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ABSTRACT: The constant presence of genetically modified (GM) soybean in conventional seed lots has
become a growing problem for international seed trade. In this context, seed companies have prompted the development of
routine tests for accurate genetically modified soybean seeds detection. In this study, a quantitative PCR-based method
was standardized in order to detect and quantify mixtures of seeds (i.e. certified seed) or GM grains (i.e. seeds came from
field) into samples of non-GM soybean, in a way that soybean lots can be assessed within the standards established by
legislation. The method involved the use of p35S-f2/petu-rl primers targeting CP-4 enolpyruvylshikimate-3-phosphate
synthase (cp4-epsps) gene (i.e. that confers herbicide tolerance in Roundup Ready™ (RR)) for real-time PCR detection
and quantification through mericon Quant GMO Detection Assay. The results revealed the method efficiency to detect and
quantify the presence of even one soybean seed in batch used for routine evaluation of GM seeds. In addition, it was
possible to detect of up to 0.1% of transgenic DNA relative to the soybean grains content. Thus, the sensitive GMO
quantitative approach described in this study will provide support in supervising activities, and facilitate the process and

control of GM soybean.
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INTRODUCTION

Concerns about the intrinsic and extrinsic
quality attributes in foods have been intensified due
to the entry of genetically modified crops in the
global consumer market (SIEW-PING et al., 2011).
Many of the current debates on agricultural
biotechnology have focused on the potential risks of
genetically modified (GM) crops for human health.
Some of the health risks pertinent to unapproved
genetically modified food and concerned consumers
include  antibiotic  resistance,  allergenicity,
nutritional changes and the formation of toxins
(MAGHARI; ARDEKANTI, 2011).

Thus, large soybean importing countries
have internally reached an agreement to satisfy the
demands of the consumers. Among these demands
is the introduction of mandatory labeling of
products containing levels of genetically modified
organisms above the allowed limits, without thereby
restricting imports of soybean complex (VILJOEN
et al., 2006). For instance, the labeling thresholds
are defined as 0.9% in the European Union

(EUROPEAN COMMISSION, 2003), 1% in Brazil
(DE MIRANDA et al., 2005), 3% in South Korea
(Notification No.2000-31, 2000), and 5% in Japan
(MATSUOKA, 1999).

To fulfill labeling requirements, several
analytical methods have been used to detect
genetically modified crops. Divided in protein-based
assays, e.g., ELISA test, provide only quality results
about specific proteins contained in the genetically
modified material, and DNA-based methodologies,
which can be divided into qualitative (conventional
PCR) or quantitative (real time PCR) analyses
(MAGHART, ARDEKANI, 2011). The
establishment of an adequate, safe and economical
method for  detection, identification and
quantification of GM seeds in conventional batch
remains a challenge. Recognizing the importance of
new markets and genetically modified products,
seed technology must ensure the genetic purity of
new biotechnology products, in order to avoid legal
proceedings due to incorrect identification of
varieties. In this context, the objective of this study
was to apply a quantitative PCR-based method for
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detecting and quantifying mixtures of seeds or GM
grains into samples of non-GM soybean, in a way
that soybean lots can be assessed within the
standards established by legislation.

MATERIAL AND METHODS

Sample material and contamination experiment

Samples of GM and conventional soybean
seeds (i.e. certified seed) and grains (i.e. seeds came
from field) were used in this study. The cultivar
used in this research were GM soybean (P98Y30
RR) with the Certified Reference GM-soybean
materials were acquired at Pioneer Hi-Bread
International, Inc. (USA), while the Certified
Reference pure soybean (cv. BRS1010 IPRO)
materials (non-GM) were provided by the
Department of Agriculture and Supply of Parana
State, Brazil. The sampling procedure was
performed in the Laboratory of Products
Classification of Parand (CLASPAR, Curitiba,
Brazil) in accordance with the standards established
by the International Seed Testing Association
(PINTO et al.,, 2011). The experimental samples
were prepared in order to detect contamination of
GM seeds within non-GM soybean seed lots.
Portions of 500 g of non-GM soybean seed were
individually contaminated with 2, 3, 5, 6, 9, 10, 15
and 20 units of GM soybean seeds. The same
procedure was applied for soybean grains, except
using portions of 100 g of non-GM soybean and
contamination levels of 1, 2, 3, 5, 10, 11, 13 and 14
units of GM soybean grains. Each contamination
procedure was carried out in triplicate.

