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INTRODUCTION

The negative effects caused to plants by insects and
environment has led to the development of hew genomic
strategies to create and characterize the genetic diversity
in plants (Roessner et al., 2001; Stein et al., 2009). This
diversity is achieved commonly by the insertion of a
recombinant piece of DNA into the genome of the
organism. This diversity is gotten commonly through the
insertion of a recombinant piece of DNA into the
organism’s genome (Nesvold et al., 2005). Commonly,
soybean, cotton and maize are genetic modified with
different aims such as herbicide tolerance or insect
protection (Phipps et al., 2003; Calsamiglia et al., 2007).
In this case, the genes bar, pat and cry3A/35/Abl are
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used to confer tolerance and protect against both root-
worm and herbicides that contain glufosinate-ammonium
(Thompson et al., 1987; Toyama et al., 2003; Bae et al.,
2008; Stein et al, 2009). These genes are some of the
most common transgenic sequences used.

In spite of the great agricultural advantages of the
transgenic crops, they are not accepted in some countries
because of the suspicion of the consumer as result of the
allergic reactions observed with some transgenic crops,
and the lack of worldwide regulations to these crops. The
negative side effects to the environment by the massive
farming of transgenic crops, for example loss of genetic
diversity and the creation of higher adapting weeds, as
documented in rye grass (Lolium perenne L.) populat-
ions, Quack grass (Agropyron repens), birdsfoot trefoil
(Lotus corniculatus) and species of Cirsium that are
transgenic crops become weeds (Holt, 1993) and the
migration of transgenic genes to their wild relatives and less



likely the migration of transgenic genes to other unrelated
organisms by horizontal transference (Goldburg, 1992).
Also, the contamination of food with transgenic residues
has persuaded different countries to restrict the importat-
ion of food made with transgenic plants or labeling the
food or the ingredients as from transgenic crops (Sasson,
2001). Moreover, prior reports have mentioned that
transgenic DNA could be transferred and accumulated in
different animal products (Klotz et al., 1999, Reuter and
Aulrich, 2003; Calsamiglia et al., 2007). Chowdhury et al.
(2003) detected transgenic traits by either PCR or ELISA
of crylab in the gastrointestinal contents. However,
Phipps et al. (2005) mentioned that the transgenes and
its products have been not detected in the final product.
These authors analyzed several samples of milk by both
PCR and Enzyme-Linked Immuno-Sorbent Assay
(ELISA) and they did not detect transgenes.

Then, it is necessary before releasing the transgenic, to
evaluate the effects of the transgenic genes and the
genetically modified organisms (GMO) on health and
environment. But it has been noticed that release of
transgenic either hostile intention or escapes from experi-
ments without public notice. Despite the controversy that
exist in Mexico there is little legislation about this topic.
To help competent authorities and others responsible for
food and environmental safety, it is urgent to provide
suitable analytical tools for discovering Unknown GMOs
(Nesvold et al., 2005).

The analytical Tools for detection of GMO’S are gener-
ally divided into two methodologies. One methodology is
to detect the protein products and the other is based on
detection of the genes that have been introduced into the
plant. This methodology is commonly performed using
PCR (Spinegelhalter et al., 2001). Most PCR protocols
for GMO detection involve reactions for amplification of
only one segment (Gachet et al., 1999), though the multi-
plex PCR has been developed for amplifying two or more
sequences simultaneously in the same reaction (Edwards
and Gibbs, 1995). To perform multiplex-PCR, it is neces-
sary that mixed reagents and thermo-cycler program be
adequate to allow detection of each sequence which do
not inhibit detection of other sequences. In this case,
some parameters such as magnesium and primers
concentration, as well as type and amount of DNA
polymerase must be adjusted experimentally (Méndez-
Alvarez and Pérez-Roth, 2004). The objective of this
work was the optimization of a multiplex PCR for the
detection of three of the most common transgenic events
in soybean, maize and cotton plants.

