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1. Summary 


One of the objectives of the Work Package 1 (WP1) is to build a model GMO 


matrix harbouring the genetic elements defining each GMO event. This model 


matrix will be used to determine which screening methods should be developed 


within the GMOseek project.  


In order to establish a basis for the development of new DNA-based GMO 


detection methods, the GMO model matrix contains information on the common 


event name, unique identifier and the crop. To face the situation in the next 


coming years where various “asynchronous authorisations” will take place in 


different countries, the status of authorisation for feed and food in the EU was 


implemented as well. All partners involved in the project have provided infor-


mation regarding GMOs and their genetic elements. This 1st GMO model matrix 


contains the data provided by all the GMOseek project partners and was finally 


summarized in a “consensus GMO model matrix”. Throughout the project, this 


“consensus GMO model matrix” will be updated with the latest information.  
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2. Results & methods 


Introduction 


The task of the Bavarian Health and Food Safety Authority (hereinafter referred 


as LGL) and its subcontractor in WP1 is to design bioinformatics tools to help 


the selection of targets for the development of DNA-based amplification 


methods for GMO screening.  


The first task was to collect data on GMO elements such as promoters, 


terminators, genes and genetic constructs being a part of authorized and non-


authorized GMO events. Data from project partners and the BVL were compiled 


and adjusted in one “consensus GMO model matrix” in datasheet format. At the 


beginning, this information serves as a basis for a “manual” decision on which 


GMO elements are the most important to be targeted for the development of 


GMO screening methods in work package 2 (WP2). This consensus GMO 


model matrix will be the basis of the software tool (GMOseek algorithm) 


designed NIB and its subcontractor to generate sets of GMO elements most 


relevant for the future development of GMO screening methods. This matrix will 


also be used to identify the requirements (in terms of input and output) for the 


design of the emulation software tool by LGL and its subcontractor.   


The consensus GMO model matrix is the foundation for decisions concerning 


the targets of the screening methods to be developed in WP2. Therefore, data 


needed to be carefully checked for contradictions and ambiguousness entries. 


All project partners were involved to check the data points and from the results 


of this check-up task LGL built a “consensus GMO model matrix”. 


Build-up of the 1st GMO model matrix 


In order to build-up a GMO model matrix being a basis of the bioinformatics 


tools, the project partners (LGL, IPH, CRA-W and NIB) as well as the founding 


partner BVL have provided detailed information on GMO events and elements 


to LGL. The different provided data sheets were combined in a “1st GMO model 


matrix” by LGL.  
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The structure of the 1st GMO model matrix was adopted from the BATS-matrix 


provided by the BVL, because it was found to show the most appropriate and 


detailed information. This means that all information contained in other provided 


matrices had to be adapted to the BATS-matrix format. Due to the limitation of 


the Microsoft excel software concerning the number of columns, the large 


amount of GMO genetic elements provided by the project partners could not be 


collected in one sheet. So the GMO model matrix had to be divided into two 


data sheets, one containing GMO promoters and terminators (named “P+T”), 


and one for genes and other elements (named “genes”). These other elements 


listed in the “genes” sheet are mainly junction regions between functional 


elements and promoters which became a special importance in GMO analysis 


for discrimination and specification of GMO events, or residual DNA sequences 


originating from the transformation vectors. The GMO events are listed in the 


rows of the matrix while the genetic elements are listed in the columns.   


In addition to the genetic elements, both data sheets show information about 


the (1) common event name, (2) unique identifier, (3) crop (plant name), (4) a 


number code of the providing project partner and (5) remarks (when available 


and necessary). Using the filter function of the excel software; data can easily 


be rearranged to look for special requirements.  


Throughout the table a certain element present in a GMO event is presented by 


1. If the presence cannot be confirmed it is presented by 0. As each project 


partner had a different way to fill the matrix all data were transferred into “1” or 


“0” (see next section and Table 1 for further details).  


Conflicting data in the 1st GMO model matrix 


During the construction of the GMO model matrix it appeared that the matrices 


provided by the project partners not only used a different format but also had 


some variations in information. 


Since each project partner indicated the presence and absence of the GMO 


elements in a different way, two versions of the “1st generation GMO model 


matrices” were initially composed. In order not to lose information, one 1st matrix 


version was created which collects all data without changing the format (see 
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Figure 1). In the second 1st matrix version, the codes for the presence and 


absence of the GMO elements used by the different partners were converted to 


“1” and “0” (see appendix 1).  


In details, some project partners used the values “+”/”-” while others used the 


values “1”/”0”. Some matrices introduced an additional code for special 


information concerning the weighting of the data. This way, they differentiated 


whether the information was coming from literature or coming from experimental 


verification in laboratory. Each partner used a different code to meet this 


problem. In the case that no information was available, some partners used the 


value “0” and others empty cells (cp. Table 1 and Figure 1). The abbreviation 


“R” and “*” were added for GMO element information which is confirmed by the 


testing of reference material (information delivered by LGL, abbreviate by LGL/ 


Waiblinger and IPH-matrix, respectively) and “S” (LGL/ Waiblinger) when 


sequence information is given by the application for authorization in the EU. 


Some matrices do not distinguish between “tested in the lab” and “not experi-


mentally confirmed data” (BATS-matrix, CRA-W, NIB).  


 


 


Figure 1: 1st version of the 1st GMO model matrix. 


For a given event (here, GTS 40-3-2), information provided by the different project 


partners was diverging by its format and sometimes by its conclusion 


(presence/absence) 
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In addition some project partners provided further information on the quality of 


analytical results they received by tagging a certain element. They symbolized 


weak analytical signals by “sp” or “wp”, respectively. Other project partners 


gave information on the EU authorization status (IPH-, FIS-VL- matrix) (see 


Figure 1). 


During the second project meeting in Ljubljana on 5th October 2009, it was 


decided that the second version of the “1st generation GMO model matrix” which 


uses “1” and “0” (see attachment 1) would be further used. It was decided to 


simplify the information contained into this matrix in order to receive a clear data 


arrangement. As the possible meaning of “1” and “0” values concerning the 


presence or absence of a certain element in a GMO event can be very different 


(see tTable 1), the meanings of the values were defined as follows. Irrespective 


of verification in laboratory, the presence of an element in a GMO event is 


indicated by “1”. If the presence cannot be confirmed it is indicated by “0”.  


Table 1: Possible meanings of “0” and “1” values in the 1st generation GMO model 


matrix 


 


applied information meanings 


 
meaning of “0”: 


 
1) no information available 


 2) element not present according to the literature 
 3) element not present according to experimental results 
 4) element not present, checked in interlaboratory ring trials 
 
meaning of “1” 


 
1) element present according to the literature 


 2) element present according to experimental results 
 3) element present, checked in interlaboratory ‚ring trial 


 


Also the information on the presence and absence of certain genetic elements 


in a GMO event were not always the same, depending on the partner who pro-


vided the data (see Table 1). That means that “0” and “1” values could be found 


for the same data point, depending on the providing project partner. Hence the 


1st GMO model matrix simply collects all data with all contradictions being 


highlighted. This compilation was realized by creating several rows for each 


GMO event using a colour code dedicated to each project partner who delivered 
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information (see Figure 2). Additionally, one consensus row for each GMO 


event was created to show the main information as well as the highlighted con-


flicting data (see appendix 1).  


 


Figure 2: Colour coding of the project partners for the first GMO model matrix versions 


In the “1st generation of GMO model matrix”, a column and a row were added at 


the end of each working sheet for the calculation of the sum of all reported 


genetic elements and GMO events, respectively. Additionally, one row / column 


was added to sum the conflicting data. This is to simplify the subsequent 


correction task done by the project partners in order to build up the “consensus 


GMO model matrix” (see appendix 1).  


In total the consensus line showed 1126 data points; 389 in the “P+T” sheet and 


737 in the sheet for the genes. The “1st generation of GMO model matrix” had 


62 contradictory data for the sheet “P+T” and 62 for the sheet “genes”, which 


means a total of 121 conflicting data.  
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Construction of a “consensus GMO model matrix” 


During the second project meeting in Ljubljana on 5th October 2009, the final 


arrangement of the GMO model matrix was defined as follows:  


1) The focus is given to food and feed GMO events, other plant species such 


as ornamental plants are not considered. 


2) Every project partner rechecks the information contained in the “1st genera-


tion of GMO model matrix” and send corrections to LGL in order to build-up 


a consensus GMO model matrix.  


3) The project partners check the element names in order to eliminate dupli-


cates as well as non-relevant information and specify elements when similar 


elements with different DNA sequence exist, respectively.  


4) The value “0” means “presence is not confirmed” and “1” means that “pre-


sence was reported in literature or checked experimentally”. Cells are left 


empty if no information is provided regarding the genetic element for a given 


GM event. No further information will be given regarding the experimental 


verification of the information. 


5) The consensus GMO model matrix will be divided in two sheets: one sheet 


for promoters and terminators, and one sheet for genes and other elements.  


6) The columns for the EU authorization status should be integrated: EU 


authorized, not EU authorized, in pipeline, tolerated. The data shall be filled 


up during the period of the project. 


7) LGL should define short names for the GMO elements with long names (see 


also appendix 4). 


8) After the building of a “consensus GMO model matrix” a final “GMO matrix” 


should be updated every six month by the project partners. 


The revised “consensus GMO model matrix” 


At the end of October 2009, the “consensus GMO model matrix” was presented 


on the internet working space (https://gmoextranet.jrc.it/sites/GMOseek).The 


frequencies of GMO elements were ranked and highlighted with a colour code 


in order to ease the selection of new targets for real-time PCR detection 


methods (see appendix 2). Additionally, the EU authorization status for food and 







GMOseek – Deliverable D1/01 – Final 


10 


   


feed was included in the matrix. Information on the common event name, 


unique identifier and the crop species was kept. 


After CRA-W and NIB checked the last conflicting data in the “gene” sheet, no 


conflicting data were left and a “consensus GMO model matrix” was build up 


(see appendix 3). As all supported information of the 1st GMO model matrix was 


adapted, all colour code lines of the project partners deleted and the 


“consensus lines” were used to build up the new simplified “consensus GMO 


model matrix”. 


3. Summary of results, discussion and conclusion 


In order to establish a basis for the development of new DNA-based GMO 


detection methods, a GMO model matrix was constructed. The compilation of 


all matrices provided by the partners and the BVL was made in excel data sheet 


format. It contains GMOs in row and genetic elements in columns plus 


additional useful information. The presence of absence of a certain element in a 


GMO event is marked by the value “1” or “0”, respectively. This 1st generation of 


GMO matrix” containing 1164 data points shows 121 contradictory data on the 


presence or absence of elements in GMO events. The visualized conflicting 


data were careful checked and corrected by the project partner involved in this 


conflicting data, and a “consensus GMO model matrix” was consequently build 


up by the LGL. Some conflicting data were solved experimentally by CRA-W. 


Information on non food/feed plants was not considered and the further the EU 


authorization status was integrated. Additionally, names of GMO elements were 


shortened by LGL, doubled information was eliminated and ambiguous ele-


ments were specified.  


The resulting “consensus GMO model matrix” shows no conflicting data 


anymore and will serve as a tool to decide the next GMO detection methods 


which will be developed by the GMOseek members (see appendix 3). Currently 


the decision is made manually. In future the “consensus GMO model matrix” will 


“feed the GMOseek algorithm designed by NIB and its subcontractor. Once the 


EUGINIUS database will be available, the emulation algorithm designed by LGL 


and its subcontractor extracts data from EUGINIUS into a format compatible for 


GMOseek. 
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Summary 


One of the objectives of the Work Package 1 (WP1) is to provide informatics 


tools in order to help the analysts involved in GMO diagnostics finding the most 


accurate and efficient combinations of screening methods for a maximum 


coverage of GMOs. With this purpose, an algorithm named “GMOseek 


algorithm” was developed. It uses GMO matrix (such as the GMO model matrix 


built in task 1) harbouring the genetic elements defining each GMO event.  


A heuristic algorithm for a solution search was built under Constraint Logic 


Programming (CLP) framework. It directs the solution composition by rules, for 


instance the coverage of the GMOs in the matrix. For each subset of GMO 


matrix loaded, the algorithm proposes a list of screening methods combinations 


ordered by coverage factor. This list can be used to discover the screening 


methods that one should develop/introduce in a GMO diagnostics laboratory to 


improve the GMO coverage and eventually detect possible presence of UGMs. 


The algorithm was used to analyse several subsets of the GMO matrix and 


results of these analyses is summarized in the present deliverable.  
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1. Methods 


Introduction 


Analyses were performed in April-May 2010, on the last version of the 


GMOseek algorithm released after improvements proposed during the 


GMOseek meeting in Gembloux (17.03.2010). 


GMOseek algorithm principle 


The GMOseek algorithm was designed in order to propose combinations of 


screening methods for more efficient GMO detection. This should lead to the 


discovery of new methods. 


The algorithm was designed in order to be flexible: it allows changes of input 


data (matrix subsets) to take into account new GMOs on the market. It provides 


a list of possible combination, the last one being the most informative 


combination of screening methods for efficient GMO detection. 


 


This efficient search of combination is based on a heuristic algorithm for a 


solution search Constraint Logic Programming framework. It directs the solution 


composition by rules (according to the criteria and parameters described 


below). Also the algorithm works in a dynamic way: it iteratively proposes new 


combinations until one is proved to be the best. If one has enough time, an 


optimal solution would be found. Otherwise, one can choose the best 


combination found so far. 


 


To be able to sort the combinations, the principle criterion is the coverage of 


GMOs: as many events as possible should be covered by the chosen 


combination of screening methods. The ideal situation is to reach 100% 


coverage. Intuitively, the genetic elements the most frequent in GM events are 


chosen as the most useful for screening phase. The GMOseek algorithm uses 


this “element frequency” parameter. However, the algorithm also uses the 


frequency of appearance of each GM event to modulate the “element 


frequency” parameter.  
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For an equal coverage, one may prefer the combination of screening methods 


that brings the most information and therefore helps the final identification at 


lower cost. Therefore, another parameter is taken in account: the expected cost 


of the screening phase + identification (with event-specific methods) phase 


compared to a full identification (only event-specific) phase. This cost criterion 


(calculated on a fixed cost for all screening or event-specific methods) helps 


sorting the most informative method with the best coverage. The cost function 


(cost of one run of PCR assays) for the test laboratory (Slovenian national 


reference laboratory hosted by NIB) was approximated with a linear function 


that depends on the number of assays (numAssays) according to the equation 


g = 21.18·numAssays+ 91.82.  


It is a simplification of the real situation with a relative absolute error of 3%. 


 


GMOseek tab datasets 


The input file for the GMOseek algorithm is a tab delimited matrix. It is saved as 


“text (tab delimited)” format with .tab extension. An of a typical GMO matrix can 


be seen on Figure 1.  


 


Figure 1: screen capture of a typical tab delimited matrix used by the GMOseek algorithm 
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Headers and attributes in the tab delimited matrix are described below: 


 1st column: In the matrix, the first column corresponds to the GM events. 


o The column header (first row) must be named “GMOname” 


o The second row must be marked with “d”, which is an attribute 


necessary for the GMOseek algorithm. 


o The third row must be marked with “m”, which is an attribute 


necessary for the GMOseek algorithm. 


o The following  rows in this 1st column consist of GM event names  


 2nd column: in the matrix, the second column corresponds to the crop 


species. 


o The column header (first row) must be named “specie” 


o The second row must be marked with “d”, which is an attribute 


necessary for the GMOseek algorithm. 


o The third row must be marked with “m”, which is an attribute 


necessary for the GMOseek algorithm. 


o The following  rows in this 2nd column consist of crop species  


 3rd column: in the matrix, the third column corresponds to the frequencies 


of appearance of the GM events. This is an important part of the 


computation used in the GMOseek algorithm.   


o The column header (first row) must be named “probability” 


o The second row must be marked with “c”, which is an attribute 


necessary for the GMOseek algorithm. 


o The third row must be marked with “m”, which is an attribute 


necessary for the GMOseek algorithm. 


o The following rows in this 3rd column consist of the frequencies of 


appearance of each of the GM events.  


 4th column and following ones: in the matrix, the fourth column and the 


following ones correspond to the genetic elements contained in the GM 


events. 
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o The column header (first row) must be named according to the 


genetic element name. 


o The second row must be marked with “d”, which is an attribute 


necessary for the GMOseek algorithm. 


o The third row must be kept empty. 


o The following rows in these columns consist of the attribute 


regarding presence/absence of the genetic element. This attribute 


can only be “0” or “1” (no empty cell). “0” means “absent”, and “1” 


means “present”. 


GMO matrix used for analyses 


Template GMO matrix 


The GMO matrix subsets were built from a “template GMO matrix”. This 


template GMO matrix is an internal revised and updated version of the 


consensus GMO matrix presented in the annex 3 of the deliverable D1/01, in 


which all additional data than the species, event name and genetic elements 


were discarded. Moreover, data about the genes and promoters+terminators 


from the consensus matrix were merged in a single tab delimited format.  


Then, several genetic elements were merged in a single category (underlined in 


the following text): P-nos merged with 2xPnos, P-FMV and P-eFMV were 


merged, P35S with P-e35S, p35S/Act8, dp35S, P-2xOCS,35s and P-4AS1 (P-


4xAS1,35s).  


Origins of replication and not relevant genetic elements were also discarded. 


Examples of such discarded elements are genetic elements too short for PCR 


design, spacers, but also aph4, dam, lacZ, manA, bla and hph because 


originating from E. coli and therefore possibly sources of contamination in 


polymerases. I erased).  


Stacked genes were discarded from the list of events when both parental lines 


are already listed. Exceptions for which one or more parental line(s) is (are) not 


listed are: stacked events DBT418-DK566, DLL25-DK566 corns; 15985 


(DB50xMON531) and GBH119xT304-40 cottons.  
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The genetic elements present only once (harboured by only one listed GM 


event) were discarded from the matrix as event-specific are also unique and 


more specific than screening elements. 


 


Attributes and headers were adapted to the GMOseek tab datasets (See Figure 


1 for an example of matrix dataset used by the GMOseek algorithm).  


 


Finally, frequencies of occurrence of the GMO events in food were added in this 


template GMO matrix, according to the data observed on routine samples in the 


Slovenian national reference laboratory for GMO diagnostics hosted in NIB. 


Frequencies are as follows: 0.1% attributed to UGM never seen/detected in EU; 


1% attributed to UGM reported and observed in EU1; 0.1% attributed to UGM 


reported but never seen in EU; 1% observed for all EU authorized, EU 


tolerated, in pipeline for EU authorization GMOs (except Bt11, Bt176, GA21, 


Mon810 and NK603 maize events observed at 2% in NIB); 46% observed for 


RRS (GTS 40-3-2 soybean event). For further details, see the appendix 1 with 


the GMOseek consensus may2010july2010.  


Subsets of the template GMO matrix 


Several subsets of the template GMO matrix were created and used for 


analysis with the GMOseek algorithm. These subsets can include changes in 


the GM event list (e.g. Template EU GMO matrix), in the genetic element list 


(e.g. German 5plex subset), or in the frequencies (e.g. equal frequency subset). 


Please note that any subsets following the set-up of matrix needed by algorithm 


can be used: one can tune the search to any country, frequencies, type of 


events, species to be analysed. 


Template EU GMO matrix 


In this subset, only the events authorised in EU, tolerated (the period of 


authorisation in the EU has ended but the event is tolerated until five years after 


                                            


1
 Data regarding UGM presence/detection in the EU were obtained in the RASFF portal 


(https://webgate.ec.europa.eu/rasff-window/portal/), and in the ENGL (European Network of 


GMO laboratories) 



https://webgate.ec.europa.eu/rasff-window/portal/
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the end of authorization)2 or in pipeline for authorization in EU are kept. 


Additionally, the UGM reported in EU were kept in this subset. 


5plex subsets 


In this subsets, only the genetic elements (P-35S, T.-nos, bar, P35S-pat, CTP2-


CP4EPSPS) targeted by the 5-plex in development within GMOseek were kept. 


These genetic elements are also the ones described for the matrix based 


approach by Waiblinger et al., 2010.3  


Two subsets (for all known GMOs and EU GMOs) were created and used to 


compare the performance of a screening strategy based on the 5 described 


methods and screening strategies proposed by the GMOseek algorithm. 


 


12plex subsets 


In these subsets, only the genetic elements targeted by the 5-plex in 


development within GMOseek plus 7 additional genetic elements (P-nos-nptII, 


P-nos, P-FMV, P-35S-nptII, P-TA29-barnase, pSSUara-bar, P-35S-bar) 


considered as interesting for method development were kept.  


Two subsets (for all known GMOs and EU GMOs) were created and used to 


compare the performance of a screening strategy based on these 12 methods 


and screening strategies proposed by the GMOseek algorithm. 


 


Equal frequencies subsets 


In these subsets, all frequencies were set at the same level: 0.1%, 1%, 2%, 5% 


and 10% to test the robustness of the algorithm and check whether the 


frequencies can have an influence on the proposed combinations. These 


                                            
2
 Data regarding the authorization status were obtained in the Community register of genetically 


modified food and feed (http://ec.europa.eu/food/dyna/gm_register/index_en.cfm) and in GMO 


compass (http://www.gmo-compass.org/eng/gmo/db/) 


3
 Hans-Ulrich Waiblinger, Lutz Grohmann, Joachim Mankertz, Dirk Engelbert & Klaus Pietsch. 


2010. A practical approach to screen for authorised and unauthorised genetically modified 


plants. Anal. Bioanal. Chem. 396:2065–2072 


 



http://ec.europa.eu/food/dyna/gm_register/index_en.cfm

http://www.gmo-compass.org/eng/gmo/db/
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subsets should also reflect a situation in which a lot of diverse GM events would 


be found, with increasing frequencies. 


For each frequency level, two subsets (for all known GMOs and EU GMOs) 


were created and analysed. 


Near future 1 subsets 


These subsets were created to simulate one probable future situation (around 


2015) in EU. 


In these subsets, the following modifications were performed on the template 


GMO matrix and the template EU GMO matrix 


1) increase the % of all EU authorized/pipeline GMOs from 1% (except for 


some of them described in the template GMO matrix section) to  2%, 5% and 


10% 


2) decrease the UGM found in EU to UGM level (0.1%) 


3) Currently tolerated will be UGM at UGM frequency (0.1%) 


4) RRS frequency (46%) stays the same 


Near future 2 subsets 


Same subsets as above but the events for which application for authorization in 


EU was first presented in 2003 or before4 (Table 1) see their frequency 


stagnating, RRS frequency decreases to 25%, and only the newer events 


(application in EU after 2003) see their frequency increasing from 1% to 10%.  


 


Table 1: List of “old” GM events for which application dossiers were presented in 2003 or 


before 


Species Event First introduction (GMO 


compass data) 


Canola GT73 1998, 2003 


 Ms8 x Rf3 2003 


 Liberator pHoe6/Ac 1998, 2003 


                                            
4
 Data regarding the authorization status were obtained in the Community register of genetically 


modified food and feed (http://ec.europa.eu/food/dyna/gm_register/index_en.cfm) and in GMO 


compass (http://www.gmo-compass.org/eng/gmo/db/) 



http://ec.europa.eu/food/dyna/gm_register/index_en.cfm

http://www.gmo-compass.org/eng/gmo/db/
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 GS40 / 90pHoe6 / Ac 1996, 2003 


Soybean Mon 40-3-2 1996 


Sugar beet A5-15 1997/2003 


Potato EH92-527-1 2003 


Maize Bt11 1999 


 NK603 <2003 


 Mon863 <2003 


 Tc1507 2001 


 T25 1995 


 Mon810 1995 


Cotton Mon1445 1997/2003 


 Mon531 1996/2003 


 Mon15985 <2003 


 


Near future 3 subsets 


These are the same subsets as for near future 2 but the “old” events (which 


application for authorization in EU was first presented in 2003 or before5) see 


their frequency decreasing to 0.5% (RRS decreases to 5%) and only the 


frequencies for the new ones (dossier in EU presented after 2003) increase 


from 1% to 10%.  


 


                                            
5
 Data regarding the authorization status were obtained in the Community register of genetically 


modified food and feed (http://ec.europa.eu/food/dyna/gm_register/index_en.cfm) and in GMO 


compass (http://www.gmo-compass.org/eng/gmo/db/) 



http://ec.europa.eu/food/dyna/gm_register/index_en.cfm

http://www.gmo-compass.org/eng/gmo/db/
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2. Results 


The GMOseek algorithm delivers combinations of screening methods to be 


used in screening phase. These results are given in a dynamic way: as long as 


the search runs, the algorithm gives the best combination it has find until it finds 


a better combination or that a given combination is proved to be the optimal 


one. The user can choose to interrupt the search before the optimal 


combination is found. In that case, the user can choose to use the best 


combination (the last combination found by the algorithm) or any combination 


he/she would like. 


Together with each combination, are given data about the coverage of the 


screening methods (how many GM events are covered within all GM events in 


the analysed matrix), the expected cost and cost saving (in comparison with an 


analysis using only event-specific methods). 


It must be understood that for a given analysis, the best combination (last found 


combination before interruption) or the optimal combination (proved by the 


algorithm) may not be the combination one analyst would like to introduce. For 


example, for a same coverage factor, the expected cost saving between several 


combinations may not be significant (less than 1% of saving) and therefore, the 


final choice of the combination to be use will depend on the user. 


In the following, we have intended to analyse the methods that should be 


introduced for better screening of GMOs, based on several simulations. 


Current situation, all species 


Again, the simulations for the current situations were done based on the 


frequencies of GMOs occurrence observed in the Slovenian national reference 


laboratory from NIB. However, it is expected that the combinations may be the 


same throughout every European GMO diagnostics laboratory if frequencies do 


not vary too much between countries. 


All species for all known GMOs 


In this simulation, the analyst does not have any information about the crop 


species in the sample and want to be able to detect any GMOs (including UGM) 


that could be found (Template GMO matrix, see appendix 1). 
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According to the analysis results, the best combination before interruption of the 


computation was: 


 [P-35s] [P-Kti3] [P-ract] [P-ubiZM1] [T-35s] [T-E9] [T-nos] [AHAS (A.t)] [AS-


Gluterin] [AS-PG] [CMV CP] [RSV CP] [cry1Ab] [cry1Ac] [cp4 epsps] [m epsps] 


[nptII] [pat] [bar] [pSSUara-bar]  


This combination covers 83% of the GMOs in the matrix (142/171) and should 


help saving 61% of the analysis cost with event-specific methods. 


The GMOs not covered by the combination are the following: MPS961 series, 


NS738 series, pRESS, 25958, DK404SR, event 3243M, 1849, 19-51A, China 


cotton 1, China cotton 2, China cotton 3, GBH119xT304-40, Huanong 1, X17-2, 


tBK50-13, tBK50-66, kinuhiraki 2, KMD1, Xa21, 305423, BPS-CV127-9, OT96-


15, #203, #77, china tomato 2, COT 67B, CR29 series, Dadong 9, Japan 


tomato 1, and N°4-7. Within these events, only 305423 and BPS-CV127-9 


soybean lines are in the pipeline for authorization in EU. None of the other 


events is currently authorized or in pipeline for authorization in EU. 


All species for EU GMOs 


In this simulation, the analyst does not have any information about the crop 


species in the sample and want to be able to detect GMOs authorized or in 


pipeline in EU, as well as the UGM for which alert was given in EU (Template 


EU GMO matrix). 


According to the analysis results, the best combination before interruption of the 


computation was: 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] 


[pat] [bar]  


This combination covers 98% of the GMOs in the matrix (98%, 54/55) and 


should help saving 55% of the analysis cost with event-specific methods. 


This combination covers all GMOs except the soybean line BPS-CV127-9. 


Current situation, selected species 


In these simulations, we consider that the analyst knows the species present in 


the sample: this may be the result of experimental tests, the ingredients may be 


listed on the food sample to be analysed, or the inspection services may have 







GMOseek – Deliverable D3/01 – Final 


15 


   


asked for screening in a specific species. Here, we have taken the major 


analyses performed by the Slovenian national reference laboratory from NIB. 


The main samples are for maize alone; soybean alone; mix of maize and 


soybean; mix of maize, oilseed rape and soybean; mix of maize, oilseed rape, 


rice and soybean. The matrices used are template GMO matrix and template 


EU GMO matrix in which the genetic elements originating from the species in 


investigation were discarded. Results from these simulations are aimed at 


helping better targeting of the screening phase. 


Maize alone for all known GMOs 


According to the analysis results, the best combination before interruption of the 


computation was: 


 [P-35s] [P-ract] [T-nos] [AHAS (A.t)] [pat]. 


This combination covers 92% of the GMOs in the matrix (36/39) and should 


help saving 54% of the analysis cost with event-specific methods. 


The GMOs not covered by the combination are the following: 25958, DK404SR 


and event 3243M. None of them is currently authorized or in pipeline for 


authorization in EU. 


Maize alone for EU GMOs 


According to the analysis results, the optimal combination (proved) was: 


[P-35s] [T-35s] [T-nos]  


This combination covers all the GMOs in the matrix and should help saving 56% 


of the analysis cost with event-specific methods. 


Soybean alone for all known GMOs 


According to the analysis results, the best combination before interruption of the 


computation was: 


 [P-35s] [T-35s] [T-E9]  


The combination covers 10 of the 14 soybeans and should help saving only 3% 


of the analysis cost with event-specific methods. Note the really low saving.  


The GMOs not covered by the combination are the following: 305423, BPS- 


CV127-9, Mon87701 and OT96-15. Three of them (underlined) are currently 


authorized or in pipeline for authorization in EU. 
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Soybean alone for EU GMOs 


According to the analysis results, no screening combination is recommended.  


Note that only 10 of them are in the matrix and due to the diversity of the events 


and the major presence of GTS 40-3-2, it is not worthy using screening 


methods. 


Maize and soybean for all known GMOs 


According to the analysis results, the best combination before interruption of the 


computation was: 


[P-35s] [P-ract] [T-35s] [T-E9] [T-nos] [T-pinII] [AHAS (A.t)] [cry1Ab] [cry1Ac] 


[pat] [bar]  


This combination covers 88% of the GMOs in the matrix (46/52) and should 


help saving 45% of the analysis cost with event-specific methods. 


The GMOs not covered by the combination are the following: 25958, DK404SR, 


event 3243M, 305423, BPS-CV127-9, and OT96-15. Two of them (underlined) 


are currently authorized or in pipeline for authorization in EU. 


Maize and soybean for EU GMOs 


According to the analysis results, the optimal combination (proved) was: 


 [P-35s] [P-ract] [T-35s] [T-E9] [T-nos] [T-pinII] [CryIaB / CryIac]  


This combination covers 89% of the GMOs in the matrix (24/27) and should 


help saving 33% of the analysis cost with event-specific methods. The GMOs 


not covered by the combination are the following: 305423, BPS-CV127-9, and 


MON87701. 


Maize, oilseed rape and soybean for all known GMOs 


According to the analysis results, the best combination before interruption of the 


computation was: 


 [P-35s] [P-ract] [T-35s] [T-E9] [T-nos] [AHAS (A.t)] [pat] [bar] [CTP1]. 


This combination covers 88% of the GMOs in the matrix (64/73) and should 


help saving 54 % of the analysis cost with event-specific methods. 


The GMOs not covered by the combination are the following: MPS961 series, 


NS738 series, pRESS, 25958, DK404SR, Event 3243M, LY038, 305423, BPS-
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CV127-9. Two of them (underlined) are currently authorized or in pipeline for 


authorization in EU. 


Maize, oilseed rape and soybean for EU GMOs 


According to the analysis results, the best combination (interrupted) was: 


 [P-35s] [T-35s] [T-E9] [T-nos] [T-pinII] [CryIaB / CryIac] [pat] [bar] [CTP1] 


[CTP2-CP4EPSPS]  


This combination covers 95% of the GMOs in the matrix (35/37) and should 


help saving 42% of the analysis cost with event-specific methods. The GMOs 


not covered by the combination are the following: 305423 and BPS-CV127-9. 


Maize, oilseed rape, rice and soybean for all known GMOs 


According to the analysis results, the best combination before interruption of the 


computation was: 


 [P-35s] [T-35s] [T-E9] [T-nos] [AHAS (A.t)] [AS-Gluterin] [RSV CP] [pat] [bar] 


[CTP1]  


This combination covers 83% of the GMOs in the matrix (74/89) and should 


help saving 51% of the analysis cost with event-specific methods. 


