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Abstract. Odisha state is highly endemic for malaria and among several Anopheline species
found in the state, Anopheles subpictus is known to be one of the most prevalent species. An.

subpictus complex consists of four sibling species i,e A,B,C and D. However, no work has
been conducted on prevalence of sibling species of An. subpictus in Odisha. Hence attempt
was made to study the prevalence of sibling species of An. subpictus and their role in
transmission of malaria in four districts i,e Angul, Khurda, Cuttack and Puri of Odisha using
Mitochondrial Gene, Cytochrome C Oxidase subunit I (COI) known as DNA barcode. The
sibling species B of An. subpictus with sporozoite were reported for the first time in Odisha.

INTRODUCTION

Anopheles subpictus Grassi belongs to the
subgenus Cellia and the Pyretophorous Series
(Harbach, 2004). It is a ubiquitous mosquito
widely distributed in South East Asian
Countries. In India it is found throughout
the mainland and in Lakshdweep islands
but not in Andaman and Nicobar Islands (Rao,
1984). This species has been reported as
malaria vector in Sri Lanka (Amerasingha
et al., 1991; Premasiri et al., 2005;
Kusumawathie et al., 2006). Anopheles

subpictus s.l  has been reported as vector
of local importance in some parts of India
(Paniker et al., 1981; Kulkarni 1987;
Chatterjee & Chandra, 2000; Kumari et al.,
2009). Based on the morphological
differences in the egg of An. subpictus s.l
(Reid., 1966) suggested that this might be a
species complex while this taxon was found
to be a complex of four sibling species A, B,
C and D by examining polytene chromosomes
from the ovaries of adult females (Suguna
et al., 1994). These sibling species are

morphologically indistinguishable and could
be identified only cytotaxonomically using
polytene chromosomes specific to certain
tissue in particular developmental stages.
Hence identification tools that could identify
mosquito species even from a small piece of
tissue from any developmental stages would
be important for the taxonomy of mosquitoes
(Kumar et al., 2007). The mitochondrial
genome, Cytochrome C Oxidase subunit I
(COI) called as DNA Barcode was selected
for this approach owing to its advantages such
as maternal lineage, lack of recombination,
lack of “indels” and higher mutation rates
(Saccone et al., 1999). The Cytochrome C
oxidase subunit I (COI) of mitochondrial gene
is the most conserved gene in the amino
acid sequences and hence has distinct
advantage for studies (Knowlton & Weight,
1998). Anopheles subpictus s.l.was found
to be the most abundant species among
anophelines in several parts of India (Paniker,
1981; Kulkarni et al., 1987). It was also a
predominant species in Odisha (Dash et al.,
2000). According to Subbarao (1998) the
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distribution of sibling species of An.

subpictus s.l. should be mapped in all areas
wherever it was found prevalent. As this
species is among the most prevalent species
in Orissa, study was carried out to find out
the prevalence of sibling species of An.

subpictus and their role in malaria
transmission in Odisha.

MATERIALS AND METHODS

Sample Collection

Indoor resting mosquitoes were collected
from human dwellings of high malaria
endemic villages of four districts i,e Angul,
Khurda, Cuttack and Puri of Odisha.
Anopheles subpictus was identified using
taxonomic keys of Christophers (1933). The
head and thorax part were preserved in
isopropyl alcohol for molecular analysis
i,e sporozoite detection and sibling species
identification using DNA barcodes
(Cytochrome C oxidase I of mtDNA) as
described by Kumar et al. (2007), while the
abdomen part was kept in carnoy’s fixative
(Hunt & Coetzee., 1986) for cytotaxonomic
study. Ovaries from individual semi-gravid
females were pulled out and stored in
modified Carnoy’s fixative (1:3 glacial acetic
acid and methanol) and ovaries were
processed for the preparation of polytene
chromosomes and inversions of polytene
X-chromosome are used as diagnostic
characters in the identification of sibling
species. After pulling out the ovary, rest
of the body parts were processed for
identification of sibling species by bar coding
method

DNA extraction

Total DNA from individual mosquitoes was
extracted following a modified method
proposed by (Collins et al., 1987). The
DNA was pelleted, dissolved in water and
subjected to a Phenol chloroform isoamyl
extraction followed by chloroform. Then DNA
was precipitated using ethanol and dissolved
in 50µl of deionised water.

Nested PCR for sporozoite detection

Amplification of genus and species specific
Plasmodium was done by using the primers:
rPLU5(5’CCTGTTGTTGCCTTAAACTTC3'),
PLU6(5’TTAAAATTGTTGCAGTTAAAACG3'),
rFAL1(5’TTAAACTGGTTTGGGAAAACCAA
ATATATT3'), rFAL2(5’ACACAATGAACTCA
ATCATGACTACCCGTC3'), rVIV1(5’CGCTT
CTAGCTTAATCCACATAACTGATAC3') &
rVIV2(5’ACTTCCAAGCCGAAGCAAAGAAA
GTCCTTA-3') as described by Snounou et al.

