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Abstract. Morphology-based mosquito identification is a gold standard, which
is inexpensive and requires minimal tools and / or equipment. Nonetheless, it re-
quires a high level of expertise and misdiagnosis is common. In addition, quality
of samples is not always sufficient for identification at the species level. Hence, we
explored the potential use of a gene-based DNA barcoding utilizing cytochrome
¢ oxidase subunit I (COI) gene for mosquito identification. Ninety mosquito
samples belonging to 13 species of 5 genera pre-identified using taxonomic keys
were subjected to PCR and sequencing of COI gene. Specific anatomical parts, such
as body (thorax and abdomen), leg and wing were also subjected to PCR to test
for the utility of such parts for DNA barcoding, obtaining varying success with
wings being the least successful. BLAST search showed sequences were 94-99%
in agreement with morphological identification. Neighbor-joining tree analysis of
COI gene fragment sequences allowed determination of phylogenetic relationships
and reliable computation of divergence between taxa. Our findings suggested
that COI-based DNA barcoding is a useful tool to complement taxonomy-based
identification of mosquito species.
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INTRODUCTION

Conventional method of mosquito
identification is primarily based on mor-
phology, a method both inexpensive and
requiring minimal tools and/or equip-
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ment. However, accurate taxonomic iden-
tification based on morphology requires
a high level of expertise, gained through
years of experience, and misdiagnoses
are common especially among less-ex-
perienced taxonomists. It is also time-
consuming and the quality of samples
is not always sufficient for identification
at the species level (Besansky et al, 2003;
Hebert et al, 2003; Cywinska et al, 2006).
Samples of adult mosquito specimens can
be damaged during collection, transpor-
tation from field to laboratory and stor-
age, thereby losing important diagnostic
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morphological features. Furthermore,
comparative analysis of morphologi-
cal characteristics of certain species is
sometimes insufficient to resolve issues
of taxonomy and this approach is unable
to establish phylogenetic relationships of
the samples (Milankov et al, 2009).

In the context of epidemiology, estab-
lishing phylogenetic relationships among
vector species can assist in evaluation of
vector competency and in implementation
of interventions in relation to disease pre-
vention and control. The most currently
used identification keys are mainly spe-
cific for a few and particular developmen-
tal stages, such as adult females and 4
instar larval stages. In addition, members
of a species complex with similar mor-
phological features make identification
insufficient through taxonomic keys alone
(Cagampang-Ramos and Darsie 1970;
Hebert et al, 2003; Kumar et al, 2007; Jin-
bo et al, 2011). Therefore, there is a need
for alternative methods to complement
the conventional method for mosquito
identification.

An increasingly popular method
for identification of both vertebrate and
invertebrate taxa is through DNA barcod-
ing. The “DNA barcode” method utilizes
partial mitochondrial DNA sequences that
are unique for every species and therefore
allows species differentiation (Besansky
et al, 2003). This method can provide an
objective means of species identification
through the use of short, standardized
gene regions as internal species tags. Un-
like morphological identification, the DNA
barcoding technique allows non-experts of
taxonomy to objectively identify species
even from small, damaged or previously
unrecognizable life stage samples (Hebert
and Gregory, 2005). Mitochondrial (mt)
genes have the advantages of relative ease
of isolation and amplification, even from
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marginally preserved specimens, due to
their intracellular abundance. Mt genes
uni-parental inheritance and haploid na-
ture result in a conserved region exhibited
by a general lack of recombination with
minimal insertions and deletions (indels),
which increases its utility in population
genetic studies (Zardoya and Meyer, 1996;
White et al, 2008).

Among the mt protein-coding genes,
cytochrome oxidase subunit I (COI) gene
is the most commonly used barcode re-
gion in the identification process of many
arthropods due to the higher rate of mo-
lecular evolution allowing differentiation
between closely allied species (Young and
Hebert, 2015). This gene is considered
easier to align because it is a protein cod-
ing sequence that has no gaps within the
alignment sequence (Zhang et al, 2012).
Although COI gene is not applicable to
identify all animal species, previous stud-
ies showed its applicability in identifying
insects, including mosquitoes and ticks
(Ruiz-Lopez et al, 2012; Taira et al, 2012;
Chan et al, 2014; Che Lah et al, 2016).

In the present study, we explored the
applicability of COI-based DNA barcod-
ing in the identification of mosquito spe-
cies in Malaysia by comparing the results
obtained from 13 mosquito species of 5
genera to the morphology-based identifi-
cation. The study also examined different
mosquito parts eg, body (abdomen and
thorax), leg and wing, for their utility for
DNA barcoding purposes as a means of
establishing a more reliable identification
system for mosquito species found in
peninsular Malaysia.

