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Abstract

Background: Culex (Cx.) gelidus (Theobald, 1901) mosquito is an important primary vector for Japanese encephalitis
virus (JEV). It is an outdoor biting, resting mosquito suggesting its exophagic and exophilic behavior. In absence of domestic
hosts this mosquito bites voraciously and breeds in lentic oligotrophic and eutrophic waters with high concentration of organic
matter. Identification of the mosquito is a cornerstone for any entomological investigations. Conventional taxonomical
identification is the golden way to naming of any specimen but it requires expertise and has limitations such as identification
of sibling species and identification with damaged specimens may not be possible, moreover leads to misidentifications.
Maternally inherited mitochondrial cytochrome ¢ oxidase subunit I (COI) gene has been proposed as a potential ‘molecular
marker’ or ‘barcode’ for animal species identification.

Methods: In the present study mitogenomic marker (mtDNA-COI) was used to identify the mosquito species along with the
phenotypic traits, which was supportive and alternate technique for classical taxonomy.

Results and conclusion: Phylogenetic tree was generated with COI gene based sequences, and results were shown that the
Hyderabad Culex gelidus species having close relationship with Tamilnadu, Vietham and Sri Lanka species.

Keywords: Japanese encephalitis virus (JEV), mitochondrial cytochrome C oxidase subunit 1 (COI), DNA barcoding and

phylogenetic tree

Introduction

Culicidae family includes 3,581 mosquito species classified
in two subfamilies and 113 genera. Among them the tribe
Culicini (Diptera: Culicidae: Culicinae) is the second largest
group of mosquitoes, with nearly 805 currently recognized
species under four genera: Culex Linnaeus, Deinocerites
Theobald, Galindomyia Stone & Barreto and Lutzia
Theobald. Culex is by far the largest genus with 777 species
allocated to 26 subgenera. In comparison, Deinocerites has
18 species, Galindomyia one species and Lutzia nine species
[1. 21 Numerous species of genus Culex are known vectors
for many diseases. Culex (Cx.) gelidus (Theobald, 1901) is
an important primary vector for Japanese encephalitis
virus (JEV) BB 4 in Southeast Asian countries [ and also
transmit other viruses of public health importance, viz. Ross
River virus (RRV), Getah virus (GETV), Sindbis virus
(SINV) and Tembusu virus (Bunyamwera) [6 7 8 91 Active
during Crepuscular time % and prefers to feed throughout
the night, with maximum biting frequency at just before the
daWn [11, 12, 13]_

Culex gelidus is an outdoor biting, resting mosquito
suggesting its exophagic and exophilic behavior. Voracious
biter of humans in absence of domestic animal hosts such as
pig, cattle etc., [*4 15 16,171 Breed in lentic oligotrophic and
eutrophic waters with high concentration of organic matter,
i.e. marshes and waste water canals, animal watering
troughs, dairy and piggery wastewater ponds, sewerage
overflow ponds and flooded cattle pasture (819201,

To overcome the limitations of inherent classical
taxonomical identification, micro genomic identification
system is one of the best alternative techniques for the
species identification 2 22, Small fragment of genome

(marker or barcode) can diagnose biological diversity.
Unlike nuclear DNA, there is usually no change in mtDNA
from parent to offspring. The rapid mutation rate (in
animals), maternal inheritance, inability to recombine and
high copy number makes mtDNA useful for identifying
different species. Insect mitogenome is a double stranded
circular DNA molecule of approximately 14.5kbp to 19.5
kbp. A typical insect mitogenome encodes 37 genes of
which, 13 are protein coding genes, 22 transfer RNAs and 2
ribosomal RNAs. With compare to other mitochondrial
markers, COIl gene is a potential barcode for species
identification and phylogenetic relationships. A 658-bp
region (the Folmer region) of the mitochondrial cytochrome
¢ oxidase subunit I (COI) gene was proposed as a potential
‘molecular marker’ or ‘barcode’ for animal species
identification 3, In the present study mitogenomic marker
(COlI) was used to identify the mosquito species along with
the phenotypic traits, which was supportive and alternate
technique for classical taxonomy.

