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Abstract

The main objective of this study included sequence
characterization of nuclear rDNA internal
transcribed spacers ITS 2 and mitochondrial DNA
CO Il gene and 16 S gene fragment as potential
molecular markers for studying genetic relatedness
and phylogenetic kinship among five important
species of genus Culex. After the extraction of
genomic DNA from a single female mosquitoe
followed by its amplification ITS 2 was found to be
GC rich where as CO Il and 16 S were AT rich. The
incidence of indels was found to be maximum in ITS
2 and minimum in 16 S gene fragment. According to
Maximum Parsimony based trees with Threshold
(considering the trasnsversions) showed that
Anopheles stephensi and Culex quinquefasciatus
were supported by 100% bootstrap value in ITS 2
and 16 S gene fragment. But 100% bootstrap value
was present between Anopheles stephensi and
Culex bitaeniorhynchus in CO |l gene. Beyond this
all other species got bifurcated into two clades: one
clade consisted of Culex tritaeniorhynchus + Culex
mimeticus with bootstrap value of 62.8% while other
clade consisted of Culex bitaeniorhynchus + Culex
vishnui with bootstrap value of 19.5%.
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1. Introduction

In mosquitoes the taxonomic recognition of field
collected adult specimens is often difficult because
they frequently lack salient characters of scale
ornamentation and the females of certain species
are remarkably similar which is particularly true of
the species belonging to genus Culex. Despite
these limitations, the chromosome method of
identification still remains an integral part for much
of the contemporary work in mosquitoes
systematics and population genetics. The motive
behind these efforts was based on the problems of
species discrimination among the species
complexes in which identification of cryptic species
in various taxa were problematic and frequently
unsatisfactory as some of the sibling species had
indistinct or poorly defined morphotaxonomic
characters but very clear differences not only in

their polytene chromosomal banding pattern but also
in the isozymes [1], allozymes [2] and amino acid
profiles.

In the recent years molecular systematics of
insects has undergone remarkable growth. Polytene
chromosome investigations were among the first to
provide researchers with tangible genetic markers
that could be used to differentiate species and their
different chromosomal forms [3,4]. Besides the
RAPD-PCR technique used now a days many
molecular markers have been detected to
understand genetic compatibility among the species
[5-7]. These markers range from those located in
nuclear and mitochondrial DNA.

As compared to the mosquito species belonging
to genus Anopheles very little progress has been
made in accumulating the genomic information on
different species of the genus Culex and Aedes
which also include the species of equal
epidemiological significance. Keeping this in view,
species specific PCR primers for genus Culex have
also been designed on the basis of interspecies
nucleic acid sequence variations in the first and
second internal transcribed spacers (ITS 1 and ITS
2) of nuclear rDNA gene array to differentiate
between subspecies of Culex pipiens complex.
Ribosomal DNA spacers are also a class of
important genetic markers for developing PCR
based species diagnostic [8,9]. Preceding the 18S
gene is the external transcribed spacer (ETS) and
surrounding the 5.8 S rDNA are the internal
transcribed spacers 1 and 2 (ITS 1, ITS 2). Studies
conducted so far have revealed that this multigene
family evolves collectively within species, a
mechanism that tends to produce homologous
nucleotide sequences within species  while
producing genetic differences among them [10]. The
coding sequences are highly conserved even
between distantly related species, while non-coding
sequences rapidly drifts apart even among the
closely related species. Thus using suitable primers
variable regions of rDNA sequences can be
amplified without the prior sequence information. As
such the rDNA gene cluster has become an
increasingly popular tool in molecular entomology
and a means of differentiating cryptic anopheline
and nonanopheline species of mosquitoes [11].
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Rapid evolution of rDNA within species has resulted
in the use of faster evolving spacers, not only for
the reconstruction of mosquito phylogenies but also
as diagnostic markers for differentiating cryptic
species of anophelines [8,12,13,14,15]. ITS 2
sequences are relatively short, less than 1 kilobase
pairs (kbp), making the amplification of intervening
ITS 2 using specific matching primers from highly
conserved domains of flanking coding regions (5.8
S and 28 S respectively) relatively simple. Second,
the level of intraspecific variations in them is lower
than the interspecific variations.

