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Mosquitoes are vectors for the transmission of many human pathogens that include viruses, nematodes and protozoa. For the understanding of their vectorial capacity, identification of disease carrying and refractory strains is
essential. Recently, molecular taxonomic techniques have been utilized for this purpose. Sequence analysis of the
mitochondrial 16S rRNA gene has been used for molecular taxonomy in many insects. In this paper, we have analysed a 450 bp hypervariable region of the mitochondrial 16S rRNA gene in three major genera of mosquitoes,
Aedes, Anopheles and Culex. The sequence was found to be unusually A + T rich and in substitutions the rate of
transversions was higher than the transition rate. A phylogenetic tree was constructed with these sequences. An
interesting feature of the sequences was a stretch of Ts that distinguished between Aedes and Culex on the one
hand, and Anopheles on the other. This is the first report of mitochondrial rRNA sequences from these medically
important genera of mosquitoes.

1.

Introduction

Mosquitoes serve as obligate intermediate hosts for
numerous diseases that collectively represent a major
cause of human mortality and morbidity worldwide. There
is a total of 34 genera and 3100 species of mosquitoes out
of which three genera, Anopheles, Aedes and Culex, are
the primary vectors for pathogens owing to their obligate
haematophagy. The pathogens carried by mosquitoes
mainly include the malaria parasite (Plasmodium), filaria
(Wucheria and Brugia) and arboviruses. The classification of mosquitoes into the subfamilies Anopheliae and
Culiciea is based on their oviposition, morphology of larvae (siphon and pamale hair) and pupae, breathing trumpet shape and size, resting angle of adults, shapes of
proboscis. Taxonomically, mosquito classification based
on above criteria is in a confused state. Genome organization studies have aided in understanding the systematics
and evolution of mosquitoes. These studies are performed
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by making use of several molecular features such as DNA
content, chromosomal and mitochondrial DNA organization, DNA sequences of ITS (internal transcribed spacer)
and IGS (inter genic sequences) (Bensansky and Collins
1992; Hill and Crampton 1994).
Vector control remains the most successful strategy for
the suppression of mosquito-borne diseases. Indiscriminate use of insecticides has resulted in the development of
pesticide resistant strains and diminished the effectiveness
of biopesticides (Raymond et al 1991; Roush 1993). The
problem has become acute due to the rapid spread of
Plasmodium strains that exhibit multiple resistance to
human antimalarial drugs (Spencer 1985; Schapira et al
1993). An alternative strategy for vector control could be
to exploit observed genetic variability in the vector populations. Not all mosquito-malaria ‘pairings’ are successful; interactions between the two are under genetic control
(Collins et al 1986; Miller and Mitchell 1991; Wallis et al
1985; Vernick et al 1989). A detailed understanding of

Mitochondrial 16S rRNA; mosquito; polymerase chain reaction; sequence analysis

Abbreviations used: ITS, Internal transcribed spacer; IGS, inter genic sequences; PCR, polymerase chain reaction; RFLP,
restriction fragment length polymorphism; RAPD, random amplified polymorphic DNA; An. step, Anopheles stephensi; An. quad,
Anopheles quadrimaculatus; Ae. aegy, Aedes aegypti; Ae. walb, Aedes w-albus; Ae. albo, Aedes albopictus; Cx. quin, Culex
quinquifasciatus; Cx. trit, Culex tritaeniorhynchus; Cx. bita, Culex bitaeniorhynchus.
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the reasons for the failure of transmission may both highlight normal mechanisms of successful transmission and
also pave the way for the novel vector control strategies.
Such studies are limited due to the limited knowledge of
genome structure and complexity of mosquito species
(Sververson et al 1994). There is a need to develop molecular markers that would correspond with susceptibility or
refractoriness to infection (Hill and Crampton 1994).
The mitochondrial DNA of mammals has been used
for molecular evolution studies (Adoutte 1999) and
recently similar techniques have been applied to insects as
well (Xiang and Kocher 1991; Kambhampati 1995, Tang
et al 1996; Tang and Unnasch 1997). Because of its high
rate of evolution, mitochondrial DNA is an extremely
useful molecule for high resolution analysis of evolutionary processes (Brown et al 1979). It has been used in the
phylogenetic analysis of insects (Misof et al 2000),
amphibians (Morita 1999) and fishes (Richards and Moore
1996). The sequence of ribosomal RNA molecules has
been widely used for phylogenetic studies and sequence
differences in hypervariable regions reflect strain variations. In this paper we have studied sequence variation in
polymerase chain reaction (PCR) amplified 16S rRNA
mitochondrial gene fragments of mosquitoes. A 500 bp
fragment of mitochondrial 16S rRNA gene was amplified using universal primers and was further sequenced.
The same 16S rRNA region has been used earlier for
taxonomic studies on blackflies (Xiang and Kocher
1991).

