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Abstract In routine analysis, screening methods based on
real-time PCR are most commonly used for the detection of
genetically modified (GM) plant material in food and feed.
In this paper, it is shown that the combination of five DNA
target sequences can be used as a universal screening
approach for at least 81 GM plant events authorised or
unauthorised for placing on the market and described in
publicly available databases. Except for maize event
LY038, soybean events DP-305423 and BPS-CV127-9
and cotton event 281-24-236×3006-210-23, at least one
of the five genetic elements has been inserted in these GM
plants and is targeted by this screening approach. For the
detection of these sequences, fully validated real-time PCR
methods have been selected. A screening table is presented
that describes the presence or absence of the target
sequences for most of the listed GM plants. These data
have been verified either theoretically according to avail-
able databases or experimentally using available reference
materials. The screening table will be updated regularly by
a network of German enforcement laboratories.
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Introduction

In routine analysis of food, feed and seeds, screening
methods based on polymerase chain reaction (PCR) are
generally applied for the detection of the presence of
genetic modifications in the meaning of European legisla-
tion [1]. For this purpose, DNA-sequences are targeted, that
are frequently inserted into GM plants, e.g. specific
promoters, terminators or sequences of genes conferring
tolerances to herbicides or protection against certain insects
[2, 3]. In addition, targeting of transforming DNA con-
structs with two or more different genes or genetic elements
including their junctions can also be used for screening.
Screening for presence of the Cauliflower Mosaic Virus
(CaMV) 35S promoter (P-35S) and the nos terminator
sequences derived from Agrobacterium tumefaciens (T-nos)
are commonly used [1]. However, due to the lack of
specificity for the identification of the particular GM
plant event, positive screening results have to be verified
using construct- and/or event-specific methods, if available
[1, 4].

Before quantification using event-specific methods, the
application of real-time PCR-based screening methods in
certain cases allows the semi-quantitative estimation of the
GM plant fraction present in a screening-positive sample. In
addition, real-time PCR has become state of the art in routine
analysis because of the reduced risk of sample contamination
during sample processing and the increased specificity of
detection by using target-specific hybridisation probes. For
example, the development and interlaboratory validation of
simplex and duplex real-time PCR methods for the separate
or simultaneous detection and semi-quantitative estimation
of the P-35S and the T-nos sequence have been described
[5–8]. However, with the increasing worldwide commer-
cialisation of GM plants, efficient strategies for screening
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analysis require the combination of more genetic elements
targeted by real-time PCR methods.

The use of screening methods that are validated and
standardised in interlaboratory trials screening methods
contributes to a uniform level of performance as well as
to a comparability of the results. The proof that screening
methods detect the targeted GM plant events should be
deduced not only according to the sequence information but
should also be demonstrated practically by the use of
reference materials, particularly to define the specificity and
sensitivity of the method. This is important not only for the
GM plants already authorised for placing on the market, but
also for upcoming GM crops that might be commercialised
in the near future [9].

Recently, several laboratories have started to establish a
so-called GMOmatrix which basically is a table in which the
rows represent the content of genetic elements of the
respective GMO, while the columns define the targeted
sequence elements analysed in the matrix [10–12]. This way,
each GMO can be described by its specific combination of
the respective target sequences. This matrix allows an easy
identification of the potential GM event(s) by comparison
of the screening results obtained with the analysed sample.

The present publication describes the development and
proposed maintenance of a screening table as a practical
tool for the routine testing for the presence of authorised
and unauthorised GM plants. The general layout of the
screening table has recently been published as a short note
in a German journal [13]. The table gives a practical
example of a ‘GMO matrix’ in the format of an Excel
spreadsheet. Targets for screening are only included, if
collaborative trial validated real-time PCR methods already
exist. In addition to available theoretical data indicating the
presence of the target sequences, information about the
experimentally verified presence or absence of the targeted
sequence in reference materials of the individual GM plants
is given.

Materials and methods

Reference materials

Reference materials (flours) of the following GM lines were
purchased from IRMM (Geel, B): GM maize lines Bt11,
Bt176, MIR604, MON810, MON863, MON88017,
NK603, GA 21, TC1507, 3272, 59122; sugar beet GM
line H7-1; cotton GM lines 3006-210-23x281-24-236;
soybean GM lines GTS40-3-2, DP305423 and DP356043.

