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diversities were high for both COII and Cytb

Abstract:
Sri Lanka was declared malaria free on 2016 by
World

Health

Organization.

But

re-

introduction of malaria by travellers is
possible. So far there is no in-depth research on
malaria vectors carried out in Northern Sri
Lanka due to the civil war prevailed for nearly
three decades. Anopheles subpictus s.l exists as
a species complex and is regarded as an
important malaria vector in Sri Lanka. The
present study carried out to analyze the
population genetic structure of Anopheles
subpictus species B/ Anopheles sundaicus s.l.
using mitochondrial genes, Cytochrome c
oxidase subunit II (COII) and Cytochrome b

sequences. Although neutrality test results of
both Tajima’s 𝐷 and Fu’s Fs values were not
significant for both of the COII and Cytb
(p>0.05) indicating that the populations are
evolving

neutrally.

Haplotype

networks

created in this study showing the possibility of
gene flow among the five studied populations.
Further studies are recommended to analyze
An. subpictus species B/ An. sundaicus s.l.
samples from other locations or districts of Sri
Lanka using different molecular markers as
well as from other Southeast Asian countries to
establish a population genetic structure and
verify the unknown members of these taxa.

(Cytb) for the first time in Sri Lanka. Adult

Keywords:

Anopheline mosquitos were collected from five

Cytochrome c oxidase subunit II, Cytochrome b,

study sites located in three districts of

AS-PCR assay, Haplotype

Population genetic structure,

Northern Sri Lanka using different collection
techniques. Collected samples from each

1

locality that were molecularly confirmed as An.

Vector control is one of the most successful

subpictus species B by AS-PCR assay were used

strategy for the suppression of mosquito-

in generating COII and Cytb sequences.

borne diseases. However, public health burden

According to the genetic diversity results the

due to vector-borne diseases continues to

haplotype

grow as the current control measures fail to

diversities

and

nucleotide
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achieve their goals. Therefore, there is an

of this species; An. subpictus species A and An.

urgent need to develop improved control

subpictus species B (Weeraratne et al., 2017;

strategies that will remain functional even in

Surendran

the face of growing insecticide and drug

Surendran et al., (2013) An. subpictus species B

resistance (Coleman & Alphey, 2004; Camara

are in fact members of the Sundaicus complex

et al., 2018). In light of this type of problems,

based on genetic similarity to An. sundaicus s.l.

there is an urge to give serious consideration

An. subpictus species B had been involved in

offered by genetic control strategies aimed at

transmitting malaria in the coastal areas of the

vector populations (Wilke & Marrelli, 2012).

Puttalam district in the west coast of Sri Lanka

A successful genetic control strategy requires a
need to figure out the population genetic

et

al.,

2013).

According

to

(Abhayawardana et al., 1996; Chandra et al.,
2010).

structure and the level of gene flow within and

Sri Lanka has been declared as malaria-free

between target mosquito populations (Barnes

country by WHO since 2013. However re-

et al., 2017). Population genetic studies might

emergence

be helpful to investigate the genetic basis of

overseas travelers is possible due to a

species complex, local adaptation for changing

prevalence of potential malaria vectors in the

environmental

speciation

country. Detailed studies on population genetic

processes. They evidence a considerable

structure of each malaria vectors, especially

importance in vector control measures (Dia et

Anophiline sibling species is important to

al., 2013; Enayati & Hemingway, 2010).

implement immediate vector control measures

Mitochondrial DNA (mtDNA) has been used

if malaria is reintroduced into the country.

extensively over the last three decades in

There are limited number of studies have been

population genetic and phylogenetic studies in

done to determine the population genetic

a wide range of animals from Drosophila to

structure of Sri Lankan An. subpictus complex

humans (Hlaing et al., 2009). Since it is difficult

(Weeraratne et al., 2017; Surendran et al.,

to design universal primers for amplifying

2013). To date there are no studies to

specific regions in mtDNA due to high

investigate

variability, only a few mitochondrial genes

population structure of An. subpictus species

such as 12S rDNA, 16S rDNA, Cytb, ND1, COI and

B/ An. sundaicus s.l in Northern Sri Lanka. Thus

COII have been employed in phylogenetic

the present study is undertaken to analyze the

studies.

