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Biotech crops are the fastest adopted crop technology in the history of modern agriculture. The commercialisation of GMO is in
many countries strictly regulated laying down the need for traceability and labelling. To comply with these legislations, detection
methods are needed. To date, GM events have been developed by the introduction of a transgenic insert (i.e., promoter, coding
sequence, terminator) into the plant genome and real-time PCR is the detection method of choice. However, new types of genetic
elements will be used to construct new GMO and new crops will be transformed. Additionally, the presence of unauthorised GMO
in food and feed samples might increase in the near future. To enable enforcement laboratories to continue detecting all GM events
and to obtain an idea of the possible presence of unauthorised GMO in a food and feed sample, an intensive screening will become
necessary. A pragmatic, cost-effective, and time-saving approach is presented here together with an overview of the evolution of
the GMO and the upcoming needs.

1. Introduction

Commercialisation of biotech or genetically modified (GM)
crops was started in 1996. Since this date a 94-fold increase
(from 1.7 million hectares in 1996 to 160 million hectares in
2011) was observed, which makes biotech crops the fastest
adopted crop technology in the history of modern agricul-
ture [1]. In 2011, 29 countries were planting biotech crops
of which 19 developing countries and 10 industrial ones [1].
Between the developing countries, Brazil is the leader [1, 2]
with 30.3 million hectares and an increase of 20% was seen
compared to 2010. The other main countries are Argentina
(23.7 million ha), India (10.6 million ha cotton), China (3.9
million ha), and South Africa (2.3 million ha). The United
States of America are still the lead producer of biotech crops
amongst the industrial countries with 69 million hectares of
biotech crops and an increase of 5% in the last year.

Since 1996, sixty countries worldwide have granted reg-
ulatory approvals for biotech crops for import for food and
feed use and for release into the environment, corresponding
to a total of 1045 approvals for 196 GM events in 25 crops.

USA still tops the list of number of approved GM events
followed by Japan, Canada, Mexico, South Korea, Australia,
the Philippines, New Zealand, the European Union, and
Taiwan [1]. In many countries legislations concerning GMO
commercialisation have been adopted and although they
differ from country to country, some issues are common. The
assessment of new GMO, for example, is in any state done
on a case-by-case basis. Further, a distinction is always made
between the purpose of the GMO namely if it is intended
for contained use or for release into the environment. In
addition, the countries make also a division between growing
of GMO or using it in the food and feed chain (e.g., as raw or
processed material). Concerning the labelling threshold for
food and feed, however, there is no consistency as this is only
in place in some but not all countries and it may vary from
0.9% in the EU [3] to 5% in Japan [4]. In some countries
like Russia, on the other hand, the labelling is dependent on
the type of product. Food products such as oil, syrups, and
starch, do not require labelling [5].

The various regulations worldwide governing the autho-
risation of GMO lead to the fact that some GMO approved
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in an exporting country may enter involuntarily via feed
and food importation in another country where the status
of approval of the GMO is not the same (i.e., unauthorised
GMO or UGM). The accidental presence of such kind
of UGM will increase in the coming years. Indeed, until
now, the GMO in food and feed currently commercialised
have been developed by American and European biotech
companies. These developers have a major interest in
requesting authorisation for the introduction of their GM
event on the world market as their products are meant for
exportation. However, in 2015 more than half of the GMO
will be developed by research institutions [2, 6]. This trend
has already started worldwide. In Asia, for example, the Inter-
national Rice Research institute (IRRI) in the Philippines has
successfully bred different GM varieties which are moving
forward in the regulatory pipelines for the Philippines and
Bangladesh [1]. In Brazil, a genetically modified Phaseolus
bean, resistant to the golden mosaic virus was developed
by the Brazilian public Agricultural Research Corporation
(Embrapa) and has been approved for commercial release by
the National Technical Commission on Biosafety (CTNBio)
[7]. Further, projects concerning the improvement of the
level of micronutrients in banana are being led by the
Queensland University of Technology (Australia) in partner-
ship with the National Agricultural Research Organisation
of Uganda (see http://www.grandchallenges.org/). As these
GMO are mainly intended for local consumption or limited
export [6] no worldwide application for authorisation will
be filed and therefore these GMO will be considered as
unauthorised as soon as they appear outside these markets.
As such, the various sources of GMO producers will increase
the risk of the presence of UGM in food and feed samples.

