International Journal of Entomology Research

International Journal of Entomology Research
ISSN: 2455-4758

Impact Factor: RJIF 5.24
www.entomologyjournals.com

Volume 3; Issue 2; March 2018; Page No. 96-103

Molecular studies on Indian mosquitoes (Diptera: Culicidae): A review

Devinder Singh, Navneet Kaur Rai, Divya Vashist”
Department of Zoology and Environmental Sciences, Punjabi University, Patiala, Punjab, India

Abstract

Molecular studies are recognized as a useful tool in species identification and sequence disparity. Nuclear region and
mitochondrial genome has been analyzed and studied comprehensively all over the world. In this review, a detailed description of
the molecular work done by several workers in India has been provided. It can be concluded that, the molecular studies on
mosquitoes in India focused more on COIl, ITS1 and ITS2 region and rest of the molecular markers are overlooked.
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Introduction

Mosquitoes belonging to family Culicidae and order Diptera,
are a large group of insects present throughout the temperate
and tropical regions and even beyond the Arctic Circle of the
world (Harbach, 2007) B%, India is ranked fifth in terms of
mosquito biodiversity after Brazil, Indonesia, Malaysia and
Thailand (Foley et al., 2007) 21, A total of 3,556 species of
family Culicidae comprising of two subfamilies Culicinae and
Anophelinae are currently recognized (Harbach, 2018) 4,
Indian mosquito fauna includes 393 species divided among 49
genera and 41 subgenera among which subfamily
Anophelinae contains 61 species in one genus followed by
subfamily Culicinae with 332 species in 11 tribes and 48
genera (Bhattacharyya et al., 2014) [©1,

Mitochondrial DNA and nuclear rDNA have widely been used
in insect systematics (Otranto and Stevens, 2002) 531, Recent
studies on DNA-based approaches show a promising trend in
the rapid description of biodiversity. In addition to that they
are quite useful in determining sibling relationship between
the species. The use of molecular markers has become an
indispensable tool for the identification of cryptic species
Collins and Paskewitz, 1996 [1%; Proft et al., 1999 [58]; Scott et
al., 1993 [¢%1: Xu and Qu, 1997 %,

Among molecular markers that are used in such studies,
ribosomal DNA (rDNA), second internal transcribed spacer
(ITS2), second and third domain (D2, D3) of rDNA 28S gene
and cytochrome oxidase subunits | and Il (COI, COIl) of
mitochondrial DNA are widely applied to mosquito species
discrimination and phylogenetic reconstructions Chen et al.,
2003 [ Collucci and Sallum, 2003 [*¥; Garros et al., 2005a
(241 251 Kampen, 2005 B2, Krzywinski et al., 2001 [8; Ma
and Xu, 2005 41, Marrelli et al., 2005 “°; Sallum et al., 2002
611: Wilkerson et al., 2005 [ Mitochondrial DNA and
nuclear ribosomal DNA are convenient targets due to
conserved primer binding sequences and ease of amplification

based on their typically high copy number (Reidenbach, 2009)
[60]

In this article an attempt has been made to review the
molecular research work that has been conducted on Indian

species of mosquitoes.

Molecular studies of culicidae in India

Kshirsagar et al. (1997) B* amplified mitochondrial 16S
rRNA gene fragment from the cell line and larvae of known
insect species and conducted heteroduplex analysis to detect
the sequence variation. Shouche and Patole (2000) [/
analyzed a 450 bp hypervariable region of the mitochondrial
16S rRNA gene in three major genera of mosquitoes, Aedes,
Anopheles and Culex. The sequences were found unusually
A+T rich and a stretch of Ts found as distinguishing feature
between Aedes and Culex from Anopheles. Manonmani et al.
(2001) ™8 used species-specific differences in the nucleotide
sequences of rDNA ITS2 region to develop a diagnostic PCR
assay for two sibling species of the Anopheles fluviatilis
complex, members of which are major vectors of malaria in
central and northern parts of India.