DNA extraction

The samples were transported for the
Laboratory of Biotechnological Processes, at
Federal University of Parand, Curitiba, Brazil, for
further analysis. Genomic DNA was isolated of each
contamination experiment using the Cetyl
trimethylammonium bromide (CTAB) method
(GREINER; KONIETZNY, 2008; Pinto et al.,
2011). The integrity and concentration of the
extracted DNA was measured by electrophoresis
and spectrophotometer absorbance at 260 and 280
nm wavelength, respectively.

Qualitative PCR detection of lectin and GM gene
sequences

The primers GMO3 (5-
GCCCTCTACTCCACCCCCATCC-3") and GMO4
(5-GCCCATCTGCAAGCCTTTTTGTG-3") were
used as control to amplify endogenous lectin gene of
soybean according with method described by
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Greiner & Konietzy (2008). The primers p35S-f2
(5-TGATGTGATATCTCCACTGACG-3") and
petu-rl  (5-TGTATCCCTTGAGCCATGTTG-3")
targeting CP-4 5-enolpyruvylshikimate-3-phosphate
synthase (cp4-epsps) gene that confers herbicide
tolerance gene in RR soybean (SIEW-PING et al.,
2011) were used for the detection of GM soybean.

The PCR was performed using Veriti
Thermal Cycler (Applied Biosystems) in a total
reaction mixture volume of 10 pL, containing: 1x
PCR buffer, 1.5 mM MgCl, 0.2 mM dNTPs, 1.5
unit of Tag DNA polymerase, 3 pL. of DNA extract
and 0.5 uM of GMO3/GMO4 (lectin gene reaction)
or 0.8 uM of p35S-f2/petu-rl (RR soybean gene
reaction). For GMO3/GMO4 primers amplification,
the following cycle program was used: denaturation
at 95°C for 5 min followed by 35 cycles of 95°C for
30 s, 61°C for 30 s, and 72 °C for 1 min; final
extension at 72°C for 3 min. The cycle program for
primers p35S-f2/petu-rl was: denaturation at 95°C
for 5 min, followed by 35 cycles of 95°C for 30 s,
61°C for 30 s and 72°C for 30 s; final extension at
72°C for 3 min. The PCR products were separated
by electrophoresis at 80V for 50 min in a 1.5%
agarose gel, 1X TBE buffer and stained with
ethidium bromide. The PCR products were
visualized in a UV-trans illuminator and the images
photographed with a digital camera (Loccus
biotecnologia L.PIX System).

Real-time PCR

The real-time PCR for quantitative detection
of GM content and control lectin gene was carried
out in a 7500 Fast Real-Time PCR System (Applied
Biosystems) using Mericon Quant GMO Detection
Assays kit (Qiagen). A volume of 4.8 upL of
prepared samples, positive and negative controls, as
well as the provided standards dilutions were added
to the reagents according to manufacturer’s
instructions. PCR amplification were carried out
with an initial denaturation for 5 min at 95°C,
followed by 45 cycles of 95T for 15 s, 60 C for 30 s
and 72°C for 10 s. The results of the amplification
curve and threshold cycle values (Ct) were analyzed
using 7500 Software Version 2.05 (Applied
Biosystems).

The threshold cycle number (CT) was used
for quantification of GMO in lots of soybean seeds
and grains, using the ddCT method (i.e. the
algorithm for the analysis of quantitative real-time
PCR (qRT-PCR)). The mean of CT from prepared
samples was compared to the standard curve Ct
means. All reactions were performed in duplicate
and no template controls were included in each run.
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The results are expressed in percentage by
comparing the samples with the standard.

RESULTS AND DISCUSSION

DNA extraction and qualitative PCR

In this study, the CTAB method was
efficient for extracting DNA from soybean seed and
grain varieties, with good quality and appropriate
quantity as demonstrated in Table 1. An important
point concerning PCR analysis is the presence of

Table 1. Results of the isolated DNA in soybean seeds and grains (cv. P98Y30 RR (GM = genetically
modified) and cv. BRS1010 IPRO (non-GM = non-genetically modified)) and qualitative PCR with
each primer pair evaluated, being (GMO3/GMOA4) for lectin gene used as endogenous reference gene
(i.e. to confirm the presence of soybean residues in the samples) and (p35s-f2/petu-rl) for cp4 epsps
gene that confers herbicide tolerance in Roundup Ready™ (RR). SS = Soybean certified seeds and Cc
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PCR inhibitors in the amplification reactions, which
could lead to false-negative results (MAFRA et al.,
2008). Thus, it becomes crucial to standardize
protocols for the extraction of DNA from food
samples to avoid PCR inhibitors due to DNA
extraction inadequate. The CTAB is a widely used
method of DNA extraction and described in the
official methods for the detection of GM foods of
the German Food Act LMBG §35 (Greiner et al.,

2005).