2.

Experimental procedures

Single larvae or adults of the mosquitoes were used for
DNA extraction from Anopheles stephensi, Aedes albopictus, Aedes aegypti, Culex tritaeniorhynchus and Culex
quinquafaciatus. For Aedes w-albus and Culex bitaeniorhynchus cell lines developed from the corresponding
mosquito species were used as a source of DNA. The
methods for DNA extraction were as described previously
(Kshirsagar et al 1997, 1998). In each reaction 0⋅2 µM
each of primer A (5′-CGCCTGTTTATCAAAAACAT-3′,
nucleotide positions 13297 to 13278 with respect to Anopheles quadrimaculatus mitochondrial genome sequence,
Mitchell et al 1993) and primer B (5′-CTCCGGTTT
GAACTCAGATC-3′, position 12747 to 12766) were
used. Amplification was carried out for 35 cycles with
Taq polymerase (Perkin-Elmer, Branchburg, NJ, USA)
using annealing temperature at 55°C for 30 s and extension at 72°C for 1 min. The PCR products were purified
to remove unincorporated primers and nucleotides, either
by Microcon spin columns (Amicon Inc. Beverly, MA,
USA) or by PEG 8000 (20% in 2⋅5 M NaCl) precipitation
prior to sequencing. Sequencing was carried out using a
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Gibco-BRL dsDNA Cycle Sequencing System (Gaithersburg, MD, USA) under conditions as specified by the
company. PCR primers were used for the sequencing, and
for complete sequencing of 500 bp 16S rRNA fragment,
two new internal primers were designed. Each sequence
was confirmed by repeating the reaction at least five times
with independent PCR products. The sequences for A.
quadrimaculatus (Mitchell et al 1993) and A. albopictus
(HsuChen et al 1984) 16S rRNA were available in the
literature. Sequence alignment was performed using
CLUSTAL V (Higgins 1992). Juke-Cantor distances were
calculated and a phylogenetic tree was constructed in
MEGA (Kumar et al 1994) using the UPMGA method.
Bootstrapping was done for 1000 replicates. Phylogenetic
trees were also constructed using Kimura 2 parameter
distances (Kimura 1980) and results were identical when
both transition plus transversions or only transversions
were used for the analyses.

3.

Results and discussion

3.1 PCR amplification of rRNA fragments
PCR amplification of total mosquito DNA with universal
16S rRNA primers yielded a fragment of 500 bp. This
product was directly used for sequencing after removal of
unincorporated primers and dNTPs. In the manual sequencing only a total of 250 bases could be read from either
end. In order to fill up the internal gap, a new set
of primers was designed from the conserved regions
after alignment of sequences. These were primer C:
5′-GAATGAGATATATACTGTC-3′ (position 13156 to
13140) and primer D: 5′-CTTTTTTGTCGATAAGAAC
TCT-3′ (position 12852 to 12873). These primers could
be used successfully for sequencing 16S rRNA gene
fragments of all the mosquito species studied. With the
use of this additional set of primers, complete overlapping
sequence of around 450 bases was obtained.
The GeneBank accession numbers for these sequences
are as follows: A. stephensi–AF034467, C. tritaeniorhynchus–AF034469, A. w-albus–AF034472, C. bitaeniorhynchus–AF034474, A. aegypti–AF034475, and C.
quinquifasciatus–AF034476.
3.2

