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Molecular characterization of
Anopheles fluviatilis species complex
in the Islamic Republic of Iran
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ABSTRACT A species-specific polymerase chain reaction (PCR) assay was used to identify the species
composition of the Anopheles fluviatilis complex in the Istamic Republic of iran. All the amplified DNA samples
from specimens collected from different areas yielded a fragment of 450 bp size, a PCR product
corresponding to that of the species denoted as Y. The sequence data from 21 ITS2 [second intemal
transcribed spacer] regions were compared with those publicly available in the GenBank® database and
confimmed that the specimens were 100% identical to species Y of India. Species Y is presumably the same
as species T thal has no role in transmission of malaria in India, whereas An. fluviatilis is known as a
secondary vector of malaria in the Islamic Republic of tran.

Caractérisation moléculaire du complexe d’espéces Anopheles fluviatilis dans la République
islamique d’lran

RESUME Une analyse PCR (amplification en chaine par polymérase) spécifique a l'espéce a é1é effecluée
pour identifier la compeosition des espéces pour le complexe Anopheles fluvialilis dans fa République
islamique d'tran. Tous les échantillons d’ADN amplifié a partir des échantillons prélevés dans différentes
régions ont donné un fragment de taille 450 bp, un produit de PCR cormrespondant a celui de l'espéce
désignée Y. Les données de séquence de 21 régions ITS2 [second espaceur transcrit inteme] ont &té
comparées a celles disponibles publiquement dans la GenBank® et ont confirmé gue les prélévements
étaient 100 % identiques aux espéces Y d'Inde. LU'espéce Y est vraisemblablement la méme que l'espéce T
qui n'a aucun rote dans la transmission du paludisme en inde, tandis que An. fluvialilis est connue comme
vecteur secondaire du paludisme en République islamique d'lran.
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Introduction

Anopheles (Cellia) fluviatilis James has
been reported from Oman [/], Bahrain,
Iraq, the Republic of Yemen [2], eastern
Saudi Arabia [3], the United Arab Emirates
[WHO/EMRO, unpublished document],
the Islamic Republic of Iran [4], Pakistan
[5], Afghanistan [6], India [ 7], Bangladesh
[8] and China [¥]. It is considered the main
vector of malaria in Pakistan, India and
Bangladesh [ !0]. In the Islamic Republic of
Iran, mosquitoes of this species are found
on the foothills of the Zagros mountains
from the southwest to the south with some
patchy distribution in the southeast at
altitudes ranging from 50 to 1100 metres. It
is known as a secondary vector of malaria
and to be responsible for transmission of
the disease on intermediate stability index in
Fars, Hormozgan and Khuzestan provinces
[4].

Different biclogical studies in the Isla-
mic Republic of Iran have shown distinct
differences among populations of this spe-
cies in feeding preference, resting behav-
iour and infection rates. The human blood
index for this species in the Jiroft and
Kazeroun areas of Kerman and Fars pro-
vinces respectively was reported to vary
from 3.4% to 28.6%. The sporozoite rate
in these areas was 3.2% for Kazeroun,
while in Jiroft, despite dissection of a large
number of specimens, none were found to
be infected. During the malaria epidemic of
December 1957, a sporozoite rate as high
as 11% was reported from the Behbahan
area of Khuzestan province. Similar studies
in Hormozgan province showed a sporo-
zoite rate of 1.7% in the Chelou area, where
this species was reported to have a marked
tendency to rest indoors [4]. In other areas,
including Rodan and Siahoo, this species
has never been found to be infected [4,11].

Subbareo et al. [12] identified 3 repro-
ductively isolated species in India based on
the banding patterns of polytene chromo-
somes, designated as S, T and U. Species S
was found to be highly anthropophagic
(91%), while species T and U were almost
totally zoophilic [/3]. In view of the limi-
tations and complexities inherent in exami-
nation of polytene chromosomes, many
atternpts have been made to develop alter-
native species diagnostic procedures using
allozymes [ /4], cuticular hydrocarbon pro-
filing [ /5] and, more recently, DNA-base
approaches, :