Furthermore, escapes from field trial releases are another
source of UGM that can represent a significant risk to
health and the environment. In recent years, a number of
such cases of accidental releases have been observed. For
example, soybean and sorghum fields planted on former
GM maize test plots have been found to be contaminated
with a GM maize developed by the US biopharmaceutical
company ProdiGene to produce an experimental pig vaccine
[8, 9]. Zapiola and coworkers [10] also showed evidence for
transgene flow of glyphosate resistant creeping bent-grass
(Agrostis stolonifera L.; a golf grass) from the field trials
not only during the time the plants were setting seeds but
also after the fields were taken out of production. Also the
finding of traces of genetically modified Liberty Link 601
rice in US exports shows the difficulties of full containment
of field trials [11]. It is expected that the number of GMO
planting countries will increase in the coming years and that
consequently the number of regulatory approvals will follow
the same trend. In addition, new crops and new traits will be
commercialised.

In this paper, we will briefly summarise the currently
used detection methods in food and feed samples. Subse-
quently, we will elaborate on the envisaged evolution of the
GMO crops and the challenge for the detection methods this
will create. It is clear that the increase in the number and
diversity of GMO and the growing possibility of the presence
of UGM will necessitate a reevaluation of the one-by-one

approach presently used in GMO detection/identification as
this will become practically impossible and too costly. Conse-
quently, there is an urgent need for efficient strategies for the
detection of all these GMO both to comply with the unique
regulation of each country but also to limit the potential
health and environmental risks associated with UGM.

2. Currently Used Methods for GMO Detection

Most of the current plant GM events are created by inserting
a transgenic DNA construct into the host genome. The
resulting organism will exhibit new properties due to the
fact that the foreign DNA sequence encodes a new protein
expressed in this plant. From these characteristics, basically,
two types of methods were developed to detect GMO,
namely, protein- and DNA-based methods ([12–15] and
references therein). Protein-based methods have some draw-
backs as previously discussed [13, 16]. In addition, this type
of methods has another limitation based on the fact that they
target the product resulting from the genetic modification
and not directly the genetic modification that is at the origin
of the GMO which is the fundamental advantage of DNA-
based methods (see below). Consequently, the methodology
only allows identifying the presence of the transgenic protein
but does not permit to differentiate between different events
containing the same transgenic construct. They do thus
not allow an unequivocal identification of the GMO, which
can be a problem to ensure traceability. Furthermore, some
proteins are instable and most of them are nearly impossible
to be reliably detected in processed products. Therefore, the
following part focuses on DNA-based detection methods.

Several review publications are available concerning
DNA-based methods [12, 17–22]. In addition, the com-
pendium established by the Joint Research Centre (JRC)
focuses as well on DNA-based reference methods for GMO
analysis [23].