Reference materials (flours) from maize GM lines
MON88017, potato GM line EH92-527-1, rape seed GM
line GT73, cotton GM lines LL25, MON1445, MON531,
MON15985 and soybean GM lines MON89788, A2704-12

and A5547-127 were obtained from AOCS (Urbana, USA).
Reference materials (genomic DNA extracted from leaves)
for rice GM line LL62, rape seed GM lines MS8, RF3, T45,
TOPAS19/2 and maize GM line T25 were purchased from
Bayer CropScience (Gent, B). Genomic DNA from maize
CBH351 and rapeseed OXY235 was purchased as DNA
solution containing about 1% GM DNA in background of
non-GM plant DNA (Fluka, Buchs, Switzerland).

Plant materials (seeds or leaves) from sugar beet GM
line GTSB77, rape seed GM lines MS1xRF1, Falcon GS40/
90, Liberator pHoe6/Ac, LPAAT/Trierucin, Laurat
pCGN3828 and from maize GM line T14 were obtained
from deliberate field trials. Bt63 rice reference material and
DNA from LL601 rice was obtained from the CRL-GMFF
(Ispra, I). DNA from GM rapeseed line 23–198 was
available from deliberated field trials and used in a German
collaborative trial; reference material for GM papaya
SunUp originated from a positive sample from local food
market (origin Hawaii).

Detailed descriptions of commercial reference materials
(catalogue numbers, GM content, status of the materials)
are given in a publicly available list [14].

DNA extraction

DNA was extracted from seeds, leaves and flours with the
Qiagen Plant Mini Kit (Qiagen, Hilden, D) starting with a
CTAB extraction [15].

The concentration of DNAwas estimated photometrically
at 260 nm [15] in a TrayCell (Hellma, Müllheim, Germany).

Quality control of DNA and preparation of dilutions

Amplifiability of DNA preparations was checked by target
taxon-specific real-time PCRmethods [6, 16]. For sensitivity
testing, additional dilutions of DNA with 0.2× TE [2 mM
Tris–HCl and 0.2 mM ethylenediaminetetraacetic acid
(EDTA), adjusted to pH 8.0] were prepared to obtain
concentrations of about ten to 50 copies per PCR. Copy
numbers were calculated on basis of the genome sizes [17],
taking the zygosity status of the GM plant materials and
the number of integrated copies of the target sequence (if
information is available) into account.

Real-time PCR

DNA solutions were adjusted to about 20 ng/µl with 0.2×
TE and 5 µl of this solution was used for real-time PCR.
The following real-time PCR methods were applied
according to the procedures described in the references:

Detection of sequences from CaMV P-35S [6] and A.
tumefaciens T-nos [7], detection of a sequence from the
ctp2-cp4epsps junction of the chloroplast-transitpeptide
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(CTP2) from Arabidopsis thaliana and the epsps gene from
A. tumefaciens strain CP4 [18, 19], detection of a sequence
from the bar gene from Streptomyces hygroscopicus [20] as
well as a sequence from the P35S-pat junction of the CaMV
P-35S promoter and the synthetic pat gene [18, 21]. Details
on the primers and probes, the amplicon sequences and
sizes as well as the corresponding Genbank accession
numbers are given in Table 1.

Results and discussion

Selection of target sequences for screening

Screening methods are an important and in practise the most
used tool for the detection of GM plants. Due to the lack of
event-specific methods, usually, there is no alternative to
screening methods concerning the detection of GM plants not
authorised as food and feed in accordance with legislation.
Positive screening results, e.g. for the P-35S sequence, may
be an indication of the presence of GM plants, if natural
contamination, e.g. by CaMV DNA, can be excluded.

In order to detect as many different GM plant events as
possible, screening for P-35S and T-nos alone is not always
sufficient. In addition, results from screening for more than
these two elements can give additional information about
the possible presence or absence of different GM plant
events. Therefore, we combined the P-35S and T-nos
screening methods with three additional targets frequently
occurring in GM plants [6]. Target sequences are the two
constructs ctp2-cp4epsps and P35S-pat and the bar gene
from S. hygroscopicus (Table 1).

For the P-35S and T-nos as well as the three additional
real-time PCRmethods, full validations in collaborative trials
were performed within Swiss and German standardisation
networks in the last years. The results of these studies have

been published [6–8, 21, 22] and the method protocols
are publicly available in international or national official
standards [6, 19–21, 23].

