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grammes involving specific crosses. Further care must be
taken not to include clones of older ortets while estab-
lishing future clonal seed orchards.
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Wolbachia sp. specific, 900 bp, 16S rRNA and, 650 bp,
wsp genes were PCR amplified from two mosquito
species Culex quinquefasciatus (strain NCCS and
NIV) and Aedes albopictus. On the 16S rRNA based
sequence analysis, Wolbachia sp. from Cx. quinque-
fasiatus resembled the earlier reported Wolbachia sp.
from Cx. pipiens and related species from B super
group whereas that of Wolbachia sp. from Ae. al-
bopictus showed homology with members of A super
group. The wsp gene sequence phylogeny correlated
with the 16S rRNA data with Wolbachia sp. from Cx.
quinquefasciatus resembling the B group with highest
homology to Cx. pipiens and related species whereas
that of Wolbachia sp. from Ae. albopictus was highly
homologous to the wAlb A strain. The nucleotide dif-
ferences between the earlier reported wAlbA and
Wolbachia sp. (wAlb A*) studied from Ae. albopictus
in this work were so significant that it formed a sepa-
rate lineage in the A group of phylogenetic tree. These
results indicated that Wolbachia sp. from Cx. quinque-
fasciatus were similar to previously reported species
while Wolbachia sp. from Ae. albopictus would repre-
sent a novel strain of Wolbachia sp.

MANY species of invertebrates are host to bacterial endo-
symbionts which are important in the nutritional ecology
of the hosts' while those which are parasites can be im-
portant as agents driving evolutionary changes such as
evolution of sex determination system of host™’. Bacteria
belonging to genus Wolbachia have recently been recog-
nized to infect a high proportion of insects, mites, iso-
pods and filarial nematodes and are maternally
transmitted from parent to offspring®. These intracellular
a-proteobacteria were reported for the first time in the
ovaries of the mosquito Culex pipiens’ and named as
Wolbachia pipientis. It causes crossing incompatibility
between infected males and uninfected females®.

These bacteria have attracted scientific interest due to
their ability to manipulate host reproduction, leading to
distinct phenotypic effects in the host such as partheno-
genesis, feminization, male killings and cytoplasmic
incompatibility’ ''. They are also known to enhance the
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fecundity or fertility of their hosts and also cause patho-
genicity’. The ability of Wolbachia to modify the repro-
ductive success of its host enables it to increase its
frequency in host population without requiring horizontal
transmission'”.

The manipulation of the host biology and the expected
response of the host genes to such manipulations cause
these infections to have important implications for the
evolution of sex determination, speciation and euscocial-
ity. From the applied perspective, Wolbachia might be
used as a weapon against pests and the diseases they
carry. Mosquitoes are medically important insects that
transmit a variety of diseases like malaria, filarial, den-
gue, yellow fever and Japanese Encephalitis. As an alter-
native to genetically engineered mosquitoes, these
endosymbionts could be genetically transformed to mod-
ify their disease-transmitting abilities'”. To make this
approach successful it is important to understand the
strain variation, if any, in Wolbachia sp. in mosquito
populations.

Since isolation and cultivation of these bacteria outside
the host cell is difficult, various workers have carried out
phylogenetic analysis of Wolbachia using different mo-
lecular markers, viz. 16S rRNA gene“, protein coding
ftsZ gene essential for cell division'"”, the dnad gene es-
sential for DNA replication initiation'®, the groE operon
which encodes two bacterial heat shock proteins'’, and
the wsp gene, which encodes a major cell surface coat
protein'?. Phylogenetic analysis of the 16S rRNA gene
sequences indicated a 2% sequence divergence and sepa-
rated Wolbachia into two distinct groups, those that in-
fect Culex group of mosquitoes belong to the B group,
while those which reside in Aedes are members of the A
group'®. Recently the phylogeny of Wolbachia sp., based
on fast evolving gene, wsp gene, has been accepted’.
Wolbachia sp. that infects Cx. pipiens complex belongs
to Pip group of B super group'®. The wsp gene sequences
displayed an overall DNA sequence divergence of up to
23% (refs 18, 19). These bacteria are reported to infect
most strains of Cx. pipiens, Cx. quinquefasciatus, Cx.
molestus, and Cx. pallans. The presence of Wolbachia sp.
in Indian isolates of Culex mosquitoes has been reported
using cytological studies’®. However, attempts have not
been made using molecular techniques. In this study, we
report the presence of Wolbachia sp. from Cx. quingue-
fasciatus and Ae. albopictus using 16S rRNA and wsp
gene sequence-based phylogeny.

