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Abstract
Background and Objective: The housefly (Musca domestica L.) is a globally distributed insect in the order Diptera, family Muscidae that
is well known throughout the world. The housefly is the primary cause of many epidemics in humans, domestic animals and livestock.
This study was conducted in the Jazan region, Kingdom of Saudi Arabia, to study the genetic resources and obtain baseline knowledge
of the fundamental molecular identification of this insect. Material and Methods: The individuals (male and female) were collected from
the Abu Arish area (eastern Jazan). Total genomic DNA was extracted for polymerase chain reaction (PCR) using the specific primers Fly-F
and Fly-R for the mitochondrial cytochrome oxidase subunit I gene (mtCOI). A short partial fragment of the mtCOI gene (~272 nucleotides)
was successfully amplified from all samples and the amplicons were subsequently sequenced. Results: The resultant sequences encoded
~87 amino acids and represented the mtCOI gene of M. domestica according to BLAST analysis. Pairwise nucleotide sequence analysis
of the partial mtCOI gene revealed its closest identity was with Singapore and Thailand isolates (99%). However, we observed no genetic
variability within our species from Jazan. Phylogenetic dendrograms grouped all species together with the M. domestica species
reported from Singapore and Thailand. This study provides the first mitochondrial sequence analysis of the mtCOI gene of the housefly
M. domestica for insect identification in Jazan region. Conclusion: This study revealed that a short fragment of the mtCOI gene could be
successfully used for the identification of the housefly.
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mtDNA7,15 are commonly used to evaluate genetic diversity.
The present work was designed to establish the molecular
characterization of M. domestica through analysis of a partial
sequence of the mtCOI gene in the Jazan region, Kingdom of
Saudi Arabia.

INTRODUCTION
The house fly Musca domestica Linnaeus (Diptera) is one
of the most studied species globally distributed and
transmitting pathogenic agents in humans1,2. The composition
of the genetic information contained in mitochondrial DNA
has been extensively researched and can characterize a
population, phylogenetic and make it possible to reconstruct
evolutionary history3,4. The exact origin of the housefly remains
not well investigated, however, a few studies report the
Middle East as a likely origin of this species5. In Saudi Arabia,
the prevalence of dipterous flies was previously surveyed for
general identification6 and for forensic importance7. Based on
morphological keys, previously identified 12 species of
houseflies belonging to 8 genera and 7 families6. In Jazan
region of Saudi Arabia no previous studies performed for
identification using mitochondrial sequence analysis of
the mtCOI gene of the housefly M. domestica. Meanwhile,
DNA-based methods are widely used for species
determination at any life cycle stage of an insect with a variety
of live, dead and preserved samples8. The use of mitochondrial
DNA (mtDNA) is advantageous compared with genomic DNA
because of the high mutation rates and multiple copies in the
cell9,10. The structural variation and differentiation in the
population genetics of an organism can be evaluated by
studying the changes in mtDNA5. mtDNA is maternally
regulated and non-recombinant in nature and therefore has
been widely utilized as a steady molecular marker to collect
comparative information with other species11. The mtDNA
encoding the cytochrome oxidase I (COI) gene is particularly
helpful to study population genetics and evolutionary
relationships of species12,13. Moreover, COI gene sequencing
has been successfully employed to identify several fly species
with forensic importance in different parts of the world7,8,14.
The dipteran housefly (Musca domestica L.) in the family
Muscidae is morphologically and genetically a diverse, global
cosmopolitan insect of human and domestic animals with
medical and veterinary importance15. Houseflies serve as
vectors for transmitting devastating bacterial and viral
pathogens in humans and animals16. The housefly is a year
long actively colonizing and global insect found mostly in
tropical and temperate environments. However, the fly adapts
to its local environmental conditions depending on the
surrounding biogeographical climate, breeding niche and
the use of insecticides17. The genetic differentiation of
geographically distant housefly populations can be affected
by environmental differences. The genetic diversity of housefly
populations is determined by a variety of methods. Many
genetic markers such as allozymes18, microsatellites19 and

