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Abstract: The present paper deals with the RAPD-PCR based genomic characterization of Culex quinquefasciatus
Say which is a major vector of filariasis in several parts of the Indian subcontinent. One population of the test
organism used in the study was procured from Goa (pop.A) while the other (pop.B) was collected from a village
Nadasahib (20 kms from Chandigarh). The RAPD-PCR amplification of whole body homogenate of freshly hatched
individual specimens was carried out by using three random primers: primer I- 5’- GTCCCGACGA - 3’; primer |I- 5’
— TGATCCCTGG — 3’ and primer lll- 5- GTGACGTAGG — 3'. Primer | produced 5 distinct bands from the DNA of
pop. A, whose base composition ranged from 200-1000 bp. Likewise, 7 bands ranging from 130-750 bp and 4
bands ranging from 270-950 bp were generated with primers Il and Ill respectively. In case of pop.B, a total of
8 bands ranging from 200-1000 bp were generated with primer I. Similarly, a total of 6 bands ranging from 250-
900 bp with primer Il and 4 bands ranging from 180-950 bp with primer Il were produced. Based on the band
sharing coefficient and the application of Nearest Neighbour Joining (NJ) analysis it was found that primer |
was more suitable for detecting genomic differences at the species and generic levels while primer Il was
ideal for detecting variations in the number of bp in RAPD generated bands among different populations ofCx.
quinquefasciatus.
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INTRODUCTION
Thetechniques of molecular cell biology have helpedin

genera Anophel esand Aedesdueto their roleas potential
vectors of malaria, yellow fever, dengue and dengue

providing valuable addition to the already existing data
on the genetic properties of species derived from their
chromosome features. Although, cytogenetic
investigations on Culex qui nquefasciatus was a starting
point for genome studies on mosquitoes (Stevens, 1910)
yet much of the work was carried out on species of the
genus Anophel es. Themain reason for thishad been the
presence of poor quality polytene chromosomesinCulex
and lack of variation in the diploid number of 6
chromosomes (2n=6) which has a remarkabl e constancy
in the family Culicidae. In mosqguitoes, the phenomenon
of sibling species has provided enough impetusto carry
out molecular level genome characterization to detect
species and their subspecific variants (Beebe and Saul,
1995; Cornel etal., 1996; Rutledgeet al., 1999; Chaudhry,
1999; Beebe et al., 2000; UC Davis: News Information,
2002; Bhargavi et al., 2005; and Lanzaro et al., 2009). In
order to manipulate DNA in the in vitro condition, the
technique of Polymerase Chain Reaction (PCR) has
actually revolutionized the studies aimed at DNA
diagnostics of cryptic species (Wilkerson et al., 1993,
1995; Hill and Crampton, 1994; and Collinsand Paskewitz,
1996). Since the introduction of PCR based genomic
analysis, bulk of the information relates to species of

haemorhagic fever (Ballinger-Crabtreeet al., 1992; Beebe
et al., 2000; 1992;and Urdanetaet al ., 2005). Comparatively
lessisknown about the species of the genusCulexwhich
alsoinclude species of epidemiological significance. For
the PCR based enzymatic amplification of mosquito
genome, random as well as gene specific primers has
been developed for selected nuclear and mitochondrial
gene sequences (Severini et al., 1996; Crabtree et al.,
1995; Cornel et al. 1996; Proftet al., 1999; Manonmani et
al., 2001; Singhet al., 2004;and Li and Wilkerson, 2005).
In fact, the major impetus for mosquito genome studies
came from WHO/UNDP/World Bank (2003) special
programmefor research and training in tropical diseases.
In this document recommendations were made for Cx.
quinquefascaiatus genome project on the pattern of
Anopheles gambiae genome project (Holt et al., 2002).
In reference to these devel opmentsin the subject area of
mosquito cytogenetics, the present research work was
aimed at the RAPD-PCR based genomic analysis of two
allopatric populations of Culex quinquefascaiatus Say
so as to find out a suitable DNA marker for the
identification of various populations of this taxon.

MATERIALSAND METHODS
Culex quinquefasciatusisacommon house mosquitoin
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the entire Oriental region including India where it is
responsiblefor thetransmission of filariasisand anumber
of viral infections in human beings. For the present
purpose of research, one population was procured from
Goa (pop.A) whilethe other (pop.B) wascollected from a
village Nadasahib (20 kmsfrom Chandigarh). The RAPD-
PCR amplification was carried out as per the standard
protocols of Sambrook etal . (1989), Wilkersonetal . (1993)
and Ausubel et al. (1999). The three ten base
oligonucleotide primers used for the random
amplification of complementary segments of DNA were:
primer 1- 5°- GTCCCGACGA — 3’; primer 11- 5 —
TGATCCCTGG -3 and primer IlI- 5'- GTGACGTAGG —
3'. The statistical analysis of PCR amplified bands
generated with these primers was carried out for
constructing the dendrograms of phylogenetic kinship
which was based on accurate pictures of unique and
shared DNA bands produced from the two allopatric
populations of the species.

