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DETECTION OF GENETICALLY MODIFIED ORGANISMS
IN FOOD AND FEED FROM VARIOUS MAIZE MATRICES
DETECTAREA ORGANISMELOR MODIFICATE GENETIC
ÎN DIFERITE MATRICI ALIMENTARE ȘI FURAJERE CARE CONȚIN PORUMB
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The use of genetically modified organisms (GMOs) in
Europe is still extensively debated. The main benefices of
GMOs are the reduction of pesticide treatments and the
levels of mycotoxins.Unfortunately, some potential health
(e.g., toxicity and allergenicity) and environmental (e.g.,
gene flow into other species) risk associated with GMOs
are also considered. In this study, qualitative and quantitative real-time PCR analysis of the genomic DNA extracted from food and feed containing maize was performed
to detect the GMOs. Between 2013 and 2019, the study of
the GMO events in food and feed on various maize matrices revealed 40 positive samples and 8 GM (genetically
modified) events. These data support the circulation of
genetically modified plants in Romania.
Keywords: GMO, real-time PCR,
feed, food, maize

Utilizarea organismelor modificate genetic (OMG) în
Europa este încă larg dezbătută. Principalele beneficii
aduse de OMG-uri sunt reducerea tratamentelor cu pesticide și a nivelului de micotoxine. Din păcate, în decizia
utilizării OMG-urilor sunt luate în considerare și unele posibile riscuri pentru sănătate (de exemplu, toxicitatea și
alergenicitate) și mediu (de exemplu, transferul genelor
modificate la alte specii). În acest studiu, a fost efectuată
analiza calitativă și cantitativă a ADN-ului genomic extras
din produse alimentare și hrană pentru animale prin testul real-time PCR, în vederea detectării organismelor modificate genetic. Între 2013 și 2019, studiul evenimentelor OMG din produse alimentare și hrană pentru animale
ce conțin porumb a evidențiat 40 probe pozitive și 8 evenimente modificate genetic. Aceste date susțin circulația
plantelor modificate genetic în România.
Cuvinte cheie: OMG, real-time PCR,
furaje, alimente, porumb

In general, the use of genetically modified organisms
(GMOs) is a controversial topic in the light of their benefits and potential risks. GMOs and particularly the genetically modified crops (CGM) have great agronomic and
economic benefits. Worldwide, the area planted with CGM
has shown an accelerated increase from 1.7 million ha in
1996 to 191.7 million ha in 2018 (10), and as a consequence of GMOs use, the global increase in farm income
was almost triple between 2006 and 2012, comparatively
with previously ten years (3). In addition, some genetic
modification targeted to enrich certain nutrients or substances shaving high therapeutic benefits, improving the
chemical composition in food, and food processing (1214). Considering the potential risks of food and feed with
GMOs, studies of Snow and Palma (1997) and Bawa and
Anilakumar (2013) debated toxicity, allergenicity, genetic
hazards, ecological disturbances, disruption of the food
web, the transferring of the antibiotics resistance genes
from GMOs to benign or pathogenic bacteria (1, 15).
The EU's approach to GMOs involves caution and
requires the authorization of any GMO before to be on the
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ter that. The European Food Safety Authority (EFSA) together with scientists from Member State are those who
assess the risks of GMOs to both human and animal
health, and the environment in the EU. Before placing a
GMO on the market, EFSA agrees that those products are
safe for consumption in respect of each GMO on the market. It may give recommendations on labelling or conditions of the use and sale. In addition, environmental annually monitoring reports issue all authorized GMOs.
Labelling is necessary to ensure consumers the right to
information and choice, all authorized GMOs are subject
to traceability and labelling obligations.
The European Union has established a complex legislative framework for the protection of humans, animal
health, and the environment, by ensuring the safety
assessment, at high standards, before the placing on the
market of any GMO. According to the European regulation, the labelling of all foodstuffs made with genetically
modified soya or maize is mandatory (4-9).
The samples from the official control are analysed in
accredited laboratories by using validated methods. The
National Reference Laboratory for Genetically Modified
Organisms in Romania, designated by the competent authority in the field (National Sanitary Veterinary and Food
Safety Authority), is within the Molecular Biology Service
of the Institute for Diagnosis and Animal Health.
The aim of the study is the retrospective analyses of
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GMOs testing in food and feed from various maize matrices between 2013 and 2019 in Romania.

optimal binding of the DNA to the silica membrane and
washing with two different buffers for efficient removal of
potential PCR inhibitors.