Material and Methods

Study area

Hyderabad is the financial and technological capital of the
state of Telangana, and located on the Musi River. As
Hyderabad is totally an urban district there are no villages
but the district has one Census town (Osmania University),
one Cantonment Board (Secunderabad) and One GHMC
(Greater Hyderabad Municipal Corporation). Hyderabad,
Telangana, India is located at India country in the cities
place category with the GPS coordinates of 17° 23'6.16" N
Latitude and 78°29'12.02"E Longitude geo coordinates, and
occupies an area of approximately 360 square kilometres.
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Mosquito collection and identification

According to the WHO standard methods ¥ mosquito
samples were collected from Banda Cheruvu, Moula Ali,
ECIL Hyd (17.459612° and 78.548788°). And the
morphological characterization of the mosquito species has

been performed with the help of standard keys such as [? %
2711

DNA extraction and PCR amplification

Adult mosquitoes were collected with oral aspirator and
brought to the laboratory 128, The samples collected were
analysed for their systematic position  through
morphological characters and stored in 95% ethyl alcohol at
-20°C for DNA extraction. Asghar et al., (2015) [
proposed methodology was used for obtaining the genomic
DNA. PCR reactions were performed to amplify a 658bp
fragment of COIl by wusing forward (C1-J-1718-5'-
GGAGGATTTGGAAATTGATTAGTTCC-3') and reverse
(C1-N-2191-5-CCGGTAAAATTAAAATATAAACTTC-
3") primers. Standard PCR conditions were maintained
(initial denaturation at 94°C for 2 minutes, cycle
denaturation at 95°C for 30 seconds, primer annealing at
55°C for 30 seconds, extension at 70°C for 30 seconds, and
final extension at 70°C for 10 minutes). The amplicon was
confirmed in agarose gel (1%) electrophoresis and the
product was given for commercial sequencing (Bio serve
Biotechnologies Pvt. Ltd.). The PCR product of COI gene
was amplified and the amplicons were sequenced by
Sanger’s procedure automated sequencing method.

Multiple Sequence alignment and phylogenetic analysis
Multiple sequence alignment (MSA) was performed in
Clustal W [0 31 for partial COl gene sequence of 489bp
with the default parameters. The pattern of the evolution of
mosquito specimens was studied by phylogenetic analysis.
The results of the DNA barcoding were made progressively
with the phylogenetic analysis by the construction of a
phylogenetic tree. For phylogeny, the available nucleotide
sequences from National Center for Biotechnology
Information (NCBI) were collected. In MEGA 7 tool 132 33
%1 the analysis of the phylogeny was attained by maximum
likelihood method with the deletion of gaps and missing
data. Furthermore, Bootstrap replication (1000 numbers)
was used to validate the tree.
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Results and Discussion

Fragment of COI region was amplified by PCR, a single
discrete PCR amplicon band of ~500 bp was observed when
resolved on agarose (Figure-1). The obtained sequence
(467bp) of CO | gene was blasted with NCBI Gene Bank
which had shown 100% similarity with the test specimen
and the NCBI gene bank accession number is MG686504
(Figure-2). The morphological characters of the test
specimen (Pale rings present on proboscis and tarsi, lower
mesepimeral setae absent, wings do not have any pale spots
or pale scales, abdominal terga I1-VIII with dark and pale
bands or completely dark, abdominal terga 11-VI with basal
pale bands, anterior 0.7 of scutum covered with pure white
scales, anterior surface of fore-and midfemora without
speckling of pale scales, scales on prescutellar space, behind
wing base, and on scutellum entirely dark, pale band on
proboscis narrow and less than length of basal dark area)
were compared with molecular characterization and the
species was confirmed as Culex gelidus (Figure-3). The
adult specimen was deposited as the voucher specimen at
the Department of Zoology, Osmania University,
Hyderabad (Accession No: OUNHMZ-2019.M7).