Apart from the nuclear DNA, the mitochondrial
DNA has its own unique properties for which it has
been found quite a useful alternative in those
genomic studies where there are differences and
homologies in the genetic make up of a species.
The small size of mitochondrial genome, its single
copy number, lack of introns and maternal
inheritance are some of its features which are
preferred for DNA diagnostics.

2. Materials and Methods

Inspired by work done in molecular cytogenetics of
mosquitoes, the present topic of research on some
Culex mosquitoes (Diptera: Culicidae) was
undertaken to carry out sequence based
phylogenetic inferences of five epidemiologically

important species of genus Culex viz: Culex
guinquefasciatus, Culex vishnui, Culex
bitaeniorhynchus, Culex tritaeniorhynchus and

Culex mimeticus.

The objective of the study included sequence
characterization of ITS 2, CO Il and 16 S gene
sequence as potential molecular markers.
Anopheles stephensi was used as an outgroup so
as to validate the results. The field collection of
these species was carried out from a village
Nadasahib (Panchkula, Haryana), 20 Kms South-
East of Chandigarh, Hamirpur (Himachal Pradesh),
Patiala, (Punjab) and Sector 25 of Chandigarh.

Specimens belonging to different species were
collected at random and brought to the laboratory in
a small field cage.

3. Results
3.1 Sequence Analysis of ITS 2

PCR amplification of genomic DNA with ITS 2
primers in each of the samples across the five
species yielded fragments of 390- 477 base pairs.
In addition to this Anopheles stephensi was taken
as an outgroup to establish the relationship
between anophelines and non-anophelines. In the
gel lanes 1-5 were loaded with amplified PCR
products of Culex bitaeniorhynchus, Culex
quinquefasciatus, Culex vishnui, Culex
tritaeniorhynchus and Culex mimeticus respectively.
Lane M was loaded with 100 bp gene ruler while
lane N carried a negative control (Figure 1).
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Figure 1. PCR amplified DNA bands from ITS 2. Lane M:
Gene Ruler, lane 1: Culex bitaeniorhynchus, lane 2: Culex
quinquefasciatus, lane 3: Culex vishnui, lane 4: Culex
tritaeniorhynchus, lane 5: Culex mimeticus, lane N:
Negative control.

The detailed nucleotide sequence analysis of ITS 2
gene sequence revealed marginally higher
percentage 51.8% of G+C content in each of the
species as compared to 48.2% of A+T content in
each species hence the ITS 2 gene was found to be
GC rich.

As per multiple sequence alignment it was
found that ITS 2 sequence showed indels at 221
positions in the sequence and the transition to
transversion ratio (ts/tv) ranged from 0.41 to 0.76,
while Cx. tritaeniorhynchus had the minimum ts/tv
value of 0.4 and Cx. mimeticus was found to have
the maximum ts/tv value of 0.76. In fact, transitions
are the loci where purines get replaced by purines
while transversions are the sites where purines get
replaced by pyrimidines and vice-versa. According
to the rate of substitution, the transversions were
found to be more than transitions. The most frequent
transversions were of the A-T type.

3.2 Phylogenetic analysis on the basis of
sequence homologies of ITS 2 nuclear gene

According to the Maximum Parsimony (MP) based
tree with Threshold (considering the transversions)
showed that An. stephensi and Cx. quingefasciatus
were supported by 100% bootstrap value beyond
which all other species got bifurcated into two clades:
one clade consisting of Cx. tritaeniorhynchus + Cx.
mimeticus with a bootstrap value of 62.8% while
other clade consisted of Cx. bitaeniorhynchus + Cx.
vishnui with a bootstrap value of 19.5%. In order to
assess the branch support, 100,000 bootstrap [16]
replications were completed. This is a method to
estimate confidence levels of inferred relationships
(Figure 2).
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Figure 2. Phylogenetic tree based on rDNA ITS2
sequence data as generated by maximum parsimony (MP)
method conducted in DNAPARS program (PHYLIP). The
tree was rooted with Anopheles stephensi. Numbers on
branches are bootstrap values using 10,000 replicates.

