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ABSTRACT

This thesls describes a serles of investigations of inter- and Intra-speclific DNA sequence variation In
malaria vectors from Africa, the Middle East and Indian sub-continent. A variety of PCR-based techniques
have been employed, particuladly Random Amplified Polymorphic DNA (RAPD) PCR. With careful
attention to the conditions of amplification, the technique was rellable and gave reproducible results.

With a total of four RAPD primers It was possible to differentlate and identify to specles all six members
of the Anopheles gambiae complex. Other primers revealed intra-specific varlation in An.gamblae and
An.arablensis and may be useful in defining the population structure of these specles. Phylogenetic trees
based on RAPD data confirmed that An.gamblae and An.arablensis are sister taxa. A cloned RAPD
fragment from An.bwambae showed a high sequence homology with a cloned RAPD sequence from
An.culicifacies and may Include part of a ubiquitin gene. By testing parents and thelr progeny it was
confirmed that the major RAPD bands are Inherited in a dominant fashion.

Application of RAPD PCR to the two major specles of the An.culicifacles complex showed that species
A and B could readlly be separated in samples from lran, Pakistan, indla and Srl Lanka. Some genetic
differences were apparent between sub-populations of specles B within Sl Lanka, but Indlan specles
B appears to be genetically distinct from St Lankan species B. These differences reflect the vastly
differing roles in malaria transmission of specles B In the two countries. An Iranlan population of
mosquitoes identifled morphologically to An.culicifacies s). proved to be comprised of two forms
differing In thelr RAPD patterns. On sequencing the rDNA ITS2 region of these two forms, one was
. virtually identical in sequence to other spacles A populations while the other was highly divergent, (50%

nucleotide diver gence) suggesting that it may be a new specles related to but outside the An.culicifacles
complex.

An.fiuviatilis, which ls known to comprige three sibling specles in india, is an important secondary vector
of malaria in parts of india and lran. Fleld collected specimens from lran were examined by RAPD PCR,

SSR PCR and sequencing of the rDNA ITS2 region. RAPD results suggested three poputations but only
two forms of ITS2 were seen, implying the presence of two distinct species within this taxon in lran.

In Indla, An.subplictus comprises four sibling specles of which two are known to occur In St Lanka.

Samples from Srl Lanka examined by RAPD PCR fell Into four population groups representing the four

sample sites, one coastal and three Inland. However, ITS2 sequence analysls was compatible with the
existence of two groups cofresponding to specles A and B.

In contrast to many malaria vectors, An.stephens! Is thought to be a single specles, desplte its enormous
geographical range. RAPD readily distinguished seven laboratory colonies derived from collections In
Iraq, Iran and India. Fleld samples from Iran and Tadjikistan were similar by RAPD but differed from one
sample from Pakistan. Rural and urban collections from iran differed in thelr RAPD patterns but it Is
unclear whether these two samples represent mysorensis and the type form. Tests with parents and their
F1 progeny showed that RAPD could be used to determine paternity in this species, a feature that could
be useful in evaluating experimental laboratory crosses.

Samples of the An.maculipennis complex from lran and Russia were examined using RAPD.
An.maculipennis s.8. from lran could readily be distinguished from An.sacharovi. Furthermore,
An.beklemishevi from Siberia could be distinguished from both northemn and southem karyotypes of
An.messeae from the same region. When the tDNA ITS2 region of the An.maculipennis compex
samples from lran was sequenced, three different types of sequence were obtained which, It Is
suspected, correspond to An.atroparvus, An.messeae and An.sacharovi.

