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Abbreviations: CONABIA: Argentinean National Advisory Committee on Agricultural Biosafety

CRY:: Bacillus thuringensis d endotoxine

EPSPS: 5-enolpyruvylshikimate-3 phosphate synthase
EU: European Union

GM: genetically modified

GMO: genetically modified organisms

IC: inhibitors' control

ISO: International Organisation for Standardisation
IVR, maize invertase

JRC: Joint Research Centre

LE: soybean lectine

PCR Polymerase Chain Reaction

Ta: temperature of annealing

RR soybean: Round Ready Soybean

Bt maize: Bacillus thuringiensis maize

The aim of this study was to analyze quantitatively the
presence of genetically modified organism in food with
different composition and degree of processing. Total
DNA was extracted by Dellaporta's method and GMO
analysis was performed using two consecutives PCR
reactions with specie specific primers (IVR and LE),
screening primers (35S) and transgen specific primers
(CRY and EPSPS). The quantification within the
sensitivity establish by the EU was possible only in some
foods (ice-cream, flours, soybean isolates and
concentrates, starch). Samples with high lipid content or
subjected to intense thermal treatments (such as some
snacks, mayonnaise, creamy soup) could not be
amplified mainly due to the presence of PCR inhibitors.
Therefore the method was adequate for identification of
food as GM, within the limits establish by EU, only for
some Argentine an commercial food products. These
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findings showed that the develop method was
satisfactory only for simple food that were not subject to
intense thermal treatments and that do not have high
lipid content and that the main limitation of the method
is DNA purity.

During the last nine years genetically modified plant's
growing area has increased in an exponential way (James,
2004). In Argentina, only eight crops (one soybean, five
maizes and two cottons) carrying genes that confer
tolerance to glyphosate or amonniun glufosinate or
resistance to lepidoptera have been approved for
commercialization (CONABIA). Although in our country
labeling of GM food is not required; several countries have
established threshold levels for the unintentional mixing of
GMOs with food products, therefore exported foods and
ingredients should fulfill these regulations. In this regard,
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Table 1. Primers used in PCR.

Primer 5" to 3" Sequence

IVR1 5-CCGCTGTATCACAAGGGCTGGTACC-3’
IVR2 5-GGAGCCCGTGTAGAGCATGACGATC-3’

LE1 5"-AAGCAACCAAACATGATCCTC-3’

LE2 @ 5-ATGGATCTGATAGAATTGACGTTA-3’

35S8-1 5-GCTCCTACAAATGCCATCA-3’

35S8-2 5-GATAGTGGGATTGTGCGTCA-3’
GMo7 5-ATCCCACTATCCTTCGCAAGA-3’
GMos8 5-TGGGGTTTATGGAAATTGGAA-3’

CRY1 |5"-ACCATCAACAGCCGCTACAACGACC-3’
CRY2 5"-TGGGGAACAGGCTCACGATGTCCAG-3’

the EU has very restrictive requirements; the Regulation
(EC) No. 1830/2003 concerning to the traceability and
labeling of GMO in food and feed products is in force
(European Council, 2003) and establish the mandatory
labeling of food and feed derived of GMO independent of
the detection of DNA or protein and only allows an
intentional contamination up to 0.9% for GMO approved or
0,5% for events not approved but with positive biosafety
decision (Miraglia et al. 2004). In addition, since January
2005 the Regulation 178/2002 (European Commission,
2002), is in vigour and impose the traceability of each
component or product along the complete food chain. To be
able to fulfill these exigencies, methods to identify and
quantify GMO in crude material, ingredients and end
products are required. PCR is the most widely used
technique to confirm the presence of GMOs because its
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sensitivity and specificity.

Nevertheless the detection of GMO in foods is very
difficult because the matrixes are complex what do not
allow an efficient DNA extraction, several PCR inhibitors
are present, and in addition DNA suffers alteration during
the food processing. The quantitative analysis of GMO in
food and ingredients are still more complex, because
among its component there are DNAs from different
sources and the amount of DNA present in each ingredient
will depend on its refinement degree. These facts have
opened an intense debate about how the results must be
expressed and if it is possible quantify with the limits
required. There are also some discussions about the
interpretation of the different regulations.
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Figure 1. Analysis of the amount of maize (A) or soybean (B) DNA in the different food samples. Calibration curves were
performed with different amounts of Bt 176 maize or RR soybean DNA with the primers IVR and LE, respectively. The used controls
were: reactives (R); positives Bt 176 or RR soy DNA (+); negative no GMO DNA (-); DNA extraction (E).
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Figure 2. Analysis of 35S promoter and CRY genes in food
samples. The calibration curve was made with mixed flours
containing diferent amounts of Bt176 maize. Four controls were
performed: reactives (R); Bt 176 DNA (+); DNA no GMO (-);
extraction (E). Samples: MF: maize flour; S2: maize starch 2;
SN: maize snack; |: ice-cream; IC: inhibitor control.