Manonmani et al. (2003) ! subjected a total of 401
specimens of Anopheles fluviatilis to cytological identification
and rDNA-ITS2 PCR assay and found that except for the
small discrepancy in the identification results, both the
techniques revealed the presence of only two species of the
Anopheles fluviatilis complex in Orissa as has been observed
earlier. Singh et al. (2004a) [ studied differentiation of
members of Anopheles fluviatilis species complex by an
allele-specific polymerase chain reaction based on 28s rDNA
sequences from India. The assay evaluated against
chromosomally examined individuals from different localities
with different sympatric associations and it could differentiate
unambiguously all the members of the complex. Again, Singh
et al. (2004b) ™ developed an allele-specific polymerase
chain reaction to the D3 domain of 28S rDNA that
discriminated Anopheles culicifacies species complex. The
assay was also validated using chromosomally identified
specimens of Anopheles culicifacies from different
geographical regions of India representing different sympatric
associations.

Goswami et al. (2005) [ developed PCR-RFLP of
mitochondrial COIl and ITS2 of rDNA markers for the
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identification of members of Anopheles culicifacies complex.
Goswami et al. (2006) "1 conducted a study to identify all
members of the Anopheles culicifacies complex using allele-
specific polymerase chain reaction assays. The PCR assays
developed from the D3 and ITS2 regions of rDNA failed to
identify all the members of the Anopheles culicifacies
complex while COII sequences showed single bp difference
that have been used to differentiate all the members of this
complex.

Prakash et al. (2006) 61 identified members of the Anopheles
minimus and Anopheles dirus complexes from north eastern
region of India using sequences for the ITS2 of rDNA. They
differentiated Anopheles minimus (species A) of the
Anopheles minimus complex and Anopheles baimaii (species
D) of the Anopheles dirus complex from Arunachal Pradesh,
Assam, Meghalaya and Nagaland. Alam et al. (2006) @
reported sequence analysis of rDNA ITS2 and D3 regions of
the four members of Anopheles annularis group- Anopheles
nivipes, Anopheles philippinensis, Anopheles annularis and
Anopheles pallidus for their molecular identification from
Andaman and Nicobar Islands. They found that there were no
intraspecific sequence variation among the specimens and the
interspecific sequence differences were greater for ITS2 than
the D3 regions.

Singh et al. (2006) [ examined the conspecificity of
Anopheles fluviatilis S and Anopheles minimus C by analysing
the DNA sequences of nuclear ribosomal ITS2 and D2-D3
domain of 28S rDNA. Manonmani et al. (2007) 8 developed
an rDNA-ITS2 PCR assay to group the five species of
Anopheles culicifacies complex into the two categories (A and
D and B, C and E) without the need of an intermediate RFLP
assay, thus reducing the number of steps involved in the
available identification assay and significantly cutting down
the time and cost.

Kumar et al. (2007) “Y studied DNA barcodes for several
species of mosquitoes belonging to 15 genera, prevalent in
India, which included major vector species. However, two
closely related species, Ochlerotatus portonovoensis and
Ochlerotatus wardi could not be identified as separate species
based on DNA barcode approach as their lineages indicated
negligible genetic divergence. Alam et al. (2007a) ©! reported
the sequence analysis and a method for their molecular
identification of the rDNA ITS2 and D3 regions of the four
members of the Anopheles annularis group- Anopheles
nivipes, Anopheles philippinensis, Anopheles annularis and
Anopheles pallidus from Assam and Andaman and Nicobar
Islands. Alam et al. (2007b) ™ analyzed the distribution of
Anopheles annularis complex collected from Sonapur
(Assam), Jabalpur (Madhya Pradesh), Ranchi (Jharkhand),
and Ghaziabad (Uttar Pradesh) and developed a molecular
method using the rDNA ITS2 and Domain 3 for identification
purposes.

Kohli and Choudhry (2007) B aimed at sequence analysis of
mitochondrial 16S rDNA gene fragment in 2 wild populations
of Armigeres subalbatus, carrier of Filariasis and Japanese
encephalitis in humans. Alam et al. (2008) ™ described the
sequencing of rDNA ITS2 and D3 loci of Anopheles stephensi
stephensi (type form) and Anopheles stephensi mysorensis.
They also revealed that these populations showed identical
sequences at both rDNA loci.