MATERIALS AND METHODS
Vegetal material

Seventy-two grain samples were analyzed, 29 were of maize, 22 of
soybean, and 21 of cotton. The grains samples were taken
randomly during the year 2005 at Nuevo Laredo, Tamaulipas,
Mexico. These lots were obtained from grain imports from different
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Countries. At least 300 seeds of each sample were planted and
seeded in a container with sterile soil. After that, they were watered
every two days with sterile distilled water. These containers were
placed under greenhouse conditions during three weeks; during this
period the plants grew approximately 10 to 15 cm. At this point,
tissue was collected from each single plant leaf for each sample. In
some cases because of technical problems some samples were
germinated in an incubator, placing the seed (previously disinfected
with a chlorine solution to 3%) in paper towels watered with sterile
distilled water, after that, they were placed in an incubator at 25C.
Seedlings were obtained 6 days later, only from these seedlings;
leaf tissue was collected.

DNA isolation

The DNA isolation was performed using the method reported by
Graham et al. (1995), which is explained briefly as follows: 0.1 g of
vegetable material was frozen in liquid nitrogen. Samples were
ground to fine powder, which was transferred to an Eppendorff tube
and 1 ml of buffer CTAB (57.1 ml NaCl 5 M (SIGMA-ALDRICH St
Louis MO, the USA), 10.2 ml Tris-HCI 2 M (SIGMA-ALDRICH St
Louis MO, the USA) pH =8.0, 8.2 ml EDTA 0.5 M (SIGMA-
ALDRICH St Louis MO, the USA), 4.1 g CTAB in 124.5 ml of
distilled water) and 20 pl of bovine serum albumin 20% (SIGMA-
ALDRICH St Louis MO, the USA) to 20% were added to the tube.

The tubes were vortexed and placed in water bath for 20 min at
55<C. Immediately, the tubes were centrifuged at 125 00 rpm during
10 min. Later the superior phase was transferred to a new tube and
an equal volume to the chloroform: isoamilic alcohol (24: 1)
(SIGMA-ALDRICH St Louis MO, the USA) mixture was added. The
tubes were mixed by gentle inversions during 2 min. A new
centrifugation was carried out to 12,500 rpm for 10 min. The liquid
phase was transferred to a new tube. Later 50 pl of ammonium
acetate 7.5 M (SIGMA-ALDRICH St Louis MO, the USA) and 800 pl
of cold ethanol (SIGMA-ALDRICH St Louis MO, the USA) were
added to 96%. After that, the tubes were mixed by gentle inversions
and were placed in a freezer for about one hour to -20C . After this
time the tubes were removed from the freezer and were centrifuged
to 12,500 rpm for about 5 min. The supernatant was discarded and
the DNA paste was washed with alcohol to 70% twice, mixing by
gentle inversions. The DNA pastes were suspended in 80 pl of
NaOH 8 mM (SIGMA-ALDRICH St Louis MO, the USA). The
microtubes were stored in a refrigerator at 4C. In order t o verify the
integrity of the extracted DNA an agarose (1.5%) gel
electrophoresis was performed.

Primer design

The primers for three transgenic events (als, crylAb and epsps)
were selected from literature (Tables 1 and 2). Once primers were
theoretically verified about high G-C frequency at their ends, in
addition primers were checked for no homology with itself or with
other primers, annealing temperature according to Wallace's
equation (Wallace et al., 1979); primer length for high hybridization
was verified to guarantee a good primer design (Sharrocks, 1994).
Theoretical estimated parameters were verified using the software
Oligo Analyzer version 3.0
(http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/).

Optimization of the multiplex PCR technique

The software FastPCR ® was used to test the primers employed to
perform single PCR reactions. This software was used to determine
interactions among, and if these primers can be used in a multiplex
PCR reaction. The single and double PCR reaction were carried out
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Table 1. Target gene, primer sequence, band size and annealing temperature using for transgenic event detection.