The GMOs not covered by the combination are the following: MPS961 series, 


NS738 series, pRESS, 25958, DK404SR, Event 3243M, LY038, 730 rice series, 


G2 rice series, kinuhikari 2, KMD1, Xa21,  305423, BPS-CV127-9, OT96-15. 


Two of them (underlined) are currently authorized or in pipeline for authorization 


in EU. 


Maize, oilseed rape, rice and soybean for EU GMOs 


According to the analysis results, the best combination (interrupted) was: 


[P-35s] [T-35s] [T-E9] [T-nos] [T-pinII] [cry1Ac] [pat] [bar] [CTP2-CP4EPSPS] 


This combination covers 95% of the GMOs in the matrix (38/40) and should 


help saving 43% of the analysis cost with event-specific methods. The GMOs 


not covered by the combination are the following: 305423 and BPS-CV127-9. 
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Relevance of the results: comparison with the 5plex and 12plex 


strategies 


This comparison was limited to the investigation of all species, without prior 


knowledge of the ingredient in sample. 


All species for all known GMOs 


With the 5plex approach ([P-35s] [T-nos] [bar] [CTP2-CP4EPSPS] [P35S-pat]), 


61% of all GMOs are covered (105106/171) with an expected saving of 35% on 


analysis cost.  


Within the non covered GMOs, 6 events (281-24-236, 3006-210-23, GHB614, 


BPS-CV127-9, Mon87701, MON87769) are in the list of GM in pipeline for 


authorization in EU. Also event 32 (UGM for which alert was given in EU) is not 


covered. 


With the 12plex approach ([P-35s] [T-nos] [bar] [CTP2-CP4EPSPS] [P35S-pat] 


[P-nos-nptII] [P-nos] [P-FMV] [P-35S-nptII] [P-TA29-barnase] [pSSUara-bar] [P-


35S-bar]), 6263% of all GMOs are covered (106107/171).  Note that according 


to the GMOseek algorithm, the optimal combination within this panel of 12 


methods is the following: [P-35s] [P-FMV] [P-nos] [T-nos] [bar] [CTP2-


CP4EPSPS] [35S-pat] [35S-nptII], with an expected saving of 41% on analysis 


cost and a coverage of 63% (107/171).  


with an expected saving of 40% on analysis cost.  


Within the non covered GMOs, events 32 (UGM for which alert was given in 


EU), 281-24-236, 3006-210-23, 305423, GHB614, BPS-CV127-9, Mon87701, 


MON87769 are in the list of GM in pipeline for authorization in EU.  


These results are to be compared with the above described best combination 


found by GMOseek algorithm ([P-35s] [P-Kti3] [P-ract] [P-ubiZM1] [T-35s] [T-E9] 


[T-nos] [AHAS (A.t)] [AS-Gluterin] [AS-PG] [CMV CP] [RSV CP] [cry1Ab] 


[cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] [pSSUara-bar]) which covers 


83% of the GMOs in the matrix (142/171) and should help saving 61 % of the 


analysis cost with event-specific methods. Moreover, none of the non-covered 


GMOs is currently authorized or in pipeline for authorization in EU. 
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All species for EU GMOs 


With the 5plex approach ([P-35s] [T-nos] [bar] [CTP2-CP4EPSPS] [P35S-pat]), 


8587% of all GMOs are covered (4748/55) with an expected saving of 39.5% on 


analysis cost.  


The non covered GMOs are the following: event 32 (UGM for which alert was 


given in EU), 281-24-236, 3006-210-23, GHB614, 305423, BPS-CV127-9, 


Mon87701, Mon87769.  


With the 12plex approach ([P-35s] [T-nos] [bar] [CTP2-CP4EPSPS] [P35S-pat] 


[P-nos-nptII] [P-nos] [P-FMV] [P-35S-nptII] [P-TA29-barnase] [pSSUara-bar] [P-


35S-bar]), 8587% of all GMOs are covered (4748/55). Note that according to 


the GMOseek algorithm, the optimal combination within this panel of 12 


methods is the following: [P-35s] [P-FMV] [P-nos] [T-nos] [CTP2-CP4EPSPS] 


[35S-bar] [35S-pat], with an expected saving of 4244% on analysis cost and a 


coverage of 87% (48/55).  


The non covered GMOs are the following: event 32 (UGM for which alert was 


given in EU), 281-24-236, 3006-210-23, GHB614, 305423, BPS-CV127-9, 


Mon87701, Mon87769.  


These results are to be compared with the above described best combination 


found by GMOseek algorithm ([P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] 


[cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar]) that covers all GMOs except 


the event BPS-CV127-9 with significant saving (55 %).  


 


In all cases, the use of GMOseek provides better coverage and better expected 


cost saving than the 5plex or 12plex approaches. 


Relevance of the results: test on real samples 


We have selected some real routine samples analysed by the Slovenian 


national reference laboratory for GMO diagnostics hosted in NIB. Then we have 


compared the results found with the current [P35S] [T-nos] (+ optionally [GT73]) 


screening strategy followed by event-specific analysis, with the results if the 


GMOseek algorithm would have been used. We also have compared these 


results with those of the 5plex strategy above described. Methods and results of 


these simulations are available in the appendix 2. 
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The optimal combination proposed by GMOseek always offers better coverage 


(with one exception) and better cost-efficiency than the 5plex combination 


approach proposed by Waiblinger et al., 2010.6 In all cases, both GMOseek and 


5plex combinations provide better coverage and cost-efficiency than the P35S x 


t-NOS (and sometimes GT73) screening phase currently used in the GMO 


national reference laboratory hosted in NIB. Therefore, the use of GMOseek 


algorithm for discovering the best combinations to be used for GMO detection is 


relevant when tested on real samples and would, in every case, allow better 


GMO coverage and cost efficiency. Moreover, the algorithm would have warned 


about the discrepancies between screening phase and identification results, 


observed in two samples. 


Robustness to frequency changes 


To assess whether the change in frequency of appearance of GM events would 


have an influence on the algorithm robustness and the combinations it 


proposes, several matrix subsets for GMOs authorized, tolerated or in pipeline 


in EU were tested. In one experiment (“equal frequencies”), all GM events were 


set at the same frequencies ranging from 0.1% to 10 % (see description in the 


section “Equal frequencies subsets”, above). 


In another experiment (“Near future”), several scenarii for future situations were 


tested (near future 1, 2 and 3) and for each scenario, evolution of frequency 


(increase of GMO occurrence) was also tested. 


Equal frequencies 


Details on the results of computation can be found in appendix 3. For the 


current EU authorized, tolerated and in pipeline GMOs, the change of 


frequencies has low influence on the GMO coverage and the combinations 


proposed for 1%, 2%. The main observed change is the expected cost saving 


for the best combination (the lower is the frequency, the greater is cost saving). 


                                            
6
 Hans-Ulrich Waiblinger, Lutz Grohmann, Joachim Mankertz, Dirk Engelbert & Klaus Pietsch. 


2010. A practical approach to screen for authorised and unauthorised genetically modified 


plants. Anal. Bioanal. Chem. 396:2065–2072 
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With very low presence of all GMOs (0.1%), the combination would be simpler 


(4 screening elements). At higher frequencies (5% and 10%), bigger 


combinations of screening methods are needed and the expected saving on 


analysis cost rapidly decreases. However, the GMO coverage is maintained the 


same. 


The GMOseek algorithm is able to handle relatively high percentage of 


frequencies. The effect of frequency change on GMO coverage is moderate but 


the higher is the frequency, the lower is the cost saving provided by the 


screening combinations. However, it must be observed that even when 


authorized and pipeline EU GMOs are very frequent (10%), very good coverage 


and significant saving can be obtained using GMOseek. Note that in some 


cases (current frequencies, 5% for all events, 10% for all events), the best 


combination provide only low gain in terms of cost savings compared to the 


previously proposed  combination(s) for the same GMO coverage. 


Near Future 1 


In this scenario, at the first frequency level (1%), the coverage and expected 


cost saving of the best combinations (for EU GMOs) are comparable with those 


observed for combination obtained with the template EU GMO matrix (current 


frequencies). Logically, the expected cost saving decreases rapidly with 


increasing GMO frequency while coverage and proposed combinations remains 


mostly unchanged. However, it must be observed that even when authorized 


and pipeline EU GMOs are very frequent (10%), very good coverage and 


significant saving can be obtained using GMOseek. Further details on the 


results for these simulations can be found in appendix 4. 


 


Near Future 2 


In this scenario, at the first frequency level (1%), the coverage and expected 


cost saving of the best combinations (for EU GMOs) are better than those 


observed for combination obtained with the template EU GMO matrix (current 


frequencies) and for the near future 1 scenario. Also for the other level of GMO 


frequency, for similar coverage and combinations, better cost savings are 
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expected than for the near future 1 scenario. Logically, the expected cost saving 


decreases rapidly with increasing GMO frequency while coverage and proposed 


combinations remains mostly unchanged. However, it must be observed that 


even when authorized and pipeline EU GMOs are very frequent (10%), very 


good coverage and significant saving can be obtained using GMOseek. Further 


details on the results for these simulations can be found in appendix 5. 


Near Future 3 


Results for this scenario in terms of proposed combination, cost saving and 


GMO coverage are very comparable to those of the scenario near future 2. 


Logically, the expected cost saving decreases rapidly with increasing GMO 


frequency while coverage and proposed combinations remains mostly 


unchanged. However, it must be observed that even when authorized and 


pipeline EU GMOs are very frequent (10%), very good coverage and significant 


saving can be obtained using GMOseek. Further details on the results for these 


simulations can be found in appendix 6. 


 


As a conclusion of the simulations done based on these scenarii, using 


GMOseek for choosing the best combinations of screening methods (and 


therefore developing some new methods) always shows good results in terms 


of GMO coverage and cost saving. These simulations demonstrate the 


robustness of the algorithm as well as the validity of using carefully chosen 


combination of screening methods for accurate and cost-efficient GMO 


detection. Moreover, as it is not probable that high frequencies (5% and 10%) 


will be reached in the coming year, the chosen scenarii are “worst case” ones. 


This demonstrates that the GMOseek algorithm could be a long lasting tool for 


helping the analyst involved in GMO diagnostics. 


 


3. Conclusion and methods proposed to be 


developed  
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One of the objectives of the Work Package 1 (WP1) is to provide informatics 


tools in order to help the analysts involved in GMO diagnostics finding the most 


accurate and efficient combinations of screening methods for a maximum 


coverage of GMOs. With this purpose, an algorithm named “GMOseek 


algorithm” was developed. It uses GMO matrix (such as the GMO model matrix 


built in task 1) harbouring the genetic elements defining each GMO event.  


A heuristic algorithm for a solution search was built under Constraint Logic 


Programming (CLP) framework. It directs the solution composition by rules, for 


instance the coverage of the GMOs in the matrix. For each subset of GMO 


matrix loaded, the algorithm proposes a list of screening methods combinations 


ordered by coverage factor. This list can be used to discover the screening 


methods that one should develop/introduce in a GMO diagnostics laboratory to 


improve the GMO coverage and eventually detect possible presence of UGMs. 


The algorithm was used to analyse several subsets of the GMO matrix.  


 


Within the numerous results obtained during these analyses (simulations), 


several genetic elements appear often in the proposed combinations from the 


GMOseek algorithm. They can therefore be considered as important for 


improving GMO screening and should be targeted in new methods to be 


developed.  


 


Genetic elements of importance for detection of currently EU approved, 


tolerated and in pipeline GM events and for which method is not yet available: 


[P-Kti3] [P-ubiZM1] [T-E9] [cry1Ac] [m epsps] [CryIaB / CryIac] [T-pinII]  


[CTP1] 


 


Genetic elements of importance for detection of all known GM events (listed in 


the GMO matrix) and for which method is not yet available: 


 


 [P-Kti3] [P-ract] [P-ubiZM1] [T-E9] [AHAS (A.t)] [AS-Gluterin] [AS-PG] [CMV 


CP] [RSV CP] [cry1Ab] [cry1Ac] [m epsps] [T-pinII]  [CTP1] 
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Bold: methods not developed so far for TaqMAn or SYBRgreen real-time PCR 


based detection. 


Italic: methods currently in development within GMOseek 


Underline: SYBRgreen real-time PCR method available. TaqMan real-time PCR 


method not available for this target. 
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Appendix 3: results of simulations with all equal frequencies for GM events 


Appendix 4: results of simulations using the near Future 1 scenario 


Appendix 5: results of simulations using the near Future 2 scenario 


Appendix 6: results of simulations using the near Future 3 scenario 


 







GMOname specie probability P-35s P-CBI P-FMV P-FMV/TSF1 tsf1 P-Kti3 P-SsuAra PArabSSu1 P-TA29 P-mas P-napin (seed-specific promoter) P-nos P-ract P-actin2 P-ubiZM1 P-ubi (th) P-Tap (P-TaPer, Peroxidase Triticum aestivum) P-7S T-35s T-7S T-ALS (Glycine max) T-E9 T-ORF25 T-Tr7 T-g7 T-mas T-napin T-nos T-ocs T-pinII T-stpi T-tahsp 17 T-tml accd  aad AHAS (A.t) ALS (A.t.) aph4 AS-Gluterin AS-PG PG barnase barstar GUS CMV CP PVY CP RSV CP WMV-2 CP ZYMV CP PLRV cry1Ab cry1Ac CryIaB / CryIac cry1F cry2Ab cry2Ab2 cry3A cry34Ab1 cry35Ab1 cry3Bb1 cp4 epsps m epsps gat4621 gox gox247 gmFad2-1 hph nptII bxn pat bar PLRV Rep sam-k vip3A(a) CTP/cab22L CTP1 CTP2 PFMV-EPSPS CTP2-CP4EPSPS 35S-bar 35S-pat 35S-nptII pTA29-barnase pSSUara-bar Pnos-nptII Cry1Ac-Tnos Pubi-cry


d d c d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d d


m m m


AR-9 adzuki bean 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


J101, j163 alfalfa 0.001 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0


BR891 broccoli 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


23-198, 23-18-17 canola 0.001 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


Event 18, pCGN3828-212/86-18, Laurate canola 0.001 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Falcon GS/40/90 canola 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


GT200 canola 0.001 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


GT73 (RT73) canola 0.01 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0


HCN10 canola 0.001 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0


Liberator L62, pHoe6/Ac canola 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


MPS961, 962, 963, 964, 965 canola 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


MS1 canola 0.01 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0


MS8 canola 0.01 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0


NS738, NS1471, NS1473 canola 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


OXY235 canola 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


PHY14, PHY35 canola 0.001 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0


PHY23 canola 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0


PHY36 canola 0.001 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0


pRESS canola 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


RF1 canola 0.01 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0


RF2 canola 0.01 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0


RF3 canola 0.01 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0


T45 (= HCN28 = ACS-BN008-2) (? Topas 19/2) canola 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


Topas 19/2 (HCN92) canola 0.01 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0


HCR1 ( xT45) canola (polish canola) 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


ZSR500, ZSR502, ZSR503 canola (polish canola) 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


CF156 cauliflower 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


RM3-3, RM3-4, RM3-6 chicory 0.001 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0


25958 corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


59122 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


87460 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


88017 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0


89034 corn 0.01 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


176 (Bt 176) (b) corn 0.02 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


3751IR corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


676, 678, 680 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


B16 (= DLL25) corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


Bt10 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Bt11 corn 0.02 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


CBH-351 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0


DAS6275 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


DBT418 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


DK404SR corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Event 32 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


Event 3243M corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Event 3272 corn 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Event 98140 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


EXP1910IT corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


GA21 corn 0.02 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


LY038 corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


MIR162 corn 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0


MIR604 corn 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Mon80100 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


Mon802 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


Mon809 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


Mon810 corn 0.02 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Mon832 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


Mon863 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


MS3 corn 0.001 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0


MS6 corn 0.001 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0


NK603 corn 0.02 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0


T14 corn 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


T25 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


TC1507 corn 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


DBT418-DK566 corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


DLL25-DK566 corn 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


757 cotton 0.001 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


1076 cotton 0.001 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


1849 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


88913 cotton 0.01 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0


1445, 1698 cotton 0.01 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0


19-51A cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


281-24-236 cotton 0.01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


3006-210-23 cotton 0.01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


31807/ 31808 cotton 0.001 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


BG4740 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


BXN, 10211, 10215, 10222, 10224 cotton 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


China cotton 1 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


China cotton 2 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


China cotton 3 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


COT67B cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


COT 102 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0


Event 1 cotton 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


G4740 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


GHB614 cotton 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


LLcotton25 cotton 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0


MON 531 cotton 0.01 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


MON88937 cotton 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


15985 (DB50xMON531) cotton 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0


GBH119xT304-40 cotton 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


FP967 flax 0.01 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


A, B melon 0.001 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Prince Melon melon 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


55-1, 63-1 papaya 0.01 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0


Huanong 1 (Nr. 308) papaya 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


X17-2 papaya 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


C5 plum 0.001 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


ATBT04-6, ATBT04-30, ATBT04-31 potato 0.001 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


AV43-6-G7 potato 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


BT6, BT10, BT12, BT16, BT17, BT18, BT23 potato 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


EH92-527-1 potato 0.01 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0


RBMT15-101, SEMT15-02, SEMT15-15, HLMT15-46 potato 0.001 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0


RBMT21-129 (RBMT21-152), RBMT21-350 potato 0.001 0 0 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0


RBMT22-082 (RBMT22-186, RBMT22-238, RBMT22-262) potato 0.001 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0


SEMT15-02, SEMT15-15 potato 0.001 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


SPBT02-5 potato 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


SPBT02-7 potato 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0


tBK50-13 potato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


tBK50-66 potato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


730, 1107, 1316, 1702, 1708, 1763 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Bt63 (Shanyou, JinYou) rice 0.01 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0


CL121, CL141, CFX51 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


G2-59, G2-70, G2-138 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


KA130 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Kinuhikari 1 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Kinuhikari 2 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


KeFeng6 rice 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1


KMD1 (Kemingdao 1) rice 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1


LLRICE06 rice 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


LLRICE601 rice 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


LLRICE62 rice 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0


Nihonbare 16-2 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Nihonbare 20-2, 21-3 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


PWC16 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Tsuki-no-hikari H39, H75 rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Xa21 (China) rice 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


305423 soybean 0.01 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


356043 soybean 0.01 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


A2704-12, A2704-21, A5547-35 soybean 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


A5547-127 soybean 0.01 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


BPS-CV127-9 soybean 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


G94-1, G94-19, G-168 (? 260-05) soybean 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


GTS40-3-2 soybean 0.46 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


GU262 soybean 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0


MON87701 soybean 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0


MON87705 soybean 0.01 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0


MON87769 soybean 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


MON89788 soybean 0.01 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0


OT96-15 soybean 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


W62, W98 soybean 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


CZW3 squash 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


ZW20 squash 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


#203 sugarbeet 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


#77 sugarbeet 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


GTSB77 sugarbeet 0.001 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0


H7-1, RUR H7 sugarbeet 0.01 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0


T-120-7 sugarbeet 0.001 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0


T252 sugarbeet 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


A5-15 sugarbeet 0.01 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0


China pepper 1 sweet pepper 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


PK-SP01 sweet pepper 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


117, 1046, 1204, 1208 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


1345-4 tomato 0.001 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0


35 1 N tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0


405, 707 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


5345 tomato 0.001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


8338 tomato 0.001 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


B, Da, F tomato 0.001 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0


China tomato 1 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


China tomato 2 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


COT 67B tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


CR29, CR32, CR33 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Dadong 9 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Flavr Savr (= CR3-613, CR3-623) tomato 0.001 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


ICI9, ICI13 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Japan tomato 1 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


N°4-7 tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Nema 282F tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


PK-TM8805R tomato 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


fungal resistant wheat 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


MON71800 wheat 0.001 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0


SWP965001 wheat 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0







Explanation 


Current screening approach: currently, our test laboratory (Slovenian national reference laboratory for 


GMO diagnostics hosted in NIB) uses a [P-35S] [T-nos] screening approach (with an additional [GT73] 


method when oilseed rape is in the sample). However, this screening only covers a part of the EU 


authorized, tolerated or in pipeline GM events. 


Sample analysis and matrix subset: the customers or inspection services target the analysis made by the 


test laboratory. They usually ask to check for the presence of EU authorized, tolerated or in pipeline GM 


events only (and also the event 32 and Bt10 maize, Bt63 and LL601 rice, and other UGM lines already 


found in EU). Therefore, the simulations were done based on subsets of the matrix containing EU 


authorized, tolerated or in pipeline GM events as well as these UGM events. As explained in the the core 


document of the deliverable D3/01 (section Current situation, selected species), these matrices are 


subsets of the template EU GMO matrix in which the genetic elements originating from the species in 


investigation were discarded.  


Note: when the simulations were done, the maize event LY038 was in pipeline for authorization. This 


event was withdrawn from application list since then.  


Results: As the samples described in this appendix were already analysed, we decided to take as cost 


reference the number of assays that would have been needed if the screening combinations proposed 


by GMOseek algorithm or the 5plex approach would have been used. This number of assays is compared 


to the number of assays that was actually used by the test laboratory. 


Sample 1 


Background: 


In the test sample 1, it was asked to use the triple screening T-nos, P35S, RT 73, followed by 


identification of all possible authorized, tolerated or in pipeline maize, soybean and oilseed rape lines in 


EU (including the UGM event 32 and Bt10). This resulted in 3 screening tests + 37 event-specific tests 


(excluding RT73 tested in screening phase).  The final conclusion was presence of RRS only. So, total of 


40 qualitative tests. 


Optimal combination proposed by GMOseek: 


[P-35s] [P-ract] [T-35s] [T-E9] [T-nos] [pat] [bar] [CTP1]. Combination covers 36 out of 38 GMOs. Not 


covered: 305423, BPS-CV127-9. 


Theoretically saves 43% of the costs of analysis. 


As only P-35S and T-nos are positive in this screening, we need to check for the presence of 89034, 


98140, MIR604, Mon810, Mon863, 305423, 356043, BPS-CV127-9 and RRS. Only RRS is positive. 







Conclusion: 8 screening tests plus 9 event-specific tests = total of 17 qualitative tests (57.5% saving in 


terms of tests) 


Alternative combination: 


A good alternative to the optimal solution is the following one, also proposed by GMOseek 


 [P-35s] [P-ract] [T-E9] [T-nos] [pat] [bar] [CTP1]. Combination covers 36 out of 38 GMOs. Not covered: 


305423, BPS-CV127-9. In comparison to the optimal solution, it allows the same coverage with 42.2% of 


expected savings in cost analysis (when comparing to 43% for the optimal solution). 


As only P-35S and T-nos are positive in this screening, we need to check for the presence of 89034, 


98140, MIR604, Mon810, Mon863, 305423, 356043, BPS-CV127-9 and RRS. Only RRS is positive. 


Conclusion: 7 screening tests plus 9 event-specific tests = total of 16 qualitative tests (60% saving in 


terms of tests) 


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs. 


As only P-35S and T-nos are positive in this screening, we need to check for the presence of 87460, 


89034, Bt10 (UGM), event 32 (UGM), event 3272, 98140, GA21, LY038, Mir162, MIR604, Mon810, 


Mon863, 305423, 356043, BPS-CV127-9, RRS, Mon87701 and Mon87769. Only RRS is positive. 


Conclusion: 5 screening tests plus 18 event-specific tests = total of 23 qualitative tests (42.5% saving in 


terms of tests).  


 


 


Both combinations from GMOseek are informative and cost efficient and provide better coverage and 


cost-efficiency than the 5plex approach. All combinations provide substantial saving in terms of assays 


needed, when comparing to the current approach. 


 







Sample 2 


Background: 


In the test sample 2, it was asked to use the triple screening T-nos, P35S, RT 73, followed by 


identification of all possible authorized, tolerated and in pipeline oilseed rape and soybean lines in EU. 


This resulted in 3 screening tests + 18 event-specific tests (excluding RT73 tested in screening phase).  


The final conclusion was presence of RRS only. So, total of 21 qualitative tests. 


Best combination proposed by GMOseek: 


[P-35s] [P-SsuAra] [T-E9] [T-nos] [pat] [CTP1]Combination covers all GMOs but the events 305423 and 


BPS-CV127-9.  


Theoretically saves 21.5% of the costs of analysis. 


As only T-nos is positive in this screening, we need to check for the presence of 305423, 356043, BPS-


CV127-9 and RRS. Only RRS is positive. 


Conclusion: 6 screening tests plus 4 event-specific tests = total of 10 qualitative tests (+52% saving in 


terms of tests) 


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs but 305423, BPS-


CV127-9, Mon87701 and Mon87769. 


As only T-nos and P-35S are positive in this screening, we need to check for the presence of 305423, 


356043, BPS-CV127-9, RRS, Mon87701 and Mon87769. Only RRS is positive. 


Conclusion: 5 screening tests plus 6 event-specific test = total of 11 qualitative tests (48% saving in 


terms of tests).  


 


 


 


The combination from GMOseek is more informative and provides better coverage and cost-efficiency 


than the 5plex approach. Both combinations allow substantial savings when comparing to the current 


screening approach 







Sample 3 


Background: 


In the test sample 3, it was asked to use the triple screening T-nos, P35S, RT 73, followed by 


identification of all possible authorized, tolerated and in pipeline maize, oilseed rape and sugar-beet 


lines in EU (including the UGM event 32 and Bt10). This resulted in 3 screening tests + 30 event-specific 


tests (excluding RT73 tested in screening phase).  The final conclusion was no presence of tested GMOs. 


So, total of 33 qualitative tests. In the end non-explainable P-35S and T-nos signals were obserbed. 


They were finally attributed to traces of RRS (soybean, not tested in the first phases) in the sample. 


Optimal combination proposed by GMOseek: 


[P-35s] [P-ract] [T-nos] [pat] [CTP2-CP4EPSPS] . Combination covers all GMOs.  


Theoretically saves 61% of costs of analysis. 


As T-nos and P35S are positive in this screening, we need to check for the presence of Rf1, Rf2, Rf3, 


89034, 176, event 3272, event 98140, MIR162, MIR604, Mon810,  Mon863, and A5-15. All negative. 


Note: the GMOseek algorithm then alerts that the results of screening phase are in contradiction with 


those of the identification phase. 


Conclusion: 5 screening tests plus 12 event-specific tests = total of 17 qualitative tests (48% saving in 


terms of tests) 


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs. 


As only T-nos and P-35S are positive in this screening, we need to check for the presence of 87460, 


89034, Bt10 (UGM), event 32 (UGM), event 3272, event 98140, GA21, LY038, MIR162, MIR604, Mon810, 


Mon863, and A5-15. All negative. Note: the GMOseek algorithm then alerts that the results of screening 


phase are in contradiction with those of the identification phase. 


Conclusion: 5 screening tests plus 13 event-specific tests = total of 18 qualitative tests (45.5% saving in 


terms of tests).  


 


 


The combination from GMOseek is more informative and provides better coverage and cost-efficiency 


than the 5plex combination. Both combinations allow substantial savings when comparing to the 


current screening approach 







Sample 4 


Background: 


In the test sample 4, it was asked to use the triple screening T-nos, P35S, RT 73, followed by 


identification of all possible authorized, tolerated and in pipeline maize, soybean, oilseed rape and rice 


lines (including the UGM LL601, Bt10, event 32 and Bt63) in EU. This resulted in 3 screening tests + 40 


event-specific tests (excluding RT73 tested in screening phase).  The final conclusion was presence of RRS 


only. So, total of 43 qualitative tests. 


Optimal combination proposed by GMOseek: 


[P-35s] [T-35s] [T-E9] [T-nos] [T-pinII] [cry1Ac] [pat] [bar] [CTP2-CP4EPSPS]. Combination covers all 


GMOs but 305423 and BPS-CV127-9.  


Theoretically saves 43% of costs of analysis  


As only P-35S and T-nos are positive in this screening, we need to check for the presence of 87460, 


89034, GA21, LY038, MIR162, MIR604, Mon810, Mon863, 305423, RRS and BPS-CV127-9. Only RRS is 


positive. 


Conclusion: 9 screening tests plus 11 event-specific tests = total of 20 qualitative tests (53.5% saving in 


terms of tests) 


Alternative combination: 


A good alternative to the optimal solution is the following one, also proposed by GMOseek 


 [P-35s] [T-35s] [T-E9] [T-nos] [cry1Ac] [pat] [bar]  . This combination allows the same coverage as the 


optimal one with 42% of expected cost saving (in comparison with 43% for the optimal combination) 


As only T-nos and P35S are positive in this screening, we need to check for the presence of 87460, 88017, 


89034, event 98140, GA21, LY038, MIR162, MIR604, Mon810, Mon863, NK603, 305423, 356043, RRS and 


BPS-CV127-9. Only RRS is positive. 


Conclusion: 7 screening tests plus 15 event-specific tests = total of 22 qualitative tests (49% saving in 


terms of tests).  


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs but 305423, BPS-


CV127-9, Mon87701 and Mon87769. 


As only T-nos and P-35S are positive in this screening, we need to check for the presence of 87460, 


89034, Bt10, event 32, event 3272, event 98140, GA21, LY038, MIR162, MIR604, Mon810, Mon863, 


Bt63, 305423, 356043, RRS, BPS-CV127-9, Mon87701 and Mon87769 . Only RRS is positive. 







Conclusion: 5 screening tests plus 19 event-specific tests = total of 24 qualitative tests (44% saving in 


terms of tests). 


 


 


 


The combinations from GMOseek provide better GMO coverage than the 5plex combination and, in 


the case of the optimal combination, better cost efficiency. All combinations allow substantial savings 


when comparing to the current screening approach. 







Sample 5 


Background: 


In the test sample 5, it was asked to use the double screening T-nos, P35S followed by identification of all 


possible authorized, tolerated and in pipeline maize lines in EU (including the UGM event 32 and Bt10). 


This resulted in 2 screening tests + 19 event-specific tests.  So, total of 21 qualitative tests. The final 


conclusion was no presence of tested GMO while P-35S and T-nos showed positive signals. This 


discrepancy was explained by the presence of traces of RRS in the sample. 


Optimal combination proposed by GMOseek: 


[P-35s] [T-35s] [T-nos]. Combination covers all GMOs.  


Theoretically saves 56% of the costs of analysis.  


As P35S and T-nos are positive in this screening, we need to check for the presence of 14 of the 19 maize 


lines. All negative for these GM events. 


Conclusion: 3 screening tests plus 14 event-specific tests = total of 17 qualitative tests (19% saving in 


terms of tests)  


Note: the GMOseek algorithm then alerts that the results of screening phase are in contradiction with 


those of the identification phase. 


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs. 


As T-nos and P-35S are positive in this screening, we need to check for the presence of 10 of the 18 


maize lines. All negative for these GM events. 


Conclusion: 5 screening tests plus 13 event-specific tests = total of 18 qualitative tests tests (17% saving 


in terms of tests).  


 


 


The combination from the 5plex approach provides a better coverage as the GMOseek combination 


but, with GMOseek, one less assay is needed to complete the analysis. Both combinations allow 


substantial savings when comparing to the current screening approach. 







Sample 6 


Background: 


In the test sample 6, it was asked to use the double screening T-nos, P35S followed by identification of all 


possible authorized, tolerated and in pipeline maize lines in EU (including the UGM event 32 and Bt10). 


This resulted in 2 screening tests + 19 event-specific tests.  The final conclusion was presence of Mon810. 


So, total of 21 qualitative tests.  


Note: using a simple DSS, only 8 event-specific would have been necessary instead of 19. 


Optimal combination proposed by GMOseek: 


[P-35s] [T-35s] [T-nos]. Combination covers all GMOs. Theoretically saves 56% of the costs of analysis.  


As only P35S is positive in this screening, we need to check for the presence of 59122, event 98140, 


LY038, Mon810 and TC1507. Mon810 detected. 


Conclusion: 3 screening tests plus 5 event-specific tests = total of 8 qualitative tests (62% saving in terms 


of tests, no saving if a DSS would have been used with the current screening)  


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs. 


As only P-35S is positive in this screening, we need to check for the presence of Mon810, event 32, event 


98140, LY038 and 176. Only Mon810 is positive. 


Conclusion: 5 screening tests plus 5 event-specific tests = total of 10 qualitative tests (52% saving in 


terms of tests, 2 more assays if a DSS would have been used with the current screening).  


 


 


The combination from GMOseek provides same GMO coverage and better cost efficiency than the 


5plex combination. Both combinations allow substantial savings when comparing to the current 


screening approach. 