population genetic structure of An. subpictus

conditions

and

An. subpictus s.l is an important malaria vector
in Sri Lanka and exists as a sibling species
complex. Molecular based studies have shown
the presence of two genetically distinct forms
Journal of Jaffna Science Association

of

the

malaria

genetic

through

infected

diversity

and

species B/ An. sundaicus s.l using mitochondrial
genes, Cytochrome c oxidase subunit II (COII)
and Cytochrome b (Cytb) for the first time in Sri
Lanka.
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28''E) and Kantharodai (9° 45' 18'' 80° 0' 29''),

Materials and Methods
Study locations, sample collection and
species identification

one location in Kilinochchi District; Palai
(9°36'26.83"N,

80°19'44.39"E)

and

one

Adult anopheline mosquitoes were collected

location

monthly from December 2014 to February

kudiruppu (9° 16' 2''N, 80° 48' 32''E) (Figure

2016 using cattle baited hut (CBH), cattle

1). The collected anopheline mosquitoes were

baited net (CBN) and indoor (IC) collection

morphologically identified as An. subpictus s.l.

techniques (Surendran et al., 2010; Surendran

using available taxonomic keys (Amerasinghe

et al., 2013) from three locations in the Jaffna

et al., 1990; Surendran et al., 2012)

District;

Kudathanai

in

Mullaitivu

District;

Karachi

(9°44'47.53"N,

80°16'19.99"E), Puloly (9° 45' 17''N, 80° 0'
Figure 1:

An. subpictus mosquito sample collection sites
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Molecular identification of members of
Subpictus complex through Allelespecific PCR assay

Genomic DNA was extracted from individual
mosquito using Qiagen DNeasy Blood & Tissue
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s

instructions. The

extracted

DNA was used to screen the mosquitoes for
diagnostic allele specific PCR as reported
previously (Surendran et al., 2013). The
diagnostic size of the PCR product for An.

in 1x PCR buffer (Bioline, UK).The thermal
profile for Cytb amplification was 94°C for 4
min, followed by 35 cycles of 94°C for 40 sec,
50°C for 45 sec and 72°C for 45 sec. A final
extension temperature of 72°C was set for
10 min. For COII amplification samples were
initially heated at 94°C for 4 min before 30
cycles of amplification at 95°C for 40 sec, 50°C
for 40 sec, and 68°C for 40 sec followed by a
final extension at 72°C for 10 min.

subpictus species A was ~300 bp while that

The amplified PCR products were visualized by

for An. subpictus species B/ An. sundaicus (s.l.)

electrophoresis in 1% agarose gels stained

was ~400 bp as described in previous studies

with ethidium bromide. PCR products showing

(Surendran et al., 2013). Samples which were

positive bands were sent to Macrogen Inc,

identified as An. subpictus species B/ An.

South Korea, for both the forward and reverse

sundaicus (s.l.) were used in the present study.

directional sequencing.

2.3

Amplification of COII and Cytb genes
and Sequencing

2.4 Sequence analysis

of

Chromatograms were manually edited in

mitochondrial DNA of molecularly identified

FinchTV 1.4.0 (Geospiza, Inc., Seattle, WA, USA;

individual was amplified using forward primer

http://www.geospiza.com).

CYTBF[10821] (5’GGACAAATATCATTTTGAGG

sequences were excluded. All good quality

AGCAACAG-3’) and reverse primer CYT BR

sequences were aligned using Clustal W in

[11290] (5’ATTACTCCTCCTAGCTTATTAGGAA

BioEdit 7.0.4 software (Tamura et al., 2013).

TTG-3) (Lyman et al., 1999). Likewise a partial

Once the alignment was completed, all

sequence of the COII gene was amplified using

generated COII and Cytb sequences were

forward primer C2J3138 (5’AGAGCCTCTCCTT

compared along with the publicly available

TAATAGAACA3’) and reverse primer C2N368

sequence data in GenBank using Basic Logical

6 (5’CAATTGGTATAAAACTATGATTTG-3’)

Alignment

(Simon et al., 1994). All PCR reactions were

[www.blast.ncbi.nlm.nih.gov] and the Barcode

A

partial

sequence

of

Cytb

region

performed in the thermal cycler GeneAmpⓇ
PCR System 9700. Each PCR (25μl total
volume) reaction mixture contained 1 μl of

of

Life

Search
Data-base

Low

Tool
(BOLD)

quality

(BLAST)
interface

[www.boldsystems.org] to confirm species
identification.