. Band size Annealing temperature
Gene sequence Primer sequence o Reference
(bp) (°C)

als F-5 ,-gggttacgcacgcgccaccgg-? 397 64 (11)
R-5-ggctgatcccagtcaggtatc-3

cry 1Ab F-5 ’-accatcaacagccgctacaacgacc-?,’ 184 62 @
R-5'-tggggaacaggctcacgatgtccag-3

epsps F-5'-tggcgcccaaagcttgcatgge-3 356 62 (13)

R-5-ccccaagttcctaaatcttcaagt-3’

Table 2. Primer combinations that should be avoided when using the Multiplex-PCR proposed in this study.

Event  Primers Event Primers

epsps F-5'-tggcgcccaaagcttgcatgge-3°  cry 3A F-5'-acatgcatgcattaactagaaagtaaagaagtag-3’
R-5'-ccccaagttcctaaatcticaagt-3’ R-5-acatgcatgcaagcttacagagaaatacacgaggg-3’

epsps F-5'-tggcgcccaaagcttgcatgge-3'  cryl11A F-5’-acatgcatgcagtcatgttagcacaagagga-3’
R-5'-ccccaagttcctaaatcttcaagt-3’ R-5'-acatgcatgctttaggtctttaaaaattaga-3’

epsps F-5'-tggcgcccaaagcettgcatgge-3°  ACCasa  F-5'-taggactggtaccgtaaagcagagtaacacaaggtcag-3’

R-5'-ccccaagttcctaaatcttcaagt-3'

R-5-taggactctcgagagtctttcggaacctcacaccataagg-3’

in an entire volume of 30 pl and in the case of the triple PCR
reaction 34 pl were used as entire volume. The PCR cocktail was
composed as follow; 2.5 yl of Buffer 10x (Invitrogen, Carlsbad Ca. It
uses), 2 yl of MgCl; (Invitrogen, Carlsbad Ca). Eight different MgCl,
concentrations were tested (0.41, 0.83, 1.25 and 1.6 mM for double
PCR reactions and 3.37, 0.73, 1.10, and 1.47 mM for the triple
PCR), 2.5 pl of dNTPs (10 pM)(Invitrogen, Carlsbad Ca). It uses
(0.83 pl of dNTPs in the double PCR and 0.73 pl in the triple PCR
reaction), 0.2 pl of Taq Platimun (Bioline, London UK) (5 U/ pl) and
14.8 pl of distilled water deionized sterile, 2 pl of the forward primer
10 pM and 2 pl of the reverse primer 10 pM, and finally 2 pl of
sample of DNA (Vineyards, 2004). The PCR was performed under
the following conditions, 35 cycles of 3 steps each one, a
denaturalization step to 94C for a minute, an annealing step to
62°C for a minute, and an elongation step to 72€C fo r a minute.
During the amplification process, a thermocycler Thermal cycler
model Px2 (Thermo Electron Corporation, Milford, MA.) was used.
Amplified bands were visualized performing an agarose (1.5%) gel
electrophoresis. Size of amplified band was determined using as
reference the molecular markers 50 bp and 100 bp DNA molecular
ladder (Invitrogen Carlsbad Ca. USA). Also the amplified bands
were sequenced to corroborate the identity of the transgenic
amplified events.

RESULTS

Determination of transgenic residues in imported
corn, soybean and cotton samples

The samples were considered to be genetically modified
if at least one of the genes als, crylAb and epsps were

amplified by PCR. Hundred percent of the corn, soybean
and cotton analyzed contained at least one transgene.
This result suggests that the grains and plants imported
to Mexico are only GMO. Moreover, in Mexico there is no
control and the non-transgenic and transgenic grains and
probably those plants are being all mixed up during
harvesting, transporting and storing.

The combinations of two pairs of primers to carry out
double PCR reactions were used to amplify both genes
crylAb and als, the amplicons showed a size of 184 and
397 bp, respectively (Figure 1). Then MgCl, concentrat-
ion was estimated and established within 1.6 mM. This
MgClI, concentration is almost the double of the amount
recommended for single PCR (Williams, 1989). Optimal
concentration of MgCl, is very important for the PCR
reaction, because it gives a specific amplification and
reduction of the number amplified products (Henegariu et
al., 1997; Ellsworth et al., 1993).