Raghavendra et al. (2009) 1 examined sequence variations
among members of the Anopheles culicifacies complex within
the variable D2 domain of the 28S rDNA subunit to study
phylogenetic relationship among them. The designed PCR
assay was evaluated using DNA from specimens of the
Anopheles culicifacies complex from different areas of India.
Mohanty et al. (2009) B inferred the phylogenetic
relationships among the Anopheline species of subgenus
Cellia using COI and COII genes, the rRNA gene particularly
the D3 region, and ITS2 region. The study proved useful in
properly defining species positions and resolving the
ambiguity that normally arises due to morphological
taxonomy.

Bora et al. (2009) [ described variations in the three
mitochondrial DNA markers viz., COI, COIl and cytochrome
b among Anopheles sundaicus populations from Andaman and
Nicobar islands. Their study revealed that there were three
different combined genotypes (genotypes I, Il and I1) in the
populations of Anopheles sundaicus.

Sharma et al. (2009) 1 used RAPD to ascertain the genetic
variability in Culex quinquefasciatus populations collected
from various locations and proposed the usefulness of study to
understand the population variation under different ecological
conditions and development of effective vector management
strategies. Singh et al. (2010) ["8l determined the DNA
sequences of morphologically identified Anopheles minimus
s.l. and Anopheles fluviatilis s.I. collected from the Kamrup
district in Assam for ITS2 and D3 domain of 28S rDNA.
Dhananjeyan et al. (2010) [ successfully attempted
molecular identification of Aedes aegypti, Aedes albopictus
and Culex vishnui subgroup mosquitoes by using nuclear
ribosomal ITS and extracting DNA from whole specimen,
legs, wings and other alternate sources like larval and pupal
exuviae. They further suggested that the 1TS2 marker could
very well differentiate Aedes aegypti and Aedes albopictus
and ITS1 marker could distinguish 3 species of the Culex
vishnui subgroup viz,. Culex tritaeniorhynchus, Culex
pseudovishnui and Culex vishnui. Bhattacharyya et al. (2010)
B3] collected house-frequenting female adults of the Anopheles
philippinensis— nivipes species complex from 23 localities in
the six north—eastern states. Each species were identified using
morphological keys as well as molecular method using rDNA
ITS2 gene.

Dixit et al. (2010) % inferred phylogenetic relationships and
estimated divergence time among six malaria vector species
belonging to subgenus Cellia, prevalent in India. The
phylogenetic status of Indian malaria vectors followed the
pattern based on morphological and cytological classifications
that was reconfirmed with COIl and ITS2 genetic regions.
Sharma and Choudhry (2010) [ conducted sequence
characterization of rDNA ITS1, ITS2 and COIl gene as
potential molecular markers for studying genetic relatedness
and phylogenetic kinship among six important species of
genus Anopheles.

Sharma et al. (2010) [8 examined the phylogenetic
relationship among the Culex quinquefasciatus population
collected from different geographical regions of India, using
16S rRNA gene sequences. Kaura et al. (2010) B4 conducted
at the comparative study of sequence variations in 1TS2 of
seven allopatric populations (5 Indian, 2 Sri Lankan) of
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Anopheles subpictus. Kohli et al. (2011a) [ dealt with the
ITS2 sequence based interspecific variations and molecular
phylogenetics of five Oriental species of genus Culex viz:
Culex quinquefasciatus, Culex vishnui, Culex
bitaeniorhynchus, Culex Tritaeniorhynchus and Culex
mimeticus. The length of ITS2 sequence varied from 323 to
410 bp with G-C content ranging from 50.7% to 66.5%.

Kohli et al. (2011b) 31 conducted sequence characterization
of ITS2, COIl gene and 16S gene fragments as potential
molecular markers for studying genetic relatedness and
phylogenetic kinship among five important species of genus
Culex. Dixit et al. (2011) 4 designed EPIC (Exon Primed
Intron Crossing) primers and successfully amplified and
sequenced eight DNA fragments in an Indian population
sample of Anopheles minimus and tested for their usability as
genetic markers for population genetic studies to infer
population structure and demography of this species.

