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Summary 


One of the objectives of the Work Package 2 (WP2) is the implementation of 


cost efficient PCR methods. Therefore at the Bavarian Health and Food Safety 


Authority (LGL) a pentaplex real time PCR method was developed for the 


screening of the five elements P-35S, T-NOS, pat, bar and CTP2-CP4-EPSPS. 


Each of those TaqMan assays has either been published as singleplex or 


duplex format before. The optimal combination of different published assays 


has been tested. Then PCR conditions as primer and probe concentrations, 


fluorescence dyes, PCR mastermix as well as thermoprofile have been opti-


mized for the multiplex PCR on the Stratagene MX3005P real time PCR ma-


chine (Agilent Technologies). Since a lot of laboratories around Europe may not 


have the proper equipment to allow simultaneous detection of five fluorescence 


dyes during real time PCR, the GMOseek consortium agreed that LGL should 


also develop a duplex and a triplex real time PCR method in addition to the 


pentaplex method. Sensitivity and specificity tests were done with good results. 


A full in-house validation (according to the French AFNOR standards) of the 


pentaplex assay as well as the duplex and the triplex assays is currently in 


process; precise determination of LOD are still needed to complete these in-


house validations. The aim is that all three assays shall be robust enough to be 


used in practice for qualitative screening of GMOs.  


The Standard Operating Procedures for the pentaplex, duplex and triplex real-


time PCR methods are available in appendices 1 to 3. 


 


Date: 26.05.2010 


 


 


Dr. Ingrid Huber 
 
Bavarian Health and Food Safety Authority 
Veterinärstr. 2 
D-85764 Oberschleißheim 
Germany 
Tel: 0049 89/31560234 
Fax: 0049 89/31560458 
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Results & methods 


1.1 Primers and probes for the multiplex / singleplex real time PCRs 


Combining different published detection systems showed optimal results with 


following primer and probe sets:  


 


 


Table 1:  Primers and probes for the multiplex and singleplex PCR 


Genetic 
element 


Primer names Original publication  Fluorescence 
dye 


CTP2-CP4-
EPSPS 


GT73TMF/R §64 LFGB 00.00-125 [1/6] ATTO425 


tNOS 
 


180-F/180-R 
 


§64LFGB 00.00-122 [1/2/5]  
 


6FAM 
 


p35S 
 


35S-F/35S-R 
 


§64LFGB 00.00-122 [1/2/3]  
 


HEX 
 


pat 
 


pat141/pat248 
 


Zeitler et al. [4]  
 


CY5 
 


bar 
 


RapBF/RapBR 
 


§64LFGB 00.00-124 [1/6]  
 


TEX 
 


 


Literature:  


[1] §64 LFGB Amtliche Sammlung von Untersuchungsverfahren (in german) 


[2] Waiblinger H.U., Ernst B., Anderson A., Pietsch K. Eur Food Res Technol: 2008: 226:1221-
1228 


 
[3] DIN ISO 21570:2005: Lebensmittel-Verfahren zum Nachweis von gentechnisch modifizierten 


Organismen und ihren Produkten: Quantitative auf Nukleinsäure basierende Verfahren (in 
german) 


 
[4] Zeitler R., Pietsch K., Waiblinger H.U. Eur Food Res Technol (2002) 213:346-351: Validation 


of real-time PCR methods for the quantification of transgenic contaminations in rape seed 
 
[5] Reiting, R., Broll H., Waiblinger H.U., Grohmann L.: J Verbraucherschutz 


Lebensmittelsicherheit (2007) 2:116-121 Collaborative study of a T-nos real-time PCR method 
for screening of genetically modified organisms in food products 


 
[6] Grohmann, L., C. Brünen-Nieweler, et al. (2009). "Collaborative trail validation studies of real-


time PCR-based GMO screening methods for detection of the bar gene and the ctp2-epsps 
construct." Journal of Agricultural and Food Chemistry 57: 8913-8920. 
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1.2 Labelling strategy for the MX3005P real time PCR cycler  


Reporter dye:  Excitationmax Emissionmax  Colour  


Atto425   436 nm  484 nm  Blue 


6-FAM  495 nm  520 nm  Green 


HEX   535 nm  556 nm  Yellow 


Texas Red  590 nm  603 nm  Orange 


CY5   643 nm  667 nm  Red 


All fluorescent dyes (probes) were quenched with the non-fluorescent 


blackberry quencher (BBQ, www.tib-molbiol.com, maximum absorption: 


650nm). 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.  


The Pentaplex/Duplex/Triplex real time PCRs were optimized on the Stratagene 


MX3005P real time PCR machine (Agilent Technologies) which is equipped 


with 5 fluorescence filter sets. The performance of the assays will also be 


validated on the LightCycler (LC)480 real time PCR machine (Roche 


Diagnostics) in-house as well as during inter-laboratory transfer.  


1.3 Optimized PCR conditions for the multiplex real time PCRs 


The optimized PCR conditions were as follows:  


The optimal PCR mastermix for the high grade of multiplexing was the Quanti-


tect Multiplex Mastermix (Qiagen). The used PCR cycler was the Stratagene 


MX3005P real time PCR cycler (Agilent Technologies). Optimal primer 


concentration for the pentaplex as well as the triplex and duplex real time PCR 


method was 400 nM for each primer. Optimal probe concentration for the 


pentaplex as well as the triplex and duplex real time PCR method was 200 nM 


for each probe.  


The optimal thermo profile for the multiplex PCRs was a three-step PCR 


programme as follows: 2‘50°C / 15’95°C / 45x [30“95°C / 45“60°C / 45“72°C]. 


The multiplex assays run more in a more stable way in the three-step 


programme compared to the two-step programme as described in EN ISO 


21570:2005.  



http://www.tib-molbiol.com/
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1.4 Calibration standards used for validation of the method 


Events:  


  Maize NK603: [2%]   (CP4-EPSPS 2x, tNOS 2x, p35S 1x) 


  Maize BT11: [2%]    (pat 1x, tNOS 2x, p35S 2x) 


  Maize BT176: [2%]   (bar 1x, p35S 1x) 


  Maize DAS59122-7: [10%]  (pat 1x, p35S 1x) 


GMO-Standards from IRMM (Institute for Reference Materials and Measure-


ments, http://irmm.jrc.ec.europa.eu/html/homepage.htm) 


1.5 First Sensitivity tests 


Following multiplex real time PCRs have been tested versus singleplex real 


time PCRs. Three replicates were performed per run for each dilution (n=3). 


Multiplex PCRs versus singleplex PCRs:  


Duplex: pat/ bar BT176 : BT11 (1:1) 


Triplex: p35S/ tNOS/ CP4-EPSPS BT176 : NK603 (1:1) 


Pentaplex: p35S/ tNOS/ CP4-EPSPS/ pat/ bar BT176:NK603: DAS59122 (2:1:2) 


The calibration standards were genomic DNA diluted with Thymus-DNA 


(100ng/µl). They were tested in 4-fold dilution series.  


Approximated LOD for the pat- and the bar gene determined with calibration 


standards of a mixture of BT176: Bt11(1:1) 


 


Table 2: Sensitivity test for the pat-gene for duplex- and singleplex PCR in comparison 


pat gene   approximated LOD    


GMO-copies 503 63 16 4 1.0 0.2 0.06 0 
Duplex-PCR         


mean Ct 
positive results 


28.59 
(3/3) 


29.62 
(3/3) 


31.65 
(3/3) 


33.50 
(3/3) 


33.80 
(2/3) 


35.36 
(2/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


29.09 
(3/3) 


30.50 
(3/3) 


32.39 
(3/3) 


34.12 
(3/3) 


35.75 
(3/3) 


36.21 
(1/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


 


Table 3: Sensitivity test for the bar-gene for duplex- and singleplex PCR in comparison 


bar gene   approximated LOD    


GMO-copies 503 63 16 4 1.0 0.2 0.06 0 


Duplex-PCR         


mean Ct 30.02 31.42 32.98 35.73 35.61 no Ct no Ct no Ct 
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positive results (3/3) (3/3) (3/3) (3/3) (3/3) (0/3) (0/3) (0/3) 


Singleplex-PCR         


mean Ct 
positive results 


30.82 
(3/3) 


32.82 
(3/3) 


34.40 
(3/3) 


36.12 
(3/3) 


38.88 
(1/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


 


Approximated LOD for the 35S-Promotor, the NOS-Terminator and the 


CP4-EPSPS construct, determined with calibration standards of a mixture 


BT176: NK603: (1:1). 


 


Table 4: Sensitivity test for p35S for triplex- and singleplex PCR in comparison 


p35S    approximated LOD   


GMO-copies 1002 250 63 16 3.9 1.0 0.25 0.06 


Triplex-PCR         


mean Ct 
positive results 


27,93 


(3/3) 


29,48 


(3/3) 


31.03 


(3/3) 


32.96 


(3/3) 


34.24 


(3/3) 


35.66 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


28.72 


(3/3) 


29.23 


(3/3) 


31.83 


(3/3) 


33,78 


(3/3) 


35.53 


(3/3) 


35.94 


(2/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


 


 


 


Table 5: Sensitivity test for tNOS for triplex- and singleplex PCR in comparison 


tNOS   approximated LOD     


GMO-copies 1002 250 63 16 3.9 1.0 0.25 0.06 


Triplex-PCR         


mean Ct 
positive results 


28.21 


(3/3) 


29.76 


(3/3) 


31.31 


(3/3) 


34.75 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


29.78 


(3/3) 


31.33 


(3/3) 


32.83 


(3/3) 


34.11 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


 


Table 6: Sensitivity test for the CTP2-CP4-EPSPPS construct for triplex- and singleplex PCR in 
comparison 


 
CTP2-CP4-EPSPPS   approximated LOD    


GMO-copies 1002 250 63 16 3.9 1.0 0.25 0.06 
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Triplex-PCR         


mean Ct 
positive results 


26.95 


(3/3) 


29.13 


(3/3) 


30.73 


(3/3) 


32.19 


(3/3) 


34.25 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


27.63 


(3/3) 


30.31 


(3/3) 


32.25 


(3/3) 


33,56 


(3/3) 


36.00 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


Approximated LOD for the 35S-Promotor, the NOS-Terminator, the CTP2-


CP4-EPSPS construct, the bar gene and the pat gene determined with 


calibration standards of a mixture of BT176: NK603: DAS59122 (2:1:2).  


 


Table 7: Sensitivity test for p35S for pentaplex- and singleplex PCR in comparison 


p35S    approximated LOD   


GMO-copies 1458 365 91 23 5.7 1.4 0.35 0.09 


Pentaplex-PCR         


mean Ct 
positive results 


29,96 


(3/3) 


29,99 


(3/3) 


31.25 


(3/3) 


33.13 


(3/3) 


34.78 


(3/3) 


35.74 


(1/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


29.94 


(3/3) 


30.34 


(3/3) 


32.21 


(3/3) 


33,86 


(3/3) 


35.86 


(3/3) 


37.59 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


Table 8: Sensitivity test for tNOS for pentaplex- and singleplex PCR in comparison 


tNOS   approximated LOD     


GMO-Copies 578 144 36 9 2.3 0.6 0.15 0.04 


Pentaplex-PCR         


mean Ct 
positive results 


29.01 


(3/3) 


30.13 


(3/3) 


31.27 


(3/3) 


32.81 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


31.33 


(3/3) 


33.62 


(3/3) 


34.83 


(3/3) 


35.44 


(3/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


Table 9: Sensitivity test for the CTP2-CP4-EPSPPS construct for pentaplex- and singleplex 
PCR in comparison 


 
CTP2-CP4-EPSPS   approximated LOD    


GMO-copies 578 144 36 9 2.3 0.6 0.15 0.04 


Pentaplex-PCR         
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mean Ct 
positive results 


29.90 


(3/3) 


30.62 


(3/3) 


32.15 


(3/3) 


33.57 


(3/3) 


34.10 


(1/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


33.31 


(3/3) 


32.00 


(3/3) 


34.73 


(3/3) 


35,66 


(3/3) 


37.41 


(2/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


no Ct 


(0/3) 


 


Table 10: Sensitivity test for the pat-gene for pentaplex- and singleplex PCR in comparison 


pat gene   approximated LOD    


GMO-copies 594 148 37 9 2.3 0.6 0.15 0.04 
Pentaplex-PCR         


mean Ct 
positive results 


29.78 
(3/3) 


31.15 
(3/3) 


32.64 
(3/3) 


34.17 
(3/3) 


36.22 
(2/3) 


39.35 
(1/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


Singleplex-PCR         


mean Ct 
positive results 


29.76 
(3/3) 
 


30.82 
(3/3) 
 


32.35 
(3/3) 
 


34.04 
(3/3) 
 


35.43 
(3/3) 


34.12 
(1/3) 


37.08 
(1/3) 
 


no Ct 
(0/3) 


 


Table 11: Sensitivity test for the bar-gene for pentaplex- and singleplex PCR in comparison 


bar gene   approximated LOD    


GMO-copies 576 144 36 9 2.2 0.6 0.15 0.04 
Pentaplex-PCR         


mean Ct 
positive results 


30.83 
(3/3) 
 


31.26 
(3/3) 
 


32.63 
(3/3) 
 


35.74 
(3/3) 
 


36.83 
(3/3) 


39.86 
(2/3) 


no Ct 
(0/3) 
 


no Ct 
(0/3) 
 


Singleplex-PCR         


mean Ct 
positive results 


30.00 
(3/3) 


31.12 
(3/3) 


33.07 
(3/3) 


34.54 
(3/3) 


36.77 
(3/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


no Ct 
(0/3) 


 


Our tests showed no difference in sensitivity of singleplex and multiplex PCRs. 


At present the pentaplex, triplex and duplex PCR are in the process of in-house 


as well as external validation according to AFNOR standards to determine the 


exact limit of detection in a range of 20.000 to 0.1 copies of GM elements. 


 


1.6 First PCR efficiency tests 


The duplex, triplex and pentaplex real time PCRs were compared for PCR 


efficiency:  
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Table 12: Efficiency of the pentaplex versus the singleplex PCRs 


PCR-
system 


p35S tNOS bar pat 
CTP2-CP4-


EPSPS 


 1plex 5plex 1plex 5plex 1plex 5plex 1plex 5plex 1plex 5plex 


slope -3.85 -3.45 -3.83 -2.94 -3.36 -3.05 -3.50 -3.36 -3.57 -3.16 


efficiency  
(%) 


83.9 95.0 82.55 118.9 98.5 112.9 93.2 98.4 90.7 106.0 


 


Table 13: Efficiency of triplex versus the singleplex PCRs 


PCR-
system 


p35S tNOS 
CTP2-CP4-


EPSPS 


 1plex 3plex 1plex 3plex 1plex 3plex 


slope -3.41 -2.95 -2.29 -3.19 -3.77 -3.47 


efficiency  
(%) 


96.4 118.4 122.0 105.0 84.5 94.0 


 


Table 14: Efficiency of the duplex versus the singleplex PCRs 


PCR-
system 


pat bar 


 1plex 2plex 1plex 2plex 


slope -2.93 -3.41 -3.27 -3.48 


efficiency  
(%) 


119.0 96.5 102.4 93.7 


 


 


The PCR efficiencies of the duplex, triplex and pentaplex real time PCRs were 


comparable to the PCR efficiencies of the singleplex PCRs. 


 


1.6  Specificity tests 


All GMO used for specificity tests were 1% transgene with 20,000 copies of the 


GM elements. The table shows all tested GMOs with theoretically expected 


results (in brackets) and experimentally verified results (without brackets, high-


lighted with a coloured background). The remaining theoretical results will be 


verified experimentally, as soon as the missing reference material DNAs will be 


available at LGL.  
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Table 15: Specificity of the detection of GMO events by pentaplex PCR 


Species GMO Standards p35S 


 


tNOS CTP2-
CP4-


EPSPS 


pat bar 


Maize DAS59122-7 ERM-BF424c + - - + - 


Maize Bt176 ERM-BF411d + - - - + 


Maize CBH351 BVL + + - - + 


Maize Bt11 ERM-BF412d + + - + - 


Maize NK603 ERM-BF415d + + + - - 


Maize GA21 ERM-BF414d - + - - - 


Maize non-GMO ERMBF414a - - - - - 


Rapeseed MS8XRF3 Fluka 55231 - + - - + 


Rapeseed GT73 Fluka 55231 - - + - - 


Rapeseed GS40/90 Fluka 55231 + - - + - 


Rapeseed T45 IPH, Belgium + - - + - 


Rapeseed non-GMO BVL (+) - - - - 


Rice LL-R601 CRL + - - - + 


Rice LLRice62 BVL + - - - + 


Rice non-GMO CRL - - - - - 


Soybean MON89788 CRL - - + - - 


Soybean GTS40-3-2 ERM-BF410gk + + - - - 


Soybean A5547-127 BVL + - - + - 


Soybean non-GMO ERMBF410a (+) - - - - 


Sugarbeet H7-1 ERM-BF419a/b - - + - - 


Sugarbeet non-GMO ERM-BF419a - - - - - 


 


The results of the pentaplex PCR showed high specificity of the detection of the 


five elements p35S, tNOS, CTP2-CP4-EPSPS, pat and bar. The pat and the 


bar gene are both derived from the soil bacteria Streptomyces and show some 


similarities in the gene structure. The pentaplex PCR clearly distinguishes the 


pat and the bar gene (from S. viridochromogenes and S. hygroscopicus) as it is 


shown for the GMO events Bt11, GS40/90, A5547-127 (pat-gene) and Bt176, 


MS8/Rf3 (bar-gene), respectively.  


The six GMO events MON89788, GTS 40-3-2 soybean, GA21, NK603 maize, 


H7-1 sugarbeet, and GT73 rapeseed have the herbicide resistance gene 


EPSPS. Only NK603 maize, MON89788 soybean, GT73 rapeseed and H7-1 


sugarbeet have the construct CTP2-CP4-EPSPS which is detected by the 


pentaplex real time PCR assay. As our analytical results (Table 15: 15) show  


the expected specificity is obtained. The NK603 maize, H7-1 sugarbeet and 


Mon89788 soybean events with the CTP2-CP4-EPSPS are detected. The 


soybean GTS40-3-2 with the CP4-EPSPS gene but without the sequence of the 
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CTP2 (chloroplast transit peptide = CTP) and the GA21 maize event with the 


mEPSPS gene (originating from maize = m) were also tested negatively for 


CTP2-CP4-EPSPS. The specificity tests for non-GMO soybean and non-GMO 


rapeseed will be repeated as the used plant material showed weak GMO 


contamination with p35S.  


1.7.1 Robustness 


Robustness to apparatus change of the multiplex real time PCR methods 


(duplex, triplex, pentaplex) will be tested by transferring the assays to the 


Lightcycler480. Here the following fluorescence channels are used:  


 


Reporter dye:   Excitationmax Emissionmax  Colour  


Cyan500    450 nm  500 nm  Blue 


6-FAM   495 nm  525 nm  Green 


HEX    535 nm  556 nm  Yellow 


Texas Red   590 nm  603 nm  Orange 


CY5    643 nm  667 nm  Red 


 


The probes are labelled as follows:  


Targeted element  Fluorescence dye 


CTP2-CP4-EPSPS  Cyan500 


T-NOS   6FAM 


P-35S    HEX 


Pat    CY5 


Bar    TEX 


 


On LC480 it is necessary to perform colour compensation first on all five chan-


nels and then connect the colour compensation with each individual run.  


Robustness for primer/probe variation as well as temperature variation in the 


thermocycler will also be performed during the transfer process of the method to 


an external laboratory.  


Additionally to the pentaplex real time PCR assays a duplex and triplex real 


time PCR assay are validated in following combination to be used on other PCR 
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machines, where higher grade multiplexing is not possible. Performance tests of 


the assays on other PCR machines have not been done.  


 


Duplex real time PCR:  


Targeted element  Reporter dye 


Bar    6FAM 


Pat    HEX  


 


Triplex real time PCR:  


Targeted element  Reporter dye 


CTP2-CP4-EPSPS  ROX/Texas Red 


T-NOS   6FAM 


P-35S    HEX 
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2 Summary of results, discussion and conclusion 


The three multiplex real time PCRs (pentaplex, triplex, duplex) have been opti-


mized according to the chemical conditions and the thermo profile. The tests 


with a genomic DNA dilution series show sensitive results with good efficien-


cies. Our results show a high specificity of the pentaplex PCR. Elements with 


similar but not the same nucleotide sequence are not detected. Further experi-


ments to complete the in-house as well as external validation will be done to 


determine the LOD by AFNOR criteria for pentaplex, triplex and duplex real-


time PCR methods.  


 


3 List of appendices 


 Appendix 1: Standard operation procedure (SOP) for the pentaplex real-


time PCR on the MX3005P platform (Agilent Technologies) 


 Appendix 2: Standard operation procedure (SOP) for the duplex real-time 


PCR on the MX3005P platform (Agilent Technologies) 


 Appendix 3: Standard operation procedure (SOP) for the triplex real-time 


PCR on the MX3005P platform (Agilent Technologies) 
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1. Application  


This method describes an assay for the simultaneous detection of two GMO screening elements,.namely the bar 
and the pat gene. Both genes induce herbicide resistence to GMO, the bar gene (Basta resistance gene) 
originates from Streptomyces hygroscopicus and the pat (phosphinothricine acetyltransferase gene) from 
Streptomyces viridochromogenes).  
 


 


 


2. Principle:   


The method is a duplex real-time PCR with five TaqMan probes labelled with two fluorescence dyes. It is 
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as LC480 (Roche 
Diagnostics) 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 Probes 


 
Bar gene: primers and probes (Lit. 2) 
 
RapB-F1: 5`-ACAAGCACGGTCAACTTCC-3’ 
RapB-F1: 5`-GAGGTCGTCCGTCCACTC-3’ 
RapB-F1:  5`-FAM-TACCGAGCCGCAGGAACC-BBQ 


 
Amplicon: 60bp 


 


Pat gene: primers and probes (Lit. 2, 3) 
 
Pat 141-F:  5`-CGCGGTTTGTGATATCGTTAAC-3’ 
Pat 248-R:  5`-TCTTGCAACCTCTCTAGATCATCAA-3’ 
Pat 193T-Probe: 5`-HEX-AGGACAGAGCCACAAACA CCACAAGAGTG-BBQ 
 
Amplicon: 108bp 







 


   


 


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. 7) 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). The positive control used is a mixture from genetically 
modified rape DNA mixed as follows: GT73 : GS40/90 : MS8XRF3. 


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 21569.  


 


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“) 


 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 20 µM working solution (diluted with nuclease-free water) is used for primer and a 10 µM working solution 


for the probes. 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 mastermix should be done as shown in Table 1 in nuclease-free 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 


 


Table 1: Mastermix protocol  


Mastermix- components Final concentration  Volume for a single reaction 


H2O   4.5 µl 


QuantiTect Multiplex PCR NoROX reagent (2x) 1x 12.5 µl 


Pat 141-F  (20µM) 
Bar-166-F  (20µM) 


 


0.4 µM each 0.5 µl each 


Pat 248-R  (20µM) 
Bar-167-R (20µM) 


0.4 µM each 0.5 µl each 


Pat 193T-Probe-FR CY5 (10µM) 
Bar-168-Probe TEX  (10µM) 


0.2 µM each 0.5 µl each 


Template     5.0 µl 


Total volume     25.0 µl 


 







 


   


 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler Mx3005 with the following thermo profile: 


Table 2: Thermo profile  


  Ramp rate: 2.5°C/sec  


 


Data acquisition is performed in the FAM and HEX-channels.     


Reporter dye:   Excitationmax Emissionmax Colour  
6-FAM   495 nm  525 nm  Green 
HEX   535 nm  556 nm  Yellow 


 


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. All fluorescence channels have to be analyzed separately. 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 the 
taxon specific PCR have to show positive signals.  
 
 
 


6. Literature 


[1] Ausubel, F.M., Brent, R., Kingston, R.E, Moore, D.D., Seidman, J.G., Smith, J.A., Struhl, K. (1999). Short 
protocols in molecular biology. 4 ed. Wiley, New York, USA 


 
[2] §64 LFGB Amtliche Sammlung von Untersuchungsverfahren 
 
[3] Zeitler R., Pietsch K., Waiblinger H.U. : Eur Food Res Technol (2002) 213:346-351: validation of real-time  


PCR methods for the quantification of transgenic contaminations in rape seed.  
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Annealing 60°C 45 sec 


Elongation 72°C 45 sec. 
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1. Application  


This method describes an assay for the simultaneous detection of three GMO screening elements, namely the 
35S promoter region of the Cauliflower mosaic virus (p35S), the terminator region of the nopalin synthase gene 
(tNOS) from Agrobacterium tumefaciens, the 6-Enolpyruvylshikimate-3-phosphate-synthase (EPSPS) gene from 
Agrobacterium tumefaciens strain CP4 with an upstream sequence of the chloroplast transit peptide sequence 
CTP2 from Arabidopsis thaliana. 
 


2. Principle:   


The method is a triplex real-time PCR with three TaqMan probes labelled with different fluorescence dyes. It is 
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as LC480 (Roche 
Diagnostics) 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 Probes 


p35S gene: primers and probes (Lit. 1, 2, 3) 
 
35S-F-screen  5`-GCCTCTGCCGACAGTGGT-3’ 
35S-R-screen  5`-AAGACGTGGTTGGAACGTCTTC-3’ 
35S-Probe-screen  5`-HEX-CAAAGATGGACCCCCACCCACG-BBQ 
 
Amplicon: 82bp 


 


tNOS gene: primers and probes (Lit. 1, 2, 4) 
 
T-nos-180-F:  5`-CATGTAATGCATGACGTTATTTATG-3’ 
T-nos-180-R: 5`- TTGTTTTCTATCGCGTATTAAATGT-3’ 
T-nos-180-probe:  5`- 6FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-BBQ 
 
Amplicon: 84bp 
 


CTP2-CP4-EPSPS construct: primers and probes (Lit. 1, 5) 
 
GT73-TMF:   5`-GGGATGACGTTAATTGGCTCTG-3’ 
GT73-TMR:   5`-GGCTGCTTGCACCGTGAAG-3’ 
GT73-TmP:   5`-TexasRed-CACGCCGTGGAAACAGAAGACATGACC-BBQ 
 
Amplicon: 88bp 







 


   


 


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. 6) 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). The positive control used is a mixture from genetically 
modified rape DNA mixed as follows: GT73 : GS40/90 : MS8XRF3. 