(1993a,b) and Mahapatra et al. (2006). Each
20 µl reaction mixture for nest-1 amplifi-
cations contained 12 µl of template DNA, 250
nM of each primer (rPLU5 & rPLU6), 4 mM
MgCL2, PCR buffer (50 mMKCl, 10mMTris-
HCl), 200 µM of each dNTPs and 0.4 units of
Taq DNA Polymerase. The PCR conditions
(nest-1) were as follows: step-1: 94ºC for 4
min; 94ºC for 30 sec, 55ºC for one min;
extension at 72ºC for one min; 35 cycles and
final extension at 72ºC for 4 min. About 8 µl
of the nest-1-amplification products served
as the DNA template for each of the 20 µl
of second PCR (nest 2) amplification. The
concentration of the nest 2 primers and
other constituents were identical to nest-1
amplification, except that 0.3 unit of Taq DNA
Polymerase was used. The second PCR (nest-
2) amplification conditions were identical to
those of first PCR (nest-1) except that the
annealing temperature was 58ºC for the
species-specific primer. The PCR products
were analyzed after electrophoresed in
1.5% agarose gel and stained with ethidium
bromide.

Polymerase Chain Reaction (PCR) to

amplify COI region of mitochondrial DNA

The DNA of eight samples of An. subpictus

found positive for sporozoite were coded
BF1 to BF8 and used to study the sibling
species using barcode region (COI region
of mitochondrial DNA). PCR was performed
to amplify the 5’ COI region of mitochondrial
DNA was done by using the primers: Forward
Primer: 5’-GGA TTT GGA AAT TGA TTA GTT
CCT T-3’ and Reverse Primer: 5’-AAA AAT
TTT AAT TCC AGT TGG AAC AGC 3’ as per
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the protocol proposed by (Kumar et al., 2007).
Each 50 µl reaction mixture included 1.5 U of
Taq DNA Polymerase , 5 µl of 10 X PCR buffer,
2.5 mM MgCL2, 2.5 µl of Q solution and 0.5 µl
of 10 pmol each of forward and reverse
primers along with the DNA of the mosquito
samples. The PCR conditions were as
follows: initial denaturation: 95ºC for 5 min;
followed by 35 cycles of 94ºC for 40 sec
(denaturation), 45ºC for one min (annealing);
and 72ºC for one min (extention); and final
extension  at 72ºC for 4 min. The PCR products
were analyzed after electrophoresed in
1.5% agarose gel and stained with ethidium
bromide.

DNA Sequencing

After performing PCR, the PCR products
were electrophoresed in 1.5% agarose gel
and stained with ethidium bromide to obtain
amplified fragments. The PCR products were
purified by Chromous RKT 34 purification
kit and the purified products were eluted
to 30 µl of deionized water and used for
obtaining DNA sequences using automated
DNA sequencer.

Bioinformatics Analysis

The annotated sequences reported from
literature review (Kumar et al., 2007)
(DQ310145, DQ310146, DQ310147, DQ310149,
DQ267688, AY729970, AY917203) were
obtained from The European Bioinformatics
Institute (EBI) (Sagliano et al., 1998) with
Sequence Retrieval System (SRS) (Etzold
et al., 1996) in FASTA (Pearson, 1990)

format. As an initial approach for genetic
characterization, the raw nucleotide
sequences (BF1-BF8) and annotated
sequences were threaded in CLUSTALW
(Higgins et al., 1996) application embedded
in BioEdit (Hall et al., 1999) for multiple
alignment with default gap opening and gap
extension parameters. Finally the alignment
results were studied with Jalview 2.4 (Clamp
et al., 2004).

RESULTS AND DISCUSSION

A total of 844 An. subpictus were collected
from Angul (294), Khurda (208), Cuttack (160)
and Puri (182) districts of Odisha (Table 1).
A total of 8 samples of An. subpictus were
found positive for sporozoite (Table 1). In all
the four districts Plasmodium vivax was
detected while in three districts except
Cuttack, Plasmodium falciparum was
detected in samples of An.subpictus (Table
1). Out of 844 samples only 25 numbers were
found in the semi gravid condition and were
subjected to Cytotaxonomic method for
identification of sibling species of which 19
samples were found to be species B and rest
six could not be identified. Out of the 19
samples identified as sibling speices B, five
samples were found positive for sporozoite
and out of six unidentified three were positive
for sporozoite. Hence all the eight samples of
An. subpictus found positive for sporozoite
were subjected to DNA isolation. The eight
DNA samples were coded as BF1, BF2, BF3,