MATERIALS AND METHODS
The sampling, working conditions, and the methods
used are following all European Union and Romanian
competent authorities' recommendations in the field of
GMOs testing.
Samples
Maize grains and various unprocessed or processed
matrices (e.g., grated, fodder, corn, fluff, flour, feed)
containing or consisting of maize were tested.
Table 1
Samples of food and feed from various
maize matrices tested between 2013 and 2019

DNA extraction from food and feed containing maize

DNA extraction was performed in duplicate for each
test sample, and the grinding process ensured ~10000
particles/sample (particle size obtained after grinding
were ≤ 500 μm). The steps used in preparing samples for
DNA extraction were:(1) preliminary grinding of the sample with Maxi Grinder Solo (Genomic Industry, France);
(2) homogenization of the initial ground quantity; (3) second grinding of 100 g sample with Grindomix GM 200
(Retsch,Germany)to obtain ≤0.5 mm particles;(4) weighing of 200 mg of powder in duplicate for each sample, and
~50 g for counter-test reference.
The basic principles of DNA extraction consist of releasing the DNA present in the matrix into aqueous solution (cell lysis) and purify the DNA from other components (PCR inhibitors).
DNA extraction was performed with NucleoSpin Food
kit (Macherey-Nagel, Germany) and GENESpin kit (Eurofins GeneScan, USA).
The extraction was carried out according to the manufacturer instructions. Fundamental steps are: standard
isolation to ensure lysis of the cells, in order to remove
contaminants and residual cellular debris, then the clear
supernatant is mixed with alcohol and binding buffer for

Detection by PCR techniques of P35S and t-nos
genetic elements from food and feed
The identification of genetically modified DNA (regulatory elements present in GMOs) has been done by using
the GMO Screen 35S/NOS Kit (Eurofins GeneScan, Germany) and an in house method. Testing involves PCR test
for chloroplast gene identification, PCR test to identify the
CaMV 35S promoter, and PCR test to identify the nos terminator.
The GMO Screen 35S/NOS Kit (Eurofins GeneScan,
Germany) was carried out according to the manufacturer
instructions.
Starting with 2015 the samples were analysed by
screening real-time PCR. This method uses a duplex for
CaMV 35S promoter and nos terminator adding three
other target points: construct ctp2cp4epsps, construct
p35S-pat and bar gene.
The in house method used the mix p35S-cf3/p35Scr4, for the genetic element p35S and mix HA-nos 118f/
HA-nos 118r for the genetic element T-nos (Table 2).
Pipette, on the ice / cooling block, for each genetic element separately: 20 µl Master Mix p35S-cf3/p35S-cr4 +
5 µl ADN (50-200 ng)/H2O, and 20 l Master Mix HA-nos
118f/HA-nos 118r + 5 l ADN (50-200 ng)/H2O, avoiding
the generation of air bubbles following pipetting, centrifuge in the cold for a few seconds and place on the thermocycler according to the operating parameters which
are described in Table 3.
The results were assessed by agarose gel electrophoresis (1.5 %, w/v; TAE system) set at 100V for 25-30 min.
The DNA, negatively charged, migrates through agarose gels toward the anode. This allows separation of the
fragments depending on their size.
The specific bands obtained have a size of 199 bp for
the chloroplast gene, respectively 123 bp for the CaMV
35S promoter and the t-nos in the case of the GMO
Screen 35S/NOS Kit (Eurofins GeneScan, USA). Using
the in house method, the amplification is specific for the
CaMV 35S promoter if amplicons with a size of 123 bp are
detected and for the t-nos if amplicons with a size of 118
bp are detected.
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Table 3

Thermocycling conditions
for Taq DNA polymerase PCR amplification

Qualitative and Quantitative PCR methods for detection of maize event for MON810, 40-3-2, GA21,
NK603, Bt176,DAS59122, MON89788, and T25 lines
Qualitative and Quantitative PCR methods for detection of maize events are available at EU Database of Reference Methods for GMO Analysis (Bonfini et al., 2012,
Joint Research Centre, 2020) and for identification and
quantification of some events were used commercial kits,
GMO testing kits from Eurofins GeneScan.
For the specific determination of GMO events, two
system need to be analysed: one specific on the event
and the other one for relative quantitation of the taxon
specific for maize (Zea mays) or of the soybean-specific
reference system lectin gene, using a gene specific combination of primers and probe for amplification. The measured fluorescence signal passes a threshold value after a
certain number of cycles. This threshold cycle is called
“Ct-value”. For quantitation of the amount of events in a
sample, the specific event and a gene reference Ct values
are determined for the sample. For quantitation of the
amount of events in a sample, the specific event and a
gene reference Ct values are determined for the sample.
A standard curve procedure is then used to calculate the
relative number of specific genome copies to total maize
genome copies taking into account the uncertainty and
the conversion factor.
RESULTS AND DISCUSSIONS
The tests performed in 2013 revealed 12 positive
samples from food and feed containing maize that
showed two corn events (MON810 and NK603) and the
40-3-2 soybean event. At five samples of corn (corn
grains, corn flakes and feed coming from economic
operators and official control), the CaMV 35S promoter
was detected and then identified and quantified the
MON810 corn event, the result being for four of them
below the threshold of 0.9% and at one with the threshold
above 0.9%. In seven other maize samples (grain maize,
feed and cornmeal from the official control), the screening test detected the CaMV 35S promoter and the NOS
terminator and then identified and quantified the NK603
maize event and the 40-3-2 soybean event, respectively.
Two samples containing the GM NK603 event below the
0.9% threshold and five samples had a GM soy content
from the 40-3-2 event above the 0.9% threshold. One
sample showed two events: 40-3-2 with a result above

