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Abstract

Objective: To identify blowflies by molecular method of DNA barcoding and measure post mortem interval
by studying their life cycles and calculating time since death retrospectively.

Method: 200 larvae were collected from different cadavers from mortuaries of Lahore that were brought for
autopsies from different parts of the city. After DNA extraction, CO1 region of 658bp was amplified using
suitable primers. Sanger sequencing was done and all sequences were submitted to BLAST for molecular
identification. These sequences were then submitted into BOLD for sequence comparison.

Results: Two species of blow flies were identified Chrysomya megacephala in 142 samples and Chrysomya
rufifacies in 34 samples, showing predominance of blow flies feeding on human dead remains.

Conclusion: Molecular identification is better, effective, time saving and more accurate than morphological
identification of insects feeding on human dead remains. Forensic entomology is an effective method to
measure post mortem interval when human dead bodies are found after many days unidentified and putrefied.
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Introduction
F orensic entomology deals with use of insects to aid
the legal investigations. The most important usage
is the measurement of postmortem interval (PMI).
Most common and important order of insects is Diptera
and the most common Diptera are blow flies as they
reach dead matter most initially. The eggs or larvae they
hatch on dead bodies are picked by forensic entomolo-
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gists to study their identification, life cycles and time
of colonization to determine how long the body is dead.'
When the postmortem interval gets prolonged and
conventional methods become limited in its determi-
nation, then blowflies or Calliphoridae flies are evidence
themselves, especially in criminal cases of unknown
bodies.” Proper identification either morphological or
molecular is extremely important whenever they are
studied by forensic entomologists.’ These flies lay eggs
on moist parts of the dead bodies or directly deposit
larvae which feed on the carrion and slowly mature into
adult forms. Their growth cycle acts as natural biological
clock that can be utilized to determine time since death
as well as the habitat where bodies are found.’

Many a times flies infest bodies in domestic settings
and investigators label such deaths as natural. Even in
such cases, larvae, pupae, immature flies or adult ones
should be preserved as their utilization afterwards can
prove a crime even after cremation of such bodies.” As
sometimes flies at larval stage look similar, their accurate
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and proper identification is vital for solving criminal
cases. For proper identification taxonomic keys are
used and sometimes they can be unavailable. This can
be a huge drawback of morphological identification
especially when mature forms of insects are not available.
Morphological keys identify adult forms of insects
generally which may require to hire a specialized taxo-
nomist who can identify these insects accurately.’ If
insects are identified imprecisely, it can change under-
standing of habitat and its entomofauna entirely. Currently
our knowledge of taxonomy and morphological format
of identification lacks especially regarding immature
forms of insects. So, in order to link both genders of
same insects and their true identification, molecular
methods of identification are getting attention.” Molecular
methods overcome the difficulties of morphological
key utilization in the sense that they can work with all
forms of same insect, whether immature or adult. They
take lesser time to process and identify forensic insects;
moreover results are more authentic.’

The field of molecular identification is relatively new
and evolving. That includes DNA analysis and matching
molecular sequences of same species which has diver-
sified with time. Entomologists need to follow updated
guidelines of entomofauna as various factors affect the
timeline of colonization and succession of insects on
the dead bodies. Not only identification but differentia-
tion of these insects from other similar ones can reduce
chances of error while determining time since death
mainly relying on time of colonization and life cycles
of identified insects.’ DNA barcoding has emerged as a
revolutionary taxonomic method which can be reliable for
saving an organized record of identified DNA sequences
of insects studied until now for systematic identification
of forensically relevant insects. The two main objectives
of this newly developed technique are insect identifi-
cation and locating its species group. The newly dis-
covered insects add to data of already identified sequence
pool.’

For DNA barcoding, mt DNA is commonly used as it has
high mutation rate that enhances prospects of producing
species-specific markers of relevant insects and possesses
both variable and conserved bits. Also it is easier to
extract as compared to nuclear DNA. The best gene for
barcoding is cytochrome oxidase 1 (CO1) gene. CO1
gene is conserved as protein coding region in all aerobes
and is frequently used to identify the species which
makes it perfect for tracing the phylogeny of similar
insects." CO1 is therefore widely utilized region of mt
DNA to study population genetics and biodiversity

which makes it an effective tool to identify forensically
relevant insects universally." Regarding the essential
prerequisite of proper identifi-cation of forensic
insects, molecular identification of forensically
important insects is direly needed. As it is new
emerging technique in Pakistan, it needs more atten-tion
by law enforcement agencies.