This thesls demonstrates the power of RAPD PCR in elucidating the systematics of groups of insect
vectors for which no prior DNA sequence data exist. it can serve equally to indicate genetic differences
between populations or between individuals within poputations. Once thus identifled, k becomes possible
to examine individuals or populations of particular interest using a battery of molecular techniques,
Including sequencing of varlous gene segments, particulady in rDNA or mtDNA, or carrying out RFLP
or SSCP analyslis. By such means the timeframe from Initlal recognition of genetically varlant individuals
or populations to resolving thelr taxonomic status can be radically shortened.
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CHAPTER SIX
PRELIMINARY EVIDENCE FROM DNA SEQUENCE
DATA FOR TWO SIBLING SPECIES OF

ANOPHELES FLUVIATILIS IN IRAN

6.1 ABSTRACT

An. fluviatilis James 1902 is one of the most efficient vectors of malaria

particularly in the hills and foothills of India, Iran, Nepal, Pakistan. It also occurs

extensively in the oniental region and parts of the West Asian subregion. On the basis

of variations in density, feeding behaviour, and malaria infection rates, by several
workers have postulated the existence of distinct biological forms and based on
chromosomal differences it has been suggested that in India An. fluviatilis comprises

at least three sibling species.

We have examined field collected specimens of An. fluviatilis from sites in

Southeastern and South Iran, including the provinces of Sistan and Baluchistan,

Hormozgan, the tropical areas of Kerman province and Fars. Random Amplified

Polymorphic DNA (RAPD) revealed a number of population specific PCR products

as well as some variation within populations.

Differences between specimens from coastal and hill areas were further
investigated by sequence analysis of the ITS-2 region. There were no consistent

differences between hill and coastal specimens. ITS-2 being 375bp long in all
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individuals examined and most had complete identity at all nucleotide positions.
However, one coastal specimen from Minab, Hormozgan province differed from
others at seven bases. On the basis of the extent of sequence divergence and RAPD

variation, we postulate that the forms from these two different groups represent two

sibling species of An. fluviatilis.
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6.2 INTRODUCTION

An. fluviatilis JTames 1902, of the Myzomia series is one of the most efficient
vectors of malaria particularly in the hills and foothills of India, Iran, Nepal, and
Pakistan, although its role in malaria transmission varies from place to place (Subarao
et al., 1994). This species is widely distributed in the oriental regions and parts of
the West Asian subregion, Afghanistan, East and South Arabia, Iran, Iraq, Kazakh,

Oman, and Pakistan. In the oriental region it occurs in South China, India, Indochina,

Myanmar, Nepal, Taiwan, and Thailand (Nagpal & Sharma 1995).

On the basis of variations in density, feeding behaviour, and malaria infection
rates, Rao (1984) suggested the existence of two distinct biological forms. Recent
studies of ovarian polytene chromosomes from nurse cells has provided evidence that
An. fluviatilis is a complex of three reproductively isolated taxa that constitute good
species (Subbarao ef al. 1994). These have been provisionally designated as species
S, T,and U, with species T and U also S and T being sympatric in the study villages
in India (Sharma et al. 1995) (Fig. 6.1). There are also four morphological

variations based on maxillary palpi and four in wings.

Adult An. fluviatilis usually rest in human dwellings and to a lesser extent in
cattle sheds during the day. The species also rests outdoors and has been collected
from an altitude of 1,060 to 3,340m in the Gum valley of Nepal (Nagpal & Sharma,
1995).
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Fig. 6.1- Distribution of An. fluviatilis sibling species in India
(CTD/MAL/96.1)
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In studies in Nepal, An. fluviatilis showed a Preference for breeding places
with a perceptible flow of water such as field and irrigation channels, slow-moving

streams, seepage channels of dams and silted grassy margins of canals (Shukla et al.
1995). Breeding has also been recorded in shallow wells, water reservoirs tanks, rice

fields along the foothills or undulating terrains, swamps, borrow pits during monsoon

period when streams and channels are flushed by heavy rains.

Its peak biting activity occurs between 20.00 - 24.00 hrs, but there may be
variation depending on season and location (Nagpal & Sharma, 1995). A wide

variation in the feeding preference of An. fluviatilis s.1., with an anthropophilic index

ranging from 0 to 97%, has been reported (Rao 1984; Nanda et al. 1996).