At present, the most commonly used DNA-based
methods are based on the amplification of a specific
DNA fragment (i.e., element and construct-specific
methods) or the unique junction between the transgenic
insert and the host genome (i.e., event-specific methods)
using the Polymerase Chain Reaction (PCR) technology
(http://users.ugent.be/∼avierstr/principles/pcr.html). The
method relies on subsequent cycles of repeated heating and
cooling of the DNA strands and enzymatic replication of
the DNA. The basic technique of detection using PCR is
the use of a heat stable enzyme (Taq polymerase) allowing
the exponential amplification of the DNA followed by the
migration of the amplified DNA fragment(s) by agarose gel
electrophoresis. This technique allows estimating the size of
the DNA fragment(s). At the present time, a more advanced
quantitative real-time PCR technology exists and enables to
determine the content of a GMO in a sample. The amount of
product synthesised during the PCR is measured in real time
by the detection of a fluorescent signal. The most common
chemistries used to produce the fluorescent signal are the use
of a specific fluorescent probe (Taqman) or using dsDNA
binding (intercalating) fluorescent dyes (e.g., SYBR Green I).
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By recording the amount of fluorescence emission at
each cycle, it is possible to monitor the reaction during
its exponential phase and subsequently to correlate the
fluorescent signal with the initial amount of target template.
Beside these two main real-time PCR chemistries, others
have been applied for the detection of GMO [24–26] but will
not be further discussed.

In SYBR Green chemistry [27], the fluorescent dye SYBR
Green I, which binds to the minor groove of dsDNA,
is used. This dye will bind to every dsDNA, including
nonspecific PCR products and primer dimers. This is the
major limitation of this system. To circumvent this problem,
a melting curve analysis can be performed at the end
of the PCR, that is, measuring the DNA dissociation in
function of the temperature. Each dsDNA has a specific
melting temperature as a direct property of its nucleotide
content. Based on this melting temperature, it is possible
to distinguish the nonspecific fragments from the specific
PCR products. This analysis allows us to detect not only the
specific products but also to get an idea on the presence
of closely related targets [28]. In addition, the SYBR Green
chemistry is cost saving as there is no need for the use
of a fluorescent-labelled probe, which is the case with the
TaqMan chemistry.

Indeed, the TaqMan chemistry [27] uses three specific
oligonucleotides, that is, two primers and a probe [29–31].
The probe is labelled at its 5′-end with a “reporter” fluores-
cent dye and at its 3′-end with a “quencher”. As long as the
two dyes are in each other’s vicinity, the quencher prevents
the emission of fluorescence of the reporter. During the
elongation phase of the real-time PCR, the Taq polymerase
cleaves the annealed probe (5′ → 3′ exonuclease activity).
The fluorescence from the freely released reporter is detected
and monitored. The fluorescence increases proportionally
to the DNA quantity present in the reaction with each
amplification cycle. This correlates with the increase in the
copy number of the amplified target. The use of three
oligonucleotides allows a more specific detection. However,
at the same time it reduces the flexibility of the system as it
will not allow detecting mutated sequences (e.g., caused by
genetic variation of species varieties). In addition, TaqMan
amplicons need to be longer as both primers and probe need
to be designed in a conserved region. This is an additional
drawback when working with processed samples in which
the DNA might be degraded. Taqman real-time PCR is also
a technology that allows multiplexing by using different
fluorescent dyes for different targets to be simultaneously
detected in one sample [32–34]. However, seeing the limi-
tation of the number of fluorescent dyes that can be detected
by the current real-time PCR instruments and the fact that
multiplex PCR becomes more prone to false positives if more
than five to 10 real-time PCR systems are to be combined
[18], only a maximum of 5-6 targets is possible. One should
further guarantee that the detection and quantification of the
different targets in a single tube is not impaired, that is, the
sensitivity and PCR efficiency should be equal as when the
reactions are run in simplex. In addition, attention should be
paid to the design of the different primers so that they cannot
interact with each other, that is, primer dimer formation.

Apart from real-time PCR, new alternative and advanced
technologies have been proposed including the use of
high-throughput systems or platforms for the detection
of multiple targets, for example, microarrays, MIPC, PCR
combined with capillary gel electrophoresis (fingerprinting),
and next generation sequencing ([12, 18, 35–38] and refer-
ences therein). However, at the present stage they are often
more expensive, difficult to standardise and validate, and
require extensive, specialised work and equipment. They
are still at the proof of concept stage and therefore not
applicable in routine testing at the moment. Consequently,
these methods will not be discussed as this paper focuses on
upcoming challenges for GMO detection in food and feed by
enforcement laboratories.