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 21569.  


 


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“) 


 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 20 µM working solution (diluted with nuclease-free water) is used for primer and a 10 µM working solution 


for the probes. 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 1 in nuclease-free 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 


 Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the three 
respective fluorescence channels for measurement and start the PCR 


 


Table 1: Mastermix protocol 


 


Mastermix- components Final concentration  Volume for one reaction 


H2O  3.0 µl 


QuantiTect Multiplex PCR NoROX reagent 
(2x) 


1x 12.5 µl 


GT73-376-epsps-F (20µM) 
35S-F-screen (20µM) 
T-nos-180-F (20µM) 
 


0.4 µM each 0.5 µl each 


GT73-377-epsps-R (20µM) 
35S-R-screen (20µM) 
T-nos-180-R (20µM) 
 


0.4 µM each 0.5 µl each 


GT73-378-epsps-probe-ATTO 425    (10µM) 
35S-Probe-screen-HEX (10µM) 
T-nos-180-probe-FAM (10µM) 
 


0.2 µM each 0.5 µl each 


                                            Template                              5.0 µl 


Total volume                                               25.0 µl 







 


   


 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler Mx3005P with the following thermo profile: 


Table 2: Thermo profile  


Ramp rate: 2.5°C/sec  


 


Data acquisition is performed in the FAM-, HEX- and ROX-channels:   


Reporter dye:   Excitationmax Emissionmax Colour  
6-FAM   495 nm  525 nm  Green 
HEX   535 nm  556 nm  Yellow 
Texas Red  590 nm  603 nm  Orange 


 


At the 3’-end all probes are 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. All fluorescence channels have to be analyzed separately. 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 the 
taxon specific PCR have to show positive signals.  
 
 


6. Literature 


 
[1] §64 LFGB Amtliche Sammlung von Untersuchungsverfahren 
 
[2] Waiblinger H.U., Ernst B., Anderson  A., Pietsch K.: Eur Food Res Technol: 2008: 226:1221-1228 
 
[3] DIN ISO 21570:2005: Lebensmittel-Verfahren zum Nachweis von gentechnisch modifizierten Organismen  
 und ihren Produkten: Quantitative auf Nukleinsäure beasierende Verfahren  


 
[4] Reiting, R., Broll H., Waiblinger H.U., Grohmann L.: J Verbraucherschutz Lebensmittelsicherheit (2007) 2:116-


121 Collaborative study of a T-nos real-time PCR method for screening of genetically modified organisms in 
food products 


 
[5] Grohmann, L., C. Brünen-Nieweler, et al. (2009). "Collaborative trail validation studies of real-time PCR-based 


GMO screening methods for detection of the bar gene and the ctp2-epsps construct." Journal of Agricultural 
and Food Chemistry 57: 8913-8920 


UTG 50°C 2 min.  


Initial Denaturation and Activation of the 
polymerase 


95°C 15 min.  


Denaturation 95°C 30 sec. 
45 cycles 


Annealing 60°C 45 sec 


Elongation 72°C 45 sec. 
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1. Application  


This method describes an assay for the simultaneous detection of five GMO screening elements, namely the 35S 
promoter region of the Cauliflower mosaic virus (p35S), the terminator region of the nopalin synthase gene 
(tNOS) from Agrobacterium tumefaciens, the 6-Enolpyruvylshikimate-3-phosphate-synthase (EPSPS) gene from 
Agrobacterium tumefaciens strain CP4 with an upstream sequence of the chloroplast transit peptide sequence 
CTP2 from Arabidopsis thaliana, the two herbicide resistence inducing genes bar (Basta resistance gene from 
Streptomyces hygroscopicus) and the pat (phosphinothricine acetyltransferase gene from Streptomyces 
viridochromogenes).  
 


 


2. Principle:   


The method is a triplex real-time PCR with five TaqMan probes labelled with different fluorescence dyes. It is 
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as LC480 (Roche 
Diagnostics) 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  


 


 RNase free  water   


 QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743) 


 0.1 x TE buffer 


 Primer und Probes 


p35S gene: primers and probes (Lit. 1, 2, 3) 
 
35S-F-screen  5`-GCCTCTGCCGACAGTGGT-3’ 
35S-R-screen  5`-AAGACGTGGTTGGAACGTCTTC-3’ 
35S-Probe-screen  5`-HEX-CAAAGATGGACCCCCACCCACG-3’ 
Amplicon: 82bp 


 


tNOS gene: primers and probes (Lit. 1, 2, 5) 
 
T-nos-180-F:  5`-CATGTAATGCATGACGTTATTTATG-3’ 
T-nos-180-R: 5`- TTGTTTTCTATCGCGTATTAAATGT-3’ 
T-nos-180-probe:  5`- 6FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-BBQ 
Amplicon: 84bp 
 


Pat gene: primers and probes (Lit. 4) 
 
Pat 141-F:  5`-CGCGGTTTGTGATATCGTTAAC-3’ 
Pat 248-R:  5`-TCTTGCAACCTCTCTAGATCATCAA-3’ 
Pat 193T-Probe:  5`-Cy5-AGGACAGAGCCACAAACA CCACAAGAGTG-BBQ 
Amplicon: 108bp 
 







 


   


 


 
 
Bar gene: primers and probes (Lit. 1, 6) 
 
RapB-F1: 5`- ACAAGCACGGTCAACTTCC-3’ 
RapB-F1:  5`- GAGGTCGTCCGTCCACTC-3’ 
RapB-F1:  5`-TEX-TACCGAGCCGCAGGAACC-BBQ 
Amplicon: 60bp 
 
 
CTP2-CP4-EPSPS construct: primers and probes (Lit. 1, 6) 
 
GT73-TmF:  5`-GGGATGACGTTAATTGGCTCTG-3’ 
GT73-TmR:   5`-GGCTGCTTGCACCGTGAAG-3’ 
GT73-TmP:  5`-Atto 425-CACGCCGTGGAAACAGAAGACATGACC-BBQ 
Amplicon: 88bp 


 


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. 7) 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). The positive control used is a mixture from genetically 
modified rape DNA mixed as follows: GT73 : GS40/90 : MS8XRF3. 


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 21569.  







 


   


 


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“) 


 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 20 µM working solution (diluted with nuclease-free water) is used for primer and a 10 µM working solution 


for the probes. 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 mastermix should be done as shown in Table 1 in biopure 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 five 
respective fluorescence channels for measurement and start the PCR 


 







 


   


 


Table 1: Mastermix protocol  


Mastermix- components Final concentration  Volume for one reaction 


QuantiTect Multiplex PCR NoROX reagent 
(2x) 


1x 12,5 µl 


 
Pat 141-F  (20µM) 
Bar-166-F  (20µM) 
GT73-376-epsps-F (20µM) 
35S-F-screen (20µM) 
T-nos-180-F (20µM) 
 


0.4 µM each 0.5 µl each 


 
Pat 248-R  (20µM) 
Bar-167-R (20µM) 
GT73-377-epsps-R  (20µM) 
35S-R-screen (20µM) 
T-nos-180-R (20µM) 
 


0.4 µM each 0.5 µl each 


 
Pat 193T-Probe-FR CY5 (10µM) 
Bar-168-Probe TEX (10µM) 
GT73-378-EPSPS-probe ATTO 425 (10µM) 
35S-Probe-screen HEX (10µM) 
T-nos-180-probe FAM (10µM) 
 
 


0.2 µM each 0.5 µl each 


                                            Template                              5.0 µl 


Total volume                                               25.0 µl 


 


5.3 Cycling parameters 


The PCR is performed on the real-time PCR Cycler Mx3005 with the following thermo profile: 


Table 2: Thermo profile  


  Ramp rate: 2.5°C/sec  


 


 Data acquisition is performed in the FAM-, ROX, HEX, CY5- and ATTO425-channels.     


Reporter dye:  Excitationmax Emissionmax  Colour  
Atto425   436 nm  484 nm   Blue 
6-FAM  495 nm  520 nm   Green 


UTG 50°C 2 min.  


Initial Denaturation and Activation of the 
polymerase 


95°C 15 min.  


Denaturation 95°C 30 sec. 
45 cycles 


Annealing 60°C 45 sec 


Elongation 72°C 45 sec. 







 


   


 


HEX   535 nm  556 nm  Yellow 
Texas Red  590 nm  603 nm  Orange 
CY5   643 nm  667 nm  Red 


 


At the 3’-end all probes are 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.  


For use on LC480 the reporter dye Atto425 is exchanged with Lightcycler Cyan 500 (excitation: 450 nm, 
emission: 500 nm).  


 


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. All fluorescence channels have to be analyzed separately. 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 the 
taxon specific PCR have to show positive signals.  
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SUMMARY  


One of the objectives of the Work Package 2 (WP2) is the implementation of cost 


efficient PCR methods. Therefore at the Bavarian Health and Food Safety Authority 


(LGL) a pentaplex real-time PCR method was developed for the screening of the five 


target sequences P-35S, T-NOS, pat, bar and CTP2-CP4-EPSPS. Each of those 


TaqMan assays has either been published as singleplex or duplex methods before. 


The screening can be performed with a pentaplex assay or (if no equipment available 


for pentaplexing) can also be performed as combined duplex and triplex real-time 


PCR assays. The multiplex methods have been optimized on MX3005P real-time 


PCR machine (Agilent Technologies) and have been successfully transferred to Light 


Cycler 480 (Roche Diagnostics). In-house validations of the pentaplex, duplex and 


triplex assays have been performed. Transfer of the three multiplex methods to a 


secondary laboratory (CRA-W) has taken place. The three multiplex methods have 


proofed their specificity and sensitivity in the presented in-house validation and have 


passed first robustness tests during inter-laboratory transfer.  


The three multiplex assays presented in this document take into account the 


recommendation validation guidelines, that are proposed in national and international 


documents such as the AFNOR XP V03-020-2 provisional standard [1] the Definition 


of minimum performance requirements for analytical methods for GMO testing [2] 


and the Codex Alimentarius guidelines on performance criteria and validation [3]. 


Even if the transfer of multiplex assays is more difficult than of singleplex assays our 


assays can be recommended for full validation in a collaborative ring trial.  
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D-85764 Oberschleißheim 
Germany 
Tel: 0049 89/31560158 
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PRESENTATION OF THE MULTIPLEX REAL-TIME PCR METHODS 


The multiplex real-time PCR methods described here were pre-validated by two 


laboratories: the developer of the method the Bavarian Health and Food Safety 


Authority (LGL), Oberschleißheim, Germany and the Centre Wallon de Recherche 


Agronomique (CRA-W), Gemloux, Belgium. During the pre-validation process 


statistical analysis of repeatability and reproducibility were performed. Also sensi-


tivity, linearity and efficiency of the amplification were evaluated. Specificity was 


tested by the developer, LGL. The validation process follows the draft guidelines of 


the Codex Committee on Methods of Analysis and Sampling (Alinorm 10/33/23, 


2010) as well as the ENGL definition of minimum performance requirements for 


analytical methods of GMO testing [2] although these criteria are defined for event-


specific singleplex real-time quantification methods and here qualitative real-time 


PCR multiplex screening methods are described.  


DESCRIPTION OF THE METHODS  


These pentaplex, triplex and duplex real-time PCR methods describe assays for the 


detection of five screening targets commonly used in multiple genetically modified 


(GM) plant events. Namely the assay detects the 35S promoter region of the 


Cauliflower mosaic virus (P35S), the terminator region of the nopalin synthase gene 


(TNOS) from Agrobacterium tumefaciens, a construct (CTP2-CP4-epsps) containing 


the 6-Enolpyruvylshikimate-3-phosphate-synthase gene from Agrobacterium tume-


faciens sp. strain CP4 with an upstream sequence of the chloroplast transit peptide 


sequence CTP2 from Arabidopsis thaliana as well as the two herbicide resistance 


genes bar (Basta resistance gene from Streptomyces hygroscopicus) and pat (phos-


phinothricine acetyltransferase gene from Streptomyces viridochromogenes).  


The real-time PCR methods can be applied as a single pentaplex assay or as a com-


bined duplex and triplex assay.  


PURPOSE AND RELEVANCE OF THE METHODS  


The multiplex real-time PCR methods can be used for the detection of GM plants 


which have integrated one or more of the listed screening elements. The assays 


detect the widely used GM targets (P35S, TNOS) in combination with targeting the 


sequences of herbicide resistant genes (bar, pat, CTP2-CP4-EPSPS) in parallel and 


thus detection of many GM plants is achieved [4] using cost efficient and time-saving 


multiplex PCR assays.  
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SCIENTIFIC BASIS  


By the use of sequence specific oligonucleotide primers and TaqMan probes of five 


unique DNA sequences are amplified during multiplied real-time PCR. For each of 


the five targets the specific TaqMan probe is labelled with a different fluorescence 


dye. During each of the 40 PCR cycles the TaqMan hydrolyse probes are degraded 


proportionally to the exponential production of PCR products. Hence, the specific 


fluorescence detected is directly proportional to the amount of PCR-products 


generated in the PCR. By plotting the PCR cycles against the fluorescence intensity, 


the cycle at which the fluorescence reaches a threshold value, the so called threshold 


cycle (Ct), is identified.  


A linear regression is derived for the Ct values of the fluorescence and the log of 


copy numbers. On this basis the linear regression equations, the efficiencies (E) and 


the square regression coefficients (R2) are calculated for all DNA target sequences 


separately. The mathematical relationships on which the copy numbers of the target 


genes and the confidence intervals of this copy numbers (C.I.) are calculated is 


derivation of the linear regression. The C.I. were calculated according to DIN 32645 


[5] for the copy number of each dilution step and run separately. The standard 


deviation (SD) for the Ct values of each dilution step was calculated to show the 


statistical uncertainty. 


The calibration standards used for the sensitivity tests (LOD determination) 


comprised dilution series with 20,000; 5,000; 1,250; 250; 50; 20; 10; 5.0; 2.0; 1.0, 0.1 


and Ø target copies. All dilutions have been performed in a background of 100 ng/µl 


calf thymus DNA. Three runs were analysed with six repetitions of each dilution step, 


resulting in a total number of 18 data points per dilution step. According to [1] 


validation guidelines for the 0.1 copies no more than one of six replicate analysis 


data should be positive.  


SPECIFICATION OF THE PREDICTION MODEL /MATHEMATICAL MODEL NEEDED FOR THE 


METHOD  


For the evaluation of the DNA quality and for normalization of the real-time PCR 


results taxon-specific DNA targets for the expected plant species can be used [6]. 


The mathematical relationship on which the copy numbers of the target sequences 


are calculated is a derivation of the linear regression of the targets.  
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MATERIAL AND CHEMICALS  


LABELLING STRATEGY  


 
The following labelling strategy has been applied to the five detection systems in the 
three multiplex real-time PCRs:  
  
Pentaplex real-time PCR:  


Target   Reporter dye 
CTP2-CP4-EPSPS Atto425 (Stratagene MX3005P) / Cyan500 (Roche 
LightCycler 480) 
T-NOS   6FAM 
P-35S   HEX 
Pat   CY5 
Bar   TEX 


 
Triplex real-time PCR:  


Target   Reporter dye 
CTP2-CP4-EPSPS ROX (Stratagene MX3005P) / Texas Red (Roche 
LightCycler 480) 
T-NOS   6FAM 
P-35S   HEX 
 


Duplex real-time PCR:  


Target   Reporter dye 
Bar   6FAM 
Pat   HEX  
 


OLIGONUCLEOTIDES 


 
All applied oligonucleotides and their sequences are listed below. The fluorescence 
labels indicated for the probes are those of the pentaplex real-time PCR assay.  
 


P35S: primers and probes [6, 7] 


35S-F: 5`-GCCTCTGCCGACAGTGGT-3‟ 
35S-R: 5`-AAGACGTGGTTGGAACGTCTTC-3‟ 
35S-TMP:  5`-HEX-CAAAGATGGACCCCCACCCACG-3-BBQ‟ 
Amplicon: 82bp 
 


TNOS: primers and probes [7, 8] 


180-F:  5`-CATGTAATGCATGACGTTATTTATG-3‟ 
180-R: 5`-TTGTTTTCTATCGCGTATTAAATGT-3‟ 
Tm-180:  5`-6FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-BBQ 
Amplicon: 84bp 
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pat: primers and probes according to Zeitler et. al [9] 


pat-F:  5`-CGCGGTTTGTGATATCGTTAAC-3‟ 
pat-R:  5`-TCTTGCAACCTCTCTAGATCATCAA-3‟ 
pat-P: 5`-Cy5-AGGACAGAGCCACAAACACCACAAGAGTG-BBQ 
Amplicon: 108bp 
 


bar: primers and probes according to Grohmann et. al 2009 [10] 


 


RapB-F1: 5`-ACAAGCACGGTCAACTTCC-3‟ 
RapB-R1:  5`-GAGGTCGTCCGTCCACTC-3‟ 
RapB-S1:  5`-TEX-TACCGAGCCGCAGGAACC-BBQ 
Amplicon: 60bp 
 


CTP2-CP4-EPSPS construct: primers and probes from Grohmann et. al 2009 [10] 


GT73-TmF:  5`-GGGATGACGTTAATTGGCTCTG-3‟ 
GT73-TmR:  5`-GGCTGCTTGCACCGTGAAG-3‟ 
GT73-TmP:  5`-Atto 425-CACGCCGTGGAAACAGAAGACATGACC-DDQ 
 
For application on LC480 the GT73-TmP probe was labelled as follows:  
 
GT73-TmP:  5`-Cyan500-CACGCCGTGGAAACAGAAGACATGACC-BBQ 
 


At the 3‟-end all probes are labelled with the Blackberry quencher (BBQ), respectively 


the GT73-TmP with Deep Dark (DDQ). These quenchers are ideal for multiplex 


PCRs as they can be combined with all fluorescent dyes from UV via 


blue/ yellow/ orange/ red wavelengths to infrared wavelengths.  


CHEMICALS  


 Aqua ad iniectablia (B. Braun, Melsungen, Germany, order no. 25/2211150/0410): 
highly pure water 


 QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743) 


 0.1 x TE buffer [1x TE-buffer ph 8.0 (AppliChem) diluted in Aqua ad iniectablia 
(Braun, Melsungen)] 


 Uracyl N Glycosylase (Eurogentech, order no.RT-061015), 0.2 U / PCR reaction 
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MASTERMIX PROTOCOLS 


Mastermix protocol for pentaplex real-time PCR 


 
Table 1: Mastermix protocol for pentaplex real-time PCR 


Master mix 
components 


Final  
concentration  


Volume for one 
reaction 


QuantiTect Multiplex PCR NoROX reagent (2x) 1x  12.5 µl 


Forward 
Primer 


pat-F  (20µM) 


0.4 µM each  0.5 µl each 


RapB-F1:  (20µM) 


GT73-TmF: (20µM) 


35S-F: (20µM) 


180-F: (20µM) 


Reverse 
Primer 


pat-R: (20µM) 


0.4 µM each  0.5 µl each 


RapB-R1: (20µM) 


GT73-TmR: (20µM) 


35S-R: (20µM) 


180-R: (20µM) 


probe 


pat-P: (10µM) 


0.2 µM each  0.5 µl each 


RapB-S1: (10µM) 


GT73-TmP: 
ATTO 425/ Cyan500 (LC480) (10µM) 35S-TMP: (10µM) 


Tm-180: (10µM) 


DNA  Template  (10µM)  5.0 µl 


 Total volume   25.0 µl 


 


Master mix protocol for Triplex real-time PCR 


Table 2: Mastermix protocol for triplex real-time PCR 


Master mix- 
components 


Final 
concentration  


Volume for one 
reaction 


Aqua ad injectabilia (Braun, Melsungen) 
 


 3.0 µl 


QuantiTect Multiplex PCR NoROX reagent (2x) 1x 12.5 µl 


forward 
primer 


GT73-TmF: (20µM) 
35S-F: (20µM) 
180-F: (20µM) 
 


0.4 µM each 0.5 µl  each 


reverse 
primer 


GT73-TmR: (20µM) 
35S-R: (20µM) 
180-R: (20µM) 
 


0.4 µM each 0.5 µl  each 


probe 
GT73-TmP:  (10µM) 
35S-TMP: (10µM) 
Tm-180: (10µM) 
 


0.2 µM each 0.5 µl  each 


DNA  Template   5.0 µl 


  Total volume   25.0 µl 
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Mastermix protocol for duplex real-time PCR  


Table 3: Mastermix protocol for duplex real-time PCR 


Master mix 
components 


Final  
concentration  


Volume for a 
single reaction 


Aqua ad iniectablia (Braun, Melsungen) 
 


 4.5 µl 


QuantiTect Multiplex PCR NoROX reagent (2x) 1x 12.5 µl 


forward 
Primer 


pat-F: (20µM) 
RapB-F1: (20µM) 
 


0.4 µM each 0.5 µl each 


reverse 
Primer 


pat-R: (20µM) 
RapB-R1: (20µM) 


0.4 µM each 0.5 µl each 


probe pat-P: (10µM) 
RapB-S1: (10µM) 


0.2 µM each 0.5 µl each 


Template             5.0 µl 


Total volume          25.0 µl 


CYCLING PARAMETERS 


Table 4: CYCLING PARAMETERS FOR ALL THREE MULTIPLEX REAL-TIME PCRS 


Ramp rate: 2.5°C/sec.  


EQUIPMENT FOR REAL-TIME PCR  


 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 2.0 ml PCR-grade tubes (for example. Eppendorf „Biopure“) 


 Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737) or for 
the LC480 Light Cycler 480 Multiwell Plate 96 ( Roche) 


 Optical Adhesive Film (for example Applied Biosystems, no. 4311972) or for the 
LC480 Light Cycler 480 Sealing Foil ( Roche) 


 Plate centrifuge (Hettich Universal 16R with rotor S0017) 


 Real-time PCR Cycler MX 3005P or LC480 (Agilent Technologies/ Roche) 


 Freezer  −20°C +/−3°C  


 Clean bench or PCR working station 


 Gloves 


 Fridge 2-8°C  


Reaction Temperature Time Cycle number 


UNG (optional step) 0.2U / reaction 50°C 2 min. 1 


Initial denaturation and activation of 
the polymerase 


95°C 15 min. 1 


Denaturation 95°C 30 sec. 
40 Annealing 60°C 45 sec. 


Elongation 72°C 45 sec. 
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PCR-MACHINES 


The multiplex real-time PCR methods have been developed on the MX3005P 


(Agilent Technologies) real-time PCR machine. An in-house transfer of the 


methods to LC480 I (Roche Diagnostics) real-time PCR machine has been per-


formed. Also during method transfer to CRA-W the methods have been applied 


on LC480 II (Roche Diagnostics). The performance on other PCR machines 


must be verified. 


SOFTWARE AND DATA ANALYSIS  


MX 3005P (Agilent Technologies) 


For data analysis with the real-time PCR Cycler MX 3005P the MxPro QPCR 


Software (Agilent Technologies, USA) is used. Before analyzing the unknown 


samples the results of the controls should be checked. All fluorescence chan-


nels have to be analyzed separately. The default gain settings for the fluores-


cence filters should be kept. Thresholds have to be fixed for each fluorescence 


channel. Positive controls need to show positive Ct-values depending on factors 


as plant species and DNA concentration, while the negative controls as well as 


the extraction controls must be negative (No ct). For each sample the taxon-


specific PCR has to show positive signals Grohmann et al. 2009  [10]. 


Threshold settings for MX 3005P 


Table 5: THRESHOLD SETTINGS FOR MX 3005P 


Fluorescence channel Threshold 


Atto 425 200 
FAM 1000 


HEX 200 


ROX 200 


CY5 200 
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Roche Diagnostics LC480 


Before the actual data analysis a colour compensation run shall be performed 


for each fluorescence channel. The fit points method (n=2) is used for the 


absolute quantification. The optimal noise band position must be chosen 


individually from run to run (Noiseband (Flour)). It should be as low as possible 


without including any background noise, and as high as necessary where it 


clearly crosses all sample curves in the lower part of the log-linear phase. Once 


the background noise is removed the threshold is manually set to 0.2 


fluorescence units above the noiseband individually for the fluorescence 


channels CYAN500, FAM, HEX, ROX, while the threshold is set manually 0.1 


fluorescence units above the noiseband for the CY5 channel, that generally 


shows lower fluorescence than the other channels. Before analyzing the 


unknown samples the results of the controls have to be checked. All 


fluorescence channels have to be analyzed separately. Positive controls have to 


show appropriate Ct-values, while the negative controls as well as the extraction 


controls have to be negative (indicated by the absence of amplification). For 


each sample the taxon-specific [6] PCR has to show positive signals. 


TRANSFERABILITY  


The multiplex real-time PCR assays are generally instrument and chemistry depen-


dent and cannot be transferred to other equipment and chemistries without evalua-


tion and/ or modification. For validation of the transferability of pentaplex, triplex, as 


well as the duplex real-time PCR assays the methods have been transferred to 


CRA-W.  
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VALIDATION OF THE MULTIPLEX REAL-TIME PCR ASSAYS  


SPECIFICITY 


All GMO events used for specificity tests were 1% transgene (mass/mass ratio; ΔGM 


DNA ratio) with 20,000 copies of the taxon-specific reference gene. Table 6 shows all 


tested GMOs and non GMO plants.  