However, studies on blood meal analysis of chromosomally identified
specimens from Uttar Pradesh, India showed that despite high densities of An.
fluviatilis, malaria incidence was very low (0.002%), and both species T and U were
exclusively zoophilic (Sharma er al. 1995). These results are supported by bait
catches which indicated no preference of An. fluviatilis s.1. for man, although the
man:cattle ratio was high. Also in previous study, using IRMA, one out of eight

specimens of An. fluviatilis was positive for both P. vivax and P. falciparum

(Subbarao et al. 1992),

In Iran, An. fluviatilis has not been incriminated as a malaria vector since

1957, but the persistence of the disease even after indoor insecticide application
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suggested that further field studies on this species are needed. In 1982 for the first
time during dissection, An. fluviatilis infected with sporozoite have been found in
Behbahan (Fars province) and subsequently more infected adults in Hormozgan and

Kerman Provinces.

These results suggested that An. fluviatilis as an exophilic vector has an
important role in maintaining malaria transmission specially in the foothills (Zaim and
Javadian, personal communication). Recently, Kamyabi ez al. (1996) was working on

malaria vectors in Kahnouj district, reported that out of 2761 female anopheles

trapped in the bednet with animal bait, An.fluviatilis comprised 86% of collections
and out of 44 female anopheles collected in bednet trap with human bait An.fluviatilis

comprised 95.4% of collections.

An. fluviatilis 1s widespread in southern Iran, ahd distributed from east to west
in Bluchestan, Kerman, Fars, Khozestan, and Kermanshahan Provinces, in all

southern area of the Zagros Range of Mountains which contain hills and foothills, and

its distribution extends to coastal areas in the Persian Gulf (Fig. 6.2). The species has
been collected at altitudes ranging from 50 m above sea level in Borazjan and Minab,

up to 1100 m in Kazeroon. However, the highest altitude at which biting has been
reported 1s from hilly areas. These areas have warm summers and temperate winters,

and An. fluviatilis is known to be a vector of stable malaria.
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Fig. 6.2- Four collection sites of An. fluviatilis in Iran:
Iranshahr ( 1 ), Minab ( 2 ), Kahnouj ( 3 ), Kazeroon ( 4 ).
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Aim

The main objectives of this study were, 1) to determine inter and intra-specific
variation within populations of An. fluviatilis as a secondary and less studied species
in Southeastern corner of Iran which is characterized by "refractory malaria”
(Manouchehri ef al. 1992), and , 2) compare the ability of RAPD-PCR and a gene-
specific PCR based techniques (e.g. ITS2)y in detecting genetic variation and, 3)
whether there 1s a correlation between findings of RAPD and other sequence-based

techniques.
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6.3 MATERIALS AND METHODS

6.3.1 Mosquitoes

Dried field specimens of An. fluviatilis were collected from Kazeroon in Fars,
Minab in Hormozgan, Kahnouj in Kerman, and Iranshahr in Sistan and Baluchistan
province in the south, southeast, and east of Iran (Fig.1) by staff of Tehran

University of Medical Sciences during 1994-95. Immediately after collection the

specimens were dried and stored over silica gel prior to DNA extraction. An

additional pinned redundant specimen collected from Minab (Cheloo) in 1984 by

Yaghubi was also used.

6.3.2 Genomic DNA extraction
The following extraction methods were used; phenol extraction (Ballinger-
Crabtree, 1992), the method of Collins et al. (1987) and Mini -Prep (Medina-Acosta

& Cross, 1993). Air-dried pellets have been resuspended in 100 ul of double distilled

H,O or TE buffer and stored at 4°C.

6.3.3 Primers
10 RAPD primers from the UBC series (University of British Columbia,
Canada) were used. These have been found useful in our laboratory in studying other

anopheline species complexes. ITS2- PCR primers were based on a modification of

published nucleotide sequence of Cx. tritaeniorhynchus 5.8S rDNA (Shimada &
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Sasaki 1991) and An. hermsi 28S rDNA (Porter & Collins 1991). Table 6.1 lists the

names, sequences and GC content of the primers for which results are presented.

6.3.4 DNA amplificati(;n and PCR product analysis

All RAPD reactions were performed in a total volume of 25 ul. Each mixture
contained 2.5 ul of 10X reaction buffer, 2 mM MgCl,, 10-100 ng of primer, 0.001 %
gelatin, 0.1 mM each of dATP, dTTP, dCTP, and dGTP, 0.5 unit of Promega Taq

polymerase, and sterile double-distilled water to 25 ul. Reactions were overlaid with

50 ul of mineral oil and

amplified in a Hybaid Omnigene thermal cycler.