3.3 Sequence Analysis of CO Il gene
Bands of approximately 540 base pairs were
generated (Figure 3).
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Figure 3. PCR amplified DNA bands from CO Il. Lane M:
Gene Ruler, lane 1: Culex bitaeniorhynchus, lane 2:
Culex quinquefasciatus, lane 3: Culex vishnui, lane 4:
Culex tritaeniorhynchus, lane 5: Culex mimeticus, lane N:
Negative control.

The detailed nucleotide sequence analysis of CO Il
mitochondrial gene revealed significantly higher
percentage of A+T (75.2%) base composition as
compared to G+C (24.8%) therefore it could be
labeled as an AT rich sequence.

It was seen that as many as 198 positions
showed indels. The transition to transversion ratio
(ts/tv) ranged from 0.10 to 0.81 with Cx. mimeticus
with the least ts/tv value of 0.10 while An. stephensi
with the highest ts/tv value of 0.81.

Moreover, the base substitution ratio showed
more transitions as compared to transversions. The
most frequent transversions were of T-C type.

3.4 Phylogenetic analysis on the basis of
sequence homologies of CO Il mitochondrial
gene

The phylogenetic tree constructed using Maximum
Parsimony Method showed 100% bootstrap value
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between An. stephensi and Cx. bitaeniorhynchus,
whereas CX. quinquefasciatus and Cx. mimeticus
were supported by weak bootsrtap values of 38.3%
and 15.9% respectively. Cx. vishnui and Cx.
tritaeniorhynchus were bifurcated into a separate
clade with a bootstrap value of 69.7% (Figure 4).
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Culex bitaeniorhynchus

Culex quinquefasciatus

38.3 Culex mimeticus

15.9
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69.7
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Figure 4. Phylogenetic tree based on CO Il gene
sequence data as generated by maximum parsimony (MP)
method conducted in DNAPARS program (PHYLIP). The
tree was rooted with Anopheles stephensi. Numbers on
branches are bootstrap values using 10,000 replicates.

3.5 Sequence Analysis of 16 S gene

The PCR amplification of 16 S mitochondrial gene
yielded 550 base pairs long fragments with the
specific primers (Figure 5).

Figure 5. PCR amplified DNA bands from CO Il. Lane M:
Gene Ruler, lane 1: Culex bitaeniorhynchus, lane 2: Culex
quinquefasciatus, lane 3: Culex vishnui, lane 4: Culex
tritaeniorhynchus, lane 5: Culex mimeticus, lane N:
Negative control.

Multiple sequence alignment was carried out using
Clustal W so as to edit the sequences to the same
length in order to reduce the avoidable extensions of
the sequences. The sequence was found to be AT
rich and the indels were observed at 165 positions.
The statistical analysis of the alignment data showed
that the transition to transversion ratios of the bases
(ts/tv) ranged from 0.10 to 0.66 with Cx.
tritaeniorhynchus and Cx. quinquefasciatus having
ts/tv value of 0.10 while Cx. bitaeniorhynchus having
the highest ts/tv value of 0.66. Transversions were
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found to be more than transitions and A-T type were
more frequent. The detailed nucleotide sequence
analysis of 16S gene revealed considerably higher
A+T content of 81.4% as compared to G+C content
of only 27.6%.

3.6 Phylogenetic analysis on the basis of
sequence homologies of 16S mitochondrial
gene

According to Maximum Parsimony Method the
bootstrap value was 100% between An. stephensi
and Cx. quinquefasciatus, whereas Cx.
tritaeniorhynchus have just 75% bootstrap value.
Similarly, Cx. bitaeniorhynchus was also found to
have absolute bootstrap value of 100% and that
placed it in proximity to a clade including Cx.
mimeticus and Cx. vishnui with a 99% bootstrap
value (Figure 6).

