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Abstract

The sibling species composition of the Anopheles minimus and Anopheles dirus complexes is poorly known in the highly
malarious north-eastern region of India where these two vector taxa are accountable for most of the malaria transmission among
30.7 million inhabitants. Prevalent members of these two complexes in this part of India were identified using sequences for the
second internal transcribed spacer (ITS2) of ribosomal DNA. Anopheles baimaii (species D) of the An,dirus complex and An.
minimus s.s. (species A) of the An. minimus complex were detected in Arunachal Pradesh, Assam, Meghalaya and Nagaland states.
No intraspecific variation was observed in the ITS2 sequence (479 bp) ofAn. baimaii whereas a single substitution was detected in
the ITS2 sequence (372 bp) of An. minimus from Nagaland state.
(C) 2006 Published by Elsevier B.V.
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1. Introduction

Malaria is a major public health concern in north-east
Indian states (21.58-29.3N and 89.5-97.3E) with aver-

age annual reported morbidity figures of 0.2-0.3 million

cases, mostly of Plasmodium falciparum, and 100-200
malaria related deaths (Anonymous, 1999; Prakash et
al., 2003). Although several species of Anopheles are

considered to be involved in transmitting malaria in
the north-eastern region of India, Anopheles minimus
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s.1. and Anopheles dirus s.1. are responsible for the
bulk of malaria infections there (Rao, 1984; Prakash
et al., 2004). An. dirus s.1. is a complex of at least

seven isomorphic species viz. An. dirus (formerly species
A), Anopheles cracens (formerly species B), Anopheles
scanloni (formerly species C), Anopheles baimaii (for-
merly species D), Anopheles elegans (formerly species
E), Anopheles nemophilous and Anopheles takasagoen-
sis (Peyton, 1989; Sallum et al., 2005) with an eighth
species in China (Walton et al., 1999a). An. minimus
s.1. is composed of three sibling species, A and C
on the Southeast Asian mainland and species E that

occurs in the Ryukyu Archipelago, Japan (Somboon
et al., 2001). Recently, Harbach et al. (2006) charac-
terized and designated An. minimus species A as An.
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minimus s.s. Morphologically very similar members of
sibling species complexes are known to differ in biolog-
ical attributes influencing malaria transmission dynam-
ics (Subbarao, 1998), hence, knowledge on the distri-
bution and relative abundance of members of species
complexes is important in disease epidemiology. The
species profiles of the An. dirus and An. minimus com-

plexes in north-east India are largely unknown and
need investigation for improved understanding of vec-

tor bionomics and more effective vector and malaria
control.

In this communication we identify the members of
these two species complexes prevalent in north-east India
using the ribosomal DNA internal transcribed spacer 2
(r-DNA ITS2) marker. This marker is used in the poly-
merase chain reaction (PCR)-based methods of identi-
fication that utilize detection of the fixed differences in
the ITS2 region of r-DNA for species determination for
both theAn. dirus (Walton et al., 1999a) andAn. minimus
(Phuc et al., 2003) species complexes. It is important
before applying such molecular identification methods to

a new geographical area to establish that any geograph-
ical intraspecific variation in species of the complex
does not result in non-binding or cross-species binding
of the species-specific primers (Walton et al., 1999b).
Hence, a further aim of this study was to characterize
the ITS2 sequences of these species in north-east India
to determine if these molecular identification methods
would work reliably in future large scale epidemiology
studies.

2. Material and methods

2.1. Mosquito collections

(Sambrook et al., 1989). The primers used by
Beebe and Saul (1995), namely, ITS-2A (51-TGTG
AACTGCAGGACACAT-3f) and ITS-2B (5-TATGC
TTAAATTCAGGGGGT-3') were employed to amplify
the r-DNA ITS2 region of An. dirus complex mosqui-
toes whereas primers modified from Paskewitz
and Collins (1990), namely, 5.8S (5-ATCACTC
GGCTCGTGGATCG-3) and 28S (51-ATGCTTAA
ATTTAGGGGGTAGT-3) were used to amplify a

similar region from mosquitoes of the An. minimus
complex. Reaction conditions similar to those described
by Walton et al. (1999a) were used for the ITS2
amplification of both An. dirus and An. minimus
complex mosquitoes with the following modifications:
(i) Taq Red DNA Polymerase (Continental Labora-
tory Products Limited, Northampton, UK) and its
10 buffer (160mM (NH4)2SO4, 670mM Tris-HC1
(pH 8.8), 0.1% (v/v) Tween 20) were used, (ii) 39
amplification cycles were used, and (iii) dimethyl-
sulphoxide (DMSO) was not used in the amplification
reaction for An. minimus complex mosquitoes. All
PCR reactions were performed on Gene Amp PCR
system 9700 (Applied Biosystems, Foster City,
US).

The amplified PCR products were purified on

Montage(R) centrifugal filter columns (Millipore Lim-
ited, Billerica, USA) and sequenced in both directions
(by MWG-Biotech AG Germany). The forward and

reverse sequences from each individual were aligned
and checked using the SeqEd Version 1.03 programme
and the sequences of each species complex were aligned
using the default parameters within the clustalW multi-
ple sequence alignment programme in BioEdit Version
5.0.9 software (http://www.mbio.nesu.edu/BioEdit).

Whole-night mosquito collections in human
dwellings were carried out during July-October 2004,
from eight locations in four north-eastern states, viz.
Arunachal Pradesh, Assam, Meghalaya and Nagaland
(Fig. 1) using Centers for Disease Control (CDC)
miniature light traps. Trapped An. dirus and An. min-
imus mosquitoes were morphologically identified sensu
lato in the camp laboratory using the key of Das et al.
(1990). Mosquitoes were kept individually in capped
plastic vials along with silica gel and stored at 4C till
further processing.