Salient features of the 16S rRNA gene
sequence of mosquitoes

3.2a Nucleotide base composition: The nucleotide base
composition of the sequenced rRNA segments showed
that – like most other insect mitochondrial rRNA genes
(Xiang and Kochar 1991; Kambhampati 1995) – the mosquito genome too has a high A + T content. It was between
75% and 78% for all the species studied in this paper.

Mitochondrial 16S ribosomal RNA gene fragment
3.2b Transition versus transversion substitutions: The
number of differences between the sequenced fragments
varied from 5 to 44 over a mean total length of 450 bases.
An interesting feature of the sequence is a stretch of Ts.
The length of the stretch is 7 bases in Anopheles, 9 in
Aedes and Culex (figure 1) and 11 in moths (unpublished
data). Observed nucleotide differences between each pair
of mosquito species were used for calculating the frequencies of nucleotide substitutions and transition and
transversion rates. The transition to transversion ratio
varied from 0⋅143 to 0⋅727. The most frequent transversions were of the A-T type. Other types were very rare
and accounted for only 10% of the transversion differences. Similar observations have been made in 16S
rRNA genes of leafhoppers (Fang et al 1993), blackflies
(Xiang and Kocher 1991), Drosophila (DeSalle 1992) and
cockroaches (Kambhampati 1995). Studies on the
NADH I gene of Drosophila (DeSalle 1992) and the cytochrome oxidase genes of ten insect orders (Liu and Beckenbach 1992) also showed A-T as the predominant type of
transversion. In contrast, in primates 92% of the substitutions are transitions (Brown et al 1982). The difference
could be due to deficient mitochondrial DNA repair
mechanisms and tautomeric base pairing chemistry (Topal
and Fresco 1976). Alternatively, a high A + T content
could be imposing constrains on the sequence (Xiang and
Kochar 1991).
The differences were not distributed evenly in the
fragment but were located in particular regions. When the
average trasversion frequency was calculated between two
genera, it was found to be 18⋅3 between Culex and Aedes,
22⋅1 between Culex and Anopheles and 22.3 between
Anopheles and Aedes. When the same transversion frequency was analysed within each species, it was the least
in Culex (8.0) followed by Aedes (13⋅8) and Anopheles
(18.0). This also implies that species of Anopheles are
more distantly related to each other than species of the
genera Aedes or Culex.

3.3
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Phylogenetic inferences

Table 1 shows the distance matrix analysis for the mosquito species used in these studies. Studies on nuclear
DNA content and chromosome size have shown that
Anopheles differs significantly from other mosquito species (Rao and Rai 1990). The results from mitochondrial
rRNA sequence support this observation. Also, as
mentioned, species of Anopheles show a greater divergence among themselves than species of Culex or Aedes.
Figure 2 shows the phylogenetic tree drawn from the
sequence data. The grouping of genera and species in this
tree is similar to the previously reported tree based on
nuclear rRNA RFLPs (Rao and Rai 1990).
Classification of insect species is critical for both basic
and applied research. The classification based on morphological features poses problems in the case of many
groups because of their small size, morphological attributes that change as function of environment and prevalence of biotypes and species that cannot be easily
differentiated by morphological criteria. There have been
many attempts to use molecular taxonomy techniques to
insects and these have yielded valuable results (Xiang and
Kochar 1991; Fang 1993; Kambhampati 1995; Tang et al
1996). Heteroduplex analysis studies on mitochondrial
NADH dehydrogenase subunit 4 gene of wild caught
blackflies carrying Onchocerca volvolus infective larvae have
led to the discovery of new alleles that allowed grouping
of the individual flies carrying these alleles to the Simulium damnosum s.j. sibling species (Tang et al 1995).
In mosquitoes studies have been carried out using
sequences of nuclear rDNA genes, internal transcribed
spacers of rDNA, mitochondrial DNA and various random
amplified polymorphic DNA (RAPD), and RFLP markers
(Apostol 1994; Ballinger-Crabtree et al 1992; Black et al
1989; Collins 1990; Cooper et al 1991; Kambhampati and
Rai 1991a, b; Porter and Collins 1991; Sververson et al
1994). These studies have unequivocally proved the
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Figure 1. Part of the sequence depicting a stretch of Ts in the mosquito species studied. The
bases that show characteristic differences are underlined.
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Table 1.

