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Abstract
Culex is the main source of vector for several diseases in India. In the present study, a comprehensive genetic diversity study of
Cytochrome Oxidase I (COI) and 16s rRNA in 2 species of Culex mosquitoes (Culex tritaeniorhynchus and Culex
quinquefasciatus) from India was carried out using 257 partial sequences. Genetic divergence analysis based on COI and 16s
rRNA sequences revealed a clear gap between intraspecific and interspecific distances of 2 species from India. However, 16sRNA
based phylogeny of Culex species failed to adequately differentiate species in a whole country context whereas COI sequences
were succeed. Average genetic divergence values of COI gene for within species for Culex quinquefasciatus and Culex
tritaeniorhynchus were 0.020% and 0.010% respectively whereas for 16s rRNA gene average genetic divergence within species
for Culex quinquefasciatus and Culex tritaeniorhynchus were 0.001% and 0.005% respectively. Maximum value of A/T content
observed in COI sequence (72.0%) followed by 16s rRNA sequences (41.7%) followed by COI partial sequences (34.7%). The
GC2 content is dominated followed by GC3 and GC1 in COI sequences indicates the synonymous mutations occur mostly at the
GC2 followed by GC3 and GC1. It can be concluded as validation with COI mitochondrial gene was successful and helps in
successful estimation of genetic structure of Culex species in India.
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Introduction
India is one of the major hotspot for mosquito-vectored
diseases. Out of 3500 mosquito species documented
worldwide (www.mosquito-taxonomic-inventory.info), nearly
400 mosquitoes have been documented and identified as a
carriers for different diseases [1]. Seasonal outbreaks like fatal
Acute Encephalitis Syndrome (AES) occur regularly in
several parts of India especially since 1955, which mainly
transmitted by Culex species. Japanese encephalitis disease is
the major and consistent outbreak in different parts of the
country like Gorakhpur of Utter Pradesh [4], Bankura district
of West Bengal, Tamil Nadu [3]. Indian studies have revealed a
number of secondary vectors from Culex species (C.
pseudovishnui, C. whitmorei, C. gelidus, C. epidesmus) [2],
apart from other phyla organisms.
Morphological identification of mosquitoes is difficult and
time consuming [5]. Correct vector identification is important
for the development of effectual strategies for the control of
transmission vectors [6, 7]. Different genes of mitochondrial
origin were proved as efficient for genetic divergence studies
in mosquitoes. COI gene based DNA Barcoding gained
importance as a taxonomic tool where morphological
ambiguities were found and also in case of taxonomy of new
species that uses a short genetic marker in an organism’s DNA
for its identification [8]. It involves the use of the 5’ end of the
mitochondrial COI gene (̴ 650bp fragment) gene in eukaryotes
to diagnose and define the species boundaries [9]. It is
preferred over other mitochondrial genes as Indels (Insertions
and Deletions) are very rare which create difficultness in
sequence alignments [10]. Ribosomal RNA encoded by the mt-

genome is commonly used in molecular phylogenetic as well
as genetic variation studies because they have conserved
sequences and exhibits high level of polymorphism.
Moreover, they show ten times faster evolutionary rate than
the nuclear genome and it is subjected to maternal and sexual
inheritance [14]. The 16s rRNA gene is found in the conserved
portion of mtDNA and has been extensively used in
phylogenetic as well as evolutionary studies [15, 16].
Many researchers have successfully used DNA Barcoding
technique for mosquito’s identification [5, 11, 12, 13]. Study of
genus Culex on DNA based methods have mainly focused on
the intra and interspecific identification, phylogenies, and
divergence for various species [17, 18]. In the present study, we
have used to multi-locus approach to determine genetic
divergence using 2 mitochondrial genes i.e. COI and 16s
rRNA in Culex tritaeniorhynchus and Culex quinquefasciatus
from India. Finally, we have determined the effectiveness of
these 2 genes for genetic divergence and phylogenetic analysis
Culex species from India.
Materials and methods
In total, 257 partial gene sequences obtained for two species
with the range of sequences from 3 sequences (16s rRNA
sequences of Culex tritaeniorhynchus) to 148 sequences (COI
sequences of Culex tritaeniorhynchus) (Table 1). Number of
analysed partial sequences for the gene COI includes 207
sequences (Culex tritaeniorhynchus-148 and Culex
quinquefasciatus-59) whereas for 16s rRNA gene includes 50
sequences
(Culex
quinquefasciatus-47
and
Culex
tritaeniorhynchus-03). All sequences were assembled and
60