DNA-based methods have shown to be
rapid and reliable with no limitation to a
specific developmental stage or sex of
mosquito and are increasingly replacing
other diagnostic methods. One of these
methods has been to analyse the structure
and sequence of hypervariable regions of
the genome shared by all species and then
to devise diagnostic assays based on spe-
cies-specific differences in these regions.
Ribosomal DNA (rDNA) is a common
target of such methods because of the
useful features of its sequence
organization. It consists of tandemliy repea-
ted transcription units separated from each
other by intergenic spacers (IGS). Trans-
cription units contain coding regions alter-
nating with spacer sequences; an external
transcribed spacer (ETS), and 2 internal
transcribed spacers (ITS1 and ITS2) [/6].
The spacer sequences have been shown be
highly variable in length and sequence, even
between closely related species, making
them all useful tools for species identi-
fication {17]. However, 2 important fea-
tures in the ITS2 sequences of Anopheles
species make them preferred targets. First,
they are relatively short, less than 1 kilo-
base pairs (kbp), making the amplification
of intervening ITS2 using primers from
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highly conserved domains of flanking
coding regions relatively simple. Second,
the level of intraspecies variation in them is
lower than the interspecific variation [/7].

These characteristic features of ITS2
have been exploited by many researchers to
develop PCR-based species diagnostic
assays. Species A and D of An. (Cellia)
dirus Peyton and Harrison were differen-
tiated based on the ITS2 sequence [/8].
Hackett et al. [/9] distinguished An. (Cel-
lia} funestus Giles from An. (Cellia) rivu-
forum Leeson and uncovered a cryptic
taxon within the Funestus group based on
sequence divergence in the ITS2 sequence.
Identification of 6 sibling species of the An.
{Anopheles) maculipennis Meigen complex
[20] and 5 members of the An. (Anopheles)
quadrimaculatus Say cryptic species [2/]
has been accomplished based on PCR
assays using species-specific primers in
the ITS2 region. Manonmani et al. {22]
sequenced the ITS2 fragment of An. flu-
viatilis specimens collected from the Kora-
pui and Malkangiri districts of Orissa state
in India. These exhibited 2 different se-
quence patterns, designated by the authors
as species X and Y [22]. They took advan-
tage of the nucleotide differences in 1TS2
fragments of species X and Y to develop
species-specific primers, which together
with the 5.8S primer could amplify discri-
minative 350 and 450 bp bands corres-
ponding to species X and Y.

The main objective of this study was to
determine the composition and distribution
of members of the An. fluviatilis complex
in the Islamic Republic of Iran using PCR
assay and alignment of ITS2 fragments
with those publicly available in the National
Institutes of Health GenBank® database.

Methods

Mosquito collection

Adults and larvae of An. fluviatilis were
collected from different areas in 5 south
and south-eastern provinces of the Islamic
Republic of Iran: Hormozgan, Fars, Sistan
va Baluchistan, Kerman and Bushehr. De-
tails about the collection of specimens are
given in Table 1. The collection sites,
together with the geographical distribution
of An. fluviatilis mosquitoes in the count-
ry, are shown in Figure 1. Despite several
attempts, we could not catch any specimen
from the Behbahan area in Khuzestan pro-
vince. To cover different biological forms,
various collection methods were employed,
including aspirating mosquitoes indoors
from human dwellings and cattle sheds and
outdoors from pit shelters, total catches in
human dwellings and cattle sheds plus
night collections on human and cattle baits.
The larvae were collected from the margins
of slow-running streams, most of them
with floating vegetation, and reared to adult
stage in an insectery. Using Shahgodian’s
morphological key [23], ali the adult mos-
guitoes were identified and mosquitoes of
An. fluviatilis were marked and kept in
separate tubes for further investigation.

Molecular method

Mosquito genomic DNA was extracted
from individual dried mosquitoes following
homogenization of the sample using a
pestle grinder and the DNA extraction
protocol of Ballinger-Crabtree et al. [24]. A
total of 199 specimens, representing dif-
ferent collection areas and methods were
identified by PCR using the protocol deve-
loped by Mannonmani et al. [22]. More-
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Table 1 Details of Anopheles fluviatilis specimens used in this study

Province Arealvillage No. of Habitat Collection Collection
samples method date
coliected

{sequenced)