Sample 7 


Background: 


In the test sample 7, it was asked to use the double screening T-nos, P35S,  followed by identification of 


all possible authorized, tolerated and in pipeline maize, soybean, and rice lines (including the UGM 


LL601, event 32, Bt10 and Bt63) in EU. This resulted in 2 screening tests + 31 event-specific tests.  The 


final conclusion was no presence of the tested GMOs. So, total of 33 qualitative tests. It must be noted 


that for P35S, very high (39) Ct values were observed while T-nos gave negative result.  


Note: with such results, even if considering P35S positive, only the following targets should have been 


checked when using a DSS: 59122, 176, Event 32 (UGM), event 98140, LY038, Mon810, T25, Tc1507, 


LLRICE62, 305423, 356043, A2704-12 series, A5547127, BPS-CV127-9, Mon87701, Mon87769, and 


Mon89788. So 17 event-specific: total of 19 qualitative tests (42% saved when comparing to what was 


done). 


Optimal combination proposed by GMOseek: 


[P-35s] [T-35s] [T-E9] [T-nos] [T-pinII] [cry1Ac] [pat] [bar] [CTP2-CP4EPSPS]. Combination covers all 


GMOs but 305423, BPS-CV127-9.  


Theoretically saves 44.85% of the costs of analysis.  


With a positive P-35S result, we need to check for the presence of LY038, Mon810, 305423 and BPS-


CV127-9.  


Conclusion: 9 screening tests + 4 event specific= total of 13 qualitative tests (60.5% saving in terms of 


tests, 31.5% of saving if a DSS would have been used with the current screening) 


5plex combination: 


[T-nos] [P35S] [P35S-pat] [CTP2-CP4EPSPS] [bar]. Combination covers all GMOs but event 32, LY038, 


305423, BPS-CV127-9, Mon87701 and Mon87769. 


As only P35S would have been positive in this screening (but at the limit), we need to check for the 


presence of event 32, LY038, event 98140, Mon810, 305423, 350423, BPS-CV127-9, Mon87701 and 


Mon87769. All negative. 


Conclusion: 5 screening tests plus 9 event-specific tests = total of 14 qualitative tests (57.5% saving in 


terms of tests)  


 


 


GMOseek allows better GMO coverage and cost efficiency than the 5plex combination. Both 


combinations allow substantial savings when comparing to the current screening approach. 







Explanations 
Below are given the combinations proposed by the GMOseek algorithm after simulations on subsets of 


the template EU GMO matrix. In these subsets, frequencies are the ones observed by the test laboratory 


(Slovenian reference laboratory hosted in NIB) as well as different frequencies applied to all GM events 


and ranging from 0.1% to 10%. 


Each simulation was interrupted after a long time of computation, meaning that the optimal solution is 


probably the last one found by the algorithm. 


Each solution is provided as follows: 


Time for completion (in milliseconds, ms)   


Expected cost of the whole analysis (taking in account the screening phase and the identification phase 


costs) 


(Expected cost of the whole analysis if only event-specific methods, cost saving in %) 


Proposed combination (genetic elements to be targeted) (coverage of the solution: % coverage, ratio 


covered GM events/GM events in the matrix) 


 


In the example below, the combination was provided in 203ms, expected cost is 1120,95 units while the 


cost using only event-specific method would be 1256.72. Therefore, expected savings on cost of analysis 


is 10.8%. The solution is a screening phase with P-35S only that covers 55% of the GM events to be 


analysed i.e. 30 of the 55 GM events in the matrix.  The computation was interrupted after 37005000ms. 


Example: 


203ms Solution: 1120.95 (1256.72, 10.8%) 


[P-35s] (55%, 30/55)  


3705000ms 


Interrupted! 


 


Note that in some cases (current frequencies, 5% for all events, 10% for all events), the best combination 


provide only low gain in terms of cost savings compared to the previously proposed  combination(s) for 


the same GMO coverage. 







Current frequencies 
203ms Solution: 1120.95 (1256.72, 10.8%) 


[P-35s] (55%, 30/55)  


734ms Solution: 1008.96 (1256.72, 19.71%) 


[P-35s] [T-nos] (78%, 43/55)  


1875ms Solution: 898.07 (1256.72, 28.54%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


3531ms Solution: 749.93 (1256.72, 40.33%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55)  


5515ms Solution: 717.06 (1256.72, 42.94%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (93%, 51/55)  


7640ms Solution: 641.68 (1256.72, 48.94%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [bar] (93%, 51/55)  


10203ms Solution: 608.94 (1256.72, 51.55%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (95%, 52/55)  


13234ms Solution: 596.77 (1256.72, 52.51%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (96%, 53/55)  


16812ms Solution: 585.36 (1256.72, 53.42%) 


 [P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [m epsps] [pat] [bar] (98%, 54/55)  


22453ms Solution: 568.42 (1256.72, 54.77%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] (98%, 54/55) 


Covers all GM events except BPS-CV127-9.  


57991ms 


Interrupted! 


  







0.1% for all events 
31ms Solution: 753.1 (1256.72, 40.07%) 


[P-35s] (55%, 30/55)  


141ms Solution: 501.69 (1256.72, 60.08%) 


[P-35s] [T-nos] (78%, 43/55)  


203ms Solution: 416.41 (1256.72, 66.87%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


297ms Solution: 370.89 (1256.72, 70.49%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55)  


Covers 51 out of 55 events. GHB614, 305423, BPS-CV127-9 and Mon87701 are not covered.  


 


3705000ms 


Interrupted! 


1% for all events 
187ms Solution: 899.43 (1256.72, 28.43%) 


[P-35s] (55%, 30/55)  


531ms Solution: 676.29 (1256.72, 46.19%) 


[P-35s] [T-nos] (78%, 43/55)  


1219ms Solution: 587.34 (1256.72, 53.26%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


2234ms Solution: 519.83 (1256.72, 58.64%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55)  


3391ms Solution: 515.72 (1256.72, 58.96%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (93%, 51/55)  


4641ms Solution: 505.77 (1256.72, 59.75%) 







[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [bar] (93%, 51/55)  


6156ms Solution: 496.46 (1256.72, 60.5%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (95%, 52/55)  


7984ms Solution: 491.61 (1256.72, 60.88%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (96%, 53/55)  


10094ms Solution: 487.23 (1256.72, 61.23%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [m epsps] [pat] [bar] (98%, 54/55)  


Covers all except BPS-CV127-9.  


 


12852531ms 


Interrupted! 


2% for all events 
531ms Solution: 1022.74 (1256.72, 18.62%) 


[P-35s] (55%, 30/55)  


3438ms Solution: 835.2 (1256.72, 33.54%) 


[P-35s] [T-nos] (78%, 43/55)  


10063ms Solution: 745.06 (1256.72, 40.71%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


20047ms Solution: 664.17 (1256.72, 47.15%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55)  


31188ms Solution: 643.09 (1256.72, 48.83%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (93%, 51/55)  


43391ms Solution: 612.09 (1256.72, 51.29%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [bar] (93%, 51/55)  


59281ms Solution: 594.96 (1256.72, 52.66%) 







[P-35s] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (95%, 52/55)  


78344ms Solution: 586.64 (1256.72, 53.32%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (96%, 53/55)  


101078ms Solution: 579.04 (1256.72, 53.92%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [m epsps] [pat] [bar] (98%, 54/55)  


Covers all except BPS-CV127-9 


527317ms 


Interrupted!  


5% for all events 
2234ms Solution: 1229.21 (1256.72, 2.19%) 


[P-35s] (55%, 30/55)  


22218ms Solution: 1119.63 (1256.72, 10.91%) 


[P-35s] [T-nos] (78%, 43/55)  


69625ms Solution: 1027.04 (1256.72, 18.28%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


146953ms Solution: 938.57 (1256.72, 25.32%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55) 


236093ms Solution: 898.57 (1256.72, 28.5%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (93%, 51/55)  


334984ms Solution: 844.59 (1256.72, 32.79%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [bar] (93%, 51/55)  


461156ms Solution: 812.95 (1256.72, 35.31%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (95%, 52/55)  


625937ms Solution: 798.4 (1256.72, 36.47%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (96%, 53/55)  







830578ms Solution: 784.7 (1256.72, 37.56%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [m epsps] [pat] [bar] (98%, 54/55)  


2541000ms Solution: 782.24 (1256.72, 37.76%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [pat] [bar] (98%, 54/55) 


3032281ms Solution: 760.76 (1256.72, 39.46%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] (98%, 54/55) 


3545859ms Solution: 749.47 (1256.72, 40.36%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-35s] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] (98%, 


54/55) 


4082844ms Solution: 744.79 (1256.72, 40.74%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-35s] [T-E9] [T-nos] [cry1Ac] [CryIaB / CryIac] [cp4 epsps] [m epsps] [nptII] 


[pat] [bar] (98%, 54/55) 


Covers all except BPS-CV127-9 


27345469ms 


Interrupted! 


10% for all events 
582574ms Solution: 1257.66 (1256.72, -0.08%) 


[P-35s] [T-nos] (78%, 43/55)  


2323331ms Solution: 1159.01 (1256.72, 7.78%) 


[P-35s] [T-E9] [T-nos] (87%, 48/55)  


5492326ms Solution: 1084.43 (1256.72, 13.71%) 


[P-35s] [T-E9] [T-nos] [pat] (93%, 51/55)  


8968609ms Solution: 1053.85 (1256.72, 16.14%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (93%, 51/55)  


12923548ms Solution: 1013.81 (1256.72, 19.33%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [bar] (93%, 51/55)  







18428250ms Solution: 976.12 (1256.72, 22.33%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (95%, 52/55)  


25765406ms Solution: 956.17 (1256.72, 23.92%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [pat] [bar] (96%, 53/55)  


35254969ms Solution: 936.92 (1256.72, 25.45%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [m epsps] [pat] [bar] (98%, 54/55)  


45330984ms Solution: 936.47 (1256.72, 25.48%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [pat] [bar] (98%, 54/55)  


55918047ms Solution: 920.43 (1256.72, 26.76%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] (98%, 54/55)  


67121641ms Solution: 906.55 (1256.72, 27.86%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-35s] [T-E9] [T-nos] [cry1Ac] [cp4 epsps] [m epsps] [nptII] [pat] [bar] (98%, 


54/55)  


79136516ms Solution: 899.1 (1256.72, 28.46%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-35s] [T-E9] [T-nos] [cry1Ac] [CryIaB / CryIac] [cp4 epsps] [m epsps] [nptII] 


[pat] [bar] (98%, 54/55) 







Explanations 
Below are given the combinations proposed by the GMOseek algorithm after simulations on subsets of 


the template EU GMO matrix. Description regarding these subsets is given in the section Near future 1 


subsets of the deliverable D3/01. 


Each simulation was interrupted after a long time of computation, meaning that the optimal solution is 


probably the last one found by the algorithm. 


Each solution is provided as follows: 


Time for completion (in milliseconds, ms)   


Expected cost of the whole analysis (taking in account the screening phase and the identification phase 


costs) 


(Expected cost of the whole analysis if only event-specific methods, cost saving in %) 


Proposed combination (genetic elements to be targeted) (coverage of the solution: % coverage, ratio 


covered GM events/GM events in the matrix) 


 


In the example below, the combination was provided in 203ms, expected cost is 1120,95 units while the 


cost using only event-specific method would be 1256.72. Therefore, expected savings on cost of analysis 


is 10.8%. The solution is a screening phase with P-35S only that covers 55% of the GM events to be 


analysed i.e. 30 of the 55 GM events in the matrix.  The computation was interrupted after 37005000ms. 


Example: 


203ms Solution: 1120.95 (1256.72, 10.8%) 


[P-35s] (55%, 30/55)  


3705000ms 


Interrupted! 


 


Note that for all cases, the best combination provide only low gain in terms of cost savings compared to 


the previously proposed  combination(s) for the same GMO coverage. 







First frequency level (1%) 
47ms Solution: 918,69 (1023,74, 10,26%) 


[P-35s] (57%, 25/44)  


266ms Solution: 851,23 (1023,74, 16,85%) 


[P-35s] [T-nos] (75%, 33/44)  


797ms Solution: 741,74 (1023,74, 27,55%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


1547ms Solution: 633,81 (1023,74, 38,09%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


2375ms Solution: 605,52 (1023,74, 40,85%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


3406ms Solution: 604,14 (1023,74, 40,99%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


4641ms Solution: 592,4 (1023,74, 42,13%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


6125ms Solution: 581,63 (1023,74, 43,19%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


7735ms Solution: 570,74 (1023,74, 44,25%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


9422ms Solution: 557,18 (1023,74, 45,57%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


11250ms Solution: 536,55 (1023,74, 47,59%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


13188ms Solution: 525,17 (1023,74, 48,7%) 







[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9.  


 


3020207ms 


Interrupted! 


Second frequency level (2%) 
188ms Solution: 960,03 (1023,74, 6,22%) 


[P-35s] (57%, 25/44)  


1063ms Solution: 894,74 (1023,74, 12,6%) 


[P-35s] [T-nos] (75%, 33/44)  


3297ms Solution: 791,11 (1023,74, 22,72%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


6594ms Solution: 686,89 (1023,74, 32,9%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


10282ms Solution: 654,62 (1023,74, 36,06%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


14969ms Solution: 651,79 (1023,74, 36,33%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


20797ms Solution: 639,03 (1023,74, 37,58%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


27922ms Solution: 627,18 (1023,74, 38,74%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


35688ms Solution: 614,39 (1023,74, 39,99%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


43969ms Solution: 598,37 (1023,74, 41,55%) 







[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


52751ms Solution: 574,6 (1023,74, 43,87%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


62095ms Solution: 562,9 (1023,74, 45,02%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9 


 


2838956ms 


Interrupted! 


Third frequency level (5%) 
7125ms Solution: 1007,78 (1023,74, 1,56%) 


[P-35s] [T-nos] (75%, 33/44)  


17750ms Solution: 1007,78 (1023,74, 1,56%) 


[P-35s] [T-nos] (75%, 33/44)  


57125ms Solution: 921,03 (1023,74, 10,03%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


74485ms Solution: 921,03 (1023,74, 10,03%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


131720ms Solution: 835,16 (1023,74, 18,42%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


167204ms Solution: 835,16 (1023,74, 18,42%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


220642ms Solution: 796,71 (1023,74, 22,18%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  







264970ms Solution: 796,71 (1023,74, 22,18%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


344112ms Solution: 789,59 (1023,74, 22,87%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


391018ms Solution: 789,59 (1023,74, 22,87%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


508675ms Solution: 774,74 (1023,74, 24,32%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


553253ms Solution: 774,74 (1023,74, 24,32%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


715364ms Solution: 761,05 (1023,74, 25,66%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


763052ms Solution: 761,05 (1023,74, 25,66%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


941178ms Solution: 745,82 (1023,74, 27,15%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


989475ms Solution: 745,82 (1023,74, 27,15%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


1184789ms Solution: 723,98 (1023,74, 29,28%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


1231789ms Solution: 723,98 (1023,74, 29,28%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


1448181ms Solution: 695,2 (1023,74, 32,09%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


1490306ms Solution: 695,2 (1023,74, 32,09%) 







[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


1724121ms Solution: 680,23 (1023,74, 33,55%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


1770417ms Solution: 680,23 (1023,74, 33,55%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9 


 


2838956ms 


Interrupted! 


Fourth frequency level (10%) 
291314ms Solution: 1009,6 (1023,74, 1,38%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


770505ms Solution: 952,12 (1023,74, 7%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


1308867ms Solution: 922,71 (1023,74, 9,87%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


2076919ms Solution: 908,69 (1023,74, 11,24%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


3152629ms Solution: 891,27 (1023,74, 12,94%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


4609248ms Solution: 874,65 (1023,74, 14,56%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


6178477ms Solution: 864,5 (1023,74, 15,55%) 







[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


7880378ms Solution: 844,32 (1023,74, 17,53%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


9709530ms Solution: 819,17 (1023,74, 19,98%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


11649434ms Solution: 806,2 (1023,74, 21,25%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9 


 


13354898ms 


Interrupted! 


 







Explanations 
Below are given the combinations proposed by the GMOseek algorithm after simulations on subsets of 


the template EU GMO matrix. Description regarding these subsets is given in the section Near future 2 


subsets of the deliverable D3/01. 


Each simulation was interrupted after a long time of computation, meaning that the optimal solution is 


probably the last one found by the algorithm. 


Each solution is provided as follows: 


Time for completion (in milliseconds, ms)   


Expected cost of the whole analysis (taking in account the screening phase and the identification phase 


costs) 


(Expected cost of the whole analysis if only event-specific methods, cost saving in %) 


Proposed combination (genetic elements to be targeted) (coverage of the solution: % coverage, ratio 


covered GM events/GM events in the matrix) 


 


In the example below, the combination was provided in 203ms, expected cost is 1120,95 units while the 


cost using only event-specific method would be 1256.72. Therefore, expected savings on cost of analysis 


is 10.8%. The solution is a screening phase with P-35S only that covers 55% of the GM events to be 


analysed i.e. 30 of the 55 GM events in the matrix.  The computation was interrupted after 37005000ms. 


Example: 


203ms Solution: 1120.95 (1256.72, 10.8%) 


[P-35s] (55%, 30/55)  


3705000ms 


Interrupted! 


 


Note that for the two last frequency levels, the best combination provide only low gain in terms of cost 


savings compared to the previously proposed  combination(s) for the same GMO coverage. 







First frequency level (1%) 
32ms Solution: 742,22 (1044,92, 28,97%) 


[P-35s] (56%, 25/45)  


204ms Solution: 578,97 (1044,92, 44,59%) 


[P-35s] [T-nos] (76%, 34/45)  


579ms Solution: 492,9 (1044,92, 52,83%) 


[P-35s] [T-E9] [T-nos] (87%, 39/45)  


1063ms Solution: 452,99 (1044,92, 56,65%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 41/45)  


2547ms Solution: 452,3 (1044,92, 56,71%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (96%, 43/45)  


3516ms Solution: 449,41 (1044,92, 56,99%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 44/45)  


Covers all except BPS-CV127-9. No better combination after a long time 


 


1972791ms 


Interrupted! 


Second frequency level (2%) 
46ms Solution: 800,6 (1044,92, 23,38%) 


[P-35s] (56%, 25/45)  


312ms Solution: 644,77 (1044,92, 38,29%) 


[P-35s] [T-nos] (76%, 34/45)  


984ms Solution: 558,19 (1044,92, 46,58%) 


[P-35s] [T-E9] [T-nos] (87%, 39/45)  


2078ms Solution: 509,59 (1044,92, 51,23%) 







[P-35s] [T-E9] [T-nos] [pat] (91%, 41/45)  


3218ms Solution: 506,13 (1044,92, 51,56%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 41/45)  


4765ms Solution: 503,92 (1044,92, 51,77%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 42/45)  


6703ms Solution: 498,32 (1044,92, 52,31%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (96%, 43/45)  


9093ms Solution: 494,05 (1044,92, 52,72%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 44/45)  


Covers all except BPS-CV127-9 


2760110ms 


Interrupted! 


Third frequency level (5%) 
172ms Solution: 933,33 (1044,92, 10,68%) 


[P-35s] (56%, 25/45)  


1234ms Solution: 808,04 (1044,92, 22,67%) 


[P-35s] [T-nos] (76%, 34/45)  


4406ms Solution: 723,91 (1044,92, 30,72%) 


[P-35s] [T-E9] [T-nos] (87%, 39/45)  


9422ms Solution: 661,89 (1044,92, 36,66%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 41/45)  


15219ms Solution: 645,41 (1044,92, 38,23%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 41/45)  


23047ms Solution: 637,55 (1044,92, 38,99%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 42/45)  







33375ms Solution: 628,4 (1044,92, 39,86%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (96%, 43/45)  


46531ms Solution: 620,95 (1044,92, 40,57%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 44/45)  


60719ms Solution: 620,82 (1044,92, 40,59%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 44/45)  


76485ms Solution: 599,89 (1044,92, 42,59%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [nptII] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 44/45)  


93204ms Solution: 593,91 (1044,92, 43,16%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 


44/45)  


Covers all except BPS-CV127-9 


 


1165445ms  


Interrupted!  


Fourth frequency level (10%) 
8484ms Solution: 986,81 (1044,92, 5,56%) 


[P-35s] [T-nos] (76%, 34/45)  


41484ms Solution: 916,17 (1044,92, 12,32%) 


[P-35s] [T-E9] [T-nos] (87%, 39/45)  


100297ms Solution: 857,45 (1044,92, 17,94%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 41/45)  


171094ms Solution: 837,42 (1044,92, 19,86%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 41/45)  


277689ms Solution: 819,88 (1044,92, 21,54%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 42/45)  







430502ms Solution: 808,67 (1044,92, 22,61%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (96%, 43/45)  


637894ms Solution: 798,81 (1044,92, 23,55%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 44/45)  


863193ms Solution: 791,03 (1044,92, 24,3%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 44/45)  


1117194ms Solution: 744,63 (1044,92, 28,74%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [nptII] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 44/45)  


1391743ms Solution: 726,25 (1044,92, 30,5%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 


44/45)  


1683010ms Solution: 718,07 (1044,92, 31,28%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 44/45)  


Covers all except BPS-CV127-9 


57340172ms Interrupted!  


 







Explanations 
Below are given the combinations proposed by the GMOseek algorithm after simulations on subsets of 


the template EU GMO matrix. Description regarding these subsets is given in the section Near future 3 


subsets of the deliverable D3/01. 


Each simulation was interrupted after a long time of computation, meaning that the optimal solution is 


probably the last one found by the algorithm. 


Each solution is provided as follows: 


Time for completion (in milliseconds, ms)   


Expected cost of the whole analysis (taking in account the screening phase and the identification phase 


costs) 


(Expected cost of the whole analysis if only event-specific methods, cost saving in %) 


Proposed combination (genetic elements to be targeted) (coverage of the solution: % coverage, ratio 


covered GM events/GM events in the matrix) 


 


In the example below, the combination was provided in 203ms, expected cost is 1120,95 units while the 


cost using only event-specific method would be 1256.72. Therefore, expected savings on cost of analysis 


is 10.8%. The solution is a screening phase with P-35S only that covers 55% of the GM events to be 


analysed i.e. 30 of the 55 GM events in the matrix.  The computation was interrupted after 37005000ms. 


Example: 


203ms Solution: 1120.95 (1256.72, 10.8%) 


[P-35s] (55%, 30/55)  


3705000ms 


Interrupted! 


 


Note that for the two last frequency levels, the best combination provide only low gain in terms of cost 


savings compared to the previously proposed  combination(s) for the same GMO coverage. 







First frequency level (1%) 
156ms Solution: 716.83 (1023.74, 29.98%) 


[P-35s] (57%, 25/44)  


313ms Solution: 577.9 (1023.74, 43.55%) 


[P-35s] [T-nos] (75%, 33/44)  


563ms Solution: 489.87 (1023.74, 52.15%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


906ms Solution: 446.01 (1023.74, 56.43%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


2094ms Solution: 443.12 (1023.74, 56.72%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


Covers all except BPS-CV127-9.  


 


1649166ms 


Interrupted! 


Second frequency level (2%) 
219ms Solution: 764.9 (1023.74, 25.28%) 


[P-35s] (57%, 25/44)  


750ms Solution: 629.04 (1023.74, 38.56%) 


[P-35s] [T-nos] (75%, 33/44)  


2079ms Solution: 542.06 (1023.74, 47.05%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


4016ms Solution: 491.51 (1023.74, 51.99%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


6172ms Solution: 490.82 (1023.74, 52.06%) 







[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


8876ms Solution: 488.33 (1023.74, 52.3%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


12235ms Solution: 483.34 (1023.74, 52.79%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


16407ms Solution: 479.26 (1023.74, 53.19%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


Covers all except BPS-CV127-9.  


1743864ms 


Interrupted! 


Third frequency level (5%) 
313ms Solution: 880.36 (1023.74, 14.01%) 


[P-35s] (57%, 25/44)  


1563ms Solution: 762.35 (1023.74, 25.53%) 


[P-35s] [T-nos] (75%, 33/44)  


5391ms Solution: 680.56 (1023.74, 33.52%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


11500ms Solution: 618.64 (1023.74, 39.57%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


18625ms Solution: 607.76 (1023.74, 40.63%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


27891ms Solution: 600.08 (1023.74, 41.38%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  


39969ms Solution: 592.36 (1023.74, 42.14%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  







55595ms Solution: 585.91 (1023.74, 42.77%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


72142ms Solution: 585.46 (1023.74, 42.81%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


89626ms Solution: 582.85 (1023.74, 43.07%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


108392ms Solution: 575.81 (1023.74, 43.75%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9 


 


1546797ms 


Interrupted! 


Fourth frequency level (10%) 
610ms Solution: 1002.41 (1023.74, 2.08%) 


[P-35s] (57%, 25/44)  


5375ms Solution: 923.81 (1023.74, 9.76%) 


[P-35s] [T-nos] (75%, 33/44)  


24657ms Solution: 854.96 (1023.74, 16.49%) 


[P-35s] [T-E9] [T-nos] (86%, 38/44)  


60628ms Solution: 793.03 (1023.74, 22.54%) 


[P-35s] [T-E9] [T-nos] [pat] (91%, 40/44)  


103536ms Solution: 778.92 (1023.74, 23.91%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] (91%, 40/44)  


166491ms Solution: 762.08 (1023.74, 25.56%) 


[P-35s] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (93%, 41/44)  







256165ms Solution: 752.42 (1023.74, 26.5%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [pat] [CTP1] (95%, 42/44)  


380606ms Solution: 743.93 (1023.74, 27.33%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] (98%, 43/44)  


514280ms Solution: 734.55 (1023.74, 28.25%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


657922ms Solution: 721.03 (1023.74, 29.57%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] (98%, 43/44)  


812720ms Solution: 696.72 (1023.74, 31.94%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [pat] [bar] [CTP1] [CTP2-CP4EPSPS] 


(98%, 43/44)  


979971ms Solution: 687.19 (1023.74, 32.87%) 


[P-35s] [P-Kti3] [P-ubiZM1] [T-E9] [T-nos] [CryIaB / CryIac] [m epsps] [nptII] [pat] [bar] [CTP1] [CTP2-


CP4EPSPS] (98%, 43/44)  


Covers all except BPS-CV127-9 


 


3698397ms 


Interrupted! 
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Summary 


One of the objectives of the Work Package 2 is to develop new screening targets using 
the TaqMan real time chemistry. 


This deliverable D4.1/1 presents methods for the detection of the Ubiquitin promoter 
(P-Ubi) of maize (Zea mays) the terminator E9 (T-E9) of pea (Pisum sativum) and the 
p35S-nptII GMO- construct. This deliverable presents the PCR conditions that can be 
applied for each test, the sequences of the primer and probe sets, the specificity and 
sensitivity (limit of detection, LOD) of the developed real time PCR assays as well as 
some discussions about the use of the targets.  The standard operating procedures 
(SOP) for each assay are presented in the annexes. 


In addition to the data about the transfer of the singleplex TaqMan screening methods 
and the pre-validation report, the deliverable D4.1/2 will implement both the optimized 
and validated primer/ probe concentrations for these real time PCR assays as well as 
new results concerning further screening elements.   


The P-Ubi and T-E9 assays were developed at CRA-W.  For different species of GM 
plants the E9 terminator is a frequently used regulatory element. As the donor 
organism of T-E9 is common pea, PCR detection methods based on this element 
cannot distinguish between conventional pea varieties and transgenic constucts 
containing T-E9. To prevent false positive GM signals in food and feed samples 
containing conventional pea DNA, a taxon specific real time PCR method for the 
identification of Pisum spec. is in development in the GMOseek project. Several 


candidate genes were selected which are currently under evaluation.  


A cry1Ab screening target is also in development. As these results are still preliminary, 
they will be presented for information in the deliverable D4.1/2. 


For the p35S-nptII-construct a specific real-time PCR method was developed at LGL. 
In collaboration with the German §64 LFGB GMO working group a real-time PCR 
assay was established. As different GMOs show different fragment sizes in the p35S-
nptII construct, sequencing was performed and LOD of MON863 maize DNA was 


compared to LOD of Laurical rape 23-198 DNA.  
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1. Introduction 
 


In the first year some new screening targets were already developed and evaluated at 
CRA-W and LGL: 


 promoter P-Ubi, from maize (Zea mays) 


 terminator T-E9, from pea (Pisum sativum) 


 p35S-nptII construct 


 
Primers and probes for the targets were first tested on available positive material. The 
limit of detection (LOD) was determined on the available reference material and for P-
Ubi and T-E9 on cloned targets (in plasmids). Results presented in this report are those 
of methods that are close to a full in-house validation. 


 
 


2. Material and Method 
 


3.1. P-Ubi and T-E9 (CRA-W) 
 
Samples.  Samples Table CRA-W/1) used consist of transgenic certified reference 


material (CRM) sold by the Institute for Reference Materials and Measurements 
(IRMM, Geel, Belgium), the American Oil Chemists' Society (AOCS, Urbana, Illinois, 
USA) and Bayer Crop Sciences (Diegem, Belgium).  
 
Table CRA-W/ 1: Genomic material used 
 


Denomination of material reference Type of material 


3006 x 281 cotton (100%GM) ERM-BF422B (IRMM) flour 


GT73 rapeseed (100% GM) AOCS 0304-B seeds 


MON1445 Cotton (100% GM) AOCS 0804-B flour 


H7-1 Sugarbeet (100% GM) ERM-BF-419 (IRMM) flour 


 
 
DNA extraction.   


The CTAB (cetyltrimethylammonium bromide) method was used to extract genomic 
DNA from all samples.  
Homogenized samples of 200 mg were mixed with 1.5 ml of CTAB1 buffer [20 g/L 
CTAB, 1.4 M NaCl, 100 mM Tris, 20 m M Na2EDTA (pH 8)] and 5 µl of RNAse A (20 
mg/ml) in a 2 ml Eppendorf tube, vortexed  and incubated at 65°C for 30 minutes. 10 µl 
of proteinase K (20 mg/ml) were added before mixing and an incubation of 30 minutes 
at 65°C. 
The samples were then centrifuged for 10 min at 15,000 g. 900 µl of the supernatant 
were transferred to a new 2 ml tube containing 900 µl of chloroform, vortexed and 
centrifuged again for 15 min at 15,000 g. 650 µl of the upper phase were transferred 
into a new 2 ml tube and 1300 µl of CTAB2 [5 g/l CTAB, 40 mM NaCl] were added.  
The mix was incubated 60 minutes at room temperature without shaking and 
centrifuged 15 minutes at 15,000 g. The supernatant was discarded and 700 µl of 
CTAB3 [1.2 M NaCl] were added.  The mix was vortexed and 700 µl of chloroform was 
added.  The mix was vortexed and centrifuged 10 min at 15,000g.  600 µl of the 
aqueous phase were put in a new 2 ml tube and 360 volume of isopropanol were 
added. The mix was done by inverting 4-5 times, incubated 20 minutes at room 
temperature and centrifuged 15 min at 15,000g. The supernatant was discarded and 
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the pellet was washed with 500 µl of ethanol at 70%. The mix was centrifuged 10 min. 
at 15,000 g.  The supernatant was discarded and the pellet was dried in a Eppendorf 
5301 concentrator during 30 minutes at 55°C. The pellet was dissolved in 200 µl of 
distilled water and stored at – 20°C 
The quality and quantity of DNA extracted from samples were determined by 
measuring with a Nanodrop ND-1000 spectrophotometer the absorbance at 260 nm 
(A260) and 280 nm (A280). The DNA purity was determined by using the A260/ A280 
ratio. 
 
 
 
Primers and probes were synthesized by Eurogentec (Seraing, Belgium). The probes 


were labelled with the reporter dye FAM at the 5’end and the quencher dye TAMRA at 
the 3’end. The sequences of primers and probes are presented in Table CRA-W/2. 
 
 


Table CRA-W/2: Sequence of primers and probes for detection of P-Ubi and T-E9. 
 
 


Name Sequences (5’-3’) 


P-Ubi-F GAGTAGATAATGCCAGCCTGTTAAAC 


P-Ubi-R ACGCGACGCTGCTGGTT 


P-Ubi-P FAM- CGTCGACGAGTCTAACGGACACCAAC -TAMRA 


T-E9-F TGAGAATGAACAAAAGGACCATATCA 


T-E9-R TTTTTATTCGGTTTTCGCTATCG 


T-E9-P FAM- TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT -TAMRA 


 
 
Real time PCR.   