MATERIALS AND METHODS

Mosquito collection

A variety of mosquito species (adult
stage) were collected from a number of
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localities in peninsular Malaysia (Fig 1)
using human landing catch and CDC light
trap baited with CO, (Li et al, 2015). All
samples collected were stored in 1.5 ml
tubes and transported to the lab. All mos-
quito samples were identified morpholog-
ically by an experienced taxonomist using
specific illustrated morphological taxo-
nomic keys (Jeffery et al, 2012). Identified
samples were stored in -20°C freezer prior
DNA extraction. Laboratory-reared mos-
quitoes (Aedes aegypti, Anopheles maculatus
and Culex quinquefasciatus) maintained in
the insectarium of the Institute for Medi-
cal Research (IMR), Kuala Lumpur, were
also used as references specimens.

PCR amplification and DNA sequencing of
mosquito COI gene

Individual mosquito or the respective
mosquito parts [body (abdomen and tho-
rax), leg and wing] were removed using
clean sterile forceps and placed in individ-
ual tubes. Samples were homogenized us-
ing a sterile polypropylene pestle attached
to hand-operated tissue grinder, then were
incubated in 20 pl of (600 mAU/ml) pro-
teinase K at 56°C with shaking for 3 hours.
DNA was extracted using QlAamp® DNA
Mini Kit (Qiagen™, Hilden, Germany) and
stored at -20°C until used.

Primers used were C1-J-1718 (5'-GG-
AGGATTTGGAAATTGATTAGT-TCC-3')

Fig 1-Map of peninsular Malaysia showing mosquito collection sites (indicated by stars).
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and C1-N-2329 (5'-ACTGTAAATATAT-
GATGTGCTCA-3' (Simon et al, 1994). PCR
mixture (25 ul) contained 5 ul of extracted
DNA, 12.5 ul of MyTaq™ Mix (Bioline,
Taunton, MA), 1 ul of each primer (10 yuM)
and 5.5 ul of deionized distilled (dd)
water. For each PCR reaction, a negative
control containing ddwater was included.
Thermocycling was performed in Ep-
pendorf EP S thermal cycler (Eppendorf,
Hamburg, Germany) as follows: 95°C for 1
minute, followed by 30 cycles of 95°C for
15 seconds, 45°C for 15 seconds and 72°C
for 15 seconds. Amplicons were separated
by 1.5% agarose gel-electrophoresis and
stained with GelStar™ Nucleic Acid Gel
Stain (Lonza, Salisbury, MD). Amplicon
was purified using QIAquick® Gel Extrac-
tion Kit (Qiagen™, Hilden, Germany) and
sequenced by Medigene Sdn Bhd, Petaling
Jaya, Selangor, Malaysia.

Phylogenetic analysis

All sequences were compared against
those deposited at GenBank database using
BLAST program (http:/ /blast.ncbi.nlm.
nih.gov /Blast.cgi). Mosquito COI gene
fragment sequences (610-bp) were aligned
using Clustal-W algorithm (Thomson et al,
1994). Evolutionary distances of each
species isolates based on COI gene frag-
ment sequences were constructed using
neighbor-joining tree based on Kimura-2P
analysis with 1,000 bootstrap replicates
performed in a MEGA 6.0 software pro-
gram (Tamura et al, 2013). Sequences of
previously published data from GenBank
were aligned simultaneously. Sequences
obtained from the study were deposited at
GenBank with accession numbers shown
in Fig 2.

RESULTS

Mosquito samples
Of 90 mosquito samples belonging to
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13 species of 5 genera (3 Aedes spp, 2 Anoph-
eles spp, 1 Armigeres sp, 4 Culex spp, and 3
Mansonia spp) analyzed, 75 samples were
used as whole samples and 15 as specific
anatomical parts [body (abdomen and tho-
rax), leg and wing] to evaluate the utility
of such parts for DNA barcoding (Table 1).

Molecular identification and phylogenetic
analysis

After alignment and trimming, the
610-bp mosquito COI sequences showed
high percent (94-100) homologies with
previously published data from the Gen-
Bank. Our analysis indicted the collection
of 3 Aedes spp (n = 18), 2 Anopheles spp (n
=26), 1 Armigeres sp (n=6), 4 Culex spp (n
=34), and 3 Mansonia spp (n = 6) (Table 2).
Phylogenetic analysis revealed individual
mosquito species were clustered as dis-
tinct groups in accordance to their genus
with strong bootstrap support (Fig 2). The
phylogenetic tree showed clear separation
of each mosquito genus present in the
study samples, namely, Aedes, Anopheles,
Armigeres, Culex, and Mansonia. The re-
sults are in agreement with morphology-
based identification, the gold standard for
taxonomy (Fig 2).

