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Abstract
The current study was conducted to demonstrate the genetic variability, gene flow and rate of migration in mosquito
populations between rural and urban areas in Sialkot, Pakistan. The adult mosquitoes were collected with the help of sweep net
and battery-operated aspirator, whereas the larvae were collected using standard dippers. DNA extraction was performed
through TNE salt extraction method. Fourteen samples of mosquito populations for the selected seven species of three genera
were studied using RAPD loci. Ten oligonucleotide decamer primers produced 92 polymorphic fragments ranging from 120 to
3000 base pairs. The data generated through RAPD markers were analyzed through POPGENE software. The UPGMA
dendrogram demonstrated two distinct groups comprising of seven mosquito species of three genera’ Culex, Anopheles and
Aedes. All the species from both urban and rural areas showed genetic relatedness with the corresponding species. Aedes
albopictus from urban areas was found more closely related to Ae. aegypti. Aedes species group originated from Ae. albopictus
of rural areas. The genetic diversity observed in population from urban areas was GST=0.113 (Nm=4.014) with heterozygosity
of 0.3691; and the rural areas showed genetic variation of GST=0.134 (Nm=2.62) with a total heterozygosity of 0.4019. The
overall genetic variation among fourteen populations showed GST=0.147 and rate of migration Nm=3.73. The genetic
relatedness and Nm value showed low level of genetic variations in mosquito populations from rural and urban areas of
Sialkot. Moreover, the genetic data show that mosquitoes are freely moving between rural and urban areas. © 2015 Friends
Science Publishers
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Introduction
Mosquitoes are medically important arthropods, vectoring
numerous agents which adversely affect millions of people
annually (WHO, 2009; Khan et al., 2010; Idrees and
Ashfaq, 2012). Mosquitoes of the genera Culex, Anopheles,
Culiseta, Mansonia and Aedes may act as vectors. The
known vectors for human malaria belong to the genus
Anophele, whereas the bird malaria vector is harbored by
the genus Culex. It has been reported that Plasmodium
falciparum results in the death of more children each year
than any other single infectious agent (Murray et al., 2008).
In addition, Aedes aegypti and Ae. albopictus are
responsible to cause dengue fever which is a major health
concern particularly in tropical and subtropical areas
(Gibbons and Vaughn, 2002; Schulze et al., 2004). About
2.5 billion people (more than 40%) are at risk of dengue
fever around the world (Itrat et al., 2008; Raheel et al.,
2011; WHO, 2014).

Dengue fever has emerged as disaster and repeatedly
reported in many cities of Punjab (Lahore, Faisalabad and
Sialkot) and Sind province (Karachi), Pakistan. The
prevalence of humid environment and the natural ponds
around the city could be a reason of its existence in
Lahore (Attaullah, 2013). According to information data
collected from urban and rural areas, old-dumped tires
play a major role for dengue mosquitoes (Hoffmann and
Willi, 2008; Ashraf, 2013; Attaullah, 2013).
It has been widely accepted that genetic variability
occurred in different insects both at intra and interspecies level as a result of differences in environmental
processes, genetics and various demographic factors. In
contrast, the genetic homogeneity in insect species occurs
due to free movement, lack of barriers (Batool, 2012;
Ashraf, 2013; de Lourdes et al. 2013), migration as well as
transportation through various means (Franco et al., 2002;
Souza et al., 2001; Ayres et al., 2003).
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and then stored at 4°C for DNA extraction. The larval forms
of mosquitoes were reared in enamel trays in the laboratory.
The emerged adults were collected and stored in plastic
vials.