International Journal of Advanced Science and Research

end-trimmed to get homologous region to avoid errors during
sequencing and those sequences subjected to aligned using
ClustalW analysis tool [19]. Sequences with sufficient length
only were considered with the view of bringing uniformity in
analysis across all species. To ensure homology in
heterogeneous sequences, some bases were trimmed. To bring
this homogeneity in some sequences, missing sequence parts
were adopted from most conserved regions of the sequences
available in NCBI GenBank for the same species. Nucleotide
composition (A, T, G, C, GC1, GC2 & GC3) calculated for
homologous end-trimmed sequences using MEGA V.7.0
(Molecular Evolutionary Genetic Analysis) [20] software
(Arizona). Inter and intra species evolutionary divergences in
various hierarchical levels were analysed using Kimura 2
Parameter method [21]. The variation was estimated following
the bootstrap method with 5000 bootstrap replicate values.
The pair-wise deletion option was selected to treat the gaps or
missing data between each compared specimen. Finally, the

Maximum Likelihood (ML) tree among species was created to
give distance values using bootstrap method in Kimura 2 parameter mode of analysis those values are in the units of the
number of base substitutions per site [22]. To verify the
robustness of the nodes of the ML tree, bootstrap analysis was
carried out using 5000 pseudo replicates [23]. Both transitions
and transversions were cumulated and included as
substitutions. Missing bases or gaps were treated by adopting
pair wise deletion method employed in MEGA V 7.0. [20].
Results and Discussion
All the retrieved sequences were verified thoroughly and no
complexity or ambiguities were observed among them. Out of
two analysed sequences, one is (COI) protein coding gene
whereas remaining is (16s rRNA) non coding gene. The
average length values of the aligned and end-trimmed
sequences were presented in table 1.

Table 1: List of COI GenBank accession numbers along with their sequences sequence length two mitochondrial genes (N = No. of Sequences)
S. No.

Species(N)

1

Culex quinquefasciatus (59)

2

Culex tritaeniorhynchus (148)

5
6

Culex quinquefasciatus (47)
Culex tritaeniorhynchus (03)

GenBank accession no.
COI gene
KC970292-98, EU259297, FJ536189-94, FJ536181-86, FJ536179, FJ536172-77,
FJ536168-70, KU920683-97, KR817730, AB907179, KC250017, FN395204-05,
FN395201-02, FM177756, KJ680549, FJ536187-88, FJ536180, FJ536178, FJ536171
DQ424952, AY834249, KM350641-69, KM362833-50, KC970299, AY917215,
AY917206, HM638227, HM638223-25, HM638220-21, AY729975, KM3552-640
16s rRNA gene
EU555413-16, EU339128-47, EU711082-101, KX451138, KX524981-82
KX085417, AF034469, EF593020

Average genetic divergence values of COI gene for within
species
for
Culex
quinquefasciatus
and
Culex
tritaeniorhynchus were 0.020% and 0.010% respectively
whereas for 16s rRNA gene average genetic divergence within
species
for
Culex
quinquefasciatus
and
Culex
tritaeniorhynchus were 0.001% and 0.005% respectively.

Length

491
589
205
302

(Table 2). In almost all sequences, the range of genetic
distances were comprehensively higher for COI gene followed
16s rRNA partial sequences. (Figure 1). Hence, it is evident
that COI gene undergone drastic changes in the process of
evolution compared to other genes.

Table 2: Average and range of Kimura 2-parameter distance values within 2 Culex species for 2 mitochondrial genes. (AD= Average distance,
SE= Standard Error)
S. No.

Species

A.D. ± S.E.