Comparison of mosquito parts for COI
DNA barcoding

The utility of different mosquito parts
[body (abdomen and thorax), leg and
wing] in detection of COI gene across
different mosquito species was evaluated.
Amplifications of the 610-bp COI gene
fragment from mosquito bodies, legs and
wings were mostly successful (see Fig 3
for representative results) with body, leg
and wing generating bright, faint and
no bands in 1, 4 and 7; 8, 6 and 11; and
9, 3 and 12 specimens, respectively. This
can be explained by different amounts
of DNA and/or PCR inhibitor(s) in each
preparation.
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Fig 2-Phylogenetic tree of mosquito species based on COI gene 610-bp region. The tree was constructed
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using neighbor-joining method computed using Kimura 2-parameter method in MEGA 6.0
software (Tamura et al, 2013). Percent similarity is indicated by number at branch node (1,000
bootstraps). Scale bar denotes nucleotide substitution per site. GenBank accession number is
shown in front of species name.
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Table 1
Mosquito species, collection sites in peninsular Malaysia and number of specimens
per species in the study.

Mosquito species

Collection site

Number of specimens

Aedes aegypti (lab strain)

Ae. albopictus Selangor

IMR, Kuala Lumpur

Ae. vexans Jeli, Kelantan

Anopheles sinensis Sabak Bernam, Selangor 17
An. maculatus (1ab strain) IMR, Kuala Lumpur 9
Armigeres subalbatus Cherating, Pahang

Culex tritaeniorhynchus Selangor 10
Cx. quinquefasciatus (lab strain) IMR, Kuala Lumpur

Cx. gelidus Perlis

Cx. vishnui Sabak Bernam, Selangor 12
Mansonia bonneae Jeli, Kelantan 2
Ma. uniformis Jeli, Kelantan

Ma. indiana Terengganu 3
Total 90

DISCUSSION

Morphological characters approach
utilizes direct observation of external phe-
notype differences and key morphological
features between individual specimens.
In this study, in order to provide a pow-
erful and precise comparison between
the conventional morphological-based
identification technique and COI-based
DNA barcoding approach, the species of
collected mosquito were pre-identified
prior to subjecting the samples for PCR
amplification and sequencing of a 610-
bp COI gene fragment and subsequent
species identification by BLAST and
phylogenetic analysis in comparison with
known sequences deposited in GenBank.
This method allowed excellent (94-100%)
species identification based on GenBank
database, comparable with results from
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morphology identification procedure.

The relatively low (94%) similarity of
BLAST results for Ma. bonneae compared
to other species was probably caused by
intraspecific variation and in some cases,
could be due to poor sequence quality. The
latter seems the most likely reason in our
study as the aligned sequence consists of
several unassigned nucleotides, which
may affect BLAST algorithm and thereby
yielding a poorer percent identification.
The limited number of samples espe-
cially for this species was also a limitation.
Hence, as DNA sequence analysis relies
heavily on the robustness of the available
information for the target species in a gene
library or BLAST database more samples
need to be collected, sequenced and
aligned for species confirmation, espe-
cially for Mansonia spp. Nonetheless, the
sequences obtained in the present study
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Table 2
Morphological identification and BLAST results of COI gene 610-bp fragment
sequences against available sequences in GenBank database of mosquitoes collected
in peninsular Malaysia.

Mosquito species

Percent similarity

ID code (morphological Stage Sex with sequences from
identification) GenBank database

Aedes sp

IMR/14/01-12 Ae. aegypti Adult Female 100

IMR/14/01-5 Ae. aegypti Adult Male 100

IMR/14/01-7 Ae. aegypti (red eye) Adult Female 100

IMR/14/01-1 Ae. aegypti (red eye) Adult Male 100

IMR/14/02-5 Ae. albopictus Adult Female 100

IMR/14/03-8 Ae. vexans Adult Female 99
Anopheles sp

IMR/14/10-3 An. maculatus Adult Female 100

IMR/14/11-5 An. sinensis Adult Female 100
Armigeres sp

IMR/14/12-1 Ar. subalbatus Adult Female 100
Culex sp

IMR/14/04-6 Cx. tritaeniorhynchus Adult Female 99

IMR/14/05-12 Cx. quinquefasciatus Adult Female 100

IMR/14/06-7 Cx. gelidus Adult Female 100

IMR/14/07-6 Cx. vishnui Adult Female 100
Mansonia sp

IMR/14/08-7 Ma. uniformis Adult Female 99

IMR/14/09-6 Ma. bonneae Adult Female 94

IMR/14/13-6 Ma. indiana Adult Female 99

for Ma. bonneae which revealed only 94%
sequence homology maybe compensated
for the lack of information of genetic data
to the BLAST library for this species. The
accuracy and specificity of COI gene bar-
coding could be increased by combining
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with other DNA markers, viz 12S rDNA,
165 rDNA and internal transcribed spacer
subunit 2 (Puslednik et al, 2012; Lv et
al, 2014). In addition, a robust analysis
of phylogeny of mosquito species with
regards to other samples from different
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100bp