DNA, each primer at 0.5 μM, 2.5 mM MgCl2, 0.2

Amino acid sequences were inferred to check

mM dNTP mix and 1.25 U Taq DNA polymerase

for the presence of ambiguous stop codons,
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genetic information such as number of

population genetic analysis. The NCBI BLAST

haplotypes (h), genetic diversity indices ie:

confirmed the sequences as belonging to An.

Haplotype Diversity Index (Hd) and Nucleotide

subpictus species B. Translated amino acid

Diversity Index (Pi) and Neutrality tests

sequences revealed that there is no frame shift

(Tajima’s 𝐷 and Fu’s 𝐹s) were determined for

or stop codons in all the edited sequences,

both COII and Cytb sequences

using DNA

indicating the mitochondrial origin of DNA.

Sequences Polymorphism software (dnaSP)

Results of genetic diversity indices and

(Version 5.1.10). The pair wise fixation index

neutrality tests for An. subpictus species B/ An.

(FST) for the identified genetic groups was

sundaicus s.l based on COII and Cytb sequences

determined in Arlequin 3.11 and significance

are presented in Table 1. The overall haplotype

was evaluated based on 10000 permutations.

diversities (Hd) and nucleotide diversities (Pi)

Based on the number of nucleotide differences,

were high in Cytb sequences when comparing

haplotype networks both COII and Cytb

COII sequences.

sequences were constructed using Network
software

5.0.0.1

interrelationship

to

determine

between

the

haplotypes.

Corresponding sequences of COII and Cytb
haplotypes

were

deposited

in

GenBank

database.

3

According to neutrality test results both Tajima’s
𝐷 and Fu’s Fs values were not significant for both
of the COII and Cytb mitochondrial gene
sequences (p>0.05). These results revealed that
the populations are evolving neutrally without any
purifying selection, population expansion, and

Results and Discussion

selective sweeps (Galtier et al., 2000).

A total of 51 COII sequences (~458 bp) and 61
Cytb sequences (~383bp) were used for
Table 1:

Results of genetic diversity indices and neutrality tests for An. subpictus species B/ An. sundaicus s.l. based on COII
and Cytb sequences
GenBank
Marker
s
h
Hd (±SD)
Pi(±SD)
D
Fs
accession
numbers
COII

19

16

0.890
(± 0.042)

0.00448
(± 0.008)

-1.52811
(p>0.05)

0.34282
(p>0.05)

MK238677MK238692

Cytb

72

27

0.928
(± 0.002)

0.04252
(0.004)

0.05529
(p>0.05)

1.3132
(p>0.05)

MK238693MK238719

s- number of polymorphic sites, h- number of haplotypes, Hd- haplotype diversity,
Pi - nucleotide diversity, D- Tajima’s D and Fs- Fu’s Fs.
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indicated in Figure 2. There were four shared
haplotypes

and

H2

was

the

dominant

haplotype (35.29% of the total number of
haplotypes)

shared

among

populations

collected from all localities except Puloly. A
total 27 different haplotypes (H1-H27) were
identified among the 61 Cytb sequences Table 1
and the haplotype network for Cytb sequences
Figure 2: COII haplotype networks generated using
Network 5.0.0.1 for An. subpictus species B/ An.
sundaicus s.l collected from five geographical
locations in northern Sri Lanka

is indicated in Figure 3. Among the two shared
haplotypes H1 (24.59% of the total number of
haplotypes) was the predominant haplotype
representing the samples collected from all five
localities.
The

pairwise

comparison

of

population

differentiation based on COII and Cytb
sequences are presented in Error! Reference
source not found. and Error! Reference source
not

found.

respectively.

The

pairwise

differences (FST values) obtained for both COII
Figure 3: Cytb haplotype networks generated using
Network 5.0.0.1 for An. subpictus species B/ An.
sundaicus s.l collected from five geographical
locations in northern Sri Lanka

and Cytb sequences were not significant
(P>0.05) showing that there is no genetic
differentiation among the An. subpictus species

From 51 COII sequences sixteen different

B/ An. sundaicus s.l populations from the five

haplotypes (H1-H16) were identified (Table 1).

sampling localities selected during the current

The haplotype network for COII sequences is

study.