At present, quantitative detection in food has been
performed only in some model systems (Yoshimura et al.
2005a; Yoshimura et al. 2005b). The aim of this work was
to set up a protocol to semi quantify GMO in foods with
different composition and processing degree.

MATERIALS AND METHODS
Samples

Commercial food samples whose label state the presence of

Calibration

soybean or maize were used. In addition soybean isolates
and concentrates were prepared in the laboratory.

DNA extraction

Genomic DNA was extracted according to Dellaporta et al.
(1983).

PCR

Reaction conditions were adjusted to quantify with a
threshold level of 0.05%. To this end, different amounts of
template and MgCl,, were assayed, and were finally set in
200 ng template DNA and 4 mM MgCl,, 0.2 uM dNTPs,
0.2 uM each primer and 5% dimethyl sulfoxide. Two final
point consecutive reactions of 35 cycles were performed.

For the calibration, DNA was extracted from flours
prepared mixing different proportions GM/noGM grains
(courtesy of GMO Food Analysis Service of INTA,
Castelar, Argentina). The lineal range obtained was 0.05 to
0.5-1% GMO for the different sets of primers, that were
taken from different published works (Meyer and Jaccaud,
1997; Pietsch et al. 1997; Gachet et al. 1999; Meyer, 1999),
(Table 1). These primers are adequate for RR-soybean and
the five maize approved for commercialization in Argentina
and they have also been recommended by different
organizations and/or regulations; e.g. primers 35S1/3552
are suggested by Alimentarium Codex Commission and
ISO; primers IVR1/IVR2 by ISO, primers GM07/GM08 by
Join Research Center (JRC). Annealing temperatures were
adjusted to obtain the maximum amount of PCR products
with a minimal amount of primer dimers (Table 1). The
amount of maize's or soybean's DNAs in the different
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Figure 3. Analysis of EPSPS in DNA extracted from food samples. Calibration was performed with flour containing different
amounts of RR soybean, GMI: RR soybean isolate; BF1: Brazil soy flour 1; BI1: Commercial Brazilian Isolate 1; BF2: Brazil soy flour 2;

I: ice-cream; nGMI: no GM laboratory isolate.
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Table 2. Results of GMO analysis in foods.

Amplification

Foods
IVR 358 Cry
Creamy Soup - ND ND
Maize Flour + -(< 0.05%) ND
Maiz Starch 1 + | +(<0.3%) ND
Honey + -(<2,10%)*  ND
Ice-cream + 4,86+ 0,25% -(< 0.05%)

Pre-cooked Maiz Flour |+(1/5) | -(< 0.05%) ND
Maize Starch 2 + 1,03 +0,25% -(< 0.05%)
Fried Potatoes +(1/10)| -(< 0.05%) ND
Maize Snack 1 - ND ND
Maize Snack 2 - ND ND

Maize Snack 3 +(1/10)| -(< 0.05%) ND

Popcorn - ND ND
Maize-Oil - ND ND
Le 35S EPSPS
Lab GM Concentrate. + > 14 >14
Lab GM lIsolate + >1¢ >1¢

Argentinean Soy Flour, + 3,32 +0,03*2,29 + 0,11*

Brazilian Soy Isolate 1 + 0,13 + 0,05 0,10 + 0,11

Brazilian Soy Isolate 2 + 0,50 + 0,04 0,47 £ 0,12

Soy Juice -/IC (-) ND ND
Ice-cream + 4,79 £0,054,03 +0,11*
Mayonnaise -/IC (-) ND ND
Brazilian Meal + 10,90+0,05 <0,05
Soy-Oil -/IC (+) ND ND

+The different amounts of DNA used were over the calibration
curve limits.

*Values were obtained by interpolation, but less of 200 ng of
genomic maize or soy DNA was used to be within the curve limits.
The amount of maize or soybean DNA obtained after the food
sample extraction was lower than 200 ng therefore 0.05%
sensitivity was not reached.

preparations from food samples was quantified using the
specie specific: IVR and LE primers, respectively. PCR
products were separated in 2.5% agarose gels, observed
with transilluminator UV (A 300 nm) and photographed
with a CCD camera. Images were analyzed with Kodak
1D Image software.