Material and Methods

Sampling was purposive and 200 larvae were collected
from five cadavers in putrefaction phase of decompo-
sition with larval colonization found on bodies, from
mortuaries. After approval obtained from the Ethical
Committee of UHS, we took 40 larvae from each of the
five cadavers from mortuaries of Lahore. The appropriate
animal care, experimental protocols, and the recommen-
dations of the International Public Health Service Guide
for the Care and Use of Laboratory animals were follo-
wed. The larvae were collected with soft forceps put in
absolute alcohol with labels for each sample and stored
at 4°C in UHS. Pupae and adult flies were excluded
from the study. DNA extraction was done by phenol-
chloroform method and quantified by nanodrop. CO1
658bp region was amplified by using LCO1490 as forward
and HCO2198 as reverse primer after optimization.
PCR mix was placed in thermo cycler (Applied Bio-
systems by life technologies, ProFlex PCR System
model) by adjusting the conditions. Each PCR product
was gel purified. The CO1 region of mtDNA was ampli-
fied by PCR. Gel Electrophoresis was done with Agarose
gel. Clearest bands were selected for annealing the primers
with desired DNA products. Sanger sequences metho-
dology was adopted to sequence the Amplified PCR
products. The DNA sequence analysis was done by
ChromasPro Version 2.6 to edit and confirm the sequence
electropherograms. Each sequence was submitted to
BLAST (Basic Local Alignment Search Tool) to verify
sequence similarity to previously identified CO1 dipteral
sequences. These sequences were then submitted into
BOLD (Barcode of Life Data Systems) for sequence
comparison. DNA Barcode analysis was carried out by
Nucleotide sequence divergences for dipteral insects
using software MEGA 7. Similar sequence was picked
from NCBI and compared to the results.

Results
DNA was extracted by organic method of phenol-chloro-
form method. It was quantified by nano drop. Primers

were optimized and bands were observed in gel dock
through computer software.
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Fig-1: PCR product in gel electrophoresis

DNA Concentration of few extracted samples obtained
from NanoDropTM

Sample 33 (Body 1) had 201.9ng/ul of nucleic acid
Sample 45 (Body 2) had 338.5ng/ul of nucleic acid
Sample 88 (Body 3) had 485.9ng/ul of nucleic acid
Sample 128 (Body 4) had 548.2ng/ul of nucleic acid
Sample 156 (Body 5) had 228.6ng/ul of nucleic acid
After submission of sequences to Blast, sequence simi-
larity of each result sequence was verified and compared
to previously identified CO1 dipteral sequences. These
sequences were then submitted into BOLD (Barcode
of Life Data Systems) where storage and preliminary
data analysis was undertaken. Two (02) species were
identified; Chrysomya megacephala in 142 samples
and Chrysomya rufifacies in 34.
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Fig-2: Sequence clipping of Sample 1 (Chrysomya
megacephala)
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Fig-3: Sequence clipping of Sample 187 (Chrysomya
rufifacies)

After sequences were received, their electropherograms
were generated and the data quality checked. Fig.2 & 3
indicates cutouts from sequences of the two collected
species.

Table 1: Similarity index for species identification using
BLAST (Few samples)

Search Top% Low%
Query ID Best ID Database Similarity Similarity
Sample 1 i
ample Chrysomya COl species 100 99.85
Body 01  megacephala  database
Sample 54 i
ample Chrysomya COI species 100 99.81
Body 02 megacephala  database
Sample 98 i
ample Chrysomya COI species 99.84 99.68
Body 03  megacephala  database
Sample 143 i
ample Chrysomya COI species 99.85 99.65
Body 04 megacephala  database
Sample 187 i
ample Chryson'fzya COlI species 99.87 99.16
Body 05 rufifacies database
Sample identification
160
140
120 T—
100 1
80
H Sample identification
60 1
40 34
24
0 .