2.2. DNA extraction, amplification and sequencing
ofITS2

Genomic DNA from individual mosquitoes was

extracted by a standard phenol-chloroform method

2.3. Molecular methodsfor species identification

2.3.1. An. dirus complex
Species identification of members of the An. dirus

complex was done using the allele-specific PCR
(ASPCR) method of Walton et al. (1999a). This method,
developed on mosquitoes of Thailand, identifies five
species of the An. dirus complex (An. dirus, An. cra-

cens, An. scanloni, An. baimaii and An. nemophilous)
by generating a PCR product of diagnostic length after
amplifying a portion ofthe ITS2 from mosquito genomic
DNA. The primers, PCR reaction conditions and proto-
col remained essentially the same except for the use of
(i) Taq Red DNA polymerase and its 10 buffer, (ii) 35
amplification cycles instead of 32 and (iii) 51 C anneal-
ing temperature instead of55 C during the amplification
cycles.
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Boko, Kamrup (lVl)
25 59'N, 91 16'E

Titabor, Jorhat (D)
26 36'N, 94 17'E

Bokaghat, Golaghat (D,M)
26 34'N, 93 'E

Jorajan, Dibrugarh (D)
27 23'N, 95 34'E

uta

Assam

ngladesh

Tri

Williamnagar, East Garo Hills (D,M)
25 32'N, 90 37'E

Miao, Changlang
27 29'N, 96 10'E

Medziphema, Dimapur (D,M)
25 46'N, 93 54'E

Jaluki, Peren (D)
25 34'N, 93 46'E

M An. minimus s.l.
D An. dirus s.l.

Fig. 1. Mosquito sample sites in north-eastern states of India.

2.3.2. An. minimus complex
The multiplex PCR method described by Phuc et al.

(2003) was employed without any change for the iden-
tification of members of the An. minimus complex. This
method is able to identify An. minimus s.s. (species A)
and species C of An. minimus complex and three other
members of the An. minimus group (An. aconitus, An.
varuna and An. pampanai) along with An. jeyporiensis.

3. Results

Individuals ofAn. dirus s.1. were sampled from seven
sites in four north-eastern states of India (Fig. 1). Ampli-
fication ofITS2 from the genomic DNA of 17 specimens
(two from Arunachal Pradesh state (Changlang district);

eight from Assam state (four from Dibrugarh district,
two from Jorhat district, two from Golaghat district); two
fromMeghalaya state (East Garo Hills district); five from
Nagaland state (one from Peren district, four from Dima-
pur district) all produced a fragment of 500 bp. The
ITS2 products of eight specimens, representing all seven
sites of collection, were sequenced. All eight sequences
of ITS2 were identical and were 503 bp in length (Gen-
Bank accession no. DQ336435). The length of the ITS2
region itself was found to be 479 bp after defining its
boundaries by comparison with available 5.8S and 28S r-
DNA sequences ofother anophelines (Porter and Collins,
1991; Paskewitz et al., 1993; Fritz et al., 1994). The
north-east IndianAn. dirus sequence was identical to that
from Thailand, Myanmar and Bangladesh (Walton et al.,
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999a; Wallon, unpublished data). Allele specific PCR
species iderflification amplified a product of 306 bp

[rom Arunacha] Pradesh (Changlang dislict); eight fron
Assam (Ibur from Kamrup district, four Igom Golagfia
district); two from Mcghalaya least Garo Hills dlsrict)
and one from Nagaland (Dimapur district). Amplifica

4. Discussion

tification is a prerequisite for proper understanding of

the epidcmiology and transmission dynamics of malaria
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ferent collection techniques in all the seven north-eastern
states are undertaken.

Since our ITS2 sequences for An. baimaii from sev-

eral places in NE India were identical to each other and
to those previously recorded from Bangladesh, Myan-
mar and Thailand it indicates a lack of intraspecific
variation at this locus throughout the species range.
This is consistent with the low level of genetic popu-
lation structure detected in this species using mitochon-
drial and microsatellite markers (Walton et al., 2001;
O'Loughlin et al., submitted for publication). This lack
of intraspecific variation indicates that the allele spe-
cific identification method for the An. dirus complex
(Walton et al., 1999a) can be used reliably in north-
east India. The finding of a single base substitution
(a transversion at site 146) in the ITS-2 sequence of
An. minimus A from Nagaland state may indicate dis-
tinct genetic population structure in this species. With
the exception of this specimen, sequences of the five
other An. minimus s.s. from Assam, Arunachal Pradesh
and Meghalaya states were identical to the sequences
of An. minimus A from Thailand (Sharpe et al., 2000),
Vietnam and Laos (Phuc et al., 2003), and Cambodia
(Ma and Vanne, unpublished--GenBank accession no.

AY737081). A larger number of specimens of An. min-
imus need to be sequenced from Nagaland state and
elsewhere in northeast India to determine the extent and
nature of any population structure since this information
has potential implications for malaria control (Collins et
al., 2000).

Although PCR based identification methods have the
advantage of being fast and reliable it is necessary to
first validate a molecular identification method on local
mosquitoes before it is used in a new geographical area

due to the potential factor of inter and intraspecific
genetic variability. Our study confirms that the ASPCR
method of Walton et al. (1999a,b) and Phuc et al. (2003)
can be used reliably for the identification of member
species of the An. dirus complex and An. minimus group
mosquitoes, respectively, in north-east India.
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