3. Evolution of GMO

The genetically modified plants that have been developed
and commercialised so far, are mainly transformed using
a transgenic insert. This cassette consists of a regulatory
promoter region, a coding sequence (trait), and a terminator
(scheme in Figure 1).

The promoter and terminator elements used in the first
GMO were mostly the cauliflower mosaic virus (CaMV) 35 S
promoter (p35S; [39]) and the Agrobacterium tumefaciens
nopaline synthase terminator (tNOS; [40]). The traits were
also limited to genes conferring herbicide tolerance (HT)
and insect resistance (IR) and were introduced into few com-
modity crops such as maize, soybean, and oilseed rape. The
main HT sequences are the bacterial phosphinotricin-N-
acetyltransferases from Streptomyces viridochromogenes (pat)
and from Streptomyces hygroscopicus (bar) [41] and the 5-
enolpyruvylshikimate-3-phosphate synthase (epsps) from the
Agrobacterium tumefaciens strain CP4 or from plant origin
(in casu petunia) [42, 43]. For the IR trait, artificial versions
of the Bacillus thuringiensis (Bt) δ-endotoxin encoding genes
(e.g., the cryIAb/Ac) have been utilised.

At the present time, this first-generation of traits and
regulatory elements remains prominent in commercial crops
and their derived food and feed products. Indeed, in 2011,
the main GM crop was still soybean with 47% of the global
biotech crop area followed by maize (32%), cotton (15%),
and oilseed rape (5%). Throughout the 16 years of biotech
crop commercialisation, herbicide tolerance has been the
dominant trait (59%). Insect resistant crops account for 15%
of the total area of planted transgenic crops [1].

In more recent years, new regulatory sequences have
been introduced [44, 45] such as the cauliflower mosaic
virus 35 S terminator (t35S), the figworth mosaic virus pro-
moter (pFMV; [46]), the Agrobacterium tumefaciens nopaline
synthase promoter (pNOS), the rice actin promoter (pAct;
[47]), and the maize ubiquitine promoter (pUbiZM; [48]).
Furthermore, new genes from the Bt δ-endotoxin family are
also being used now (cry3Bb, cry3A, cry1F, . . .). Moreover,
more species like rice, cotton, sugarbeet, and potato are
currently used for transformation.

In the coming years, an even larger panel of genes encod-
ing various traits and new plant species are being genetically
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Figure 1: Evolution of the currently GM events authorised in the EU and their respective markers. This list is voluntarily not exhaustive but
aims at giving the general trend in GMO evolution (see text and JRC Compendium [23] for details).

modified and brought onto the feed and food market. The
diversity of transgenes and species used can be illustrated
by the following examples. Hawaiian researchers have devel-
oped a papaya (Carica papaya) resistant to the papaya
ringspot virus [49] which was commercialised in 1998
and is being exported to Canada since 2003. They further
collaborated with other countries such as Brazil, Jamaica, and
Thailand to develop resistant transgenic papaya suitable for
these countries [50, 51]. Also eggplant (Solanum melongena
L.) for instance, has been modified to confer resistance to the
Colorado potato beetle (Leptinotarsa decemlineata Say; [52])
by the expression of Bt genes. Cassava (Manihot esculenta
Crantz), on the other hand has been modified to reduce the
amylase content in the starch [53] which is important for
industrial purposes such as paper and textile [54].

