the important
forensic insects in Saudi Arabia based on molecular data. To date,
studies attempting the molecular identification of forensically im-
portant insects present in Saudi Arabia have been limited (Abouzied
2014; Mashaly 2016a,b) and, to our knowledge, this is the first
study to identify forensic insects in Saudi Arabia based on the se-
quence of the mt CO1 gene where amplified region of the gene con-

species were detected. Similar results were obtained by Chittaro
et al. (2005) where they collected only four to five species during the
famous hot summer wave in 2003.

In the current study fly and beetles were observed on human
copse while corpses were in their decomposition stage, and this
agree with the view of Schoenly and Reid (1987) and Tantawi et al.
(1996) where they marked a decrease in arthropod richness and
their dispersal from the carrion in the last stage of decomposition to
be restricted to fly and beetle orders.

Our results confirm the presence of two species belonging to the
family Dermestidae. Smith (1986) considered Dermestidae to be one
of the most forensically important Coleoptera families (Smith
1986). Santos et al. (2014) also agreed that species belonging to the
genus Dermestes are of considerable forensic importance (Santos
et al. 2014). The results of the current study identify species belong-
ing to the genus Dermestes (D. frischii and D. maculatus) both

Table 2. Percentage of difference between collected individuals of
species Dermestes maculatus and a reference for the same species
from GenBank (HM909035.1)

Sequence HM909035.1 *1 *2 *3 *4 *5 *6 *7 *8 *9 *10

firmed the identification of insects belonging to two different orders.
The high temperature in Saudi Arabia may affect the number of HM909035.1 -

species detected on human corpses in this study where only three D. maculatus 1 1% -

D. maculatus 2 1% 1% -

. o D. maculatus 3 1% 1% 0% -

Tabh? 1. Percentage of dlf'.f.erence between collected |nd|V|duaIs_ of D. maculatus 4 1% 1% 1% 1% —
species Dermestes frischii and a reference for the same species D. maculatus S 1% 1% 1% 1% 1% —
from GenBank (KM578824.1)[TQ3] D. maculatus 6 1% 1% 1% 1% 1% 0% —
Sequence KMS578824.1 D. frischii 1 D. frischii 2 D. maculatus 7 1% 1% 1% 1% 1% 1% 1% -

D. maculatus 8 1% 1% 1% 1% 1% 1% 1% 1% -
KMS578824.1 - D. maculatus 9 1% 1% 1% 1% 1% 1% 1% 2% 2% -
D. frischii 1 1% — D. maculatus10 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% -
D. frischii 2 1% 1% -

*D. maculatus.
10 20 30 40 50 60 70 80 90 100 110

RSTEB2.1  TrTOEROCATOASE AR ASTAC AR AT A AR AN T OAA A AN T A AR A T OO TE T TAATTOSTOAT A T AAATT T TR T AT

D.frischii 1
D.frischii 2

KM578824.1
D.frischii 1
D.frischii 2

KM578824.1
D.frischii 1
D.frischii 2

KM578824.1
D.frischii 1
D.frischii 2

KM578824.1
D.frischii 1
D.frischii 2

KM578824.1
D.frischii 1
D.frischii 2

120 130 140 150 160 170 180 190 200 210 220

TACAGCTCACGCATTTATTATAATTTTCTTCATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCTTTAATATTAGGAGCTCCTGATATAGCATTTC

230 240 250 260 270 280 290 300 310 320 330
T L T L e T [ I
CTCGAATAAATAATATAAGATTTTGACTCCTTCCTCCATCATTATCTCTTTTATTAATAAGAAGAATAGTAGAAAGAGGAGCAGGAACAGGATGAACAGTTTATCCTCCT

340 350 360 370 380 390 400 410 420 430 440

CTATCAGCTAATATTGCTCATGGTGGAGCATCAGTTGATTTAGCAATTTTTAGATTACATCTTGCTGGAATTTCTTCAATTCTTGGTGCAGTTAATTTCATTACTACAGT

450 460 470 480 490 500 510 520 530 540 550

560 570 580 590 600 610 620 630 640 650

T S T T T T T T [ T I I |
CTATTACTATACTTCTAACAGATCGAAATCTTAATACATCATTTTTCGATCCTGCAGGAGGAGGAGATCCTATTCTTTATCAACATTTATTTTGATTTTT