 
Table 6: Specificity of the pentaplex, triplex and duplex real-time PCR 


Species GMO Standards P35S 
 


TNOS CTP2-CP4-
EPSPS 


pat bar 


Maize DAS59122-7 ERM-BF424c + - - + - 
Maize Bt176 ERM-BF411d + - - - + 


Maize CBH351Δ BVL + + - - + 
Maize Bt11 ERM-BF412d + + - + - 
Maize NK603 ERM-BF415d + + + - - 
Maize GA21 ERM-BF414d - + - - - 
Maize non-GMO ERMBF414a - - - - - 
Rapeseed MS8xRF3 Δ Fluka 55231 - + - - + 
Rapeseed GT73 Δ Fluka 55231 - - + - - 
Rapeseed GS40/90 Δ Fluka 55231 + - - + - 
Rapeseed T45 Δ IPH, Belgium + - - + - 
Rapeseed non-GMO BVL - - - - - 
Rice LL-R601 CRL + - - - + 
Rice LLRice62 Δ BVL + - - - + 
Rice non-GMO CRL - - - - - 
Soybean MON89788 CRL - - + - - 
Soybean GTS40-3-2 ERM-BF410gk + + - - - 
Soybean A5547-127 Δ BVL + - - + - 
Soybean non-GMO ERMBF410a - - - - - 
Sugar beet H7-1Δ ERM-BF419a/b - - + - - 
Sugar beet non-GMO ERM-BF419a - - - - - 
ΔGM DNA ratio 
 


The results of the pentaplex, triplex and duplex real-time PCR showed specific 


detection of the five targets P35S, TNOS, CTP2-CP4-EPSPS, pat and bar. The pat 


and the bar gene are both derived from the soil bacteria Streptomyces and show 


some similarities in the gene structure. The PCRs clearly distinguish the pat and the 


bar target sequence (from S. viridochromogenes and S. hygroscopicus) as it is 


shown for the GMO events Bt11, GS40/90, A5547-127 (pat-gene) and Bt176, 


MS8/Rf3 (bar-gene), respectively.  


The six GMO events MON89788, GTS 40-3-2 soybean, GA21, NK603 maize, H7-1 


sugar beet and GT73 rapeseed have the herbicide resistance gene EPSPS. Only 


NK603 maize, MON89788 soybean, GT73 rapeseed and H7-1 sugar beet have the 


construct CTP2-CP4-EPSPS which is detected by the multiplex real-time PCR. As 


shown by the analytical results, the expected specificity is obtained. The NK603 
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maize, H7-1 sugar beet and Mon89788 soybean events containing the CTP2-CP4-


EPSPS target sequence are positively detected. The soybean GTS40-3-2 with the 


CP4-EPSPS gene but without the sequence of the CTP2 (chloroplast transit peptide 


= CTP) and the GA21 maize event with the mEPSPS sequence (originating from 


maize = m) was tested negatively for the CTP2-CP4-EPSPS target as expected.  


SENSITIVITY 


DEFINITIONS IMPORTANT FOR THE DEFITION OF SENSITIVITY 


Control Samples  


All PCR controls described were analysed in duplicates for each fluorescence 


channel and GM target during each PCR run to alleviate error analysis. All con-


trols were used as described in the EN ISO 24276 [11] and EN ISO 21569 [12].  


The extraction control (=EC) is used to discover contaminations in the extraction 


reagents. All EC real-time PCR results have to be negative.  


A positive template control (PTC) of certified reference material have been 


analysed to control the function of the PCR reagents as well as the PCR run. 


For the evaluation of the duplex, triplex and pentaplex PCR assay, DNA 


mixtures from 100% GM rapeseed of the events GT73, GS40/90 and MS8xRF3 


was used as PTC for all GM targets with 1,250 target copies each. All PTCs 


have to show fluorescent curves. 


A no template control (=NTC) has been analysed to identify contaminations in 


the PCR master mix. For the NTC, instead of DNA template the calf thymus-


DNA, which was used for the dilution series, was added. The NTC has to show 


negative results (no Ct). 


Inhibition controls (IC) show the absence of PCR inhibitors and prove the PCR 


amplifiability of the DNA. For the IC a taxon-specific reference gene for the 


corresponding plant species has been analysed for each DNA sample in at least 


two concentrations by real-time PCR (see page 43).  
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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 the tables. In total 


18 replicates were tested per concentration level. 


For each run and fluorescent dye the PCR 


efficiency (E) was calculated by the slope 


(b) of the linear regression equation. Accor-


ding to ENGL criteria [2] the PCR the slope should be between -3,1 and -3,6 


corresponding to an efficiency of 90 - 110%. Using the formula of the linear 


regression the measured number of copies for each concentration level and 


fluorescent dye was calculated (m copies).  


The square regression coefficients (R2) 


are calculated by the log of the copy num-


bers and the Ct values for each fluorescent 


dye. According to the ENGL criteria [2] R2 


should be above or equal to 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. Samples 


showing no fluorescence signal (no Ct) were indicated with Ø Ct. Outliers (Out) 


were determined by the Dixon‟s test according to DIN 53804-1 [13] at a critical 


threshold of α = 0.05. 


Absolute LOD according to DIN 32645 (LODC.I.) 


The relative confidence intervals (C.I. 95%) 


were calculated using the mean ( ) and 


standard deviation (SD) of the measured tar-


get copy numbers (E copies) at each con-


centration level (m = 6) of the calibration 


standards with a student factor (d:) at  = 0.05 and with dƒ = m -1 degrees of 


freedom. The LOD is achieved by the copy number exceeding C.I. by 100% [5] 


and highlighted in the tables.  


E = 10-1/b -1  


R2 = 
  


   


2


22
-x


-x
 






















 


 
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Absolute LOD according to AFNOR (LOD6) 


According to the AFNOR XP V03-020-2 [1] a simplification of the LOD deter-


mination is possible by using a dilution series of 7 levels from 20,000; 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 when maximal one 


reaction of the 0.1 copy dilution level shows a positive signal. 


Relative LOD  


The relative LOD (LOD%) was validated to test the compliance of multiplex real 


time PCR assays with the 0.9% threshold for accidental and unintended 


presence of unauthorised GMOs in feed and food products according to EC 


1830/2003. LOD% means the relative GM content, based on GM copy (cp) 


numbers relative to taxon specific copy numbers for the plant species used 


(cp/cp). For this purpose a limited analysis range near to the 0.9% GM content 


was sufficient. A dilution series (of a mixture) of rapeseed genomic DNA (gDNA) 


containing all five GM targets detected by the multiplex PCR was produced. 


Five levels of the gDNA calibration standard were diluted to 0.5%, 0.1%, 0.05%, 


0.025%, 0.010% of GM content, corresponding to 100, 20, 10, 5.0 and 2.0 GM 


target copies.  


Assymetric LOD 


For the multiplex PCR assays it is important to validate if low copy numbers of 


each target sequence can be detected in a high background of all other GM 


target sequences. Thus asymmetric LOD (LODasym) for each target of the multi-


plex PCR was determined. LODasym means the ratio of the summed amount of 


all GM multiplex targets in relation to one GM target to be analysed. The GM 


target to be analysed was used in 1,620, 540, 180, 60 and 20 copies corres-


ponding to 2.8%, 0.96%, 0.33%, 0.11% and 0.36%. 
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ABSOLUTE LOD  


Absolute LOD for the pentaplex assay determined on MX3005P cycler 


 
Table 7: LODabs 5plex on MX3005P Cycler 


 
target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 109% 98.0% 0.13 - 1.11 10 5.0 
 2 100% 95.3% 0.27 - 1.41 10 10 
 3 108% 99.8% 0.15 - 1.26 10 10 
  100% -109% 95% - 100% 0.13 - 1.41 10 5.0 - 10 
P35S 1 106% 98.7% 0.09 - 1.58 5.0 2.0 
 2 107% 98.9% 0.11 – 0.69 10 5.0 
 3 97% 98.2% 0.05 - 1.20 5.0 2.0 
  97% - 107% 98% - 99% 0.05 – 1.58 5.0 -10 2.0 - 5.0 
pat 1 95% 98.5% 0.13 - 1.70 5.0 2.0 
 2 99% 99.5% 0.15 - 1.22 10 5.0 
 3 104% 99.8% 0.09 – 0.94 5.0 2.0 
  95%- 104% 99% - 100% 0.09 – 1.70 5.0 - 10 2.0 - 5.0 
CTP2-
CP4-
EPSPS 


1 101% 99.0% 0.12 – 0.67 2.0 1.0 
2 93% 98.7% 0.15 – 1.00 5.0 2.0 
3 100% 99.3% 0.04 – 0.78 5.0 2.0 


  93% - 101% 99%  0.04 – 1.00 2.0 – 5.0 1.0 – 2.0 
TNOS 1 93% 99,8% 0.09 – 1.70 20 10 


 2 90% 99.0% 0.03 – 1.44 20 10 
 3 93% 99.4% 0.17 – 0.88 20 10 
  90% - 93% 99% - 100% 0.03 – 1.70 20 10 


 


The parameters most important for the validation of the quality of the pentaplex PCR 


assay on the MX3005P cycler are summarized in Table 7. It is an extraction of the 


original data showing the used copy numbers of each GM target system presented in 


appendix Table 30 -Table 34, presenting the E, R², Ct-values, SD of the Ct-values, 


estimated copy numbers and C.I. 95% on each dilution step of the standard series. 


Sensitivity: 


For all five detection systems LOD6 and LODC.I. according to AFNOR [1] and 


DIN 32645 [5], respectively are summarized in Table 7. The LOD was determined in 


three runs on a mixture of genomic DNAs in a range of 0.1 to 20,000 copy numbers 


as described in „Absolute LOD according to AFNOR (LOD6)‟. LOD6 was between 2.0 


- 20 copies and LODC.I. was between one and 10 copies for all five detection systems.  


The most sensitive PCR systems of the pentaplex real-time PCR was the CTP2-CP4-


EPSPS system with an LOD6 (& LODC.I.) of 2.0 -5.0 copies (1.0 -2.0 copies) and the 


lowest sensitivity was shown by the TNOS system with 20 copies (10 copies) on the 


MX3005P cycler. 
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PCR Efficiency and R2 coefficient:  


The PCR efficiencies were calculated on the basis of the equation proposed in the 


ENGL document for „Definition of Minimum Performance Requirements for GMO 


Testing‟ [2]. Acceptance criteria are efficiencies between 90 - 110% (corresponding a 


slope of the regression between -3.1 and -3.6) and a R2 value  0.98.  


For all five detection systems the PCR efficiencies differed between 90% and 109% 


(slope -3.51 to -3.33 ) meeting the ENGL requirements. The R2 was determined bet-


ween 98.0 and 99.7% with one outlier for the bar target in run 2 with 95.3%. This 


shows that our pentaplex assay even meets the ENGL minimum acceptance criteria 


for singleplex quantitative assays.  


Dynamic Range 


The dynamic range tested was between the identified LODabs and 20,000 target DNA 


copies for each detection system. For the CTP2-CP4-EPSPS construct the dynamic 


range (LOD6) was form 5.0 - 20,000 target copies for bar, pat, P35S from 10 to 


20,000 target copies and for the TNOS target from 20 – 20,000 target copies. 


 


Absolute LOD for triplex assay determined on MX3005P cycler 


Table 8: LODabs 3plex on MX3005P Cycler 


target run E R² range SD LOD6 /copy LODC.I. /copy 


P35S 1 105% 99.5% 0.07 – 1.90 2.1 1.1 
 2 109% 99.9% 0.07 – 1.36 2.1 1.1 
 3 104% 99.1% 0.14 – 1.20 5.3 2.1 
  105% - 109% 99% - 100% 0.07 - 1.90 2.1 – 5.3 1.1 - 2.1 
CTP2-
CP4-
EPSPS 


1 105% 99.9% 0.09 – 1.14 2.0 1.0 
2 113% 99.7% 0.07 – 0.87 1.0 1.0 
3 105% 99.6% 0.09 – 0.60 1.0 1.0 


  105% - 113% 100% 0.07 - 1.14 1.0 – 2.0 1.0 
TNOS 1 101% 99.6% 0.07 – 1.13 5.3 2.1 


 2 94% 99.8% 0.13 – 1.24 11 5.3 
 3 89% 98.3% 0.20 – 2.00 21 11 
  89% - 101% 98% -100% 0.07 - 2.00 5.3 - 21 2.1 - 11 


 
The parameters most important for the validation of the quality of the triplex PCR 


assay on the MX3005P cycler are summarized in Table 8. It is an extraction of the 


original data of each GM target system presented in appendix Table 35 - Table 37, 


presenting the E, R², Ct-values, SD of the Ct-values, estimated copy numbers and 


C.I. 95% on each dilution step of the standard series. 
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Sensitivity: 


For all three detection systems LOD6 and LODC.I. are summarized in Table 8. P35S 


and CTP2-CP4-EPSPS showed a LOD6 and LODC.I. below five copies. Only TNOS 


was less sensitive with 21 and 11 copy numbers for LOD6 and LODC.I., respectively. 


PCR Efficiency and R2 coefficient:  


The PCR efficiencies differed between 89% and 113% (slopes -3.05 to -3.61) for all 


three detection systems in all three runs. This exceeds slightly the acceptance criteria 


of the ENGL standards for singleplex PCR ( -3.1 ≥ slope ≥ -3.6 equantes to 90% ≤ E 


≤ 110%) but for multiplex PCR it was interpreted as acceptable. The R2 at each 


detection systems was between 98% and 100%, meeting the acceptance criteria of 


ENGL criteria [2]. 


 


Dynamic Range 


The dynamic range tested was between the identified LODabs and 20,000 DNA 


copies for each detection system. For the P35S sequence the dynamic range (LOD6) 


was form 5.3 - 20,000 target copies, for the CTP2-CP4-EPSPS construct 1.0 to 


20,000 target copies and for the TNOS target from 21 – 20,000 target copies. 


 


Absolute LOD for the Duplex assay determined MX3005P Cycler 


 
Table 9: LODabs 2plex on MX3005P Cycler 


target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 103% 99.7% 0.10 – 0.47 10 5.0 
 2 102% 99.8% 0.17 – 0.87 5.0 10 
 3 94% 99.4% 0.13 – 0.79 5.0 2.0 
  94% - 103% 99% - 100% 0.10 - 0.87 5.0 - 10 2.0 - 10 
pat 1 98% 99.8% 0.06 – 1.05 10 5.0 
 2 99% 99.7% 0.08 – 1.15 2.0 1.0 
 3 93% 99.8% 0.04 – 1.53 5.0 2.0 
  93% - 98% 100% 0.04 - 1.53 2.0 - 10 1.0 – 5.0 
 
The parameters most important for the validation of the quality of the duplex PCR 


assay on the MX3005P cycler are summarized in Table 9. It is an extraction of the 


original data of both PCR-systems presented in appendix Table 38 - Table 39, 


presenting the E, R², Ct-values, SD of the Ct-values, estimated copy numbers and 


C.I. 95% on each dilution step of the standard series. 
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Sensitivity: 


For all two detection systems LOD6 and LODC.I. are summarized in Table 9. Both 


LOD6 and LODC.I. were below ten copies for each target system, respectively.  


PCR Efficiency and R2 coefficient: 


The PCR efficiencies differed between 93 and 103% (-3.49 to -3.25) for the two 


detection systems in all three runs, meeting the acceptance criteria. R2 differed 


between 99% and 100%, meeting the acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 10 and 20,000 target copies (LOD6) each 


detection system.  


 







VALIDATION 


 18 


Relative LOD (GM%) 


After the absolute LOD was calculated the relative LOD (LOD%) was determined. 


LOD% was performed for low copy numbers near the LODabs. The relative LOD means 


the GM copy numbers relative to the rapeseed taxon specific copy numbers, LOD% 


was determined by calibration standards as described in „Relative LOD‟, page 13. 


 
Table 10: LOD% 5plex on MX3005P Cycler 


target run E R² range SD LOD6 /% (copy) LODC.I./% (copy) 


bar 1 104% 99.0% 0.30 - 1.11 0.05%  (10) 0.025% (5.0) 
 2 92% 95.3% 0.48 - 2.22 0.013% (2.5) 0.005% (1.0) 
 3 149% 99.9% 0.16 - 0.43 - - 
  92% - 149% 95% -100% 0.5% - 6.1% 0.05% - 0.013% 0.025%- 0.005% 
P35S 1 126% 99.8% 0.19 - 0.71 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
 2 184% 98.2% 0.15 - 0.22 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
 3 149% 99.9% 0.16 - 0.43 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
  126%-184% 98%-100% 0.5% - 2.0% ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
pat 1 95% 98.7% 0.27 - 1.02 0.01% (2.0) - 
 2 102% 99.8% 0.26 - 0.67 0.025% (5.0) 0.01% (2.0) 
 3 96% 95.0% 0.26 - 1.60 0.025% (5.0) 0.01% (2.0) 
  95% - 102% 95% - 100% 0.8% - 4.5% ≥ 0.01% 0.025% ≥ 0.01% 
CTP2-
CP4-
EPSPS 


1 106% 100% 0.15 - 0.63 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
2 83% 98.7% 0.26 - 0.56 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
3 95% 98.2% 0.15 - 0.88 ≤ 0.01% (2.0) ≤ 0.01% (2.0) 


  83% - 106% 98% - 100% 0.5% - 2.4% ≤ 0.01% (2.0) ≤ 0.01% (2.0) 
TNOS 1 144% 95% 0.19 - 1.35 ≤ 0.01% (2.0) - 


 2 143% 96% 0.27 - 1.96 ≤ 0.01% (2.0) ≥ 0.01% (2.0) 
 3 112% 94% 0.24 - 2.39 ≤ 0.01% (2.0) ≥ 0.01% (2.0) 
  112%-143% 94% - 96% 0.6% - 6.5% ≤ 0.01% (2.0) ≥ 0.01% 


 
The parameters important for the validation of the pentaplex PCR assay on the 


MX3005P cycler are summarized in Table 10. It is an extraction of the original data of 


both GM target systems presented in appendix Table 40 - Table 44, presenting the E, 


R², Ct-values and SD of the Ct-values, estimated copy numbers and C.I. 95% on each 


dilution step of the standard series. 


Sensitivity: 


LOD% was determined for all target systems on the basis of AFNOR [1] and DIN 


32645 [5] (LOD6 and LODC.I.). The results are summarized in Table 10. Both LOD6 


and LODC.I. were below 0.05% for each target system. For the most sensitive target 


systems P35S and CTP2-CP4-EPSPS LOD% was not reached, indicated by ≤ % 


value in Table 10. Even the bar detection system, which showed the highest LOD% 


with 0.05% - 0.013%, was very sensitive.  
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PCR Efficiency and R2 coefficient: 


The PCR efficiencies differed between 83 and 184% (slope -3.79 to -2.21 ) for the 


five detection systems in all three runs. It is noted, that the efficiency determined here 


is not based on the whole dynamic range but only on a range close to the LODabs 


(see dynamic range). The R2 varies between 94% and 100%.  


Dynamic Range 


The whole dynamic range was not tested for LOD% but only a range close to the 


LODabs of 2.0 - 100 target copies. 
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ASYMMETRIC GM TARGETS 


For the asymmetric tests, the sum of all GM target copies together was adjusted at 


54,000 copies. For this purpose genomic DNA of three different rapeseed events was 


mixed in appropriate quantities (mix 1-3 = M1-3  in five dilution steps (A-E). In each of 


these mixtures one of the GM rapeseed events was in the minimum and the others in 


maximum (details see page 13). Thus the investigated GM element in minimum 


ranged from 2.8%, 0.96%, 0.33%, 0.11%, 0.036%, corresponding to 1,620, 540, 180, 


60, 20 GM copies in a background of 54,000 total GM copies, as shown in Table 45 -


Table 47. LODasym was determined by interpolation in a linear regression using the 


calibration standards as described in „Assymetric LOD‟ page 13. 


Sensitivity for asymmetric target copies for pentaplex PCR on MX3005P 


The parameters most important for the validation of the quality of the pentaplex PCR 


assay on the MX3005P cycler are summarized in Table 11. It is an extraction of the 


original data of the GM target PCR systems presented in appendix Table 45 -Table 


47, presenting the E, R², Ct-values, SD of the Ct-values, estimated copy numbers 


and C.I. 95% on each dilution step of the standard series. 


For all detection systems, LOD6 and LODC.I. according to AFNOR [1] and DIN 32645 


[5], respectively are summarized in Table 11. LOD6 and LODC.I. were below 0.036% 


(20 copies) for the P35S, pat and CTP2-CP4-EPSPS (abbreviation epsps) target 


systems. The two systems bar and TNOS have less sensitive LODAsym.. The bar 


target with 0.11% (60 copies) and 0.036% (20 copies) as well as TNOS with 1.93% 


(1,080 copies) and 0.65% (360 copies) for LOD6 and LODC.I., respectively.  


 
Table 11: LODasym. 5plex on MX3005P 


target Mix E R² range SD LOD6 /% (copy) LODC.I./% (copy) 


bar M1 70% 99.5% 0.21 - 1.58 ≥ 0.11% (60)  ≥ 0.036% (20) 


P35S M2 90% 99.6% 0.05 - 0.39 ≤ 0.035% (20)  ≤ 0.035% (20) 


pat M2 94% 99.9% 0.08 – 0.53 ≤ 0.035% (20)  ≤ 0.035% (20) 


epsps M3 80% 99.5% 0.15 – 0.74 ≤ 0.036% (20)  ≤ 0.036% (20) 


TNOS M1 21% 100% 0.84 – 1.02 ≥ 1.93% (1,080)  ≥ 0.65% (360) 
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Therefore three of the five targets of the real-time PCR system meet the minimal 


acceptance criterion of the AFNOR XP V03-020-2 standard, demanding an LOD ≤ 20 


copies even for very asymmetric copy numbers, except the bar and TNOS targets.   


PCR Efficiency and R2 coefficient: 


The PCR efficiencies differ between 21% and 94% for the five detection systems in 


all three runs. This does not meet the ENGL acceptance criteria for the efficiency of 


singleplex PCRs for the whole dynamic range. The competition of the targets can 


result in suboptimal efficiency. As it has no influence on the position of LODasym. this 


result was still considered to be acceptable. With 99% -100% R2 for all pentaplex 


targets, the criteria of ENGL [2] with more than 98% R2 are fulfilled.  


Dynamic Range 


The whole dynamic range was not tested for LODasym but only a range close to the 


LODabs of 20 – 1,620 target copies (40 - 3,240 TNOS) copies. 


 


Sensitivity for asymmetric target copies for triplex PCR on MX3005P 


The validation of the quality of the triplex PCR assay on the MX3005P cycler are 


summarized in Table 12. It is a summary of the original data of both GM target 


systems presented in appendix Table 48 - Table 50, presenting the E, R², Ct-values, 


SD of the Ct-values, estimated copy numbers and C.I. 95% on each dilution step of the 


standard series. 


For all three detection systems, LODC.I. and LOD6 according to DIN 32645 [5] and, 


AFNOR [1] respectively are summarized in Table 12. LOD6 and LODC.I. were between 


0.11% (60 copies) and 0.036% (20 copies) for all target systems. For P35S and 


CTP2-CP4-EPSPS (abbreviation epsps) the LODasym was not reached as indicated 


by the sign ≤ 0.035% (20). These targets have LODasym lower than 20 copies, cor-


responding with 0,035% for the tested target.  


 
Table 12: LODasym. 3plex on MX3005P 


target Mix E R² range SD LOD6 /% (copy) LODC.I./% (copy) 


P35S M2 98% 99.9% 0.09 – 1.78 ≥ 0.11%   (61) ≥ 0.11%   (61) 
epsps M3 102% 99.9% 0.10 – 0.29 ≤ 0.032%  (20) ≤ 0.032%   (20) 


TNOS M1 89% 100% 0.30 – 1.78 ≤ 0.036%  (40) ≤ 0.036%   (40) 
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For this triplex real-time PCR system all targets meet the minimal acceptance 


criterion of the AFNOR XP V03-020-2 [1] standard, demanding an LOD ≤ 20 copies 


even for very asymmetric copy numbers. 


PCR Efficiency and R2 coefficient: 


The PCR efficiencies differ between 89% and 102% for the three detection systems 


in all three runs. This almost meets the ENGL acceptance criteria [2] for the efficiency 


of the whole dynamic range (90% - 110% corresponding to -3.1 ≥ slope 3.6)). The 


competition of the targets can result in suboptimal efficiency but in the triplex PCR it 


was decided to be good enough. With 99% -100% R2 for each triplex target, the 


criteria of ENGL (≥ 98% R2) are fulfilled.  


Dynamic Range 


The whole dynamic range was not tested for LODasym but only a range close to the 


LODabs of 20 – 1,620 target copies (40 - 3,240 TNOS) copies. 


 


Sensitivity for asymmetric target copies for duplex PCR on MX3005P 


The most important parameters for the validation of the quality of the duplex PCR 


assay on the MX3005P cycler are summarized in Table 12. It is an extraction of the 


original data of both GM target systems presented in appendix Table 51 - Table 52, 


presenting the E, R², Ct-values, SD of the Ct-values, estimated copy numbers and 


C.I. 95% on each dilution step of the standard series. 


For all three detection systems LOD6 and LODC.I. according to AFNOR [1] and DIN 


32645 [5], respectively are summarized in Table 12. LOD6 and LODC.I. were deter-


mined at 0.036% (20 copies) for both the bar and the pat target systems. For both 


targets the LODasym was not reached as indicated by the sign ≤ 0.035% (20).  


 


Table 13: LODasym. 2plex on MX3005P 


target Mix E R² range SD LOD6 /% (copy) LODC.I./% (copy) 


bar M1 65% 99.4% 0.08 – 1.56 ≤ 0.036% (20) ≤ 0.036% (20) 
pat M2 97% 99.4% 0.15 – 1.27 ≤ 0.035% (20) ≤ 0.035% (20) 


 


The duplex assay is high sensitive with a LODasym lower than 20 copies, cor-


responding with 0,035%, easily meeting the acceptance criterion of the AFNOR XP 


V03-020-2 [1] demanding an LOD ≤ 20 copies. 
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PCR Efficiency and R2 coefficient: 


One of the two PCR efficiencies of the duplex PCR with 65% and 97% meets the 


ENGL acceptance criteria for the efficiency of the whole dynamic range (90% - 


110%) and the other were out of it. The competition of the targets can result in 


suboptimal efficiency but in the triplex PCR it was decided to be good enough. Both 


detection systems were with an R2 of 99% in accordance with the ENGL criteria (≥ 


98% R2) are fulfilled.  