= Soybean grains (i.e. seeds came from field).

Absorbance (nm)

Primers pairs and amplified product (bp)

260 280 [DNA] (ng/ul)) Sample  Designation GMO3/GMO4 p35s-f2/petu-rl
0.067 0.039 167.5 C+ GM + (118) +(172)
0.032 0.027 80 C- Non-GM + (118) -(172)
0.032 0.016 80 SS2 GM + (118) +(172)
0.094 0.061 235 SS3 GM + (118) + (172)
0.064 0.044 160 SS5 GM + (118) +(172)
0.098 0.062 245 SS6 GM + (118) + (172)
0.062 0.04 155 SS9 GM + (118) +(172)
0.024 0.004 60 SS10 GM +(118) + (172)
0.072 0.04 180 SS15 GM + (118) +(172)
0.027 0.018 67.5 SS20 GM +(118) + (172)
0.009 0.005 22.5 Ccl GM + (118) +(172)
0.010 0.004 25 Cc2 GM +(118) + (172)
0.018 0.006 45 Cc3 GM +(118) + (172)
0.018 0.022 45 Cc5 GM + (118) +(172)
0.054 0.059 135 Ccl0 GM + (118) + (172)
0.076 0.044 190 Ccll GM + (118) +(172)
0.015 0.019 37.5 Ccl3 GM +(118) + (172)
0.012 0.005 30 Ccl4 GM + (118) +(172)

In the qualitative PCR assay, the use of
GMO3/GMO4 primers produced a fragment
expected of 118 bp from the lectin gene in all
analyzed samples (GREINER; KONIETZY 2008).
A method for detection of specific species, such as
the soybean lectin gene, is necessary to discriminate
between negative and positive results due to
inhibition in the amplification. In addition to control
PCR, specific detection with the primers p35s-
f2/petu-rl yielded a fragment of 172 bp
complementary to the Cp4 5-
enolpyruvylshikimate-3-phosphate synthase (cp4-

epsps) gene that confers herbicide tolerance gene in
RR soybean (PINTO et al., 2011). The specificity of
this reaction was verified in our study as no
amplification product was obtained in parallel

experiments using wild-type soybean.
A contamination dilution series

detection of transgenic soybean.
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Real-time PCR

A quantitative PCR-based method was
applied in order to control maximum limits for GM
in lots of soybean grains and seeds. The detection of
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lectin gene (control reaction) gave an average Ct
value of 23.00 cycles for seeds (R? = 0.992) (Table
2) and 24.00 cycles for grains (R2 = 0.999) (Table

3).

Table 2. Threshold cycle values (Ct) and copy number of lectin and cp-4 epsps genes from soybean certified
seeds (SS). C+ = positive control and C- = negative control.

Mericon Assay

samples Lectin cp-4 epsps
Ct Copy number Ct Copy number

STD' 1 21.589 81.920 28.721 10.420

STD 2 24.565 10.420 31.008 1280

STD 3 27.22 1280 33.727 160

STD 4 30.64 160 37.949 20

C+ 25.242 3,082.271 36.034  25.813

C- _ _ _ _

SS2? 25.389 2,090.444 36.314  1.50

SS3 25.027 3,073.221 35.5 2.17

SS5 24.052 4,683.718 35.364 464

SS6 22.907 4,806.966 35221 544

SS9 22.202 5,948.167 34901 5,444

SS10 22.187 10,161.592 33.793 15,311

SS15 21.33  25,345.625 33.585 119,285

SS20 21.138 67,879.562 32.063 567,975

! Sample with concentration or with copy number known and these samples were used to build a standard curve. > The number after the
SS means the number of GM seeds intentionally contaminated in a batch of 500 g of non-GM seeds.

Table 3. Threshold cycle values (Ct) and copy number of lectin and cp-4 epsps genes from soybean grains
(Cc). C+ = positive control and C- = negative control.