Real time PCR reactions (25 µl) were performed on an ABI7000 and an ABI7500 fast 
(Applied Biosystems, Foster City, CA) with the Diagenode (Universal Master Mix, 
GMO-UN-A600, Seraing, Belgium) or Applied Biosystems (TaqMan Universal Master 
Mix, 4324020) Real Time PCR Master mixes. The reaction volume (25 µl) was 
composed as follows: 12.5 µl of Master Mix, 1.7 µl of each primer (5mM), 1.5 µl of 
probe (9mM), 2.6 µl of bidistilled water and 5µl of template DNA.   
Reaction Mixes were distributed on 96-well Reaction plates (Applied Biosystems) 
adapted to the machines.  Wells were covered with adhesive films and centrifuged (500 
rpm, 10 seconds) to eliminate possible air bubbles in the bottom of the wells. Six 
replicates were used for LOD determination; two replicates are used for analysis. 
Thermal PCR conditions were the following ones: 2 minutes at 50°C, 10 minutes at 
95°C and 50 cycles of 15 seconds at 95°C and 1 minute at 60°C.  Ramping rates were 
not adapted in function of the apparatus used 8ramping rates between 0.8 and 
1.6°C/sec are working with both methods. Baseline (normalised fluorescent signal 
before exponential PCR amplification occurs) was adjusted and a threshold level of 
fluorescence was fixed in the middle of the linear region of the amplification curve 
represented in a semi-logarithmic graph (Y axis with log fluorescence level in function 
of cycles).   
 
Cloning into pCR2.1 


The amplified fragments were ligated into pCR2.1 plasmid vector (Invitrogen, 
Merelbeke, Belgium) by using TOPO TA Cloning kit (Invitrogen, Merelbeke, Belgium).  
PCR results were visualized on 2.5 % agarose gel and the concentration estimated by 
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means of visual comparison to a quantitative molecular weight marker (Smart ladder, 
Eurogentec, Seraing, Belgium). 
The fragments were cloned into the 3.9 kb pCR®2.1-TOPO® vector following the 
prescriptions of the TOPO TA Cloning kit.   
Plasmid DNA was isolated from bacterial cultures with High Pure Plasmid Isolation kit 
of Roche Diagnotics (Mannheim, Germany).  
 
Subcloning into pUC18 
pUC18 (10 µg) vector was cut with 100 units of HindIII and XbaI (Roche Diagnostics, 


Germany) in order to prepare the vector for insertion of the desired fragment. 
Plasmids pCR2.1 with the integrated targets were cut with the same two restriction 
enzymes (10 µg of plasmid with 100 units of HindIII and XbaI) to retrieve a fragment to 


be inserted in pUC18. 
Purification and extraction of bands on low melting gel were done following the 
recommendations of the QIAquick Gel extraction kit (Qiagen, Germany).  DNA 
amounts were estimated on gel by means of visual comparison to a quantitative 
molecular weight marker (Smart ladder, Eurogentec, Liège, Belgium) and volumes 
corresponding to 10 ng of the fragments were used to be ligated into the pUC18 vector. 
The molar ratio of vector and fragment for the ligation was 1:4 (ratio recommended for 
sticky ends). Ligation was done in a final volume of 60 µl with 2 units of T4 DNA Ligase 
(Roche Diagnostics, Germany) following the recommendations of the manufacturer 
(Cat n° 716359, Roche Diagnostics) 
Subsequent transformation to competent E. coli TOP10 cells (Invitrogen) and plasmid 
DNA extraction were done as described above. 
 
Determination of plasmid copy number 


For a better understanding, an example is given for T-E9 target cloned into pCR2.1. 
Size of the plasmid vector (in base pairs): 3908 bp for pCR2.1 plasmid 
Size of the cloned target: 87 bp for T-E9 target 
Mean weight of 1bp= 635 µg/µmol 
DNA quantities determined in the DNA extract (here by spectrophotometry): 33 ng/µl or 
33 µg/ml 
Number of µmol/ml = 33 (µg/ml)/ 635(µg/µmol) = 0.0519685 
µmol of plasmid = 0.0519685 (µmol/ml) / 3995 (size of plasmid + insert)= 1.3008E-05 
µmol/ml or 1.30085E-11 mol/ml. 
Number of copies/ml = 1.3008E-11 mol/ml x 6.022E+23 (Avogadro number) = 7.8E+12 
copies/ml or 7.8E+9 copies/µl. 
 
Dilutions 


Dilutions for LOD determination were done in water up to the concentration of 20,000 
copies/5µl.  The further dilutions were done in a solution containing 5 ng/ µl of salmon 
sperm DNA.  Low binding tubes were also used in order to minimize the losses of DNA 
due to DNA binding to the tube walls.  
 
Estimated number of haploid genomes 


The estimated DNA quantities necessary to obtain 20,000 copies of targets (haploid 
genome equivalents) are: 24.6 ng (rapeseed), 52.0 ng (maize), 15.7 ng (sugarbeet), 
46.6 ng (cotton).  These mean values were estimated on the basis of the nuclear DNA 
content determined by Arumuganathan [1]. These quantities can be used for the 
estimation of the number of transgenic targets.  In this case, it must be taken into 
account that the used material is 100% GM material and it must be considered that the 
genetic modification is inserted once per haploid genome. 
 
Determination of the limit of detection for the developed targets 
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Sensitivity of the methods for their targets was evaluated following the 
recommendations of the AFNOR XP V03-020-2 standard [2]. In this standard it is 
proposed to determine the limit of detection (LOD) of the PCR system (primers + probe 
+ program of amplification) on dilutions of homozygote material (100 %) or on 
reference material for which the zygosity is known.  Successive dilutions in a non-target 
DNA (for example DNA of salmon sperm) must be performed in order to get a DNA 
quantity containing 20,000 copies of haploid genome equivalents.  The next dilutions 
must contain 50, 20, 10, 5, 2, 1, 0.1 copies. Six PCR repeats must be performed for 
each dilution. The LOD of the method is the lowest number of copies for which the 6 
PCR are positive and only if the dilution containing 0.1 copy gives a maximum of one 
positive signal on the six repetitions. If more than 1 positive signal is observed at 0.1 
copy, evaluation of DNA quantities must be revised. The minimal LOD required for a 
test is 20 copies.  


 
The reference material used is not always specified as homozygous and information 
describing the number of inserts introduced is not always available.   
However in the case of heterozygous material for which the insert would be present in 
only one copy, the criterion for the establishment of the LOD would be even more 
severe. LOD were also checked on cloned target. This has the advantage of a better 
control of the copy number. 


 
3.2 p35S-nptII construct (LGL) 


Samples  
The p35S-nptII-detection-system was developped on the following reference material 
that contains the construct p35S-nptII: flour from genetically modified maize event 
MON863 (IRMM MON863). DNA extracted from Laurical rape 23-198 leaves was 
available at LGL. Small amounts of DNA from Laurical rape plasmid pCGN3828 were 
available at LGL for specificity tests. DNA from three different genetically modified 
cotton-events (MON1445, MON15985, MON531) was provided by the national refer-
ence laboratory for GMO (Bundesamt für Verbraucherschutz und Lebensmittelsicher-
heit; BVL, Berlin) 


DNA extraction  
CTAB (cetyltrimethylammonium bromide) extraction was used for isolation of genomic 
DNA from MON863 [3]. DNA quality was determined by measuring the light absor-
bances at 260 nm (A260) and 280 nm (A280) with a Nanodrop ND-1000 spectrophoto-
meter and controlling the A260/ A280 ratio. PicoGreen® fluorescent dye (Molecular 
Probes, USA-Eugene) was used to determine the quantity of the genomic dsDNA.  
 
Primers and probes  
Oligonucleotides were synthesized by TIBMolbiol (Berlin, Germany). The TaqMan 
probe was labelled with the reporter dye FAM at the 5’end and the BBQ-quencher at 
the 3’end. The sequences of primers and probes are presented in Table LGL1. 
 
Table LGL/1: Sequence of primers and probe for detection of p35S-nptII 


 


GMO 
element 


Primer 
names 


Original publication  Reference 


P35S 35S-F 5’-TATCCTTCGCAAGACCCTTCC-‘3 Bayer Bioscience, 
2006 (4) 


nptII nptII-R 5’-GATTGTCTGTTGTGCCCAGTCA-‘3 §64 LFGB GMO 
working group 


nptII nptII- FAM– AGCCGAATAGCCTCTCCACCCAAGC-BBQ §64 LFGB GMO 
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Tm2 working group 


 
Optimized Real time PCR conditions  
Real Time PCR reactions (25 µl) were performed on a Stratagene MX3005P real time 
PCR cycler (Agilent Technologies) with the QuantiTect Multiplex Real Time PCR 
Master mix (Qiagen). To 12.5 µl of Master Mix, 1 µl of each primer (0.4µM), 0.25 µl of 
probe (0.1 µM), 5.25 µl of PCR grade water and 5µl of DNA were added. For thermal 
cycling, an initial denaturation step for 15min at 95 °C was followed by 45 cycles of 1 
min at 94 °C and 1 min at 60 °C.  


Sequencing of the p35S-nptII construct 
Combining self designed primers for the 35S promoter and the nptII gene of the GMO 


construct amplification showed optimal results with following primer sets:  
 
Table LGL/2: Primers for sequencing 
 


GMO 
element 


Primer 
names 


Nucleotide sequence Source  


p35S p35S-F2 5’ GCCGACAGTGGTCCCAAAGATGG 3’ LGL 


nptII 


 
nptII-R2 
 


5’ GTCCCTTCCCGCTTCAGTGACAACGTC 3’ LGL 


Amplification of the p35S-nptII construct 
PCR was performed in a volume of 25 µl containing 12.5 µl HotStarTaq Master Mix 
(Qiagen), 1 µl of each primer (0.4 µM) and 5.5 µl PCR grade water as well as 5 µl of 
template DNA corresponding to 5 ng DNA. For thermal cycling an initial denaturation 
step for 15 min at 95°C was followed by 45 cycles of 45 sec at 94°C, 45 sec at 59°C 
and 1 min at 72°C with a final elongation step of 5 min at 72°C. PCR was performed in 
a master cycler gradient (Eppendorf).  


PCR products were purified with the QIAquick PCR purification kit (Qiagen). Purified 
PCR products were directly sequenced with the BigDye Terminator V 1.1 cycle 
sequencing kit (Applied Biosystems) on a ABI PRISM 310 platform (Applied Bio-
systems). Nucleic acid sequence data were analysed by searches in the GenBank 
database using the computer algorithm NCBI-BLAST. 
 


 


3. Results, discussion and conclusion 
 


 
4.1. Specificity of the targets P-Ubi and T-E9 
 
The specificity of the targets was evaluated on 30 crop plants (see Table CRA-W/3).  
Two replicates were performed on each plant extract for testing the specificity.  DNA 
amount used in the PCR reactions were between 10 and 100 ng. The list of plants 
tested includes the donor organisms of the developed targets.   We can observe that 
targets P-Ubi and T-E9 give a positive answer with their respective donor organism. It 
shows that the introduced sequences are similar to their natural counterpart.  Note that 
a cross reaction was observed with T-E9 on chicory, but this reaction was observed 
with late signal (Ct around 37).  T-E9 will be further tested on other chicory DNA 
extracts. 
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Table CRA-W/3: Specificity tests (absence of cross-reaction signals) for the P-Ubi and 
T-E9 targets on 30 crop plants  


  targets and origin 


    P-Ubi T-E9 


Plants   Maize Pea 


  Brassicaceae  rapeseed   -  - 


   cabbage  -  - 


   radish  -  - 


  Aliaceae  leek   -  - 


  Apiaceae   carrot  -  - 


   celery  -  - 


   chervil  -  - 


   parsley  -  - 


  Asteraceae   chicory  -  + (late) 


   lettuce  -  - 


   sunflower  -  - 
  
Chenopodiaceae   sugarbeet  -  - 


   spinach  -  - 


  Fabaceae   peanut  -  - 


  
 green 
beans  -  - 


   pea  -  + 


   soybean   -  - 


  Liliaceae  onion    -  - 


  Linaceae  flax  -  - 


  Malvaceae   cotton  -  - 


  Poaceae   oats  -  - 


   wheat  -  - 


   maize  +  - 


   barley  -  - 


   rice  -  - 


   rye  -  - 


  Solanaceae   eggplant  -  - 


   potato  -  - 


   tomato  -  - 


  tobacco  -  - 


positive control (GM)  +
a
  +


b
 


a) 3006 x 281 cotton   b) H7-1 sugar beet 
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4.2. Real time PCR detection method for the p35S-nptII construct 
 
When systematically evaluating the GMOseek matrix (WP1), 26 GM plant events can 
be identified which contain the junction region of the 35S promoter from the cauliflower 
mosaic virus (CaMV) to the nptII-gene.  


Table LGL/3: genetically modified plants containing the P-35S-nptII-construct 


 


Plant species GM event promoter 
introduced 
gene 


rapeseed 23-198 p35S nptII 


rapeseed 23-18-17 p35S nptII 


maize MON863 p35S nptII 


cotton 1445; 1698 p35S nptII 


cotton 15985 p35S nptII 


cotton 31807; 31808 p35S nptII 


cotton 531; 757, 1076 p35S nptII 


cotton BXN p35S nptII 


potato ATBT04-etc p35S nptII 


potato BT6,10,12,16,17,18,23 p35S nptII 


potato SPBT02-5;-07 p35S nptII 


squash CZW3 p35S nptII 


squash ZW20 p35S nptII 


tomato 5345 p35S nptII 


tomato 8338 p35S nptII 


 
As reference material of Laurical rape 23-198, MON863 maize, MON15985 cotton and 
MON1445 cotton was available at LGL, following amplification results (Table LGL/4) 
were achieved with the primers listed in table LGL/1:  
 
Table LGL/4: Amplicon size of different GMO events available at LGL 
 


GM event Plant species Amplicon length (bp) 


Laurical (23-198) Rapeseed 294 


MON863 Maize 205 


MON15985 Cotton 205 


MON1445 Cotton 205 


 
The different amplicons show a variation of the inserted constructs in GM plants.  
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Sequencing of the p35S-nptII construct 


 
As different amplicon sizes were determined in the specific real time PCR method, 
sequences of the p35S-nptII gene construct of MON863 maize as well as Laurical rape 
23-198 have been determined (see Fig. LGL/1 and LGL/2). The location of the forward 
and reverse primers as well as the probe sequence are shown in frames.  
 
Fig. LGL/1: Sequence of the p35S-nptII construct of MON863 


 


 


 


 


 


 


 
figure 1: Sequence of Mon863 with highlighted primer/probes set 


  


  
 
green: p35S  [X04879] 
red. Construct-specific interjacent DNA-sequence 
yellow: nptII (rev./complement)  [AY141042] 


 
The retrieved sequence showed 205 bp for the fragment between the two primers of 
the real time PCR detection system.  


 
Fig. LGL/2: Sequence of of the p35S-nptII construct of Laurical rape 23-198 


 


 


 


 
 


 
green: p35S   
 
red. Construct-specific interjacent DNA-sequence 
yellow: nptII (rev./complement)  


 
The retrieved sequence showed 294 bp for the fragment between the two primers of 
the real time PCR detection system.  


 
 
Specificity of the real time PCR detection system for the p35S-nptII construct 


The specificity of the targets was evaluated on six positive controls (GMOs see Table 
LGL/5) and 15 negative controls. All six positive controls showed expected positive 
results in the real time PCR system. No cross reaction was observed with the negative 
controls from maize, rape, rice, soybean and sugarbeet GMO plants. Specificity tests 
were performed with 20.000 copies of GMO DNA.  
 
 
 
 
 


TTATTCAGAGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATC


GTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATACTTCC


ACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAA


GGAAGTTCATTTCATTTGGAGAGGACACGCTGAAATCACCAGTCTCTCTCTACAAGATCG


GGGATCTCTAGCTAGACGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTC


TCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTG


CTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGAC


CGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTG 


 


TATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACACGCTGAAA


TCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTCTCCATAATAATGTGTGAGTAGTTCC


CAGATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCAGATCCGGTCGACGTCGAGGAATTCCCC


GGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAG


GCTATTCGGCTATGACTGGGCACAACAGACAATC 
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Table LGL/5: Specificity of the detection of GMO events by the p35S-nptII real time 


PCR 
 


Plant 
species 


GM event 
DNA amount/ 


ng 
Copy No. P35S-nptII 


Cotton MON15985 47 20,000 + 


Cotton MON531 47 20,000 + 


Cotton  MON1445 47 20,000 + 


Rape Laurical 23-198 25 20,000 + 


Rape Laurical (pCGN3828) 25 20,000 + 


Maize MON863 52 20,000 + 


Maize DAS59122-7 52 20,000 - 


Maize BT176 52 20,000 - 


Maize BT11 52 20,000 - 


Maize CBH351 52 20,000 - 


Maize NK603 52 20,000 - 


Maize GA21 52 20,000 - 


Rape MS8XRF3 25 20,000 - 


Rape GT73 25 20,000 - 


Rape GS40/90 25 20,000 - 


Rape T45 25 20,000 - 


Rice LL-R601 8,9 20,000 - 


Rice LL-Rice62 8,9 20,000 - 


Soybean MON89788 23 20,000 - 


Soybean GTS40-3-2 23 20,000 - 


Sugarbeet H7-1 16 20,000 - 


 
  


First sensitivity tests of the p35S-nptII detection method 


 


Table LGL/6: Sensitivity test of the p35S-nptII real time PCR for MON863 maize 


 
Number of 
replicates 


Number of  
positive  
reactions 


Number of 
copies 
(nominal) 
 


Mean 
(Ct-values) 


2 2 3166 28.51 


3 3 791 30.87 


3 3 198 32.98 


3 3 50 34.91 


5 5 12.4 36.29 


5 5 3.1 37.85 


5 0 0.8 No Ct. 


 
The first sensitivity tests for the genetically modified event MON863 show, that 5 of 5 
replicates carried out proved to be positive in the field of 3 copies. A LOD6 
determination (AFNOR XP V03-020-2) will be performed.  
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Table LGL/7: Sensitivity test of the p35S-nptII real time PCR for Laurical rape 23-198 


 


No. of 
replicates 


No. of  
positive  
reactions 


No. of copies 
(nominal) 
 


Mean 
(Ct-values) 


2 2 3166 21.15 


3 3 791 22.04 


3 3 198 24.05 


3 3 50 26.19 


5 5 12.4 28.51 


5 5 3.1 31.36 


5 0 0.8 No Ct. 


 
The first sensitivity tests for Laurical rape 23-198 show, that 5 of 5 replicates carried 
out proved to be positive in the field of 3 copies. A LOD6 determination (AFNOR XP 
V03-020-2) will be performed.  
 


The comparison of the sensitivity of the real time PCR method for MON863 maize 
showing an amplicon size of 205 bp and for Laurical rape 23-198 showing an amplicon 
size of 294 bp demonstrates equal sensitivity for the two targets.  
 
LOD determination according to the AFNOR standard (AFNOR XP V03-020-2) will be 
performed in house as well as external during the transfer of the method in an inter-
laboratory study.  


 


 


 
4.3. Promoter P-Ubi 


 
The promoter of maize Ubiquitin is coming from maize (Zea mays).  We can find it in 


the TC1507, MIR604, MIR162, 3272, 98140, DAS6275, DAS59132 and DAS59122 GM 
maize events, in the 3006-210-23 and 281-24-236 GM cotton events and in the Bt 
kemingdao 1 (KMD1) rice event.  Primers and probes targeting an amplicon of 76 bp 
(base pairs) were positively tested on the 3006 x 281 cotton (ERM-BF422B reference 
material).  A positive signal was obtained on the TC1507, DAS59122, MIR604 maize 
events as well as on non-GM maize. This is due to the fact there is no difference 
between the natural sequence of the ubiquitin promoter and the sequence that was 
inserted in the GM plants.  Using the P-Ubi assay does not allow to distinguish 
between GM and non-GM maize. This problem was also mentioned for a test 
developed by Babekova et al. [4].  The LOD was determined on 3006 x 281 cotton and 


on plasmid DNA (target amplified from 3006 x 281 cotton and cloned into the PCR2.1 
plasmid of Invitrogen). The LOD determined on genomic and plasmid DNA (Table 
CRA-W/3) was below the 20 copies. 
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Table CRA-W/4 : Determination of LOD on MON1445 Cotton DNA with primers and 
probes P-Ubi  
 


 


Tested DNA:  genomic DNA 3006 x 281 cotton (ERM-BF422B, 10% GM) 


DNA quantities 
Primers and probes for P-


Ubi  


pg 
 (determined by 


spectrophotometry) 


Evaluated copy 
numbers of the 


target 
Number of positive 


answers 


1160 100 6/6 


580 50 6/6 


232 20 6/6 


116 10 6/6 


58 5 6/6 


23.2 2 6/6 


11.6 1 3/6 


5.8 0,1 1/6 
Note: Due to the fact that the reference material used here is a stacked event and that P-Ubi is present in 
the 3006 cotton and in the 281 cotton, the amount of pg introduced in the reaction was divided by 2. 


 
 
 
Table CRA-W/5: Determination of LOD on plasmid DNA (amplicon produced from 3006 
x 281 cotton with P-Ubi primers and cloned into pCR2.1 (Invitrogen)). 
 


Tested DNA:  plasmid DNA  (fragment cloned from 3006 x 281 cotton) 


Estimated number of targets 
introduced in the PCR reaction Primers and probes for P-Ubi 


Estimated number of targets Number of positive answers 


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2   4/6 


1  4/6 


0,1  1/6 


 
 
 
 
 
 
 
 







GMOseek – Deliverable D4.1/1 – revised version (23.07.2010) 


   
15 


 
 
Table CRA-W/6: Determination of LOD on plasmid DNA (amplicon produced from 3006 
x 281 cotton with P-Ubi primers, cloned into pCR2.1 and subcloned into pUC18).  


 


Tested DNA:  plasmid DNA  (fragment cloned from 3006 x 281 cotton 
and subcloned from pCR2.1 into pUC18).   The pUC18 plasmid has 
been linearized. 


Estimated number of targets 
introduced in the PCR reaction Primers and probes for P-Ubi 


Estimated number of targets Number of positive answers 


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2  5/6 


1  2/6 


0,1  1/6 


 
As the tests developed in this project must work on complex matrixes and that maize is 
an important ingredient in food, we consider that P-Ubi is not a suitable screening 
target for GMO detection. Although it gives satisfactory results, the method will not be 
transferred to a second laboratory. However, the developed method can be considered 
useful if it is demonstrated that the sample under analysis does not contain maize. 
 


 
4.4. Terminator T-E9 


 
The terminator T-E9 is originating from pea (Pisum sativum). The terminator T-E9 is 


found in the MON88913, MON1445 cotton, 8338 tomato, A5-15, GTSB77, H7-1 
sugarbeet, “j101, j163” alfalfa, GT200 rapeseed, MON89788 soybean and “Bt6, Bt10, 
Bt12, Bt16, Bt17, Bt18”, “RBMT 15-101, SEMT15-02, SEMT15-15”, “RBMT21-129, 
RBMT21-350 RBMT22- 082” potato events.  Primers and probe for T-E9 detection 
were developed and they amplify a 87 bp fragment. 
 
Primers and probe were positively tested on the available reference material, namely 
MON1445 cotton (AOCS 0804-B), GT73 rapeseed (AOCS 0304-B) and H7-1 
sugarbeet (ERM-BF-419) events.  The LOD was determined on these reference 
materials and on plasmid DNA (target amplified from H7-1 sugarbeet and cloned into 
the PCR2.1 plasmid of Invitrogen). The LOD determined on genomic DNA and plasmid 
DNA (Table CRA-W/4) was below or equivalent to 20 copies for the different tests. 
Primers and probe for T-E9 target are suitable to use for GMO detection.  Differences 
concerning the LOD can appear depending on the reference material used. These 
differences are due to the fact that copy numbers were determined according to the 
sizes of the genomes estimated by Arumuganathan [1].  Differences can also be due to 
the uncertainty linked to the dilutions performed.  Concerning the plasmids, a lower 
LOD can be obtained in some cases if plasmids are linearized. It was the case with our 
T-E9 plasmid cloned into the pUC18 plasmid: the LOD determined is 20 copies using  
the non-linearized plasmid and 5 copies using the linearized plasmid. 
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Table CRA-W/7 : Determination of LOD on MON1445 Cotton DNA with primers and 
probes T-E9  


 


Tested DNA:  genomic DNA cotton 1445  (AOCS 0804-B, 100% GM) 


DNA quantities Primers and probes for T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent 
haploid genomes 
or copy numbers Number of positive answers 


232 100  6/6 


116 50  6/6 


46.4 20  6/6 


23.6 10  6/6 


11.6 5  6/6 


4.6 2  4/6 


2.3 1  3/6 


1.2 0,1  0/6 


 
Table CRA-W/8 : Determination of LOD on GT73 rapeseed DNA with primers and 
probes T-E9  


 


Tested DNA:  genomic DNA GT73 rapeseed (AOCS 0304-B, 100% GM) 
DNA quantities Primers and probes for T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent 
haploid genomes 
or copy numbers Number of positive answers 


123 100  6/6 


62 50  6/6 


25 20  6/6 


12 10  6/6 


6 5  6/6 


2 2  6/6 


1 1  4/6 


0 0,1  1/6 
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Table CRA-W/9 : Determination of LOD on H7-1 sugarbeet DNA with primers and 
probes T-E9  


 


tested DNA:  genomic DNA H7-1 sugarbeet (ERM-BF-419,100% GM) 


DNA quantities 
Primers and probes for 


T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent 
haploid genomes 
or copy numbers 


Number of positive 
answers 


79 100  6/6 


39 50  6/6 


16 20  6/6 


8 10  6/6 


4 5  5/6 


2 2  2/6 


1 1  1/6 


0 0,1  0/6 


 
 


Table CRA-W/10 : Determination of LOD on plasmid DNA (amplicon produced from 
H7-1 sugarbeet with T-E9 primers and cloned into pCR2.1 (Invitrogen)). 


 


Tested DNA:  plasmid DNA (fragment cloned from H7-1 sugarbeet) 
Estimated number of targets 


introduced in the PCR reaction Primers and probes for T-E9 


Estimated number of targets Number of positive answers 


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  5/6 


2   2/6 


1  4/6 


0,1  0/6 
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Table CRA-W/11  : Determination of LOD on plasmid DNA (amplicon produced from 
H7-1 sugarbeet  with T-E9 primers, cloned into pCR2.1 and subcloned into pUC18.  


 


Tested DNA:  plasmid DNA  (fragment cloned from H7-1  sugarbeet  
and subcloned from pCR2.1 into pUC18).   The pUC18 plasmid has 
been linearized. 


Estimated number of targets 
introduced in the PCR reaction Primers and probes for T-E9 


Estimated number of targets Number of positive answers 


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2  5/6 


1  4/6 


0,1  1/6 


 


4.5. P35S-nptII  construct 


The construct specific 35S-nptII real-time PCR method uses primer and probe sequen-
ces targeting the junction of the construct of the 35S promoter from the Cauliflower-
Mosaic-Virus and the nptII-gene from the Tn5 transposon of Escherichia coli strain 


K12, which is present in several genetically modified plant events. Performance of the 
real-time PCR assay was in-house validated for six different GM plant events as well 
as 15 GMO events not carrying the construct. Even though the lengths of the PCR 
amplicon differ because of different interjacent sequences between the combined 
genetic elements (205 bp for MON863 and 294 bp for Laurical rape 23-198), the assay 
shows sufficient sensitivity. LOD6 determination according to the AFNOR standard 
(AFNOR XP V03-020-2) will be performed in-house as well as externally during the 
transfer of the method to CRA-W.  
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1. Application  


This method describes a real-time PCR method for screening of the p35S-nptII-construct. As target sequence the 
junction from the p35S promoter to the nptII gene is amplified.  


 


2. Principle:   


The method is a real-time PCR using a TaqMan probe labelled with 6FAM. It is established on the MX3005P 
(Agilent Technologies) real-time PCR machine. The performance on other PCR machines must be verified.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743) 


 0.1 x TE buffer 


 Primer und Probe (see Table 1) 


 


Table 1: 
Name Sequences (5’-3’) Reference 


35S-F 5’-TATCCTTCGCAAGACCCTTCC-‘3 Bayer Bioscience 2006 [2] 


nptII-R 5’-GATTGTCTGTTGTGCCCAGTCA-‘3 §64 LFGB GMO working group 


nptII-Tm2 6FAM– AGCCGAATAGCCTCTCCACCCAAGC-BBQ §64 LFGB GMO working group 


Size of the PCR product:  205 bp (MON863/MON15985/MON1445/MON531 
294 bp (Laurical rape) 


 
 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis with the triplex real time PCR can be extracted according to the ISO 21571. For the 
establishment of the method a modified CTAB-protocol [Lit. 1] as well as the GeneSpin DNA extraction kit 
from seeds, plant material, food and feed (GeneScan Analytics GmbH) was used. An extraction control (= 
EC) must be carried along, using water instead of the sample for DNA extraction.  
 


3.2.2 Extraction control 


The extraction control (=EC) is used for excluding contaminations in the extraction reagents. It should be 
analysed in duplicates. The real time PCR PCR results of the EC have to be negative. 


 


3.2.3 Positive control and negative control (ntc) 







 


   


 


For each fluorescence channel and for each GMO element a positive control from certified reference material 
should be analysed in duplicates to control the function of the PCR reagents as well as the PCR run. The positive 
controls always have to show positive Ct-values (≤ 40).  MON863-DNA is used as positive control.  


A no template control (=NTC) should be analysed in duplicates. The NTC is used for excluding contaminations in 
the PCR master mix. For the NTC, instead of DNA template water is added. The NTC has to show negative 
results (no ct). 


 


3.2.3 Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


All controls can be used as described in the EN ISO 24276 and EN ISO 215569.  


 


4. Equipment  


 Vortex shaker  


 Table centrifuge for 2 ml PCR-grade tubes (Hettich Mikro 22R with rotor E1547)  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Eppendorf „Biopure“ tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Hettich Universal 16R with rotor S0017) 


 Real-time PCR Cycler MX 3005P (Agilent Technologies) 


 freezer  −20°C +/−3°C  


 clean bench or PCR working station 


 gloves 


 fridge 2-8°C  


 







 


   


 


5. Procedure: 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be diluted in 0.1x TE-buffer to a final concentration of 100 µM. For the 
PCR a 10 µM working solution (diluted with nuclease-free water) is used for the primer and robe. The working 
solution is stored in aliquots at -20°C.   


 


5.2 PCR-Set up: 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated. For every run, include a 
NTC (No Template Control), EC and positive controls in duplicates. 


 The preparation of the master mix should be done as shown in Table 2 in biopure reaction tubes, before 
use it should be shortly mixed and centrifuged. 


 Pipette 20 µl master mix in nuclease- free 96 Well plates 


 Add 5 µl DNA or EC as template or H2O as NTC  


 Seal the plate and centrifuge it for one minute 


 Choose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the two 
respective fluorescence channels for measurement and start the PCR 


 


Table 2: Mastermix protocol  


Reagents Work 
concentration 


Volume / reaction (µl) 


Quantitect Multiplex Master mix  2-fold concentrate 12.5 


Forward Primer 0.4 µM 1.0 


Reverse primer 0.4 µM 1.0 


Probe 0.1 µM 0.25 


H2O Nuclease free 5.25 


DNA 5-50 ng 5 


Final volume 25 


 







 


   


 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler Mx3005 with the following thermo profile: 


Table 2: Thermo profile  


 
Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 95 15 1 X 


Amplification 94 60 
45 X 


60 60 


Ramp rate: 2.5°C/sec  


Data acquisition is performed in the FAM channel.  


Reporter dye:   Excitationmax Emissionmax Colour  
6FAM   495 nm  525 nm  Green 
 


At the 3’-end the probe is labelled with the Blackberry quencher (BBQ, www.tib-molbiol.com). This quencher is 
ideal for multiplex PCRs as it can be combined with all fluorescent dyes from UV via blue/yellow/orange/red 
wavelengths to infrared wavelengths.  