Dynamic Range 


The whole dynamic range was not tested for LODasym but only a range close to the 


LODabs of 20 – 1,620 target copies. 
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ROBUSTNESS 


DEFINITION OF ROBUSTNESS  


The validation of robustness has been performed with all three multiplex real-time 


PCRs by altering the annealing temperature from 60°C to 59°C as well as 61°C. 


Results for pentaplex, triplex and duplex real-time PCRs are shown in Table 14 - 


Table 19. 


An in-house transfer of the three multiplex methods to LC480 has been performed. 


LODabs determination on LC480 is shown in Table 20 for pentaplex real-time PCR, 


Table 21 for triplex real-time PCR and Table 22 for duplex real-time PCR.  


Finally the pentaplex, triplex and duplex PCR assay were transferred to a second 


laboratory (of the project partner CRA-W) in order to perform the most rigorous test 


for robustness for all three multiplex assays. 


INTRA-LABORATORY ROBUSTNESS TO CHANGES IN ANNEALING TEMPERATURE  


All tests concerning robustness of the pentaplex, triplex and duplex assays concer-


ning small changes in the annealing temperature have been performed on the 


MX3005P real-time PCR machine. The pentaplex assay was optimised at an 


annealing temperature (TA) of 60°C. To test the robustness for small changes in the 


annealing temperature as it can happen if different types of thermocyclers are used, 


temperature changes of ± 1°C TA were checked on the sensitivity of the assay. 


Robustness of the pentaplex assay 


The original results of the pentaplex assay PCR assay at 60°C measured in three 


runs are presented in the original data in the Appendix (Table 30 - Table 34) and the 


original data of the test for TA robustness, tested in two runs, are presented in the 


Appendix (Table 53 -Table 57). Table 14 shows the sensitivity of the pentaplex assay 


on the LOD of the pentaplex PCR for all five target sequences. The LOD6 and LODC.I. 


at 59°C, 60°C and 60°C according to AFNOR [1] and to ISO 32 645, respectively are 


summarized in Table 14. It is shown, that neither LOD6 nor LODC.I. is sensitive to 


small chances of TA.  


For 60% target sequences the 61°C temperature set-up shows a bit more sensitive 


LODs (bar, P35S at LOD6 & bar, P35S, CTP2-CP4-EPSPS, TNOS for LODC.I) for 


40% it was the same (pat, CTP2-CP4-EPSPS, TNOS for LOD6  & pat for LODC.I), but 


it was never higher than for 60°C TA. Compared with an 1°C lower TA of 59°C the 
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LOD was a bit lower for 20% of the target sequences (bar, P35S for LODC.I), for 50% 


it was the same (P35S, pat at LOD6; pat, CTP2-CP4-EPSPS and TNOS at LODC.I) 


and for another 30% (bar, CTP2-CP4-EPSPS, TNOS at LOD6) it was a bit higher. As 


the position of the LOD can always deviate a little (normally in a range of one dilution 


step of the dilution series), as shown in the original date for the determination of the 


LOD for pentaplex assay in the Annex (Table 30 - Table 34) it is concluded that the 


LOD is the same for each TA and that this pentaplex assay is robust concerning low 


changes in the TA. Only for the TNOS target it is advisable not to go under 59°C TA 


as the LOD6 was rising from 20 to 100 target copies when reducing at 1°C.  


 


Table 14: Robustness of 5plex PCR concerning sensitivity 


TA bar P35S pat CTP2-CP4-EPSPS TNOS 


 LOD6 LODC.I LOD6 LODC.I LOD6 LODC.I LOD6 LODC.I LOD6 LODC.I 


59°C 50 10 10 2 10 5 10 2 100 20 
60°C 20 50 10 5 10 5 5 2 20 20 
61°C 10 10 5 1 10 5 5 1 20 10 
 


For 59°C, 60°C and 61°C the regression coefficients (R2) and the efficiency (E) were nearly 


the same for each of the target sequences as shown in Table 15. The R2 and E were 


fluctuating a little bit comparing the PCR, but all R2 were above 98% and all E were between 


90 -110% according to the ENGL criteria [2] with exception of the TNOS system which 


shows a little bit lower efficiencies with 78% and 86% for TNOS for 59°C and once 87% at 


61°C. As shown in Table 14 the lower efficiency has a low influence on the LOD6 of TNOS. 


So it is advisable to use no TA  under 59°C to guarantee good PCR performance.  


 


Table 15: Robustness of 5plex PCR concerning efficiency & regression coefficients 


TA bar P35S pat CTP2-CP4-EPSPS TNOS 


 E R2 E R2 E R2 E R2 E R2 


59°C 98% 98.6% 101% 99.7% 102% 99.7% 93% 99.0% 86% 99.0% 
 110% 99.7% 97% 99.8% 102% 99.8% 110% 98.7% 78% 99.6% 


60°C 109% 98.0% 106% 98.7% 95% 98.5% 101% 99.0% 93% 99,8% 
 100% 95.3% 107% 98.9% 99% 99.5% 93% 98.7% 90% 99,7% 
 108% 99.8% 97% 98.2% 104% 99.8% 100% 99.3% 90% 99,0% 


61°C 98% 99.7% 104% 99.7% 86% 99.2% 99% 99.9% 87% 99.7% 
 108% 98.1% 102% 99.5% 103% 99.1% 104% 99.4% 92% 99.4% 


 


Robustness of the triplex assay 


The results of the triplex assay PCR assay at 60°C measured in three runs are presented in 


the original data in the Appendix Table 35 - Table 37 and the original data of the test for TA 


robustness, tested in one run, are presented in the Appendix Table 58 - Table 60.  
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Table 16 shows the sensitivity of the triplex assay on the LOD of the triplex PCR for all the 


P35S, CTP2-CP4-EPSPS and TNOS target sequences. The LOD6 and LODC.I. at 59°C, 60°C 


and 60°C are summarized in  


Table 16. It is shown, that the target genes of the triplex PCR trend to be more sensitive at a 


TA of 60°C and 61°C than at 59°C. 


In detail, no target sequences of the triplex assay was more sensitive at 61°C compared to 


60°C, but 83% of LOD6 and LODC.I. were the same. When the TA was reduced to 59°C, 83% 


of the LOD were one dilution step higher (P35S, T-NOS at LOD6 & LODC.I. and CTP2-CP4-


EPSPS at LODC.I.) and the other 17% were the same (CTP2-CP4-EPSPS at LOD6). As the 


position of the LOD can always deviate a little (normally in a range of one dilution step of the 


dilution series) and the LODs reached are very low with ≤ 5 copies for all three target 


sequences, it is concluded that event a slightly lower TA of 59°C is excepted as the LOD rises 


non-essential from 5 to 10 LOD6 (10 to 5 LODC.I.) for the P35S, from 1 to 2 for CTP2-CP4-


EPSPS LODC.I and from 2 to 5 for TNOS LODC.I. Only for the TNOS target it is advisable 


not to go under 59°C TA as the LOD6 was rising from 5 to 20 target copies when reducing at 


1°C, but this is still quite sensitive. 


 


Table 16: Robustness of 3plex PCR concerning sensitivity 


TA - P35S - CTP2-CP4-EPSPS TNOS 


 - - LOD6 LODC.I. - - LOD6 LODC.I. LOD6 LODC.I. 


59°C   10 5   2 2 20 5 


60°C   5 1   2 1 2 2 


61°C   5 1   2 1 5 2 
 


The R2 and E values for 59°C, 60°C and 61°C were nearly the same for each of the 


target sequences of the triplex PCR as shown in Table 17. As usual R2 and E were 


fluctuating a little bit between the different PCR runs, but for each TA and target R2 


was very high above 99.5% and all E were between 90-110% according to the ENGL 


criteria [2] (R2 ≥ 98%; -3.1 ≥ slope ≥ -3,6 which means 90% ≤ E ≤ 110%). Only the 


CTP2-CP4-EPSPS and the TNOS target show a little higher efficiency of 114% and 


118% (Table 17, bold letters). But this is only a bit over the maximal allowed E of 


110% and as shown in Table 17 for TNOS at 60°C the mean efficiency of three runs 


is 108%. The high E of CTP2-CP4-EPSPS target at 61°C should be validated again. 


Regarding all the sensitivity, efficiency and R2 the triplex assay is proved to be robust 


against little changes of TA in a range of 59°C to 61°C. 
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Table 17: Robustness of 3plex PCR concerning efficiency & regression coefficients 


TA - P35S - CTP2-CP4-EPSPS TNOS 


   E R2   E R2 E R2 


59°C   98% 99.8%   100% 99.6% 92% 99.6% 


60°C   104% 99.5%   108% 99.9% 114% 99.9% 
   104% 99.8%   101% 99.8% 104% 99.8% 
   100% 99.8%   102% 99.8% 105% 99.9% 


61°C   102% 99.6%   118% 99.2% 93% 99.6% 


 


Robustness of the duplex assay 


The results of the duplex assay PCR assay at 60°C measured in three runs are 


presented in the original data in the Appendix Table 38 -Table 39 and the original 


data of the test for robustness on TA, tested in two runs, are presented in the 


Appendix (
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Table 61 - Table 62). Table 18 shows the sensitivity of the duplex assay on the LOD 


of the duplex PCR for all five target sequences. The LOD6 and LODC.I. at 59°C, 60°C 


and 60°C according to AFNOR [1] and to ISO 32 645, respectively are summarized 


in Table 18. It is shown, that neither LOD6 nor LODC.I. are sensitive to light chances 


of TA. Both a 1°C lower and higher TA showed LODs of the same sensitivity or even 


one dilution step lower than at the standardizes 60°C for the duplex assay. But the 


LOD of the 60°C standardized duplex method is measured as a mean of three PCR 


runs, while the 59°C and 61°C version were only tested in one run.   


In detail, at 61°C 50% of the two targets sequences have more sensitive LODs (pat 


LOD6 & LODC.I) and the other 50% were the same (bar for LOD6  & LODC.I.) 


compared to a TA of 60°C. With an TA of 1°C lower at 59°C the LOD lower of both 


targets and for LOD6 & LODC.I.. 


 


Table 18: Robustness of 2plex PCR concerning sensitivity 


TA bar - pat - - 


 LOD6 LODC.I   LOD6 LODC.I     


59°C 2 2   2 1     
60°C 10 5   10 5     
61°C 10 5   2 1     
nearly the same for each of the target sequences as shown in Table 19. As normal 
R2 and E were deviating a bit between the different PCR runs, but for each TA and 
target R2 was very high with a minimum of 99.4% and all E were between 90% -110% 
For 59°C, 60°C and 61°C the regression coefficients (R2) and the efficiency (E) were 


according to the ENGL criteria [2] (R2 ≥ 98%; %; -3.1 ≥ slope ≥ -3,6 which means 


90% ≤ E ≤ 110%) with exception of the bar system which shows a little higher 


efficiency at 59°C with 112%. As shown in Table 18 the lower E has a low influence 


on the LOD6 of bar target. So the duplex PCR is robust for small changes of the TA, 


but in accordance to the pentaplex and triplex assays, the duplex assay performs a 


bit better at TA of 60°C -61°C.  


 


Table 19: Robustness of 2plex PCR concerning efficiency & regression coefficients 


TA bar - pat - - 


 E R2   E R2     


59°C 112% 99.5%   106% 99.9%     


60°C 103% 99.7%   98% 99.8%     
 102% 99.8%   99% 99.7%     
 94% 99.4%   93% 99.8%     


61°C 109% 99.8%   96% 99.7%     
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INTRA-LABORATORY ROBUSTNESS TO CHANGES IN THE PCR PLATFORM 


A method transfer of the three multiplex real-time PCR assays to LC480 has been 


performed. A summary of the results is shown in Table 20 to Table 22 as well as in 


the original data in Table 63 - Table 67 for pentaplex real-time PCR, Table 68 -Table 


70 for triplex real-time PCR Table 71 - Table 72 for duplex real-time PCR. 


Absolute LOD for the pentaplex assay determined LC480 cycler 


 


Table 20: LODabs 5plex on LC480 Cycler 


target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 106% 99.7% 0.14 – 1.15 20 10 
 2 96% 99.7% 0.05 – 1.07 10 5.0 
 3 112% 99.3% 0.18 – 1.07 5.0 5.0 
  96 - 112% 99% - 100% 0.05 - 1.15 5.0 - 10 5.0 - 10 
P35S 1 103% 99.8% 0.13 – 0.81 10 5.0 
 2 99% 99.9% 0.04 – 1.15 2.0 1.0 
 3 114% 99.8% 0.25 – 0.95 2.0 1.0 
  99% - 103% 100% 0.04 - 1.15 2.0 – 10 1.0 - 5.0 
pat 1 94% 99.6% 0.09 – 1.10 10 5.0 
 2 91% 99.8% 0.02 – 1.17 10 5.0 
 3 99% 99.0% 0.20 – 1.09 20 10 
  91% - 99% 99% - 100% 0.02 - 1.17 10 - 20 5.0 - 10 
CTP2-
CP4-
EPSPS 


1 119% 99.4% 0.10 – 0.34 1.0 1.0 
2 119% 99.3% 0.06 – 0.80 1.0 1.0 
3 121% 99.3% 0.18 – 0.82 1.0 1.0 


  119% -121% 99% 0.06 - 0.82 ≥ 1.0 ≥ 1.0 
TNOS 1 104% 99.1% 0.21 – 2.02 20 10 


 2 96% 98.8% 0.12 – 1.16 10 5.0 
 3 109% 99.5% 0.18 – 1.01 5.0 2.0 
  96% - 109% 99% - 100% 0.12 - 2.02 5.0 - 20 2.0 - 10 


Original data see Appendix (Table 63- Table 67). 


Sensitivity: 


LOD6 according to AFNOR [1] and LODC.I. according to ISO 32 645 are summarized 


for all five detection systems. The LOD was determined on the same mixture of 


genomic DNAs as for MX3005P in individual dilution series. LOD6 was below 20 


copies for all five detection systems in all three runs and therefore meets the minimal 


acceptance criterion of the AFNOR XP V03-020-2 [1] standard also in the in-house 


transfer of the pentaplex assay to LC480.  LODC.I.  on LC480 was between one and 


10 copies for all five elements, meeting the acceptance criteria.  


PCR Efficiency and R2 coefficient:  


The PCR efficiencies differed form 91-109% (slope = -3.56 to -3.13) for four detection 


systems in all three runs (expect one for bar and P35S with E = 112%, 114%, slopes 


 = -3.06, -3.04) meeting the ENGL requirements [2]. The PCR efficiency of the CTP2-
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CP4-EPSPS detection system was 119 -121% (slope = -2.93 to -2.90), what was 


interpreted as acceptable for multiplex real-time PCR. R2 differed between 99% and 


100% for all five detection systems meeting the ENGL minimum acceptance criteria. 


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  


Absolute LOD for the Triplex assay determined LC480 Cycler 


 
Table 21: LODabs 3plex on LC480 Cycler 


target run E R² range SD LOD6 /copy LODC.I. /copy 


P35S 1 110% 99.7% 0.05 - 0.96 2.0 2.0 
 2 102% 99.7% 0.15 - 1.12 5.0 2.0 
 3 95% 99.8% 0.08 - 1.15 10 5.0 


  95% - 110% 100% 0.05 - 1.15 2.0 – 10 2.0 – 5.0 


CTP2-
CP4-
EPSPS 


1 117% 99.7% 0.08 – 0.54 2.0 1.0 
2 109% 99.7% 0.03 – 1.00 5.0 2.0 
3 107% 98.9% 0.08 – 1.11 5.0 2.0 


  107% - 117% 99% - 100% 0.03 - 1.11 
2.8% 


2.0 – 5.0 1.0 – 2.0 
TNOS 1 99% 99.9% 0.10 - 1.25 20 10 


 2 99% 99.7% 0.15 - 1.12 10 5.0 
 3 103% 99.4% 0.09 – 2.11 20 10 
  99% - 103% 99% - 100% 0.09 - 2.11 10 - 20 5.0 - 10 


Original data see Appendix (Table 68 - Table 70). 


Sensitivity: 


LOD6 according to AFNOR [1] and LODC.I. according to ISO 32 645 are summarized 


for all three detection systems. LOD6 was below 20 copies for all three detection 


systems in all three runs and therefore meets the minimal acceptance criterion of the 


AFNOR standard [1] for the triplex assay performed on LC480. LODC.I. was between 


one and 10 copies for all three elements, meeting the acceptance criteria.  


PCR Efficiency and R2 coefficient:  


The PCR efficiencies differed between 95% -110% (slopes -3.44 to -3.10 ) for P35S 


and TNOS in all three runs. For the CTP2-CP4-EPSPS detection system the PCR 


efficiency of the three runs was 107% and 117% (slopes -3.17 to -2.97), what was 


still considered as acceptable for multiplex real-time PCR. R2 differed between 99% 


and 100% for all three detection systems, meeting the acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  
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Absolute LOD for the duplex assay determined on LC480 Cycler 


 
Table 22: LODabs 2plex on L480 Cycler 


target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 114% 99.5% 0.16 – 0.96 5.0 2.0 
 2 112% 99.2% 0.06 – 1.24 5.0 2.0 
 3 106% 99.9% 0.06 – 0.86 5.0 2.0 
  106% -113% 99% – 100% 0.06 – 1.24 5.0 2.0 
pat 1 113% 99.6% 0.06 – 0.59 5.0 1.0 
 2 108% 99.8% 0.11 – 1.15 10 5.0 
 3 113% 99.4% 0.12 – 1.15 5.0 2.0 
  108% -113% 99% – 100% 0.06 – 1.15 5.0 - 10 1.0 – 5.0 
Original data see Appendix (Table 71 - Table 72). 


 


Sensitivity 


LOD6 according to AFNOR [1] and LODC.I. according to ISO 32 645 are summarized 


for the two detection systems performed on LC480. LOD6 was below 20 copies for 


both detection systems in all three runs and therefore meets the minimal acceptance 


criterion of the AFNOR standard. LODC.I. was between one and five copies for the two 


detection systems, meeting the acceptance criteria.  


PCR Efficiency and R2 coefficient  


The PCR efficiencies differed from 106% to 113% (slope = -3.18 to -3.03) for the two 


detection systems in all three runs, what was still considered as acceptable for 


multiplex real-time PCR assays. R2 differed between 99% and 100%, meeting the 


acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  
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INTER-LABORATORY ROBUSTNESS 


A method transfer of the three multiplex real-time PCR assays to a second laboratory 


(CRA-W) using the LC480 PCR cycler has been performed. All material (same DNA 


mixtures as tested at LGL in new dilution series) as well as a premixed master mix 


including all primers and probes for the three multiplex real-time PCRs have been 


transferred. CRA-W followed the delivered SOPs for pentaplex, triplex and duplex 


real-time PCR assays (Annex 1 – 3).  


A summary of the results performed at CRA-W on LC480 is shown in Table 20 to 


Table 22 as well as in the original data in Table 63 - Table 67 for pentaplex real-time 


PCR, Table 68 - Table 70 for triplex real-time PCR Table 71 - Table 72 for duplex 


real-time PCR. 


 


Absolute LOD for the 5plex assay on LC480 in the 2nd laboratory 


 
Table 23: LODabs 5plex on LC480 Cycler from the 2


nd
 laboratory (CRA-W) 


 
target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 112% 99.9% 0.06 – 1.70 5.0 2.0 
 2 111% 99.9% 0.07 – 0.49 5.0 2.0 
 3 109% 99.9% 0.06 – 0.99 10 5.0 
  109% - 112% 100% 0.06 -  0.99 5.0 - 10 2.0 – 5.0 
P35S 1 111% 99.6% 0.05 – 1.72 1.0 1.0 
 2 115% 99.5% 0.13 – 1.26 2.0 1.0 
 3 111% 99.7% 0.06 – 1.13 1.0 1.0 
  111% - 115% 100% 0.06 – 1.72 1.0 – 2.0 1.0 
pat 1 99% 99.7% 0.06 – 1.39 5.0 2.0 
 2 96% 99.7% 0.04 – 1.28 5.0 2.0 
 3 92% 99.5% 0.02 – 1.07 5.0 2.0 
  92% - 99% 100% 0.02 – 1.39 5.0 2.0 
CTP2-
CP4-
EPSPS 


1 113% 99.8% 0.07 – 0.49 2.0 1.0 
2 117% 99.6% 0.05 – 0.68 2.0 1.0 
3 111% 99.9% 0.08 – 0.92 2.0 1.0 


  111% - 117% 100% 0.05 – 0.92 2.0 1.0 
TNOS 1 91% 98.8% 0.14 – 1.49 20 5.0 


 2 115% 98.6% 0.07 – 1.06 10 5.0 
 3 101% 99.3% 0.05 – 1.80 10 5.0 
  91% - 115% 99%  0.05 – 1.80 10 - 20 5.0 


Original data see appendix (Table 73 - Table 77). 


 


Sensitivity 


LOD6 according to AFNOR [1] and LODC.I. according to ISO 32 645 performed at 


CRA-W are summarized for all five detection systems. LOD6 was below 20 copies for 







VALIDATION 


 33 


all five detection systems in all three runs and therefore meets the minimal 


acceptance criterion of the AFNOR XP V03-020-2 standard [1] also in the inter-


laboratory transfer of the pentaplex assay to CRA-W.  LODC.I  at CRA-W was 


between one and five copies for all five elements, meeting the acceptance criteria.  


PCR Efficiency and R2 coefficient 


The PCR efficiencies determined at CRA-W differed between 91% and 117% (slopes 


-3.55 to -2.97) for all five detection systems in all three runs, what was considered as 


acceptable for a transfer of a multiplex real-time PCR assay to a second laboratory. 


R2 differed between 99% and 100% for all five detection systems, meeting the 


minimum acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  


 


Absolute LOD for the 3plex assay on LC480 form the 2nd laboratory 


 
Table 24: LODabs 3plex on LC480 Cycler from the 2


nd
 laboratory (CRA-W) 


target run E R² range SD LOD6 /copy LODC.I. /copy 


P35S 1 114% 99.8% 0.07 - 1.11 2.0 1.0 
 2 110% 99.8% 0.10 - 1.21 2.0 1.0 
 3 109% 100% 0.07 - 1.02 2.0 1.0 


  109% - 114% 100% 0.07 - 1.21 2.0 1.0 


CTP2-
CP4-
EPSPS 


1 110% 99.9% 0.06 - 1.04 1.0 1.0 
2 110% 99.9% 0.03 - 0.59 5.0 1.0 
3 111% 99.9% 0.07 - 1.07 1.0 1.0 


  110% - 111% 100% 0.03 - 1.21 1.0 - 5.0 1.0 
TNOS 1 112% 99.8% 0.07 - 1.02 10 5.0 


 2 104% 99.5% 0.07 - 1.07 10 5.0 
 3 106% 99.6% 0.07 - 1.24 5.0 2.0 


  104% - 112% 100% 0.07 - 1.24 5.0 - 10 2.0 - 5.0 


Original data see Appendix (Table 78 - Table 80). 


Sensitivity 


LOD6 according to AFNOR [1] and LODC.I. according to ISO 32 645 are summarized 


for all three detection systems. LOD6 was below 20 copies for all 3 detection systems 


in all three runs and therefore meets the minimal acceptance criterion of the AFNOR 


XP V03-020-2 [1] standard for the triplex assay performed at CRA-W. LODC.I. was 


between one and five copies for all three elements, meeting the acceptance criteria.  
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PCR Efficiency and R2 coefficient 


The PCR efficiencies differed from 104% to 114%  (slope -3.23 to -3.02) for all three 


detection systems all three runs, meeting the acceptance criteria. R2 differed between 


99% and 100% for all three detection systems, meeting the acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  


 


Absolute LOD for the 2plex assay on LC480 form the 2nd laboratory 


 


Table 25: LODabs 2plex on L480 Cycler from the 2
nd


 laboratory (CRA-W) 


 
target run E R² range SD LOD6 /copy LODC.I. /copy 


bar 1 111% 99.4% 0.06 - 1.03 5.0 5.0 
 2 108% 99.6% 0.02 - 0.83 10 2.0 
 3 105% 99.9% 0.01 - 1.68 5.0 2.0 
  105% - 111% 99% -100% 0.01- 1.03 5.0 - 10 2.0 - 5.0 
pat 1 108% 99.9% 0.06 - 0.59 1.0 2.0 
 2 105% 99.9% 0.05 – 0.38 2.0 1.0 
 3 104% 99.9% 0.06 – 0.41 5.0 1.0 
  104% - 108% 100% 0.05 - 0.59 1.0 - 5.0 1.0 - 2.0 
Original data see Appendix (Table 81 - Table 82). 


Sensitivity 


LOD6 according to AFNOR and LODC.I. according to ISO three 2645 are summarized 


for the two detection systems performed at CRA-W. LOD6 was below 20 copies for 


both detection systems in all three runs and therefore meets the minimal acceptance 


criterion of the AFNOR XP V03-020-2 standard [1]. LODC.I. was between one and 10 


copies for the two detection systems, meeting the acceptance criteria.  


PCR Efficiency and R2 coefficient 


The PCR efficiencies differed between 104% and 111% for (slope -3.22 to -3.08) the 


two detection systems, still meeting the acceptance criteria. R2 differed between 99% 


and 100%, meeting the acceptance criteria.  