The comparative analysis of DNA is a potent approach
to estimate genetic variation, genetic relatedness and the
genetic exchange within species. Over the last decade, DNA
makers have made a significant contribution to rapid rise of
molecular studies of genetic variation, phylogeny,
population dynamics and genome mapping in insects (Ravel
et al., 2002; Scarpassa et al., 2008; Santos et al., 2011).
Monomorphism in amplification profile of the same species
belonging to different areas shows gene flow among
mosquito populations (Ayres et al., 2002); whereas the
polymorphic pattern of DNA profile shows genetic
variability from different areas (Ayres et al., 2003; Zahoor
et al., 2013). Thus, it became necessary to elucidate the
population structure of mosquitoes on genetic basis using
molecular techniques in order to devise and launch a
successful control program in specific areas.
Despite the epidemiological importance of
mosquitoes, the studies on the genetic basis of mosquito
species have been neglected in Pakistan. The mosquitoborne diseases have been also reported to increase in Punjab
(Gilani, 2012). The outbreak of dengue fever in Lahore,
Faisalabad, a few cases from Sialkot and some other cities,
are the few examples. Therefore, studies are needed on
molecular level to help combat mosquito borne diseases.
Despite of few reported cases of dengue, district Sialkot has
been neglected from studying mosquito populations. In the
present study we investigated the genetic variability, gene
flow, genetic exchange and migration in mosquito
populations from urban and rural areas of Sialkot, Punjab,
using random amplified polymorphic DNA (RAPD)
technique.

Identification of Mosquitoes
The collected adult samples containing 70% ethanol were
identified up to the specie level on the basis of
morphological characteristics using different taxonomic
keys and the available literature (Harbach, 1985; Cranston et
al., 1987; Rueda, 2004; Azari-Hamidian, 2009). A few
samples were also identified by comparing against the
samples present in “Entomology Lab”, Department of
Zoology, Wildlife and Fisheries, Faculty of Science and
Technology, Government College University Faisalabad,
Pakistan. Seven species were used for molecular study
representing three the genera Culex, Anopheles, and Aedes.
DNA Extraction
Individual mosquitoes were homogenized in 400 µL of TNE
buffer and then 100µL of 20µg/µL of Proteinase-K and 40
µL of 20% sodium dodecyl sulfate (SDS) were added. The
homogenates were incubated at 55ºC for 1 h, 300 µL of 5 M
NaCl was added and vortexed. The mixture was centrifuged
at 15,000 rpm for 10 min and the supernatant was shifted to
separate Eppendorf tube. DNA was precipitated by adding
of 300‒400 µL isopropanol or ice-cold 100% ethanol and
kept at -21°C for 1 h and then centrifuged at 15,000 rpm for
10 min. DNA pellet was washed with 70% ethanol, air-dried
and re-suspended in 50 µL of sterile water (d3H2O).
Estimation of DNA concentration was made by measuring
optical density (OD) at 260 nm and DNA quality was
checked through 1% agarose gel electrophoresis (Batool,
2012; Ashraf, 2013; Zahoor et al., 2013).

Materials and Methods
Mosquito Collection
The rural and urban areas of district “Sialkot” were selected
for the study due to high prevalence of mosquitoes. This
district lies on south east to Gujrat district and southwest to
Jammu district. It has 15,078 acres (61.02 km2) of forest,
12.295 km of roads and 3229 industrial units where wheat
and rice are frequently grown. About 28.52% of population
of district is urban. It is hot and humid during summer and
cold during winter. The land is generally considered as plain
and very fertile.
A total of 14 populations were collected as from rural
and urban area of Sialkot (Fig. 1 and Table 1). Adult
mosquitoes were collected using sweep net and batteryoperated aspirator (Herrel et al., 2001; Shortall et al., 2009;
Qasim et al. 2014), while larvae and pupae of mosquitoes
were collected from both natural and artificial breeding
places (lawns, homes, tree holes, tires, waste material,
stagnant water, sewer water, etc) using dipper method from
each collection site (Nikookar et al., 2010; Naeem-Ullah et
al., 2010). The collected adult samples were preserved in
70% alcohol in vials labelled with date, collection site etc.