Fig. 1. Alignment of D. frischii sequences (1-2) with reference species sequence (KM578824.1) based on partial sequence of mitochondrial cytochrome oxidase
subunit | (COI) gene.
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10 20 30 40 50 60 70 80 90 100 110

HM909035.1 ATTTCATCTTTGGAGCATGAGCAGGTATAGTAGGAACATCCCTAAGAATACTAATTCGAACAGAATTAGGTATACCTGGATCTCTAATTGGTGACGATCAAATTTTTAAT
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

ceeseeeeeBon

R L L R R R c 2o

..ATGA.TGT....... A..
.GA.C.CTTTG.TT..TAACCCT.C..TTTG. .A.AGGG...G.A..G...A.. .

HWOooNoUu e WwN R

:

120 130 140 150 160 170 180 190 200 210 220

HM909035.1 GTAALTGTTLCAGCLCATGLATTTLTTATLATTTLTTTCLTAGTLATACéTATTLTAATLGGTGLATTTLGAAA;TGATLAGTTLCATTLATATLAGGALCTCCLGATAé
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

HWOoONoU e WwN R

(=]

230 240 250 260 270 280 290 300 310 320 330

HM909035.1 AGCALTTCCéCGAALAAATLATATLAGATLTTGAéTTCTLCCACéATCTLTATC4CTTTLATTALTAAGLAGAALGGTAéAAAGLGGAGéAGGALCAGGLTGAA&AGTTL
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

ceesGon.

Y

B

B WOooONOU e WN R

(=]

J N ceee

340 350 360 370 380 390

HM909035.1 ATCCLCCCCLATCAéCTAALATTGéACATLGAGGLGCTTCTGTTGATTTAGCAA;;;;;AGATTACALLLL@LAGGAAl11;1LLAALLLLLuuAGCAGTAAACTTTATT
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

410 420 430 440

B WOooONoOU R WwWN R

(=]

450 460 470 480 490 500 510 520 530 540 550

HM909035.1 ACTALAGTALTTAALATACéATCALAAGGLATAAéTCCTéATCGLATACéTTTA*TTGTLTGATLAGTA&CAATLACTGLTTTALTACTLCTTTLATCTLTACCLGTTCL
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

HWOooNou e WwNBR

=)

560 570 580 590 600 610 620 630 640 650

HM909035.1 TGCTéGAGCLATTALAATALTACTLACTGLTCGALATCTLAATALTTCALTCTTLGATCLTGCAéGAGGLGGAGLTCCTLTTCTLTATC;ACACLTATTL
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus
D.maculatus

HWOooNoUu B WwWN R

o

Fig. 2. Alignment of D. maculatus sequences (1-10) with reference species sequence (HM909035.1) based on partial sequence of mitochondrial cytochrome oxi-
dase subunit | (COI) gene.

9T0Z ‘v AInc uo Ause N felusy Aq /Bio'sfeuanofpuojxoawilj/:dny wouy pepeojumoq


http://jme.oxfordjournals.org/

Journal of Medical Entomology, 2016, Vol. 0, No. 0 5

Table 3. Percentage of difference between collected individuals of species Chrysomya albiceps and a reference for the same species from
GenBank (KJ193726.1)

