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Evaluation of the random amplified polymorphic DNA (RAPD) assay
for the detection of DNA damage in mosquito larvae treated with
plant extracts

Lalrotluanga!, N. Senthil Kumar2and G. Gurusubramanian?

1Department of Zoology, 2Department of Biotechnology, Mizoram University, Aizawl 796 004, India

ABSTRACT

The random amplified polymorphic DNA (RAPD) assay was used to assess the level of DNA damage
in various exposed and unexposed Culex quinquefasciatus larvae to acetone and chloroform extracts
of Curcuma longa and Melia azedarach at different concentrations (6.25, 12.5 and 25 ppm). This is
the first report of an analysis of genomic alterations in plant extracts-treated mosquito larvae using
RAPD-PCR fingerprinting. In comparison to the control larvae, larvae treated with the plant extracts
caused greater changes in the RAPD patterns. DNA strand breakage was more in the larvae of C.

quinquerascratus.
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INTRODUCTION

Organisms when continuously exposed to
environmental stress may result in DNA dam-
age. The explorations of random amplified
polymorphic DNA (RAPD) as genetic mark-
ers have improved the detection of DNA al-
terations after the influence of many genotox-
ins." RAPD-PCR is one of the most reliably
used techniques for detecting DNA damage as
the amplification stops at the site of the dam-

Proceedings of the “National Level Workshop on Random

Amplified Polymorphic DNA (RAPD) Markers and It’s Ap-

plications” organized on 20-21 May 2011 by the Departments

of Biotechnology & Zoology, Bioinformatics Infrastructure

Facility & State Biotech Hub, Mizoram University, in associa-

tion with MIPOGRASS, and sponsored by DBT.

For correspondence: nskmzu@gmail.com (NSK)
gurus64@yahoo.com (GG)

Phones. +91-0389-2330859 (NSK)/2331021 (GG)

age. The changes occurring in RAPD profiles
following genotoxic treatments include varia-
tion in band intensity as well as gain or loss of
bands. This has been done through the analy-
sis of band intensities and/or band gain/loss
variation between exposed and non-exposed
individuals. Indeed, the gain/loss or intensity
differences of RAPD bands may be related to
DNA damage, mutations or structural rear-
rangements induced by genotoxins, affecting
the primer sites and/or interpriming dis-
tances.’

The RAPD method has recently been ap-
plied to detect genetic instability in tumors?®
and successfully detected genomic DNA al-
terations induced by several DNA damaging
agents, such as benzopyrene*, heavy metals®
and UV radiation.® The final purpose of the
present work was to identify the possible mo-
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lecular site or gene-specific markers linked to
biopesticides. In the present study, third instar
larvae of C. quinquefasciatus Say (Culicidae)
exposed to acetone and chloroform extracts of
Curcuma longa L. (Zingiberaceae) and Melia
azedarach L. (Meliaceae) were used to screen
genome-wide DNA alterations by using
RAPD-PCR method.

MATERIALS AND METHODS
Mosquito culture

Eggs and larvae of C. quiquefasciatus were
reared in plastic and enamel trays with tap
water. They were maintained at 27+2°C and
75-85% relative humidity under 14:10 light
and dark cycles.’

Preparation of plant extracts

Acetone and chloroform extracts of C.
longa and M. azedarach at different concentra-
tions (6.25, 12.5 and 25 ppm) were prepared
by cold percolation.® Leaves were air-dried
under shade and ground into fine powder us-
ing electric blender. 50 gm of dried powder
were soaked in 300 ml of acetone and chloro-
form for 48 h with intermittent shaking. The
plant extracts were filtered through Whatman
No. 1 filter paper into conical flask. The fil-
trates were dried until a constant dry weight
of each extract was obtained. The residues
were stored at 4°C for further use. The vol-
ume of stock solution was 20 ml of 1%, ob-
tained by weighing 200 mg of the plant ex-
tract and adding 20 ml ethanol to it.

DNA extraction

DNA from mosquito larvae was extracted
by the method of Ballinger-Crabtree et al.’
with slight modification. Ethanol preserved
specimens were ground in 200 ul lysis buffer
(200 mM Tris-HCI, pH 8.0; 1% sodium dode-
cyl sulphate; 50 mM NaCl; 50 mM EDTA),

and the mixture was treated with 5 pl of pro-
teinase K (20 mg/ml) for 16 h at 37°C. The
suspension was extracted twice with equal
volume of phenol-chloroform, and DNA was
extracted by the adding 0.2 volumes of 5 M
NaCl and 2.0 volumes of ethanol at room
temperature. The mixture was incubated over-
night at -20°C and spun at 12,000 rpm for 10
min to get pellet which was resuspended in
100 pl of sterilized distilled water and stored
at 4°C. DNA concentrations were determined
by spectrophotometeric analysis.