The RAPD programme : (1) 94°C for 5 min; (2) 15 cycles of 94°C for 30 sec,
36°C for 30 sec, 72°C for 30 sec; (3) 20 cycles of 94°C for 30 sec, 50°C for 30 sec,
72°C for 30 sec; (4) 72°C for 7 min (Prog 6). ITS2 PCR amplification was performed
using the following program:(1) 94°C for 5§ min; (2) 30 cycles of 94°C for 30 sec,
50°C for 1 min, and extension at 72°C for 30 sec (Prog 10). Following PCR, 10 ul
of amplified DNA mixed with Ficol/orange G loading buffer was subjected to
electrophoresis in 6% polyacrylamide gel or 1% agarose (Appligen) in TBE buffer
containing ethidium bromide at 1.5 v/cm for 16 hours (large gel) or 5 v/cm for two
hours (mini gel). A mixture of Bgll and HinfIl digest of pBR328 (Bochringer
Mannheim) was used as molecular weight markers for determination of PCR product

size (molecular weights 2176, 1766, 1230, 1033, 653, 517, 453, 394, 298, 298, 234,
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Table 6.1 - selected primers and their sequences

5....sequence ....3’ GC%
GTAAAACGACGGCCAGT 53
AGTCCTCGCC 70
GTCCTCGTAG 60
TTCCCCCGCT 70
(AGT)SGCCA 42
CATCCCCCTG 70
TGCCGAGCTG 70
33CIR ATGAAACACCACGCTCTCGG 55
33CIL TTGCGCAACAAAAGCCCACG 55
ITS2 primers:
5.8S ATCACTCGGCTCGTGATCG 57.8

28S ATGCTTAAATTTAGGGGGTAGTC 9.1



234, 220, 154, 154 bp). Gels visualised were under UV light and photographed with
black and white Polaroid 55 film (Hargreaves photo Ltd) or Ilford FP4 film.
6.3.5 Data analysis

The computer programs GCG (version 7.0), DNA-STAR, and Clustal V
(Higgins & Sharp 1988) have been used to enter and analyze the sequences and carry

out parsimony alignments.
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RESULT AND DISCUSSION

6l4l

6.4.1
UBC-306
RAPD primer UBC 306 readily differentiates An. fluviatilis populations by
three distinct patterns; two products of 1105, 720bp in Iranshahr, three of 720, 460,
430bp in Minab, and four major products of 1200, 1105, 720, 500bp in Kahnouj
samples (Fig. 6.3). The 720bp fragment was consistently present in all samples of the

three populations-examined by this primer. Iranshahr and Kahnouj specimens shared

an additional two bands; 1105 and 720bp, while individuals from Minab have another

two uncommon (460 and 430bp) band with others.

UBC-304
Another RAPD primer, UBC 304 also produced a series of distinct bands

specific for each population, but with a single common band (680bp) in all specimens,
a shared band (475bp) between Iranshahr and Kahnouj, and a 365bp shared between

Iranshahr and Minab populations (Fig. 6.4).

MI13F
MI13F primer produced a main 420bp common in three populations, although
its intensity increase from Iranshahr to Kahnouj and Minab. A 255bp band is specific

to Minab specimens while the Kahnouj and Iranshahr patterns are almost identical

(Fig. 6.5).
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B13
Primer B13 produced a 155bp species-specific band, although the fourth

population from Kazeroon which showed variation within 1ts specimens seems more

similar to Minab (Fig. 6.6).

UBC-301

Primer UBC 301 has been found useful for looking for variations within

populations, as it produced two distinct patterns in specimens collected from Minab

(Fig. 6.7).

However, althbugh these primers differentiated An. fluviatilis populations with
specific markers, Iranshahr and Kahnouj specimens that were collected from hilly
areas showed more common bands than Minab populations which were from a coastal
area. In fact it seems that the first two populations have the same origin while they

were collected some 200 km each other. Kazeroon specimens’ RAPD pattern 1s

between these two groups.