Contaminated
samples

C.megacephala C. rufifacies

Table 2: Abundance of flies in 200 samples
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Megacephala Megacephala Megacephala Megacephala Rufifacies

Table 3: Species identified per body

Esculapio - Volume 18, Issue 04 2022 - www.esculapio.pk - 502




Discussion

Forensic entomology is a sporadically used science.
After 72 hours of death, rate methods of determining
port mortem interval hardly define an exact time since
death, so as a concurrent method and circumstantial
evidence; insects can tell time since death by their time
of colonization, life cycles and genetic sequences fairly
well. In our study we collected larval samples from human
cadavers, all homicidal cases with identities unknown
or amputated body parts and injuries pertaining to
assault before death. These larval samples were preserved
and analyzed by DNA extraction, PCR amplification
of CO1 gene and after aligning sequences by MEGA
software, the sequences were submitted in BLAST
software to match with already stored sequences. These
sequences were then submitted in BOLD (Barcode of
Life Database). The sequences with 99 or 100% match
were included in study, although 24 samples had to be
discarded as they showed contamination by human
DNA. Out of 176 samples that clearly identified insects,
142 samples belonged to Chrysomya megacephala
while 34 samples showed Chrysomya rufifacies species.
Chrysomya megacephala was discovered by larvae
collected on four dead bodies, while Chrysomya rufi-
facies was found on only one.

The technique used for DNA barcoding was utilizing
the 658-670bp of 5° end of mitochondrial CO1 gene.
It is frequently used region for identification of forensic
insects especially the blow flies shown in many studies.”"’
Most frequent sequence was that of Chrysomya mega-
cephala and its standard prototype sequences were
available on National Center of Biotechnology Infor-
mation (NCBI) and Barcode of Life databases (GenBank
and BOLD), respectively.”" In our study the most
frequent blow fly was also C. megacephala which is
consistent with study of Badenhorst et al., 2018 who
found C. megacephala as globally distributed species,
amost abundant one and most forensically relevant too.
It is known as the earliest and dominant scavenger that
colonizes dead bodies and the best entomological can-
didate to be utilized for determination of time since
death.” Chrysomya megacephala is also abundant in
Sub-continent and Middle East which makes its abun-
dance in Pakistan usual, which is consistent with study
of Akbarzadehetal.,in2015."

The second most abundant sequences we got were of
Chrysomyarufifacies. It is a blowfly that is forensically
relevant and fairly encountered on vertebrate dead
carrions and commonly found in tropical climates with

temperate weather like North and central Americas,
the continent of Australia and Asia.” So, Chrysomya
rufifacies (Macquart) which is a Calliphoridae is a
common fly around the globe which is frequently found
on human dead bodies.” It is also known as hairy maggot
blowfly which causes human myasis and also found
as an early colonizer on dead bodies.” It can be seen in
all seasons as it adapts to all weather conditions and
myasis cases among humans coincide with those of
Chrysomya megacephala.” Its ability to cope in all seasons
makes it abundant in both urban and mountainous zones.”
The habits of C. Rufifacies are not well understood
especially in their own habitats but it is still considered as
an important forensic blowfly. Regarding their frequent
discovery from under the dead bodies, sample collection
from underneath dead bodies is very crucial and can
be fruitful at the crime scene. **

After identification, the life cycles of insects are corre-
lated with postmortem body changes and postmortem
interval is calculated by adding life cycle duration of
insects with time of colonization according to environ-
mental differences. Postmortem interval is always
measured retrospectively by calculating rate methods
and then putrefaction timeline where insects’ life cycles
gives a clue of time spent after death. Though the study
was limited and short, the results were promising. If
the sample size was higher, more species may have been
identified. Human contamination was another limitation
of the study. We direly need trained forensic entomologists
to assist in medicolegal framework regarding effective
sampling at the crime scene and getting promising
results to aid legal investigations.

Conclusion

Molecular identification is better, effective, time saving
and more accurate method than morphological identi-
fication of insects feeding on human dead remains.
Forensic entomology is an effective technique to measure
post mortem interval when human dead bodies are
found after many days unidentified and putrefied. Insect’s
species, habitat and life cycle determines place of death,
time since death, time since colonization and levels of
insect succession to aid in legal investigations.
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