610bp

Fig 3-Gel-electrophoresis of cytochrome oxidase subunit I (COI) 610-bp amplicons from different
parts of amosquito. DNA was extracted using a commercial kit, amplified employing universal
primers for mosquito COI gene target region, separated by 1.5% agarose gel-electrophoresis
and visualized with GelStar™ Nucleic Acid Gel Stain. Left lane, DNA size markers; lane 1,
Aedes aegypti body; lane 2, Ae. aegypti leg; lane 3, Ae. aegypti wing; lane 4, Ae. albopictus body;
lane 5, Ae. albopictus leg; lane 6, Ae. albopictus wing; lane 7, An. maculatus body; lane 8, An.
maculatus leg; lane 9, An. maculatus wings; lane 10, Culex vishnui body; lane 11, Cx. vishnuileg;
lane 12, Cx. vishnui wing. Vertical arrow indicate faint or no band.

geographical regions will be useful in elu-
cidating inheritance relationships of genes
for refractoriness, insecticide resistance
and genetically-determined ecological
and behavioral traits important to disease
transmission (Harbach, 2013).

Different parts of the mosquito were
examined for their ability to generate the
desired COI gene fragment. It is suggested
that legs yielded sufficient amount of
DNA that can be used for molecular stud-
ies. Wings were the least reliable mosquito
part probably due to its chitinous nature
with tissues limited only to the larger
veins such as the costal vein. On the other
hand, despite the smaller mass of the legs
in relation to the body, both generated
similar results with regards to production
of distinct amplicon bands on gel-elec-
trophoresis. This finding suggests DNA
barcoding of rare mosquito specimens
where samples need to be preserved, the
legs can be used for molecular identifica-
tion purposes as this anatomical part is
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almost equally successful in detection of
DNA sequences as the body.

In conclusion, our studies on the use
of COI gene barcoding for identification
of mosquitoes from peninsular Malaysia
highlights the advantages of DNA-
based identification system over that of
morphology-based method: (i) utilizes
samples from all stages of the life cycle,
(ii) recovers sufficient DNA from minimal
parts of the specimen, (iii) identifies species
from relatively short DNA sequences, and
(iv) provides data for objective taxonomic
decision.
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Table 3

DNA sequences obtained from GenBank for phylogenetic analysis.

Sample Country GenBank acession no.
Aedes aegypti Mexico JQ926698.1
Ae. aegypti Singapore KF564651.1
Ae. aegypti Thailand JQ926692.1
Ae. albopictus USA KC690941.1
Ae. albopictus Singapore KF564664.1
Ae. albopictus Costa Rica AB907796.1
Ae. vexans Singapore KF564659.1
Ae. vexans Singapore KF564660.1
Ae. vexans Hungary KM452935.1
Anopheles maculatus China KT382822.1
An. maculatus India JN596972.1
An. maculatus India EU256336.1
An. sinensis India JX988757.1
An. sinensis Singapore KF564704.1
Armigeres subalbatus Singapore KF564758.1
Ar. subalbatus Singapore KF564760.1
Ar. subalbatus USA AY440299.1
Culex gelidus Singapore KF564721.1
Cx. gelidus Singapore KF564720.1
Cx. gelidus Singapore KF564753.1
Cx. pseudovishnui India HM769282.1
Cx. pseudovishnui Singapore KF564723.1
Cx. quinquefasciatus India FN395201.1
Cx. quinquefasciatus Austria KM280580.1
Cx. quinquefasciatus Austria KM280579.1
Cx. tritaeniorhynchus Singapore KF564731.1
Cx. tritaeniorhynchus India KM362847.1
Cx. vishnui Singapore KF564733.1
Cx. vishnui India KM350672.1
Cx. vishnui Singapore KF564735.1
Mansonia bonneae Singapore KF564765.1
Ma. uniformis India KJ412469.1
Ma. uniformis Singapore KF564766.1
Ma. indiana Thailand KX816502.1
Ma. indiana Thailand KX816496.1
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