Sequence

KJ193726.1 C. albiceps 1 C. albiceps 2 C. albiceps 3 C. albiceps 4 C. albiceps 5

KJ193726.1
C. albiceps 1
C. albiceps 2
C. albiceps 3
C. albiceps 4
C. albiceps 5

1% -

1% 1% -

1% 1% 1% -

1% 1% 1% 1% -

1% 2% 2% 1% 2% -

10 20 30 40 50 60 70 80 90 100 110
T o T T T e e T O T T L L T |
KJ193726.1 TTCGGAGCTTGATCTGCGATAGTAGGAACTTCTTTAAGAATTCTAATTCGAGCTGAATTAGGACATCCTGGAGCACTAATTGGAGATGACCAAATTTATAATGTAATTGT
Lo N < T o= < = e R
C.albiceps 2 .... . CTC. vuun cee—a ..
C.albiceps 3 .GGCAC.TC.CGCTC.A.T....G..C.. ..
C.albiceps 4 ...TTC.G.CATC...TAG. .T . .o
C.albiceps 5 CCGCTC..AC....CT A......Buieececcnnn ..
120 130 140 150 160 170 180 190 200 210 220
S T T T T T T T L T T L I I |
KJ193726.1 AACAGCTCATGCCTTTATTATAATTTTCTTTATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGACTAGTTCCTTTAATATTAGGAGCCCCAGATATAGCTTTCC
C.oBlDACEDPE 1 ottt e v e o caaconcoseacencossecessossesesssscessscescessossscesssssacescsscscsncnocescocosseseoscacenconcaconees
CoBlDAiCEODE 2 vttt e e e e e e e eacoccaceaceaceeeneeaeeeeeeeeceeceeeaceasesseceneeececeneeeeeceneeceececcoeecccccocecoooceenoon
Lo 5 < T o= =
Lo < T o= < = S PP - W  c R
Lo N < T I =Y < =
230 240 250 260 270 280 290 300 310 320 330
T T T L e S e e e [ I |
KJ193726.1 CACGAATAAATAATATAAGTTTCTGACTTTTACCTCCTGCATTAACTTTACTATTAGTAAGTAGTATAGTAGAAAATGGAGCTGGAACAGGATGAACTGTTTATCCACCT
C.albiCePS 1 .t iieteteeceececcacaccancasccccccescescnceccoaeeceasenoas
C.albiceps e eeeeaea
C.albiceps e e
C.albiceps Ceeeeeeee e
C.albiceps e e e c e e
340 350 360 370 380 390 400 410 420 430 440
T T e T T L T T o O T |
KJ193726.1 TTATCATCTAATATTGCTCATGGTGGAGCATCAGTTGATTTAGCTATTTTTTCTTTACACTTAGCTGGAATTTCATCAATTTTAGGAGCTGTAAATTTTATTACAACTGT
C.albiceps 1 ......cccceeenen et e ecescescec i Ceeeeeaae . S [
C.albiceps 2 .......cceeeenn seecese cecsccsscscs cecssnees ceccsecssccssaccsacsecs f e eec e C et e e e e ac et .
C.albiceps 3 .......ccveeenn cesese csessssscces cesssnces cecccscssesssccssnsen ecesssssccssssssccncs O e .
C.albicCePs 4 ..ttt e e e e e e e e
Lo 5 < T o= < -
450 460 470 480 490 500 510 520 530 540 550
T T e T T e T o T T T e T |
KJ193726.1 TATTAATATACGATCTACAGGAATCACATTTGATCGAATACCTTTATTCGTATGATCTGTAGTTATTACTGCTCTTCTTTTATTATTATCATTACCAGTATTAGCCGGTG
Lo 6 < T o= < = e
C.albiceps 2 .
C.albiceps 3 .
C.albiceps 4 .
C.albiceps 5 .
560 570 580 590 600 610 620 630 640 650
T T T T e T T T T I I
KJ193726.1 CAATTACTATATTATTAACTGATCGAAATTTAAATACTTCATTCTTTGATCCAGCAGGAGGAGGAGATCCTATTTTATATCAACATTTATTTTGATTTTT
C.o@lDAiCEPE 1 ot e e e ee e o e cacoccoceasessessscessssscesescsscesossessessscescescasescoscescnconceceeececoccoccoseecons
CoBlDAiCODE 2 ottt e ea e e e e e e ac e e s e e e e e e e e e e e e eeceececeaeeceecesceseeeeaeeeceeeeceeeececooccocoeeecons
Lo 5 < T <= =
Lo = T o= < =
C.albiceps 5 ... cieieeeeeeecBiiiieeeeeceecccaecccaccaeeeleiieeeeeeeeeeacasensencececsccacoceassosesccealuoiiienennns

Fig. 3. Alignment of C. albiceps sequences (1-5) with reference species sequence (KJ193726.1) based on partial sequence of mitochondrial cytochrome oxidase
subunit | (COI) gene.

known commonly as larder beetles. Larder beetles primarily develop

agreed with (Rodriguez and Bass 1983, Early and Goff 1986,

on human cadavers in outdoor locations in areas with a dry climate,
and the number of dermestid species on a single corpse never ex-
ceeds three (Charabidze et al. 2014). Furthermore, beetles belonging
to genus Dermestes were dominant in this study, and this maybe be-
cause the corpses were in the decomposition stage where beetles
used to be the predominant insects on cadaver. This observation is

Grassberger and Frank 2004).