Based on RAPD patterns, it seems that the Iranshahr population 1s more
homogeneous than those from Kahnouj, Kazeroon and Minab which showed more

vaniation within populations with different primers.
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6.4.2 SSR-PCR

X19
As a random primer, a 3’- anchored (AGT) repeat produced a fingerprint of

8 bands, but only two of these ( 630 and 310 bp) were common in all populations
(Fig. 6.8). Iranshahr specimens showed more similarity with the other groups, by
sharing 3 (630, 530, 310bp) bands with Minab and 4 bands (1010, 630, 510, 310 bp)
with Kahnouj populations. Population-specific bands revealed by this SSR primer ar¢
a 260bp for Minab, double 510 and 530bp bands in Iranshahr, and a 1170bp band in
Kahnouj. However, Kahnouj populations have shown two distinct patterns; one

similar to Iranshahr and another with a 800bp specific band which is absent in the

others.

Variations within Kahnouj population have been tested by using this repeat
primer in a mix with a microsatellite primer (33R110) which produced two main
common bands of 1010 and 260bp and a strong 630bp band in some individuals (Fig.
6.9). The 260bp band seems to be amplified from a conserved region of genome

because individuals of An. culicifacies from different localities in Iran used as positive

control in same amplification, also showed this 260bp band.
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6.4.3 rDNA ITS-2 PCR

In order to clarify the extent of variation between four populations, and to
compare RAPD results with a sequence-based technique, the rDNA ITS2 region has
been amplified using 5.8s and 28s conserved primers. The total size of the amplified
fragment was 562bp comprising 144bp of the 3’ end of the 5.8, ITS2 (375bp) and

43bp of the 5’ end of 28S (Fig. 6.10). ITS2 was 375bp long in all individuals

examined with identical sequence in four populations (two individuals each from

Kazeroon and Iranshahr, three from Kahnouj and 6 individuals from Minab).

One individual from Minab (Minabl) differed at seven bases from the other

specimens (Table 2). GC content of ITS2 in this population is about 54.7% which 1s
similar to the An. subpictus inland population (Djadid and Townson, in preparation).
Single-base frequencies in this IDNA region were very similar in two groups: in
Minab; A =23.4% ; T = 23.2% ; C = 26.9% ; G = 26.4% whereas in others, A

=22.4% ;T =229% ; C = 27.7% ; G = 26.9% .

The ITS2 nucleotide differences between this individual and the others is 1.8%

with seven mismatches, six transversions and one transition which are not

concentrated at the 5° and 3’ extremities and therefore there is not a large conserved
block in the ITS2 region of these two groups. Fig. 6.11 shows the multiple alignment

of ITS-2 sequence in An. fluviatilis four populations.
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Table 6.2- nucleotide substitution in An. fluviatilis populations

Nt. Subst. Site
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Fig. 6.11- ClustalV multiple alignment of rDNA ITS2 sequence in
An. fluviatilis populations from Iran: Kahnouj (KAH),
Iranshahr (IRS), Kazeroon (KAZ), Minab (MIN).

KAH1 CAATTCCTTGTTACACACTATTCTAACTACATGGCGCCCGTGTACGGACG
IRS1 CAATTCCTTGTTACACACTATTCTAACTACATGGCGCCCGTGTACGGACG
KAZ1 CAATTCCTTGTTACACACTATTCTAACTACATCGCGCCCGTGTACGGACG
KAZ2 CAATTCCTTGTTACACACTATTCTAACTACATCGGCGCCCGTGTACGGACG
MIN4 CAATTCCTTGTTACACACTATTCTAACTACATGGCGCCCGTGTACGGACG
MIN1 CAATTCCTTGTTACACACTATTCTAACTACATGGCGCCCGTGTACGGACG