Dynamic Range 


The dynamic range tested was between 20,000 DNA copies and the identified 


LODabs for each detection system.  
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CONCLUSION ON THE VALIDATION PROCESS 


All three multiplex PCR assays were established on the MX3005P cycler. The 


starting point was the development of a pentaplex PCR assay for the GM targets 


P35S, TNOS, bar, pat and CTP2-CP4-epsps (abbr. epsps). With regard to a broader 


applicability the pentaplex real-time PCR was separated in a triplex and a duplex 


PCR assays allowing the use of thermo cyclers with smaller number of fluorescence 


channels.  


The validation process was performed in parallel for the pentaplex, triplex and duplex 


PCR assays except the validation of the specificity which was only performed for the 


pentaplex assay but as the same oligonucleotides were used, is valid for the triplex 


and duplex assay, too. After the validation process on the MX3005P cycler a first test 


of robustness was performed concerning the annealing temperature TA on the same 


PCR platform, followed by another test for robustness concerning the change of the 


PCR cycler to the LightCycler 480 (LC480). Then the pentaplex, triplex and duplex 


PCR assays were transferred to a second laboratory (project partner CRA-W) in 


order to perform an inter-laboratory robustness test for all three multiplex assays. 


The specificity test was done on 21 plant samples including seven maize, five 


rapeseed, three rice, four soybean and two sugar beet samples. From each plant 


species one non-GMO was included. As far as possible and reasonable the cross-


reactivity was checked by including GM events harbouring sequences presenting 


some similarities with the target sequences.  


The sensitivity was checked by determining the limit of detection (LOD) for the penta-


plex, triplex and duplex real-time PCR assays on the MX3005P cycler and for the 


robustness tests on the LC480 cyclers of LGL and CRA-W. During this validation 


process, parameters as the mean ( x ) and standard deviation (SD) of Ct values, the 


efficiencies (E), square regression coefficients (R2), relative confidence intervals (C.I. 


95%) and the estimated copy (m copies) numbers for each dilution step of the 


validation standards were determined in parallel (shown in the tables of the annex). 


For each multiplex assay the dynamic range started at the absolute LOD (LODabs) 


and ended at 20,000 target copies. 


On the MX3005P cycler the LODabs, the relative LOD (LOD%) and an asymmetric test 


of sensitivity on LOD were determined according to AFNOR XP V03-020-2 standard 


[1] (LOD6) and DIN 32645 [5] (LODC.I.) in parallel in three real-time PCR runs.  
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Table 26: Comparison of the LODabs of 5plex, 3plex and 2plex on MX3005P cycler 


target plex E R² range SD LOD6 /copy LODC.I. /copy 


bar 5 100% -109% 95% - 100% 0.05 - 1.15 10 5.0 - 10 
 2 94% -103% 99% – 100% 0.06 - 1.24 5.0 - 10 2.0 - 10 
P35S 5 97% - 107% 98% - 99% 0.04 - 1.15 5.0 -10 2.0 - 5.0 
 3 105% - 109% 99% - 100% 0.05 - 1.15 2.1 – 5.3 1.1 - 2.1 
pat 5 95%- 104% 99% - 100% 0.02 - 1.17 5.0 - 10 2.0 - 5.0 
 2 93% -98% 100% 0.06 - 1.15 2.0 - 10 1.0 – 5.0 
epsps 5 93% - 101% 99% 0.06 - 0.82 2.0 – 5.0 1.0 – 2.0 


3 105% - 113% 100% 0.03 - 1.11 1.0 – 2.0 1.0 
TNOS 5 90% - 93% 99% - 100% 0.12 - 2.02 20 10 


 3 89% - 101% 98% -100% 0.09 - 2.11 5.3 - 21 2.1 - 11 
 
For the pentaplex PCR the LOD6 (LODC.I.) was between 2.0 -5.0 copies (1.0 -2.0) for 


the most sensitive CTP2-CP4-EPSPS target and 20 copies (10) for the lowest sensi-


tive target TNOS. The triplex assay showed the same sensitivity with LOD6 (LODC.I.) 


ranging form 1.0 – 5.0 (1.0 -2.0) for the P35S and CTP2-CP4-EPSPS and 5.3 – 21 


(2.1 - 11) for the TNOS target. For the duplex assay the LODabs for bar and pat were 


also a little bit higher with a LOD6 (LODC.I.) of 5.0 – 10 copies (2.0 - 10) and 2.0 – 5.0 


copies (1.0 - 5.0). All three developed multiplex assays meet the minimum perfor-


mance criteria of the AFNOR standard [1], demanding to exceed a LODabs of 20 


target copies. The sensitivity of the three multiplex assays did not vary significantly.  


All efficiencies measured for the pentaplex, triplex and duplex assays were in con-


sistent with the ENGL criteria [2] for singleplex real-time PCRs between 90 - 110%, 


(-3.1 ≥ slope ≥ -3.6) except one of the three repeated runs for CTP2-CP4-EPSPS 


and TNOS target with 113% (slope -3.05) in the triplex PCR, respectively. But for 


multiplex PCR it was interpreted as acceptable. Also The R2 achieved the 


requirements of the ENGL with a R2 of at minimum 98% (except one outlier in one 


pentaplex PCR run of the bar target with R2 = 95%).  


The LOD% calculation was done for low copy numbers near the LODabs to show if the 


sensitivity of the assays are in compliance with the EU legislation (EC 1830/2003) 


with a threshold of 0.9% for the accidental and unintended presence of unauthorised 


GMOs in feed and food products. Even the weakest system of the pentaplex PCR the 


TNOS system showed a LOD% of 0.05% - 0.013%. As expected for LOD% E and R2 


were not for each run consistent with the ENGL standards [2] because the 


measurement was not done over the whole dynamic range but only around LODabs.  
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As multiplex PCR assays are more sensitive to asymmetric levels of target copies 


than singleplex PCR assays due to a competition of the oligonucleotides for 


reagents, the sensitivity was tested in an asymmetric sensitivity test. Pentaplex, 


triplex and duplex PCR assays were tested for each of the target copies in a range 


close above LODabs with 20 – 1.620 copies corresponding with 0.036% - 2.8% with a 


background of approx. 54.000 of the other target copies (for copy numbers used in 


the asymmetric tests see tables Table 45 - Table 52 in the appendix).  


 


Table 27: Comparison of the LODasym of 5plex 3plex and 2plex on MX3005P cycler 


target Plex E R² range SD LOD6 /% (copy) LODC.I./% (copy) 


bar 5 70% 99.5% 0.21 - 1.58 ≥ 0.11% (60)  ≥ 0.036% (20) 
 2 65% 99.4% 0.08 - 1.56 ≤ 0.036% (20)  ≤ 0.036% (20) 


P35S 5 90% 99.6% 0.05 - 0.39 ≤ 0.035% (20)  ≤ 0.035% (20) 
 3 98% 99.9% 0.09 - 1.78 ≥ 0.11% (61)  ≥ 0.11% (61) 


pat 5 94% 99.9% 0.08 - 0.53 ≤ 0.035% (20)  ≤ 0.035% (20) 
 2 97% 99.4% 0.15 - 1.27 ≤ 0.035% (20)  ≤ 0.035% (20) 


epsps 5 80% 99.5% 0.15 - 0.74 ≤ 0.036% (20)  ≤ 0.036% (20) 
 3 102% 99.9% 0.10 - 0.29 ≤ 0.032% (20)  ≤ 0.032% (20) 


TNOS 5 21% 100% 0.84 - 1.02 ≥ 1.93% (1,080) (1,080)  ≥ 0.65% (360) (360) 
 3 89% 100% 0.30 - 1.78 ≤ 0.036% (40)  ≤ 0.036% (40) 


 


Table 27 shows a comparison of the LODasym of the three multiplex PCR assays. In 


asymmetric target copy number conditions the sensitivity of the pentaplex PCR assay 


was comparable to the triplex and duplex assay with 20 - 60 target copies, corres-


ponding to a calculated relative content of the target of 0.035% - 0.11%. Only the 


TNOS target in the pentaplex PCR assay shows an evident lower sensitivity with 


1.080 copies, corresponding to a calculated relative content of 1.93% TNOS target 


copies in a background of all other targets of 1:50.  


Our experiments prove that each of the developed multiplex PCR assay is able to 


detect the GM targets in a level much deeper than the legislative threshold of 0.9% 


for the accidental and unintended presence of unauthorised GMOs in feed and food 


products. The only exception is the TNOS target, showing a lower sensitivity in asym-


metric target conditions. It was shown that the TNOS target in the pentaplex PCR is 


still detectable even when all other GM target copies are up to 50 times higher.  


The robustness test for low changes of the annealing temperature TA of ± 1°C shows 


that the sensitivity of the pentaplex, triplex and duplex PCR assay varies maximal 


one dilution step of the calibration standards with only few exception for TNOS, bar 
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and pat in the triplex and duplex assay respectively. But all LODabs are clear under 


the 20 copies of minimum requirement defined by AFNOR [1]. 


LightCycler 480 is also appropriate for application of the developed multiplex PCR 


assays as shown by the sensitivity tests on the LC480 of both LGL and CRA-W.  


Summaries of the data deviated from the three multiplex assays at the LC480 cycler 


of LGL and CRA-W are shown in Table 28 and Table 29. These tables show that the 


LODabs is very similar on both cyclers. Our multiplex assays performed well during 


transfer to a second PCR cycler as well as to a second laboratory.  


 
Table 28: Comparison of LODabs of 5plex, 3plex and 2plex on LC480 cycler (LGL) 


target plex E R² range SD LOD6 /copy LODC.I. /copy 


bar 5 96 - 112% 99% - 100% 0.05 - 1.15 5.0 - 10 5.0 - 10 
 2 106% -113% 99% - 100% 0.06 - 1.24 5.0 2.0 
P35S 5 99% - 103% 100% 0.04 - 1.15 2.0 – 10 1.0 - 5.0 
 3 95% - 110% 100% 0.05 - 1.15 2.0 – 10 2.0 – 5.0 
pat 5 91% - 99% 99% - 100% 0.02 - 1.17 10 - 20 5.0 - 10 
 2 108% -113% 99% - 100% 0.06 - 1.15 2.0 - 10 1.0 – 5.0 
epsps 5 119% -121% 99% 0.06 - 0.82 ≥ 1.0 ≥ 1.0 


3 107% - 117% 99% - 100% 0.03 - 1.11 2.0 – 5.0 1.0 – 2.0 
TNOS 5 96% - 109% 99% - 100% 0.12 - 2.02 5.0 - 20 2.0 - 10 


 3 99% - 103% 99% - 100% 0.09 - 2.11 10 - 20 5.0 - 10 
 


Table 29: Comparison of LODabs of 5plex, 3plex and 2plex on LC480 cycler (CRA-W) 


target plex E R² range SD LOD6 /copy LODC.I. /copy 


bar 5 109% - 112% 100% 0.06 - 0.99 5.0 - 10 2.0 – 5.0 
 2 105% - 111% 99% -100% 0.01 - 1.03 5.0 - 10 2.0 - 5.0 
P35S 5 111% - 115% 100% 0.06 - 1.72 1.0 – 2.0 1.0 
 3 109% - 114% 100% 0.07 - 1.21 2.0 1.0 
pat 5 92% - 99% 100% 0.02 - 1.39 5.0 2.0 
 2 104% - 108% 100% 0.05 - 0.59 1.0 - 5.0 1.0 - 2.0 
epsps 5 111% - 117% 100% 0.05 - 0.92 2.0 1.0 


3 110% - 111% 100% 0.03 - 1.21 1.0 - 5.0 1.0 
TNOS 5 91% - 115% 99%  0.05 - 1.80 10 - 20 5.0 


 3 104% - 112% 100% 0.07 - 1.24 5.0 - 10 2.0 - 5.0 
 
For the bar, P35S, pat and CTP2-CP4-epsps PCR systems LODabs is more or less 


the same in a range of 1.0 - 10 target copies. On both cyclers the TNOS system has 


the highest LODabs with up to 20 copies, still being consistent which ENGL [2] as well 


as AFNOR standards [1]. Concerning the data of all three thermo cyclers used for 


validation and in order to ease and harmonize as much as possible the LODabs 


10 copies of each target have been safely detected by the pentaplex, triplex and 


duplex assay.  
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To summarise the sensitivity of the three multiplex PCRs, the absolute and relative 


LODs are less than 10 target copies and 0.05% - 0.013% respectively, for each GM 


target. Even in high asymmetric target copy situations each real-time PCR assay can 


detect the GM target sequences at calculated relative GM contents of 0.035% - 


0.11%. However, for the TNOS target, when applying high asymmetric target copy 


concentrations (≥ 50 times), the results should be verified with a singleplex or the de-


veloped triplex PCR assay. The pentaplex, triplex and duplex real-time PCR assays 


were proved to function on two different cyclers as well as in a second laboratory. 


Deviating from the detailed results of this validation study, it is proposed to accept a 


difference in the efficiencies of the single detection systems of no more than 15% in a 


total range of 80% to 120% (corresponding to a slope of -2.92 to -3.92). 
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PRACTICAL GUIDELINES FOR APPLICATION OF THE METHODS 


APPLICABILITY 


Samples 


The method can be used for DNA extracted from plant material, food and feed 


samples as well as from seeds. The DNA concentration of the samples should 


be in the range of the copy numbers of the calibration standards under 


consideration of the haploid genomic weight of the plant species [15]. An 


average DNA concentration of 25 - 120ng/µl per PCR reaction is recommended. 


The dynamic range begins for each screening system by 20,000 target copies 


and ends by the LOD of each target system. Possible DNA inhibitions have 


been checked (see inhibition control).  


DNA-Extraction  


DNA for the analysis with the pentaplex real-time PCR can be extracted 


according to the ISO 21571[16]. For the establishment of the method a modified 


CTAB-protocol [17] as well as the GeneSpin DNA extraction kit from seeds, 


plant material, food and feed (GeneScan Analytics GmbH) was used. Two 


extraction controls (= EC) must be carried along, using water instead of the 


sample for DNA extraction. It is recommended to give attention that no CTAB 


buffer comes in the DNA extraction as it is known to inhibit PCR reaction. The 


DNA-concentration should be more than 5ng/µl to safely detect the GMO above 


the detection limit. 


DNA-Quantification and DNA quality  


The concentration of the genomic DNA samples was determined by fluores-


cence using PicoGreen dsDNA Quantification Reagent (Molecular Probes, 


Eugene, USA) according to the manufactor‟s instructions. 


Construction of the calibration standards  


The calibration standards were prepared by mixing DNA from the rapeseed 


events Falcon GS40/90, MS8/RF3 and GT73. After DNA isolation the DNA con-


centration was determined by PicoGreen® (Invitrogen), adjusted with sterile 


water or thymus water and mixed in appropriate ratios to receive the wanted GM 


copy numbers. The copy numbers of the GM target sequences were derived 


from the haploid genomic weight of 1.225 pg for [15] under consideration of the 
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actual integrated copy number of the GM target sequences. In detail the F1 


hybrid GS40/90 has integrated two copies of P35S and pat genes in one haploid 


genome, the F1 hybrid GT73 one copy of CTP2-CP4-EPSPS on the haploid 


genome and MS8/Rf3 four TNOS and two bar genes in total and all other target 


sequence were not present in the respective event. The calibration standards 


for the determination of LOD comprised 11 dilution series with 20,000; 5,000; 


1,250; 250; 50; 20; 10; 5.0; 2.0; 1.0, 0.1 and Ø target copies. All dilutions have 


been performed in a background of 100 ng/µl calf thymus DNA (Sigma, 


Germany).  


OPERATIONAL CHARACTERISTICS AND PRACTICABILITY OF THE METHOD  


 For all steps nuclease-free reagents and consumables for use in molecular 


biology should be used. 


 Basic for the avoidance of false positive results is the use of nuclease-free 
water, very good results have been achieved by the use of aqua ad 
injectabilia (B. Braun, Melsungen, Germany, order no 3880079) 


 To avoid errors due to inaccurate pipetting and optimize the accuracy of the 


linear regression it is recommended to make Sub-Master Mixes for each 


dilution level of the calibration standards.  


EXPERIMENTAL DESIGN  


Primer and probe stock solutions should be diluted in 0.1x TE-buffer to a final 


concentration of 100 µM. For the PCR a 20 µM working solution (diluted with 


nuclease-free water) is used for primer and a 10 µM working solution for the probes. 


The working solution was stored in aliquots at -20°C.   


Preparation of the PCR run: 


 The ready-to use mastermix is 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, respectively. 


 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 five respective fluorescence channels for measurement and 
start the PCR 


 







APPLICATION 


 42 


Reporter dye: Excitationmax Emissionmax  Colour 


Atto425 436 nm 484 nm Blue 


Cyan500 450 nm 500 nm Blue 


6-FAM 495 nm 520 nm Green 


HEX 535 nm 556 nm Yellow 


Texas Red 590 nm 603 nm Orange 


CY5 643 nm 667 nm Red 


At the 3‟-end all probes are labelled with the Blackberry quencher (BBQ) respectively 


the GT73-TmP with Deep Dark (DDQ). These quenchers are ideal for multiplex 


PCRs as it can be combined with all fluorescent dyes from UV via blue/yellow/orange 


/red wavelengths to infrared wavelengths.  


OPERATOR SKILLS REQUIREMENTS  


 Experience with real-time PCR 


ANALYTICAL CONTROLS  


All PCR controls described should be analysed in duplicates for each fluores-


cence channel and GM element during each PCR run to alleviate error analysis. 


All controls can be used as described in ISO 24276 [11] and ISO 21569 [12].  


 


Extraction control (EC): 


For each DNA extraction series one or two samples containing EC is carried 


along as EC according to AFNOR XP V03-020-2 [1] and ISO 21571. The EC is 


used for discover contaminations in the extraction reagents. All EC real-time 


PCR results have to be negative.  


Positive template control (PTC): 


A PTC from certified reference material with controlled DNA identity and purity 


should be analysed to control the function of the PCR reagents and PCR run 


according to AFNOR XP V03-020-2 [1]. For the evaluation of the duplex, triplex 


and pentaplex PCR a DNA mixture from the GM rape events GT73, GS40/90 


and MS8xRF3 was used as PTC for all GM targets. All PC have to show 


fluorescent curves. 
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No template control (NTC): 


Each analysis series should have NTC without template DNA. A NTC should be 


analysed to identify contaminations in the PCR master mix according to AFNOR 


XP V03-020-2 [1]. NTC have to show negative results (no Ct). 


Inhibition control (IC): 


IC shows the absence of PCR inhibitors and prove a perfect PCR amplifiability 


of the DNA. For the IC a taxon specific reference gene for the corresponding 


plant species is analysed in at least two concentrations. The slope of the 


inhibition curve should be within -3,6 and -3,1 which means an Efficiency 


between 90% - 110% [2]. The fluorescence curves of the two concentrations 


should show steeply ascending slops and their ΔCt value must not differentiate 


more than 75% from the expected ΔCt according to the formula dilution factor = 


2ΔCt.  
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APPENDIX 


DATA FROM THE VALIDATION OF THE MULTIPLEX REAL-TIME PCR ASSAYS 


All tables presented here use the following abbreviations, signs and symbols: 


Run = number of the run referred to; E= efficiency, R² coefficient of determination; E copies 
= target DNA copies expected; Ct = Cycle threshold; x mean value of 6 repetitions per run; 


SD Ct = standard deviation; m = repetitions per run; ØCt/Out = ratio of no Ct to outliers 


(Dixon's Q test) [13]; m copies = measured copies; C.I. = Confidence Interval [5]; yellow 


marked = LOD6 according to AFNOR, orange marked = LOD according to confidence 
intervals, bold efficiencies = out of the range between 90-110% according to ENGL criteria 


[2]; bold regression coefficients = to low according to ENGL criteria [2]; red marked = too 


many positives according to AFNOR [1].  
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TABLES CONCERNING THE DETERMINATION OF ABSOLUTE LOD 


Table 30: LODabs 5plex on MX3005P cycler for the bar gene 


bar Texas Red   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 25.05 0.28 6/6 - 10,592 24% 
2    25.98 0.50 6/6 - 9,930 42% 
3    24.26 0.28 6/6 - 15,980 20% 
1   5,000 25.80 0.25 6/6 - 6,067 19% 
2    26.71 0.27 6/6 - 5,751 19% 
3    25.70 0.18 6/6 - 5,501 13% 
1   1,250 27.46 0.24 6/6 - 1,760 17% 
2    28.26 0.29 6/6 - 1,976 21% 
3    27.56 0.15 6/6 - 1,404 11% 
1   250 29.53 0.13 6/6 - 377 10% 
2    30.41 0.31 6/6 - 448 22% 
3    29.63 0.18 6/6 - 308 13% 
1   50 31.82 0.31 6/6 - 71 23% 
2    32.60 0.53 6/6 - 102 32% 
3    32.01 0.24 6/6 - 54 17% 
1   20 33.15 0.33 6/6 - 26 22% 
2    35.02 1.41 6/6 - 25 84% 
3    33.43 0.53 6/6 - 20 38% 
1   10 35.05 0.96 6/6 - 7.6 61% 
2 99.6% 95.3%  37.26 1.33 6/6 - 5.4 88% 
3    34.49 1.26 6/6 - 13 52% 
1 109% 98.0% 5.0 35.97 1.11 5/6 1/0 4.2 86% 
2    - - 0/6 6/0 - - 
3 108% 99.8%  35.31 0.31 4/6 2/0 4.9 39% 
1   2.0 36.51 0.88 3/6 3/0 2.5 162% 
2    - - 0/6 6/0 - - 
3    35.73 0.24 3/6 3/0 - - 
1   1.0 38.36 0.95 0/6 6/0 0.6 146% 
2    - - 0/6 6/0 - - 
3    36.49 - 1/6 5/0 - - 
1   0.1 no Ct - 0/6 6/0 - - 
2    no Ct - 0/6 6/0 - - 
3    no Ct - 0/6 6/0 - - 


Bar: 5plex on MX3005P (3 runs) 
LODbar C.I.  ≥ 5.0 - 10 copies  
LOD6bar AFNOR  ≥ 10 copies 
 
Efficiency: 99.6 -109% (slopes: -3.12, -3.33, -3.14) 
R2: 95.3% - 99.8%  
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Table 31: LODabs 5plex on MX3005P cycler for P35S  


P35S HEX   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 24.19 0.20 6/6 - 12,610 14% 
2    25.05 0.23 6/6 - 13,370 19% 
3    23.86 0.29 6/6 - 14,124 20% 
1   5,000 25.32 0.28 6/6 - 5,643 22% 
2    26.20 0.25 6/6 - 5,759 19% 
3    25.43 0.14 6/6 - 4,724 10% 
1   1,250 27.07 0.09 6/6 - 1,569 7.0% 
2    27.99 0.11 6/6 - 1,548 8.7% 
3    27.27 0.05 6/6 - 1,316 3.5% 
1   250 29.31 0.11 5/6 0/1 313 8.7% 
2    30.05 0.24 6/6 - 348 17% 
3    29.23 0.15 6/6 - 340 11% 
1   50 31.36 0.35 6/6 - 73 26% 
2    32.41 0.26 6/6 - 62 19% 
3    31.50 0.21 6/6 - 71 15% 
1   20 32.72 0.25 6/6 - 27 20% 
2    33.99 0.36 6/6 - 20 26% 
3    33.03 0.28 6/6 - 25 20% 
1   10 34.32 1.58 6/6 - 12 68% 
2 107% 98.9%


% 
 35.48 0.69 6/6 - 7.2 45% 


3    33.77 0.58 6/6 - 16 43% 
1 106%


% 
98.7% 5.0 35.77 0.83 6/6 - 3.4 66% 


2    38.06 - 2/6 4/0 - - 
3    35.62 1.20 6/6 - 5.2 72% 
1   2.0 37.78 0.52 3/6 3/0 0.7 - 
2    - - 0/6 6/0 - - 
3 97.4% 98.2%  38.12 0.76 4/6 2/0 0.8 73% 
1   1.0 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    36.60 0.42 2/6 4/0 - - 
1   0.1 no Ct - 0/6 6/0 - - 
2    no Ct - 0/6 6/0 - - 
3    no Ct - 0/6 6/0 - - 


P-35S: 5plex on MX3005P (3 runs) 
LODP-35S C.I. ≥ 2.0 - 5.0 copies  
LOD6P-35S AFNOR  ≥ 5.0 -10 copies 
 
Efficiency: 97.4-107% (slopes -3.19, -3.16, -3.38) 
R2: 98.2% - 98.9% 
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Table 32: LODabs 5plex on MX3005P cycler for the pat gene  


pat CY5   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 23.55 0.34 6/6 - 13,158 24% 
2    23.97 0.24 6/6 - 15,497 18% 
3    23.38 0.23 6/6 - 16,574 17% 
1   5,000 24.96 0.27 6/6 - 5,063 17% 
2    25.54 0.24 6/6 - 5,175 18% 
3    24.95 0.14 6/6 - 5,367 11% 
1   1,250 26.82 0.13 6/6 - 1,431 9.2% 
2    27.41 0.15 6/6 - 1,403 10% 
3    26.92 0.09 6/6 - 1,312 7.0% 
1   250 29.06 0.14 6/6 - 317 11% 
2    29.51 0.21 6/6 - 326 16% 
3    28.95 0.10 6/6 - 306 7.2% 
1   50 31.30 0.25 6/6 - 71 19% 
2    31.79 0.21 6/6 - 67 16% 
3    31.27 0.18 6/6 - 59 14% 
1   20 32.51 0.36 6/6 - 32 26% 
2    33.55 0.31 6/6 - 20 24% 
3    32.95 0.39 6/6 - 18 26% 
1   10 34.20 0.21 5/6 0/1 10 17% 
2    34.86 0.54 6/6 - 8.3 37% 
3    33.79 0.41 6/6 - 10 30% 
1 99,1% 98.5% 5.0 35.18 0.52 6/6 - 5.4 34% 
2 99.5% 99.5%


% 
 35.88 1.22 3/6 3/0 4.9 89% 


3 104% 99.8%  34.85 0.71 6/6 - 5.1 59% 
1   2.0 37.85 1.70 5/6 1/0 1.3 107% 
2    38.40 0.19 4/6 2/0 - - 
3    38.60 - 2/6 4/0 - - 
1   1.0 36.88 - 2/6 4/0 - - 
2    39.49 - 1/6 5/0 - - 
3    37.11 0.94 3/6 3/0 - - 
1   0.1 no Ct  - 0/6 6/0 - - 
2    no Ct - 0/6 6/0 - - 
3    no Ct - 0/6 6/0 - - 


Pat: 5plex on MX3005P (3 runs) 
LODpat C.I. = ≥ 2.0 - 5.0 copies   
LOD6pat AFNOR = ≥ 5.0 – 10 copies 
 
Efficiency: 95.1 - 104% (slopes -3.44, -3.33, -3.22) 
R2: 98.5% - 99.8% 
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Table 33: LODabs 5plex on MX3005P cycler for the CTP2-CP4-EPSPS gene  


CTP2-CP4-EPSPS Atto425  
Run E R² E 


copies 
x Ct  SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 24.10 0.35 6/6 - 13,310 23% 
2    24.48 0.32 6/6 - 12,891 24% 
3    23.79 0.30 6/6 - 16,611 20% 
1   5,000 25.33 0.15 6/6 - 5,510 11% 
2    25.74 0.15 6/6 - 5,481 11% 
3    25.55 0.13 6/6 - 4,813 9.6% 
1   1,250 27.35 0.14 6/6 - 1,329 11% 
2    27.77 0.16 6/6 - 1,414 11% 
3    27.53 0.04 6/5 0/1 1,221 2.7% 
1   250 29.48 0.16 6/6 - 299 12% 
2    30.01 0.24 6/6 - 319 16% 
3    29.62 0.11 6/6 - 288 7.9% 
1   50 31.72 0.19 6/6 - 62 14% 
2    32.31 0.24 6/6 - 69 17% 
3    31.79 0.18 6/6 - 64 13% 
1   20 33.07 0.12 6/6 - 24 8.2% 
2    33.80 0.27 6/6 - 25 17% 
3    33.20 0.34 6/6 - 25 25% 
1   10 34.15 0.21 6/6 - 11 16% 
2    34.86 0.40 6/6 - 13 26% 
3    34.00 0.21 6/6 - 14 16% 
1   5.0 34.77 0.48 6/6 - 7.6 32% 
2    36.56 0.98 6/6 - 4.6 54% 
3    35.55 0.78 6/6 - 5.4 66% 
1   2.0 36.75 0.66 6/6 - 2.0 44% 
2 93.3% 98.7%  38.73 1.00 4/6 2/0 1.1 127% 
3 100% 99.3%  37.58 0.60 4/6 2/0 1.2 42% 
1 101% 99.0% 1.0 38.70 0.67 5/6 1/0 0.5 54% 
2    38.50 - 2/6 4/0 - - 
3    38.66 - 2/6 4/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


CTP2-CP4-EPSPS: 5plex on MX3005P (3 runs) 
LODepsps C.I.  ≥ 1.0 - 2.0 copies  
LODepsps AFNOR  ≥ 2.0 - 5.0 copies 
 
Efficiency: 93.3 - 101% (slopes  -3.30, -3.49, -3.32) 
R2: 98.7% - 99.3%  
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Table 34: LODabs 5plex on MX3005P cycler for TNOS  


T-NOS   6-FAM  
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 25.47 0.17 6/6 - 21,384 12% 
2    25.51 0.03 5/6


6 
0/1 14,229 2.0% 


3    25.65 0.23 6/6 - 17,595 15% 
1   5,000 27.59 0.21 6/6 - 5,325 14% 
2    26.95 0.21 6/6 - 5,618 14% 
3    27.49 0.29 5/6


6 
0/1 


What 
can be 
done of 


this? 