Dermestes maculatus is the most abundant species in the present
study, and it was also the most abundant beetle collected by
Mashaly (2016b) in Riyadh, Saudi Arabia. The presence of D. mac-
ulatus in association with human remains was reported in all contin-
ents, including Asia (Lee et al. 2004), Africa (Galal et al. 2009),
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Table 4. Percentage of difference among species of same genus: D.
maculatus (Horizontal) and D. frischii (Vertical)

Sequence *1 0 *2  *3  *4  *§  *6  *7 *8 *9  *10

D. frischiil 8% 8% 8% 8% 8% 8% 8% 8% 8% 9%
D. frischii2 8% 8% 8% 8% 8% 8% 8% 8% 8% 9%

*D. maculatus.

Europe (Schroeder et al. 2002), North America (Valdes-Perezgasga
et al. 2010), and South America (Battan et al. 2012). The second
species belonging to genus Dermestes collected in this study was D.
frischii, which account for 10.5% of collected specimens. Besides,
Keshavarzi et al (2015) reported D. frischii on human corpse in
south Iran (Keshavarzi et al. 2015). Moreover, Yones et al (2010) re-
ported D. frischii adults on human left over parts at all decompos-
ition stages (fresh, bloat, and dry stage), but larval first appearance
was in the decay stage of the body decomposition (Yones et al.
2010).

The present study showed that C. albiceps account for 29.41%
of the identified species. Galal et al. (2009) reported the presence of
C. albiceps on exposed human left over parts in Egypt, and also ex-
plained as one of the most important carrion breeding fly in Egypt
by Adham et al. (2001) and Attia (2002). It was the dominant dip-
teral forensic species in the study of Galal et al. (2009) and similar
domination was stated by Grassberger and Frank (2004).

The intraspecific variability between individuals of the same spe-
cies collected in this study and with a reference of the same species
from GenBank was 0-2%, in accordance with the standard set by
Hebert et al. (2003). According to the standard established by
Hebert et al. (2003), sequence divergence between different species
is expected to be greater than 3%, while the variations among indi-
viduals of the same species is less than 3%. The same results were
obtained by Nakano and Honda (2015). The interspecific variations
in this study were 8-9%, which agree with the standard established
by Hebert et al. (2003).

Eight specimens could not be sequenced in this study, possibly
due to DNA degradation. The same issue was faced by Mazzanti
etal. (2010), who could not identify 22.6% of forensic insects based
on CO1 and CO11 genes. Also, Campobasso et al. (2001) indicated
that the insect’s food may become prominent in the DNA sample
and its contents could interfere with successful extraction of larval
DNA. Mitochondrial DNA genes, such as CO1, are known to be
more variable than nuclear genes, and thus, it is not surprising that
sequence variation within and among species is present (Boehme
et al. 2012). In this study the same gene (CO1) is used to identify
within and between species where results showed an intraspecific
variability ranging between 0-2% while the interspecific variations
between D. frischii and D. maculatus were 8-9%.

In conclusion, we report, for the first time in Riyadh, Saudi
Arabia, insects from two human corpses Dermestes frischii,
Dermestes maculatus (Coleoptera), and Chrysomya albiceps
(Diptera). Also, this study supported the efficiency of mt CO1 gene
sequencing within forensically important insects collected from
Saudi Arabia.

Acknowledgments

We extend our appreciation to the Deanship of Scientific Research at King
Saud University, Riyadh, Kingdom of Saudi Arabia, for funding the work
through the research group project no. RGP-028.

References

Abouzied, E. M. 2014. Insect colonization and succession on rabbit carcasses
in Southwestern mountains of the Kingdom of Saudi Arabia. ]J. Med.
Entomol. 51: 1168-1174.

Adham, F. K., M. A. Abdel, M. A. A. Tawfik, and R. M. El-Khateeb. 2001.
Seasonal incidence of the carrion breeding blowflies Lucilia sericata
(Meigen) and Chrysomya albiceps (Wied.) (Diptera: Calliphoridae) in Abu-
Rawash Farm, Giza, Egypt. Assiut Vet. Med. J. 49: 377-383.