MATERIALS AND METHODS
Insect sample collection: The present study was conducted
from October, 2018 to April, 2019. The representative samples
of the housefly M. domestica (males and females) were
collected from Abu Arish, Jazan region, KSA, at 42E 49 57" E,
16E 58 8.04" N. The samples were collected and preserved in
70% ethanol until further analysis as previously described by
Bosly6.
Synthesis of oligonucleotides: The oligonucleotide primers
used as previously described by Liu et al.20 as follow: Specific
primers: Fly-F (5 -CAGATCGAAATTTAAATAC-TTC-3 ) and Fly-R
(5 -GTATCAACATCTATTCCTAC-3 ).
Extraction and quantification of Musca domestica total
genomic DNA: All specimens collected from Jazan region,
Kingdom of Saudi Arabia. The thoracic muscles of each insect
were used as the source of DNA to avoid potential DNA
contamination from intestinal parasite proteins and gut eggs
of parasites, whereas the residues of each sample were stored
in an eppendorf tube (1.5 mL) at -20EC for identity verification
and sample buildup. The total genomic DNA was extracted
using 5 individuals from each sex. Total cellular DNA was
extracted from previously collected flies using the CTAB
method21. The total genomic DNA was successively quantified
using a NanoDrop™ 2000/2000c Spectrophotometer and the
purity of DNA samples was confirmed by the Amax/Amin ratio.
The quality of the DNA was also evaluated by agarose gel
electrophoresis. DNA samples were used for polymerase chain
reaction (PCR reaction).
PCR amplification and electrophoresis analysis: An ~272 bp
fragment of the mtCOI coding sequence was amplified using
the Fly-F and Fly-R primers. PCR was performed in a 25 µL
reaction volume containing 2 µL (10-20 ng) of template DNA,
4 µL of dNTP (1 mmol mLG1), 1.0 U of Taq polymerase
(Promega, Madison, WI, USA), 2.5 µL of 10X buffer (MgCl2
1.5 mmol LG1) and 0.25-2.5 µL of each amplification primer
Fly-F and Fly-R (10 µmol). The amplification was conducted
using a GeneAmp PCR system 9700 thermal cycler (Applied
Biosystems, USA) and 0.2 mL MicroAmp® Reaction PCR tubes.
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BLASTn in the NCBI GenBank database. The top hits were
retrieved and aligned together with the candidate sequences
in DNAMAN software using the clustalW algorithm to calculate
the pairwise nucleotide (nt) sequence identities. The
evolutionary relationships were determined by constructing
a phylogenetic dendrogram using a neighbor-joining
algorithm and one thousand bootstrap iterations. The
evolutionary distances were computed and expressed with
number of base-substitutions/site
with
the pairwise
deletion option selected. The individual nodes of each
branch were supported at 60% using a bootstrap test with
1000 replicates.

PCR was performed using the following protocol: denaturation
at 94EC for 4 min, followed by 35 cycles of denaturation at
94EC for 40 sec, annealing at 48EC for 1 min and extension at
72EC for 1 min. A final extension cycle at 72EC for 10 min was
conducted to ensure flush ends on the DNA molecules. The
resultant PCR amplicons of the mtCOI regions were resolved
by electrophoresis onto 2% agarose gel in 0.5X TBE buffer
(40 mmol Tris Base, 1 mmol boric acid, 2 mmol Na2 EDTA) with
ethidium bromide (10 mg mLG1). To check for the correct size
of both PCR products, 6 mL of DNA sample was mixed with
1.5 mL of 6X gel loading buffer (0.25%) bromophenol blue,
0.25% xylene cyanol FF and 30% glycerol. The sizes were
compared with a 100 bp gene ruler (Fermentas, Hanover, MD).
DNA was visualized on a UV transilluminator (λ = 254 nm) and
photographed with the InGenius LHR Gel Imaging System
(Syngene, UK).