Yy Y 22222220232 323 2222222222222
KAH1 GCATCATGGCGAGCAGCCCGCCTTCTGATCTTGCTGAATGAACACCGTGAG
IRS1 GCATCATGCCGAGCAGCCCGCCTTCTGATGTTGCTGAATGAACACGTGAG
KAZ1 GCATCATGGCGAGCAGCCCGCCTTCTGATGTTGCTGAATCAACACGTGAG
KAZ2 GCATCATGGCGAGCAGCCCGCCTTCTGATGTTGCTCGAATGAACACCGTGAG
MIN4 GCATCATGGCGACCAGCCCGCCTTCTGATCTTCCTGAATCAACACGTGAG
MIN1 GCATCATCGCGAGCACCCCGCCTTCTGATGTTGCTCGAATCGAACACGTGAG

A T Y Y R Y Y 322 2222222222,
'KAH1 CGCACTGTGCATCATTGCGTGCAGGGCCCGTCTCCTACCGGGAACCTTGG
'IRS1 CCCACTGTCCATCATTGCCGTGCAGGGCCCGCTCTCCTACCGGCAACCTTGG
'KAZ1 CGCACTGTGCATCATTGCGTGCAGGGCCCGTCTCCTACCGGGAACCTTGG
'KAZ2 CGCACTGCTGCATCATTGCGTGCAGGGCCCGTCTCCTACCGGCGAACCTTGG
MIN4 CGCACTGTGCATCATTGCGTGCAGGGCCCGTCTCCTACCGGGAACCTTGG
MIN1 CGCACTGTGCATCATTGCGTGCAGGGCCCGTCTCCTAAAGGGAACCTTGG

RRRRAEARRARRAANNNAANRAN NN RRAARRNARRANT  ANRARRARANAR
'KAH1 GCGCTGAAACAGGTAAGGCAGTGCAGTGTTACTGTACAATTTGGGTGCTG
'IRS1 GCGCTGAAACAGGTAAGGCAGTGCAGTGTTACTGTACAATTTGGGTGGTG

GCCCCTGAAACACGTAAGCGCCAGTCCACGTGTTACTGTACAATTTGGGTCGTG
GCGCTGAAACAGGTAAGGCAGTGCAGTGTTACTGTACAATTTGGGTCGTG
GCGCTGAAACAGGTAAGGCAGTGCAGTGTTACTGTACAATTTGGGTCGGTG

MIN1 GCGCTGAAACAGGTAAGGCAGTGCACTGTTACTGTACAATTTCCGTCGTG
WEARRARANRAAARNANRNNARNRNNARNNR AN AN NARNANAN AN AANANNNATRR
'KAH1 CAGCGTCAAGTCCCACGCGTCGAACTTCGGCTATGCACGACCTCAGATAC
'IRS1 CAGCGTCAAGTCGCACGGGTCCGAACTTCGGCTATGGACGACCTGAGATAC
KAZ1 CAGCGTCAAGTCGCACGGGTCGAACTTCCGCTATCGACCACCTGAGATAC
KAZ2 CAGCGTCAAGTCGCACCGGTCGAACTTCGGCTATGGACCGACCTGAGATAC
MIN4 CAGCGTCAAGTCGCACGGGTCGAACTTCGGCTATGCCACGACCTGAGATAC
MIN1 CAGTGTCAAGTCGCACGGGTCGAACTTCGGCTATCCACGACCTGAGATAC
AR R A A A AL A Al R R I I P Y R Y R 2 22222222 A A 0 A A
KAH1 CCGGCAGCCTACTAACACCAGGCTTGTCGATAAGGTTCCACGGGTTACGA
IRS1 CCGGCAGCCTACTAACACCAGGCTTGTCGATAAGGTTCCAGGGGTTACGA
KAZ1 CCGGCAGCCTACTAACACCAGGCTTGTCGATAACGTTCCAGGGGTTACGA
KAZ2 CCGGCAGCCTACTAACACCAGGCTTGTCGATAACCTTCCAGGGGTTACGA
MING CCGGCAGCCTACTAACACCAGGCTTGTCGATAAGGTTCCAGGGGTTACGA
MIN1 CCGGCAGCCTACTAACACCAGCGCTTGTCGATAAGGTTCCAGGGGTTACAA
RARRRAANAANRAERARNNARRARANAANNANRNANRNAANANNANARANANANARTNRER @
KAH1 ATCATCCCGCCGAGTCGTGTAACCCGTGCGACCCATACGGTGCACCCATG
IRS1 ATCATCCGGCCGAGTCGTGTAACGCGTGCGACCCATACGGTGCACCCATG
KAZ1 ATCATCCGCGCCGAGTCGTGTAACGCGTGCCACCCATACGCTCCACCCATG
KAZ2 ATCATCCGGCCCGAGCTCGTGTAACGCGTGCGACCCATACGGTGCACCCATG
MIN4 ATCATCCGGCCGAGTCGTGTAACGCGTGCGACCCATACGGTGCACCCATG
MIN1 ATCATCCGGACCAGTCGTGTAACGCGTGCGACCCATACCGTGCACCCATG
BEANEAAAN AARANNARANARNARRANAANNARANRANN RO N AN RN AN
KAH1 TTTAATTGGCAACCTACCTTTACAA-
IRS1 TTTAATTGGCAACCTACCTTTACAA~-
KAZ1 TTTAATTGGCAACCTACCTTTACAA-
KAZ2 TTTAATTGGCCAACCTACCTTTACAAT
MIN4 TTTAATTGGCAACCTACCTTTACAA-
MIN1 TTTAATTGGCCAACCTACCTTTACAA~