5,367 18% 
1   1,250 29.84 0.16 6/6 - 1,201 11% 
2    29.01 0.19 6/6 - 1,471 13% 
3    29.38 0.25 6/6 - 1,560 16% 
1   250 32.04 0.09 6/6 - 283 6.3% 
2    31.10 0.26 6/6 - 380 18% 
3    31.78 0.17 5/6 1/0 326 14% 
1   50 34.97 0.42 6/6 - 42 27% 
2    33.83 0.38 6/6 - 65 26% 
3    34.27 0.48 6/6 - 67 35% 
1   20 35.70 0.47 6/6 - 26 32% 
2    35.77 1.44 5/6


6 
0/1 24 71% 


3    36.70 0.88 6/6 - 15 52% 
1 93% 99,8% 10 37.14 0.55 5/6 1/0 10 39% 
2    36.69 1.02 4/6 2/0 12 76% 
3 90% 99.0%  39.15 - 1/6 5/0 - - 
1   5.0 37.32 - 2/6 4/0 - - 
2 93% 99.4%  37.84 1.18 4/6 2/0 5.5 53% 
3    - - 0/6 6/0 - - 
1   2.0 38.56 1.70 3/6 3/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 
1   1.0 39.42 - 2/6 4/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 
1   0.1 39.68 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


TNOS: 5plex on MX3005P (3 runs) 
LODTNOS C.I.  ≥ 10 copies  
LOD6TNOS AFNOR  ≥ 20 copies 
 
Efficiency: 90.0 - 93.0% (slopes -3.51, -3.50, --3.58, 
R2: 99.0% - 99.8% 
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Table 35: LODabs 3plex on MX3005P cycler for P35S  


P35S HEX   
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. 


(95%) 1   21,073 23.32 0.23 6/6 - 25,360 16% 
2    23.90 0.10 6/6 - 23,430 8.0% 
3    23.92 0.14 5/6 1/0 24,682 12% 
1   5,268 25.45 0.09 6/6 - 5,350 6.9% 
2    25.83 0.07 6/6 - 5,666 5.5% 
3    25.99 0.22 6/6 - 5,604 18% 
1   1,317 27.57 0.15 6/6 - 1,195 11% 
2    28.01 0.17 6/6 - 1,147 12% 
3    28.11 0.16 6/6 - 1,200 12% 
1   263 29.74 0.07 6/6 - 251 5.5% 
2    30.10 0.14 6/6 - 246 11% 
3    30.31 0.20 6/6 - 245 15% 
1   53 31.98 0.13 6/6 - 50 9.9% 
2    32.28 0.24 6/6 - 50 17% 
3    32.48 0.36 6/6 - 52 29% 
1   21 33.70 0.52 6/6 - 15 34% 
2    33.55 0.38 6/6 - 20 31% 
3    33.66 0.26 6/6 - 22 19% 
1   11 33.94 0.28 6/6 - 13 20% 
2    34.14 0.48 6/6 - 13 33% 
3    34.65 0.42 5/6 1/0 11 35% 
1   5.3 35.35 0.78 6/6 - 5.0 51% 
2    35.37 0.42 6/6 - 5.3 35% 
3    36.31 0.55 6/6 - 3.4 39% 
1 105% 99.5% 2.1 35.84 0.65 6/6 - 3.5 50% 
2 109% 99.9%  36.43 0.92 6/6 - 2.8 67% 
3 106% 99.1%  36.00 0.47 5/6 1/0 4.2 48% 
1   1.1 37.22 1.90 4/6 2/0 2.0 149% 
2    37.15 1.36 4/6 2/0 2.0 169% 
3    36.92 1.20 3/6 3/0 - - 
1   0.1 37.17 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


P35S: 3plex on MX3005P (3 runs) 
LODP35S C.I.  ≥ 1.1 – 2.1 copies   
LODP35S AFNOR ≥ 2.1 - 5.3 copies 
 
Efficiency: 105 - 109% (slope: -3.21, -3.13, -3.18) 
R2: 99.1% - 99.9% 
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Table 36: LODabs 3plex on MX3005P cycler for the CTP2-CP4-EPSPS construct 


CTP2-CP4-EPSPS ROX  
Run E R² E 


copies 
x Ct SD Ct 


Ct 
m noCt/Ou m copies C.I. 


(95%) 1   21,073 21.04 0.13 6/6 - 24,337 9.6% 
2    21.54 0.07 6/6 - 24,419 5.2% 
3    21.39 0.17 5/6


6 
0/1 26,300 16% 


1   5,268 23.11 0.10 6/6 - 5,501 7.4% 
2    23.39 0.07 6/6 - 6,041 5.8% 
3    23.55 0.19 6/6 - 5,553 15% 
1   1,317 25.29 0.16 6/6 - 1,159 12% 
2    25.58 0.15 6/6 - 1,160 12% 
3    25.58 0.09 6/6 - 1,282 6.5% 
1   263 27.35 0.09 6/6 - 264 6.9% 
2    27.65 0.14 6/6 - 243 12% 
3    27.89 0.14 6/6 - 243 11% 
1   53 29.84 0.20 6/6 - 45 14% 
2    29.77 0.21 6/6 - 49 16% 
3    30.33 0.21 5/6


6 
0/1 42 19% 


1   21 31.11 0.18 6/6 - 18 13% 
2    30.91 0.24 6/6 - 21 19% 
3    31.18 0.09 6/6 - 23 7.0% 
1   11 31.74 0.27 6/6 - 12 19% 
2    32.17 0.29 6/6 - 8.1 23% 
3    32.66 0.39 6/6 - 8.1 30% 
1   5.3 32.53 0.32 6/6 - 6.6 25% 
2    32.85 0.31 6/6 - 4.9 24% 
3    33.45 0.36 6/6 - 4.5 24% 
1   2.1 34.12 0.61 6/6 - 2.3 53% 
2    33.71 0.29 6/6 - 2.5 25% 
3    34.10 0.55 6/6 - 2.9 41% 
1 105% 99.9% 1.1 35.00 1.14 5/6 4/0 1.3 64% 
2 113% 99.7%  34.54 0.87 6/6 - 1.6 63% 
3 105% 99.6%  35.13 0.60 6/6 - 1.4 59% 
1   0.1 36.83 1.29 3/6* 3/0 - - 
2    36.36 1.25 4/6* 2/0 - - 
3    36.59 - 1/6 5/0 - - 


*late ct values, master mix controls (NTCs) were negative 


 
CTP2-CP4-EPSPS: 3plex on MX3005P (3 runs) 
LODepsps C.I.  ≥ 1.1 copies  
LODepsps AFNOR ≥ 1.1 - 2.1 copies 
 
Efficiency: 101 - 108% (slope: -3.21, -3.05, -3.20) 
R2: 99.8% - 99.9% 
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Table 37: LODabs 3plex on MX3005P cycler for TNOS 


T-NOS  6-FAM  
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. 


(95%) 1   21,073 24.64 0.20 6/6 - 25,451 14% 
2    25.00 0.13 6/6 - 20,274 8.8% 
3    25.05 0.50 6/6 - 19,335 30% 
1   5,268 26.80 0.07 5/6 0/1 5,587 6.4% 
2    27.06 0.16 6/6 - 5,174 43% 
3    27.08 0.21 6/6 - 5,187 14% 
1   1,317 29.04 0.20 6/6 - 1,182 14% 
2    29.28 0.19 5/6 0/1 1,187 15% 
3    29.29 0.20 6/6 - 1,269 14% 
1   263 31.15 0.08 6/6 - 270 5.7% 
2    31.29 0.35 6/6 - 310 25% 
3    31.61 0.27 6/6 - 292 19% 
1   53 33.74 0.35 5/6 0/1 45 29% 
2    33.84 0.47 5/6 0/1 59 39% 
3    33.69 0.25 6/6 - 78 17% 
1   21 35.11 0.40 6/6 - 18 27% 
2    35.04 0.53 6/6 - 27 37% 
3    35.03 0.34 6/6 - 33 23% 
1   11 35.79 0.81 6/6 - 12 51% 
2    36.42 0.80 6/6 - 11 48% 
3 89% 98.3%  37.84 2.00 5/6 1/0 10 151% 
1   5.3 36.87 0.64 6/6 - 5.4 45% 
2 94% 99.8%  37.78 1.24 5/6 1/0 5.3 97% 
3    38.40 1.28 3/6 3/0 - - 
1   2.1 38.27 0.92 5/6 1/0 2.3 101% 
2    37.52 0.76 2/6 4/0 - - 
3    37.81 0.08 2/6 4/0 - - 
1 101% 99.6% 1.1 38.45 1.13 5/6 1/0 2.2 124% 
2    38.22 0.70 3/6 3/0 - - 
3    37.46  1/6 5/0   
1   0.1 36.38 - 1/6 5/0 - - 
2    38.35 - 1/6 5/0 - - 
3    37.75  1/6 5/0   


T-NOS: 3plex on MX3005P (3 runs) 
LODTNOS C.I.  ≥ 2.1 - 11 copies  
LODTNOS AFNOR ≥ 5.3 – 21 copies 
 
Efficiency: 89 – 98.3% (slope: -3.61, -3.29, -3.47) 
R2: 98.3% - 99.8% 
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Table 38: LODabs 2plex on MX3005P for the bar gene  


bar FAM  
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 26.40 0.10 6/6 - 19,472 7.1% 
2    26.55 0.17 6/6 - 18,469 12% 
3    25.68 0.13 6/6 - 16,313 8.4% 
1   5,000 28.29 0.20 6/6 - 5,158 15% 
2    28.51 0.25 6/6 - 4,685 20% 
3    27.35 0.20 6/6 - 5,462 13% 
1   1,250 30.55 0.37 5/6 0/1 1,065 27% 
2    30.31 0.23 6/6 - 1,318 17% 
3    29.31 0.19 6/6 - 1,507 13% 
1   250 32.44 0.24 6/6 - 276 18% 
2    32.28 0.24 6/6 - 332 18% 
3    31.94 0.18 6/6 - 268 13% 
1   50 34.76 0.42 6/6 - 55 28% 
2    34.92 0.39 5/6 0/1 59 28% 
3    34.42 0.30 6/6 - 56 17% 
1   20 35.89 0.47 6/6 - 25 40% 
2    36.34 0.87 6/6 - 21 50% 
3    36.03 0.41 6/6 - 19 28% 
1 103% 99.7% 10 37.46 0.20 6/6 - 8.0 15% 
2    37.25 0.53 4/6 2/0 10 36% 
3    36.71 0.79 6/6 - 13 48% 
1   5.0 - - 1/6 5/0 - - 
2 102% 99.8%  38.37 0.65 6/6 - 4.9 45% 
3    38.67 0.76 6/6 - 3.6 58% 
1   2.0 - - 1/6 5/0 - - 
2    39.13 - 2/6 4/0 - - 
3 94% 99.4%  38.76 0.40 3/6 3/0 - - 
1   1.0 - - 1/6 5/0 - - 
2    38.00 - 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 - - 


Bar: 2plex on MX3005P (3 runs) 
LODbar C.I.  ≥ 2.0 - 10 copies  
LODbar AFNOR ≥ 5.0 - 10 copies 
 
Efficiency: 94 - 103% (slopes: -3.25, -3.27, -3.47) 
R2: 99.4% - 99.8% 
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Table 39: LODabs 2plex on MX3005P for the pat  gene 


pat HEX   
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 24.34 0.06 6/6 - 21,711 4.6% 
2    24.01 0.08 6/6 - 18,717 5.5% 
3    23.65 0.11 5/6 0/1 17,463 8.0% 
1   5,000 26.46 0.15 6/6 - 4,905 11% 
2    26.09 0.17 6/6 - 4,618 12% 
3    25.39 0.10 6/6 - 5,548 6.8% 
1   1,250 28.53 0.45 6/6 - 1,188 32% 
2    28.01 0.31 5/6 0/1 1,268 22% 
3    27.49 0.20 6/6 - 1,401 13% 
1   250 30.59 0.19 6/6 - 270 14% 
2    30.08 0.13 6/6 - 309 10% 
3    30.42 0.04 6/6 - 204 2.9% 
1   50 33.11 0.41 6/6 - 47 30% 
2    32.70 0.32 6/6 - 53 23% 
3    32.67 0.34 5/6 0/1 47 21% 
1   20 34.19 0.27 6/6 - 22 19% 
2    33.87 0.31 6/6 - 24 22% 
3    34.28 0.47 6/6 - 17 32% 
1   10 35.30 0.31 6/6 - 10 22% 
2    35.61 0.63 6/6 - 7.8 43% 
3    34.77 0.28 6/6 - 12 19% 
1   5.0 36.92 - 2/6 4/0 - - 
2    35.85 0.66 5/6 0/1 6.6 34% 
3    35.81 0.55 6/6 - 6.2 35% 
1 98% 99.8% 2.0 37.76 1.05 5/6 1/0 2.9 98% 
2    37.17 1.15 6/6 - 3.1 63% 
3    37.61 1.53 4/6 2/0 2.6 98% 
1   1.0 38.30 - 2/6 4/0 - - 
2 99% 99.7%  38.56 0.84 5/6 1/0 1.1 65% 
3 93% 99.8%  38.74 - 1/6 5/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Bar: 2plex on MX3005P (3 runs) 
LODpat C.I.  ≥ 1.0 - 5.0 copies  
LOD6pat AFNOR ≥ 2.0 - 10 copies 
 
Efficiency: 93% - 99% (slopes: -3.36, -3.35, -3.49) 
R2: 99.7% - 99.8% 
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TABLES CONCERNING THE DETERMINATION OF RELATIVE LOD 


Table 40: LOD% 5plex on MX3005P for the bar gene  


bar ROX   
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   50 31.17 0.30 6/6 - 47 24% 
2   0.25% 32.08 0.48 6/6 - 54 32% 
3    30.74 0.16 6/6 - 49 15% 
1   10 33.04 0.61 6/6 - 13 56% 
2   0.05% 34.50 1.58 6/6 - 15 70% 
3    32.46 0.43 6/6 - 11 35% 
1   5.0 34.28 0.92 6/6 - 6.0 77% 
2   0.025% 36.30 2.15 4/6 2/0 6.0 101% 
3    33.17 0.32 6/6 - 5.5 33% 
1 104% 99.0% 2.5 35.37 1.11 6/6 - 2.8 60% 
2 92% 95.3% 0.013% 36.34 2.22 4/6 2/0 5.7 101% 
3 149% 99.9%  34.05 0.16 6/6 - 2.4 16% 
1   1.0 34.41 0.74 2/6 4/0 - - 
2   0.005% 37.16 - 1/6 6/0 - - 
3    33.87 0.35 6/6 - 2.9 33% 


Bar: 5plex on MX3005P (3 runs) 
LODbar C.I. ≥ 0.005% - 0.025%  
LOD6bar AFNOR ≥ 0.005% - 0.05% 
 
Efficiency: 92% - 149% (slope -3.22, -3.52, -2.52) 
R2: 95.3% - 99.9% 
 
Table 41: LOD% 5plex on MX3005P for P35S 


P35S HEX   


Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   100 29.79 0.19 6/6 - 108 16% 
2   0.5% 30.70 0.15 6/6 - 124 17% 
3    30.74 0.16 6/6 - 141 19% 
1   20 31.98 0.21 6/6 - 18 19% 
2   0.1% 32.44 0.22 6/6 - 19 26% 
3    32.46 0.43 6/6 - 20 44% 
1   10 32.64 0.24 6/6 - 10 22% 
2   0.05% 33.22 0.20 6/6 - 8.2 24% 
3    33.17 0.32 6/6 - 8.2 44% 
1   5.0 33.47 0.47 6/6 - 5.4 39% 
2   0.025% 33.88 0.16 6/6 - 4.0 18% 
3    34.05 0.15 6/6 - 2.8 21% 
1 126% 99.8% 2.0 34.64 0.71 6/6 - 2.1 38% 
2 184% 98.2% 0.010% 34.34 0.16 6/6 - 2.5 17% 
3 149% 99.9%  33.87 0.30 6/6 - 3.6 43% 


P35S: 5plex on MX3005P (3 runs) 
LODP35S C.I. ≤ 0.010%  
LOD6P35S AFNOR ≤ 0.010% 
 
Efficiency: 126% - 184% (slope -3.82, -2.21, -2.52) 
R2: 98.2% - 99.9% 
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Table 42: LOD% 5plex on MX3005P for the pat gene  


pat Cy5   
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   100 29.70 0.27 6/6 - 97 17% 
2   0.5% 30.40 0.26 6/6 - 101 19% 
3    30.74 0.26 6/6 - 90 18% 
1   20 31.88 0.36 6/6 - 23 26% 
2   0.1% 32.60 0.27 6/6 - 22 21% 
3    32.87 0.45 5/6 0/1 22 28% 
1   10 32.94 0.45 6/6 - 11 33% 
2   0.05% 33.72 0.43 6/6 - 10 32% 
3    33.45 0.48 6/6 - 15 33% 
1   5.0 34.55 1.02 6/6 - 4.4 54% 
2   0.025% 34.79 0.28 6/6 - 4.7 20% 
3    35.83 1.60 6/6 - 4.1 68% 
1 95% 98.7% 2.0 35.32 0.93 6/6 - 2.7 75% 
2 102% 99.8% 0.010% 35.88 0.67 5/6 1/0 2.3 39% 
3 96% 95.0%  36.20 1.11 4/6 2/0 2.8 68% 


PAT: 5plex on MX3005P (3 runs) 
LODpat C.I.  ≥ 0.010%  
LOD6pat AFNOR ≥ 0.010% - 0.025% 
 
Efficiency: 95% - 102% (slope -3.45, -3.28, -3.41) 
R2: 98.0% - 99.8% 
 
Table 43: LOD% 5plex on MX3005P for the CTP2-CP4-EPSPS gene  


CTP2-CP4-EPSPS Att425  
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   100 29.24 0.16 6/6 - 102 7.8% 
2   0.5% 29.78 0.26 6/6 - 89 11% 
3    30.00 0.15 6/6 - 81 9.4% 
1   20 31.48 0.17 6/6 - 20 12% 
2   0.1% 32.09 0.27 6/6 - 22 15% 
3    32.26 0.17 6/6 - 22 11% 
1   10 32.56 0.63 6/6 - 9.2 13% 
2   0.05% 32.94 0.42 6/6 - 13 16% 
3    33.01 0.30 6/6 - 14 18% 
1   5.0 33.33 0.22 6/6 - 5.7 44% 
2   0.025% 34.70 0.56 6/6 - 4.6 27% 
3    34.66 0.69 6/6 - 5.8 45% 
1 106% 100% 2.0 34.66 - 6/6 - 2.0 17% 
2 83% 98.7% 0.010% 36.17 - 6/6 - 1.9 35% 
3 95% 98.2%  36.88 0.88 6/6 - 1.6 45% 


EPSPS: 2plex on MX3005P (3 runs) 
LODepsps C.I. ≤ 0.010%  
LOD6epsps AFNOR ≤ 0.010% 
 
Efficiency: 83% - 106% (slope -3.18, -3.79, -3.44) 
R2: 98.2% - 100% 
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Table 44: LOD% 5plex on MX3005P for TNOS  


T-NOS  6-FAM  
Run E R² E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   100 30.84 0.19 6/6 - 124 19% 
2   0.5% 31.64 0.27 6/6 - 100 25% 
3    31.78 0.24 6/6 - 126 20% 
1   20 32.92 0.49 6/6 - 21 44% 
2   0.1% 33.61 0.54 6/6 - 19 49% 
3    34.46 0.95 6/6 - 20 60% 
1   10 33.88 0.81 6/6 - 9.5 46% 
2   0.05% 34.23 0.69 6/6 - 11 53% 
3    35.07 0.71 6/6 - 12 47% 
1   5.0 34.85 1.35 6/6 - 5.6 90% 
2   0.025% 34.40 0.35 6/6 - 8.8 29% 
3    36.72 1.38 6/6 - 4.3 83% 
1 144% 95% 2.0 34.96 0.88 6/6 - 3.8 67% 
2 143% 96% 0.010% 36.39 1.96 6/6 - 3.0 99% 
3 112% 94%  36.67 2.39 6/6 - 7.2 100% 


TNOS: 2plex on MX3005P (3 runs) 
LODTNOS C.I. ≥ 0.010%  
LOD6TNOS AFNOR ≤ 0.010% 
 
Efficiency: 112% - 144% (slope -2.58, -2.59, -3.06) 
R2: 94% - 96% 


 







APPENDIX  


 Appendix 15 


 


TABLES CONCERNING ASYMMETRIC TARGET TESTS 


Table 45: LODAsym. 5plex on MX3005P for the bar gene and TNOS 


 target sequences GMO in background   


dilution bar TNOS P35S pat epsps Σ inducation 


A 1,620 3,240 17,791 17,791 17,791 53,373 GM copies 
 2.8% 5.6% 30.6% 30.6% 30.6% 100% GM copies % 


 1,448 3,274 17,774 17,934 17,887  m copies 
 14% 16% 1.4% 1.8% 1.4%  C.I. (95%) 


 29.24 31.40 23.88 24.10 25.06  x Ct 


 0.24 0.84 0.13 0.24 0.20  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6 0/0   m  / noCt/Ou 


B 540 1,080 18,152 18,152 18,152 54,455 GM copies 
 0.96% 1.93% 32.4% 32.4% 32.4% 100% GM copies % 


 661 1,098 17,753 18,375 18,173  m copies 
 39% 22% 1.7% 1.5% 1.4%  C.I. (95%) 


 30.71 37.11 23.87 23.76 24.82  x Ct 


 0.21 1.02 0.15 0.21 0.20  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6 0/0   m  / noCt/Ou 


C 180 360 18,151 18,151 18,151 54,452 GM copies 
 0.33% 0.65% 33.0% 33.0% 33.0% 100% GM copies % 


 180 - 18,688 17,451 17,804  m copies 
 53% - 4.3% 6.4% 3.0%  C.I. (95%) 


 33.21 No Ct 24.35 24.51 25.13  x Ct 


 0.56 - 0.37 0.89 0.45  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6 0/0   m  / noCt/Ou 


D 60 120 18,271 18,271 18,271 54,813 GM copies 
 0.11% 0.22% 33.2% 33.2% 33.2% 100%, GM copies % 