In addition to these single trait GMO, a new trend
of gene stacking has been observed [55]. This implies the
introduction of different transgenic inserts into the same
plant through conventional crossbreeding, co-, or retrans-
formation to combine different traits [55, 56]. This trend is
confirmed by the considerable boost in 2011 of planting of
stacked events with an increase of 31% compared to the year
before. In 2011, 12 countries have been growing events with
two or more traits. The total area of stacked events accounts
for more than 26% of the 160 million hectares of biotech
crops planted [1, 2, 6]. In this context, rice (Oryza sativa),
a predominant food source in Asian countries, has been
genetically modified by the insertion of two genes (encoding
phytoene synthase and carotene desaturase) to improve the
production and accumulation of β-carotene in the grains
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[57, 58]. This GMO is in the pipeline for regulatory approval
in the Philippines and Bangladesh [1]. An extremely evolved
form of gene stacking is the SmartStax GMO. It is the first
plant GMO with eight combined events for multiple modes
of insect resistance and herbicide tolerance. The SmartStax is
a combination of Yieldgard VT Triple (Monsanto), Herculex
Xtra (Dow), RoundUp Ready 2 (Monsanto), and Liberty
Link (Dow). It is currently available for maize, but cotton,
soybean, and speciality crop variations are to be released
[59].

In the above described GMO, the introduced genetic
elements are mainly coming from a noncrossable organism
(so-called donor organism). These elements are further
combined with plant-specific markers such as the rice actin
promoter and the maize ubiquitin promoter to construct the
transgenic insert. However, other types of modifications in
the genome can be introduced to alter the plant’s character-
istics. Several of these techniques have already been adopted
by commercial plant breeders (especially in the USA). One
of these is the introduction of a DNA sequence which is
completely derived from the recipient species itself in a
process that is called cisgenesis [60]. This technique together
with oligonucleotide directed mutagenesis (ODM) and agro-
infiltration are the most used new breeding techniques [60].
Zinc finger nuclease (ZFN) technology, RNA-dependent
DNA methylation (RdDM), grafting on GM rootstocks, and
reverse breeding are less used. They are still mainly applied
at research level. It should however be noted that discussions
are still ongoing whether the organisms created by these
plant breeding methods will fall under the current GMO
regulation or not.

4. Evolution of the Screening Strategy in
Response to the GMO Complexity

Due to the broad range of GMO, authorised and unau-
thorised, possibly present on the worldwide and local
market, it rapidly becomes unrealistic to use a one-by-one
based identification strategy. This step is necessary and an
important task of the enforcement laboratories to unequiv-
ocally identify each GMO, that is, by targeting the DNA
fragment on the junction between the plant genome and
the transgene (event-specific method; [61]). Already now,
strategies like simplex or multiplex real-time PCR (limited
to 5-6 targets when using the real-time PCR technology)
for the identification of known junction sequences (i.e., GM
authorised events) are not rational as it is extremely expen-
sive and time consuming. In the near future this will become
simply impossible. Moreover, no event-specific methods
are available for the UGM, especially the unexpected ones
coming from field trials, and so they are undetectable with
such kind of methodology. Therefore, most of the enforce-
ment laboratories have elaborated a screening strategy, in
which a minimum set of PCR tests (targeting specific
genetic elements) should allow making conclusions on the
absence/presence of as many GM events as possible. Only
in the positive cases, a second step will specifically identify
which individual event(s) is (are) present in the sample.

The most common recombinant elements in the current
GM crops are p35S and tNOS [44, 45, 62], both transcription
regulating sequences. Consequently, in order to assess the
presence of GM material in a product, a screening PCR
for those generic recombinant markers is often performed.
Several methods have already been published for the detec-
tion of the p35S and tNOS markers in a broad range
of matrices using classical PCR as well as more advanced
real-time PCR with a TaqMan probe or the SYBR Green
dye [28, 63–67]. This basic screening was very efficient
when only few GMO were present on the food and feed
market. However, as the number of GM events is growing
exponentially, limiting the screening to those common
targets (with high-coverage power) has the disadvantage that
a too large number of GM needs to be confirmed using
the event-specific detection methods. Therefore, additional
targets (GM-specific elements) such as HR genes (pat, bar,
epsps) and IR genes (cry gene family) can be added to
reduce the number of putative GM events to be identified
in the sample (due to a higher discriminative power). Several
detection methods have been published targeting such types
of elements [68–70].