Al-Ahmadi, A. Z., and M. M. Salem. 1999. Entomofauna of Saudi Arabia:
General survey of insects reported in the Kingdom of Saudi Arabia. Part I:
Checklist of insects. Academic Publishing and Press, King Saud University,
Riyadh, Kingdom of Saudi Arabia.

Al-Misned, F. A. 2003. New record of cluster fly Pollenia rudis (Fabricius)
with distribution of all known blow flies (Diptera: Calliphoridae) of Saudi
Arabia. J. Egypt. Soc. Parasitol. 33: 1-12.

Aly, S. M., and J. Wen. 2013. Applicability of partial characterization of cyto-
chrome oxidase I in identification of forensically important flies (Diptera)
from China and Egypt. Parasitol. Res. 112: 2667-2674.

Attia, R. A. H. 2002. Studies on some cyclophororus flies in Assiut
Governorate. M.Sc. thesis. Assiut University, Assiut, Egypt.

Battan, H. M., B. Rosso, and M. D. Garcia. 2012. Seasonal structure and dy-
namics of sarcosaprophagous fauna on pig carrion in a rural area of
Cordoba (Argentina): Their importance in forensic science. Forensic Sci. Int.
217:146-156.

Boehme, P., J. Amendt, and R. Zehner. 2012. The use of COI barcodes for mo-
lecular identification of forensically important fly species in Germany.
Parasitol. Res. 110: 2325-2332.

Byrd, J. H., and J. L. Castner. 2010. Insects of forensic importance, pp. 44-79.
In J. H. Byrd and J. L. Castner (eds.), Forensic entomology: The utility of
arthropods in legal investigations. CRC Press, Boca Raton, FL.

Campobasso, C. P., V. G. Di, and F. Introna. 2001. Factors affecting decom-
position and Diptera colonization. Forensic Sci. Int. 120: 18-27.

Catts, E. P., and N. H. Haskell. 1990. Entomology & death: A procedural
guide. Joyce’s Print Shop Inc, Clemson, South Carolina.

Charabidze, D., T. Colard, A. Becart, and V. Hedouin. 2014. Use of larder
beetles (Coleoptera: Dermestidae) to deflesh human jaws. Forensic Sci. Int.
234:162-164.

Chittaro, Y., A. Baylon, D.Cherix, and C. Wyss. 2005. What does attract
blowflies (Diptera,Calliphoridae) in a trap? Preliminary investigation, In
Third Meeting of European Association for Forensic Entomology, 27-29
April, Lausanne.

Coe, J. I., and W.]J. Curran. 1980. Iz W. J. Curran, A. L. McGarry and C. S.
Petty. (eds.), Definition and time of death. Modern legal psychiatry and fo-
rensic science, pp. 141-169. F.A. Davis Co, Philadelphia, PA.

Dawah, H. A., and M. Abdullah. 2009. The Calliphoridae
(Diptera:Cyclorrhapa) of south-western Saudi Arabia. Fauna Saudi Arabia.
24:359-371.

Dekeirsschieter, J., C. Frederick, F. J. Verheggen, D. Drugmand, and E.
Haubruge. 2013. Diversity of forensic rove beetles (Coleoptera,
Staphylinidae) associated with decaying pig carcass in a forest biotope. J.
Forensic Sci. 58: 1032-1040.

Early, M., and M. L. Goff. 1986. Arthropod succession patterns in exposed
carrion on the island of O’ahu, Hawaiian Islands, USA. J. Med. Entomol.
23:520-531.

Folmer, O., M. Black, W. Hoeh, R. Lutz, and R. Vrijenhoek. 1994. DNA pri-
mers for amplification of mitochondrial cytochrome ¢ oxidase subunit I
from diverse metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 3:
294-299.

Galal, L. A. A,, S. Y. Abd-El-Hameed, R. A. H. Attia, and D. A. Uonis. 2009.
An initial study on arthropod succession on exposed human tissues in
Assiut, Egypt. Mansoura J. Forensic Med. Clin. Toxicol. 17: 55-74.

Goddard, J., and P. K. Lago. 1985. Notes on blow fly (Diptera: Calliphoridae)
succession carrion in northern Mississippi. J. Entomol. Sci. 20: 312-317.