An. quad
An. step
Ae. albo
Ae. walb
Ae. aegy
Cx. trit
Cx. bita
Cx. quinq

Distance values for mosquito species.

An. quad

An. step

Ae. albo

Ae. walb

Ae. aegy

Cx. trit

Cx. bita

Cx. quin

0
0⋅0716
0⋅0944
0⋅0766
0⋅0855
0⋅0856
0⋅0833
0⋅0899

0
0⋅0937
0⋅089
0⋅1127
0⋅1005
0⋅0984
0⋅1075

0
0⋅0419
0⋅0586
0⋅0747
0⋅0681
0⋅0877

0
0⋅043
0⋅064
0⋅0596
0⋅0705

0
0⋅0809
0⋅0788
0⋅0921

0
0⋅0176
0⋅0175

0
0⋅0307

0

S.d’s for distance values were in the range of ± 0⋅005–0⋅018.

58
82

Aedes albopictus
Aedes walbus
Aedes aegyptii

77

Culex quinauifasciatus
84
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Anopheles quadrimaculatus
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Drosophila yakuba

Figure 2. Phylogenetic tree constructed from the 16S rRNA sequences used in this paper. The sequences were aligned in Clustal V
and the tree was constructed in molecular evolutionary genetics analysis (MEGA) using the neighbour joining method. Numbers at
the nodes indicate bootstrap values. The D. yakuba sequence serves as an outlier.

importance and value of DNA based methods. It has been
observed that though the species Anopheles scutellaris
and Anopheles albopictus do not exhibit any significant
morphological divergence, their mitochondrial DNA
shows significant variation when analysed by RFLP. PCR
amplification using random primers could differentiate
between three chromosomal forms of Anopheles gambiae
(Favia et al 1994). DNA fingerprinting could not only
distinguish between A. gambiae and Anopheles arabiensis
(Wilkerson et al 1993) but also between members of species complex of A. aegypti (Ballinger-Crabtree et al 1992;
Kambhampati et al 1992).
In this work, we have extended these studies to the
mitochondrial ribosomal RNA gene. Such studies have
been done earlier in cockroaches (Kambhampati 1995),
black flies (Xiang and Kochar 1991; Tang et al 1996) and
other insects (Kambhampati 1995; Fang et al 1993; DeSalle 1992) but there are no reports of similar studies in
mosquitoes. As a first step, we have analysed a hypervariable region of representative species of three important
genera, Anopheles, Aedes and Culex. The gene fragment
can be amplified from single larvae or adults and thus the
J. Biosci. | vol. 25 | No. 4 | December 2000

technique can be used in field studies. Analysis of this and
other hypervariable regions may permit an investigation
of genetic relatedness of mosquito populations at the subspecific levels. The studies are being extended to different
strains of species and also to include entire 12S and 16S
rRNA genes of mitochondria. The analysis will be valuable in studies involving molecular taxonomy, particularly
for those species that are difficult to identify using morphologic characteristics and in epidemiological research.
Sequence comparisons of different geographic populations will give estimates of their genetic relatedness and
provide information about vector movement. Comparison
of sequences of pathogen carrying and refractory strains
of the same species should provide clues about the vectorial capacity of these strains.
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