The majority of the PCR methods described above were
designed by different groups and consequently are using
different methodologies (classical PCR, real-time PCR using
the TaqMan, or SYBR Green chemistry) as well as different
PCR programmes and protocols (e.g., [23]). This makes the
simultaneous use in a single run in a 96-well plate format
impossible by enforcement laboratories. To reduce the
number of analyses and facilitate high-throughput analysis
some multiplex real-time PCR screening strategies have been
developed. However, these require multichannel detection
devices and often include costly detection probes for at least
some of the targets [32–34]. Furthermore, the multiplex
strategy misses the flexibility of a modular system, that is,
each time a new method needs to be added, the complete
system needs to be validated.

In addition to this multiplex approach, a new type of
modular screening strategy can be used, that is, the so-
called “combinatory” or “matrix-approach”. In this screening
approach, a limited set of simplex real-time PCR methods
targeting various types of elements (endogenous sequences,
generic markers, and GM-specific elements) is selected in
such a way that multiple GMO can be detected within a single
analytical run. Such a matrix-based approach was developed
by the WIV-ISP [71, 72] and is used in routine GMO
detection. A careful selection of the markers was performed
allowing developing an approach wherein not only most
GMO are detected but also discriminated [28, 68, 72, 73].
Special attention was given to the size of the amplicon,
that is, the methods were developed to amplify a short
amplicon (around 100 bp) that is particularly important to
detect transgenes in processed food where the DNA might
be degraded. Combined with an informatic decision support
tool named CoSYPS (for “Combinatory SYBR Green qPCR
Screening”), such GMO screening represents an example of a
very useful approach in managing the experimental analysis
of samples for regulatory or enforcement purposes and is
further elaborated below.
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The CoSYPS for GMO detection was first designed to be
able to combine the results obtained with 11 SYBR Green
real-time PCR methods which were in-house developed to
be performed under similar conditions and hence to be
run in a single 96-well plate (Table 1). Hereto, two generic
recombinant markers (p35S, tNOS) and the 4 major GM
elements (cryIAb/Ac, epsps, pat, and bar) have been designed.
Many of the elements used in transgenic constructs are
derived from donor organisms such as bacteria and viruses.
One such element is the 35 S promoter of the cauliflower
mosaic virus (CaMV) which has Brassica plants as its natural
host. To discriminate between the p35S present in a GM
event and the one due to its possible natural presence,
an additional marker (CRT) was developed. This marker
targets the reverse transcriptase gene of CaMV and will thus
allow the detection of the virus. These GM markers are
combined with the RBCL plant kingdom marker and a lectin
(LEC), an alcohol dehydrogenase (ADH), and a cruciferine
(CRU) species marker for the detection of materials derived
from soybean, maize, and oilseed rape, respectively. As
this approach is modular, three additional markers were
developed to answer the actual need in GMO detection. Two
are targeting the promoters of the figworth mosaic virus
(pFMV) and the A. tumefaciens nopaline synthase (pNOS),
one targets the δ-endotoxin encoding gene cry3Bb from B.
thuringiensis. To keep covering the newly developed GMO,
three more species-specific methods have been developed,
that is, targeting rice (PLD), cotton (SAD1), and sugarbeet
(GLU3). Based on the decision values (LOD expressed as Ct
value, Tm) of the different screening methods, the CoSYPS
allows to decide which GM events may be present in
an analytical sample. The present version of the CoSYPS
allows covering the presence of all currently EU authorised
GMO [28, 68, 72, 73]. An example of the efficient use of
this decision support system is shown in Figure 2 for the
detection of maize event NK603.