 


5.4 Data analysis 


For data the MXPro Software (Agilent Technologies) is used.  Before analyzing the unknown samples the results 
of the controls need to be checked. Positive controls need to show appropriate Ct-values, while the negative 
controls as well as the extraction controls must show negative results (as indicated by the absence of 
amplification or a Ct value greater than 40). For each sample a taxon specific PCR has to show positive signals.  
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1. Application  


This method describes a screening method for the detection of the P-Ubi promoter from maize. 
 


2. Principle:   


The method is a singleplex real-time PCR method with a double dye probe labelled with the FAM-TAMRA  
fluorescent dyes. It was established on the ABI7500 (Applied Biosystems) real-time PCR machine.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 4324020) 


 Primers and probe 


Name Sequences (5’-3’) 


P-Ubi-F GAGTAGATAATGCCAGCCTGTTAAAC 


P-Ubi-R ACGCGACGCTGCTGGTT 


P-Ubi-P FAM- CGTCGACGAGTCTAACGGACACCAAC -TAMRA 


Size of the PCR product: 76 bp 
 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis with the real time PCR can be isolated by all standard extraction protocols. For the 
establishment of the method, DNA were prepared following the recommendations of the ISO 24276 and ISO 
21571 standards 
 


3.2.2 Controls 


Controls were used following the recommendations of the ISO 24276 and ISO 21569 standards. 


3.2.2.1 Negative control, Extraction control 


The extraction control (=EC) as well as a no template control (=NTC) should be analysed in duplicates. The 
extraction control is used for excluding contaminations in the extraction reagents, whereas the NTC is used for 
excluding contaminations in the PCR mastermix. For the NTC, instead of DNA template water is added. The NTC 
and the EC have to be negative. 


3.2.2.2 Positive control 


For each fluorescence channel and for each GMO element a positive control from certified reference material 
should be analysed in duplicates to control the function of the PCR reagents as well as the PCR run. The positive 
control to use for the P-Ubi screening method can be DNA extracted from 3006x281 cotton (ERM BF422B 
reference material prepared at IRMM, Geel, Belgium).  







 


   


 


 


3.2.2.3 Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


4. Equipment  


 Vortex shaker  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Safe-Lock Eppendorf Tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4346906) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Sigma 2K15 with rotor 11122) 


 Real-time PCR Cycler ABI7500 (Applied Biosystems) 


 freezer  −20°C +/−3°C  


 clean bench  


 gloves 


 fridge 2-8°C  


 







 


   


 


5. Procedure: 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be kept at a final concentration of 100 µM. For the PCR a 5 µM working 


solution (diluted with nuclease-free water) is used for primers and probe. The working solution is stored in 


aliquots at -20°C.   


5.2 PCR-Set up: 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated. For every run, include a  


NTC (No Template Control), EC and positive controls in duplicates. 


Reagents Work 
concentration 


Volume / reaction (µl) 


Mastermix (containing buffer, polymerase, 
MgCl2, dNTPs, UNG) 


2-fold concentrate 12.5 


Forward Primer 5 µM 1.7 


Reverse primer 5 µM 1.7 


Probe 5 µM 1.5 


H2O bidistilled 2.6 


DNA 10-100 ng 5 


Final volume 25 


 


 The preparation of the mastermix should be done as shown in Table 1 in Safe-Lock Eppendorf reaction 
tubes, before use it should be shortly mixed and centrifuged. 


 Pipette 20 µl mastermix in nuclease- free 96 Well plates 


 Add 5 µl DNA or EC as template or H2O as NTC  


 Seal the plate and centrifuge it for one minute 


 Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the two 
respective fluorescence channels for measurement and start the PCR 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler ABI7500 with the following thermo profile: 


 


Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 94 600 1 X 


Amplification 94 15 50 X 


60 60 


 
Ramp rate: 9600 Emulation (0.8°C/sec) or default parameter (1.6°C/ sec) can be used  


 


 Data acquisition is performed in the FAM channel.     







 


   


 


 


5.4 Data analysis 


 
Baseline (normalised fluorescent signal before exponential PCR amplification occurs) is adjusted and a threshold 
level of fluorescence is fixed in the middle of the linear region of the amplification curve represented in a semi-
logarithmic graph (Y axis with log fluorescence level in function of cycles).  As the P-Ubi screening target is used 
for qualitative results, an automatic setting of the parameters by the ABI7500 software can also be performed for 
the analysis of the signals. Positive controls need to show appropriate Ct-values, while the negative controls as 
well as the extraction controls must show negative results. 
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1. Application  


This method describes a screening method for the detection of the T-E9 terminator from pea. 
 


2. Principle:   


The method is a singleplex real-time PCR method with a double dye probe labelled with the FAM-TAMRA  
fluorescent dyes. It was established on the ABI7500 (Applied Biosystems) real-time PCR machine.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 4324020) 


 Primers and probe 


Name Sequences (5’-3’) 


T-E9-F TGAGAATGAACAAAAGGACCATATCA 


T-E9-R TTTTTATTCGGTTTTCGCTATCG 


T-E9-P FAM- TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT -TAMRA 


Size of the PCR product: 87 bp 


 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis with the real time PCR can be isolated by all standard extraction protocols. For the 
establishment of the method, DNA were prepared following the recommendations of the ISO 24276 and ISO 
21571 standards 
 


3.2.2 Controls 


Controls were used following the recommendations of the ISO 24276 and ISO 21569 standards. 


3.2.2.1 Negative control, Extraction control 


The extraction control (=EC) as well as a no template control (=NTC) should be analysed in duplicates. The 
extraction control is used for excluding contaminations in the extraction reagents, whereas the NTC is used for 
excluding contaminations in the PCR mastermix. For the NTC, instead of DNA template water is added. The NTC 
and the EC have to be negative. 


3.2.2.2 Positive control 


For each fluorescence channel and for each GMO element a positive control from certified reference material 
should be analysed in duplicates to control the function of the PCR reagents as well as the PCR run. The positive 
control to use for the T-E9 screening method can be DNA extracted from the following certified reference 







 


   


 


materials : H7-1 sugarbeet (ERM BF419, IRMM, Geel, Belgium), GT73 rapeseed (AOCS 0304B, Urbana, IL, 
USA) or MON1445 cotton (AOCS 0804B, Urbana, IL, USA).  


 


3.2.2.3  Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


4. Equipment  


 Vortex shaker  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Safe-Lock Eppendorf Tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4346906) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Sigma 2K15 with rotor 11122) 


 Real-time PCR Cycler ABI7500 (Applied Biosystems) 


 freezer  −20°C +/−3°C  


 clean bench  


 gloves 


 fridge 2-8°C  


 







 


   


 


5. Procedure: 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be kept at a final concentration of 100 µM. For the PCR a 5 µM working 


solution (diluted with nuclease-free water) is used for primers and probe. The working solution is stored in 


aliquots at -20°C.   


5.2 PCR-Set up: 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated. For every run, include a  


NTC (No Template Control), EC and positive controls in duplicates. 


Reagents Work 
concentration 


Volume / reaction (µl) 


Mastermix (containing buffer, polymerase, 
MgCl2, dNTPs, UNG) 


2-fold concentrate 12.5 


Forward Primer 5 µM 1.7 


Reverse primer 5 µM 1.7 


Probe 5 µM 1.5 


H2O bidistilled 2.6 


DNA 10-100 ng 5 


Final volume 25 


 


 The preparation of the mastermix should be done as shown in Table 1 in Safe-Lock Eppendorf reaction 
tubes, before use it should be shortly mixed and centrifuged. 


 Pipette 20 µl mastermix in nuclease- free 96 Well plates 


 Add 5 µl DNA or EC as template or H2O as NTC  


 Seal the plate and centrifuge it for one minute 


 Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the two 
respective fluorescence channels for measurement and start the PCR 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler ABI7500 with the following thermo profile: 


 


Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 94 600 1 X 


Amplification 94 15 50 X 


60 60 


 
Ramp rate: 9600 Emulation (0.8°C/sec) or default parameter (1.6°C/ sec) can be used  


 


 Data acquisition is performed in the FAM channel.     







 


   


 


 


5.4 Data analysis 


 
Baseline (normalised fluorescent signal before exponential PCR amplification occurs) is adjusted and a threshold 
level of fluorescence is fixed in the middle of the linear region of the amplification curve represented in a semi-
logarithmic graph (Y axis with log fluorescence level in function of cycles).  As the T-E9 screening target is used 
for qualitative results, an automatic setting of the parameters by the ABI7500 software can also be performed for 
the analysis of the signals. Positive controls need to show appropriate Ct-values, while the negative controls as 
well as the extraction controls must show negative results. 
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1. Summary 


 


One of the objectives of the Work Package 2 is to develop new screening targets using the TaqMan real-
time chemistry. 


This deliverable D4.1/2 constitutes an implementation of the deliverable D4.1/1 and presents the in-house 
validation of singleplex methods for the detection of the Ubiquitin promoter (P-Ubi) of maize (Zea mays) 
the terminator E9 (T-E9) of pea (Pisum sativum) and the p35S-nptII GMO- construct. This deliverable 
presents the PCR conditions that can be applied for each test, the sequences of the primer and probe 
sets, the specificity and sensitivity (limit of detection, LOD) of the developed real-time PCR assays as well 
as some discussions about the use of the targets. This deliverable also reports the results of the transfer 
of the methods to a second GMOseek partner laboratory as well as the performance obtained towards 
parameters that were considered in GMOSeek (see deliverable D.1.8).   


Elements presented in this document take into account the recommendation validation guidelines that are 
proposed in international documents such as the AFNOR XP V03-020-2 standard [1], the Definition of 
minimum performance requirement for Analytical Methods for GMO testing [2] and more recently the 
Codex alimentarius guidelines on performance criteria and validation [3], in order to constitute convincing 
evidence for a pre-validation report. Assays presented in this deliverable show that the methods are 
robust enough to go for an inter-laboratory validation. 


In addition to the data about the transfer of the singleplex TaqMan screening methods and the pre-
validation report, the deliverable D4.1/2 describes two methods developed at CRA-W that are still under 
evaluation and are not yet ready for the transfer to another laboratory. 


The first additional method describes the detection of pea (endogenous target). Indeed, as the donor 
organism of T-E9 is common pea, PCR detection methods based on this element cannot distinguish 
between conventional pea varieties and transgenic constructs containing T-E9. To prevent false positive 
GM signals in food and feed samples containing conventional pea DNA, a taxon-specific real-time PCR 
method for the identification of Pisum sp. is required. Four candidates for pea detection were selected and 
are presented in this deliverable. 


The second additional method is dedicated to a test for cry1Ab detection. This method is still under 
evaluation and not yet ready for a transfer to a second laboratory.  
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2. Introduction 
 


In the project some new screening targets were developed and evaluated in a second laboratory. 
 
-Targets developed at CRA-W and transferred for evaluation at LGL 
 


 promoter P-Ubi, from maize (Zea mays) 


 terminator T-E9, from pea (Pisum sativum) 
 


-Target developed at LGL and transferred for evaluation at CRA-W 
 


 p35S-nptII construct 
 
-Targets developed at CRA-W but still in preparation for a transfer to a second laboratory 


 an endogenous gene for pea detection 


 a cry1Ab target 
 


 
Singleplex targets developed at CRA-W were transferred at LGL for testing targets developed at LGL were 
sent to CRA-W for testing. The transfer of method consists mainly in a determination of the limit of 
detection based on the AFNOR XP V03-020-2 standard [1] in a second laboratory with the information and 
reagents provided by the first laboratory.  This deliverable takes into account the guidelines for 
performance criteria and validation guidelines described in the ENGL [2] and Codex Alimentarius [3] 
documents. Parameters as specificity, amplification efficiency, R2, precision and elements in favour of the 
robustness were evaluated.   
 
 


 
 


3. Material and Methods 
 


3.1. P-Ubi and T-E9 methods (CRA-W) 
 
 


3.1.1. Primers and probes  


 
Primers and probes were synthesized by Eurogentec (Seraing, Belgium). The probes were labelled with 
the reporter dye FAM at the 5‟-end and the quencher dye TAMRA at the 3‟-end. The sequences of primers 
and probes are presented in Table CRA-W/1. 
 
 
Table CRA-W/1: Sequence of primers and probes for detection of P-Ubi and T-E9. 
 


Name Sequences (5’-3’) Amplicon size 


P-Ubi-F GAGTAGATAATGCCAGCCTGTTAAAC  
76 bp 


P-Ubi-R ACGCGACGCTGCTGGTT 


P-Ubi-P FAM- CGTCGACGAGTCTAACGGACACCAAC -TAMRA 


T-E9-F TGAGAATGAACAAAAGGACCATATCA  
87 bp 


T-E9-R TTTTTATTCGGTTTTCGCTATCG 


T-E9-P FAM- TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT -TAMRA 
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3.1.2. Master Mixes 
 
Three different Master Mixes were used to perform the experiments: 


- The TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 
4324020) was used for LOD determination on ABI7000 (Applied Biosystems) and ABI7500Fast 
(Applied Biosystems).  As this Master Mix already contains ROX for normalization of signals on 
Applied Biosystems devices and this function is not in application on Roche Diagnostics devices, 
the TaqMan Universal PCR Master Mix was not used on Roche Diagnostics devices.   


- The Universal Master MIX (Diagenode, Liège, Belgium, order no. GMO-UN-A600) was used for 
LOD determination on the LC480 (Roche Diagnostics) and on ABI7000 (Applied Biosystems). 


- The DNA Probe Master (Roche Diagnostics, Mannheim, Germany, order no. 05 502 381 001) 
was used for evaluation of method transfer on the LC480 (Roche Diagnostics). 


 
The Applied Biosystems and Diagenode Master Mixes were used to perform all the LOD determinations. 
The Roche Diagnostics Master Mix was only used in a comparison with the Diagenode Master Mix on the 
LC480 machine (Roche Diagnostics). Results show that the DNA Probe Master Mix could be used for 
LOD determination on the LC480 device.  
 
The P-Ubi and T-E9 methods were not optimized for a particular Master Mix in order to propose an open 
method that can be used with different Ready-to-use Master Mixes.  The fact that different Master Mixes 
were used in the in-house validation is also in favour of the robustness of the P-Ubi and T-E9 methods 
(see point 3.1.10). 
 
 


3.1.3. PCR apparatus 
 
Development of the method and LOD determination were realized on ABI7000 and ABI7500 FAST Real 
time PCR devices at CRA-W with Applied Biostems and Diagenode Master Mixes.  
The method was then successfully transferred on the LC480 Real Time PCR Machine (Roche 
Diagnostics) at CRA-W. As the Roche Diagnostics machine does not perform ROX substraction, the 
Diagenode Master Mix (without Rox) was used for the different tests. 
The transfer of method to LGL was performed on a LC480 II (Roche Diagnostics), this one being very 
close to the first version of LC480 tested at CRA-W.   
 
The P-Ubi and T-E9 methods were not constructed in order to be platform-dependent so that they can be 
used on a wider spectrum of existing platforms in the GMO diagnostics laboratories. 
 
 


3.1.4. PCR conditions 
 
Real-time PCR reactions were performed on a 25 µl final volume.  The reaction volume (25 µl) was 
composed as follows:  
P-Ubi method : 12.5 µl of Master Mix, 1.7 µl of each primer (5µM), 1.5 µl of probe (9µM), 2.6 µl of 
bidistilled water and 5µl of template DNA.   
T-E9 method : 12.5 µl of Master Mix,  0.5 µl of each primer (45µM), 0.5 µl of probe (12.5µM), 6 µl of 
bidistilled water and 5µl of template DNA.   
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Reaction Mixes were distributed on 96-well reaction plates (Applied Biosystems) adapted to the machines. 
Wells were covered with adhesive films and centrifuged (500 rpm, 10 seconds) to eliminate possible air 
bubbles in the bottom of the wells. 
 
Thermal PCR conditions were the following ones: 2 minutes at 50°C, 10 minutes at 95°C and 50 cycles of 
15 seconds at 95°C and 1 minute at 60°C. Ramping rates were not adapted in function of the apparatus 
used (ramping rates between 0.8 and 1.6 °C/sec are working with both methods). For the Applied 
biosystems devices (7500 Fast Software Detection System v1.4 and 7000 Software Detection System 
v.2), the baseline (normalised fluorescent signal before exponential PCR amplification occurs) was 
adjusted and a threshold level of fluorescence was fixed in the middle of the linear region of the 
amplification curve represented in a semi-logarithmic graph (Y-axis with log fluorescence level in function 
of cycles). Analysis on LC480 (LightCycler480 Software release SP4) were done by using the fit point 
method.   
 


 
3.1.5. DNA used in the tests 
 
3.1.5.1. Genomic DNA 
 
Samples used (Table CRA-W/2) consist of transgenic certified reference material (CRM) sold by the 
Institute for Reference Materials and Measurements (IRMM, Geel, Belgium) and the American Oil 
Chemists' Society (AOCS, Urbana, Illinois, USA)  
 
Table CRA-W/ 2: Genomic material used 
 


Denomination of material reference Type of material Method 


3006 x 281 cotton (100%GM) ERM-BF422B (IRMM) flour P-Ubi 


GT73 rapeseed (100% GM) AOCS 0304-B seeds T-E9 


MON1445 Cotton (100% GM) AOCS 0804-B flour T-E9 


H7-1 Sugarbeet (100% GM) ERM-BF-419 (IRMM) flour T-E9 


 
 
DNA extraction of the genomic DNA   
The CTAB (cetyltrimethylammonium bromide) method was used to extract genomic DNA from all samples. 
This CTAB method is based on the method described in the ISO21571 standard [4] with some 
modifications. 
Homogenized samples of 200 mg were mixed with 1.5 ml of CTAB1 buffer [20 g/L CTAB, 1.4 M NaCl, 
100 mM Tris, 20 mM Na2EDTA (pH 8)] and 5 µl of RNAse A (20 mg/ml) in a 2 ml Eppendorf tube, 
vortexed  and incubated at 65°C for 30 minutes. 10 µl of proteinase K (20 mg/ml) were added before 
mixing and a second incubation of 30 minutes at 65°C. 
The samples were then centrifuged for 10 min at 15,000 g. 900 µl of the supernatant were transferred to a 
new 2 ml tube containing 900 µl of chloroform, vortexed and centrifuged again for 15 min at 15,000 g. 650 
µl of the upper phase were transferred into a new 2 ml tube and 1300 µl of CTAB2 [5 g/l CTAB, 40 mM 
NaCl] were added.  The mix was incubated for 60 minutes at room temperature without shaking and then 
centrifuged during 15 minutes at 15,000 g. The supernatant was discarded and 700 µl of CTAB3 [1.2 M 
NaCl] were added.  The mix was vortexed and 700 µl of chloroform was added.  The mix was vortexed 
and centrifuged 10 min at 15,000g.  600 µl of the aqueous phase were put in a new 2 ml tube and 360 
volume of isopropanol were added. The mix was done by inverting 4-5 times, incubated 20 minutes at 
room temperature and centrifuged 15 min at 15,000g. The supernatant was discarded and the pellet was 
washed with 500 µl of ethanol at 70%. The mix was centrifuged 10 min. at 15,000 g.  The supernatant was 
discarded and the pellet was dried in a Eppendorf 5301 concentrator during 30 minutes at 55°C. The 
pellet was dissolved in 200 µl of distilled water and stored at – 20°C 
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The quality and quantity of DNA extracted from samples were determined by measuring with a Nanodrop 
ND-1000 spectrophotometer the absorbance at 260 nm (A260) and 280 nm (A280). The DNA purity was 
determined by using the A260/ A280 ratio. 
 
Other validated DNA extraction method could be used. The method was developed in favour of a modular 
approach and is not linked to a specified DNA extraction method [5]. 
 
Estimated number of haploid genomes 
The estimated DNA quantities necessary to obtain 20,000 copies of targets (haploid genome equivalents) 
are: 24.6 ng (rapeseed), 52.0 ng (maize), 15.7 ng (sugarbeet), 46.6 ng (cotton). These mean values were 
estimated on the basis of the nuclear DNA content determined by Arumuganathan [6]. These quantities 
can be used for the estimation of the number of transgenic targets. In this case, it must be taken into 
account that the used material is 100% GM material and it must be considered that the genetic 
modification is inserted as a single copy per haploid genome. 
 
 
3.1.5.2. Plasmid DNA 
 
Targeted sequences were integrated into a plasmid in order to proceed to LOD determination not affected 
by a matrix effect. It permits also to estimate the number of copies by another way than the estimated 
number of copies by haploid genome of the considered plant determined by Arumuganathan [6]. Inserts 
were PCR amplified with the primers of the above described methods and cloned into the pCR2.1 plasmid 
(Invitrogen, Merelbeke, Belgium). The inserts were thereafter transferred in a pUC18 plasmid in order to 
fulfil the requirements for of the p-ENGL library and to permit a possible deposit in the official plasmid and 
cDNA collection (LMBP) from the Belgian Coordinated Collection of Micro-organisms (BCCM), centralized 
at Ghent University. Origin of the fragments transferred in the plasmids is presented in the table CRA-W/3. 
 
 
Table CRA-W/ 3: Plasmid material used 
 


Origin of amplicon used for 
introduction into a plasmid 


Cloned into pCR2.1 
(Invitrogen) 


Subcloned into 
pUC18 


Method 


3006 x 281 cotton (100%GM) 
Ref: ERM-BF422B (IRMM) 


yes yes P-Ubi 


H7-1 Sugarbeet (100% GM) 
Ref: ERM-BF-419 (IRMM) 


yes yes T-E9 


 
 
Cloning into pCR2.1 
The amplified fragments were ligated into pCR2.1 plasmid vector (Invitrogen, Merelbeke, Belgium) by 
using TOPO TA Cloning kit (Invitrogen, Merelbeke, Belgium).  PCR results were visualized on 2.5 % 
agarose gel and the concentration estimated by means of visual comparison to a quantitative molecular 
weight marker (Smart ladder, Eurogentec, Seraing, Belgium). 
The fragments were cloned into the 3.9 kb pCR®2.1-TOPO® vector following the prescriptions of the 
TOPO TA Cloning kit.   
Plasmid DNA was isolated from bacterial cultures with High Pure Plasmid Isolation kit of Roche 
Diagnostics (Mannheim, Germany).  
 
Subcloning into pUC18 
pUC18 (10 µg) vector was cut with 100 units of HindIII and XbaI (Roche Diagnostics, Germany) in order to 
prepare the vector for insertion of the desired fragment. 
Plasmid pCR2.1 with the integrated targets were cut with the same two restriction enzymes (10 µg of 
plasmid with 100 units of HindIII and XbaI) to retrieve a fragment to be inserted in pUC18. 
Purification and extraction of bands on low melting agarose gel were done following the recommendations 
of the QIAquick Gel extraction kit (Qiagen, Germany). DNA amounts were estimated on gel by means of 
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visual comparison to a quantitative molecular weight marker (Smart ladder, Eurogentec, Liège, Belgium) 
and volumes corresponding to 10 ng of the fragments were used to be ligated into the pUC18 vector. 
The molar ratio of vector and fragment for the ligation was 1:4 (ratio recommended for sticky ends). 
Ligation was done in a final volume of 60 µl with 2 units of T4 DNA Ligase (Roche Diagnostics, Germany) 
following the recommendations of the manufacturer (Cat n° 716359, Roche Diagnostics) 
Transformation occurred with competent E. coli TOP10 cells (Invitrogen) and plasmid DNA extraction was 
done as described above.  A confirmation of the inserted sequences by sequencing was not done. 
 
 
Determination of plasmid copy number 
For a better understanding, an example is given for T-E9 target cloned into pCR2.1. 
Size of the plasmid vector (in base pairs): 3908 bp for pCR2.1 plasmid 
Size of the cloned target: 87 bp for T-E9 target 
Mean weight of 1bp= 635 µg/µmol 
DNA quantities determined in the DNA extract (here by spectrophotometry): 33 ng/µl or 33 µg/ml 
Number of µmol/ml = 33 (µg/ml)/ 635(µg/µmol) = 0.0519685 
µmol of plasmid = 0.0519685 (µmol/ml) / 3995 (size of plasmid + insert)= 1.3008E-05 µmol/ml or 
1.30085E-11 mol/ml. 
Number of copies/ml = 1.3008E-11 mol/ml x 6.022E+23 (Avogadro number) = 7.8E+12 copies/ml or 
7.8E+9 copies/µl. 
 
 


3.1.6. Specificity of the P-Ubi and T-E9 methods 
 
3.1.6.1. P-Ubi promoter 
 
The promoter of maize Ubiquitin is originating from maize (Zea mays). It can be found in the TC1507, 
MIR604, MIR162, 3272, 98140, DAS6275, DAS59132 and DAS59122 GM maize events, in the 3006-210-
23 and 281-24-236 GM cotton events and in the Bt kemingdao 1 (KMD1) and Kefeng6 rice events. A 
positive signal was obtained on the TC1507 (ERM-BF418D, IRMM, 10 % GM), DAS59122 (ERM-BF424D, 
IRMM, 10 % GM), MIR604 (ERM-BF423D, IRMM, 10 % GM) maize events as well as on non-GM maize. 
This is due to the fact there is no difference between the natural sequence of the ubiquitin promoter and 
the sequence that was inserted in the GM plants. Using the P-Ubi assay does not allow to distinguish 
between GM and non-GM maize. This problem was also mentioned for a test developed by Babekova et 
al. [7]. However, this target remains of interest because the P-Ubi promoter seems to be used in upcoming 
events as the 86AB rice and MXB-13 cotton.  
 
Primers and probes targeting an amplicon of 76 bp (base pairs) for the P-Ubi were positively tested 
on the 3006 x 281 cotton (ERM-BF422B, IRMM, 100 % GM)).  Dilutions of this DNA were used to 
determine the sensitivity of the the P-Ubi method on genomic DNA (Table CRA-W/5).  The specificity was 
tested on DNA extracted by the CTAB method presented at the point 3.1.5.1.  10 to 100 ng of the DNA 
extracts were put in the PCR reactions (two repetitions).  Amplificability of the DNA extracts was first 
tested with the rbcL plant primers developed at CRA-W. 
 
 
3.1.6.2. T-E9 terminator 
 
The terminator T-E9 is originating from pea (Pisum sativum). The terminator T-E9 is found in the 
MON88913, MON1445 cotton, 8338 tomato, A5-15, GTSB77, H7-1 sugarbeet, “j101, j163” alfalfa, GT200 
rapeseed, MON89788 soybean and “Bt6, Bt10, Bt12, Bt16, Bt17, Bt18”, “RBMT 15-101, SEMT15-02, 
SEMT15-15”, “RBMT21-129, RBMT21-350 RBMT22- 082” potato events.  
 
Primers and probe for T-E9 detection amplify a 87 bp fragment and were positively tested on the 
available reference material, namely MON1445 cotton (AOCS 0804-B, 100 % GM), GT73 rapeseed 
(AOCS 0304-B, 100 % GM) and H7-1 sugarbeet (ERM-BF-419B, 100 % GM) events.  Dilutions of these 
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DNA were used to determine the sensitivity of the the T-E9 method on genomic DNA (Table CRA-
W/8→10). The specificity was tested on DNA extracted by the CTAB method presented at the point 
3.1.5.1.  10 to 100 ng of the DNA extracts were put in the PCR reactions (two repetitions).  Amplificability 
of the DNA extracts was first tested with the rbcL plant primers developed at CRA-W. 
 
 
3.1.6.3. Bioinformatics analysis. 
 


The sequences of the P-Ubi and T-E9 amplicon were tested against information present in several 
databases as the NCBI database and patents search database ( www. freepatentonline.com, 
www.google.com/patents and www.patentonline.com.au).  A 100% homology was observed with the 
natural sequences and with plasmids used for GM transformation of plants. No other homology was 
observed. 
In addition, a 100% homology for the T-E9 was observed with two patented sequences of BASF Plant 
Science (patents WO/2006/013072 and WO2005108568) and one patented sequence of Monsanto 
(patent WO/2007/027777). 


 
3.1.6.4. Tests on different plant species 
 
The specificity of the targets was evaluated on 30 crop plants (see Table CRA-W/4). Two replicates were 
performed on each plant extract for testing the specificity. DNA amount used in the PCR were between 10 
and 100 ng of the CTAB extracts (see point 3.1.5.1.). Amplificability of the DNA extracts was first tested 
with the rbcL plant primers developed at CRA-W.  The list of tested plants includes the donor organisms of 
the developed targets. We can observe that targets P-Ubi and T-E9 give a positive answer with their 
respective donor organism. It shows that the introduced sequences are similar to their natural 
counterpart.   
No cross-reactivity was observed with the other tested plants. 
 



http://www.google.com/patents
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Table CRA-W/4: Specificity tests (absence of cross-reaction signals) for the P-Ubi and T-E9 targets on 30 
crop plants  


  targets and origin 


    P-Ubi T-E9 


Plants   Maize Pea 


  Brassicaceae  rapeseed   -  - 


   cabbage  -  - 


   radish  -  - 


  Aliaceae  leek   -  - 


  Apiaceae   carrot  -  - 


   celery  -  - 


   chervil  -  - 


   parsley  -  - 


  Asteraceae   chicory  -  - 


   lettuce  -  - 


   sunflower  -  - 


  Chenopodiaceae   sugarbeet  -  - 


   spinach  -  - 


  Fabaceae   peanut  -  - 


   green beans  -  - 


   pea  -  + 


   soybean   -  - 


  Liliaceae  onion    -  - 


  Linaceae  flax  -  - 


  Malvaceae   cotton  -  - 


  Poaceae   oats  -  - 


   wheat  -  - 


   maize  +  - 


   barley  -  - 


   rice  -  - 


   rye  -  - 


  Solanaceae   eggplant  -  - 


   potato  -  - 


   tomato  -  - 


  tobacco  -  - 


positive control (GM)  +a  +b 
a) 3006 x 281 cotton   b) H7-1 sugar beet 
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3.1.7. Sensitivity of the P-Ubi and T-E9 methods 
 
The sensitivity was tested on genomic DNA as well as on plasmid DNA both prepared at CRA-W.  
Sensitivity of the methods for their targets was defined on the basis of their limit of detection as described 
in the AFNOR XP V03-020-2 standard [1]. In this standard it is proposed to determine the limit of detection 
(LOD) of the PCR system (primers + probe + program of amplification) on dilutions of homozygous 
material (100 %) or on reference material for which the zygosity is known. Successive dilutions in a non-
target DNA (for example salmon sperm DNA) must be performed in order to get a DNA quantity containing 
20,000 copies of haploid genome equivalents. The next dilutions must contain 50, 20, 10, 5, 2, 1, 0.1 
copies of the target. Six PCR repeats must be performed for each dilution. The LOD of the method is the 
lowest number of copies for which the six PCR are positive and only if the dilution containing 0.1 copy 
gives a maximum of one positive signal on the six repetitions. If more than one positive signal is observed 
at 0.1 copy, evaluation of DNA quantities must be revised. The minimal acceptance criterion is a LOD 
equal or lower than 20 copies.  


 
The reference material used is not always specified as homozygous and information describing the 
number of inserts introduced is not always available. For homozygous material, one copy of the gene is 
present on each allele.  For heterozygous material, the gene is not present in each haploid genome. So 
the determination of the copy number of a gene for DNA quantity can be influenced by the zygosity and 
could be under-evaluated for an heterozygous plant. LOD were also checked on cloned target. This has 
the advantage of a better control of the target copy number. 
 


 
Dilutions 
Dilutions for LOD determination were done in water up to the concentration of 20,000 copies of the 
target/5µl. The further dilutions were done in a solution containing 5 ng/ µl of salmon sperm DNA. Low 
binding tubes were also used in order to minimize the losses of DNA due to DNA binding to the tube walls.  


 
3.1.7.1. Sensitivity of the P-Ubi method 
 
The LOD was determined on 3006 x 281 cotton and on plasmid DNA (target amplified from 3006 x 281 
cotton material and cloned into the PCR2.1 and pUC18 plasmids).  
 
Table CRA-W/5  : Determination of LOD on 3006 x 281  Cotton DNA with primers and probes P-Ubi  
 


 


Tested DNA:  genomic DNA 3006 x 281 cotton (ERM-BF422B, 10% GM) 


DNA quantities Primers and probes for P-Ubi  


pg 
 (determined by 


spectrophotometry) 
Evaluated copy 


numbers of the target Number of positive answers 


1160 100 6/6 


580 50 6/6 


232 20 6/6 


116 10 6/6 


58 5 6/6 


23.2 2 6/6 


11.6 1 3/6 


5.8 0,1 1/6 
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Note: Due to the fact that the reference material used here is a stacked event and that P-Ubi is present in the 3006 cotton and in 
the 281 cotton, the amount of pg introduced in the reaction was divided by 2. 