Fig 1: Gel electrophoresis of mitochondrial COI gene isolated
from Hyderabad Culex gelidus. Lane 1: 100 bp DNA ladder; lane
2: PCR product of COI gene isolated from the Hyderabad region.

The amplified product of 467bp was corresponded at 500bp.

gene, partial cds; mitochondrial

»MG6865084 .1 Culex gelidus voucher OUNHMZ.ART.2816.M7 cytochrome oxidase subunit I (COI)

GATATAGCATTTCCTCGAATAAATAATATAAGTTTTTGAATACTTCCTCCTTCATTAACTTTACTACTTT
CAAGTAGTTTAGTTGAAAATGGAGCTGGAACTGGATGAACAGTTTATCCCCCTCTTTCATCAGGTACAGC
TCATGCTGGAGCTTCAGTTGATTTAGCTATTTTTTCTTTACATTTAGCTGGGATTTCATCAATTTTAGGA
GCAGTAAATTTTATTACAACAGTAATTAATATACGATCTTCAGGAATTACACTTGATCGAATACCTTTAT
TTGTTTGATCTGTAGTTATTACTGCTGTTTTATTACTCCTTTCATTACCCGTATTAGCTGGAGCTATTAC
AATATTATTAACTGATCGAAACCTAAATACTTCATTTTTTGACCCTATTGGAGGAGGAGATCCTATTTTA
TACCAACATTTATTTTGATTTTTTGGACATCCAGAAGTTTATATTTT

Fig 2: Partial mitochondrial sequence (COI gene) of Culex gelidus with accession number MG686504.
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mesepimeral setae absent.

Proboscis and tarsi with pale rings (pale band on proboscis | Abdominal terga II-VIIl with dark and pale
narrow, less than length of basal dark area) and lower | bands or completely dark, abdomeinalterga

1I-VI with basal pale bands and anterior
surface of fore-and mid-femora without
speckling of pale scales.

L. ]
Wing without distinct pale spots, without speckling of pale
scales and wing tip without definite pale area.

Anterior 0.7 of scutum covered with pure
white scales, scales on prescutellar space,
behind wing base and on scutellum entirely
dark.

Fig 3: Morphologic identification characteristic features of Culex gelidus.

Kiefferulus tainanus [NCBI accession number DQ648225
(Diptera: Chironomidae)] was used as out group for
assessing the phylogenetic relationship. Boot strap method
with 1000 boot strap replications was used to validate the
tree.

Culex gelidus Northern Vietnam
@ Culex gelidus Hyderabad India
Culex gelidus Pondicherry Tamil Nadu India
T Culex gelidus Sri Lanka
Culex gelidus Northern Vietnam
34 | Culex gelidus Singapore
Culex gelidus Singapore

Culex gelidus China

— Culex gelidus Northern Vietnam

Culex gelidus China

Kiefferulus tai voucher

—
0020

Fig 4: Molecular phylogenetic analysis of Culex gelidus by
maximum likelihood method (Conducted in MEGAT).

Phenetic system of classification based on morphological
traits is an outstanding method for identifying the any
organism at species level. In some exceptions it has few
limitations which may leads to miss identification of
particular species. DNA barcoding technique is an emerging
alternative technique for such inherent taxonomical miss
identifications. 658bp mitogenome is a potential region for
studying the taxonomy and phylogentic relationship of
animal diversity. Phylogenetic tree has been generated with
COI gene based sequences, and results showing that the
Hyderabad Culex gelidus species having close relationship
with Tamilnadu, Vietnam and Sri Lanka species. Maximum

likelihood tree is showing that, the Hyderabad, Tamil Nadu,
Sri Lanka and Vietnam mosquito species are in one cluster,
which means all are having close relationship and
Hyderabad species is sister species for other mosquito
species (Figure-4).