The reaction with three pairs of primers was performed
in order to amplify the crylab, epsps and als genes.
Previously, the optimal annealing temperature for triple
PCR was determined by using temperature gradients.
The results indicated that the optimal annealing tempera-
ture for the three pair of primers tested was 63.3°C. Also
MgCl, concentration was optimized, in this case four
different concentrations (0.37, 0.73, 1.10 and 1.47 mM)
were tested. The optimal MgCl, concentration was 1.47
mM (Figure 2). Finally, of the 132 samples analyzed, 37
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Figure 1. Multiplex PCR (two events) A, B and C are maize samples, D, E, F, G and H are
soybean samples. M: Molecular Marker Invitrogen DNA 100 bp ladder. A, B and E amplification
of transgenic events cry 1Ab (184 bp) and als (397 bp).

Figure 2. Multiplex PCR (three events) A, B, C and D are maize samples, E, F, G and H soybean sample.
M Molecular Marker Invitrogen DNA 100 bp ladder. C, D, E, F and H amplification of transgenic events cry
1Ab (184 bp), epsps (356 bp) and als (397 bp).

have been modified with the epsps gene, 17 with the als
gene and 27 with the crylAb/ac gene
(http://www.agbios.com/dbase.php).

DISCUSSION

In this work we amplified three different transgenic gene
sequences by PCR in plants from different imported grain

(maize, soybean and cotton) lots to Mexico. Previously,
Phipps et al. (2003) confirmed by PCR the presence of
the crylab (203 bp) in soybean and corn, while,
Chowdhury et al. (2003) identified fragments of crylab
(110 and 437 bp, respectively) in the gastrointestinal
contents of pigs. However, Nair et al. (2002) reported that
no detected fragment of cp4 epsps gene neither Northern
blot nor Real Time (RT)-PCR but they detected this gene
by western blot.
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Despite methods based on PCR technology
implemented to GMO detection, difficulties still exist to
analyze several targets simultaneously (Rudi et al., 2003;
Palaudelmas et al., 2008). In the present study three
different set of primers were used in order to search
transgenes in the sample described above. Prior to this,
some protocols have been reported to perform multiplex
PCR for GMO detection. Moreover, Rudi et al. (2003)
mentioned that the developments of multiplex PCR are
generally limited by the complexity of the amplification
reaction, and the possible primer dimer formation.
Another controversy with multiplex PCR is the amount of
the DNA used; in this work the DNA concentration
employed was 100 ng and amplicons were obtained
(Figure 1 and 2), but we were not able to quantify the
products of PCR. Earlier, Permingeat et al. (2002)
reported the amplification by PCR-multiplex of two
different transgenes (crylAb and pat) from 4 different
lines of genetically modified maize. Additionally, Rudi et
al. (2003) developed a quantitative multiplex DNA array
based PCR method, and used 10-50 pg of ADN as
template. In accordance with prior reports, the probes
such as TagMan or Cyber Green could help to increase
the specificity and let us quantify the product of PCR,
however, that is an expensive technology and lot of
countries need to develop cheap technologies. The
multiplex PCR showed in this paper can help developed
countries save more money.

Conclusion

The optimization of a multiplex PCR for the simultaneous
detection of 3 of the most common transgenic events
(epsps, cry 1Ab and als) in modified genetically crops
was obtained, amplifying bands of 356, 184, and 397 bp
from each gene respectively. The optimized parameters
were the MgCl, concentration and annealing
temperature; which obtained the clearest and neatest
amplified band with an MgCl, concentration of 1.47 mM,
and an annealing temperature of 63.3C. This multip lex
PCR procedure may be extended for simultaneous
detection of more than three transgenic events only
avoiding the primer combination established in the Table
2.
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