 
 
 
Table CRA-W/6  : Determination of LOD on plasmid DNA (amplicon produced from 3006 x 281 cotton with 
P-Ubi primers and cloned into pCR2.1 (Invitrogen)). 
 


Tested DNA:  plasmid DNA  (fragment cloned from 3006 x 281 cotton) 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2   4/6 


1  4/6 


0,1  1/6 


 
 
 
Table CRA-W/7  : Determination of LOD on plasmid DNA (amplicon produced from 3006 x 281 cotton with 
P-Ubi primers, cloned into pCR2.1 and subcloned into pUC18).  


 
Tested DNA:  plasmid DNA  (fragment cloned from 3006 x 281 cotton and subcloned from 
pCR2.1 into pUC18).   The pUC18 plasmid has been linearized. 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2  5/6 


1  2/6 


0,1  1/6 


 
 
The LOD determined on genomic and plasmid DNA (Tables CRA-W/5→7) for the P-Ubi method was 
below 20 copies and therefore meets the minimal acceptance criterion of the AFNOR XP V03-020-2 
standard. 
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3.1.7.2. Sensitivity of the T-E9 method  


 
The limit of detection of the T-E9 target was determined on DNA extracted from the MON1445 cotton, 
GT73 rapeseed and H7-1 sugarbeet reference materials and on plasmid DNA (target amplified from H7-1 
sugarbeet and cloned into the PCR2.1 plasmid of Invitrogen). The LOD determined on genomic DNA and 
plasmid DNA (Tables CRA-W/8→12) was below or equivalent to 20 copies for the different tests. Primers 
and probe for the T-E9 target are suitable for GMO detection.  Differences concerning the LOD can 
appear depending on the reference material used. -These are due to the fact that copy numbers were 
determined according to the sizes of the genomes estimated by Arumuganathan [6]. -Differences can also 
be due to the uncertainty linked to the dilutions performed. -Concerning the plasmids, a lower LOD can be 
obtained in some cases if plasmids are linearized. It was the case on our T-E9 plasmid cloned into the 
pUC18 plasmid: the LOD determined was 20 copies on non-linearized plasmid and is five copies on the 
linearized plasmid.  The LOD of T-E9 was also determined on the multitarget plasmid described in the 
point 3.1.7.  On this third plasmid the LOD was below 20 copies (Table CRA-W/13).   


 
 
Table CRA-W/8 : Determination of LOD on MON1445 Cotton DNA with primers and probes T-E9  


 


Tested DNA:  genomic DNA cotton 1445  (AOCS 0804-B, 100% GM) 


DNA quantities Primers and probes for T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent haploid 
genomes or copy 


numbers Number of positive answers 


232 100  6/6 


116 50  6/6 


46.4 20  6/6 


23.6 10  6/6 


11.6 5  6/6 


4.6 2  4/6 


2.3 1  3/6 


1.2 0,1  0/6 


 
Table CRA-W/9 : Determination of LOD on GT73 rapeseed DNA with primers and probes T-E9  


 


Tested DNA:  genomic DNA GT73 rapeseed (AOCS 0304-B, 100% GM) 


DNA quantities Primers and probes for T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent haploid 
genomes or copy 


numbers Number of positive answers 


123 100  6/6 


62 50  6/6 


25 20  6/6 


12 10  6/6 


6 5  6/6 


2 2  6/6 


1 1  4/6 


0 0,1  1/6 
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Table CRA-W/10 : Determination of LOD on H7-1 sugarbeet DNA with primers and probes T-E9  
 


tested DNA:  genomic DNA H7-1 sugarbeet (ERM-BF-419,100% GM) 


DNA quantities Primers and probes for T-E9  


pg 
 (determined by 


spectrophotometry) 


Equivalent haploid 
genomes or copy 


numbers Number of positive answers 


79 100  6/6 


39 50  6/6 


16 20  6/6 


8 10  6/6 


4 5  5/6 


2 2  2/6 


1 1  1/6 


0 0,1  0/6 


 
 


Table CRA-W/11 : Determination of LOD on plasmid DNA (amplicon produced from H7-1 sugarbeet with 
T-E9 primers and cloned into pCR2.1 (Invitrogen)). 


 


Tested DNA:  plasmid DNA (fragment cloned from H7-1 sugarbeet) 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers 


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  5/6 


2   2/6 


1  4/6 


0,1  0/6 


 
Table CRA-W/12  : Determination of LOD on plasmid DNA (amplicon produced from H7-1 sugarbeet  with 
T-E9 primers, cloned into pCR2.1 and subcloned into pUC18.  


 
Tested DNA:  plasmid DNA  (fragment cloned from H7-1  sugarbeet  and subcloned from 
pCR2.1 into pUC18).   The pUC18 plasmid has been linearized. 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  6/6 


2  5/6 


1  4/6 


0,1  1/6 
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Table CRA-W/13  : Determination of LOD on plasmid DNA (multiple target plasmid including the pea 
targets).  


 
Tested DNA:  plasmid DNA  (multiple pea target in pUC18 plasmid).   The plasmid has been 
linearized. 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


100  6/6 


50  6/6 


20  6/6 


10  6/6 


5  5/6 


2  5/6 


1  3/6 


0,1  0/6 


 
 


The LOD determined on three different genomic DNA and on three different plasmid DNA for the T-
E9 method was below 20 copies and therefore meets the minimal acceptance criterion of the 
AFNOR XP V03-020-2 standard. 
 
 
 


3.1.8. False positive and false negative rates 
 
The limit of detection for a qualitative method can also be defined as the concentration at which a positive 
sample yields a positive result in at least 95% of the results. This results in a rate of false negative results 
of 5% or less. 
A single run was realized at CRA-W to confirm that the T-E9 and P-Ubi methods can reliably detect a 
positive sample and do not raise a significant number of false positive. The target concentration was here 
defined at 20 copies of the target as described above. Twenty replicates of the targeted DNA (20 copies of 
the P-Ubi and T-E9 targets inserted in the pUC18 plasmid) were analyzed with their respective method. 
Twenty replicates of negative samples (salmon sperm DNA generally) used for dilutions were also tested. 
With this method, no more than one of the twenty reactions must give positive signal when tested on the 
negative samples (not to exceed the 5% of false negative results) and at least nineteen of the twenty 
positive samples at a concentration of 20 copies must generate a positive signal in order to reach the 95% 
of positive results.  
In our assay (on ABI7500 Fast with the Applied Biosystems Master Mix), all negative samples were 
negative (0 % false positive) and all the 20 copies were detected (0 % false negative). This experiment 
addresses the requirements towards the false positive and false negative rates [3]. 
 


3.1.9. Amplification efficiency and R2 coefficient 
 
The amplification efficiency and R2 were determined on the basis of the characteristics of a trendline 
obtained by Real-time PCR tests using the P-Ubi and T-E9 methods of successive DNA dilutions that led 
to the copy numbers used for LOD determination. The Ct values obtained with copy numbers below 20 
(minimal LOD required) were not taken into account as they are subject to a greater variability. 
The efficiency was calculated on the basis of the equation proposed in ENGL document for definition of 
Minimum Performance requirements for GMO Testing [2]. Acceptance criterion are an efficiency between 


90 and 110% and a R2 value  0.98. 
The efficiency was calculated by the following equation: Efficiency = 10(-1/slope)-1 
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The efficiencies and R2 presented in Table CRA-W/13 were determined on calibrations curves using copy 
numbers between 10000 and 20 copies. 


 
Table CRA-W/13: Calculated efficiency and R2 on genomic and plasmid DNA with the P-Ubi and T-E9 
methods  
 


Method Material tested R2 Amplification efficiency 


P-Ubi Inserts in pCR2.1 and pUC18 plasmids >0.99 between 98% and 100% 


Genomic DNA (3006 x 281 cotton) >0.98 between 104% and 108% 


T-E9 Inserts in pCR2.1 and pUC18 plasmids >0.98 between 103% and 108% 


Genomic DNA (GT73 rapeseed, MON1445 cotton 
and H7-1 sugarbeet) 


>0.98 between 99% and 103% 


 
The amplification efficiencies and R2 coefficients for the P-Ubi and T-E9 methods meet the 
Minimum Performance requirements for GMO Testing proposed by ENGL [2]. 


 
3.1.10. Relative repeatability standard deviation 
 
The relative repeatability standard deviation (RSDr) is a measure of the repeatability for a target value (in 
the GMO field, its calculation is generally based on GM percentage or target copy number). The RSDr is 
expressed as a percentage of the signal variation obtained with a given method. To reach that goal we 
have analysed results from tests on different target copy numbers obtained during the LOD determination. 
In order to have a valid calibration curve, we limited the analysis to four testing points (at 10, 20, 50 and 
100 target copies). Variability on lower copy numbers is too high to be taken into consideration.  As an 
estimation of the repeatability requires a sufficient number of test results, figures obtained on both 
genomic and plasmid type of reference materials were used to determine the RSDr. For a quantitative 
method, the relative standard deviation should be ≤ 25% for the whole dynamic range of the method [2] 
until the limit of quantification.  Below the limit of quantification, the RSDr could be higher [3]. The ISO 
24276 standard [8] describes the limit of detection as the last concentration for which the RSDr is ≤ 
33.3%. In the tables presented in this document, the RSDr are presented for target concentrations of 100, 
50 and 20 copies estimated with the above described calibration curves.  The level of 10 copies was not 
considered because it is below 20 copies which is the minimal target value to reach for a limit of detection 
in terms of copy number following the AFNOR XP V03-020-2 standard [2].  The level of 50 and 100 copies 
of target are also important values because they correspond to levels accepted as limit of quantification in 
some validated methods as described in the ISO 21570 [9]. 
Values for the P-Ubi and -TE9 methods are presented in the table CRA-W/14 
 
Table CRA-W/14 :  Relative repeatability standard deviation observed at CRA-W on different genomic and 
plasmid material with the P-Ubi and T-E9 methods 


 
Method Material used  RSDr for the target 


concentration of 100 
copies 


RSDr for the target 
concentration of 50 


copies 


RSDr for the target 
concentration of 20 copies 


P-UBI Genomic material  
(3006 x 286 cotton) 


12.2% ≤  RSDr  ≤ 18,4% 9.4% ≤  RSDr  ≤ 22.9% 12.2% ≤  RSDr  ≤ 30.9% 


Plasmid Material  
(pCRII and pUC18 
plasmids) 


9.4% ≤  RSDr  ≤ 19.5% 5.2% ≤  RSDr  ≤ 20.5% 12.1% ≤  RSDr  ≤ 25.6% 


T-E9 Genomic material  19.5% ≤  RSDr  ≤ 21.6% 18.3% ≤  RSDr  ≤ 22.9% 15.9% ≤  RSDr  ≤ 31.2% 


Plasmid Material  
(pCRII and pUC18 
plasmids) 


19.1% ≤  RSDr  ≤ 38.3% 7.7% ≤  RSDr  ≤ 32.7% 22.0% ≤  RSDr  ≤ 64.1% 
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For the target concentration of 50 and 100 copies, the RSDr observed is generally below the 25% 
for the genomic and plasmid DNA (except in one case for the T-E9 one experiment on plasmid DNA). 
For the target concentration of 20 copies, the RSDr observed is generally below the 33.3% for the 
genomic and plasmid DNA (except in several experiments with the T-E9 method on plasmid DNA). 
We have to note that in our experiments, the variability was increased due to the use of different genomic 
and plasmid DNA (see point 3.1.5). We also have to note that a LOD based on the RSDr ≤ 33.3 criterion 
would be more severe for the determination of the LOD. We indeed observed that the variability of a signal 
becomes higher before the loss the signal.  So, in most of cases, six repetitions on six give clear and nice 
signals but with a RSDr above 33.3%. 


 
 
3.1.11. Robustness testing 


 
The robustness of a method is a measure of its capacity to remain unaffected by small but deliberate 
deviations from the experimental conditions described in the procedure. Robustness of the methods was 
not tested on the basis of experiments specifically designed to test the robustness but on the information 
coming from the different runs realized for the development and evaluation of the methods as these runs 
happened with somewhat conditions. However, some elements can be advanced in favour of the 
robustness of the methods: 
 


- Three different Real-time PCR machines (ABI7000, ABI7500FAST and LC480) were used and 
the three machines allow reaching the acceptance criterion for LOD.  Note that these PCR 
machines use different ramping rates. The ramping rates were not adapted in function of the 
apparatus used (ramping rates between 0.8 and 1.6 °C/sec following the apparatus).  It can 
therefore be concluded that these small differences in thermal profiles had no influence. 


- Two different Master mixes (Applied Biosystems and Diagenode) were used. Composition and 
concentration in polymerase, magnesium chloride and dUTP change in function of the Master mix 
used and both Master Mixes permit to reach the acceptance criteria for LOD (<20 copies) on 
plasmid DNA. Here too there is some robustness towards these parameters. 


- Different concentration of primers and probes were used during the testing. 
T-E9 method: final concentrations in the PCR tube: 0.9 µM for primers and 0.25 µM for probe / 
0.34 µM for primers and 0.25 µM for probe. Both combinations successfully allow LOD of 20 
copies when tested on plasmid DNA. 
P-Ubi method: final concentrations in the PCR tube: 0.4 µM for primers and 0.25 µM for probe / 
0.34 µM for primers and 0.25 µM for probe. Both combinations successfully allow LOD of 20 
copies when tested on plasmid DNA. 
 
Even if a whole study of robustness was not done in this pre-validation study, slight 
variations of the PCR conditions (thermal profile, primers and probes concentrations, 
Master Mixes used) do not seem to affect the performances of the P-Ubi and T-E9 
methods. 
 
 
 


3.1.12. Transfer of the P-Ubi and T-E9 methods 
 
3.1.12.1. LOD determination in a second laboratory (LGL) 


 


The methods P-Ubi and T-E9 were transferred to the LGL laboratory for testing. Material to set up a LOD 
determination according to the AFNOR XP V03-020-2 was sent. For singleplex methods, four repetitions 
of the runs had to be done. PlasmidDNA, primers, probes, salmon sperm DNA for dilutions and Diagenode 
Master Mix were sent in different tubes. A description of the procedure was sent separately. A first transfer 
of material was done during the summer 2010. DNA used was the plasmid DNA of the linearized pUC18 
plasmids at a concentration of 20,000 copies/5µl and the recipient laboratory had to prepare the dilutions 







GMOseek – Deliverable D4.1/2 – 1st version 


   
19 


at 100, 50, 20, 10, 5, 2, 1, 0,1  in salmon sperm DNA at a concentration of 5 ng/µl for the LOD 
determination.  This way to proceed takes into account a greater variability as the operator has to realize 
the dilutions and to set up the reaction mix as in routine analysis.  The P-Ubi and T-E9 standard operating 
procedure used for this first sending were described in the deliverable D4.1/01. The P-Ubi method 
immediately satisfied the LOD requirements in the second laboratory (see results Table CRA-W/14). 
However the LOD determined for the T-E9 method was comprised between 20 and 100 copies and was 
considered as too high in comparison with the results obtained at CRA-W where the minimal LOD of 20 
copies was reach for each run.  A second transfer concerning only the T-E9 method was realized during 
the winter 2010-2011. An optimization of primers and probes concentration was realized at CRA-W and 
new concentrations (presented at the point 3.1.4. for the T-E9 method) were selected. In this second 
shipment, the dilutions were prepared at CRA-W and sent to LGL. The later laboratory still had to set up 
the reaction mix. In this second shipment where copy number was more controlled by the first laboratory, 
the LOD determined for T-E9 was low;  2 copies for the 4 runs (see table CRA-W/15) 


 
Table CRA-W/15: LOD of the P-Ubi and T-E9 determined at LGL 


 


 Run LOD for P-Ubi LOD for T-E9 


Run 1 10 2 


Run 2  10 2 


Run 3  10 2 


Run 4  20  2 


 
These results show that the P-Ubi method passes successfully the test of transfer material and can 
reach the minimal requirement of 20 copies for LOD. The mean LOD for the P-Ubi method was around 
5 at CRA-W and 10 at LGL, so in the same range order.  The LOD for the T-E9 method was between 2 
and 10 copies at CRA-W and of 2 copies at LGL.  The way to transfer the material indicates also that a 
greater control of the sent material allowed obtaining better results. This point has to be taken into account 
for a full validation of method. 


 
 
3.1.12.2.  Evaluation of the RSDr in a second laboratory 
 
The relative repeatability standard deviation (RSDr) was evaluated as described at the point 3.1.10 on the 
values obtained from the four runs on the P-Ubi and T-E9 methods (Table CRA-W/16). 
 
Table CRA-W/16 :  Relative repeatability standard deviation observed at LGL on plasmid DNA with the P-
Ubi and T-E9 methods 
 
Method Material used  RSDr for the target 


concentration of 100 
copies 


RSDr for the target 
concentration of 50 


copies 


RSDr for the target 
concentration of 20 


copies 


P-UBI Plasmid Material  
 


11.5% ≤  RSDr  ≤ 22.3% 23.8% ≤  RSDr  ≤ 39.4% 20.2% ≤  RSDr  ≤ 35.4% 


T-E9 Plasmid Material  
 


8.2% ≤  RSDr  ≤ 12.6% 11.8% ≤  RSDr  ≤ 18.5% 8.6% ≤  RSDr  ≤ 27.2% 


 
The RSDr observed for the target concentration of 100 copies is below the 25% for the P-Ubi and T-
E9 methods. 
The RSDr observed for the target concentration of 20 and 50 copies is below or close to 33.3% for 
the P-Ubi and T-E9 methods. 
If we compare the RSDr of the P-Ubi and T-E9 methods ant CRA-W and LGL, we can observe that the 
extreme values for the P-Ubi method are in the same range (even if slightly better at CRA-W).  However, 
for the T-E9 method, we observe that the results are much better at LGL.   
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3.1.12.3. Testing of reference material in a second laboratory (LGL)  
 
Tubes containing powders of 3006 x 281 cotton, MON1445 cotton, GT73 rapeseed and H7-1 sugarbeet 
reference material were also sent to LGL. It was asked to the laboratory to extract the DNA of the samples 
with the method routinely used in the lab (here the GeneSpin kit for isolation of high quality 
DNA of food, feed and bacteria, Eurofins/GeneScan Analytics GmbH, Freiburg, Germany, order no. 
5224400605), to evaluate the DNA content by spectrophotometry and to test the DNA dilutions (pure, 2X, 
4X, 8X and 16X) with the respective P-Ubi and T-E9 methods. All dilutions gave clear positive results. 
Copy numbers were evaluated between +/- 1000 and 175000 copies following the DNA extracts taking 
into account the concentration of the DNA extracts evaluated at LGL, the GM % of the reference material 
and the estimated number of copies/haploid genome. 


 
Table CRA-W/17: Calculated efficiency and R2 on genomic DNA extracted at LGL 


 
 


Method Material tested R2 Amplification efficiency 


P-Ubi Genomic DNA (3006 x 281 cotton) >0.99 105%  


T-E9 Genomic DNA (GT73 rapeseed, MON1445 cotton and 
H7-1 sugarbeet) 


>0.99 between 95% and 105% 


 
This shows that the P-Ubi and T-E9 methods tested in a second laboratory with their own extraction 
procedures lead to quite nice signals with a R2 and an amplification efficiency corresponding to the 
Minimum Performance requirements for GMO Testing [2] 
 


3.1.13. Conclusion on the P-Ubi and T-E9 methods 
 
The P-Ubi and T-E9 methods tested in this in-house study reach the performance criteria of 
specificity, sensitivity, limit of detection, efficiency of amplification, rates of false positive and false 
negative results. Robustness and relative repeatability standard deviation were also addressed 
and may be considered as conclusive.   
The experiments performed in a second laboratory show that the P-Ubi and T-E9 methods are 
transferable to a second laboratory and is therefore ready for a  full inter-laboratory validation.   







GMOseek – Deliverable D4.1/2 – 1st version 


   
21 


 


3.2. 35S-nptII junction (LGL) 


3.2.1. Samples  
 
The p35S-nptII-detection-system was developed on the following reference material that contains the 
construct p35S-nptII: flour from genetically modified maize event MON863 (IRMM MON863). DNA 
extracted from Laurical rape 23-198 leaves was available at LGL. Small amounts of DNA from Laurical 
rape plasmid pCGN3828 were available at LGL for specificity tests. DNA from three different genetically 
modified cotton-events (MON1445, MON15985, MON531) was provided by the national reference 
laboratory for GMO (Bundesamt für Verbraucherschutz und Lebensmittelsicherheit; BVL, Berlin) 


3.2.2. DNA extraction  
 
CTAB (cetyltrimethylammonium bromide) extraction as well as GeneSpin DNA isolation kit for food, feed 
and bacteria (Eurofins-GeneScan, Freiburg, Germany) was used for isolation of genomic DNA from 
MON863 [7]. DNA quality was determined by measuring the light absorbances at 260 nm (A260) and 
280 nm (A280) with a Nanodrop ND-1000 spectrophotometer and controlling the A260/ A280 ratio. 
PicoGreen® fluorescent dye (Molecular Probes, USA-Eugene) was used to determine the quantity of the 
genomic dsDNA.  
 


3.2.3. Sequencing the p35S-nptII construct 
 
PCR detection of the p35S-nptII construct has, as a conventional gel-based PCR, been performed in 
Germany for several years within the scope of seed control of genetical modifications 
(Methodensammlung der LAG 2005). Primers for the p35S-nptII construct were designed using the Primer 
Express 3.0 software (Applied Biosystems). For the design of the sequencing primers published 
sequences of p35S [10] and nptII [11] were used.   
Combining the self designed primers for the 35S promoter and the nptII gene of the GMO construct 
amplification showed optimal results with the following primers sets:  
 
Table LGL/1: Primers for sequencing 
 


GMO element Primer names Nucleotide sequence Source  


p35S p35S-F2 5‟ GCCGACAGTGGTCCCAAAGATGG 3‟ LGL 


nptII 
 


nptII-R2 
 


5‟ GTCCCTTCCCGCTTCAGTGACAACGTC 3‟ LGL 


Amplification of the p35S-nptII construct. 
PCR was performed in a volume of 25 µl containing 12.5 µl HotStarTaq Master Mix (Qiagen), 1 µl of each 
primer (0.4 µM) and 5.5 µl PCR grade water as well as 5 µl of template DNA corresponding to 5 ng DNA. 
For thermal cycling an initial denaturation step for 15 min at 95°C was followed by 45 cycles of 45 sec at 
94°C, 45 sec at 59°C and 1 min at 72°C with a final elongation step of 5 min at 72°C. PCR was performed 
in a master cycler gradient (Eppendorf).  


PCR products were purified with the QIAquick PCR purification kit (Qiagen). Purified PCR products were 
directly sequenced with the BigDye Terminator V 1.1 cycle sequencing kit (Applied Biosystems) on a ABI 
PRISM 310 platform (Applied Biosystems). Nucleic acid sequence data were analysed by searches in the 
GenBank database using the computer algorithm NCBI-BLAST. 
As different amplicon sizes were determined in the specific Real-time PCR method, sequences of the 
p35S-nptII gene construct of MON863 maize as well as Laurical rape 23-198 have been determined (see 
Fig. LGL/1 and LGL/2). The locations of the forward and reverse primers as well as the probe sequence 
are shown in frames.  
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Fig. LGL/1: Sequence of the p35S-nptII construct of MON863 
 
 
 
 
 
 
 
figure 1: Sequence of Mon863 with highlighted primer/probes set 
  
green: p35S  [X04879] 
red. Construct-specific interjacent DNA-sequence 
yellow: nptII (rev./complement)  [AY141042] 
 
The retrieved sequence showed 205 bp for the fragment between the two primers of the Real-time PCR 
detection system.  
 
Fig. LGL/2: Sequence of the p35S-nptII construct of Laurical rape 23-198 
 
 
 
 
 
 
 
green: p35S   
red. Construct-specific interjacent DNA-sequence 
yellow: nptII (rev./complement)  
 
The retrieved sequence showed 294 bp for the fragment between the two primers of the Real-time PCR 
detection system.  
 
From this can be concluded, that the DNA sequences to be found in various GM events between the 35S 
promoter and the nptII-gene differes.  


3.2.4. Optimized Real-time PCR detection method for the p35S-nptII construct 
 
3.2.4.1. Primers and probes  


 
Primers and probe for the TaqMan® Real-time PCR detection system were chosen in collaboration with 
the German §64 GMO working group based on the DNA sequences that correspond in various GM 
events. For the development of an extended screening method preferably comprising all GM events 
having the relevant arrangement of the 35S-promoter and the nptII-gene, a primer was selected as 35S 
forward primer that had already been used in connection with the detection of genetically modified rice 
LL601 (Bayer Bioscience 2006). The real time assay could be established with a reverse primer nptII R, 
that had already been used for the detection of the P-nos-nptII-cassette and a TaqMan-probe that exactly 
matched with the retrieved nptII sequences [9]. 
 
Oligonucleotides were synthesized by TIBMolbiol (Berlin, Germany). The TaqMan probe was labelled with 
the reporter dye FAM at the 5‟-end and the BBQ-quencher at the 3‟-end. The sequences of primers and 
probes are presented in Table LGL/2. 
 
 
 


TTATTCAGAGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAA


GACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATACTTCCACTGACGTAAGGGATGACGCACAA


TCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACACGCTGAAAT


CACCAGTCTCTCTCTACAAGATCGGGGATCTCTAGCTAGACGATCGTTTCGCATGATTGAACAAGATGGATT


GCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTG


CTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGG


TGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTG 


TATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACACGCTGAAATCACCAG


TCTCTCTCTACAAATCTATCTCTCTCTATTTTCTCCATAATAATGTGTGAGTAGTTCCCAGATAAGGGAATT


AGGGTTCTTATAGGGTTTCGCTCAGATCCGGTCGACGTCGAGGAATTCCCCGGATCGTTTCGCATGATTGAA


CAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAG


ACAATC 
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Table LGL/2: Sequence of primers and probe for Real-time PCR detection of p35S-nptII 
 
GMO element Primer names Original publication  Reference 


P35S 35S-F 5‟-TATCCTTCGCAAGACCCTTCC-„3 Bayer Bioscience, 
2006 [10]  


nptII nptII-R 5‟-GATTGTCTGTTGTGCCCAGTCA-„3 §64 LFGB GMO 
working group, [9]  


nptII nptII-Tm2 FAM– AGCCGAATAGCCTCTCCACCCAAGC-BBQ §64 LFGB GMO 
working group, [9]   


Size of the PCR product:  205 bp (MON863/MON15985/MON1445/MON531 
294 bp (Laurical rape) 


 
3.2.4.2. PCR conditions 
 
Real-time PCR reactions (25 µl) were performed on a MX3005P Real-time PCR cycler (Agilent 
Technologies) as well as on a LightCycler480 (Roche Diagnostics) with the QuantiTect Multiplex Real-time 
PCR Master mix (Qiagen). To 12.5 µl of Master Mix, 1 µl of each primer (0.4µM), 0.25 µl of probe (0.1 
µM), 5.25 µl of PCR grade water and 5µl of DNA were added. For thermal cycling, an initial denaturation 
step for 15min at 95 °C was followed by 45 cycles of 1 min at 94 °C and 1 min at 60 °C.  
 


All samples were analyzed at least in duplicates. According to the number of samples to be analysed the 
needed volume of the master mix including primer, probes and water was calculated. For every run NTCs 
(No Template Controls), ECs (Extraction controls) and positive controls were analyzed at least in 
duplicates. 


Table LGL/3: Master mix protocol 


Reagents Work concentration Volume / reaction (µl) 


Quantitect Multiplex Master mix  2-fold concentrate 12.5 


Forward Primer 0.4 µM 1.0 


Reverse primer 0.4 µM 1.0 


Probe 0.1 µM 0.25 


H2O Nuclease free 5.25 


DNA 5-50 ng 5 


Final volume 25 


 


The PCR is performed with the following thermal profile: 


Table LGL/4: Thermo profile  


 
Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 95 900 1 X 


Amplification 94 60 
45 X 


60 60 


Ramp rate: 2.5°C/sec  


Data acquisition is performed in the FAM channel. At the 3‟-end the probe is labelled with the Blackberry 
quencher (BBQ, www.tib-molbiol.com).  


3.2.4.3. Data analysis 
 
For data analysis on MX3005P the MXPro Software (Agilent Technologies) was used.  
For data analysis on LC480 the LightCycler480 software was used applying the 2nd derivative maximum 
analysis.  







GMOseek – Deliverable D4.1/2 – 1st version 


   
24 


Before analyzing the unknown samples the results of the controls need to be checked. Positive controls 
need to show Ct-values >40, while the negative controls as well as the extraction controls must show 
negative results (as indicated by the absence of amplification or a Ct value greater than 40). For each 
sample a taxon-specific PCR has to show positive signals.  
 


3.2.5. Specificity of the Real-time PCR detection system for the p35S-nptII construct 
 
The specificity of the targets was evaluated on six positive controls (GMOs see Table LGL/5) and 15 
negative controls. All six positive controls showed the expected positive results in the Real-time PCR 
system. No cross reaction was observed with the negative controls from maize, rapeseed, rice, soybean 
and sugar beet GMO plants. Specificity tests were performed with 20,000 copies of GMO DNA.  
As shown in Table LGL/5 the real-time PCR screening method proved to be specific for the targeted 
arrangement of genetic elements.  
 
Table LGL/5: Specificity of the detection of GMO events by the p35S-nptII Real-time PCR 
 
Plant species GM event Standards DNA amount/ ng Copy No. P35S-nptII 


Cotton MON15985 CRL 47 20,000 + 


Cotton  MON1445 CRL 47 20,000 + 


Cotton  MON531 CRL 47 20,000 + 


Rape Laurical 23-198 LGL 25 20,000 + 


Rape Laurical (pCGN3828) plasmid, CRL 25 20,000 + 


Maize MON863 IRMM Mon863 52 20,000 + 


Maize DAS59122-7 ERM-BF-424c 52 20,000 - 


Maize BT176 ERM-BF411d 52 20,000 - 


Maize BT11 ERM-BF-412d 52 20,000 - 


Maize CBH351 BVL 52 20,000 - 


Maize NK603 ERM-BF-415d 52 20,000 - 


Maize GA21 ERM-BF-414d 52 20,000 - 


Rape MS8XRF3 Fluka 55231 25 20,000 - 


Rape GT73 Fluka 55231 25 20,000 - 


Rape GS40/90 Fluka 55231 25 20,000 - 


Rape T45 IPH, Belgium 25 20,000 - 


Rice LL-R601 CRL 8,9 20,000 - 


Rice LL-Rice62 BVL 8,9 20,000 - 


Soybean MON89788 CRL 23 20,000 - 


Soybean GTS40-3-2 ERM-BF410gk 23 20,000 - 


Sugarbeet H7-1 ERM-BF419a/b 16 20,000 - 


 


3.2.6. Sensitivity of the Real-time PCR detection system for the p35S-nptII construct 


During in-house validation three runs were used for the determination of the LOD each with six repetition 
per concentration level (m = 6), the run number is indicated in tables LGL/7 and LGL/8. In total 18 
repetitions were tested per concentration level. 


For each run and fluorescent dye the efficiency was calculated by the slope of the linear regression 
equation in accordance with the ENGL criteria [2].  According to ENGL criteria the efficiency should be 90-
110% [2]. Using the formula of the linear regression the measured number of copies for each concentra-
tion level and fluorescent dye was calculated (m copies). The square regression coefficients (R2) are 
calculated by the log of the copy numbers and the Ct values for each fluorescent dye. According to the 
ENGL criteria R2 should not be below 98%. Measurement uncertainty is determined by calculating means 


and standard deviations. For each concentration level and fluorescent dye the mean ( Ct) and the 
standard deviation of Ct values (SD Ct) was calculated. The relative standard deviation (RSDr) under 
repeatability conditions deduced from the calculated copy numbers according to the ENGL criteria 


(SD/ Ct) [2] should be lower than 25%. Samples showing no fluorescence signal (no Ct) were indicated 
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with Ø Ct. Outliers (Out) were determined by the Dixon‟s test according to DIN 53804-1 [10] at a critical 
threshold of α = 0.05. 