Mericon Assay

Samples Lectin cp-4 epsps
Ct Copy number Ct Copy number

STD' 1 2293  81.920 28.733  10.420

STD 2 25.816 10.420 31.737 1280

STD 3 28.897 1280 34.564 160

STD 4 32.034 160 37.888 20

C+ 26.427 3,207.507 37.907 25.813

C- _ _ _ _

Cc 1’ 27.572  2,090.444 40 32.65

Cc2 27.092 3,073.221 40 51.19

Cc3 26.702 4,683.718 38.816  65.051

Ce5 26.461 4,806.966 37.227 75810

Cc 10 26.136 10,161.592 36.725 233918

Cec 11 25.294 10,345.625 30.934  468.491

Cc 13 21.087 120,345.625 30.712  993.081

Cc 14 20.488 159,835.344 28.389  1,430.225

! Sample with concentration or with copy number known and these samples were used to build a standard curve. > The number after the
Cc means the number of GM grains intentionally contaminated in a batch of 100 g of non-GM grains.
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For cp-4 epsps gene amplification, that
correlated with the amount of GM content present in
each lot, the Ct value was 34.00 cycles for seeds (R*
= 0.952) (Table 2) and 34.00 cycles for grain (R*=
0.965) (Table 3). For all reactions, PCR efficiency
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seeds and grains. These results are similar to those
observed by Siew-Ping et al. (2011) in quantifying
cp-4 epsps soybean gene in others food matrixes.
Table 4 shows the quantification results of
the transgenic DNA gene content in each soybean

over 98% was observed which indicates the
suitability of this method for
detection/quantification of GMO in lots of soybean

lot intentionally contaminated with GM seeds and
grains.

Table 4. Quantitative analysis of the Roundup Ready™™ soybean certified seeds (SS) and grains (Cc). % GM =
Percentage of detected genetically modified material and C+ = positive control.

Sample % GM % GM
Soybean Soybean

seed grain

C+ 0.99 C+ 0.99
Ss2! 0.007 Cc1 0.1
SS3 0.007 Cc2 0.1
SS5 0.009 Cc3 1.3
SS6 0.01 Cc5 1.5
SS9 0.09 Cc 10 23
SS10 0.2 Cc 11 4.5
SS15 0.5 Cc 13 8.2
SS20 0.8 Cc 14 8.9

' The number after the SS means the number of GM seeds intentionally contaminated in a batch of 500 g of non-GM seeds.

The good linearity between transgenic DNA
quantities and fluorescence values (Ct) confirm that
the assay is well suited to quantitative
measurements. In relation to seed evaluation, the
quantitative PCR assay enabled the detection of
even one soybean grain or seed in batch used for
routine evaluation of GM soybean, providing a
rigorous process in detecting GMO soybean seeds.
For soybean grains mensuration, the method was
able to detect the presence of up to 0.1% of
transgenic DNA. The threshold of 0.1% will be
suitable for practical detection of GM soybean grain
materials.

This study gave an insight of the occurrence
of different levels of transgenic DNA as an

alternative way for tracing GMO in lots of seeds and
grains. In relation to seeds, the method enables the
detection of even one soybean seed in batch used for
routine evaluation of GM soybean. Thus, the
sensitive GMO quantitative approach described in
this study will provide support in supervisory
activities, facilitating the process and control of GM
soybean.
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RESUMO: A constante presenga da soja geneticamente modificada (GM) em lotes de sementes convencionais
tém se tornado um grande problema para o comércio internacional de sementes. Neste contexto, as empresas de sementes
estdo em busca de testes de rotina extremamente precisos para a detec¢do de sementes de soja geneticamente modificadas.
Neste estudo, um método baseado em PCR quantitativo foi padronizado para detectar e quantificar misturas de sementes
(i.e. sementes certificadas) ou grdos geneticamente modificados (i.e. sementes oriundas do campo) dentro de lotes de soja
ndo transgénica, de um modo que os lotes de soja possam ser avaliados dentro dos pardmetros estabelecidos pela
legislagdo. O método envolveu o uso dos iniciadores p35S-f2/petu-rl alvejando o gene CP-4 5-enolpiruvil-shikimato-3-
fosfato sintase (cp4-epsps) (i.e. que confere a tolerdncia ao herbicida Roundup Ready® (RR)) para deteccio e quantificagdo
em PCR de tempo real via Ensaio de deteccdo Mericon Quant GMO. Os resultados revelaram um método eficiente para
detectar e quantificar a presenca de até mesmo uma lnica semente de soja no lote usado para a avaliagdo de rotina de
sementes geneticamente modificadas. Adicionalmente, foi possivel detectar até 0,1% de DNA transgénico relativo ao
conteddo de graos de soja. Dessa forma, uma abordagem quantitativa sensivel a soja geneticamente modificada foi descrita
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nesse estudo e poderd fornecer suporte em atividades de supervisdo, além de facilitar o processo de controle da soja
geneticamente modificada.

PALAVRAS-CHAVE: Soja Roundup Ready®. Planta geneticamente modificada. PCR em tempo real. Glycine
max. Gene cp4-epsps.
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