Wild female mosquitoes, Cx. quinquefasciatus and Ae.
albopictus, were collected from a field near NCCS (Na-
tional Centre for Cell Science, Pune) and NIV (National
Institute of Virology, Pune). The laboratory-bred Cx.
quinquefasciatus females were taken from the insectory
at NIV. Well-developed ovaries were dissected out after
surface sterilization of mosquitoes with 70% alcohol,
suspended in physiological saline (0.85% NaCl w/v) and
lysed using three freeze—thaw cycles. Rapid freezing was
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done at —70°C for 10 min, followed by thawing at 65°C
for 10 min. Chromosomal DNA was then extracted from
the lysate by the standard phenol:chloroform extraction
method®’.

The Wolbachia-specific 16S rRNA genes from the
three mosquito species were PCR amplified using prim-
ers WOLBI1 [5-TTG TAG CCT GCT ATG GTA TAA
CT-3’] and WOLB2 [5"-GAA TAG GTA TGA TTT TCA
TGT 37] specific for Wolbachia. The amplification of wsp
gene was done using primers wsp81F [5'-TGG TCC AAT
AAG TGA TGA AGA AAC-3] and wsp691R [5-AAA
AAT TAA ACG CTA CTC CA-3’]. To confirm the mos-
quito species, the mt16S rRNA gene from them was also
PCR amplified using primers MosqY1l [5'-CGC CTG
TTT ATC AAA AAC AT-3"] and MosqY2 [5’-CTC CGG
TTT GAA CTC AGA TC-3'] as described earlier”. The
16S rRNA gene PCR product of Wolbachia (900 bp) was
sequenced using WOLB1 and WOLB?2 primers, while the
650 bp wsp gene was sequenced using wsp81F primer.
The mosquito mt16S rRNA gene fragment was sequen-
ced with Y2 primer. The nucleotide sequences were
determined using Big Dye terminator kit and the seque-
ncing reactions were run on ABI-PRISM 310 automated
DNA sequencer (Applied Biosystems Inc., Foster City,
CA).

Phylogenetic analysis of the 16S rRNA gene sequences
was done at Similarity Rank program of RDP I site and
BLAST-n program at NCBI site. wsp gene sequence
analysis was done at BLAST-x program at NCBI. Multi-
ple sequence alignment was done with closely related
sequences using CLUSTAL W program at EBI site. The
phylogenetic trees were constructed using Kimura-2-dis-
tances and the neighbour-joining algorithm in the MEGA
2.1 software”. The similarity values and the distances
were calculated using the Jukes Cantor Program.

The 16S rRNA gene sequences from both Wolbachia
strains of Cx. quinquefasciatus, i.e. NCCS (AF397409)
and NIV (AF397410), showed 95.04% to 100% similar-
ity with Wolbachia sp. from various hosts like Cx.
pipiens, Metaseiulus  occidentalis, Callosobruchus
chinensis, D. simulans, Nasonia vitripennis. The se-
quence alignment of the two Wolbachia sp. 16S rRNA
gene sequences from Cx. quinguefasciatus NCCS and
NIV with closely related Wolbachia sp., showed 97.26%
similarity among the two, whereas that from Ae. al-
bopictus (AF397408), showed 98.8% to 100% similarity
with six nucleotide differences with Wolbachia sp. from
various hosts like Diabrotica virgifera virgifera, Diab-
rotica cristata, Diabrotica lemniscata, Acalymma blan-
dulum and Folsomia candida.

A phylogenetic tree of the 16S tRNA gene sequences
constructed using the Kimura-2-distances and the neigh-
bour-joining algorithm with 598 nucleotide sequence
indicated that Wolbachia sp. from both isolates of C.
quinquefasciatus were grouped with its close relatives in
B group, while that from Ae. albopictus was grouped in
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Figure 1. A midpoint rooted phylogenetic tree based on: (@), 16S rRNA gene sequences of Wolbachia (598 bp),
and (b), wsp gene sequences of Wolbachia sp. (539 bp), constructed from Kimura 2 distances and the neighbour-
joining algorithm. The numbers near the nodes indicate percentage of 500 bootstrap replicates. The scale bar
indicates genetic distance. Names correspond to host species. The GenBank accession numbers are also
mentioned. Newly reported data are indicated in bold.
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A group (Figure 1a). Wolbachia sp. from Anaplasma
marginale was selected as outgroup.