Sarma et al. (2012a) %1 undertook a study to generate
authentic  information on distribution of Anopheles
philippinensis and Anopheles nivipes in the north-east India
using rDNA 1TS2 region. Sarma et al. (2012b) 2 also studied
genetic population structure of the malaria vector Anopheles
baimaii in north-east India using COIl gene from 176
individuals and found no genetic differentiation among
populations with the exception of the Central 2 population in
the Barail hill area that was significantly differentiated from
other populations. Gupta and Preet (2012) 91 optimized a
protocol for the genomic DNA extraction and RAPD-PCR in
mosquito larvae collected from Agra. Das et al. (2012) [
developed a PCR technique to differentiate the aquatic stages
of species of Aedes viz., Aedes aegypti, Aedes albopictus and
Aedes vittatus and to detect the most abundant species among
them by using 18S rDNA marker. Their study revealed the
presence of Aedes albopictus in the largest number followed
by Aedes aegypti and Aedes vittatus.

Singh et al. (2012) [’ conducted molecular characterization of
Anopheles maculatus complex species in north-east India and
found no intraspecific differences in the sequences of ITS2
region of rDNA within north-east India while, few differences
were detected in the sequences of Anopheles dravidicus,
Anopheles maculatus and Anopheles pseudowillmori from
north-east India with species from the neighbouring countries.
Sathe and Jagtap (2012) 54 reported a new species Anopheles
krishnai from India and described phylogenetic correlation of
closely related species by neighbor joining method.

Sharma et al. (2013) [ studied the phylogenetic relation
among the four different mosquito species: Anopheles
stephensi, Aedes aegypti, Aedes albopictus and Culex
quinquefasciatus by using PCR-RFLP of COIl gene.
Paramasivan et al. (2013) 54 gave a preliminary report on
DNA barcoding and phylogenetic relationships of certain
public health important mosquito species recorded in rural
areas of south India. The study concluded that the DNA-based
barcoding would really be a simple and very useful method in
identifying the mosquitoes and also immensely complement
the conventional morphology based taxonomical procedures.
Nanda et al. (2013) B2 reported a new Anopheles fluviatilis
population from villages under Laksar Community Health
Centre, District Haridwar. Kumar et al. (2013) “ studied COI
gene for Anopheles fluviatilis species complex from India.

Kumari et al. (2013) 3 studied the prevalence of Anopheles
subpictus complex consisting of four sibling species A, B, C
and D and their role in transmission of malaria in four districts
i.e. Angul, Khurda, Cuttack and Puri of Odisha using COI
gene. Das et al. (2013) identified the Anopheles culicifacies
sibling species complex by PCR using COII region and
detected Anopheles culicifacies sibling species A, B, C, D and
E in the malaria endemic regions of Odisha. They detected
Anopheles culicifacies E for the first time in Odisha, which
was further confirmed by molecular phylogenetics. They
further found that Anopheles culicifacies B was the most
abundant species, followed by Anopheles culicifacies C and E.
Daravath et al. (2013) [** conducted molecular identification
of Aedes albopictus and quantitative analysis of COI gene in
South-Indian populations. Manonmani et al. (2013) 1
evaluated COIl region based species specific assay for
identifying members of the Anopheles culicifacies species
complex in various parts of India. Zomuanpuii et al. (2013) 1]
developed a diagnostic PCR assay for distinguishing members
of subgenus Cellia species based on the interspecific ITS2
variation among 10 Anopheline species prevalent in Mizoram.
Das et al. (2014) [ determined the vectorial capacity and
assessed the genetic diversity of Anopheles annularis
collected from different endemic regions of Odisha by using
PCR-RFLP and sequencing of D3 region of 28S rDNA. Dutta
et al. (2014) @ studied mitochondrial genetic variation for the
first time among Anopheles minimus species from two malaria
endemic states of North East India using COIll gene. They
analyzed 546 bp of COII sequence and identified mutations at
6 of the 546 variable sites.