As this decision support system is a modular tool,
screening methods targeting new sequences present in new
GM events can be added at any moment. This is necessary
to add discriminative power to the CoSYPS system and to
keep covering the increasing number of GMO. Additionally,
the use of the various markers in combination with the
CoSYPS is a powerful tool in the detection of UGM. Indeed,
in principle, the elements that are positive in the screening
real-time PCR should be covered by the EU authorised events
[77] or the GM events included in the “Low Level Presence”
(LLP) legislation [78]. If this is not the case, one might
suspect the presence of an UGM in the sample and further
confirmation of the event would be needed. This might
require first the use of alternative and advanced tools such
as anchor-PCR fingerprinting [79] followed by confirmatory
sequencing of the suspected amplified fragment(s) or DNA
walking [80] to identify the junction between the transgene
and the plant genome (for which later on a real-time
PCR event-specific method can be developed). Alternatively,
the next generation sequencing technology can be used to
screen whole genomes for foreign DNA and their respective
junctions. The roadmap for these ad hoc scenarios should be

drawn based upon the evaluation of the perceived risk for
health, environment, and economy.

5. Conclusions and Future Perspectives

The number of GMO cultivated for commercial or research
purposes continues to increase worldwide. Not only these
will add to the complexity of detecting authorised GMO by
the enforcement laboratories in food and feed samples, but
also the occurrence of UGM which will be steadily increasing
in the coming years. Unintended escapes and intermingling
with UGM can never be ruled out [81]. Most likely there will
also be a growing number of GMO with traits of industrial or
pharmaceutical relevance but not intended for food or feed
use. These could also enter the agricultural supply chains and
cause ethical and religious concern or even pose a significant
risk to human and animal health [38]. Therefore, there is an
evident need for a continuous development of appropriate
detection methods and strategies.

As long as the development of GMO is following the
same way and genetic modifications are being created by
the introduction of a transgenic cassette originating from
a foreign organism, the current detection/identification
approaches can be continued to be used, even for stacked
events. However, gene stacking poses a new challenge for
GMO detection laboratories as there is no way (except when
the analysis is done on individual seeds and plants) to
discriminate between the presence of the GMO separately in
a sample or combined as a stacked event [16, 55, 82].

In response to the increasing diversity of GMO on the
market, new screening markers for the new species-specific
sequences (e.g., eggplant and melon), and new genetic
elements (e.g., coding for pathogen resistance) will need to
be designed and developed. The challenge will be more in
collecting the massive amount of data sequences (especially
for UGM) to develop standardised real-time PCR methods
and then combining the obtained results in an appropriate
decision system, like CoSYPS, for an efficient manner of
GMO testing. Eventually, also the event-specific methods
should be developed, to unambiguously identify the GMO
in a second step.

The developed SYBR Green screening methods will offer
the possibility for the detection of potential allelic variation
in GM markers, as is, for example, the case for the cry1Ab
gene in Bt11, Bt176, and MON810 maize, as compared to the
natural (non-GM) donor Bt ssp. kurstaki. The haplotypes of
the gene in the three GM maize events have been differently
optimised for expression in plants/maize [38]. The SNP can
however be detected by using a technique originating from
human genetic diagnostics, that is, High Resolution DNA
Melting Analysis (HRM) to screen for mutations in DNA
pools [83]. This requires only a simple real-time PCR step
(using an intercalating saturating dye such as SYTO9 or
LCgreen Plus+ and the primers developed for the screening
markers) followed by DNA melting curve analysis. Samples
containing a mutation form heteroduplexes in the post-PCR
fragment mix. These are identified as differential melting
temperature curves in comparison to homoduplexes (e.g.,
[84]). As such, HRM is a cost-effective, high-throughput
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Table 1: List of SYBR Green screening methods developed and validated at WIV-ISP.