AARAARS AR XA R



This sequence difference is greater than the interspecies, intraspecies, and intra
-individual variation in the An. gambiae species complex (0.4%-1.6%,0.07%-0.43%,
0-0.4%, respectively) (Paskewitz et al. 1993) but less than those reported in the Cx,
pipiens species complex (3 %5 (Severini et al. 1996) and in An. culicifacies species

complex (Townson and Adeniran, in press).

The 375bp ITS2 region in An. fluviatilis populations is within the range of that
reported in other anoﬁhelines, fe. g. Comel et al. 1996, Porter & Collins 1991)), An.

gambiae species: complex (426 bp, Paskewitz et al. 1993) and, Culex, Aedes,

Haemagogous, and Psorophora thus far, which fall in the approximate range of 300-

500 bp (Severini et al. 1996, Wesson et al. 1992, Paskewitz et al. 1993, Fritz et al.

1994)

The degree of sequence conservation in ITS2 (98.2% similarity) may suggest
that these two groups are the result of recent speciation. Using the estimate of Sharp

& Li (1989) of 16X10” substitutions per site per year, indicates that the two groups

are separated about 1.12 million years.

So, based on RAPD data which readily differentiate these populations and
have shown more similarity between Kahnouj and Iranshahr specimens than the
Minab population, and ITS2 sequence differences that separated these specimens into
two groups , we suggest that this study supports evidence of an An. fluviatilis species

complex in Iran, comprising a more prevalent species which exists in hilly and coastal
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areas and another species with a distribution restricted to coastal areas. The reason
why only one individual with ITS2 sequence variation was detected could be due to
a number of reasons, such as the lower prevalence of this group, the collection site
and season or to different aspects of its ecology such as feeding habit (exophagic or

endophagic), resting place and type and distance of larval breeding places from

collecting sites (human and animal shelters).

Moreover, in field conditions, in response to changes in microclimate, the
disappearance of adult mosquitoes and breeding sites often occurs although there are
still new cases of malaria. This is in concordance with the presence of vectors at low
density that are not detectable by routine collection techniques. However, despite
small sample size (10-30 from each population) examined, RAPD primers’ ability to
detect considerable variation within populations, provide strong evidence for
suggesting gene flow and creation of local forms in An. fluviatilis based on ecological
variations in the Kahnouj, Kazeroon, and Minab population. In contrast Iranshahr
specimens have shown a more i1dentical pattern with different primers.

In summary, this study is the first DNA based investigation on molecular systematics

of An. fluviatilis from Iran and its RAPD, SSR and ITS2 sequence data provided

preliminary evidence for two sibling species of An.fluviatilis in Iran.
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CHAPTER SEVEN
INTRA-SPECIFIC VARIATION IN ANOPHELES SUBPICTUS
SPECIES COMPLEX FROM SRI-LANKA REVEALED BY
PCR-BASED APPROACHES

7.1 ABSTRACT

Anopheles subpictus Grassi is a major vector of malaria in Sri-Lanka. Recent studies
of the polytene chromosomes from ovarian nurse cells have shown that species B is present
only in coastal localities of the Island, whereas species A is found both in coastal and inland

areas with a predominance in inland areas.