 62 - 18,060 18,500 18,351  m copies 
 55% - 1.6% 0.7% 1.0%  C.I. (95%) 


 35.28 No Ct 24.03 23.66 24.67  x Ct 


 0.85 - 0.14 0.09 0.15  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6 0/0   m  / noCt/Ou 


E 20 40 18,312 18,312 18,312 54,935 GM copies 
 0.036% 0.036% 33.3% 33.3% 33.3% 100% GM copies % 


 - - 18,437 18,470 18,476  m copies 
 - - 2.5% 1.0% 0.8%  C.I. (95%) 


 37.33 No Ct 24.22 23.69 24.57  x Ct 


 1.58 - 0.22 0.14 0.12  SD Ct 
 6 2/0 6 0/0 6 0/0 6 0/0 6 0/0   m  / noCt/Ou 


NTC no Ct no Ct no Ct no Ct no Ct  x Ct 


 - - - - -  SD Ct 
 3 0/0 3 0/0 3 0/0 3 0/0 3 0/0   m  / noCt/Ou 


Threshold 200 for bar/ROX, P35S/HEX, pat/CY5, epsps/ATTO and 1000 for TNOS/FAM 
 
LOD-Asymmetry (5plex) 
LOD6bar ≥ 60 copies           LOD6bar C.I.  ≥ 20 copies        
LOD6TNOS ≥ 1,000 copies   LOD6TNOS C.I.  ≥ 360 copies  
 
The DNA target copies of bar and T-NOS were diluted in a background of approx. 20,000 
target copies of the other 3 elements. For bar and Tnos the efficiencies are 70% and 21% 
and the R² coefficient of determination is R² 99.5% and R² 100%, respectively.  
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Table 46: LODAsym. 5plex on MX3005P for the P35S gene and pat 


 GMO in background target sequences backgr.   


dilution bar TNOS P35S pat epsps Σ inducation 


A 13,960 27,919 1,658 1,658 13,960 58,992 GM copies 
 23.6% 47.2% 2.8% 2.8% 23.6% 100% GM copies % 


 14,039 27,979 1,529 1,599 13,974  m copies 
 7.0% 3.6% 6.8% 7.5% 1.7%  C.I. (95%) 


 25.97 25.61 27.02 27.02 24.75  x Ct 


 0.15 0.17 0.10 0.11 0.10  SD Ct 
 6 0/0 6 0/0 6 0/0 6  0/0 6  0/0   m  / noCt/Ou 


B 14,328 28,656 553 553 14,328 58,418 GM copies 
 24.5% 49.0% 0.95% 0.95% 24.5% 100% GM copies % 


 13,642 27,959 571 597 14,019  m copies 
 7.1% 3.5% 3.4% 5.4% 1.2%  C.I. (95%) 


 25.90 25.61 28.55 28,51 24.77  x Ct 


 0.15 0.16 0.05 0.08 0.07  SD Ct 
 6 0/0 6 0/0 6 0/0 6  0/0 6  0/0   m  / noCt/Ou 


C 14,328 28,902 184 184 14,451 57,804 GM copies 
 24.8% 49.7% 0.32% 0.32% 24.8% 100% GM copies % 


 14,950 29,258 194 175 14,605  m copies 
 8.9% 2.7% 6.9% 7.8% 1.1%  C.I. (95%) 


 26.11 25.83 30,24 30.36 25.02  x Ct 


 0.19 0.13 0.10 0.11 0.06  SD Ct 
 6 0/0 6 0/0 6 0/0 6  0/0 6  0/0   m  / noCt/Ou 


D 14,492 28,983 61 61 14,492 58,089 GM copies 
 24.9% 49.6% 0.11% 0.11% 24.9% 100%, GM copies % 


 14,383 28,819 70 64 14,496  x Ct 


 6.5% 2.5% 11% 18% 2.8%  Stdv Ct 


 26.02 25.61 31.83 31.90 24.97  x Ct 


 0.14 0.12 0.16 0.26 0.16  SD Ct 
 6 0/0 6 0/0 6 0/0 6  0/0 6  0/0   m  / noCt/Ou 


E 14,505 29,011 20.5 20.5 14,505 58,063 GM copies 
 25.0% 50.0% 0.035% 0.035% 25.0% 100% GM copies % 


 14,767 29,176 18 21 14,533  m copies 
 5.9% 0.4% 28% 39% 1.4%  C.I. (95%) 


 26.09 25.83 33.95 33.61 24.99  x Ct 


 0.13 0.04 0.39 0.53 0.08  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6  0/0   m  / noCt/Ou 


NTC 35.95 no Ct no Ct no Ct no Ct  x Ct 


 - - - - -  SD Ct 
 3 0/1 3 0/0 3 0/0 3 0/0 3 0/0   m  / noCt/Ou 


Threshold 200 for bar/ROX, P35S/HEX, pat/CY5, epsps/ATTO and 1000 for TNOS/FAM 


 
LOD-Asymmetry (5plex) 
LOD6P35S ≤ 20 copies    
LOD6pat ≤ 20 copies   
 
The DNA target copies of P-35S and pat were diluted in a background of approx. 
20,000 target copies of the other 3 elements. For P35S and pat the efficiencies are 
90% and 94% and the R² coefficient of determination is 99.6% and 99.9%, 
respectively. 
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Table 47: LODAsym. 5plex on MX3005P for the and CTP2-CP4-EPSPS construct 


 GMO in background target   


dilution bar TNOS P35S pat epsps Σ inducation 


A 10,817 21,633 10,817 10,817 1,623  54 083 GM copies 
 19.4% 38.8% 19.4% 19.4% 2.9% 100% GM copies % 


 10,518 19,621 13,327 13,042 1,465  m copies 
 16% 14% 33% 21% 12%  C.I. (95%) 


 26.08 25.78 24.33 23.98 27.59  x Ct 


 0.19 0.07 0.10 0.08 0.19  SD Ct 
 6 0/0 5 0/1 6, 0/0 5  0/1 6  0/0   m  / noCt/Ou 


B 11,899 23,797 11,899 11,899 541 60 036 GM copies 
 19.8% 39.6% 19.8% 19.8% 0.90% 100% GM copies % 


 12,373 25,369 9,019 9,392 580  m copies 
 16% 23% 34% 39% 9,0%  C.I. (95%) 


 25.89 25.64 24.21 23.82 29.17  x Ct 


 0.20 0.14 0.10 0.16 0.15  SD Ct 
 6 0/0 3 3/0 6 0/0 5  0/1 6  0/0   m  / noCt/Ou 


C 12,259 24,518 12,259 12,259 180 61 474 GM copies 
 19.9% 39.9% 19.9% 19.9% 0.29% 100% GM copies % 


 12,870 28,635 14,274 12,140 191  m copies 
 17% 31% 44% 26% 16%  C.I. (95%) 


 25.84 25.57 24.34 23.95 31.08  x Ct 


 0.21 0.16 0.13 0.11 0.27  SD Ct 
 6 0/0 0  6 0/0 6 0/0 6  0/0   m  / noCt/Ou 


D 13,093 26,187 13,093 13,093 60 65 527 GM copies 
 20.0% 40.0% 20.0% 20.0% 0.10% 100% GM copies % 


 12,309 23,528 16,083 16,123 69  m copies 
 12% 35% 22% 26% 18%  C.I. (95%) 


 25.89 25.70 24.40 24.07 32.81  x Ct 


 0.14 0.22 0.07 0.11 0.30  SD Ct 
 6 0/0 0  6 0/0 6 0/0 6  0/0   m  / noCt/Ou 


E 12,419 24,838 12,419 12,419 20 62 095 GM copies 
 20.0% 40.0% 20.0% 20.0% 0.032% 100% GM copies % 


 13,053 27,451 11,304 11,963 19  m copies 
 16% 21% 17% 24% 46%  C.I. (95%) 


 25.82 25.59 24.29 23.94 35.16  x Ct 


 0.19 0.13 0.05 0.10 0.74  SD Ct 
 6 0/0 6 0/0 6 0/0 6 0/0 6  0/0   m  / noCt/Ou 


NTC no Ct no Ct no Ct no Ct no Ct  x Ct 


 - - - - -  SD Ct 
 3 0/0 3 0/0 3 0/0 3 0/0     m  / noCt/Ou 


Threshold 200 for bar/ROX, P35S/HEX, pat/CY5, epsps/ATTO and 1000 for TNOS/FAM. 


 
LOD-Asymmetry (5plex)  


LODepsps ≤ 20 copies 
 


The DNA target copies of CTP2-CP4-EPSPS were diluted in a background of approx. 
20,000 target copies of the other 4 elements.  
For CTP2-CP4-EPSPS the efficiency is 80% and the R² coefficient of determination 
is 99.5%. 
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Table 48: LODAsym. 3plex on MX3005P for TNOS 


 backgr. target GMO in background   


dilution bar TNOS P35S pat epsps Σ inducation 


A 1,620 3,240 17,791 17,791 17,791 53,373 GM copies 
 2.8% 5.6% 30.6% 30.6% 30.6% 100% GM copies % 


 Not  3,311 17,774 Not  21,090  m copies 
 measured 22% 1.4% measured 27%  C.I. (95%) 


 Not  28.68 23.48 Not  21.91  x Ct 


 measured 0.38 0.05 measured 0.18  SD Ct 
   6 0/0 6 0/1   6 0/1   m  / noCt/Ou 


B 540 1,080 18,152 18,152 18,152 54,455 GM copies 
 0.96% 1.93% 32.4% 32.4% 32.4% 100% GM copies % 


 Not  1,100 17,753 Not  17,282  m copies 
 measured 22% 1.7% measured 9.7%  C.I. (95%) 


 Not  30.40 23.48 Not  21.94  x Ct 


 measured 0.33 0.23 measured 0.19  SD Ct 
   6 0/0 6 0/0   6 0/0   m  / noCt/Ou 


C 180 360 18,151 18,151 18,151 54,452 GM copies 
 0.33% 0.65% 33.0% 33.0% 33.0% 100% GM copies % 


 Not  272 18,688 Not  18,043  m copies 
 measured 19% 4.3% measured 13%  C.I. (95%) 


 Not  32.59 23.52 Not  22.03  x Ct 


 measured 0.30 0.14 measured 0.18  SD Ct 
   6 0/0 6 0/0   6 0/0   m  / noCt/Ou 


D 60 120 18,271 18,271 18,271 54,813 GM copies 
 0.11% 0.22% 33.2% 33.2% 33.2% 100%, GM copies % 


 Not  55 18,060 Not  16,963  m copies 
 measured 86% 1.6% measured 14%  C.I. (95%) 


 Not  35.73 23.58 Not  21.97  x Ct 


 measured 1.78 0.20 measured 0.14  SD Ct 
   6 0/0 6 0/0   6 0/0   m  / noCt/Ou 


E 20 40 18,312 18,312 18,312 54,935 GM copies 
 0.036% 0.036% 33.3% 33.3% 33.3% 100% GM copies % 


 Not  7.8 18,437 Not  16,666  m copies 
 measured - 2.5% measured 11%  C.I. (95%) 


 Not  38.36 23.66 Not  22.24  x Ct 


 measured 0.94 0.22 measured 0.38  SD Ct 
   6 0/0 6 0/0   6 0/0   m  / noCt/Ou 


NTC Not  no Ct no Ct Not  37.11  x Ct 


 measured - - measured -  SD Ct 
   3 0/0 3 0/0   1/3 0/2   m  / noCt/Ou 


Threshold 200 for P35S/HEX, epsps/ROX and 1000 for TNOS/FAM 
 
LOD-Asymmetry (3plex) 


LOD6TNO  ≤40 copies 
  


The DNA target copies of TNOS and bar were diluted in a high background (approx. 
20,000 target copies) of the other 3 elements.  
 
For TNOS the efficiency is 89% and the R² coefficient of determination is 100%. 
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Table 49: LODAsym. 3plex on MX3005P for P35S 


 GMO in background target GMO in background   


dilution bar TNOS P35S pat epsps Σ inducation 


A 13,960 27,919 1,658 1,658 13,960 58,992 GM copies 
 23.6% 47.2% 2.8% 2.8% 23.6% 100% GM copies % 


 Not  29,338 1,636 Not  14,056  m copies 
 measured 2.0% 6.0% measured 3.2%  C.I. (95%) 
 Not  26.08 34.32 Not  30.21  x Ct 
 measured 0.19 0.09 measured 0.15  SD Ct 


   6 0/0 6 0/0   6  0/0   m  
/ 


noCt/Ou 


B 14,328 28,656 553 553 14,328 58,418 GM copies 
 24.5% 49.0% 0.95% 0.95% 24.5% 100% GM copies % 
 Not  28,727 588 Not  14,300  m copies 


 measured 2.4% 14% measured 7.3%  C.I. (95%) 
 Not  25.89 35.84 Not  30.14  x Ct 
 measured 0.20 0.21 measured 0.34  SD Ct 


   6 0/0 6 0/0   6  0/0   m  
/ 


noCt/Ou 


C 14,328 28,902 184 184 14,451 57,804 GM copies 
 24.8% 49.7% 0.32% 0.32% 24.8% 100% GM copies % 
 Not  28,951 199 Not  14,610  m copies 
 measured 3.5% 12% measured 2.3%  C.I. (95%) 
 Not  25.84 37.44 Not  30.02  x Ct 
 measured 0.21 0.17 measured 0.11  SD Ct 


   6 0/0 6 0/1   6  0/0   m  
/ 


noCt/Ou 


D 14,492 28,983 61 61 14,492 58,089 GM copies 
 24.9% 49.6% 0.11% 0.11% 24.9% 100%, GM copies % 
 Not  28,733 64 Not  14,077  m copies 
 measured 3.3% 23% measured 4.6%  C.I. (95%) 
 Not  25.89 39.15 Not  30.21  x Ct 
 measured 0.14 0.33 measured 0.22  SD Ct 


   6 0/0 6 0/0   6  0/0   m  
/ 


noCt/Ou 


E 14,505 29,011 20.5 20.5 14,505 58,063 GM copies 
 25.0% 50.0% 0.035% 0.035% 25.0% 100% GM copies % 
 Not  27,830 - Not  15,329  m copies 
 measured 3.2% - measured 20%  C.I. (95%) 
 Not  25.82 - Not  29.85  x Ct 
 measured 0.19 - measured 0.87  SD Ct 


   6 0/0 6 6/0   6  0/0   m  
/ 


noCt/Ou 


NTC Not  no Ct no Ct no Ct no Ct  x Ct 
 measured - - - -  SD Ct 


   3 0/0 3 0/0 3 0/0 3 0/0   m  
/ 


noCt/Ou 


Threshold 200 for P35S/HEX, epsps/ROX and 1000 for TNOS/FAM 
 
LOD-Asymmetry (3plex) 
LODp35S  ≥ 61 Copies    
 


The DNA target copies of P-35S and pat was diluted in a high background (approx. 
20,000 target copies) of the other 3 elements. For P35S the efficiency is 98% and the 
R² coefficient of determination is 99.9%, respectively. 
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Table 50: LODAsym. 3plex on MX3005P for the and CTP2-CP4-EPSPS construct 


 GMO in background target   


dilution bar TNOS P35S pat epsps Σ inducation 


A 10,817 21,633 10,817 10,817 1,623  54 083 GM copies 
 19.4% 38.8% 19.4% 19.4% 2.9% 100% GM copies % 


 Not  23,804 10,835 Not  1,649  m copies 
 measured 59% 16% measured 7.3%  C.I. (95%) 


 Not  25.55 24.26 Not  27.71  x Ct 


 measured 0.15 0.06 measured 0.10  SD Ct 
   5 0/1 6, 0/0   6  0/0   m  / noCt/Ou 


B 11,899 23,797 11,899 11,899 541 60 036 GM copies 
 19.8% 39.6% 19.8% 19.8% 0.90% 100% GM copies % 


 Not  28,350 10,989 Not  511  m copies 
 measured 48% 34% measured 11%  C.I. (95%) 


 Not  25.50 24.27 Not  29.38  x Ct 


 measured 0.10 0.14 measured 0.14  SD Ct 
   3 3/0 6 0/0   6  0/0   m  / noCt/Ou 


C 12,259 24,518 12,259 12,259 180 61 474 GM copies 
 19.9% 39.9% 19.9% 19.9% 0.29% 100% GM copies % 


 Not  42,714 14,274 Not  193  m copies 
 measured 59% 44% measured 10%  C.I. (95%) 


 Not  25.42 24.12 Not  30.77  x Ct 


 measured 0.11 0.15 measured 0.13  SD Ct 
   0  6 0/0   6  0/0   m  / noCt/Ou 


D 13,093 26,187 13,093 13,093 60 65 527 GM copies 
 20.0% 40.0% 20.0% 20.0% 0.10% 100% GM copies % 


 Not  30,081 13,126 Not  60  m copies 
 measured 62% 48% measured 20%  C.I. (95%) 


 Not  25.50 24.21 Not  32.44  x Ct 


 measured 0.13 0.17 measured 0.29  SD Ct 
   0  6 0/0   6  0/0   m  / noCt/Ou 


E 12,419 24,838 12,419 12,419 20 62 095 GM copies 
 20.0% 40.0% 20.0% 20.0% 0.032% 100% GM copies % 


 Not  17,768 13,141 Not  20  m copies 
 measured 52% 39% measured 12%  C.I. (95%) 


 Not  25.60 24.20 Not  34.01  x Ct 


 measured 0.11 0.13 measured 0.16  SD Ct 
   0  6 0/0   6  0/0   m  / noCt/Ou 


NTC no Ct no Ct no Ct No Ct 37.27  Ct 
 - - - - -  SD Ct 
 3 0/0 3 0/0 3 0/0 3 0/0 1/3 0/2   m  / noCt/Ou 


Threshold 200 for P35S/HEX, epsps/ROX and 1000 for TNOS/FAM 
 
LOD-Asymmetry (3plex) 
LOD6epspsr ≥ 20 copies 
 


The DNA target copies of CTP2-CP4-EPSPS was diluted in a high background 
(approx. 20,000 target copies) of the other 4 elements.  
For CTP2-CP4-EPSPS the efficiency is 102% and the R² coefficient of determination 
is 99.9%. 
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Table 51: LODAsym. 2plex on MX3005P for the bar gene 


 target GMO in background   


dilution bar TNOS P35S pat epsps Σ inducation 


A 1,620 3,239 17,791 17,791 17,791 53,373 GM,copies 
 2.8% 5.6% 30.6% 30.6% 30.6% 100% GM,copies,% 


 1,327 Not  Not  17,731 Not   m,copies 
 16% measured measured 15% measured  C.I.,(95%) 


 29.43 Not  Not  24.32 Not   x Ct 


 0.26 measured measured 0.27 measured  SD Ct 
 6 0/0     6, 0/0     m  / noCt/Ou 


B 540 1,080 18,152 18,152 18,152 54,455 GM,copies 
 0.96% 1.93% 32.4% 32.4% 32.4% 100% GM,copies,% 


 643 Not  Not  18,174 Not   m,copies 
 4.7% measured measured 10% measured  C.I.,(95%) 


 30.69 Not  Not  24.27 Not   x Ct 


 0.08 measured measured 0.18 measured  SD Ct 
 6 0/1     6 0/0     m  / noCt/Ou 


C 180 360 18,151 18,151 18,151 54,452 GM,copies 
 0.33% 0.65% 33.0% 33.0% 33.0% 100% GM,copies,% 


 217 Not  Not  18,690 Not   m,copies 
 18% measured measured 9.8% measured  C.I.,(95%) 


 32.63 Not  Not  24.22 Not   x Ct 


 0.29 measured measured 0.17 measured  SD Ct 
 6 0/0     6 0/0     m  / noCt/Ou 


D 60 120 18,271 18,271 18,271 54,813 GM,copies 
 0.11% 0.22% 33.2% 33.2% 33.2% 100%, GM,copies,% 


 69 Not  Not  19,699 Not   m,copies 
 25% measured measured 11% measured  C.I.,(95%) 


 34.69 Not  Not  24.13 Not   x Ct 


 0.49 measured measured 0.19 measured  SD Ct 
 6 0/0     6 0/0     m  / noCt/Ou 


E 20 40 18,312 18,312 18,312 54,935 GM,copies 
 0.036% 0.036% 33.3% 33.3% 33.3% 100% GM,copies,% 


 22 Not  Not  16,911 Not   m,copies 
 77% measured measured 6.2% measured  C.I.,(95%) 


 37.17 Not  Not  24.40 Not   Ct 
 1.56 measured measured 0.10 measured  SD Ct 
 6 0/0     6 0/0     m  / noCt/Ou 


NTC no Ct Not  Not  no Ct Not  no Ct x Ct 


 - measured measured - measured - SD Ct 
 3 3/0     3 3/0   3 3/0 m  / noCt/Ou 


Threshold 200 for pat/HEX and 1000 for bar/FAM 
 
LOD-Asymmetry (2plex) 
LOD6bar ≤ 20 Copies 
 


The DNA target copies of bar and T-NOS was diluted in a background of approx. 
20,000 target copies of the other 3 elements. For bar the efficiency is 65% and the R² 
coefficient of determination is 99.4%.   
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Table 52: LODAsym. 2plex on MX3005P for the pat gene 


 GMO in background target backgr.   


dilution bar Tnos P35S pat epsps Σ inducation 


A 13,960 27,919 1,658 1,658 13,960 58,992 GM copies 
 23.6% 47.2% 2.8% 2.8% 23.6% 100% GM copies % 


 13,977 Not  Not  1,781 Not   m copies 
 17% measured measured 11% measured  C.I. (95%) 


 26.74 Not  Not  27.81 Not   x Ct 


 0.16 measured measured 0.15 measured  SD Ct 
 6 0/0     6  0/0     m  / noCt/Ou 


B 14,328 28,656 553 553 14,328 58,418 GM copies 
 24.5% 49.0% 0.95% 0.95% 24.5% 100% GM copies % 


 14,367 Not  Not  638 Not   m copies 
 40% measured measured 16% measured  C.I. (95%) 


 26.64 Not  Not  29.33 Not   x Ct 


 0.28 measured measured 0.23 measured  SD Ct 
 6 0/0     6  0/0     m  / noCt/Ou 


C 14,328 28,902 184 184 14,451 57,804 GM copies 
 24.8% 49.7% 0.32% 0.32% 24.8% 100% GM copies % 


 14,832 Not  Not  169 Not   m copies 
 60% measured measured 68% measured  C.I. (95%) 


 27.41 Not  Not  31.65 Not   x Ct 


 1.45 measured measured 1.27 measured  SD Ct 
 6 0/0     6  0/0     m  / noCt/Ou 


D 14,492 28,983 61 61 14,492 58,089 GM copies 
 24.9% 49.6% 0.11% 0.11% 24.9% 100%, GM copies % 


 15,753 Not  Not  62 Not   m copies 
 59% measured measured 14% measured  C.I. (95%) 


 26.84 Not  Not  32.74 Not   x Ct 


 0.37 measured measured 0.20 measured  SD Ct 
 6 0/0     6  0/0     m  / noCt/Ou 


E 14,505 29,011 20.5 20.5 14,505 58,063 GM copies 
 25.0% 50.0% 0.035% 0.035% 25.0% 100% GM copies % 


 13,226 Not  Not  25 Not   m copies 
 7.1% measured measured 44% measured  C.I. (95%) 


 26.68 Not  Not  34.18 Not   x Ct 


 0.18 measured measured 0.73 measured  SD Ct 
 6 0/1     6  0/0     m  / noCt/Ou 


NTC no Ct no Ct no Ct no Ct no Ct  x Ct 


 - - - - -  SD Ct 
 3 3/0 3 3/0 3 3/0 3 3/0 3 3/0     


Threshold 200 for pat/HEX and 1000 for bar/FAM. 


 
LOD-Asymmetry (2plex) 
LOD6pat ≤ 20 Copies 
 
The DNA target copies of pat and p35S was diluted in a high background (approx. 
20,000 target copies) of the other 3 elements. For pat the efficiency is 97% and the 
R² coefficient of determination is 99.4%.  
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TABLES CONCERNING ROBUSTNESS TO CHANGES IN ANNEALING TEMPERATUR 
 
Table 53: Robustness of 5plex PCR CONCERNING annealing Tem. for bar  


bar Texas Red   
Temp
. 