Table 1. Results of sporozoite detection in An. subpictus collected from study areas

No. of samples No. of positive
            Parasite species detected

Sporozoite
District Tested samples rate (%)

detected Pf Pv

Angul 294 3 1 2 1.02

Khurda 208 2 1 1 0.96

Cuttack 160 1 0 1 0.62

Puri 182 2 1 1 1.09

Total 844 8 3 5

Pf – Plasmodium falciparum

Pv – Plasmodium vivax
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Table 2. Coding of sporozoite positive DNA
samples of An. subpictus

Coding of DNA samples
Area/

Sl.no of An. subpictus found
District

Positive for sporozoite

1. BF1 Khurda
2. BF2 Angul
3. BF3 Angul
4. BF4 Angul
5. BF5 Cuttack
6. BF6 Cuttack
7. BF7 Khurda
8. BF8 Puri

BF4, BF5, BF6, BF7 & BF8 (Table 2) which
were then subjected to PCR  for amplification
of Cytochrome C Oxidase subunit I (COI) of
mitochondrial DNA. The amplification of
fragments was obtained at 720 bp (Fig. 1).
The amplified products were used for
sequence analysis of COI region of mito-
chondrial DNA of An. subpictus to study
their sibling species status. The study showed
that DNA sample BF1 collected from Khurda,
BF3 and BF4 collected from Angul, BF5
and BF6 collected from Cuttack showed
sequence similarities with accession number
DQ310147 and DQ310149 which were
reported as sibling species B by Kumar et al.

(2007). Whereas the remaining sample of An.

subpictus BF2 collected from Angul showed
sequence similarities with accession number
AY729970 while samples BF7 collected from
Khurda and BF8 collected from Puri showed
sequence similarities with accession number
DQ267688 (Fig. 2). The accession number
AY729970 and DQ267688 were reported to
be An. subpictus s.l. by Kumar et al. (2007)
(Fig. 2). Five out of eight samples (BF1, BF3,
BF4, BF5 and BF6) of An. subpictus collected
from Khurda, Angul and Cuttack were sibling
species B, while the sibling species status

Figure 1. PCR Lane M: 100bp ladder, lane 1– 7: showing an amplification product of 720 bp for
COI region of An. subpictus

of remaining three samples (BF2, BF7 &
BF8) could not be detected. The inversion
arrangements of samples BF1, BF3, BF4, BF5
and BF6 were observed as Xa,b i.e. species
B. Hence the present study showed the
prevalence of sibling species B of An.

subpictus in the four districts selected for
the study. Moreover samples BF1- BF8 were
also found positive for sporozoites (Table 1
and 2). Hence it can be assumed that
An.subpictus sibling species B found in
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Figure 2. Rectangular Cladogram obtained from Jalview 2.4 by Neighbour Joining
methods using % identity of aligned sequences and distances shown in the unit of 0.1

different regions of Orissa might be playing
role in malaria transmission. Kumar et al.

(2007) in their study used seven samples of
An. subpictus which included four sensu lato

specimens, two specimens as species B and
one specimen identified as species  A based
on egg ridge number. The nucleotide diversity
between the specimens identified as species
A and species B was 11.3%, indicating them
to be very distinct from each other. The sensu

lato specimens matched with the clade of
species A and hence could be the same

species. Thus, study evinced that the DNA
barcode approach could distinguish
members of sibling species complexes in
insects as reported by Harbach et al. (2004).
Sibling species B of An. subpictus was
predominant on the east coast of the Jaffna
district and west coast of the Chilaw districts
in the north western province of Sri Lanka
(Surendran & Ramasamy, 2010). Species C
was predominant in inland localities of Jaffna
and Chilaw districts (Abhayawardana et al.,

1996, 1999a). The density of sibling species
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A and D in the coastal areas was found to
be low in comparison with the inland areas
(Abhayawardana et al., 1999a and b). Study
carried out by Kannathasan et al. (2008)
showed the predominance of sibling species
B (67%) out of 409 samples of An. subpictus.

Sibling species A, C, and D occur in
freshwater habitats of inland areas, while the
salt water species B occurs sympatrically
with the others in coastal villages of
Pondicherry, Southeast India (Suguna et al.,
1994). In our study samples identified to be
sibling species B were found to be positive
for sporozoites. Transmission of human
malaria by sibling species B of An. subpictus

was also reported by Paniker et al. (1981).
Thus development of an appropriate
molecular tool for distinguishing sibling
species of An. subpictus will permit more
detailed studies on entomological para-
meters such as longevity, fecundity, vectorial
capacity, breeding rhythm, feeding and
resting preferences, breeding habitats,
susceptibility to insecticides etc. The findings
from such studies will in turn yield a better
understanding of the dynamics of malaria
transmission in endemic localities
(Surendran & Ramasamy, 2010).
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