This species complex has been investigated in samples collected from coastal and
inland areas of Sri Lanka. RAPD and SSR primers resolved these populations into four
groups; one coastal and three inland. The ITS2 of the IDNA has been sequenced 1in samples
from these four groups. ITS2 is 473bp in the coastal group and inland 1 group. In the
remaining inland populations (inland 2 and 3) it is 564bp. However, there was some
sequence variation within inland 2 and inland 3. A phylogenetic tree constructed on the basis
of the ITS2 sequence from at least three specimens from each of the four groups clustered

coastal and inland 1 in one group and inland2 and 3 in another group.
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RAPD, SSR fingerprints and ITS2 sequences are in agreement with previous

cytogenetic studies. Specimens collected in the coastal area of Sri Lanka have previously

identified as species B, based on polytene chromosome inversions, whereas inland 2 and 3

correspond to species A. However, the result of this study confirms the presence of species

B in inland area 1, whereas previous studies have reported this species only from coastal

localities.
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7.2 INTRODUCTION
Anopheles subpictus species complex
Anopheles subpictus Grassi 1899, compriscs at least four sibling species with 11

reported morphological variations in the maxillary palpi and one in the wing. It occurs very

widely in the oriental region, extending from Afghanistan in the west to the Mariana Islands
in the east, and from China in the north to Sri Lanka in the south. In India, it occurs in all
the mainland zones. It also has been reported from the Andaman Islands and Lakshadweep.

Specimens of this species infected with Plasmodium spp. have been recorded from India,

Indonesia and Java (Nagpal & Sharma 1995).

This group of species breed in a variety of habitats except the most highly polluted
or contaminated ones. Most studies have not identified to the precise species hence it is
difficult to interpret the observations reported in Nagpal and Sharma (1995). An.subpictus
5.1 has been recorded from flowing or stagnant waters, clear or turbid waters, water with
or without vegetation, unshaded or slightly shaded places, wells, borrow pits, channels, lake
margins, ponds, tanks, ground pools, fallow and freshly flooded rice-fields, cement cisterns,

tree holes, and both fresh and brackish waters.

An.subpictus s.] has been found very commonly in houses and cattlesheds and is often
collected outdoors. It feeds predominantly on cattle and other domestic animals and bites

throughout night but its peak biting is between 18.00 and 22.00 hrs. Again it is unclear how

these behaviours differ between the constituent species of the complex. It has been recorded
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Qs being resistant to DDT in India. The main identification characters of An. subpictus are:
1 Apical pale band nearly equal to the pre-apical dark band
< Fore leg tarsomers with broad bands

3 Fring spot on all the veins

Works on members of this species complex started with egg morphology, salivary
&land and ovarian nurse cell polytene chromosomes, and crossing experiment with Anopheles
Subpictus from coastal and inland samples, these studies strongly suggested the existence of
two separate sibling species ; the type with the standard X chromosome type has been

<esignated as species A and the inverted arrangement as species B (Suguna 1982).

Species A breeds in fresh water and occurs in inland as well as coastal localities,

While species B breeds in brackish water and has previously only been recorded from the

Toast, mainly in backwaters (Reuben & Suguna 1983). Later, a review of cytotaxonomic

Studies of malaria vectors in India by Subbarao er al. (1988), summarized the available
Anformation on subpictus. Populations of this species from villages near Delhi were

Cytologically identified as species A, but the number of the ridges on the egg floats did not

<orrespond with those of species A found in Tamil Nadu where the average ridge number

Was 33.

The fresh water Delhi population of subpictus identified as species A was found to
Support sporogeny of P. vivax when fed experimentally on infected blood (Nanda ef g,

1987). Sporozoite-positive specimens of An. subpictus s.1. were detected in coastal villages
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