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Abstract

In recent years genetic engineering resulted to the production of genetically modified organism (GMO) included
many important crops. Several attempts have been focused on development of methods for detection of
genetically modified organisms (GMOs). In this study fluorescence based method for specific sequence
recognition of plant CaMV promoter in transgenic tomato was developed which was upon hybridization of
specific probe and amplified targets from transgenic tomato plants. Methylene Blue (MB) as a fluorescence
marker has been used and showed quenching effect after addition of different concentration of target ssDNA to
the solution. After optimizing of environmental conditions the results showed that decreased fluorescence was
proportional with the concentration of 3 x 1079 to 1x 107M of target ssDNA with the detection limited of 2 x 109
M.
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Introduction

Production of genetically modified organisms (GMOs)
includes introduction of recombinant DNA into the
plant genomes which expresses novel proteins
conferring the desired characteristics. (Levandi et al.,
2008). The GMOs have some advantages, such as
improved nutritional properties and resistance to
plant disease (Koziel et al., 1993; Gao et al., 2000).
Because of ethical issues and also environmental risk
and biosafety , development of these GMOs require
regulation and labeling of grains and foodstuff that
contain GMOs and testing of these products. Also
there is very strong motivation for detecting of GMOs
in order to ensure of effectiveness of genetic
engineering methods .Several screening methods
includes detecting of novel protein or new DNA has
been reported. Most of protein detection methods are
based on enzyme- linked immunosorbent assay
(ELISA) which is so complicated, labor- intensive and
expensive. Higher stability of DNA rather than
protein makes it profitable alternative analyte for
detection process. Hence most of studies have focused
on methods such as polymerase chain reaction (PCR)
(Xu et al., 2006; Brodmann et al., 2002; Huang and
Pan, 2004), microarray (Germini et al, 2004),
electrochemistry (Ahmed et al,, 2009) and optical
methods (Qiu et al., 2013).

Polymerase chain reaction (PCR) is the most
frequently used method for GMOs detection due to its
high sensitivity and stability but requirement of
professional design and intensive operations and also
its cost and time consuming still restricts its
application. So it is necessary to explore a simple
method to detect GMOs (Qiu et al ., 2013). Therefore,
new analytical methods which can handle simple and
rapid detection of GMOs are urgently needed.

Genetically molecular nanobiosensors  those
transduce the interaction of a target molecule (e.g.,
DNA) with a recognition element into a macroscopic
observable signal provide a tool capable of solving

(Lalonde et al., 2005).

One of the methods for detection of specific DNA
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sequence is based upon the DNA hybridization

between single-stranded target DNA and its
complementary single strand, which is possible
through denaturing target dsDNA before the
experiment. However, since dsDNA is the natural
structure of genome, sequence-specific recognition of
dsDNA may be used to recognize the transferred gene

into genome directly.

The majority of crop plant constructions for herbicide
or disease resistance employ a Promoter from
cauliflower mosaic virus (CaMV). Regardless of the
gene transferred, all transfers require a promoter,
which is like a motor driving production of the genes'
message. Without a promoter, the gene is inactive,
but replicated, CaMV is used because it is a powerful
motor which drives replication of the retrovirus and is

active in both angiosperms and gymnosperms.

CaMV has two Promoters 19S and 35S, of these two
the 35S promoter is most frequently used in
biotechnology because it is most powerful. The 35S
promoter is a DNA (or RNA) sequence about 400

base pairs in length.

Generally dsDNA has affinity to bind to various
aromatic compounds through different binding sites
(King and Weiss 1994). So herein, we developed a
novel fluorescent method for rapid detection of the
target DNA of genetic modified tomato based on the
formation of DNA-Methylene Blue (MB) Complex

(fluorescence probe) complex.

Materials and method

Reagents and solutions

All DNA sequences were synthesized by Shanghai
Generay Biotech Co. (Shanghai,China). They were
dissolved in a TE buffer (1 M Tris-HCI (pH 7.5) and
0.5 M EDTA) to make a 100 pM DNA stock solutions
and stored at 4°C until use. MB complex was kindly
donated by Institute of Electrochemistry, University
of Tehran, Tehran, Iran. The fluorescence emission
spectra of MB were collected from 700 nm through a
spectrofluorimeter

(Varian,Eclipse) at  room

temperature. The excitation wavelength was set at
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63onm. For the method calibration curve acquisition,
F was plotted as our method signal, where F is the
fluorescence intensity of the solution with addition of
different concentration of target DNA. Analyses were
always measured in triplicate, and the standard

deviation was plotted as the error bar.

DNA extraction

DNA was extracted from transgenic plant tissue by
using the NucleoSpin Plant II kit (Macherey-Nagel,
Duren, Germany) according to the manufacturer’s
instructions with some modifications. Amount of 100
mg of transgenic tomato leaf powder were transferred
to a sterile reaction tube followed by addition of
4o0pL of lysis buffer (PL1) and 10uL of RNase A. The
mixture was mixed thoroughly and incubated at 65 C
for 10 min. The mixture was then centrifuged at
11,000xg in a microcentrifuge for 2 min for
clarification of lysate. Three hundred microlitres of
the supernatant were transferred to a NucleoSpin
filter and centrifuged for 5 min at 11,000xg. Then,
450 uL of binding buffer (PC) solution were added
and the solution was mixed and transferred to a
NucleoSpin column to centrifuge at 11,000xg for 1
min. The column was washed three times with 400 pL
of wash buffer (PW1) and centrifuged again at
11,000xg for 1 min. Then, 50 uL of elution buffer (PE)
heated to 65 C and added to the column followed by
incubation at 65 C for 5 min. DNA was eluted by
spinning the column at 11,000xg for 1 min. After that,
the purified DNA stored at 4 C. Finally 1 % Agarose
gel electrophoresis of the DNA showed the integrity of
the extracted DNA, while spectrophotometry gave the

concentration and cleanliness.