According to the AFNOR XP V03-020-2 [1] LOD6 determination was done by using a dilution series of 7 
levels from 100; 50; 20; 10; 5; 2; 1, and 0.1 target copies in six repetitions. The LOD is at the last dilution 
level for which all six repetitions are positive, but only with a maximum one positive reaction for the 0.1 
copy dilution.  
 


Table LGL/6: LOD determination of MON863 maize (MX3005P) 


MON863  FAM  


Run E R² E copies x Ct RSDr Ct m noCt/Ou m copies C.I. (95%) 


1   4 495 24.92 0.9% 6/6 - 4 284 16% 


2    24.91 1.2% 6/6 - 4 140 19% 


3    24.38 1.5% 6/6 - 4 833 25% 


1   798 26.23 0.6% 6/6 - 725 11% 


2    26.05 1.0% 6/6 - 923 16% 


3    25.80 0.5% 6/6 - 792 8.8% 


1   899 27.29 0.7% 6/6 - 831 13% 


2    27.20 0.5% 6/6 - 893 10% 


3    26.75 0.9% 6/6 - 949 16% 


1   225 29.09 0.9% 6/6 - 242 18% 


2    29.51 0.5% 6/6 - 192 10% 


3    28.91 0.9% 6/6 - 219 18% 


1   45 31.39 0.7% 5/6 0/1 49 18% 


2    31.79 1.1% 6/6 - 43 23% 


3    31.26 1.0% 6/6 - 41 10% 


1   18 32.52 0.9% 6/6 - 23 23% 


2    32.89 1.3% 6/6 - 21 30% 


3    32.48 0.7% 6/6 - 19 17% 


1   9.0 33.73 2.3% 6/6 - 11 44% 


2    33.53 1.1% 6/6 - 14 27% 


3    33.84 1.8% 6/6 - 8.0 38% 


1   4.5 34.60 2.2% 6/6 - 5.9 51% 


2    34.95 1.0% 6/6 - 5.3 22% 


3    34.84 3.4% 6/6 - 4.6 52% 


1 98% 99.3% 1.8 37.03 6.3% 4/6 2/0 2.1 119% 


2 93% 99.1%  37.43 6.8% 5/6 1/0 1.7 74% 


3 100% 99.4%  35.15 3.4% 3/6 3/0 3.9 202% 


1   0.9 36.02 2.7% 3/6 3/0 - - 


2    36.95 - 1/6 5/0 - - 


3    36.86 6.4% 3/6 3/0 - - 


1   0.1 39.96 - 1/6 5/0 - - 


2    - - 0/6 6/0 - - 


3    38.94  1/6 5/0 - - 


E= efficiency. R² coefficient of determination. E copies = target DNA copies expected. Ct = Cycle threshold. x mean 


value of 6 repetitions per run. RSD Ct  relative standard deviation. m = repetitions per run. no Ct/Ou = ration of no Ct 


to outlier (Dixon's Q test).  m copies = measured copies. C.I. Confidence Intervall (ISO 32 645). no Ct =  
LODP35SnptII C.I.        = ≥ 1.8 copies  
LODP35SnptII AFNOR = ≥ 4.5 copies 
 


The LOD determination for the genetically modified event MON863 shows in LOD6 determination 
(AFNOR XP V03-020-2) a LOD6 of below 4.5 target copies.   
The PCR efficiency could be shown within 90-110% in 3 runs and the correlation coefficient with 99% 
achieved the Minimum Performance Requirements defined by the European Network of Laboratories with 
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at least 98% [2]. The precision of the method for MON863 maize event is very high, as indicated by the 
low RSDr which does not rise over of 7% over the whole dynamic range of the P35S-nptII real-time PCR 
screening system. The highest determined RSDr of 6.8% for 0.9 copies is still clear under the threshold of 
25% given by ENGL criteria. This high precision of the Ct-values and the precise re-calculation of the copy 
numbers of the standards (m copies) can be taken as a hint, that this method could be even used for 
quantitative measurements.  
 
Table LGL/7: LOD determination of Laurical rape (MX3005P) 


Laurical rape FAM  


Run E R² E copies x Ct RSDr Ct m noCt/Ou m copies C.I. (95%) 


1   500 29.56 1.8% 5/6 0/1 493 29% 


2    30.71 0.6% 5/6 0/1 262 13% 


3    30.20 0.9% 6/6 - 419 19% 


1   250 30.61 1.0% 6/6 - 259 19% 


2    30.23 0.4% 6/6 - 354 8.5% 


3    30.84 1.1% 6/6 - 278 24% 


1   100 31.71 0.9% 6/6 - 135 19% 


2    31.32 0.9% 6/6 - 179 19% 


3    32.05 0.6% 6/6 - 124 14% 


1   62.5 32.83 1.4% 6/6 - 71 28% 


2    32.33 0.3% 6/6 - 93 5.8% 


3    33.11 1.6% 6/6 - 65 35% 


1   31.3 33.98 2.0% 6/6 - 41 42% 


2    33.54 3.3% 5/6 1/0 50 58% 


3    34.03 1.7% 6/6 - 39 28% 


1 77% 98.1% 15.6 35.82 3.0% 6/6 - 13.7 58% 


2    35.86 4.6% 6/6 - 13.7 72% 


3 93% 98.6%  35.45 1.8% 6/6 - 14.1 36% 


1   7.5 40.12 1.9% 3/6 3/0  - 


2 83% 91.0%  36.92 4.2% 4/6 2/0 6.6 71% 


3    38.57 9.4% 4/6 2/0 6.8 179% 


1   3.8 36.46 - 1/6 5/0 - - 


2    40.51 9.6% 3/6 3/0 - - 


3    42.77 1.6% 2/6 4/0 - - 


1   0.5 - - 0/6 6/0 - - 


2    42.03 - 1/6 5/0 - - 


3    - - 0/6 6/0 - - 


E= efficiency. R² coefficient of determination. E copies = target DNA copies expected. Ct = Cycle threshold. x mean 


value of 6 repetitions per run. RSD Ct = relative  standard deviation. m = repetitions per run. no Ct/Ou = ratio of no Ct 


to outlier (Dixon's Q test).  m copies = measured copies. C.I. Confidence Interval (ISO 32645).  
LODP35SnptII C.I.        = ≥ 15 copies 
LODP35SnptII AFNOR = ≥ 15 copies 


 
The LOD determination for the genetically modified laurical rape shows in LOD6 determination (AFNOR 
XP V03-020-2) a LOD6 of below 15.6 target copies.   
The PCR efficiency could be shown at 93% in 3 run and the correlation coefficient with 98.6% in the equal 
run achieved the Minimum Performance Requirements defined by the European Network of Laboratories 
with at least 98% [2]. In the other two runs the minimum performance requirements for the 2 parameters E 
and R2 have not been achieved. The precision of the method for Laurical rape is again very high, indicated 
by the low RSDr which does not rise over of 10% over the whole dynamic range. The highest determined 
RSDr of 9.6% for 3.8 copies is still clear under the threshold of 25% given by ENGL criteria. As already 
shown for MON863 maize, the high precision of the Ct-values and the precise re-calculation of the copy 
numbers of the standards (m copies) document that this method can be considered for quantitative 
measurements.  
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Even though the lengths of the PCR amplicon differ in the detected GMs because of different interjacent 
sequences between the combined genetic elements, the assay shows sufficient sensitivity.  
 


3.2.7  Robustness testing 


 
In order to in-house test the robustness of the p35S-nptII-method, the method was transferred to the 
LC480-1 real-time PCR machine. The acceptance criterion was to reach LOD6 [1].The same PCR 
mastermix, primer and probe concentrations as well as the same thermal profile were used.  
 
 
Table LGL/8: LOD6 determined on LC480 at LGL (in 4 runs) 
 


 Run 
LOD6 for P35S-nptII 
MON863 (copies) 


LOD6 for P35S-nptII 
Laurical rape (copies) 


Run 1 < 10 < 12.5 


Run 2 < 20 < 6.3 


Run 3 < 20 < 3.1 


Run 4 < 10 < 3.1 


 
 


The LOD determination for the genetically modified event MON863 shows in LOD6 determination [1] on 
LC480 between 10 and 20 target copies.   
 
The LOD determination for the genetically modified laurical rape shows in LOD6 determination [1] LC480 
a LOD6 of between 3 and 12 target copies. 15.6 target copies. 
 
The p35S-nptII method in-house showed a good performance successfully reaching LOD6 [1] of at least 
20 target copies.  
The method was considered as ready for the transfer to an external laboratory.  
 
 
3.2.8. Method transfer: LOD6 determination in a second laboratory (CRA-W) 
 


The method p35S-nptII junction was transferred to CRA-W laboratory for testing. Material to realize a LOD 
determination following the AFNOR XP V03-020-2 was sent as DNA dilution series for Laurical rape and 
MON863. At CRA-W the assay was transferred to the LC480 PCR machine (Roche Diagnostics, 
Germany). The specificity of the assay was no more checked during the transfer laboratory. For singleplex 
methods, four repetitions of the runs had to be done. In this case, DNA as well as ready-to use master mix 
were sent to CRA-W. A description of the procedure was sent separately as a Standard Operating 
Procedure (SOP).   


 


Results are presented in Table LGL/9 
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Table LGL/9: LOD6 for MON863 determined at CRA-W (in 4 runs) 
 


Tested DNA:  MON863 genomic DNA 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


4,913 24/24 


1,965 24/24 


983 24/24 


246 24/24 


49 24/24 


20 24/24 


10 24/24 


4.9 24/24 


2 15/24 


1  4/24 


0,1  0/24 


 
Table LGL/10: LOD6 for Laurical rape determined at CRA-W (in 4 runs) 
 


Tested DNA:  Laurical rape genomic DNA 


Estimated number of targets introduced in the 
PCR reaction Number of positive answers  


100 24/24 


50 24/24 


20 24/24 


10 23/24 


5 17/24 


2 13/24 


1 8/24 


0,1 1/24 


 
Table LGL/11: LOD6 determined at CRA-W (in 3 runs) 
 


 Run 
LOD6 for P35S-nptII 
MON863 (copies) 


LOD6 for P35S-nptII 
Laurical rape (copies) 


Run 1 < 4.9 < 10 


Run 2 < 4.9 < 5 


Run 3 < 4.9 < 5 


 
The results shown in table LGL/11 indicate that the p35S-nptII method passes successfully the test of 
transfer material and reach the minimal requirement of 20 copies for LOD according to AFNOR XP V03-
020-2 standard. 
 
Regarding the LOD 6 and compared to the results achieved at LGL on MX3005P (Agilent Technologies) 
real-time PCR machine and on LC480-1 (Roche), the results of the assay performed on the LC480-2 PCR 
machine at CRA-W are comparable. 
The only parameters that had been changed in the method transfer were the PCR machine as well as the 
performer of the real-time PCR assay.  
For MON863 the LOD6 of LGL on MX3005P and LC480-2 (CRA-W) was identical with <4.5 target copies, 
while the LOD6 determined on LC480-1 at LGL was higher with 5 - 20 target copies, determined in 4 runs.  
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For Laurical rape the LOD6 of all 4 runs was between 5 and 20 target copies, with highest sensitivity on 
LC480-1 (at LGL) at 3.1 target copies as shown in table LGL/8  
 
Table LGL/12: LOD determination of MON863 on LC480 (CRA-W) 
 
MON863  FAM  


Run E R² E copies x Ct RSDr Ct m noCt/Ou m copies C.I. (95%) 
1   4,913 31.05 1.0% 6/6 - 4,401 26% 
2    32.45 0.4% 5/6 0/1 4,777 10% 
3    32.53 0.7% 6/6 - 4,687 18% 


1   1,965 32.05 0.9% 6/6 - 2,061 22% 
2    33.58 0.3% 6/6 - 2,019 8.3% 
3    33.69 0.4% 6/6 - 1,956 11% 


1   983 32.98 0.7% 6/6 - 1,023 20% 
2    34.58 0.6% 6/6 - 950 19% 
3    34.58 0.9% 6/6 - 1,027 25% 


1   246 34.88 0.5% 6/6 - 241 13% 
2    36.37 0.6% 6/6 - 244 19% 
3    36.34 0.8% 6/6 - 274 23% 


1   49 36.94 1.0% 6/6 - 52 29% 
2    38.39 0.9% 6/6 - 53 24% 
3    38.52 1.0% 6/6 - 54 26% 


1   20 37.83 0.9% 6/6 - 27 24% 
2    39.70 0.6% 6/6 - 19 22% 
3    39.95 0.8% 6/6 - 18 24% 


1   10 38.93 1.8% 6/6 - 13 45% 
2    40.81 1.8% 6/6 - 9.1 44% 
3    40.61 1.1% 6/6 - 12 36% 


1   4.9 40.19 2.2% 6/6 - 5.3 72% 
2    41.29 1.0% 6/6 - 5.9 31% 
3    41.93 1.1% 6/6 - 4.3 37% 


1 111% 99.7% 2.0 41.65 3.8% 4/6 2/0 2.1 74% 
2 100% 116%  42.51 1.5% 3/6 3/0 2.4 48% 
3 113% 100%  42.58 1.5% 2/6 4/0 - - 


1   1.0 44.79 - 1/6 5/0 - - 


2    43.32 - 1/6 5/0 - - 


3    42.10 - 1/6 5/0 - - 


1   0.1 - - 0/6 6/0 - - 


2    - - 0/6 6/0 - - 


3    - - 0/6 6/0 - - 


E= efficiency. R² coefficient of determination. E copies = target DNA copies expected. Ct = Cycle threshold. x mean 


value of 6 repetitions per run. RSD Ct = relative  standard deviation. m = repetitions per run. no Ct/Ou = ratio of no Ct 


to outlier (Dixon's Q test).  m copies = measured copies. C.I. Confidence Interval (ISO 32645). Threshold Run 1= 


3.100, Noisband run1 = 2.9000; Threshold Run 2,4= 4.200, Noisband run1,4 = 4.000 


 
LODP35SnptII C.I.        = ≥ 2.0 
LODP35SnptII AFNOR = ≥ 4.9 
The LOD determination for the genetically modified event MON863 shows in LOD6 determination 
(AFNOR XP V03-020-2) a LOD6 of below 4.9 target copies.   
The PCR efficiency was not within 90-110% in 3 runs, two runs reached a bit higher with E of 111% and 
113%. The correlation coefficient R2 achieved for each run more than 99% as stipulated in the Minimum 
Performance Requirements defined by the European Network of Laboratories with at least 98% [2]. The 
precision of the method for MON863 maize event is very high, as indicated by the low RSDr which does 
not rise over of 3.8% over the whole dynamic range of the P35S-nptII real-time PCR screening system.  
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Table LGL/13: LOD determination of Laurical rape on LC480 (CRA-W) 
 
Laurical-Raps FAM  


Run E R² E copies x Ct RSDr Ct m noCt/Ou m copies C.I. (95%) 
1   100 36.74 1.1% 6/6 - 189 38% 
2    37.57 0.2% 5/6 0/1 123 6.6% 
3    40.23 0.9% 6/6 - 127 37% 
1   50 38.48 1.2% 5/6 0/1 43 36% 
2    38.87 0.6% 6/6 - 45 20% 
3    41.39 1.2% 6/6 - 49 47% 
1   20 39.43 2.1% 6/6 - 21 57% 
2    40.09 0.3% 6/6 - 17 11% 
3    42.89 0.9% 6/6 - 14 29% 
1   10 39.39 2.5% 6/6 - 25 90% 
2    41.09 1.3% 6/6 - 8.1 37% 
3 132% 90.1%  42.81 1.9% 6/6 - 17 84% 
1   5.0 40.60 3.8% 6/6 - 19 205% 
2    41.42 2.0% 6/6 - 7.2 82% 
3    - - 0/6 6/0 - - 
1   2.0 42.74 3.0% 5/6 1/0 1.5 92% 
2    42.47 1.9% 3/6 3/0 2.9 57% 
3    - - 0/6 6/0 - - 
1 123% 94.1% 1.0 42.45 2.7% 4/6 2/0 1.8 76% 
2 128% 98.5%  43.47 - 1/6 5/0 - - 
3    - - 0/6 6/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3      0/6 6/0   


E= efficiency. R² coefficient of determination. E copies = target DNA copies expected. Ct = Cycle threshold. x mean 


value of 6 repetitions per run. RSD Ct = relative  standard deviation. m = repetitions per run. no Ct/Ou = ratio of no Ct 


to outlier (Dixon's Q test).  m copies = measured copies. C.I. Confidence Interval (ISO 32645).  
LODP35SnptII C.I.        = ≥ 10 
LODP35SnptII AFNOR = ≥ 10 
 


The LOD determination for the genetically modified laurical rape shows in LOD6 determination (AFNOR 
XP V03-020-2) a LOD6 of below 10 target copies.   
On the LC480 from CRA-W efficiency was higher than accepted Minimum Performance Requirements 
defined by the European Network of Laboratories (ENGL standards) with 123%- 132% [2]. Even the R2 did 
not meet the ENGL standards with two of the three R2 under 94%. 
The precision of the method for Laurical rape is again high, indicated by the low RSDr which does not rise 
over of 10% over the whole dynamic range. The highest determined RSDr of 3.8% for 5.0 copies is still 
clear under the threshold of 25% given by ENGL criteria.  
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3.2.9 Conclusion on the P35S-nptII construct detection method 


 
The construct specific 35S-nptII Real-time PCR method uses primer and probe sequences targeting the 
junction of the construct of the 35S promoter from the Cauliflower-Mosaic-Virus and the nptII-gene from 
the Tn5 transposon of Escherichia coli strain K12, which is present in several genetically modified plant 
events. Performance of the Real-time PCR assay was in-house validated for six different GM plant events 
as well as 15 GMO events not carrying the construct. The lengths of the PCR amplicons differ because of 
different interjacent sequences between the combined genetic elements (205 bp for MON863 and 294 bp 
for Laurical rape). However the sensitivity for the assay was tested on these two different GM events 
MON863 maize and Laurical rape showing low LODs in the in-house determinations. The LOD according 
to AFNOR standard (LOD6) and the LOD according to ISO  32 645 (LODC.I by confidence intervals) were in the 
same range with 4.5 and  1.8 copies for MON863 maize; for Laurical rape the LOD is higher but even quite sensitive 


with 15 copies for LOD6 and LODC.I.. 
During the inter-laboratory test on a thermocycler of another an manufacture (LC480) the high sensitivity of the 
P35S-nptII assay could not reproduced for MON863 maize. On the LC480 thermocycler from CRA-W laboratory the 
assay showed an ca. fivefold higher LOD6 of 10-20 copies for MON863 maize. For Laurical rape the L480 cycler 
from CRA-W showed an even threefold lower LOD6 than the MX3005P cycler from LGL with 4.9 copies. To be on 
the safe side LOD6 can be indicated to be 10-20 copies for both MON863 maize and Laurical rape irrespective to the 
cycler type.  


The calculated relative standard deviations (RSDr) for the both the MON863 and the Laurical rape 
document a high intra-laboratory precision of the P35S-nptII assay in intra-laboratory test of LGL.  
In summary, the p35S-nptII screening assay showed to be specific, sensitive, precise and robust enough 
to go to an inter-laboratory validation.  
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3.3. Endogeneous target for pea detection (CRA-W) 
 
Four genes were selected as potential candidates for the establishment of primers and probes for pea 
detection: the convicilin, vicilin, lectin and legumin K1 genes. As mentioned in the deliverable D4.1/01, this 
work was started to prevent false positive GM signals in food and feed samples containing conventional 
pea.  The development of a taxon specific real-time PCR method for the identification of Pisum sp. 
constitutes an additional value to the GMOseek project. Five targets for Real-time PCR (primers and 
probes) were designed but were not yet evaluated in the deliverable D4.1/01.  Two systems were initially 
based on the convicilin gene but one of the candidates rapidly showed to be less effective for detection 
purposes.  The deliverable D4.1/02 presents the specificity of the convicilin2, vicilin, lectin (pea) and 
legumin K1 targets and compares the different targets in order to select the best one.  A first approach of 
the sentitivity and RSDr is also presented thanks to a specific plasmid material developed in this project. 
 


 
3.3.1.Primers and probes  


 
Primers and probes were synthesized by Eurogentec (Seraing, Belgium). The probes were labelled with 
the reporter dye FAM at the 5‟end and the quencher dye TAMRA at the 3‟end. The sequences of primers 
and probes are presented in Table CRA-W/19. 
 
 
Table CRA-W/19: Sequence of primers and probes selected for pea detection 
 


Name Sequences (5’-3’) Amplicon size 


Convicilin2-F GGTTCGACAAACGTTCAGACTTATT  
99 bp 


Convicilin2-R  CTATGTGTTGAGGAAGGAAGATGGT 


Convicilin2-P  FAM- CCAAAACTATCGTCTTGTGGAATATAGAGCCAAACC-TAMRA 


vicilin1-F  CCCTGCTGGCACTATTGCTT  
75 bp 


 
 


vicilin1-R  GGGATGGCGAGATCTAATACTCTAAG 


vicilin1-P  FAM- TTTGGCTAACCGAGATGACAACGAGGA-TAMRA 


LEGk1-F  TTGACCCTAATGGACTCCACTTG  


LEGk1-R  CAAGAACACCCTTTCCTTGGAT 81 bp 


LEGk1-o FAM- CATCTTTCTCACCCTCTCCACAGTTGATTTTCA-TAMRA  


lecPea1–F  TGGAATCGATGTGAACAGTATCAA  
78bp 


lecPea1–R  ACAACATTAGCCTCTTCACCATTCT 


lecPea1–p  FAM- TCCGTAAACACTAAGTCGTGGAAGTTG-TAMRA 


 


 
3.3.2.Master Mixes 
 
Two Master Mixes were used to perform the experiments: 


- The TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 
4324020) was used for LOD determination on a ABI7500Fast (Applied Biosystems)  


- The Universal Master MIX (Diagenode, Liège, Belgium, order no. GMO-UN-A600) was used for 
LOD determination on the ABI7000 (Applied Biosystems). 


 
The pea detection method was not optimized for a particular Master Mix in order to propose an open 
method so that it can be used with different Ready-to-use Master mixes. 







GMOseek – Deliverable D4.1/2 – 1st version 


   
33 


 


3.3.3. PCR apparatus 
 
Development of the method and LOD determination was realized on ABI7000 and ABI7500 FAST Real-
time PCR devices at CRA-W with Applied Biosytems and Diagenode Master Mixes.  
 


3.3.4. PCR conditions 
 
Real-time PCR reactions were realized on a 25 µl final volume. The reaction volume (25 µl) for the four 
pea targets was composed of 12.5 µl of Master Mix, 1.5 µl of each primer (5µM), 1.3 µl of probe (5µM), 
3.2 µl of bidistilled water and 5µl of template DNA. 
   
Reaction Mixes were distributed on 96-well reaction plates (Applied Biosystems) adapted to the machines. 
Wells were covered with adhesive films and centrifuged (500 rpm, 10 seconds) to eliminate possible air 
bubbles in the bottom of the wells. 
 
Thermal PCR conditions were the following ones: 2 minutes at 50°C, 10 minutes at 95°C and 50 cycles of 
15 seconds at 95°C and 1 minute at 60°C.  Applied Biosystems softwares (7500 Fast Software Detection 
System v1.4 and 7000 Software Detection System v.2) were used to analyse the runs. Baseline 
(normalised fluorescent signal before exponential PCR amplification occurs) was adjusted and a threshold 
level of fluorescence was fixed in the middle of the linear region of the amplification curve represented in a 
semi-logarithmic graph (Y-axis with log fluorescence level in function of cycles).   
 


3.3.5. DNA extraction 
 
Extraction of genomic and plasmid DNA was done as above indicated for the P-Ubi and T-E9 methods 
(see point 3.1.5). 
 


3.3.6. Specificity of the endogenous pea targets 
 
The specificity of the pea targets was first tested on DNA extracted from different pea species (Table CRA-
W/20). This positive material was composed of commercial seeds of pea. The three pea species tested 
gave positive results with the four pea targets. 
 
Table CRA-W/20: Test of the convicilin, vicilin, lectin and legumin K1 targets on Pisum sativum sp. 
 


Plants   Convicilin  Vicilin  Legumin K1 Lectin (pea) 


Pisum sativum type 1 (à rames, grains ronds)    +    +    +    + 


Pisum sativum type 2 (nains, grains ridés)    +    +    +   +  


Pisum sativum type 3 (nains, grains ronds)    +    +   +     + 


 
 
The specificity was tested on 30 crop plants (Table CRA-W/21).  10 to 100 ng of the plant DNA extracts 
used to test the specificity were put in the PCR reactions (two repetitions).  Amplificability of the DNA 
extracts was first tested with the rbcL plant primers developed at CRA-W. 
Only late signals (Cts > 37) were observed with the convicilin, vicilin and legumin K1 targets on wheat.  No 
homology was found in the NCBI database between the sequences available in the database and the 
convicilin, vicilin and legumin K1 targets. 


 
 


 


 







GMOseek – Deliverable D4.1/2 – 1st version 


   
34 


 


 


 


 


 


Table CRA-W/21: Specificity tests (absence of cross-reaction signals) for convicilin, vicilin, lectin and 
legumin K1 targets on 30 crop plants  


Plants   Convicilin 2 Vicilin Legumin K1 Lectin (pea) 


  Brassicaceae  rapeseed  - - - - 


   cabbage - - - - 


   radish - - - - 


  Aliaceae  leek  - - - - 


  Apiaceae   carrot - - - - 


   celery - - - - 


   chervil - - - - 


   parsley - - - - 


  Asteraceae   chicory - - - - 


   lettuce - - - - 


   sunflower - - - - 


    Chenopodiaceae   sugarbeet  - - - - 


   spinach - - - - 


  Fabaceae   peanut - - - - 


   bean - - - - 


   pea + + + + 


   soybean  - - - - 


  Cucurbitaceae  melon  - - - - 


  Liliaceae  oinon   - - - - 


  Linaceae  flax - - - - 


  Malvaceae   cotton - - - - 


  Poaceae   avena - - - - 


   wheat + (late) + (late) + (late) -         - 


   maize - - - - 


   millet  - - - - 


   barley - - / / 


   rice - - - - 


   rye - - - - 


  Solanaceae   eggplant - - - - 


   potato - - - - 


   tomato - - - - 


  tobacco - - - - 


 


For a pea endogenous target, it was interesting to test more plant species of the same taxonomic group 
(Fabaceae).  Convicilin, vicilin and legumin K1 showed signals with some plants closer from a taxonomic 
point of view (Table CRA-W/22). Only the lectin target did not generate any signal with the different plant 
species that are taxonomically non-closely related to pea.  
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Table CRA-W/22 : testing of plant species of the Fabaceae taxonomic group with the convicilin,vicilin, 
lectin and legumin K1 targets. 


Plants   Convicilin  Vicilin Legumin K1 Lectin (pea) 


Faba vulgaris (fève des marais, broad bean)    +   +   +    -  


Phaseolus mungo (soja vert, green mung bean)    -    -    -    -  


Glycine max (soja, soybean)   -    -    -    -  


Arachis hypogaea (arachide, peanut)   -    -    -    -  


Lathyrus odoratus (pois de senteur,sweet pea, flower)   - + +   - 


Lens culinaris (lentille, lentil)   - + +   - 


 


From a specificity perspective, the lectin gene of pea seems to be the best candidate for pea 
detection 


 


3.3.7. Bioinformatics analysis 
 


The sequences of the convicilin, vicilin, legumin K1 and lectin pea amplicons were tested against 
information present in the NCBI database (Table CRA-W/23).   


 


Table CRA-W/23 : Homology  observed between the sequences of the NCBI database and the sequences 
of the convicilin,vicilin, lectin and legumin K1 targets 


 


Amplicon 100% homology with 


Convicillin Pisum fulvum (pois roux, Middle-Eastern wild climbing pea) 


Lathyrus sativus (gesse commune, Chickling pea/Spanish pea) 


Lathyrus cicera (gesse Jarosse, chickling vetch) 


Lathyrus tingitanus (gesse de Tanger,Tangier scarlet pea) 


Vicia villosa (vesce velue, fodder vetch) 


Lathyrus clymenum (gesse pourpre, Spanish lentil) 


Vicillin Cajanus cajan (pois Congo, Congo pea) 


Lens culinaris (lentille, lentil, detected in practice, see Table CRA-W/18) 


Lens ervoides (petite lentille, Mediterranean wild lentil) 


Note : 97% homology with the vicilinK and  vicilinJ genes of Pisum sativum (pea) 


Legumin K1 


 


legumin B gene of Vicia faba (fève, Crimson Flowered Broad Bean), legumin B gene of  Vicia 
sativa (vesce cultivée, sweet pea)  


Note : 97% homology with the leguminS gene and  the minor leguminJ gene of Pisum sativum 


Lectin (pea) Cicer arietinum (pois chiche, chickpea) 


Lathyrus pisiformis (gesse à feuilles de pois, pisiform grass pea) 


Lathyrus sylvestris (gesse des bois, pea narrow leaved everlasting) 


Lathyrus palustris (gesse des marais, marsh pea) 
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Some plants show a 100% homology with the sequences of the amplicons.  These plants are all 
from the Fabaceae family. It is also interesting to note that vicilin and legumin K1 show some 
homologies with similar genes. This could have an influence on the number of amplifiable copies 
per haploid genome and on the intensity of the signal by Real-time PCR.  However it has to be 
stressed that other endogenous targets are not always strictly limited in terms of specificity to the species 
they are supposed to represent. For instance the rice endogenous target used at the EURL-GMFF cross-
reacts with sorghum. 


 
No significant homology was found between the lectin gene of pea and the lectin gene of soybean. 
 


3.3.8. Sensitivity of pea method 
 
The sensitivity of the method was first tested on two pea species. Tests were done on pure extracts and 
PCR reactions were containing between 10 and 100 ng of DNA. The same DNA quantities (volumes) were 
used with the different targets. Signals were also compared to the T-E9 signals because it is interesting to 
have a target giving a similar intensity of signal than T-E9, the later being the one that could generate false 
positive results in GMO detection due to the presence of pea. The Mean Ct values of Table CRA-W/24 
show that convicilin and lectin targets provide signal intensities that are closer to that of the T-E9 target. 
 
Table CRA-W/24: Mean Ct (n=3) observed with the convicilin, vicilin, lectin and legumin K1 targets on 
DNA extracts of pea  
 


Samples convicilin  vicilin  lectin pea legumin k1 T-E9 


Pisum sativum type 1 (à rames, grains ronds) 22,0 19,4 22,1 20,5 23,4 


Pisum sativum type 3 (nains, grains ronds) 23,2 20,9 24,0 21,9 25,1 


 
 
 
However, this intensity of signal could be influenced by the copy number of the genes. As this information 
was not available, a multitarget plasmid was created in order to compare the different targets at same 
copy number.  The convicilin2, vicilin, lectin pea, legumin K1 and T-E9 targets were then integrated in the 
same plasmid (Figure CRA-W/1).  Restrictions sites were added between the different targets (Nde1, 
NcoI, SalI, XhoI, see positions Figure CRA-W/1) The combined sequence of all five targets to be 
introduced was obtained by synthesis (Custom genes, Eurogentec, Liege, Belgium) and introduced in a 
pUC18 plasmid. The inserted construct was checked by sequencing.  The sequence introduced is 
presented in the Figure CRA-W/2. 
 
 
Figure CRA-W/1: Organisation of the multiple pea plasmid 
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Figure CRA-W/2: Sequence of the multiple pea targets insert 
 
 
GGTTCGACAAACGTTCAGACTTATTTGAAAATCTCCAAAACTATCGTCTTGTGGAATATAGAGCCAAACC


CCACACCATCTTCCTTCCTCAACACATAGCATATGCCCTGCTGGCACTATTGCTTATTTGGCTAACCGAG


ATGACAACGAGGATCTTAGAGTATTAGATCTCGCCATCCCCCATGGTTGACCCTAATGGACTCCACTTGC


CATCTTTCTCACCCTCTCCACAGTTGATTTTCATCATCCAAGGAAAGGGTGTTCTTGGTCGACTGGAATC


GATGTGAACAGTATCAAATCCGTAAACACTAAGTCGTGGAAGTTGCAGAATGGTGAAGAGGCTAATGTTG


TCTCGAGTGAGAATGAACAAAAGGACCATATCATTCATTAACTCTTCTCCATCCATTTCCATTTCACAGT


TCGATAGCGAAAACCGAATAAAAA 


 
Restriction sites : Nde I : CATATG, NcoI : CCATGG, SalI : GTCGAC, XhoI : CTCGAG 


Convicillin2, vicilin, leguminK1, lectin, T-E9 
 
 
This plasmid was tested with the different pea targets. The T-E9 target still comes up with a delayed signal 
to the other pea targets (Table CRA-W/25). 
 