Acknowledgements
We thank to the DSA-I (SAP-II) programme for providing
Laboratory facilities and also to the Head Department of

Zoology, Osmania  University, Hyderabad  for

encouragement and all time support.

References

1. Harbach RE. Mosquito Taxonomic Inventory,
http://mosquito-taxonomic-inventory.info/,  (accessed

on 15 November 2020), 2020.

2. Harbach RE. Classification within the cosmopolitan
genus Culex (Diptera: Culicidae): the foundation for
molecular systematics and phylogenetic research. Acta
Tropica,2011:120:1-14.

3. Gould DJ, Barnett HC, Suyemoto W. Transmission of
Japanese encephalitis virus by Culex gelidus Theobald.
Trans R Soc Trop Med Hyg,1962:56:429-34.

4. Williams CR, Ritchie SA, Whelan PIl. Potential
distribution of the Asian disease vector Culex gelidus
Theobald (Diptera: Culicidae) in Australia and New
Zealand: A prediction based on climate suitability.
Australian J Entomol,2005:44:425-30.

5. Sudeep AB, Ghodke YS, George RP, Ingale VS,
Dhaigude SD, Gokhale MD. Vectorial capacity of
Culex gelidus (Theobald) mosquitoes to certain viruses
of public health importance in India. J Vector Borne
Dis 52, 2015, 153-158.

6. Berge TO. International catalogue of arboviruses,
including certain other viruses of vertebrates. DHEW

153



International Journal of Entomology Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Publication No. (CDC) 78-8301. Washington DC: US
Department of Health, Education and Welfare, Public
Health Service, 1975, 278.

Platt GS, Way HJ, Bowen ET, Simpson DI, Hill MN,
Kamath S et al. Arbovirus infections in Sarawak,
October 1968-February 1970 Tembusu and Sindbis
virus isolations from mosquitoes. Ann Trop Med
Parasitol,11975:69:65-71.

Peiris JS, Amerasinghe PH, Amerasinghe FP, Calisher
CH, Perera LP, Arunagiri CK et al. Viruses isolated
from mosquitoes collected in Sri Lanka. Am J Trop
Med Hyg,1994:51:154-61.

Harley D, Ritchie S, Phillips D, van den Hurk AF.
Mosquito isolates of Ross River virus from Cairns,
Queensland,  Australia. Am J Trop Med
Hyg,2000:62:561-5.
Amerasinghe FP. Crepuscular
mosquitoes at Peradeniya, Sri
Tropical Ecology,1988:4:271-280.
Rajavel AR, Natarajan R, Vaidyanathan K, Soniya VP.
Mosquitoes of the mangrove forests of India. Part 5:
Chorao, Goa, and Vikhroli, Maharashtra. J Am Mosq
Control Assoc,2007:23:91-4.

Abu Hassan A, Dieng H, Satho T, Boots M, Al Sariy
JSL. Breeding patterns of the JE vector Culex gelidus
and its insect predators in rice cultivation areas of
northern peninsular Malaysia. Trop
Biomed,2010:27:404-16.

Korgaonkar NS, Kumar A, Yadav RS, Kabadi D, Dash
AP. Mosquito biting activity on humans and detection
of Plasmodium falciparum infection in Anopheles
stephensi in  Goa, India. Indian J Med
Res,2012:135:120-6.

Reuben R, Thenmozhi V, Samuel PP, Gajanana A,
Mani TR. Mosquito blood feeding patterns as a factor
in the epidemiology of Japanese encephalitis in
Southern India. American Journal of Tropical Medicine
and Hygiene,1992:46:654-663

Sudeep AB. Culex gelidus: An emerging mosquito
vector with potential to transmit multiple virus
infections. J Vector Borne Dis, 2014, 251-258.
Heathcote OHU. Japanese encephalitis in Sarawak:
Studies on juvenile mosquito populations. Trans R Soc
Trop Med Hyg,1970:64:483-8.