DNA extraction and amplification: For the extraction of
DNA, three freshly hatched unfed specimens of each
population were used in which one specimen at a time
was processed according to the phenol-chloroform
extraction method of Ausubel et al.(1999). Accordingly,
the whole body homogenate was prepared in 50-100m
lysis buffer consisting of 10mM Tris-HCI, 1mM EDTA,
25Mm NaCl and 1% SDSfor the lysis of cell membranes.
These contents were incubated at 37°C for 30 minsin a
water bath after which 5m Proteinase K (20mg/ml) was
added and the contents were incubated at 65°C for 1 hr
inawater bath. Whilethetubeswerestill warm, 100m3M
sodium acetate was also added and again incubated on
icefor 1 hr. These contents were centrifuged at 4°C for 10
mins at 10,000 rpm. The resulting supernatant was
transferred to fresh eppendorf tube to which 100ms each
of phenol and chloroform+ isoamyl alcohol were added.
These tubes were again centrifuged at 8000 rpm for 10
mins at 4°C after which upper agueous layer containing
the DNA wastransferred to fresh eppendorf tubetowhich
twice the volume of chilled (—20°C) ethanol was added
before storing them overnight at —20°C. Thesetubeswere
again centrifuged for 10 min. after which the aliquot was
discarded without disturbing the DNA pellet. The pellet
werewashed gently with 70% ethanol and dried after which
it was also dissolved in 20 ni of TrisEDTA (TE) buffer for
maintaining the pH before storage at 4°C. The purity of
extracted sample of DNA was determined by
spectrophotometric analysis in which its concentration
ranged between 1.7-2.0ng/m from different samples.

The PCR thermocycler was programmed for thefollowing
temperature variablesas: 1 cyclefor initial denaturation
of DNA at 94°C for 10 mins followed by a cycle of
denaturation, annealing of primer and extension of
DNA at 94°C for 1 min, 37°C for 1 min and 72°C for 1

min respectively. This cycle of 3 minswas repeated a
total of 45 times followed by one cycle of final
extension at 72°C for 10 min. In all such amplification
cycles, a negative control consisting of all the
components of reaction mixture except the DNA, was
al soloaded so asto rule out the experimental errors. The
PCR end products were then subjected to 2% agarose
gel electrophoresis containing ethidium bromide (EtBr)
asadye with aconcentration of 0.5mg/ml using 1X TAE
buffer at aconstant voltage of 50 volts. The DNA bands
which appeared in the gel were observed and
photographed immediately over UV transilluminator. In
one of the lanes, a 100 to 1000 base pair standard DNA
ladder was also run along with all the PCR products for
calculating the number of base pairs in each band of
DNA generated through this process. The base pair
number of all the amplified DNA fragments was calculated
by using a standard curve. For this the electrophoretic
mobility of each fragment was calculated by using the
following formula (Sambrook et al., 1939):

Relative mobility Distnce raveled by the DNA

Digtance traveled by the dye BPB (Bromaphenol blug)

Depending upon the presence or absence of DNA bands
generated from theindividual s of thetwo popul ations of
the species, the data was scored as 1 if the band was
present and O when absent. From these val ues the band
sharing coefficient between individuals of the two
populations (individuals marked asaand b respectively)
was calculated by employing the formula: D = 2N,/
(N_+N,) where D denotes band sharing coefficient, N -
number of bands shared by individuals a and b, Na -
number of bands obtained from a and N, -number of
bands obtained from b. It is based on the principle that
the increase in the value of band sharing coefficient

Fig.1. DNA bands generated with primer |. Lane M- gene
ruler, lane N : negative contral, 1. ( pop.A), 2: (pop. A), 3:
(pop.B), 4: (pop.B) of Cx. quinquefasciatus.
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Fig.2. DNA bands generated with primer Il. Lane M- gene Fig.3. DNA bands generated with primer 1ll. Lane M-gene
ruler, lane N : negative control, 1: (pop.A), 2: (pop.A), 3: ruler, lane N - negative control, 1: (pop.A), 2: (pop.A), 3:
(pop.B), 4: (pop.B) of Cx. quinquefasciatus. (pop.B), 4: (pop.B), of Cx. quinquefasciatus.
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Fig.4. Dendrograms showing genomic relatedness between two populations (pop.A, pop.B) of Cx. quinquefasciatus. 1, 2-
Individuals of pop.A, 3, 4- Individuals of pop.B.
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Table 1. Presence absence (+,-) data of all the DNA bands produced with primers|, Il and Il from populations A and B of Cx.

quinquefasciatus.