Table 2:

Population pairwise FST values obtained for An. subpictus species B/ An. sundaics s.l samples from the five different
geographical locations based on COII sequences
Location

Palai

Kudathanai

Kantharoda
i

Karachchi
kudiruppu

Palai

0.00000

Kudathanai

0.07079

0.00000

Kantharodai

0.08818

0.07240

0.00000

Karachchi

0.03568

0.06815

0.02439

0.00000

0.54483

0.59626

0.65812

0.70370

Puloly

kudiruppu
Puloly

Journal of Jaffna Science Association
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Table 3:
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Population pairwise FST values obtained for An. subpictus species B/ An. sundaics s.l samples from the five different
geographical locations based on Cytb sequences.
Location

Palai

Kudathanai

Kantharodai

Karachchi

Puloly

kudiruppu
Palai

0.00000

Kudathanai

0.29623

0.00000

Kantharodai

0.00442

0.17396

0.00000

Karachchi kudiruppu

0.31079

0.12124

0.16817

0.00000

Puloly

0.30156

0.07530

0.19608

0.18151

0.00000

An. sundaicus s.l is a major malaria vector in the

mosquitoes successfully, such as cytochrome

Oriental region, ranging from Southeast Asia,

subunit I (COI), cytochrome subunit II (COII),

including

cytochrome B (Cytb) (Bora et al., 2009;

Myanmar,

Thailand,

Malaysia,

Indonesia, China, and Indochina (Manguin et
al., 2008; Surendran et al., 2010). An. sundaicus
s.l was also an important vector of malaria
along the East coast of India, found abundantly
and widely only in the Andaman and Nicobar
islands (Nanda et al., 2004; Surendran et al.,
2010). An. sundaicus s.l has never previously
been identified in Sri Lanka and this taxon is
reported to have at least four cytological forms
(A-D) and four molecular forms namely An.
sundaicus s.s., An. epiroticus, An. sundaicus
cytotype D and An. sundaicus E (Surendran et
al., 2010; Bora et al., 2009; WHO, 2007).
Phylogenetic analysis based on ITS2 and D3
markers conducted by Surendran et al., (2010)
revealed that samples identified as An.
subpictus B in the East coast of Sri Lanka and
An. subpictus s.l identified elsewhere in SouthEast Asia are members of the Sundaicus
complex based on genetic similarity. Many
genes of mtDNA has been used as the genetic
tools to study the genetic variation and
population structure of

the

Journal of Jaffna Science Association

Anopheline

Weeraratne et al., 2017; Feng et al., 2017).
This is the first study carried out to analyze the
population genetic structure of An. subpictus
species B/ An. sundaicus s.l. from five different
geographical areas of northern Sri Lanka based
on two mtDNA markers namely COII and Cytb.
According to the genetic diversity results the
haplotype

diversities

and

nucleotide

diversities were high for both COII and Cytb
sequences in turn suggests that COII and Cytb
genes of mitochondrial DNA can be considered
a suitable molecular marker for calculating
genetic variation. The high level of genetic
diversity points out that due to broad tolerance
to environmental and habitat pressure species
could maintain a relatively large effective
population size. May be due to variations in the
evolutionary rates of different molecular
markers, the genetic divergence showed
different degrees; Pi values as 0.00448 of COII
gene while as 0.04252 of Cytb gene. Haplotype
networks created at this study highlight
haplotype

sharing

between

the

five
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populations showing the possibility of gene

molecular markers to determine the taxonomic

flow among the five studied populations.

status of the An. subpictus complex.

Present study also emphasis the necessity of
population genetic structure study of An.
subpictus species B from other parts of the Sri
Lanka to asses the genetic relationship among
geographically isolated populations.

4

Conclusion

Present study showed that there is a possibility
of gene flow among the five geographically
different populations of An. subpictus species
B/ An. sundaicus s.l. It is important to analyze

Further no studies have been done so far to

An. subpictus species B/ An. sundaicus samples

analyze the population genetic structure of the

from other locations/ districts of Sri Lanka

An. subpictus complex in Southeast Asian

using different molecular markers as well as

countries and rest of the world except Sri Lanka

from other Southeast Asian countries to

and India. Therefore, it is important to analyze

establish a population genetic structure and

the population genetic parameters of the

verify the unknown members of this taxon

members of An. subpictus complex from other
Southeast Asian countries using different
.
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