RESULTS
PCR amplification and automated partial nucleotide
sequence of mt (COI) gene: The yield of total genomic DNA

Automated DNA sequencing: After confirmation, the

was determined as 120 µg/0.02 g of tissue and the purity of
DNA samples was indicated by the Amax/Amin ratio of 1.7.
A partial sequence of the mtCOI gene was successfully
amplified using the 2 primers Fly-F and Fly-R. An ~270 bp
amplicon from each sample was amplified via PCR
amplification (Fig. 1 a, b). After confirmation with gel
electrophoresis, each amplicon from the ten housefly samples
was subsequently sequenced.
The resultant nucleotide (nt) sequences were initially
analyzed using the BLASTn tool available in the NCBI GenBank
database (https://www.ncbi.nlm.nih.gov). All the obtained
sequences were deposited in the NCBI GenBank database and

amplicons were purified from the agarose gel using a gel
extraction kit (Qiagen QIAquick Gel, Valencia, CA) according to
the manufacturerʼs protocol. The purified DNA was sent
directly for sequencing using the Fly-F primer in a single
direction with an ABI PRISM Big Dye Terminator Cycle
Sequencing Ready Reaction Kit for an ABI PRISM 3730 (Applied
Biosystems, USA) with BigDye terminator v3.1 as the
sequencing agent.
Nucleotide comparison and construction of phylogenetic
tree: The obtained sequences were initially blasted using
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Fig. 1(a-b): Agarose gel electrophoresis using 2% agarose gel showing the PCR products of mtCOI gene using set of primers
(a) Fly-F and (b) Fly-R
M: 100 bp Marker, Lane 1: Negative control, Lanes 2-6: Amplified PCR products from adult male houseflies, Lanes 7-11: Amplified PCR products from
adult female houseflies
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Fig. 2: Molecular analysis of partial mtCOI gene amplified and sequenced from housefly (M. domestica) in Jazan region,
Kingdom of Saudi Arabia
Amino acids sequence were alignments for ten sequences of mtCOI gene of M. domestica using DNAMAN 8
Table 1: Pairwise percent (%) nucleotide and amino acid sequence identities of the partial mtCOI gene from 10 M. domestica samples with the selected sequences
retrieved from NCBI GenBank database using DNAMAN tool
Accession No

Country

Sex

MH135323
MH155260
MH155261
MH155262
MH155259
MH155263
MH155264
MH155265
MH155267
MH155266
KR921688
KT272857
KC249651
MF511753
KU599952

Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Thailand
Singapore
Egypt
China
Malaysia

Male
Male
Male
Male
Male
Female
Female
Female
Female
Female
-

Nucleotide sequence identity (%)

Amino acid sequence identity (%)

100
100
100
100
100
99
99
99
99
99
99
99
98
95
93

100
100
100
100
100
100
100
100
100
98.9
94
94
94
97
94

clade (99% bootstrap) with other M. domestica species
reported from Thailand and Singapore (Fig. 3b). These
sequences displayed identities of 93-98% with those reported
from China (MF511753), Egypt (KC249651) and Malaysia
(KU599952). The phylogenetic tree also identified this
relationship among these species.

an accession number was obtained for each entry (Table 1).
The nucleotide sequences of the selected mtCOI sequences
were subsequently retrieved and used to perform pairwise nt
sequence comparison using the DNAMAN program (Fig. 2).
The nucleotide sequence comparison revealed that the
10 isolates of the mtCOI gene sequence were 99-100%
identical to one another, whereas they shared their highest nt
sequence identities at 99% with the M. domestica isolates
reported from Singapore (KR921688) and Thailand (KT272857)
(Table 1). However, they also shared nt sequence identities at
93-98% with those reported from China (MF511753), Egypt
(KC249651) and Malaysia (KU599952). Similarly, these
sequences shared their highest amino acid sequence identity
at 97% with those reported from China, whereas with all other
isolates, they shared 94% amino acid sequence identity
(Table 1). The evolutionary relationships of the M. domestica
mtCOI gene species in this study were also determined using
phylogenetic dendrograms of nt sequences (Fig. 3) and amino
acid sequences (Fig. 3a). The phylogenetic dendrograms
grouped all ten M. domestica species into a well-supported