Primer based Appx. bp Population
Bl:\|n,2\bferralgnn:2r?tamplmed POp.A pop.A pop.B pop.B
With primer - |

1000 + + + +
670 + + + +
610 - - + +
550 + + - -
520 - - + +
350 - - + +
300 + + + +
290 - - + +
220 + + - -
200 - - + +
With primer - 11

900 - - + +
750 + + - -
580 + + - -
490 - - + +
470 + + - -
420 - - + +
380 + + + +
320 - - + +
300 + + - -
250 - - + +
220 + + - -
130 + + - -
With primer - 111

950 + + +

900 - - + +
570 + + - -
400 + + - -
330 - - + +
320 - - + +
270 + + - -
180 - - + +

increases the inter and/ or intra-specific genetic
rel atedness among the members of different speciesand
populations of the same species.

RESULTSAND DISCUSSION

The amplification with primer | produced 5 distinct
bandsfrom the DNA of pop. A whose base composition
ranged from 200-1000 bp. Likewise 7 bands ranging
from 130-750 bp and 4 bands ranging from 270-950 bp
were generated with primers|1 and I11, respectively. In

case of pop.B atotal of 8 bands ranging from 200-1000
bp were generated with primer I. Similarly, atotal of 6
bands ranging from 250-900 bp with primer Il and 4
bands ranging from 180-950 bp with primer Il were
produced respectively (Figs. 1, 2 and 3). Since more
number of unique bands were obtained by using
primer |1, therefore it was considered to be an ideal
marker for distinguishing the two populations of this
species. In addition to this, an attempt was al so made
to construct dendrograms of phylogenetic relatedness
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Table 2. Band sharing coefficient between populations A and B of Cx. quinquefasciatus (+ band present, - band absent).

SNo. Individuals analyzed

Band sharing coefficient

With primer-I

1 Ind.1 and 2 (pop. A)
2 Ind.1 (pop.A) and Ind.3 (pop.B)
3 Ind.1 (pop.A) and Ind.4 (pop.B)
4 Ind.2 (pop.A) and Ind.3 (pop.B)
5 Ind.2 (pop.A) and Ind.4 (pop.B)
6 Ind.3 and 4 (pop. A)

With primer-11

1 Ind.1 and 2 (pop. A)

2 Ind.1 (pop.A) and Ind.3 (pop.B)
3 Ind.1 (pop.A) and Ind.4 (pop.B)
4 Ind.2 (pop.A) and Ind.3 (pop.B)
5 Ind.2 (pop.A) and Ind.4 (pop.B)
6 Ind.3 and 4 (pop. A)

With primer-111

1 Ind.1 and 2 (pop. A)
2 Ind.1 (pop.A) and Ind.3 (pop.B)
3 Ind.1 (pop.A) and Ind.4 (pop.B)
4 Ind.2 (pop.A) and Ind.3 (pop.B)
5 Ind.2 (pop.A) and Ind.4 (pop.B)
6 Ind.3 and 4 (pop. A)

0.46
0.46
0.46
0.46

0.15
0.15
0.15
0.15

1
0.22
0.22
0.22
0.22

1

between these two allopatric populations of Cx.
quinquefasciatus It was observed that, with all the
three primers, theindividuals marked as number 1 and
2 of pop.A and individuals 3 and 4 of pop.B clustered
together whilethey were separated by rescaled cluster
combine value of 25 (Fig. 4). The production of these
DNA profiles were also subjected to “Nearest
Neighbour Joining (NJ) analysis” (single linkage
method) of the closely placed bands (Table 1). The
difference between the number of unique bandsin both
the popul ationswith all the three primers were examined
and primer 11 generated more number of unique bands
than other two primerstherefore, it could be considered
as an ideal sequence for population level studies. In
the present studies, the nearest neighbour analysis
was useful in selecting a specific group of amplified
fragmentswhich could be used to differentiate thetwo
populations. In addition to the use of these parameters
of genome analysis, the band sharing analysis was
also employed to find out the genetic differences
among the individuals at the population level (Table
2). Thevalue of band sharing coefficientis1 only with

both the individuals of respective populations in
accordance with their allopatric status. By following
the hierarchial clustand

band sharing coefficient analysis, it was seen that once
again primer Il was more suitable for the genomic
differentiation of the populations of this species. From
the present data set it was logical to conclude that
primer 11 was more suitable for detecting variationsin
the number of bp among different populations of Cx.
quinquefasciatuswhile primer | was more suitable for
detecting the differences at the species and generic
levels. In the light of Cx. quinquefasciatusGenome
Project WHO/UNDP/World Bank 2003) the present
studies are considered as a significant beginning for
estimating the feasibility of Culex as an ideal
experimental representative for other nonanopheline
taxa of the family Culicidae.
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