 
Table CRA-W/25 : Mean Ct (n=3) observed with the convicilin, vicilin, lectin and legumin K1 targets on 
DNA extracts of the multiple pea  plasmid (not linearized) 
 


 convicilin  vicilin  lectin pea legumin k1 T-E9 


Multiple plasmid 27.5 26.8 27.8 27.1 28.5 


 
 
 
 
The sensitivity of the pea methods was determined through their limit of detection as described in the 
AFNOR XP V03-020-2 standard [1]. These results are actually based on only one LOD (one single run for 
each LOD) for the different targets (on plasmid DNA). A linearized plasmid was used for LOD 
determination. The LOD was the same for all targets and was below 20 copies (acceptance criterion) 
for the convicilin, vicilin, lectin, legumin K1 and T-E9 targets (Table CRA-W/26). 
 
 
Table CRA-W/26 : LOD obtained with the convicilin, vicilin, lectin, legumin K1 and T-E9 targets on DNA 
extracts of the multiple pea  plasmid (linearized) 
 


Target  LOD obtained 


Convicilin 10 copies 


Vicilin 10 copies 


Lectin (pea) 10 copies 


Legumin K1 10 copies 


T-E9 10 copies 
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3.3.9.  First evaluation of the Relative repeatability standard deviation of the pea targets 
A first evaluation of the relative repeatability standard deviation was done with the data of the runs used 
for LOD determination as described at point 3.1.10.  The results are presented in the Table CRA-W/27.  
As only one run was presently done for the RSDr determination with the pea targets, this first evaluation of 
the RSDr was not calculated with a sufficient number of tests results but gives a first approximation of the 
RSDr. 
 
Table CRA-W/27 :  Relative repeatability standard deviation observed with pea targets 
 


Target RSDr for the target 
concentration of 100 


copies 


RSDr for the target 
concentration of 50 


copies 


RSDr for the target 
concentration of 20 


copies 


Convicilin2 24.2% 19.1% 58.9% 


Vicilin1  21.7% 27.3% 36.9% 


Lectin (pea) 11.7% 20.4% 27.9% 


Legumin K1 14.8% 26.9% 19.6% 


 


For the first results, the RSDr observed for the target concentration of 100 copies was below the 25% 
for all the targets.  This performance was only reached for convicilin and lectin at 50 copies but at 
this level all targets were below 33.3% of RSDr. The RSDr observed for the target concentration of 
20 copies was below 25% for Legumin K1, below 33.3% for lectin and above 33.3% for the 
convicilin and vicilin targets 


 


3.3.10. Conclusion on the pea targets 


 


The endogenous pea targets are being in-house validated but some parameters (efficiency, R2, 
LOD on genomic DNA) have still to be tested.  More repetitions are however necessary to support 
the results. Taking into account the specificity, the lectin gene of pea seems to be the best 
endogenous target for pea. 
 
 


3.4. cry1Ab method (CRA-W) 
 
The method presented is based on Real-time PCR using double dye probes.  A second approach for the 
cry1Ab detection has also been developed by pyrosequencing. However, as the limitations of this method 
have not yet been established, the method by pyrosequencing needs additional work and is therefore not 
presented in this deliverable.  


 
3.4.1. Primers and probes  


 
Primers and probes were synthesized by Eurogentec (Seraing, Belgium). The probes were labelled with 
the reporter dye FAM at the 5‟end and the quencher dye TAMRA at the 3‟end. The sequences of primers 
and probe are presented in Table CRA-W/28. 
 
Table CRA-W/28: Sequence of primers and probes selected for cry1Ab detection 
 


Name Sequences (5’-3’) Amplicon size 


cryIA(b)-FD1-F CGCGAGGARATGCGYAT  
83 bp 


cryIA(b)-FD2-F AACCCMGCTCTSCGCGAG 


cryIA(b)-P TTCAACGACATGAACAGCGCCCTGA 
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3.4.2. Master Mixes 
 
Two Master Mixes were used to perform the experiments: 


- The TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 
4324020) was used for LOD determination on ABI7500Fast (Applied Biosystems).  


- The Universal Master MIX (Diagenode, Liège, Belgium, order no. GMO-UN-A600) was used for 
LOD determination on the ABI7000 (Applied Biosystems). 


 
The cry1Ab detection method was not optimized for a particular Master Mix in order to propose an open 
method so that it can be used with different Ready-to-use Master mixes. 
 


3.4.3. PCR apparatus 
 
Development of the method and LOD determination was realized on ABI7000 and ABI7500 FAST Real-
time PCR apparatus at CRA-W with Applied Biosystems and Diagenode Master Mixes.  
 


3.4.4. PCR conditions 
 
Real-time PCR reactions were performed on a 25 µl final volume.  The reaction volume (25 µl) for the 
cry1AB target was composed of 12.5 µl of Master Mix, 1.5 µl of each primer (5µM), 1.3 µl of probe (5µM), 
3.2 µl of bidistilled water and 5µl of template DNA. 
   
Reaction Mixes were distributed on 96-well reaction plates (Applied Biosystems) adapted to the machines.  
Wells were covered with adhesive films and centrifuged (500 rpm, 10 seconds) to eliminate possible air 
bubbles in the bottom of the wells. 
 
Thermal PCR conditions were the following ones: 2 minutes at 50°C, 10 minutes at 95°C and 50 cycles of 
15 seconds at 95°C and 1 minute at 60°C.  Applied Biosystems softwares (7500 Fast Software Detection 
System v1.4 and 7000 Software Detection System v.2) were used to analyse the runs.  Baseline 
(normalised fluorescent signal before exponential PCR amplification occurs) was adjusted and a threshold 
level of fluorescence was fixed in the middle of the linear region of the amplification curve represented in a 
semi-logarithmic graph (Y-axis with log fluorescence level in function of cycles).   
 


3.4.5. DNA extraction 
 
DNA extraction of genomic and plasmid DNA were performed as described for the P-Ubi and T-E9 
methods (see point 3.1.5). 


 
3.4.6. Specificity of the cry1Ab target 
 
The specificity of the cry1Ab was not tested against plant species but against bacterial species as the 
donor organism is a bacterial strain. Three types of samples were used to test the specificity. The first 
ones are different Bacillus strains ordered at the BCCM/LMG bacteria collection (Ghent, Belgium).  The 
bacteria ordered were Bacillus cereus, Bacillus mycoides, Bacillus weihenstephaniensis, Bacillus 
thuringiensis aizawai, Bacillus thuringiensis israelensis, Bacillus thuringiensis kurstaki and Bacillus subtilis.  
These strains were selected because they can be found in food products (Bacillus cereus, mycoides, 
weihenstephaniensis, subtilis), are present in commercial insecticides (Bacillus thuringiensis aizawai, 
Bacillus thuringiensis israelensis or Bacillus thuringiensis kurstaki) or are the natural donors of the 
modified cry1Ab genes introduced in plants (Bacillus thuringiensis aizawai, or Bacillus thuringiensis 
kurstaki). These bacteria were extracted in a safety level 2 laboratory, the laboratory of Applied 
Microbiology of the Catholic University of Louvain (Louvain-La-Neuve, Belgium) under accredited 
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procedure (some of these Bacillus strains may present a pathogenic risk for human). One DNA extract 
was received for each Bacillus strains.   
The second type of samples is commercial Bt insecticides containing different Bacillus strains (Bacillus 
thuringiensis aizawai, Bacillus thuringiensis israelensis or Bacillus thuringiensis kurstaki). The DNA was 
extracted with the Wizard Magnetic extraction method (Promega, Madison, USA, order n° FF3751) 
following the prescriptions of the kit (two DNA extractions were realised for the microbial insecticides).  
The last type of sample is composed of GM reference material containing cry genes: Bt176  maize (ERM-
BF411, IRMM), Bt11 maize (ERM-BF412, IRMM), MON810 maize (ERM-BF413, IRMM), MON89034 
maize (AOCS 0906-E), DAS59122  maize (ERM-BF424, IRMM), MIR604 maize (AOCS 0607-A), MON863 
maize (ERM-BF416, IRMM), Starlink CBH351 maize (Sigma-Aldrich 69407), MON88017  maize (AOCS 
0406-D), TC1507 maize (ERM-BF418, IRMM), MON15985  cotton (AOCS 0804-D), 231x3006 cotton 
(ERM-BF422, IRMM),  MON531 cotton (AOCS 0804-C). The DNA of the reference material was extracted 
as described at the point 3.1.5.1 (two DNA extractions were realized for each reference material). 
Amplificability of the plant DNA extracts was first tested with the rbcL plant primers developed at CRA-W. 
5 to 10 ng of bacterial DNA (pure strains and bacterial insecticide) was put in the PCR reactions. 10 to 100 
ng of plant DNA were used for the PCR reactions (two repetitions for each DNA extract).   
 
No signal was observed on bacterial strains and commercial insecticides. This indicates that cry1Ab 
primers do not lead to false positive results (Table CRA-W/24) that could be due to the presence of the 
natural organisms. This is mainly due by the fact that the engineering of insect resistance in plants needs 
a significant modification of the bacterial cry coding sequences that is essential to express these Bt toxin 
genes in plants [13]. 
Note that DNA of the bacterial strains and from the microbial insecticides were tested with others bacterial 
primers in other to check the presence of possible PCR inhibition. 
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CRA-W/29 : Test of the cry1Ab primers on bacterial strains and GM reference material. 
 


Samples tested 


 


cryIAb primers 


 Bacterial strains    


  Bacillus cereus   -  


  Bacillus cereus   -  


  Bacillus mycoides   -  


  Bacillus weihenstephaniensis   -  


  Bacillus weihenstephaniensis   -  


  Bacillus thuringiensis aizawai   -  


  Bacillus thuringiensis israelensis   -  


  Bacillus thuringiensis kurstaki   -  


  Bacillus subtilis   -  


 Microbial insecticide   


  Xentari Bacillus thuringiensis aizawai   -  


  Vectobac Bacillus thuringiensis israelensis   -  


  Scutello Bacillus thuringiensis kurstaki   -  


  Dipel Bacillus thuringiensis kurstaki   -  


 GM Reference material    


  Bt176  maize (cry1Ab Bt kurstaki)  +  


  Bt11  maize (cry1Ab Bt kurstaki)  +  


  MON810 maize (cry1Ab Bt kurstaki)  +  


  MON89034 maize (cry1A105 and  cry2Ab2   Bt kurstaki)  +  


  15985  cotton (cry1Ac and cry2Ab2  Bt kurstaki )  +  


  281x3006 cotton (cry1Ac Bt kurstaki)  -  


  DAS59122  maize (cry34Ab1 and cry35Ab1 Bt strain PS149B1)  -  


  Starlink CBH351  maize (cry9c Bt tolworthi) -  


  MON531 cotton (cry1Ac Bt kurstaki)  +  


  MON88017  maize (cry3Bb1 Bt kumamotoensis strain EG4691)  -  


  MIR604 maize (cry3A Bt tenebrionis)  -  


  MON863 maize (cry3Bb1  Bt kumamotoensis)  + (late signal) 


  TC1507 maize (cry1F Bt aizawai)  + (late signal) 


 
 
The method allows the detection of the cry1Ab target in Bt176, Bt11 and MON810, all of these events 
containing the cry1Ab target, only. However analysis by pyrosequencing and bioinformatics showed that 
the cry1Ab sequences of the Bt176, Bt11 and MON810 maize present some differences (Figure CRA-
W/3).  Additional checks are currently running at CRA-W to enforce these data. 
 
 
Figure CRA-W/3: Sequence of different cry genes (obtained from database or by pyrosequencing) 


 
GM 


event 
Source of the 


sequence 
 


Sequence 
Cry genes present in 


the GM event 


       Note : pyro = sequence obtained by pyrosequencing, th = sequence referenced in database 
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The pyrosequencing is a technology that permits to determine the sequence of an amplicon of +/- 100 bp 
after a PCR amplification using a biotynilated primer. The CRA-W owns such an equipment; a PyroMark 
Q24 (Qiagen, Venlo, the Netherlands). The capacity and limits of this technology adapted to the cry1Ab 
method are presently under study at CRA-W. 
 
The analysis by pyrosequencing and bioinformatics also permit to determine the cause of positive signals 
observed on GM events containing other cry genes that the cry1Ab gene: 
- for the MON89034 maize, the signal was due to the cry1A105, the amplicon having the same sequence 
as the cry1Ab of the MON810. The signal is probably not due to amplification of cry2Ab2 in MON89034, 
as its sequence is quite different from the target cry1Ab sequence. 
- a positive signal was obtained for MON531 cotton. The MON531 event contains a cry1Ac gene which 
sequence is the same as for cry1Ab inMON15985 cotton and Bt11 maize. 
- a positive signal was observed with the MON15985 cotton. The MON15985 contains both the cry1Ac 
and the cry2Ab2 genes. Taking into account that the MON15985 was created with the same plasmid as 
MON531 for the introduction of cry1Ac and that the sequence of the cry2Ab2 gene introduced into 
MON89034 is quite different from the sequence of the cry1Ab gene for this amplicon, we assume that the 
positive result is due to the cry1Ac gene. 
- cry1Ac genes in MON531 and MON15985 cotton are then detected with this cry1Ab method. The cry1Ac 
in 281x3006 cotton is not detected with the primers and probes of the cry1Ab method. Pyrosequencing 
and bioinformatics analysis show that , the primers of the cry1Ab method anneal to  the cry1Ac gene in the 
281x3006 cotton but the internal sequence shows sufficient differences not to permit annealing of the 
probe. 
In conclusion, the real-time PCR method for cry1Ab detects the cry1Ab in Bt176, Bt11 and MON810 
maize, the cry1A105 of the MON89034 maize and the cry1Ac of the MON831 and MON15985 cotton. 
 
 


3.4.7. Sensitivity of the cry1Ab target 
 
The limit of detection (based on the AFNOR XP V03-020-2 standard [1]) of the cry1Ab  target was 
determined on DNA extracted from the Bt176, Bt11, and MON810 maize events, from MON15985 and 
531 cotton events and on plasmid DNA (PCR product of MON810 cloned into pCR2.1 plasmid, not 
linearized). The plasmid DNA was created as described at the point 3.1.5.2. Only one LOD determination 
was performed on genomic and plasmid material and the summary of results is presented in the Table 
CRA-W/30.  


 
CRA-W/30 : LOD obtained with the cry1Ab targets on genomic and plasmid DNA extracts 


 


Positive material used for LOD source LOD 


 Bt176 maize (5% GM)   ERM-BF411F 5 


 Bt11 maize (4.9% GM)   ERM-BF412C 10 


 MON810 maize (5% GM)   ERM-BF413F 2 


MON89034 maize (100% GM) AOCS 0906-E 5 


MON15985 cotton (100% GM) AOCS 0804-D 10 


MON531 cotton (100% GM) AOCS 0804-C 5 


Plasmid PCR2.1 (insert cloned from MON810, not linearized) CRA-W 5 


 


The LOD determined on genomic DNA and plasmid DNA was below 20 copies for the different tests 
and therefore meets the minimal acceptance criterion.  
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3.4.8. First evaluation of the Relative repeatability standard deviation of the cry1Ab target 
 
A first evaluation of the relative repeatability standard deviation was done with the data of the runs used 
for LOD determination as described at the point 3.1.10.  The results are presented in the Table CRA-
W/31.  As for the pea targets, it constitutes a first evaluation of the RSDr and needs more tests for a 
correct approximation.  
 
 
Table CRA-W/31 :  Relative repeatability standard deviation observed with cry1Ab target 
 


Material tested RSDr for the target 
concentration of 100 


copies 


RSDr for the target 
concentration of 50 


copies 


RSDr for the target 
concentration of 20 


copies 


MON531 16.6% 22.1% 22.1% 


MON89034 16.5% 21.5% 48.9% 


MON15985 24.2% 51.0% 41.4% 


Bt176 42.1% 54.8% 47.0% 


Bt11 11.3% 19.4% 27.5% 


MON810 29.1% 21.0% 52.6% 


Plasmid DNA 15.9% 23.9% 58.6% 


 
As preliminary results, the RSDr observed for the target concentration of 100 copies with the cry1Ab 
target was below the 25% except on the Bt176 and MON810 reference material.  We have to note that 
this shows some discrepancy with the results of the Table CRA-W/30 as the Bt176 and MON810 are 
among the reference materials presenting the lowest LOD. At the target concentration of 50 copies, the 
RSDr was higher than 25% for the MON15985 and Bt176 reference material.  For the level of 20 copies, 
the RSDr was higher than 33.3% for most reference materials. This point needs to be confirmed by 
additional runs. 
 


 
3.4.9. Conclusion on the cry1Ab target 


The cry1Ab target is being in-house validated but some parameters (efficiency, R2, LOD on plasmid 
DNA in a pUC18 format) still have to be tested.  The method allows good distinction between the 
natural sequences and the truncated sequences inserted in the GM plants and the sensitivity 
meets the minimal performance criteria. CRA-W also initiated an approach based on 
pyrosequencing for GM identification that should be studied more in depth.  


 


4. General conclusion 


The P-Ubi, T-E9 and 35S-nptII junction methods were successfully in-house validated. Their 
transfer to another lab was conclusive too. Therefore these methods are to be considered as being 
ready for a full inter-laboratory validation. Assessment of the endogenous pea target as well as of 
the cry1Ab target are in progress but are not yet ready for a full inter-laboratory validation. 
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1. Application  


This method describes a screening method for the detection of the T-E9 terminator from pea. 
 


2. Principle:   


The method is a singleplex real-time PCR method with a double dye probe labelled with the FAM-TAMRA  
fluorescent dyes. It was established on the ABI7500 (Applied Biosystems) real-time PCR machine.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 4324020) 


 Primers and probe 


Name Sequences (5’-3’) 


T-E9-F TGAGAATGAACAAAAGGACCATATCA 


T-E9-R TTTTTATTCGGTTTTCGCTATCG 


T-E9-P FAM- TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT -TAMRA 


Size of the PCR product: 87 bp 


 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis with the real time PCR can be isolated by all standard extraction protocols. For the 
establishment of the method, DNA were prepared following the recommendations of the ISO 24276 and ISO 
21571 standards 
 


3.2.2 Controls 


Controls were used following the recommendations of the ISO 24276 and ISO 21569 standards. 


3.2.2.1 Negative control, Extraction control 


The extraction control (=EC) as well as a no template control (=NTC) should be analysed in duplicates. The 
extraction control is used for excluding contaminations in the extraction reagents, whereas the NTC is used for 
excluding contaminations in the PCR mastermix. For the NTC, instead of DNA template water is added. The NTC 
and the EC have to be negative. 


3.2.2.2 Positive control 


For each fluorescence channel and for each GMO element a positive control from certified reference material 
should be analysed in duplicates to control the function of the PCR reagents as well as the PCR run. The positive 
control to use for the T-E9 screening method can be DNA extracted from the following certified reference 







 


   


 


materials : H7-1 sugarbeet (ERM BF419, IRMM, Geel, Belgium), GT73 rapeseed (AOCS 0304B, Urbana, IL, 
USA) or MON1445 cotton (AOCS 0804B, Urbana, IL, USA).  


 


3.2.2.3  Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


4. Equipment  


 Vortex shaker  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Safe-Lock Eppendorf Tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4346906) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Sigma 2K15 with rotor 11122) 


 Real-time PCR Cycler ABI7500 (Applied Biosystems) 


 freezer  −20°C +/−3°C  


 clean bench  


 gloves 


 fridge 2-8°C  


 







 


   


 


5. Procedure: 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be kept at a final concentration of 100 µM. For the PCR a 5 µM working 


solution (diluted with nuclease-free water) is used for primers and probe. The working solution is stored in 


aliquots at -20°C.   


5.2 PCR-Set up: 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated. For every run, include a  


NTC (No Template Control), EC and positive controls in duplicates. 


Reagents Work 
concentration 


Volume / reaction (µl) 


Mastermix (containing buffer, polymerase, 
MgCl2, dNTPs, UNG) 


2-fold concentrate 12.5 


Forward Primer 45 µM 0.5 


Reverse primer 45 µM 0.5 


Probe 12.5 µM 0.5 


H2O bidistilled 6 


DNA 10-100 ng 5 


Final volume 25 


 


 The preparation of the mastermix should be done as shown in Table 1 in Safe-Lock Eppendorf reaction 
tubes, before use it should be shortly mixed and centrifuged. 


 Pipette 20 µl mastermix in nuclease- free 96 Well plates 


 Add 5 µl DNA or EC as template or H2O as NTC  


 Seal the plate and centrifuge it for one minute 


 Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the two 
respective fluorescence channels for measurement and start the PCR 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler ABI7500 with the following thermo profile: 


 


Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 94 600 1 X 


Amplification 94 15 50 X 


60 60 


 
Ramp rate: 9600 Emulation (0.8°C/sec) or default parameter (1.6°C/ sec) can be used  


 


 Data acquisition is performed in the FAM channel.     







 


   


 


 


5.4 Data analysis 


 
For Applied Byosystems devices, the baseline (normalised fluorescent signal before exponential PCR 
amplification occurs) is adjusted and a threshold level of fluorescence is fixed in the middle of the linear region of 
the amplification curve represented in a semi-logarithmic graph (Y axis with log fluorescence level in function of 
cycles).  As the T-E9 screening target is used for qualitative results, an automatic setting of the parameters by the 
ABI7500 software can also be performed for the analysis of the signals. Positive controls need to show 
appropriate Ct-values, while the negative controls as well as the extraction controls must show negative results. 
Analysis on LC480 (Roche Diagnostics) can be done by using the fit point method. The noiseband threshold is 
placed above the noise of the negative signals. Two fit points are used for analysis. The threshold for analysis is 
placed of 0.2 unit of fluorescence above the noiseband. 
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1. Application  


This method describes a screening method for the detection of the P-Ubi promoter from maize. 
 


2. Principle:   


The method is a singleplex real-time PCR method with a double dye probe labelled with the FAM-TAMRA  
fluorescent dyes. It was established on the ABI7500 (Applied Biosystems) real-time PCR machine.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 TaqMan Universal PCR Master Mix (Applied Biosystems, New Jersey, USA order no. 4324020) 


 Primers and probe 


Name Sequences (5’-3’) 


P-Ubi-F GAGTAGATAATGCCAGCCTGTTAAAC 


P-Ubi-R ACGCGACGCTGCTGGTT 


P-Ubi-P FAM- CGTCGACGAGTCTAACGGACACCAAC -TAMRA 


Size of the PCR product: 76 bp 
 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis with the real time PCR can be isolated by all standard extraction protocols. For the 
establishment of the method, DNA were prepared following the recommendations of the ISO 24276 and ISO 
21571 standards 
 


3.2.2 Controls 


Controls were used following the recommendations of the ISO 24276 and ISO 21569 standards. 


3.2.2.1 Negative control, Extraction control 


The extraction control (=EC) as well as a no template control (=NTC) should be analysed in duplicates. The 
extraction control is used for excluding contaminations in the extraction reagents, whereas the NTC is used for 
excluding contaminations in the PCR mastermix. For the NTC, instead of DNA template water is added. The NTC 
and the EC have to be negative. 


3.2.2.2 Positive control 


For each fluorescence channel and for each GMO element a positive control from certified reference material 
should be analysed in duplicates to control the function of the PCR reagents as well as the PCR run. The positive 
control to use for the P-Ubi screening method can be DNA extracted from the 3006x281 cotton (ERM BF422B 
reference material prepared at IRMM, Geel, Belgium).  







 


   


 


 


3.2.2.3 Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


4. Equipment  


 Vortex shaker  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Safe-Lock Eppendorf Tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4346906) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Sigma 2K15 with rotor 11122) 


 Real-time PCR Cycler ABI7500 (Applied Biosystems) 


 freezer  −20°C +/−3°C  


 clean bench  


 gloves 


 fridge 2-8°C  


 







 


   


 


5. Procedure: 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be kept at a final concentration of 100 µM. For the PCR a 5 µM working 


solution (diluted with nuclease-free water) is used for primers and probe. The working solution is stored in 


aliquots at -20°C.   


5.2 PCR-Set up: 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated. For every run, include a  


NTC (No Template Control), EC and positive controls in duplicates. 


Reagents Work 
concentration 


Volume / reaction (µl) 


Mastermix (containing buffer, polymerase, 
MgCl2, dNTPs, UNG) 


2-fold concentrate 12.5 


Forward Primer 5 µM 1.7 


Reverse primer 5 µM 1.7 


Probe 5 µM 1.5 


H2O bidistilled 2.6 


DNA 10-100 ng 5 


Final volume 25 


 


 The preparation of the mastermix should be done as shown in Table 1 in Safe-Lock Eppendorf reaction 
tubes, before use it should be shortly mixed and centrifuged. 


 Pipette 20 µl mastermix in nuclease- free 96 Well plates 


 Add 5 µl DNA or EC as template or H2O as NTC  


 Seal the plate and centrifuge it for one minute 


 Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the two 
respective fluorescence channels for measurement and start the PCR 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler ABI7500 with the following thermo profile: 


 


Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 94 600 1 X 


Amplification 94 15 50 X 


60 60 


 
Ramp rate: 9600 Emulation (0.8°C/sec) or default parameter (1.6°C/ sec) can be used  


 


 Data acquisition is performed in the FAM channel.     







 


   


 


 


5.4 Data analysis 


 
For Applied Byosystems devices, the baseline (normalised fluorescent signal before exponential PCR 
amplification occurs) is adjusted and a threshold level of fluorescence is fixed in the middle of the linear region of 
the amplification curve represented in a semi-logarithmic graph (Y axis with log fluorescence level in function of 
cycles).  As the T-E9 screening target is used for qualitative results, an automatic setting of the parameters by the 
ABI7500 software can also be performed for the analysis of the signals. Positive controls need to show 
appropriate Ct-values, while the negative controls as well as the extraction controls must show negative results. 
Analysis on LC480 (Roche Diagnostics) can be done by using the fit point method. The noiseband threshold is 
placed above the noise of the negative signals.  Two fit points are used for analysis. The threshold for analysis is 
placed of 0.2 unit of fluorescence above the noiseband. 
 
 


 
 


 







   1 


    Bavarian Health and Food Safety Authority                                                  


    
 


 
 


 


 


 


 


 
Standard Operation Procedure (SOP) 


 
 


Method: 


 Real time PCR for a construct specific screening method for  
p35S-nptII 


 
 
 
 


   


Name 
 
Signature 


Daniela Sebah Dr. Ingrid Huber 


Date 23.02.2011-V2 23.02.2011-V2 
 
 







   


 2 


 


1. Application  


This method describes a real-time PCR method for screening of the p35S-nptII-construct. As target sequence the 
junction from the p35S promoter to the nptII gene is amplified.  


 


2. Principle:   


The method is a real-time PCR using a TaqMan probe labelled with 6FAM. It is established on the MX3005P 
(Agilent Technologies) and LC480 (Roche Diagnostics) real-time PCR machines. The performance on other PCR 
machines must be verified.  


 


3. Chemicals and Material 


For all steps nuclease-free reagents and consumables for use in molecular biology should be used. 


 


3.1 Chemicals  


 


 nuclease free water   


 QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743) 


 0.1 x TE buffer 


 Primer und Probe (see Table 1) 


 


Table 1: 
Name Sequences (5’-3’) Reference 


35S-F 5’-TATCCTTCGCAAGACCCTTCC-‘3 Bayer Bioscience 2006 [2] 


nptII-R 5’-GATTGTCTGTTGTGCCCAGTCA-‘3 §64 LFGB GMO working group 


nptII-Tm2 6FAM– AGCCGAATAGCCTCTCCACCCAAGC-BBQ §64 LFGB GMO working group 


Size of the PCR product:  205 bp (MON863/MON15985/MON1445/MON531 
294 bp (Laurical rape) 


 
 


3.2 Materials  


3.2.1 Samples 


DNA for the analysis of the real time PCR can be extracted according to the ISO 21571. For the 
establishment of the method a modified CTAB-protocol [1] as well as the GeneSpin DNA extraction kit from 
seeds, plant material, food and feed (GeneScan Analytics GmbH) was used. An extraction control (= EC) 
must be carried along, using water instead of the sample for DNA extraction.  
 


3.2.2 Extraction control 


The extraction control (=EC) is used for excluding contaminations in the extraction reagents. It should be 
analysed in duplicates. The real time PCR results of the EC have to be negative. 


 


 







   


 3 


3.2.3 Positive control and no template control (NTC) 


For the FAM channel a positive control for the p35S-nptII gene should be analysed in duplicates to control the 
function of the PCR reagents as well as the PCR run. The positive control always has to show positive Ct-values 
(≤ 40).  MON863-DNA is used as positive control.  


A no template control (=NTC) should be analysed in duplicates. The NTC is used for excluding contaminations in 
the PCR master mix. For the NTC, instead of DNA template water is added. The NTC has to show negative 
results (no ct). 


 


3.2.3 Inhibition control 


To prove the PCR amplifiability of the DNA and to show the absence of PCR inhibitors the taxon specific referen-
ce gene for the corresponding plant species should be analysed for each DNA sample by real time PCR.  


 


All controls can be used as described in the EN ISO 24276 and EN ISO 215569.  


 


4. Equipment  


 Vortex shaker  


 Table centrifuge for 2 ml PCR-grade tubes (Hettich Mikro 22R with rotor E1547)  


 pipettes for a volume range of 0.1µl to 1000 µl (for example Eppendorf, Hamburg, Germany) 


 filter tips a volume range of 0.1 µl to 1000 µl  (for example Eppendorf, Hamburg, Germany) 


 1.5 and 2 ml PCR-grade tubes (for example Eppendorf „Biopure“ tubes) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972)  


 Plate centrifuge (Hettich Universal 16R with rotor S0017) 


 Real-time PCR Cycler MX 3005P (Agilent Technologies) or LC480 (Roche Diagnostics) 


 freezer  −20°C +/−3°C  


 clean bench or PCR working station 


 gloves 


 fridge 2-8°C  
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5. Procedure 


5.1 Preparation of primer/probe working solutions 


Primer and probe stock solutions should be diluted in 0.1x TE-buffer to a final concentration of 100 µM. For the 
PCR a 10 µM working solution (diluted with nuclease-free water) is used for the primer and probe. The working 
solution is stored in aliquots at -20°C.   


 


5.2 PCR-Set up 


All samples should be analyzed in duplicates. According to the number of samples to be analysed the needed 
volume of the master mix including primer, probes and water needs to be calculated.  


The preparation of the master mix should be done as shown in Table 2 in biopure reaction tubes, before use it 
should be shortly mixed and centrifuged. 


 Pipette 20 µl master mix in nuclease- free 96 well plates 


 Add 5 µl DNA / EC or H2O  


 Seal the plate and centrifuge it for one minute 


 Choose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, choose the FAM 
fluorescence channel for measurement and start the PCR 


 


Table 2: Master mix protocol  


Reagents Work 
concentration 


Volume / reaction (µl) 


Quantitect Multiplex Master mix No Rox 2-fold concentrate 12.5 


Forward Primer 0.4 µM 1.0 


Reverse primer 0.4 µM 1.0 


Probe 0.1 µM 0.25 


H2O (Nuclease free)  5.25 


DNA 5-50 ng 5 


Final volume 25 
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5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cyclers Mx3005P or the LC480 with the following thermo profile: 


Table 2: Thermo profile  


 
Steps T (°C) Time (sec) Number of cycles 


UNG activation 50 120 1 X 


Initial denaturation 95 900 1 X 


Amplification 94 60 
45 X 


60 60 


Ramp rate: 2.5°C/sec  


Data acquisition is performed in the FAM channel.  


Reporter dye:   Excitationmax Emissionmax Colour  
6FAM   495 nm  525 nm  Green 
 


At the 3’-end the probe is labelled with the Blackberry quencher (BBQ, www.tib-molbiol.com).  


 


5.4 Data analysis 


For data the MXPro Software (Agilent Technologies) or the LC480 software (Roche Diagnostics, 2nd derivative 
maximum method) is used.  Before analyzing the unknown samples the results of the controls need to be 
checked. Positive controls need to show Ct-values <40, while the negative controls as well as the extraction 
controls must show negative results (as indicated by the absence of amplification or a Ct value greater than 40). 
For each sample a taxon specific PCR has to show positive signals.  
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