Method name Target
Fragment
size (bp)

Reference

RBCL Ribulose-1,5-biphosphate carboxylase oxygenase 95 [73]

Plant taxon-specific methods

LEC Lectin gene of soybean (Glycine max L.) 81 [74]

ADH Alcohol dehydrogenase I gene from maize (Zea mays L.) 83 [73]

CRU Cruciferin gene from oilseed rape (Brassica napus) 85 [73]

PLD Phospholipase D gene from rice (Oryza sativa) 80 [73]

SAD1 Stearoyl-acyl carrier protein desaturase gene of cotton (Gossypium genus) 107 [75]

GLU3 Glutamine synthetase gene from sugar beet (Beta vulgaris) 118 [31]

Generic element-specific methods

p35S Promoter of the 35 S cauliflower mosaic virus 75 [28]

tNOS Terminator of the nopaline synthase gene 69 [28]

pFMV Promoter of the figworth mosaic virus 79 [76]

pNOS Promoter of the nopaline synthase gene 75 [76]

t35S Terminator of the cauliflower mosaic virus 107 in-house

GM element-specific methods

cryIAb/Ac Gene encoding the Bacillus thuringiensis δ-endotoxin (insect resistance) 73 [68]

cry3Bb Gene encoding the Bacillus thuringiensis δ-endotoxin (insect resistance) 105 in-house

pat Phosphinotricin-N-acetyltransferases gene from Streptomyces viridochromogenes 109 [68]

bar Phosphinotricin-N-acetyltransferases gene from Streptomyces hygroscopicus 69 [68]

epsps
5-enolpyruvylshikimate-3-phosphate synthase gene from Agrobacterium tumefaciens

strain CP4
108 [68]

p35S discriminating method

CRT Reverse transcriptase gene from the cauliflower mosaic virus 94 in-house

mutation screening method with high potential for GMO
analysis, including UGM analysis. HRM can be comple-
mented with confirmation of the mutation by sequencing.

However, the screening methodology will no longer fully
be suited for the detection of new types of genetic mod-
ifications that are under development through new plant
breeding techniques. In the case of cisgenesis, for example,
detection of the inserted elements alone can no longer be
used as evidence of the genetic modification. However, the
order of the different elements and the insertion loci into the
plant genome still may offer an opportunity for the detection
of these modifications [38]. Provided this information is
available, these event-specific sequences can be exploited to
develop new real-time PCR-based methods if needed. Also
for other types of genetic modifications introduced by these
new plant breeding techniques (e.g., ZFN technology, ODM)
a minimum amount of information about the DNA sequence
of the modification and the neighbouring sequence needs
to be known to be able to detect them [60]. Without prior
knowledge, detection of these small modifications would be
unlikely to be used in routine laboratories as more complex
technologies are needed (e.g., full-genome sequencing). For

the others, the detection of the genetic modification is cur-
rently not possible (e.g., RdDM, grafting, reverse breeding,
and agroinfiltration). In addition, crops resulting from most
of the techniques cannot be distinguished from convention-
ally bred crops or from crops produced by natural genetic
variation, and identification is therefore not possible [60].

These new advances in molecular biotechnology pose
challenges to regulators as to whether they fall within the
scope of their regulatory authority. In 2011, the European
Commission, with the cooperation of different member
states, published an overview of these techniques [60]. At
the moment it is, however, not clear yet if these new
breeding techniques lead to organisms that will be classified
under the currently used GMO definition [85] and thus
the GMO legislation. If they would be classified as GMO,
they would require control and traceability. As the current
methodologies will be insufficient, new approaches, probably
involving a combination of different analytical methods,
need to be developed. If they are not classified as GMO, the
currently used detection methods would remain appropriate
for now. Nevertheless, to anticipate the increasing number
of GM events, the development of additional screening
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Figure 2: Example of the use of the CoSYPS for the detection of maize GM event NK603 (see text for details on the markers used). The
following steps are performed. (1) Real-time PCR screening of the sample with the panel of markers. (2) Introduction of the results (Ct and
Tm) in the CoSYPS. (3) The CoSYPS gives a list of GM events possibly present in the sample. (4) Identification of the GM events using the
event-specific methods.

markers, potentially in multiplex set-ups (which might
involve technologies beyond the real-time PCR platforms),
should be continued to arrive in the near future to a robust
and cost-efficient solution to the GMO challenge.
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