The wsp gene sequences of Wolbachia sp. from both
Cx. quinquefasciatus mosquito strains showed 100% ho-
mology with various strains of Wolbachia from different
hosts such as: strain wSr (Cx. pipiens molestus), strain
wDs (Cx. pipiens pallens), strain wPip-cpp (Cx. pipiens
pipiens), strain wPip-cpp/q (Cx. pipiens pipiens/
quinquefasciatus), strain wPip-cpq (Cx. pipiens quinque-
fasciatus), strain wDevP (Bactocera diversa) and strain
wEcn (Acraea encedon). Multiple sequence alignment of
wsp gene sequences of Wolbachia sp. from Cx. quinque-
fasciatus  NCCS  (AF397412 = wQuinl) and NIV
(AF397413 = wQuin2) strains, with closely related Wol-
bachia sp., showed that they were identical. The wsp
gene sequence of the Wolbachia strain, designated as
wAIbA*, from Ae. albopictus (AF397411), showed
98.63% to 99.61% homology with various strains of
Wolbachia from different hosts such as: Wolbachia sp.
(D. bifasciata), strain wBrev (Glossina brevipalpis),
Wolbachia sp. (Biorhiza pallida), strain wBre (Cx. brevi-
palpis), strain wVitA (N. vitripennis), strain wMors (G.
morsitans) and strain wCen (G. centralis). It also showed
91.88% similarity (64 positions with different nucleo-
tides) with the previously reported wAIbA sequence. The
sequence had three deletions, of which one was at 5” end
whereas two were at the 3’ end of sequence (data not
shown). As compared to the wAIbB sequence, wAIbA*
showed 125 positions with different nucleotides, thereby
showing just 79.01% similarity, with six alignment gaps
at 3’ end of the sequence. These differences indicated
that Wolbachia sp. from Indian isolates of Ae. albopictus
are different to the previously reported Wolbachia sp. of
Ae. albopictus.

A phylogenetic analysis using Kimura-2-distances and
the neighbour-joining algorithm using 539 nucleotide
sequence of the wsp gene sequences indicated that Wol-
bachia sp. from both Cx. quinquefasciatus (NCCS and
NIV) were grouped with their close relatives in B super
group, whereas that from Ade. albopictus, wAlbA*, was
grouped in A super group with its close members (Figure
1b) and formed a separate lineage in the Wolbachia
phylogeny tree. It was more close to other members of
super group A than the previously reported wAIbA, indi-
cating the presence of one more Wolbachia sp. in Ae.
albopictus.

Phylogeny of Wolbachia sp. based on 16S rRNA gene
indicated that Wolbachia sp. that infects Culex group of
mosquitoes belongs to B group, while those which reside
in Aedes are members of A group'®. 16S rRNA gene se-
quence-based phylogenetic studies of Wolbachia from
both Cx. guinquefasciatus strains (NCCS and NIV) and
Ae. albopictus showed similar observations (Figure 1 a).
The identification of two Wolbachia sp. from both Cx.
quinquefasciatus strains was done using wsp gene se-
quence based phylogeny. Both species of Wolbachia

from two different strains of Indian Cx. quinquefasciatus
have shown sequence similarity with members of Pip
group of B super group and correlated well with the
study carried out earlier'®. The sequence similarity bet-
ween all the members of Pip group with both Wolbachia
strains Quin 1 and Quin 2, proves that they belong to the
same group.

Based on wsp gene phylogeny, there are two types of
Wolbachia sp. present in Ae. albopictus where one be-
longs to Pip group of B super group while the other to the
AIbA group of A super group'®. Both these reported
strains inhabited the same host Ae. albopictus (Houston).
Wolbachia sp. detected in this present study belongs to A
super group and formed a separate group. It showed more
relatedness to Mors group members than AIbA (Figure
1 b). Formation of separate lineage in a phylogenetic tree
indicates that wAIbA* might represent another strain of
Wolbachia sp. present in Ae. albopictus.
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