The screening table

Table 2 presents the current screening table. It is an Excel
spreadsheet that is based on a set of the five real-time PCR
methods described above. These targets are tabulated along
with a list of 81 different GM plant events comprising nine
food- and feed-related crops (potato, maize, soya, rapeseed,
rice, sugarbeet, papaya, tomato, cotton). Information about
the presence or absence of the target sequences is either
obtained from public databases [2, 3] or by alignments with
available sequence database entries [24, 25]. In cases where
the transformation experiment led to a single transformation
event and in cases where the insert of a given transforma-
tion event is characterised in detail, the lines of the spread-
sheet contain single GM plant events. In several cases,
more than one GM event is given per line. These GM
events result from individual transformation experiments
using identical constructs.

An illustration of the screening table and explanations
of the details are given in Fig. 1. It is foreseen that the
functional Excel spreadsheet is continuously updated by the
German network of enforcement laboratories and can be
downloaded from the internet [22, 26].

Experimental verification of presence or absence
of screening elements

DNAs extracted from available reference materials were
used to experimentally verify that the target sequence in the
given GM plant is detected with the respective real-time
PCR screening method. The genomic DNAs were tested in
at least two laboratories. For the verification of negative

Table 1 Amplicon sequences and sizes

Method Amplicon sequence (5′–3′) Amplicon
size (bp)

Accession number Reference

P-35S gcctctgccgacagtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaa
gaagacgttccaaccacgtctt

82 FN550389FB727463 (soybean
event DP-356043)

(6, 8)

T-nos catgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgcaattat
acatttaatacgcgatagaaaacaa

84 FN550390EU880444 (rice
event TT51-1)

(7, 8)

bar acaagcacggtcaacttccgtaccgagccgcaggaaccgcaggagtggacggacgacctc 60 FN550386BD242717
(glufosinate tolerant rice)

(20, 22)

ctp2-cp4epsps gggatgacgttaattggctctgagcttcgtcctcttaaggtcatgtcttctgtttccacggcgtg
catgcttcacggtgcaagcagcc

88 FN550387 DJ05815 (maize
event MON88017)

(18, 19)

P35S – pat aagttcatttcatttggagaggacagggtacccggggatccaccatgtct
ccggagaggagaccagttgagattaggccagctacagcagctgatatggccg

102a FN550388DL476427 (maize
event DAS-59122-7)

(18, 21)

Bold letters indicate the oligonucleotide forward and reverse primer sequence, whereas the underlined letters indicate the probe sequence
a The size may vary depending on the P35S-pat construct present in the specific event (e.g. T45=110 bp; Bt11=402 bp)

Screening for authorised and unauthorised GM plants 2067



amplification results (indicated as “−”), a high amount of
amplifiable non-target DNA, e.g. 2.500 copies, should be
used and the analyses have to be negative in at least two
replicates. For the verification of positive amplification
results (indicated as “+”), a low amount of amplifiable

DNA of the event to be tested in the range of the limit of
detection (ten to 50 copies per reaction) is recommended.
All tests have to be positive in at least five replicates.

As far as reference material is available (see also
Materials and methods), the database information was

Table 2 Screening table for the detection of genetically modified plants

Name of Event Plant Authori-
sation 

EU

S R S R S R S R S R
ATBT04-X (New Leaf) potato - + - - - -

BT6, BT10, Bt12, BT16, BT17, BT18, 
BT23 (New Leaf) potato - + + - - -

RBMT15-101, SEMT15-02, SEMT15-
15, HLMT15-46 (New Leaf) potato - - + - - -

RBMT21-129, RBMT21-152, 
RBMT21-350 (New Leaf) potato - - + - - -

RBMT22-082, RBMT22-186, 
RBMT22-238, RBMT22-262(New 

Leaf) potato - - + + - -
SPBT02-5, SPBT02-7 potato - + + - - -

EH92-527-1 potato P - wp +  + -  - -  - -  -
AV43-6-GT potato P - (+) - - -

3272 maize P - wp +  + -  - -  - -  -
676, 678, 680 maize - + - - - +

59122 maize A +  + -  - -  - -  - +  +
Bt11 maize A +  + +  + -  - -  - +  +

B16 (DLL25) maize - + - - + -
Bt176 (176; Maximizer) maize A +  + -  - -  - +  + -  -