Following ISO 21570 recommendations (ISO, 2002),
triplicates were carried out for each curve point. In
addition four PCR controls were performed: I- reactives
(R): no template, II-positive(+): addition of Bt 176 or RR-
DNA; II-negative(-): addition of DNA extracted from non
transgenic maize or soybean, IV-extraction (E): addition
of the minimal amount of transgenic DNA detectable by
the method. At least duplicate PCR of each DNA extracted
from food samples were carried out and the presence of
PCR's inhibitors (IC) in these preparations was evaluated
by addition of 20 ng of transgenic DNA.

RESULTS AND DISCUSSION

The calibration curves obtained using different amounts of
DNA from Bt 176 maize or RR soybean, have a lineal
range among 0.1 to 20 ng for reactions performed with the
primers IVR and 0.1 to 50 ng with the primers LE (Figure
1). Extracted DNA from foods that state in its label maize,
such as creamy soup, maize flour, starch, ice-cream, fried
potatoes and some snacks are amplified with the primers
IVR (Figure 1 and Table 2). In contrast, DNA from other
snacks, maize oil or popcorn can not be amplified (Figure
1 and Table 2). In the last group of samples, the control for
PCR inhibitors was also negative therefore the purity of
DNA was not sufficient. In the case of DNA prepared
from food products containing soybean such as isolates,
concentrates, flours and ice-cream purity was enough to
obtain amplification products with the primers LE (Figure
1 and Table 2). However no amplification was observed
for DNA purified from soybean juice, mayonnaise and soy
oil. In the case of soybean juice and mayonnaise the lack
of amplification was due to the presence of PCR's
inhibitors in the DNA preparation (not amplification is
observed in the IC reactions) and in the case of oil, whose
content of DNA is very low, the extraction yield was not
sufficient (in this samples IC was positive).

These results suggest that the DNA extraction method is
adequate only for food products with low lipid content and
that have not received intense thermal treatments such as
flours, isolates, concentrates and ice-cream. Troubles in
amplifying complex food samples even using more
rigorous DNA extraction methods for example
commercial kits has been reported by Peano et al. (2004)
and the standardization of extraction methods to obtain
pure enough DNA is one of the main challenges to fulfill
regulation requirements.

Once the amount of maize or soybean DNA present in the
different preparations from food samples was established,
in the subsequent PCR, DNA was adjusted to 200 ng,
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because this amount is necessary to obtain 0.05%
sensitivity with the semiquantitative PCR method adjusted
in this work. Only positive samples for PCR with the
primers IVR and LE were subsequently analyzed by PCR
with screening (35S) and identification (CRY and
GMO07/08) primers. The results obtained for some maize
samples are presented in Figure 2. Maize flours and snack
sample 3 did not amplify with the primers 35S therefore
can be classified as no GM with the threshold level
established by the EU (European Council, 2003); in
contrast ice-cream and maize starch 2 are positives with the
primers 35S therefore should be labeled as GM.

However, these two samples were negative for transgen-
specific reactions with the primers CRY, therefore the
source of the transgene might not be any of the transgenic
maize approved for commercialization in Argentina. Ice-
cream sample was positive with primers GMO therefore
contains soybean GM (Figure 3). Amplification with the
primers 35S and GMO was also observed for laboratory
prepared GM concentrates and isolates, Argentinean soy
flour, commercial soybean isolates and Brazilian soy meal
(Figure 3 and Table 2). The origin of the last two samples is
Brazil, country that not allows RR soybean. The amount of
35S and GMO were similar in all the samples in which
quantification of GM soy was achievable (Table 2).

The results obtained for the different maize and soybean
contained samples are summarized in Table 2.
Quantification with the threshold level fixed by EU was
possible only in few samples that are commercialized in
Argentina such as ice-cream, soybean flours and isolates,
maize starch, Brazilian soybean flours and isolates. The last
results are in concordance to a recent report that informed
50% of illegal cultivated RR soybean (Greiner et al. 2005).
Nevertheless the detected GM in these Brazilian samples
were very low therefore could be the result of an intentional
contamination.

In conclusion, GMO quantification, in the conditions
assayed in this work, was only possible for very simple
food products that are not subjected to intense thermal
treatment and their lipid content is low. The main limitation
for the quantitative analysis of food samples was the quality
of DNA obtained.
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