the 0.9% threshold and MON810 with a result below the
0.9% threshold, respectively.
In 2014, out of 171 samples tested, five were positive.
The five samples (corn grain, fodder, and cornmeal), one
from economic operators and four from the official control, the 35S promoter and the nos terminator were detected by the screening method. Then, by identification
and quantification methods, the NK603 maize GM event
was found below the 0.9% threshold for two samples and
the 40-3-2 soybean GM event above the 0.9% threshold
for three samples.
The tests performed in 2015 revealed eight positive
results and seven events (soybean 40-3-2, MON89788
and maize GA21, NK603, MON810, Bt176, DAS 59122).
A maize grain sample was positive for the CaMV 35S
promoter, NOS terminator, ctp2-cp4epsps construct, and
specific event of the NK603 (MON-00603-6) line below
the 0.9% threshold. The second maize grain sample was
positive for the CaMV 35S promoter, p35S-patconstruct,
and specific event of the DAS 59122line below the 0.9%
threshold. A maize popcorn sample was positive for the
CaMV 35S promoter, bar gene, and specific event of the
Bt176 (SYN-EV176-9) line below the 0.9% threshold. In
other maize-matrices were recorded five positive results
at the CaMV 35S promoter and/or NOS terminator, with
two specific events of the 40-3-2 below the 0.9% threshold and one specific event of the 40-3-2 above the
0.9%, one specific event of theGA21 below the 0.9%
threshold, one specific event of the MON810 above the
0.9%, and one specific event of the MON89788 above the
0.9%. One sample showed two events: 40-3-2 and MON
89788 with results above the 0.9% threshold.
In 2016, of the 136 samples tested, two maize feed
samples provided positive results and the following specific events: 40-3-2 (Roundup Ready) line above 0.9%
threshold, T25 line below 0.9% threshold, and MON
89788 line above 0.9% threshold.
In 2017, two samples of maize grains were positive at
real-time PCR screening tests, CaMV 35S promoter and
p35S-bed construct. The analysis of the samples was
continued by identification and subsequent quantification
methods to find out the genetically modified event in that
sample. The DAS 59122 event was discovered below the
0.9%. One maize feed sample was positive at real-time
PCR screening tests, the CaMV 35S promoter, t-NOS and
the ctp2-cp4epsps construct. The analysis of the samples
by identification methods was continued and then the
specific quantification of the 40-3-2 soybean event line,
the result obtained being positive above the allowed
threshold of 0.9%. The genetically modified soybean event MON89788 was also discovered which had a positive
result above the allowable threshold of 0.9%.
In 2018, one maize grains sample provided positive
results at screening test, the t-NOS, and the specific
eventGA21 (MON-00021-9) below 0.9% threshold, and
one maize popcorn sample was positive for the CaMV 35S
promoter, the t-NOS, the ctp2-cp4epsps construct, and
specific event of the NK603 (MON-00603-6) line below
0.9% threshold.
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In 2019, two maize-matrices samples were positive at
real-time PCR screening tests, the CaMV 35S promoter,
and the specific event of the MON810 (MON-00810-6)
line below the 0.9% threshold.
Table 4

Determination GMO events in food and feed
for various maize matrices between 2013 and 2019,
in Romania

CONCLUSIONS
Between 2013 and 2019, in Romania were obtained
40 positive results at screening tests for GMOs in food and
feed containing maize revealed and 8 specific events, of
which six were MON 810 below 0.9% threshold, two were
MON 810 above 0.9% threshold, two were 40-3-2 below
0.9% threshold, 13 were 40-3-2 above 0.9% threshold,
two were GA21 below 0.9% threshold, six were NK603
below 0.9% threshold, one was Bt176 below 0.9%
threshold, two were GA21 below 0.9% threshold, three
were DAS 59122 below 0.9% threshold, four were MON
89788 above 0.9% threshold, and one was T25 below
0.9% threshold. These data support the circulation of
genetically modified plants in Romania.
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