CBH-351 (StarLink) maize - +  + +  + -  - +  + -  -
DAS-06275-8 maize - + - - + -

DBT418 (Bt-Xtra) maize - + - - + -

GA 21 (Roundup Ready) maize A -  - +  + -  -  - wp -  -
LY038 maize P - - - - -

MIR 162 maize P - + - - -
MIR604 maize P -  - +  + -  - -  - -  -

MON 80100 maize - + + + - -
MON 802 maize - + + + - -
MON 809 maize - +   + +  + +  + -   - -  -
MON 810 maize A +  + -  - -  - -  - -  -
MON 832 maize - + + + - -

MON 863 (YieldGard) maize A +  + +  + -  - -  - -  -
MON 88017 maize P +  + +  + +  + -  - -  -
MON89034 maize P + + - - -
MON 87460 maize P + +

MS3 (SeedLink) maize - + + - + -
MS6 (SeedLink) maize - + + - +  -

NK 603 (Roundup Ready) maize A +  + +  + +  +  - wp -  -
T14 maize - +  + -  - -  - -  - + +
T25 maize A +  + -  - -  - -  - + +

TC1507 (DAS 1507) maize A +  + -  - -  - -  - + +
TC-6275 (DAS-06275-8) maize - + - - + -

DP 098140-6 maize - +  + - - - -

35S-patP35S T-nos CTP2-
CP4EPSPS

bar
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Table 2 (continued)
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confirmed. Some events could not be tested due to the lack
of reference material or other positive control samples. In
such cases, no information is given in the “R” rows of
Table 2. If more than one GM plant event is given per line,
only material of the underlined event was used.

In most cases, target sequences were detectable with
sufficient sensitivity (Table 2). In cases where the sensitivity
for some events was above the LOD of ten to 50 copies, the
Excel spreadsheet provides information in the “comment”
field. For example, P35S-pat PCR detection of maize event
Bt11 is not sensitive enough to comply with the require-
ments of routine analysis of enforcement laboratories.

This result can be explained by the rather large amplicon
of 402 bp generated with genomic Bt11 DNA, because in
this event the P35S-pat construct differs from those present
in other GM maize events (TC1507, T25, 59122, etc.) (see
also Table 1).

In several cases, weak positive amplifications with Ct
values of ≥35 were observed when using DNA extracted
from reference materials of non-target GM plants. In all
these cases, flour materials had been used. Such unexpected
amplifications did not occur, when reference DNA from
leaves were used. It is assumed that contaminations of the
flour-based reference materials by GM materials/plants
carrying the targeted sequences are causing these weak
positive results. For example, in reference materials of the
soybean events DP-305423 and DP-356043, traces of soy-
bean event GTS 40-3-2 (Roundup Ready soy) were detected.

Thus, further verification of these results by other
materials (e.g. DNA from leaves) should be considered, if
available. It is remarked that the reference materials are
certified only for the absence of the GM event of interest (e.g.

<0.04% for NK603 maize material BF415a of IRMM), but
not for the absence of other GM events and derived
sequences. Therefore, these reference materials should
generally not be used in non-target GM specificity tests and,
more importantly, not as negative DNA target controls.

The limiting factor to experimentally verify the presence
of the target sequence for all listed GM plants is the lack of
adequate reference material. Therefore, experimental veri-
fication data for several GM plants will be added as soon as
a respective new reference material is available.

Practical use of the screening table

Screening for GM plants

As shown in the screening table (Table 2), the combination
of these PCR methods can be used as a practical GMO
matrix for the screening for all relevant GM crops, either
authorised or so far not authorised for placing on the market
in the European Union. Except for maize event LY038,
soybean events DP-305423 and BPS-CV127-9 and cotton
event 281-24-236×3006-210-23, at least one of the five
sequences targeted by this screening approach is present in
any GM plant described.

The screening approach can either be done step-by-step
or by simultaneously targeting the genetic elements and/or
constructs using the P-35S, T-nos, bar, ctp2-cp4epsps and
P35S-pat simplex or duplex real-time PCR assays. After a
first series of PCR tests, the results are systematically
compared by application of the Excel sorting and filtering
functionalities. Based on this filtering, it is possible to
conclude which GM plant events may be present and which

Fig. 1 Screenshot of the screening table (for explanation see boxes)
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additional screening PCR test(s) have to be conducted to
discriminate among the putatively remaining GMOs. In
addition, the analysis could be combined with plant taxon-
specific methods, either as initial analytical step or after the
first or second screening round, in order to identify the crop
species composition present in the sample.