Goff, M. L. 1992. Problems in estimation of postmortem interval resulting
from wrapping of the corpse: A case study from Hawaii. J. Agric. Entomol.
9: 965-967.

9T0Z ‘2 AInc uo Ause N feiusy Aq /Biosfeuuno[piogxoawifj/:diy wouy papeojumoq


Deleted Text: (
Deleted Text: (
Deleted Text: ,
Deleted Text: (
Deleted Text: (
Deleted Text: (
Deleted Text: -
Deleted Text: )
Deleted Text: (
Deleted Text: (
Deleted Text: (
Deleted Text: -
Deleted Text: (
Deleted Text: (
Deleted Text: (
Deleted Text: -
Deleted Text: -
http://jme.oxfordjournals.org/

Journal of Medical Entomology, 2016, Vol. 0, No. 0

Grassberger, M., and C. Frank. 2004. Initial study of arthropod succession on
pig carrion in a central European urban habitat. J. Med. Entomol. 41:
511-523.

Hall, T. A. 1999. BioEdit: A user-friendly biological sequence alignment editor
and analysis program for Windows 95/98/NT. Nucl. Acids. Symp. Ser. 41:
95-98.

Harvey, M. L., M. W. Mansell, M. H. Villet, and I. R. Dadour. 2003.
Molecular identification of some forensically important blowflies of south-
ern Africa and Australia. Med. Vet. Entomol. 17: 363-369.

Hebert, P. D., A. Cywinska, S. L. Ball, and J. R. deWaard. 2003. Biological
identifications through DNA barcodes. Proc. Biol. Sci. 270: 313-321.

Henssge, C., B. Madea, B. Knight, L.Nokes, and T. Krompecher. 1995. & e es-
timation of the time since death in the early postmortem interval. Arnold,
London, England.

Introna, F., and C. P. Campobasso. 2000. Forensic dipterology, pp. 793-846.
In L. Papp and B. Darvas (eds.), Contributions to a manual of palearctic dip-
tera. General and applied dipterology. Science Herald, Budapest.

Keh, B. 1985. Scope and applications of forensic entomology. Annu. Rev.
Entomol. 30: 137-154.

Keshavarzi, M. M., D. Moemenbellah-Fard, and M. D. M. Fereidooni. 2015.
First report of Dermetes frischii Kugelann (Coleoptera: Dermestidae) on a
human corpse,South of Iran. Int. J. Forensic Sci. Pathol. 3: 113-1135.

Lee, H. L., M. Krishnasamy, A. G. Abdullah, and J. Jeffery. 2004. Review of
forensically important entomological specimens in the period of 1972-2002.
Trop. Biomed. 21: 69-75.

Li, X.,J. F. Cai, Y. D. Guo, K. L. Wu, J. F. Wang, Q. L. Liu, X. H. Wang, Y. F.
Chang, L. Yang, L. M. Lan, et al. 2010. The availability of 16S rRNA for
the identification of forensically important flies (Diptera: Muscidae) in
China. Trop. Biomed. 27: 155-166.

Mann, R. W., W. M. Bass, and L. Meadows. 1990. Time since death and de-
composition of the human body: Variables and observations in case and ex-
perimental field studies. J. Forensic Sci. 35: 103-111.

Mashaly, A. M. 2016a. Entomofaunal succession patterns on burnt and un-
burnt rabbit carrion. 53: 296-303.

Mashaly, A. M. 2016b. Carrion beetles succession in three different habitats
in Riyadh, Saudi J. Biol. Sci. doi:10.1016/j.sjbs.2016.02.015.

Mazzanti, M., F. Alessandrini, A. Tagliabracci, J. D. Wells, and C. P.
Campobasso. 2010. DNA degradation and genetic analysis of empty pupa-
ria: Genetic identification limits in forensic entomology. Forensic Sci. Int.
195:99-102.

Nakano, A., and J. Honda. 2015. Use of DNA sequences to identify forensic-
ally important fly species and their distribution in the coastal region of
Central California. Forensic Sci. Int. 253: 1-13.

Nelson, L. A., J. F. Wallman and M. Dowton. 2007. Using COI barcodes to
identify forensically and medically important blowflies. Med. Vet. Entomol.
21:44-52.