Whelan P, Hayes G, Carter J, Wilson A, Haigh B.
Detection of the exotic mosquito Culex gelidus in the
Northern Territory. CDI,2000:24:74-75.

Lee DJ, Hicks MM, Debenham ML, Griffiths M, March
EN, Bryan JH et al. The Culicidae of the Australasian
region: Nomenclature, synonymy, literature,
distribution, biology and relation to disease. Genus
Culex, subgenera Acallyntrum, Culex. Debenham ML,
editor. Entomology Monograph 2, v 7. Canberra:
Australian Government Publishing Service, 1989.
Muller MJ, Montgomery BL, Ingram I, Ritchie SA.
First records of Culex gelidus from Australia. Journal of
the American Mosquito Control
Association,2001:17:79-80.

Whelan P, Hayes G, Tucker G, Carter J, Wilson A,
Haigh B. The detection of exotic mosquitoes in the

biting activity of
Lanka. Journal of

Northern territory of Australia. Arbovirus Res
Australia,2001:8:395-404.
Pradya Somboon, Thanari Phanitchakun, Rinzin

Namgay, Tenzin Wangdi, Dechen Pemo, Ralph E

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

www.entomologyjournals.com

Harbach. Molecular and morphological evidence of
sibling species in Anopheles baileyi Edwards (Diptera:
Culicidae) in  Bhutan and Thailand. Acta
Tropica,2020:209:105549.

Hebert PD, Cywinska A, Ball SL, deWaard JR.
Biological identifications through DNA barcodes. Proc
Biol Sci,2003:270:313-21.

Hebert PD, Sujeevan Ratnasingham, Jeremy R.
deWaard. Barcoding animal life: cytochrome ¢ oxidase
subunit 1 divergences among closely related species.
Proc. R. Soc. Lond. B (Suppl.),2003:270:596-599.
WHO. Manual of practical entomology in malaria- Part
I, 1975.
https://apps.who.int/iris/bitstream/handle/10665/42481/
WHO_OFFSET_13 %28part2%29.pdf?sequence=2&is
Allowed=y

Christophers SR. Family Culicidae. Tribes Anophelini.
The fauna of British India, including Ceylon and
Burma, Diptera, Taylor and Francis, London,1933:4:1-
271.

Barraud PJ. Family Culicidae, Tribes Megarhinini and
Culincini, The fauna of British India, Including Ceylon
and Burma- Diptera Taylor and Francies,
London,1934:5:1-463.

Tyagi BK, Munirathinam R. Krishnamoorthy,
Venkatesh A. A field-based hand book of identification
keys to mosquitoes of public health importance in
India, 2012.

John B. Silver. Mosquito Ecology: Field Sampling
Methods (Third Edition). ISBN 978-1-4020-6665-8
(HB). Springer publishers, 2008.

Usman Asghar, Muhammad Faheem Malik, Fakhra
Anwar, Ayesha Javed, Ali Raza. DNA Extraction from
Insects by Using Different Techniques: A Review.
Advances in Entomology,2015:3:132-138.

Thompson JD, Higgins DG, Gibson TJ. Clustal W.
Improving the Sensitivity of Progressive Multiple
Sequence Alignment through Sequence Weighting,
Position-Specific Gap Penalties and Weight Matrix
Choice. Nucleic Acids Research,1994:22:4673-4680.
Larkin M.A, Blackshields G, Brown N.P, Chenna R,
McGettigan P.A, McWilliam H, et al. Clustal W and
Clustal X version 2.0.
Bioinformatics,2007:23(21):2947-2948.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecular Biology and
Evolution,2016:33:1870-1874.

Hall BG. Building Phylogenetic Trees from Molecular
Data with MEGA. Molecular Biology and
Evolution,2013:30:1229-1235.

Smith SA, Beaulieu JM, Donoghue MJ. Mega-
Phylogeny Approach for Comparative Biology: An
Alternative to Supertree and Supermatrix Approaches.
BMC Evolutionary Biology,2009:9:37.

154