Hormozgan Minab/Chelou 3 Animatbait  Hand caich May 1984

Hormozgan Minab/Arengoonbala 3 Animalbait  Hand catch Mar 2001

Hormozgan Minab/Tomgohar 8 (3} Calttleshed  Total catch Oct 2001

Hormozgan Minab/Tom basat 3 (3) Humandwelling Total catch Nov 2001

Homoczgan Siahoo/Siahoo 10 Animalbait  Hand catch Jan 2001

Hormozgan Siahoo/Siahoo 4 {1) Animalbait Handcatch  Aug-Sept 2001

Hormozgan Siahoo/Siahoo 9 (1) Animalbait  Hand catch May 2000

Hormozgan SiahoofSiahoo 8 Animalbat  Hand catch Sept 2000

Hormozgan Siahoo/Siahoo 14 (1) Humanbait Handcatch Sept—Dec 2000

Sistan va Baluchistan  Daman/Abchekan 19 {1) Shelter pit Hand catch Mar 2000 & 2001

Sistan va Baluchistan ~ Daman/Abchekan 5 Stream (larva) Hand catch Jul 2000

Sistan va Baluchistan Ghasreghand/Zainedini 2 (1) Shelterpit  Hand catch Jul 2000

Sistan va Baluchistan  Khash/Karevandor 1 Cattieshed  Hand catch Apr 1963

Kerman KahnoujManoujan 8 Shelter pit Hand catch Jan 2001

Keman Kahnouj/Bargah 3 Shelterpit  Hand catch Jan. 2001

Kerman Kahnouj/Khosroabad 5 (1) Shetter pit Hand catch Feb 2001

Kerman Kahnouj/Khosroabad 13 Shelter pit Hand catch Apr 2001

Kerman KahnoujDarehshoor 7 Cattleshed  Total catch Apr 2002

Kerman Kahnouj/Darehshoor 5 Humandwetling Total catch Jun 2001

Kemman Kahnouj/Darehshoor 7 (1) Shetter pit Hand catch May 2001

Kerman Kahnouj/Garmari 5 Shelter pit Hand catch Mar-May 2001

Fars Kazeroun/Djadas 6 Human dwelling Hand catch Nov 1999

Fars Kazeroun/Djadas 3 Caitleshed Hand catch Jul 2000

Fars Kazeroun/Djadas 2 (2) Stream(larva) Hand catch Jut 2000

Fars Kazeroun/lslamabad 12 Human dweliing Tolal calch Nov 2000

Fars Kazerounflslamabad 10(1) Cattleshed Totalcatch Nov 2000

Fars Kazeroun/Dadin 5 (1) Stream({larva) Hand caich Nov 2000

Fars Kazeroun/Pirsabz  16{3) Stream (larva) Hand caich Jul-Sept 2002

Fars Khesht/Chiti 2 (1) Stream(larva} Handcatch Oct 2000

Bushehr Dashtestan/Zirrah 1 Stream (larva}) Hand catch Oct 2000
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Figure 1 Distribution of Anopheles fluviatilis in the Islamic Republic of Iran denoted by hatched
areas (Reproduced from Eshghi et al. [4]). Encircled numbers represent collection areas: 1,
Ghasreghand; 2, Daman; 3, Khash; 4, Minab; 5, Kahnouj; 6, Siahoo; 7, Dashtestan; B, Khesht;
9, Kazeroun. Black circle shows Behbahan area where no specimens were obtained.

over, the 1TS2 fragments of some indi-
viduals were amplified using 5.8S and 285
primers and the PCR reaction conditions of
Manonmani et al. [22], except for the
amount of template which was reduced
from 0.5% to 0.05% of a whole mosquito
genomic DNA. The products were visua-
lized on a UV transluminator following
electrophoresis in a 1.2% agarose gel
containing ethidium bromide. From each
amplification, 100 uL was purified using a
gel band purification kit (Amersham Phar-
macia Biotech, New Jersey, USA). The
concentration of DNA recovered from the
gels was quantified by UV spectroscopy
and subjected to sequencing in an auto-
matic sequencer. Sequencing was per-

formed for both strands and consensus
data was deposited in the GenBank® data-
base with accession numbers AF509342-
AF509353 and AY 172564-AY 172567 using
the Blast program (http://www.ncbi.nlm.
nihk.gov/blast/blast.cgi).

Results

Analysis of the collected specimens
showed that An. fluviatilis species is
exophilic, exophagic and zoophilic. Except
for Minab, the regions where this species
was captured were all hilly or semi-moun-
tainous. Most of the specimens were
caught from outdoor habitats and on animal
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baits. However, a few specimens (1%—5%)
were caught on human baits.