DISCUSSION
Characterization of the housefly genome supplies
effective consequences for authorizing assignment on
innovative techniques of insect surveillance, genetic
engineering of repellent resistance mechanisms, genetic
acclimation to altitude pathogen conception and for
reconnoitering the basic biology of this important pest.
Understanding the genome sequence could lead to
disarrangement of the remarkable autosome-based sex
deduction system, sterile male release and confounding
signals for mate recognition, which offer important alternative
control measures for houseflies22,23.
9
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Fig. 3(a-b): Phylogenetic dendrograms of the 10-mtCOI sequences of M. domestica constructed to infer the evolutionary
relationships using (a) nt sequences and (b) Amino acid sequences
Isolates used in this study boxed in a rectangular, the nodes on each branch supported by the respective percent bootstrap values (numeric on each
node)

The polymerase chain reaction (PCR) is promising and can
be considered the most sensitive and reliable technique.
Therefore, a fundamental step in the (PCR) technique remains
the preparation of housefly genomic DNA. Thus, for a
successful amplification process, first, fresh or dried thorax
tissues were extracted. The quality of DNA isolated during this
study depended on the source of the tissue used as the
starting material and on the efficiency of the extraction
method as previously revealed by Skevington and Yeates21.

The difficulty in extracting insect DNAs is the existence of
biomolecule complex (chitin, complex proteins and peptides)
in the exoskeleton. This compounds may reduce the efficiency
of buffers and proteinase enzymes during extraction24,25. Based
on the concentration and purity of the extracted DNA, the
present study demonstrated that C-TAB extraction method,
which is used to extract house fly DNA, has effective in
extracting total DNA from thoracic tissues. The yield of total
DNA was 120 µg/0.02 g of tissue. The purity of the DNA was
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indicated by A260/A280 ratios. In addition to absorbance ratios,

a shorter fragment of the mtCOI gene (~270 bp) could be
successfully used to identify housefly species in Jazan
region, KSA.

DNA quality was evaluated by agarose gel electrophoresis,
which gave the characteristic 2:1 ratio of 28S-18S RNA,
indicating no significant degradation. These results are
consistent with prior studies by Takada et al.26 and Guo et al.27

CONCLUSION

which reported that the DNA extraction protocol was a
prerequisite for successful identification of housefly genes

The study inferred from the analysis that the houseflies in
the Jazan region were most closely related to the Singapore
and Thailand haplotypes. The study recorded low genetic
variation among the houseflies in the Jazan region of Saudi
Arabia. However, the study necessitates the use of other
genetic markers to widen our understanding about the
genetic variation of houseflies in this region. Furthermore, the
study confirmed the importance of bar coding in effective
identification of insect species. Moreover, the morphological
and molecular identification of insects must be considered of
equal importance for any taxonomic study.

from their respective tissues using a PCR assay.
The present study results demonstrated the successful
identification of M. domestica by amplification of 270 bp
of the unique mtCOI gene, indicating the accuracy of

M. domestica identification in PCR assays using DNA primers
for the mtCOI region. The results are consistent with those of
previous studies that concluded that sequence analysis of the
mitochondrial part coding the cytochrome oxidase I (COI)
gene is predominately profitable in population genetics and
evolutionary studies because of the relatively high level of
divergence. Such an analysis is effective for restoration of

SIGNIFICANCE STATEMENT

evolutionary patterns, such as determination of the origin of
species, the routes of invasion and historical demography.

This study discovers that the houseflies in the Jazan
region are most closely related to that of Singapore and
Thailand haplotypes. The study confirms the importance of
bar coding in effective identification of insect species. In
addition to the equal importance of the morphological and
molecular identification of insects for any taxonomic study.

Mitochondrial DNA can be used as a proper molecular
marker because of the plain manner of inheritance, relatively
high rate of nucleotide substitutions and the accessibility
of comparative data with other species11,17,19,28. The
morphological identification keys for adult Muscidae include
thorax, leg chaetotaxy, wing venation and from carrion
insect29,30. However, identification based on morphological
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a previous study, dipterous flies from Jazan region in the
Kingdom of Saudi Arabia, ~5000 individual flies belonged to
12 different species divided into 8 genera and 7 families have
been surveyed6. Also, some other studies also characterize the
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