Bindu and Sebastian (2014) [l studied COI gene sequence of
Armigeres subalbatus to evaluate its relationship with the
different species of mosquitoes and to generate a database for
its molecular barcoding. Daravath et al. (2014) 14 studied
DNA sequence comparisons and phylogenetic relationship of
COIl gene for Aedes albopictus in order to inspect the
homology of the sequences and evolutionary divergence with
that of Hyderabad species. Kaura et al. (2014) % developed a
PCR-RFLP based method for the differentiation of allopatric
populations of Anopheles stephensi by using ITS1 and ITS2.
They acknowledged the fact that 1TS1 and ITS2 PCR-RFLP
assays had a potential which could be useful for rapid and
accurate identification of large numbers of mosquitoes, and
might also assist in carrying out extensive epidemiologic and
vector incrimination studies.

Murgan et al. (2015) B used complementary approach of
COL1 gene based identification while analysing 10 species of
mosquito vectors belonging to three genera, Aedes, Culex and
Anopheles from India namely; Aedes aegypti, Aedes
albopictus, Aedes vittatus, Anopheles culicifacies, Anopheles
niligricus, Anopheles stephensi, Anopheles vagus, Culex
quinquefasciatus, Culex pseudovishnui and Culex vishnui.
They also observed that the congeneric divergence was three
times higher than the conspecifics which indicated ample
nucleotide variations. Paul et al. (2015) ®* conducted a survey
to know the seasonal abundance as well as morphological
variation and molecular characterization in two Anopheles
species i.e. Anopheles subpictus and Anopheles vagus by
amplifying 1TS2 region. They observed that these species
were closely related on the basis of GC content and repeat

98



International Journal of Entomology Research

sequence but at the same time the interspecific variation in
ITS2 length was well marked between them.

Daravath et al. (2015) [ conducted multiple sequence
alignment of Culex quinquefasciatus from different
geographical regions to check the sequence similarity.
Sequence alignment studies elucidated the similarity and
differences among different species in India along with other
parts of the world. The sequence alignments of Hyderabad
Culex species exhibited decent alignment with UK species and
concluded that COI gene could be used as DNA barcode to
identify the organism.

Gupta et al. (2016) 28 examined different DNA sequences of
ITS2 and COI gene from globally distributed Aedes species
and found that the identified Indian Aedes mosquito species
showed significant variation in the DNA sequence when
compared with Aedes aegypti from other geographical
regions. Das et al. (2016) [¥ conducted molecular
identification of the most abundant species of Aedes vectors
collected from different breeding spots of Sonitpur district,
Assam and established the phylogenetic relationship with
same species reported earlier from other parts of Southeast
Asia.

Kumar et al. (2017) I developed a PCR methodology to
distinguish members of Culex vishnui subgroup based on
DNA barcoding from different geographical regions of
country. Preet and Gupta (2017) 3 focused on the analysis of
population genetic structure of Culex quinquefasciatus from
various larval habitats in Agra using RAPD- PCR. Singh and
Vashist (2017) [ studied and analysed interspecific and

intraspecific variations among four species of Anopheles using
COllI gene from Punjab state and concluded that identification
on the basis of COIl gene was accurate and helpful in
differentiating the species. Singh et al. (2017) "2 studied
genetic profile of five different mosquito species Aedes
vittatus, Aedes aegypti, Culex quinquefasciatus, Culex
bitaeniorhynchus and Culex vishnui using COIl gene to
understand phylogenetic relationship among them from
Punjab and adjoining states.

Conclusion

On the basis of literature surveyed it is quite clear that a lot of
molecular work has been done on COI (barcode gene), ITS1
and ITS2 (nuclear region) while few studies have been
conducted on other mitochondrial and nuclear genes. The
work has been summarized in Table 1. An important
limitation of molecular work in India is that researchers have
focused more on COIl, ITS1 and ITS2 region thereby
neglecting rest of the molecular markers which could also
prove valuable in determining the other vast and diverse
objectives of the research work. In terms of geographical
region, the mosquito fauna of the northeast and southern part
has been better explored by researchers in comparison to the
north and northwest part of the country. Hence it is a need of
the hour that upcoming research work should focus more on
the diverse fauna of these overlooked regions to explore the
biodiversity and generate molecular data for the species
occurring in this region.