RAPD-PCR
Gene Link-A series RAPD primers were used for PCR
amplification (Table 2). Each PCR reaction was carried out
in a final volume of 25 µL, containing 2.5 µL of genomic
DNA, 3 mM of MgCl2, 20 pmol of primer, 2.5 µl buffer, 1.0
units of Taq DNA polymerase and 0.3 mM of each dNTPs.
PCR program comprised of 35 cycles with initial denaturing
of DNA at 94°C for 5 min, denaturation at 94°C for 1 min.,
primer annealing at 36°C for 1.5 min, extension at 72ºC for
1.5 min, final extension at 72ºC for 10 min and then hold at
4°C until tubes were removed. The PCR products were run
on 1.2‒1.5% agarose gel electrophoresis at 80 voltages for 1
h (Batool, 2012; Ashraf, 2013; Zahoor et al., 2013).
Statistical Analysis of Data
The fingerprints were examined under UV Transilluminator
and photographed by gel documentation system (SynGene).
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The amplified bands (loci) were read against DNA marker.
The fragments were scored as present (1) or absent (0) for
each sample. Ambiguous bands which were not clearly
distinguished were not scored. The bands were counted
starting from top to the bottom in all lanes.
The RAPD markers were analyzed using the following
assumptions: (1) The alleles (RAPD alleles) segregate
following a Mendelian genetics fashion; (2) the bands which
co-migrate are homologous; (3) different loci segregate
independently and (4) populations are in Hardy-Weinberg
equilibrium (Ayres et al., 2002). A dendrogram was
constructed using unweighted pair-group mean analysis
(UPGMA) (Nei, 1978). Effective migration rates (Nm) were
estimated based on inbreeding indices (GST) where Nm=
0.5 (1-GST)/GST (McDermott and McDonald, 1993;
Humeres et al., 1998). Calculations were performed with
the help of the POPGENE (version 1.32) software.

Table 1: Detail of Mosquito samples collected from Urban
and Rural areas of District Sialkot
Area/village of district
Sialkot
Chawinda
Iqbal park Sialkot
Qila kalarwala
Kotli loharaan
Sambrial
Pindi bhago
Ban bajwa
Pasrur park
Saiduwali
W. Sadhuan
Mundeke
Dheera Sadhna
Motra
Shazada

Type of
Collection
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator
Net/Aspirator

Date of
Collection
Aug./Sep. 2012
Aug./Sep. 2012
Sep. 2012
Sep. 2012
Sep. 2012
Aug./Sep. 2012
Sep. 2012
Aug./Sep. 2012
Aug./Sep. 2012
Aug./Sep. 2012
Aug./Sep. 2012
Sep. 2012
Sep. 2012
Aug./Sep. 2012

Code
U1
U2
U3
U4
U5
U6
U7
R1
R2
R3
R4
R5
R6
R7

Table 2: RAPD Primers and their sequences used for PCR

Results
Fourteen population samples of Anopheles, Culex and Aedes
mosquitoes were molecularly characterized to reveal their
genetic variations using RAPD primers during the study. A
total of 57 DNA fragments were generated with an average
of about 6 bands per primer (Table 2). Fig. 2 shows the
amplification profile of all samples with primer A-04.
Anopheles subpictus from urban areas shows polymorphic
band compared to An. subpictus to that from rural areas.
Moreover, Ae. albopictus from urban and rural areas also
showed a slight difference of banding pattern. Mostly,
monomorphic fragments (48 fragments; 84%) were
observed with low to moderate level of polymorphism. The
percentage of polymorphism by each primer is shown in
Fig. 3. A low degree of dissimilarity (monomorphic bands),
indicated “low divergence”. The samples of corresponding
Culex species from urban areas compared to those from
rural areas showed monomorphic banding pattern except for
some samples collected from rural areas.
The gene diversity (Ht) ranged from 0.369 in Urban
(U) populations to 0.401 in Rural (R) populations. The Gst
value for the seven populations from urban areas was 0.113
with high rate of migration (Nm=4.014), the Gst for seven
populations from rural areas of the district was 0.134 with
low number of migrants (Nm=2.62). The overall genetic
differentiation among 14 populations from urban and rural
areas presented Gst =0.147 and Nm=3.73. An average
genetic diversity in all populations of district Sialkot was
0.391 (Table 3).