PCR Analysis

Transgenic tomato plants contain cauliflower mosaic
virus (CaMV) 35S promoter. So specific site of
promoter gene was selected and then two primers
designed to amplify DNA target sequence in this
study. The 180 bp region of CaMV 35 S promoter was
amplified using the designed primers Back: 5°-
GCTCCTACAAATGCCATCA -3° and Forward: 5° -
GATAGTGGGATTGTGCGTCA-3". Each PCR mixture

was prepared in a final volume of 50 pl containing 50
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ng template DNA, 50 pM forward primer, 50 pM of
the corresponding back ward primer, 40pM dNTPs,
25 mM MgCl2, 1.25 U Taq DNA polymerase
(Fermentas) and 5 pl 10xPCR buffer IT (Fermentas).
Hot start PCR was performed at 95 °C for 5 min,
followed by 35 cycles of denaturation at 94 °C for 30
s, annealing at 52 °C for 45 s and elongation at 72 °C
for 1 min. The reaction was completed by a final
extension time at 72 °C for 1 min. The amplified
variable regions were purified by electrophoresis on a
1.5% agarose gel and subsequently extracted with an
AccuePrep Gel Extraction Kit (Bioneer) according to
the manufacturer’s instructions. Finally the amplified
target DNA denatured at 9o °C for 15 minutes to
obtain target ssDNA.

DNA Hybridization and fluorescence detection

The 21 bp probe and two other mismatch and non
complementary targets oligonucleotide used in this
work were synthesized according to specific sequence
of CaMV gene by Generay Biotech Co. The base
sequence is shown as follows:

5- GAACTTCCTTATATAGAGGAA-3’

5- GAACTTCGTTATATAGAGGAA-3’

5- AAGGAGATATATTCCTTCAAG-3’

Hybridization was carried out by gently stirring at
37°C. Basically, different concentration of target
oligonucleotide was added to the 200 pL of the
suspension of probe sequences in 0.01 M Tris-HCl
and 0.20 M NaCl hybridization buffer and the
mixture was incubated for 2 h by gently stirring in

order to mixed thoroughly.

To prepare the sample solutions, 300 pL of MB (at
1x10® mol/L) was added to the mixture and
incubated for another 50 min at room temperature.
The fluorescent signals of the mixture were recorded
with  fluorescence

spectrophotometer at room

temperature.

Results and discussion

Fluorescence Influence of hybridized DNA on MB
complex

The different responses in the fluorescence intensities

of MB complex after hybridization were recorded with
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three repetitive measurements. As the concentration
of target ssDNA was increased, the fluorescence of
MB complex gradually decreased (Fig. 1), which
illustrated that the amount of DNA duplex at the
sample increased through the hybridization process.
The decreased values of fluorescence intensities of
MB complex showed excellent correlation with the
logarithmic values of ssDNA target and ranged from
3 x 1079 to 1x 1077 M (inset in Fig. 1) with a regression
equation of F= 2.70+4.39x108 ¢ and a regression
coefficient (r) of 0.992 with the detection limited of 2
x 1079 M.
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Presence of phosphate groups on the single stranded
DNAs causes to dissociation of them in the solution
and is robust hinder for duplex formation. So the
presence of cations in solution could decrease this
electrostatic repulsion and facilitate the hybridization
process. So the influence of NaCl concentration on the
hybridization were studied .As seen in Fig.2 the
results showed that higher ionic strength through
increase in NaCl concentration resulted to increase in
fluorescence intensities of MB. But increase in
concentration above 0.3 M showed small decrease in
fluorescence intensities, so 0.3 M selected as an

optimum NaCl concentration.
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Fig. 1. Fluorecence spectra of 1x10# M MB in the
presence of different concentration of target DNA,
Inset: Logarithmic plot for fluorescence intensity

ratio versus target DNA.

The obtained results showed that the fluorescence
response of biosensor at a constant concentration of
MB complex decreased by increasing the dsDNA
concentration. It could be resulted from specific
interaction of MB complex with the DNA structure

which is imposed by the formed duplex.
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Fig. 2. Effects of different concentration of NaCl on

MB fluorescent intensity.

Optimization of hybridization process

Fig. 3. Effects of hybridization time on MB

fluorescence intensity.

The hybridization time as another assay condition on
the experimental results was investigated. From Fig.3
it is clearly observed that increase in hybridization
time from 10 to 40 min resulted to increase in
fluorescence intensities and after 40 min it didn’t
change and remained constant .So the hybridization

time determined in 40 min.
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Fig. 4. Histogram of the fluorescence intensities for

target DNA sequence a) uncomplimentary sequence,
b) one-base mismatched sequence and c¢) full

complementary sequence (concentration : 1x10-8 M)

Selectivity of detection method
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The recognition of uncomplimentary and even single

base mismatch is an important characteristic for a
DNA Dbiosensor. As it showed in Fig.4 the
hybridization process of the DNA biosensor with
complementary target, one base mismatch and
uncomplimentary targets was investigated. It was
found that there was no significant fluorescence
decrease for uncomplimentary target while one base
mismatch target showed a weak fluorescence
quenching. This proved that when the hybridization
process failed due to presence of uncomplimentary
sequences there is no any interaction between MB
complex and DNA resulted to lowest fluorescence
intensity. Regarding to this assumption that full
complementary dsDNA can bind to more MB complex

it results to give the largest response than ssDNA.
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