All the specimens subjected to species-
specific PCR assay yielded an approxi-
mately 450 bp band exclusively diagnostic
for species Y. The amplifications could be
carried out with an amount of genomic
DNA as low as 20 ng and with DNA
samples kept in 4 °C for more than 15
months. The DNAs extracted from 3 dried
museum specimens collected about 17-39
years ago were also amplified successfully.

DNA sequences of the ITS2 region
were generated for 21 specimens of the
An. fluviatilis. The samples originated
from different areas of the country {Table
1}: 9 sampies from Hormozgan, 2 from
Sistan va Baluchistan, 2 from Kerman, and
8 from Fars province. All the ITS2 frag-
ments were found to be 374 nucleotides in
length. The GC content of the ITS2 frag-
ments was 55%, which was concordant
with those of other anopheline species
[20,21,25). All the ITS2 sequences were
free of ambiguities and no intraspecific
variation was observed either in length or
nucleotide composition of the fragments.
This suggests that An. fluviatilis 1TS2
consensus sequences in the Tslamic Re-
public of Iran are composed of one type.

Comparison of the sequence data with
other An. fluviatilis TTS2 sequences sub-
mitted to GenBank* by Manonmani et al.
{22] showed that they share 100% simi-
larity with entry AF167299 and 97% with
entry AF167299, both originating from
India.

Discussion

Three cytotaxonomicatly diagnosed sibling
species of An. fluviatilis, designated as S,
T and U, have been described by Subbarao
et al. in India [/2]. Manonmani et al. [22]

developed a set of species-specific primers
by exploiting differences in the ITS2 region
of some specimens collected from the
Koraput and Malkingiri districts of Orissa
state in India. Application of PCR assay
using these primers for the same speci-
mens could distinguish 2 species of 4n.
Jluviatilis, species X and Y as named by
Manonmani et al. [22]. The identity of
species X and Y may be the same as species
S and T respectively, the only 2 sibling
species of An. fluviatilis identified by
cytogenic methods in these districts [26].
In a recent study led by the Indian Council
of Medical Research (ICMR) in the above
districts, out of 249 specimens cytotaxo-
nomically identified as species S, 231 were
identified as species X by PCR assay and,
similarly, out of 153 specimens identified as
species T only 128 were found to be spe-
cies Y. The agreement of results between
the 2 techniques was shown to be 93% for
species X and 84% for species Y. It is
suggested that the disagreements of 7%
and 16% may be due to genetic subgroups
within the sibling species [27].

No ITS2 fragment for species U has
beea published yet. Our molecular findings
including PCR identification and ITS2
analysis confirmed the identity of A4n.
Jluviatilis in the Islamic Republic of Iran as
species Y. Further cytotaxonomical assay
by an Indian collaborative (Nanda et al.,
personal communication) on some the
Iranian specimens collected from the Iran-
shahr area revealed that they belong to
species T. Since the molecular findings for
An. fluviatilis in all the studied areas,
including Iranshahr, were identical, it can
be concluded that the only prevalent sibling
species in the country is T. It is known that
the mosquitoes of species T in India are
more zoophilic and are very poor vectors
of malaria [26]. In the Islamic Republic of
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Iran, however, they play an important role
in transmission or maintenance of malaria
in the region [4]. Such a different vectorial
capacity between different allopatric
populations of the same species has also
been found in a number of other anopheline
species.

Vector incrimination studies on the An.
(Cellia) culicifacies Giles complex in India
and Sri Lanka revealed that in India species
B is a poor malaria vector, whereas in Sri
Lanka, where on cytogenetic evidence only
species B is found, 4n. cuwlicifacies is
known to be an important malaria vector
{28,29]. Moreover, there are a number of
cryptic species with different vectorial
capacities that do not display species diag-
nostic differences in the polytene chromo-
somes. Such homosequential polytene
chromosomes are found in some members
of the An. dirus [30], An. maculipennis
[311, An. funestus [32] and An. culicifacies
complexes [28].

The An. fluviatifis complex is believed
to be a newly diverged species and it is not
expected to observe a high genetic variation
within the complex. Studies of mitochond-
rial DNA variation in different Iranian and
Indian population of this species showed
only a 1% sequence variation among them

[33]. The differences among the popula-
tions of this species in the Islamic Republic
of Iran might be elucidated through ap-
plication of some other DN A-based method
such as random amplified polymorphic
DNA (RAPD)PCR.
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