Primers

Nucleotide Sequence

Size (bp)

Number
of
amplified bands

GL-Decamer A-01
GL-Decamer A-02
GL-Decamer A-03
GL-Decamer A-04
GL-Decamer A-05
GL-Decamer A-06
GL-Decamer A-07
GL-Decamer A-08
GL-Decamer A-09
GL-Decamer A-10

5’-CAG GCC CTT C-3’
5’-TGC CGA GCT G-3’
5’-AGT CAG CCA C-3’
5’-AAT CGG GCT G-3’
5’-AGG GGT CTT G-3’
5’-GGT CCC TGA C-3’
5’-GAA ACG GGT G-3’
5’-GAA ACG GGT G-3’
5’-GAA ACG GGT G-3’
5’-GGG TAA CGC C-3’

250-2000
200-1600
240-1800
250-1200
250-2000
200-1200
240-1890
250-2500
210-1600
250-2000

7
8
6
5
4
9
0
6
7
5

Table 3: Nei’s Analysis of Gene diversity among
populations of Urban and Rural areas of Sialkot
Populations
Urban
Rural
Urban Rural

Genetic variation Gst
0.113
0.134
0.147

Gene flow Nm Heterozygosity Ht

4.014
2.62
3.73

0.3691
0.4019
0.3914

bajwa; and seven populations from rural areas i.e.
Saiduwali, W. Sadhuan, Mundeke, Dheera Sadhna, Motra
and Shazada (Table 1). Group ‘A’ showed eight subgroups
(A1, A2, A3, A4, A5, A6, A7 and A8) representing the
genetic distances among 10 species of Culex and Aedes
from urban and rural areas, while group B consists of three
subgroups (B1, B2 and B3) representing genetic relatedness
among Anopheles spp, Cx. quinquefaciatus (R) is more
closely related to other Culex species (R, U) and also
genetically related to Aedes species. Ae. albopictus (U) is
showing close relationship not only with Aedes (U), but also
with Aedes species (U, R) and Culex species from both
urban and rural areas, respectively. The same case is
happened to be with Cx. pseudovishnui (R). It shows more
genetic relatedness to Cx. pseudovishnui (U, R) and
genetically distant to Aedes spp. In group B, genetic
relationship is described among Anopheles species from
urban and rural areas of Sialkot. An. stephensi (R) is closely

Cluster Analysis
The dendrogram demonstrates two distinct groups of
mosquito populations from urban and rural areas of Sialkot
(Fig. 4). There are seven populations from urban areas of
Sialkot, i.e. Pasrur park, Chawinda, Iqbal park Sialkot, Qila
kalarwala, Kotli loharaan, Sambrial, Pindi bhago, Ban
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The maximum genetic dissimilarity of An. stephensi (R) is
seen with Culex and Aedes species (U, R). In addition, both
of the Anopheles spp. were genetically more conserved
compared to the other species.

Discussion

Fig. 1: The selected rural (
district Sialkot.

) and urban (

Mosquito-borne diseases are rapidly spreading during the
last decade, threatening thousands of people due to
prevailing peculiar socio-economic conditions and
epidemiological situation in Pakistan (Jahan et al., 2010).
The humid environment, accumulation of water bodies in
human dwellings, lifestyle and non-compliance of public
could be the reason of mosquito prevalence in and around
the city (Hoffmann and Willi, 2008; Idrees and Ashfaq,
2012; Attaullah, 2013). The dispersal due to transportation,
indiscriminate use of insecticide and the elimination of
natural and artificial breeding places had a significant effect
on migration, genetic exchange and the genetic structure of
mosquitoes (Paupy et al., 2000; Lerdthusnee and
Chareonviriyaphap, 2002).
The genetic diversity in mosquito populations had
been widely reported to exist and inferred through various
molecular techniques (Franco et al., 2002; Paduan et al.,
2006). Subsequent molecular studies have been conducted
for mosquitoes in developed countries and being applied to
control diseases spread by mosquitoes. However, in case of
developing countries like Pakistan these studies are being
continuously ignored and no commendable work on
molecular characterization of mosquitoes has been reported
yet (Hussain et al., 2011) except very few studies like
Rasheed et al. (2013).
In this study, 14 mosquito populations were
genetically analyzed and all the species showed genetic
variability between urban and rural areas. The amplified
fragments obtained were in the range of 200 bp to 2500 bp
as defined by Ayres et al. (2002). Noteworthy, the RAPD
primers clearly differentiate the populations from both urban
and rural areas. Dendogram among Aedes, Culex, and
Anopheles populations showed that Anopheles spp. had a
distinct pattern with genetic variability. The Culex species
from rural and urban areas are more closely related to each
other while less closely related to Aedes; however, certain
areas showed genetic similarity among populations due to
transportation of mosquitoes from one area to the other
(Rasheed et al., 2013). The genetic relatedness and Nm
value shows high level of genetic variations in the
population of mosquitoes from rural and urban areas of
Sialkot. In addition, the diversity and the genetic data show
that mosquitoes are freely moving between rural and urban
areas.
The present results showed that Ae. aegypti from both
urban and rural areas are genetically similar and have
conserved pattern of genetic make-up; however, Ae.
albopictus from rural areas is genetically diverse (Ht: 0.4019).