Min

Max

0.020±0.003
0.010±0.002

0.00
0.00

0.236
0.094

0.001±0.000
0.005±0.004

0.000
0.004

0.013
0.008

COI gene
1
2
5
6

Culex quinquefasciatus
Culex tritaeniorhynchus
16s rRNA gene
Culex quinquefasciatus
Culex tritaeniorhynchus

(a)

(b)

Fig 1: The average and range of intra genetic divergences for 2 mt- genes
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Pair wise genetic distance matrix of 2 Culex species for both
mt- genes sequences were represented in Table 3. The highest
Kimura’s 2-parameter (K-2P) genetic distance was observed
between for COI gene was observed between C.
quinquefasciatus and C. tritaeniorhynchus (0.071%) whereas
the least value found between C. quinquefasciatus and C.
tritaeniorhynchus (0.000%) for 16s rRNA sequences.

G= 15.25%, C= 15.35%. The average nucleotide percentage
values for 16s rRNA sequences were A= 45.3%, T= 38.1%,
G= 10.75%, C= 5.81%. A/T content is higher than the G/C
content across two mitochondrial genes. Maximum value of
A/T content observed in COI sequence (72.0%) followed by
16s rRNA sequences (41.7%) followed by COI partial
sequences (34.7%). The comparative analysis for A/T and
G/C content values for two mt-genes revealed that COI gene
undergone most recent evolution followed by 16s rRNA
sequences.
The average GC content in 3 codon positions (GC1, GC2 and
GC3) of COI, for two Culex species was depicted in figure 2.
GC2 content is dominated followed by GC3 and GC1. This
indicates that the synonymous mutations occur mostly at the
GC2 followed by GC3 and GC1. This non-synonymous
mutation effects resulted protein. The highest percentage of
GC2 content for COI gene was noticed in C.
tritaeniorhynchus (46.4%) whereas the lowest value was
observed in C. quinquefasciatus (42.4%). Average GC content
was higher than the COI gene GC content of Arthropod
dataset suggested by Keskin & Atar [24].

Table 3: Inter species pair-wise genetic distances using K-2P model
for 2 mt-genes
S. No.
1
2
3
4

Species
C. quinquefasciatus
COI gene
C. quinquefasciatus
C. tritaeniorhynchus
0.071±0.015
16s rRNA gene
C. quinquefasciatus
C. tritaeniorhynchus
0.000±0.000

The average nucleotide frequencies for two Culex species
were represented in Table 4. The average nucleotide
percentage values for COI gene were A= 29.5%, T= 39.9%,

Table 4: Calculated nucleotide frequecies for coding genes along with their S.E. values
S. No.
1
2

Species
C. quinquefasciatus
C. tritaeniorhynchus

A
28.8±0.04
30.2±0.06

T
42.0±0.14
37.8±0.03

G
14.4±0.09
16.1±0.06

C
14.8±0.17
15.9±0.10

(GC)1
6.89±0.48
6.75±0.26

(GC)2
42.4±1.15
46.4±0.06

(GC)3
38.7±0.12
42.9±0.08

Table 5: Calculated nucleotide frequecies for non-coding genes along with their S.E. values
S. No.
1
2

Species
C. quinquefasciatus
C. tritaeniorhynchus

A
45.9±0.06
44.7±0.03

T
38.5±0.03
37.7±0.03

G
10.2±0.09
11.3±0.23

C
5.35±0.06
6.27±0.09

Fig 2: Variation in GC content (%) of COI sequences for Culex species

The Maximim-Likelihood trees for two mt genes were derived
by using all 257 sequences of 2 species for 2 mt-partial
sequences with MEGA 6.0 are shown in figure 3. Both the ML trees resulted from COI sequences and 16s rRNA sequences

were showed contrasting results. 16s rRNA sequences were
failed to form clades with same species where as COI
sequences formed the clades with species belongs to same
species with significant boot strap values.
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(a)

(b)

Fig 3: Traditional Kimura 2- Parameter distance Neighbour Joining tree constructed from partial mitochondrial gene sequences (a) 16s rRNA (b)
COI.

Conclusion
It is concluded that the standard barcode region which is based
on COI partial sequence contains sufficient genetic divergence
levels with different hierarchical levels compared to 16s
rRNA sequence Therefore, it is confirmed that validation with
COI mitochondrial gene was successful and helps in
successful estimation of genetic structure of Culex species in
India. This study also provided the efficacy of COI gene in
delineating the members of the evolutionary closely related
organisms particularly in Culex species.
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