It has to be mentioned that—depending on the material
analysed—possible contaminations by material of other
species (so-called botanical impurities, e.g. soy flour in maize
flour) have to be considered. As was observed also by other
researchers in the field of GMO analysis, GM maize, soybean
and rapeseed reference materials from IRMM or AOCS
sometimes contain traces of other GM materials. Screening
methods with a broad specificity for several GMOs will
therefore detect such impurities resulting in weak positive
signals caused by cross-contaminated GM reference materials.

Example for the identification of GM plant events

The results obtained in the screening for the target
sequences described here may reduce the number of
possible events that have to be considered for a final
event-specific identification after initial screening. On the
basis of the experimental results, the integrated Excel-based
filtering functions of the screening table are useful to
condense the number of candidate event-specific tests to be
performed. For example, if a maize flour sample has to be
screened for the presence of GM material, it is advisable
first to use the P-35S and T-nos screening tests, either by
the simplex or the duplex methods [6–8]. If the sample is
positive for both targets, but negative for bar, ctp2-cp4epsps
and P35S-pat, the filter functions of the spreadsheet will
indicate the presence of eight different events (Fig. 2).

A significant Ct-value difference obtained in the P-35S
and the T-nos amplifications (e.g. more than 3.3) indicate
the presence of more than one event. As already mentioned,
for event LY038 an additional (event-specific) test will be

required to detect also this GM maize. For maize samples
that are P35S and T-nos positive, it may be advisable to
verify that only maize DNA is present in the sample (e.g. to
exclude that the result is caused by traces of GTS-40-3-2
soy DNA). If no other plant species can be identified, the
filter functions of the spreadsheet indicate MON863 and
MON89034 as candidates (Fig. 2). If similar P-35S and
T-nos Ct-values are observed, the presence of stacked
events should also be considered.

In case of maize flour, contaminations with CaMV and/
or Agrobacterium ssp. are very rare. However, in certain
situations (strong positive results for P-35S and/or T-nos
and the presence of unauthorised GM plants is suspected),
appropriate control PCRs are recommended. In cases where
the analyses of samples resulted P-35S and T-nos positive
and no GM plant event was identified in the event-specific
tests, sample contamination with Agrobacterium and/or
CaMV should be excluded before further analysing the
data. Appropriate real-time PCR-based detection methods
for control of CaMV or Agrobacterium DNA have been
described [26, 27].

Conclusion and further work

In conclusion, a GMO matrix in the format of the screening
table as presented here can be a helpful tool in routine
analysis of GM plants. Updated GMO databases and a
network of collaborating laboratories are required to further
develop and maintain this screening tool, e.g. by constantly
including all upcoming GM plant events and by the
addition of further targets which are frequently present in
GM plants. Furthermore, it is necessary to verify theoretical
assumptions as soon as an additional reference material
(plant material and/or genomic DNA) becomes available.
The network of the official German enforcement laboratories
are progressing in the collaborative trial validation of further
methods for screening (e.g. P-FMVand P-nos-nptII).

Fig. 2 Example of a list of GM maize events that are displayed by the Excel spreadsheet after using filter functions (filters: plant = maize; P-35S
and T-nos +; bar ctp2-cp4epsps and P35S-pat −)
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The combination of such methods in multiplex real-time
PCR methods in the near future will reduce costs and will
increase the efficiency of GMO screening approaches. As
soon as additional simplex or multiplex PCR methods are
officially established, additional columns will be inserted
into the screening table. It is planned, that an updated version
of the screening table and a list of available reference
materials is published at least every 6 months. Within the
network of German laboratories, an extended version of the
screening table is foreseen, that provide additional informa-
tion, particularly with additional columns comprising
screening targets which are “in the pipeline” as well as
detailed information (e.g. lot numbers) about the reference
material used for the experimental verification. In addition,
we propose that a so-called Reference GMO matrix is
established to enhance transparency and harmonisation of
the GMO screening approach, e.g. within the European
Network of GMO Laboratories (ENGL).
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