Table 1: Molecular studies on Indian mosquitoes.

S.No Author’s Name State
Manonmani et al. (2001), (2003) Odisha.
1 Manonmani et al. (2007) Odisha, Rajasthan, Jharkhand, Tamil Nadu.
' Manonmani et al. (2013) Odisha, Rajasthan, Tamil Nadu.
Singh et al. (2004a) Uttaranchal, Odisha, Karnataka.
2 Singh et al. (2004b) Rajasthan, Uttaranchal, Haryana, Gujarat, Uttar Plilaaddeush, Madhya Pradesh, Jharkhand, Karnataka, Tamil
3 Goswami et al. (2005) Uttar Pradesh, Madhya Pradesh, Tamil Nadu and Haryana.
) Goswami et al. (2006) North India, South India, West India, East India, Central India.
4. Prakash et al. (2006) Arunachal Pradesh, Assam, Meghalaya, Nagaland
Alam et al. (2006) Andaman and Nicobar islands.
5 Alam et al. (2007a) Assam and Andaman and Nicobar islands.
' Alam et al. (2007b) Assam, Uttar Pradesh, Madhya Pradesh, Jharkhand.
Alam et al. (2008) Chennai, Karnataka, Odisha, Pondicherry
6. Singh et al. (2006) Odisha
7. Kohli and Choudhary (2007) Chandigarh, Himachal Pradesh
8. Kumar et al. (2007) Pondicherry, Karnataka, Andhra Pradesh, Tamil Nadu, Odisha, Goa, Andaman and Nicobar islands.
9. Raghavendra et al. (2009) Rajasthan, Haryana, Odisha, Gujarat, Uttar Pradesh, Madhya Pradesh
10. Mohanty et al. (2009) Odisha
11. Bora et al. (2009) Andaman and Nicobar islands
Sharma et al. (2009) Gujarat, Rajasthan, Punjab, Assam Jammu and Kashmir
12. Singh et al. (2010) Assam
13. Dhananjeyan et al. (2010) Tamil Nadu
14. Dixit et al. (2010) Assam, Andaman and Nicobar, Uttaranchal, Chhattisgarh
15. Sharma and Choudhry (2010) Punjab, Haryana
16. Sharma et al. (2010) Jammu and Kashmir, Punjab, Rajasthan, Gujarat, Madhya Pradesh.
17. Kaura et al. (2010) Chandigarh, Punjab
18. Bhattacharyya et al. (2010) Assam, Arunachal Pradesh, Meghalaya, Mizoram, Nagaland, Tripura.
19. Kohli et al. (2011a, 2011b) Haryana, Punjab, Himachal Pradesh and Chandigarh
20. Dixit et al. (2011) West Bengal
21. Sarma et al. (2012a, 2012b) Assam, Arunachal Pradesh, Meghalaya, Manipur, Mizoram, Nagaland, Tripura.
22. Gupta and Preet (2012) Uttar Pradesh
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23. Das et al. (2012), (2014) Odisha
24, Singh et al. (2012) Arunachal Pradesh, Assam, Meghalaya, Sikkim, Tripura, Mizoram, Manipur, Nagaland
25. Paramasivan et al. (2013) Tamil Nadu
26. Nanda et al. (2013) Uttar Pradesh
217. Kumar et al. (2013) Odisha, Jharkhand
28. Kumari et al. (2013) Odisha
29. Das et al. (2013) Odisha
30. Zomuanpuii et al. (2013) Mizoram
31. Dutta et al. (2014) Assam, Arunachal Pradesh
32. Bindu and Sebastian (2014) Kerala
33, Daravath et 36525?13)' (2014), Hyderabad
34. Kaura et al. (2014) Punjab
35. Murgan et al. (2015) Tamil Nadu
36. Paul et al. (2015) West Bengal
37. Das et al. (2016) Assam
38. Gupta et al. (2016) Rajasthan
39. Preet and Gupta (2017) Uttar Pradesh
40. Singh and Vashist (2017) Punjab
41, Singh et al. (2017) Jammu and Kashmir, Punjab
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