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Introduction

A routine procedure for the detection of genetically modified organisms (GMO) by real-time polymerase chain 
reaction (qPCR) includes several steps. The first is to screen the unknown samples for the presence of common 
genetic elements such as promoters, terminators, coding or other sequences which are present in different 
Genetically Modified (GM)-events. This step is done in order to narrow down the number of analyses to do in 
the second step where the potentially present GM-events are identified by an event-specific method. Given the 
permanently increasing number of new GM-events (1), the application of sensitive and cost-efficient screening 
methods is needed. 

To meet this need, a set of SYBR®Green qPCR GMO screening methods has been developed at the Scientific Insti-
tute of Public Health (WIV-ISP). This set comprises the following methods: 1/ four trait-specific methods (CP4-EP-

SPS, CryIAb/Ac, pat, bar) (2); 2/ two methods detecting generic recombinant sequences (p35S and tNOS) (3); 3/ 
three taxon-specific methods targeting the soybean lectin (lec), the maize alcohol dehydrogenase (adh) and the 
oilseed rape cruciferine (cru) genes (4), allowing determining the plant species present in the sample under analy-
sis. Additionally, a method (initially developed by CRA-W) detecting a generic plant marker based on the chloro-
plastic rbcL gene sequence, has been included (5). Furthermore, a method specific for the Cauliflower Mosaic Virus 
(CaMV) Reverse Transcriptase gene (CRT2) was used. The latter one allows to determine whether a positive result 
for the p35S marker is due to presence of the donor organism CaMV in the sample.

The combination of these qPCR methods permits performing a GMO screening analysis in a single run. The 
interpretation of the obtained results for each method, is done by using the WIV-ISP developed decision support 
system (DSS) which applies a ‘prime-number’-based algorithm to indicate which GM-events are possibly present 
in a sample. This matrix-based approach for determining the presence of GM plant materials in products is called 
“Combinatory SYBR®Green PCR Screening” or “CoSYPS”(6).
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The CoSYPS was validated in an EU ring trial in which 13 EU enforcement laboratories participated (7). Here we 
describe the design and the results of the small scale inter-laboratory test organized by the Belgian National Refer-
ence Laboratory for Genetically Modified Organisms (NRL-GMO) in 2010. 

Aim of the Belgian CoSYPS inter-laboratory test 

The aim of this test was to assess the applicability and practicability of the CoSYPS within the Belgian NRL-GMO. 
For this purpose, the bottlenecks, identified in the previously performed EU ring trial (7), were first eliminated or 
largely reduced: 1/ all participants received a theoretical and practical training prior to the trial, 2/ test samples 
were prepared according to ISO Guideline 43 by the European Union Reference Laboratory for GM Food and Feed 
(EU-RL GMFF; 8). The NRL-GMO inter-laboratory test was linked to the Comparative Testing Round ILC-CRL-GMFF-
CT-02/10 (8), performed in September 2010 and organized by the EU-RL GMFF.

Test samples and qPCR analysis

Two maize powder samples containing a different percentage of maize GM-event MON 810 (0.8% and 3.8%) were 
used (8). Per sample, extractions were performed from three test portions and two of the extracts were tested. 
Each laboratory was using its own DNA extraction protocol. 

One qPCR run was performed for both samples, using the 11 SYBR®Green qPCR methods under the qPCR condi-
tions described previously (2). Each laboratory used its own qPCR instrument. 

Five laboratories participated in the inter-laboratory test. All participants received the complete CoSYPS protocol, 
primers, positive controls, SYBR®Green Universal Master Mix and the CoSYPS DSS as used in routine analysis at 
WIV-ISP at that time (6). 

Data analysis

The evaluation of the data was carried out per GM level (n=2), per qPCR method (n=11) and per GM-event (n=1). 
In total 20 results (2 levels x 2 extracts x 5 laboratories) were generated per marker with the exception of Cry1Ab/

Ac where 19 results were generated. After the analysis of the qPCR raw data per extract, two values were encoded 
in the CoSYPS DSS: Ct and Tm. An extract was considered positive for a specific marker if the Ct value was lower 
than 35 in combination with a Tm value within the interval Tm of the positive control ±1°C. For Cry1Ab/Ac ±2°C 
was used to cover the two different sequences of Cry1Ab/Ac present in GMO.

The outcomes of the participating laboratories were compared with the expected outcome in terms of presence/
absence of a specific marker. Sensitivity, specificity, false positive and false negative rates were calculated for all 
methods and samples along with the positive and negative predictive values (http://www.cebm.net/index.aspx-
?o=1042). 
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Results 

Four of the tested markers (rbcL, adh, p35S and Cry1Ab/Ac) were expected to give a positive response in both sam-
ples. The results showed that one out of 20 results was negative for both markers p35S and Cry1Ab/Ac (Table 1). 
The rest of the tested markers were expected to give a negative response. However, one false positive result was 
observed for pat (Table 1). 

The sensitivity determined for the positive markers was 100% for rbcL and adh. For p35S and Cry1Ab/Ac it was 
lower, respectively 95% and 94.7% (Table 1). The specificity determined for the negative markers was 100% except 
for pat (95%, Table 1).

Table 1.  Results of the  inter-laboratory trial. The expected positive markers are indicated in green, the expected negative 

markers are in red. 

rbcL lec adh cru p35S tNOS
CP4- 

EPSPS

Cry-
1Ab / 

Ac
pat bar CRT2

# positive results 20 0 20 0 19 0 0 18 1 0 0

# negative 
results

0 20 0 20 1 20 20 1 19 20 20

Sensitivity (%) 100 100 95 94.7

Specificity (%) 100 100 100 100 95 100 100

In this inter-laboratory test, both the overall sensitivity and specificity were 99%. Also positive and negative predic-
tive values are very high at 97 and 99% respectively (Table 2), giving low rates (<5%) for respectively false nega-
tives and false positives.

Table 2. Overall specificity, sensitivity and positive and negative predictive rates

Measured positives Measured negatives

Expected positives 77 2 97% Positive predictive rate

Expected negatives 1 139 99% Negative predictive rate

99% 99%

sensitivity specificity
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Conclusions 

Overall, the results obtained in the NRL-GMO inter-laboratory test showed that the used SYBR®Green qPCR meth-
ods allowed correctly detection of the expected elements present in the samples, i.e. the maize-specific marker 
(adh), the two transgenic markers (p35S and CryIAb/Ac) and the generic plant marker (rbcL). Consequently, it can 
be concluded that the CoSYPS DSS is applicable to GMO screening in such samples.

Furthermore, all participating laboratories were able to perform the experimental side of the qPCR protocol 
without any problems.  Additionally, it was possible to run all samples and all markers in a single run. Moreover, 
no special needs are required concerning the infrastructure and qPCR instrument as each laboratory could use 
its own instrument. This all demonstrates the practicability of the used SYBR®Green methods and the combined 
setup as done in the CoSYPS. It is however useful to provide a short training on the theoretical side of how the 
DSS works and should be filled to future users.

Taking together the results of the EU ring trail (7) and the NRL-GMO inter-laboratory study presented here, it can 
be concluded that the CoSYPS DSS is a reliable and efficient tool to screen food and feed products for the pres-
ence of GMO. 

Perspective 

The SYBR®Green methods used in the inter-laboratory test have now been fully validated (7). Consequently, they 
will be included in the European database of reference methods for GMO analysis (9) (http://gmo-crl.jrc.ec.europa.
eu/gmomethods/). Furthermore, this GMO screening approach can be extended by introducing new methods 
(10) in order to enhance the coverage and discriminative power of the DSS.
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