Payne, J. A. 1965. A summer carrion study of the baby pig Sus scrofa
Linnaeus. Ecology 46: 592-602.

Ratcliffe, S. T., D. W. Webb, R. A. Weinzievr, and H. M. Robertson. 2003.
PCR-RFLP identification of Diptera (Calliphoridae, Muscidae and

Sarcophagidae)-a generally applicable method. J. Forensic Sci. 48:
783-78S.

Rodriguez, W. C., and W. M. Bass. 1983. Insect activity and its relationship to
decay rates of human cadavers in East Tennessee. J. Forensic Sci. 28:
423-432.

Salem, A. M., F. K. Adham, and C. ]. Picard. 2015. Survey of the Genetic
Diversity of Forensically Important Chrysomya (Diptera: Calliphoridae)
from Egypt. J. Med. Entomol. 52: 320-328.

Santos, W. E., A. C. Alves, and A. ]J. Creao-Duarte. 2014. Beetles (Insecta,
Coleoptera) associated with pig carcasses exposed in a Caatinga area,
Northeastern Brazil. Braz. J. Biol. 74: 649-6535.

Schoenly, K., and W. Reid. 1987. Dynamics of heterotrophic succession in car-
rion arthropod assemblages: Discrete seres or a continuum of change?
Oecologia. 73: 192-202.

Schroeder, H., H. Klotzbach, L. Oesterhelweg, and K. Puschel. 2002. Larder
beetles (Coleoptera, Dermestidae) as an accelerating factor for decompos-
ition of a human corpse. Forensic Sci. Int. 127: 231-236.

Smith, K. G. 1986. A manual of forensic entomology. British Museum of
Natural History, London.

Tang, Z. C., Y. D. Guo, X. W. Zhang, J. Shi, K. T. Yang, X. L. Li, Y. Q. Chen,
and J. F. Cai. 2012. Identification of the forensically important beetles
Nicrophorus japonicus, Ptomascopus plagiatus and Silpha carinata
(Coleoptera: Silphidae) based on 16S rRNA gene in China. Trop. Biomed.
29:493-498.

Tantawi, T. L., E. M. eL-Kady, B. Greenberg, and H. A. el-Ghaffar. 1996.
Arthropod succession on exposed rabbit carrion in Alexandria, Egypt. J.
Med. Entomol. 33: 566-580.

Thompson, J. D., D. G. Higgins, and T. J. Gibson. 1994. CLUSTAL W:
Improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and weight ma-
trix choice. Nucleic Acids Res. 22: 4673-4680.

Valdes-Perezgasga, M. T., F. J. Sanchez-Ramos, O. Garcia-Martinez, and G.
S. Anderson. 2010. Arthropods of forensic importance on pig carrion in the
Coahuilan semidesert, Mexico. J. Forensic Sci. 55: 1098-1101.

Van den Oever, R. 1976. A review of the literature as to the present possibil-
ities and limitations in estimating the time of death. Med. Sci. Law 16:
269-276.

Wall, R., and M. L. Warnes. 1994. Responses of the sheep blowfly Lucilia seri-
cata to carrion ordour and carbon dioxide. Entomol. Exp. Appl. 73:
239-246.

Ying, B. W., T. T. Liu, H. Fan, D. Wei, F. Q. Wen, P. Bai, ]J. Huang, and Y. P.
Hou. 2007. The application of mitochondrial DNA cytochrome oxidase II
gene for the identification of forensically important blowflies in Western
China. Am. J. Forensic Med. Pathol. 28: 308-313.

Yones, D. A., R. A. H. Attia, L. A. Galal, and S. Y. Abd-El-Hameed. 2010.
Identification of forensically important beetles on exposed human left over
parts in Assiut Egypt. Assiut Med. J. 34: 123-130.

Zaidi, F., S. J. Wei, M. Shi, and X. X. Chen. 2011. Utility of multi-gene loci
for forensic species diagnosis of blowflies. J. Insect Sci. 11: 59.

910z ‘¥z AINnc uo Aeuse N eaus Agl /610°s U0 pJoxoaw(j/:dny woly pepeojumod


http://jme.oxfordjournals.org/

	tjw113-TF1
	tjw113-TF2