RAPD-PCR

RAPD amplification was done with a 15 pl
PCR mix, containing 1x PCR buffer 1.5 pl,
MgCl, (1 mM) 0.6 pl, dNTP (0.2 mM) 0.3 pl,
BSA (0.533ul/ml) 0.8 ul, primers (MA-09,
MA-12 and MA-26; Table 1) 0.3 ul, 1.5 unit
of Taq (0.3 pl) and filled up with sterile deion-
ized water to the final volume. 1 ul of ex-
tracted DNA was also added in each PCR
tube. Three primers were randomly selected
for RAPD analysis. The reaction mixture was
given a short spin for thorough mixing of the
cocktail components. PCR tubes were loaded
on to a thermal cycler. The PCR involved an
initial denaturation step at 94°C for 4 mins
followed by 45 cycles with 94°C for 1 min for
DNA denaturation, annealing as mentioned
with each primer, extension at 72°C for 2
minutes and final extension at 72°C for 10
minutes were carried out.

Table 1. Random primers used for RAPD analysis.

Primer Sequence Annealing Tm
(5" to 3') °C/sec
Primer MA-09 GACGGATCAG 32
Primer MA-12 ACCGCGAAGG 34
Primer MA-26 GACGTGGTGA 32

Agarose gel electrophoresis

The amplification products were analyzed
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by electrophoresis.'® Along with the PCR am-
plified products, 100 bp DNA ladders as stan-
dard marker were subjected to electrophoresis
in 1.5% agarose gel in TAE buffer and stained
with ethidium bromide. Molecular size of the
marker was 1000, 900, 800, 700, 600, 500,
400, 300, 200 and 100 bp. The amplified pat-
tern was visualized on a UV transilluminator
and photographed. Polymorphism was evi-
denced as the presence and/or absence of
DNA fragments between the samples. The
RAPD profiles of the treated insects were
evaluated on the same 1.5% agarose gel run
for 30 min at 120 volts.

RESULTS AND DISCUSSION

The extracted DNA samples of 3™ instar C.
quinquefasciatus larvae exposed to acetone and
chloroform extracts of C. longa and M. azeda-
rach at different concentration (6.25, 12.5 and
25 ppm) were further evaluated for their DNA
changes in comparison with untreated control
larvae. Different range of DNA modifications
was observed in the treated larvae in compari-

son with untreated control. Number of bands
was increased in the M. azedarach (acetone
extracts) treatment whereas in C. longa ace-
tone and chloroform treatments the number
of bands were decreased (Table 2, Fig. 1).
Further, it was observed that DNA strand
breakage was more in the larvae of C. quinque-
fasciatus treated with plant extracts.

This is the first report of an analysis of ge-
nomic alterations in plant extracts-treated
mosquito larvae with the use of RAPD-PCR
fingerprinting. Modifications of the RAPD
patterns can be due to changes in primer bind-
ing sites, structural changes due to DNA dam-
age. The interpretation of the molecular
events responsible for differences in the
RAPD patterns is not an easy task since dif-
ferent DNA alterations can induce similar
type of changes. RAPD analysis allows a
gualitative assessment of the DNA effects and
the nature of the changes in profiles can only
be speculated unless amplicons are analyzed
with sequencing, probing etc.

RAPD assays have been shown to detect
DNA damage caused by selected plant ex-

Table 2. Primers used for RAPD amplification of plant extract treated genomic DNA from larvae of C. quinquefas-

ciatus.
. Concentration
Primer Plant extract Solvent used Total bands
(ppm)
Control 7
acetone 25 8
MA-09 Curcuma longa chloroform 6.25 6
125 2
Melia azedarach acetone 125 10
Control 6
acetone 25 5
MA-12 Curcuma longa chloroform 6.25 8
125 6
Melia azedarach acetone 125 10
Control 6
Curcuma longa acetone 25 2
MA-26 6.25 2
Curcuma longa chloroform
125 smear
Melia azedarach acetone 125 11
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Figure 1. Comparison of RAPD-PCR profiles of 3" in-
star larvae of C. quinquefasciatus control and treat-
ment regimes with acetone and chloroform extracts of
C. longa and M. azedarach. Lane on the right side is
the DNA size marker (100 bp). 1 - Primer MA-Q9; 2 -
Primer MA-12; 3 - Primer MA-26; C.| - C. longa; M.a =
M. azedarach.

tracts at different doses. The changes occur-
ring in RAPD profiles treatments include
variation in band intensity as well as gain or
loss of bands. Exposure of an organism to a
these plant extracts may result in the forma-
tion of covalently bound adducts between the
chemical or its metabolites and the DNA;
faulty repair of these adducts often results in
mutations and, sometimes, cytogenetic
changes. In addition, Jones and Kortenkamp®*
demonstrated that genomic alterations can
only be picked up by the RAPD assay if they
affect at least 2% of the cells. It was found
that RAPD polymorphism due to mosquito
larvae DNA exposed to mosquitocidal plant
extracts can be distinguished from the un-
treated mosquito larvae.
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