Anopheles stephensi

Culex quinquefasciatus

62.8 —— Culex tritaeniorhynchus
62.3 —— Culex mimeticus
195 17— Culex bitaeniorhynchus

Culex vishnui

Figure 6. Phylogenetic tree based on 16 S gene fragment
data as generated by maximum parsimony (MP) method
conducted in DNAPARS program (PHYLIP). The tree was
rooted with Anopheles stephensi. Numbers on branches
are bootstrap values using 10,000 replicates.

Calculations from multiple sequence alignment
showed minimum GC % content in Culex
bitaeniorhynchus and maximum in Anopheles
stephensi in all the three genesi.e. ITS 2, CO Il and
16S gene fragment (Table 1).

Table 1. Guanine-cytosine (GC%) content in the ITS 2,
CO Il and 16S gene fragment.

GC content (%)

No. Species ITS2 coll 16S

gene | gene | gene
1. | Cx. quinquefasciatus 50 24 27
2. | Cx. vishnui 50 25 25
3. | Cx. bitaeniorhynchus 49 23 24
4. | Cx.tritaeniorhynchus 51 25 26
5. | Cx. mimeticus 55 25 24
6. | An. stephensi 56 27 26

Calculations of AT % content showed minimum
value in Anopheles stephensi and maximum in
Culex bitaeniorhynchus (Table 2).
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Table 2. Adenine-thymine (AT%) content in the ITS 2, CO
Il and 16S gene fragment.

AT content (%)

No. Species ITS2 | COIll | 16S

gene | gene | gene
1. | Cx. quinquefasciatus 50 76 73
2. | Cx. vishnui 50 75 75
3. | Cx. bitaeniorhynchus 51 77 76
4. | Cx. tritaeniorhynchus 49 75 74
5. | Cx. mimeticus 45 75 76
6. | An. stephensi 44 73 74

Mean of the ts/tv ratio was 0.666 in ITS 2 gene,
0.435 in CO Il gene and 0.351 in 16S gene fragment
(Table 3). These results showed that ITS 2 gene
was prone to maximum base pair replacements.
Hence, being a nuclear gene it was least conserved
followed by CO Il and 16S gene fragment
respectively. Being mitochondrial genes they were
more conserved and less prone to base
substitutions i.e. transitions (ts) and transversions

(tv).

Table 3. Transition/transversion (ts/tv) ratio in the ITS 2,
CO Il and 16S gene fragment.

No Species ITS2 | COll | 16S

. P gene | gene | gene
1. | Cx. quinquefasciatus 0.60 0.64 0.10
2. | Cx. vishnui 050 | 0.33 | 0.38
3. | Cx. bitaeniorhynchus | 063 | 0.13 | 0.66
4. | Cx. tritaeniorhynchus | 0.77 | 0.60 | 0.10
5. | Cx. mimeticus 0.76 0.10 0.50
6. | An. stephensi 0.74 | 0.81 | 0.37

4. Discussions

As a result of the present research work, the
following points of interests in the study of mosquito
genomics and accomplishments in the molecular
cytogenetics of these insects need a special mention.

It is the first ever attempt on the sequence
analysis of the five species of genus Culex from the
Oriental Region including the Indian subcontinent. It
is for the first time that sequence variations of three
genes (ITS 2, CO Il and 16S rRNA) have been
studied collectively. Out of the three studied genes,
two genes were AT rich. In transition to transversion
(ts/tv) ratios, the transversion frequencies were more
than transition frequencies. As for the incidence of
insertions/deletions (indels) of bases is concerned, it
was found maximum in ITS 2 gene and minimum in
conserved mitochondrial genes CO Il and 16S rRNA.
It is for the first time that in addition to interspecific
comparisons, intergeneric comparisons were carried
out by taking one Anopheles species as an outgroup.
As many as 15 gene sequences were submitted to
Genbank and accession numbers have been
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acquired. ITS 2 gene sequence was found to be
most ideal for identification of sibling species in
genus Culex.

5. Conclusions

The dendrograms clearly show that Cx. vishnui and
Cx. tritaeniorhynchus fall under one clade with close
proximity to Cx. quinquefasciatus and Cx.
bitaeniorhynchus trailing behind, whereas Cx.
mimeticus shows closeness with An. stephensi
instead of either of the Culex species.
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