) areas of

Fig. 2: Amplification profile of mosquitoes with primer A04 by RAPD-PCR from urban and rural areas of Sialkot
1: Ae. albopictus (U); 2: Ae. albopictus (R); 3: Ae. aegpyti (U); 4: Ae.
aegpyti (R); 5: An. stephensi (U) ; 6: An. stephensi (R); 7: An. subpictus
(U); 8: An. subpictus (R); 9: Cx. quinquefaciatus (U); 10: Cx.
quinquefaciatus (R); 11: Cx. pseudovishnui (U); 12: Cx. pseudovishnui
(R); 13:Cx. tritaeniorhynchus (U); 14:Cx.tritaeniorhynchus (R); M: 1Kb
Ladder

Fig. 3: Percentage of polymorphic loci amplified by each
RAPD primer
related to An. stephensi (R), while there is low genetic
similarity seen in An. stephensi from urban areas. An.
subpictus showed more genetic similarity in this species.
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Fig. 4: Dendrogram based on Nei’s genetic distances among Aedes, Culex,and Anopheles populations analyzed through
RAPD-PCR
The relatedness and Nm (gene flow) value for an estimate of
gene flow showed that Ae. albopictus (R) populations
exhibit gene flow among populations (Gst: 0.113; 0.134).
The data also suggested that it can be transported from rural
to urban and vice versa (Nm: 4.014; 2.62) which is true for
other mosquito species (Paupy et al., 2000; Lerdthusnee and
Chareonviriyaphap, 2002; Rasheed et al., 2013). The overall
heterozygosity (Ht = 0.391) observed in urban and rural
areas of Sialkot was consistent as previously reported in
Brazilian mosquito populations through RAPD markers
(Apostol et al., 1996; Ayres et al., 2003).
The genetic diversity data showed that these mosquito
populations were genetically less differentiated (GST =
0.147) with high gene flow (Nm=3.73). In contrast, Souza et
al. (2001) described low migration rate in mosquitoes in
Argentina (GST = 0.249; Nm = 0.75). However, Santos et
al. (2011) studied four mosquito populations through RAPD
technique and found high level of polymorphism. They
distinguished 52 markers ranging in size from 300 to 2072
bp. Their percentage of polymorphic loci varied from 82.69
to 94.23. In contrast; we amplified loci ranged from 200 to
2000 bp with a percentage of polymorphism varied from 25
to 62 (Fig. 3). Paduan et al. (2006) described a low genetic
variation (GST = 0.208) with a higher degree of gene flow
(Nm = 1.90). Similarly, the current study showed a genetic
variation (GST = 0.113) with a high gene flow (Nm =4.014)
in urban area; whereas population differentiation (GST =
0.134) with a moderate gene flow (Nm =2.62) found in rural
area indicated low intra- and inter-population genetic
variability in mosquito populations. However, further
investigations are needed on large scale using gene specific
markers in order to devise mosquito control program to
combat mosquito-borne diseases.

subpictus from rural and urban areas also shows
polymorphism. High gene flow (Gst) occurs due to high
migration rate (Nm) and thus, low level of genetic variations
exists in mosquito populations between both rural and urban
areas. The findings suggest that mosquitoes are freely
moving between rural and urban areas.
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