E R² E copies x Ct SD Ct 
 


m ØCt/Out m copies C.I. (95%) 


59°C   20,408 23.52 0.19 6/6 - 18,755 14% 
61°C    23.27 0.20 6/6 - 21,733 14% 
59°C   10,204 25.83 0.11 6/6 - 10,985 8,2% 
61°C    24.14 0.57 6/6 - 18,012 44% 
59°C   5,102 25.37 0.08 5/6 1/0 5,206 5,6% 
61°C    25.41 0.26 6/6 - 5,173 10% 
59°C   2,551 27.78 0.12 6/6 - 2,660 31% 
61°C    27.24 0.12 6/6 - 2,106 64% 
59°C   255 29.68 0.71 6/6 - 269 8.4% 
61°C    29.77 0.60 6/6 - 242 8.9% 
59°C   128 31.99 0.15 6/6 - 125 61% 
61°C    31.43 0.18 6/6 - 96 42% 
59°C   51 31.87 0.40 6/6 - 59 10% 
61°C    32.03 0.20 6/6 - 51 13% 
59°C   21 32.61 1.11 5/6 1/0 37 29% 
61°C    32.82 0.61 6/6 - 30 13% 
59°C   26 34.18 0.68 6/6 - 28 72% 
61°C    33.46 0.36 6/6 - 23 51% 
59°C   10 34.24 2.08 6/6 - 13 46% 
61°C    34.52 0.25 6/6 - 9.3 27% 
59°C   10 35.41 1.43 6/6 - 22 138% 
61°C    34.86 1.18 6/6 - 8.2 12% 
59°C 98% 98.6% 5.1 36.51 2.85 4/6 2/0 3.0 60% 
61°C 98% 99.6%  35.77 0.81 3/6 3/0 4.8 88% 
59°C   5.0 35.03 - 4/6 2/0 57 187% 
61°C    35.21 1.34 4/6 2/0 6.7 50% 
59°C   2.1 35.29 4.55 1/6 5/0 - - 
61°C    35.68 1.94 3/6 3/0 5.1 66% 
59°C   2.6 36.79 0.44 4/6 2/0 116 209% 
61°C    35.32 0.71 4/6 2/0 9.4 93% 
59°C   1.0 36.25 1.21 3/6 3/0 - - 
61°C    37.02 2.84 2/6 4/0 - - 
59°C 112% 98.8% 1.0 38.76 0.12 4/6 2/0 1.0 98% 
61°C 108% 98.0%  36.72 0.12 2/6 4/0 - - 
59°C   0.5 29.93 - 1/6 5/0   
61°C    37.66 - 1/6 5/0 - - 
59°C   0.1 39.89 - 1/6 5/0 - - 
61°C    - - 0/6 6/0 - - 
59°C    39.34 0.90 2/6* 4/0   
61°C    - - 0/6 6/0 - - 
          
59°C   1,276 27.46 0.22 6/6 - 1,247 15% 
61°C    27.47 0.26 6/6 - 1,179 17% 
x T /°C       1,213  
59°C   638 29.00 0.69 6/6 - 1,141 49% 
61°C    28.82 0.42 6/6 - 605 29% 
x T /°C      873  
Note: 1,276 and 638 copies were not included in the regression, they were calculated; T/°C = 
mean for 1.276 copies: 1,213 copies SD: 48 copies, RSDcopies 4.0%; slopes: -3.37 (59°C), 
-3.37 (61°C), T/°C = mean for 638 copies: 873 copies SD: 379 copies, RSDcopies 43%; slopes: 
-3.07 (59°C), -3.15 (61°C), *late Ct values, master mix controls (NTCs) were negative
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Table 54: Robustness of 5plex PCR concerning annealing Temp. for P35S 


P35S HEX   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


(95%) 59°C   20,408 21.76 0.08 6/6 - 20.206 5.8% 
61°C    21.53 0.06 5/6 1/0 25.510 4.4% 
59°C   20,680 23.60 0.16 6/6 - 21,498 11% 
61°C    23.49 0.17 6/6 - 25,522 12% 
59°C   5,102 23.67 0.11 5/6 1/0 5.128 13% 
61°C    23.81 0.13 6/6 - 5.029 9.4% 
59°C   5,170 25.60 0.16 6/6 - 5,507 11% 
61°C    25.83 0.69 6/6 - 5,442 41% 
59°C   255 28.25 0.08 6/6 - 222 6.1% 
61°C    28.23 0.08 6/6 - 215 5.9% 
59°C   259 30.45 0.47 6/6 - 208 30% 
61°C    30.21 0.07 6/6 - 240 5.2% 
59°C   51 30.41 0.18 6/6 - 50 13% 
61°C    30.59 0.20 6/6 - 40 14% 
59°C   52 32.47 0.25 6/6 - 51 17% 
61°C    32.59 0.23 6/6 - 47 16% 
59°C   21 31.43 0.26 6/6 - 25 19% 
61°C    31.20 0.25 6/6 - 26 19% 
59°C   21 33.50 0.14 6/6 - 25 10% 
61°C    33.99 0.30 6/6 - 18 21% 
59°C   10 32.16 0.17 6/6 - 15 12% 
61°C    32.70 0.10 6/6 - 8.8 7.3% 
59°C   10 34.66 0.34 6/6 - 12 25% 
61°C    35.00 0.71 6/6 - 9.6 48% 
59°C   5.1 33.86 0.36 6/6 - 4.6 23% 
61°C    33.68 0.41 6/6 - 4.5 30% 
59°C   5.2 35.88 0.30 2/6 4/0 - - 
61°C    35.73 0.66 6/6 - 5.7 44% 
59°C   2.1 35.25 0.87 6/6 - 2.0 60% 
61°C    34.51 0.70 6/6 - 2.7 44% 
59°C   2.1 37.26 0.71 5/6 1/0 2.1 63% 
61°C    37.02 0.51 5/6 1/0 2.2 38% 
59°C 100% 99.7% 1.0 36.09 1.54 5/6 1/0 1.4 90% 
61°C 104% 99.7%  35.53 0.83 5/6 1/0 1.3 60% 
59°C 98% 99.8% 1.0 36.37 - 1/6 5/0 - - 
61°C 102% 99.4%  37.17 1.27 3/6 3/0 2.5 92% 
59°C   0.1 39.32 - 1/6 5/0 - - 
61°C    - - 0/6 6/0 - - 
59°C   0.1 39.06 - 1/6 5/0 - - 
61°C    - - 0/6 6/0 - - 
          
59°C   1,276 25.92 0.14 6/6 - 1.124 10% 
61°C    25.87 0.09 6/6 - 1.153 6.4% 
x T /°C       1,139  


59°C   1,293 27.53 0.15 6/6 - 1,470 10% 
61°C    27.62 0.12 6/6 - 1,450 8.6% 
x T /°C       1,460  


Note: 1,276 and 1,293 copies were not included in the regression, they were calculated; T/°C 
= mean for 1.276 copies: 1,139 copies SD: 20 copies, RSDcopies 1.8%; slopes: -3.32 (59°C), 
-3.23 (61°C), T/°C = mean for 1.293 copies: 1,460 copies SD: 14 copies, RSDcopies 1.0%; 
slopes: -3.38 (59°C), -3.27 (61°C). 
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Table 55: Robustness of 5plex PCR concerning annealing Temp. for CTP2-CP4-EPSPS 


CTP2-CP4-EPSPS Atto425  
Run E R² E 


copies 
x Ct SD Ct 


Ct 
m ØCt/Out m copies C.I. (95%) 


59°C   20,408 23.49 0.09 6/6 - 18,061 7.4% 
61°C    23.27 0.18 6/6 - 20,485 12% 
59°C   20,680 23.62 0.09 6/6 - 29,048 7.3% 
61°C    23.67 0.09 6/6 - 27,039 7.0% 
59°C   5,102 25.34 0.05 5/6 1/0 5,289 3.3% 
61°C    25.36 0.04 5/6 1/0 4,954 3.0% 
59°C   5,170 25.69 0.14 6/6 - 6,271 11% 
61°C    25.91 0.70 6/6 - 5,975 44% 
59°C   255 29.85 0.13 6/6 - 255 9.1% 
61°C    29.81 0.17 6/6 - 246 12% 
59°C   259 30.54 0.34 6/6 - 176 25% 
61°C    30.35 0.12 6/6 - 226 9.4% 
59°C   51 32.20 0.36 6/6 - 54 24% 
61°C    32.25 0.13 6/6 - 47 9.2% 
59°C   52 32.60 0.29 6/6 - 38 24% 
61°C    32.88 0.24 6/6 - 37 19% 
59°C   21 33.10 0.29 6/6 - 29 19% 
61°C    33.14 0.49 6/6 - 27 34% 
59°C   21 33.67 0.36 6/6 - 17 28% 
61°C    34.14 0.44 6/6 - 15 30% 
59°C   10 34.45 1.37 6/6 - 15 53% 
61°C    34.31 0.48 6/6 - 12 33% 
59°C   10 34.48 0.48 6/6 - 9.7 32% 
61°C    34.84 0.44 6/6 - 9.4 29% 
59°C   5.1 35.52 0.86 4/6 2/0 6.3 52% 
61°C    35.49 0.77 6/6 - 5.8 42% 
59°C   5.2 35.84 0.45 6/6 - 3.5 31% 
61°C    35.32 0.37 6/6 - 6.6 31% 
59°C   2.1 38.36 0.77 3/6 3/0 0.9 56% 
61°C    36.75 0.95 5/6 1/0 2.6 60% 
59°C   2.1 36.09 0.43 6/6 - 2.9 30% 
61°C    36.89 0.77 6/6 - 2.4 71% 
59°C 93% 98.9% 1.0 38.03 - 1/6 5/0 - - 
61°C 99% 99.9%  38.65 1.24 4/6 2/0 0.8 117% 
59°C 111%


% 
98.5% 1.0 36.41 0.94 5/6 1/0 2.7 77% 


61°C 105% 99.4%  37.32 1.31 6/6 - 1.9 51% 
59°C   0.1 - - 0/6 6/0 - - 
61°C    38.67 - 1/6 5/0 - - 
59°C   0.1 37.40 - 1/6 5/0 - - 
61°C    37.87 - 1/6 5/0 - - 
          
59°C   1,276 27.52 0.10 5/6 1/0 1,256 2.7% 
61°C    27.47 0.08 6/6 - 1,206 5.3% 
x T /°C       1,231  


59°C   1,293 27.61 0.16 6/6 - 1,515 12% 
61°C    27.73 0.13 6/6 - 1,483 10% 
x T /°C       1,499  


Note: 1,276 and 1,293 copies were not included in the regression, they were calculated; T/°C 
= mean for 1.276 copies: 1,321 copies SD: 35 copies, RSDcopies 2.8%; slopes: -3.50 (59°C), 
-3.35 (61°C), T/°C = mean for 1.293 copies: 1,499 copies SD: 23 copies, RSDcopies 1.5%;  
slopes: -3.09 (59°C), -3.21 (61°C). 
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Table 56: Robustness of 5plex PCR concerning annealing Temp. for pat 


pat CY5   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


59°C   20,408 21.47 0.28 6/6 - 22,561 20% 
61°C    21.38 0.05 5/6 1/0 24,023 3.9% 
59°C   20,680 23.49 0.14 6/6 - 18,396 10% 
61°C    23.44 0.18 6/6 - 26,376 12% 
59°C   5,102 23.50 0.09 5/6 1/0 5,294 7.0% 
61°C    23.62 0.18 6/6 - 4,992 13% 
59°C   5,170 25.32 0.12 6/6 - 5,766 8.1% 
61°C    25.63 0.70 6/6 - 6,119 41% 
59°C   255 28.09 0.10 6/6 - 207 7.4% 
61°C    27.97 0.10 6/6 - 233 7.2% 
59°C   259 30.25 0.36 6/6 - 258 22% 
61°C    30.13 0.11 6/6 - 238 7.5% 
59°C   51 30.20 0.16 6/6 - 47 12% 
61°C    30.47 0.19 6/6 - 40 14% 
59°C   52 32.57 0.23 6/6 - 59 15% 
61°C    32.62 0.22 6/6 - 41 16% 
59°C   21 31.19 0.22 6/6 - 23 16% 
61°C    31.14 0.26 6/6 - 25 19% 
59°C   21 34.19 0.34 6/6 - 21 21% 
61°C    34.10 0.33 6/6 - 15 24% 
59°C   10 31.82 0.10 6/6 - 15 52% 
61°C    32.45 0.27 6/6 - 10 65% 
59°C   10 34.57 0.17 6/6 - 16 56% 
61°C    34.86 0.92 6/6 - 10 97% 
59°C   5.1 33.65 0.41 6/6 - 4.2 30% 
61°C    33.58 0.40 6/6 - 4.7 34% 
59°C   5.2 37.49 1.62 5/6 1/0 3.9 98% 
61°C    35.89 0.74 5/6 1/0 4.5 42% 
59°C   2.1 34.94 0.59 6/6 - 1.7 41% 
61°C    34.56 0.65 6/6 - 2.4 44% 
59°C   2.1 38.26 1.26 5/6 1/0 2.0 81% 
61°C    36.42 0.61 5/6 1/0 3.1 52% 
59°C 102% 99.6% 1.0 35.49 1.01 4/6 2/0 1.3 40% 
61°C 101% 99.8%  35.76 0.69 6/6 - 1.1 64% 
59°C 86% 99.0% 1.0 37.75 2.98 2/6 4/0 - - 
61°C 104% 99.0%  36.88 0.80 4/6 2/0 2.3 40% 
59°C   0.1 35.65 - 1/6 5/0 - - 
61°C    39.03 - 1/6 5/0 - - 
59°C   0.1 38.14 - 1/6 5/0 - - 
61°C    37.79 - 1/6 5/0 - - 
          
59°C   1,276 25.62 0.13 6/6 - 1,184 9.2% 
61°C    25.66 0.06 5/6 1/0 1,179 4.7% 
x T /°C       1,181  


59°C   1,293 27.49 0.17 6/6 - 1,465 12% 
61°C    27.49 0.20 6/6 - 1,534 14% 
x T /°C      1,499  


Note: 1,276 and 1,293 copies were not included in the regression, they were calculated; T/°C 
= mean for 1.276 copies: 1,181 copies SD: 3.2 copies, RSDcopies 0.3%; slopes: -3.27 (59°C), -
3.29 (61°C), T/°C = mean for 1.293 copies: 1,499 copies SD: 49 copies, RSDcopies 3.3%;  
slopes: -3.71 (59°C), -3.24 (61°C). 
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Table 57: Robustness of 5plex PCR concerning annealing Temp. for TNOS 


T-NOS  6-FAM  
Run E R² E copies x Ct SD Ct 


 
m noCt/Ou m copies C.I. (95%) 


59°C   40,816 23.07 0.23 6/6 - 35,756 13% 
61°C    22.84 0.19 6/6 - 40,928 11% 
59°C   20,408 24.41 0.10 6/6 - 18,764 6.4% 
61°C    24.41 0.16 6/6 - 20,398 10% 
59°C   10,204 25.16 0.24 6/6 - 10,088 15% 
61°C    25.14 0.26 6/6 - 9,410 17% 
59°C   5,102 26.49 0.24 6/6 - 5,590 14% 
61°C    26.56 0.75 6/6 - 5,604 42% 
59°C   510 29.66 0.22 6/6 - 604 13% 
61°C    29.65 0.13 6/6 - 485 9.1% 
59°C   255 31.63 0.37 6/6 - 277 21% 
61°C    31.10 0.22 6/6 - 290 14% 
59°C   102 32.29 0.48 6/6 - 120 29% 
61°C    32.06 0.37 6/6 - 102 26% 
59°C   41 33.42 0.65 4/6 2/0 61 45% 
61°C    32.76 0.33 6/6 - 64 23% 
59°C   51 34.38 0.72 6/6 - 59 56% 
61°C    33.77 0.49 6/6 - 55 33% 
59°C 86% 99.0% 20 36.05 2.70 4/6 2/0 22 102% 
61°C    34.36 0.16 6/6 - 22 11% 
59°C   21 35.80 0.66 6/6 - 25 39% 
61°C    35.62 0.61 6/6 - 17 40% 
59°C   10 - - 0/6 6/0 - - 
61°C 92% 99.4%  36.24 0.93 5/6 1/0 7.5 71% 
59°C 78% 99.7% 10 37.88 1.79 3/6 3/0 9.3 77% 
61°C    36.06 0.98 5/6 1/0 14 54% 
59°C   5.1 37.95 1.83 1/0 5/0   
61°C 87% 99.7%  37.83 1.24 3/6 3/0 4.7 60% 
59°C   4.2 - - 0/6 6/0 - - 
61°C    36.77 1.17 2/6 4/0 - - 
59°C   2.1 - - 0/6 6/0 - - 
61°C    36.96 - 1/0 5/0 - - 
59°C   2.1 - - 0/6 6/0 - - 
61°C    38.49 - 1/0 5/0 - - 


59°C   1.0 - - 0/6 6/0   
61°C    39.93 - 1/0 5/0   
59°C   0.2 - - 0/6 6/0 - - 
61°C   0.1 - - 0/6 6/0 - - 
59°C    37.38 - 1/0 5/0 - - 
61°C    39.65 - 1/0 5/0 - - 
          
59°C   2,551 27.29 0.14 6/6 - 2.645 8.8% 
61°C    27.20 0.12 6/6 - 2.413 8.4% 
x T /°C       2,529  


59°C   1,276 28.58 0.27 6/6 - 1,647 17% 
61°C    28.36 0.09 6/6 - 1,641 6.1% 
x T /°C      1,644  


Note: 2,551 and 1,276 copies were not included in the regression, they were calculated; T/°C 
= mean for 2,551 copies: 2,529 copies SD: 164 copies, RSDcopies 6.5 %; slopes: -3.71 (59°C), 
-3.52 (61°C), T/°C = mean for 1.276 copies: 1,644 copies SD: 6.4 copies, RSDcopies 0.3%; 
slopes: -3.98 (59°C), -3.67 (61°C). 
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Table 58: Robustness of 3plex PCR CONCERNING annealing Temp. for P35S 


P35S HEX   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


59°C   20,000 24.12 0.17 5/6 1/0 19.058 13% 
61°C    23.49 0.09 6/6 - 21.662 6.7% 
59°C   5,000 25.88 0.11 6/6 - 5.735 7.9% 
61°C    25.34 0.16 6/6 - 5.982 11% 
59°C   250 30.49 0.04 5/6 0/1 246 2.5% 
61°C    30.11 0.15 6/6 - 219 11% 
59°C   50 33.01 0.25 6/6 - 45 18% 
61°C    32.48 0.17 6/6 - 42 13% 
59°C   20 34.34 0.27 6/6 - 18 22% 
61°C    33.73 0.40 6/6 - 18 27% 
59°C   10 35.12 0.70 6/6 - 11 42% 
61°C    34.76 0.39 6/6 - 8.9 26% 
59°C   5.0 35.77 1.05 5/6 1/0 8.2 75% 
61°C    35.71 0.59 6/6 - 4.8 37% 
59°C 98% 99.8% 2.0 37.75 0.72 4/6 2/0 1.9 53% 
61°C    36.64 1.26 5/6 1/0 3.0 65% 
59°C   1.0 38.02 1.17 2/6 4/0 - - 
61°C 101% 99.6%  37.18 1.64 4/6 2/0 2.3 88% 
59°C   0.1 - - 0/6 6/0 - - 
61°C    39.25 - 1/6 5/0 - - 
          
59°C   1,250 28.08 0.10 6/6 - 1,277 6.9% 
61°C    27.78 0.09 6/6 - 1,100 6.5% 
x T /°C      1,188  
Note: 1,250 copies were not included in the regression, they were only calculated. T/°C = 
mean: 1,188 copies, SD: 126 copies, RSDcopies 11%;  slopes: -3.38 (59°C), -3.29 (61°C). 
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Table 59: Robustness of 3plex PCR concerning annealing Temp. for CTP2-CP4-EPSPS 


CTP2-CP4-EPSPS Atto425  
Run E R² E 


copies 
x Ct SD Ct 


Ct 
m ØCt/Out m copies C.I. (95%) 


59°C   20,000 23.49 0.08 5/6 1/0 19.907 6.3% 
61°C    23.79 0.51 6/6 - 27.377 49% 
59°C   5,000 25.21 0.07 6/6 - 6.153 6.7% 
61°C    25.44 0.36 6/6 - 6.956 30% 
59°C   250 29.83 0.09 6/6 - 234 6.4% 
61°C    29.81 0.45 6/6 - 210 44% 
59°C   50 32.10 0.33 6/6 - 49 22% 
61°C    32.02 0.48 6/6 - 35 38% 
59°C   20 33.49 0.38 6/6 - 18 27% 
61°C    33.19 0.40 6/6 - 14 35% 
59°C   10 34.56 0.85 6/6 - 10 49% 
61°C    33.79 0.55 6/6 - 8.6 42% 
59°C   5.0 35.26 1.02 6/6 - 6.0 47% 
61°C 118


%% 
99.1%  34.73 0.53 6/6 - 4.0 41% 


59°C   2.0 36.01 0.20 6/6 - 3.1 16% 
61°C    34.98 1.17 6/6 - 4.6 110% 
59°C 100% 99.6% 1.0 38.12 0.91 3/6 3/0 0.80 63% 
61°C    35.44 1.29 5/6 1/0 - - 
59°C   0.1 - - 0/6 6/0 - - 
61°C    36.13 - 1/6 5/0 - - 
          
59°C   1,250 27.36 0.06 6/6 - 1,328 4.3% 
61°C    27.48 0.52 6/6 - 1,397 46% 
x T /°C      1.363  
Note: 1,250 copies were not included in the regression, they were only calculated. T/°C = 
mean: 1,363 copies, SD: 49 copies, RSDcopies: 3.6%;  slopes: -3.32 (59°C), -2.96 (61°C). 
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Table 60: Robustness of 3plex PCR concerning annealing Temp. for TNOS 


T-NOS   6-FAM  
Run E R² E 


copies 
x Ct SD Ct 


Ct 
m ØCt/Out m copies C.I. (95%) 


59°C   20,000 25.22 0.37 5/6 1/0 17.359 23% 
61°C    24.19 0.03 5/6 0/1 20.047 2.0% 
59°C   5,000 26.85 0.16 6/6 - 5.986 11% 
61°C    26.13 0.29 6/6 - 5.659 18% 
59°C   250 31.73 0.33 6/6 - 259 22% 
61°C    30.60 0.29 6/6 - 299 21% 
59°C   50 34.13 0.26 6/6 - 55 18% 
61°C    33.37 0.36 6/6 - 49 24% 
59°C   20 35.93 0.53 6/6 - 18 38% 
61°C    34.49 0.90 6/6 - 26 51% 
59°C   10 37.04 1.23 5/6 1/0 11 77% 
61°C    36.48 1.80 6/6 - 8.9 71% 
59°C 92% 99.6% 5.0 37.24 1.91 3/6 3/0 10 77% 
61°C 93% 99.5%  36.60 1.18 6/6 - 7.1 68% 
59°C   2.0 38.87 - 1/6 5/0 - - 


61°C    37.85 0.63 3/6 3/0 2.7 45% 
59°C   1.0 - - 0/6 6/0 - - 
61°C    37.26 1.45 3/6 3/0 5.1 106% 
59°C   0.1 - - 0/6 6/0 - - 
61°C    - - 0/6 6/0   
          
59°C   1,250 29.02 0.21 6/6 - 1,474 14% 
61°C    28.31 0.13 6/6 - 1,338 8.8% 
x T /°C      1,406  


Note: 1,250 copies were not included in the regression, they were only calculated. T/°C = 
mean 1,406 copies, SD 96 copies, RSDcopies: 6.8%; slopes: -3.53 (59°C), -3.51 (61°C). 
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Table 61: Robustness of 2plex PCR concerning annealing Temp. for bar 


bar Texas Red   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


59°C   20,000 24.29 0.21 6/6 - 19,754 16% 
61°C    24.28 0.09 5/6 0/1 23.344 7.2% 
59°C   5,000 26.14 0.27 6/6 - 5,263 19% 
61°C    26.31 0.22 6/6 - 5.296 16% 
59°C   250 30.49 0.32 5/6 1/0 235 23% 
61°C    30.72 0.28 6/6 - 208 22% 
59°C   50 32.46 0.07 5/6 0/1 56 4.9% 
61°C    32.81 0.43 6/6 - 46 30% 
59°C   20 33.87 0.55 6/6 - 22 40% 
61°C    33.96 0.44 6/6 - 20 31% 
59°C   10 34.81 0.66 6/6 - 11 51% 
61°C    34.69 0.66 6/6 - 12 46% 
59°C 112% 99.5% 5.0 35.92 0.64 6/6 - 5.1 50% 
61°C    35.52 0.60 5/6 1/0 6.4 43% 
59°C   2.0 36.58 1.07 6/6 - 3.7 76% 
61°C 109% 99.8%  36.92 - 1/6 5/0 - - 
59°C   1.0 36.93 - 1/6 5/0 - - 
61°C    - - 0/6 6/0 - - 
59°C   0.1 - - 0/6 6/0 - - 
61°C    - - 0/6 6/0 - - 
          
59°C   1,250 28.13 0.24 6/6 - 1,262 17% 
61°C    28.43 0.14 6/6 - 1,107 10% 
x T /°C      1,184  


Note: 1,250 copies were not included in the regression, they were calculated.  


T/°C = mean: 1,184, SD: 110, RSDcopies: 9.3%;  slopes: -3.06 (59°C), -3.13 (61°C), 
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Table 62: Robustness of 2plex PCR concerning annealing Temp. for pat 


pat CY5   
Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


59°C   20,000 22.51 0.09 6/6 - 17,576 6.9% 
61°C    21.84 0.21 6/6 - 19.849 14% 
59°C   5,000 24.07 0.16 6/6 - 5,707 12% 
61°C    23.89 0.29 6/6 - 5.017 19% 
59°C   250 28.29 0.25 5/6 1/0 266 19% 
61°C    28.48 0.19 6/6 - 229 13% 
59°C   50 30.54 0.17 6/6 - 51 13% 
61°C    30.68 0.14 6/6 - 52 10% 
59°C   20 31.86 0.33 6/6 - 20 24% 
61°C    31.85 0.32 6/6 - 24 22% 
59°C   10 32.69 0.64 6/6 - 12 81% 
61°C    32.93 0.40 6/6 - 12 64% 
59°C   5.0 33.93 0.31 6/6 - 4.4 25% 
61°C    34.30 0.42 6/6 - 4.7 30% 
59°C   2.0 35.01 0.59 6/6 - 2.1 43% 
61°C    36.11 1.32 6/6 - 1.7 47% 
59°C 106% 99.9% 1.0 36.06 0.40 5/6 1/0 1.0 46% 
61°C 96% 99.7%  36.29 0.67 5/6 1/0 1.4 58% 
59°C   0.1 37.54 - 1/6 5/0 - - 
61°C    37.70 - 1/6 5/0 - - 
          
59°C   1,250 26.02 0.11 6/6 - 1,378 8.5% 
61°C    26.14 0.15 6/6 - 1,102 11% 
x T /°C      1,240 - 
Note: 1,250 copies were not included in the regression, they were calculated. 
T/°C = mean: 1,240 copies, SD: 195 copies, RSDcopies: 16%. slopes: -3.18 (59°C), -3.43 
(61°C). 
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TABLES CONCERNING ROBUSTNESS TO ANOTHER PCR PLATFORM 


Table 63: LODabs 5plex for LC480 cycler for the bar gene  


bar ROX   


Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 25.73 0.15 6/6 - 22,624 11% 
2    26.25 0.05 6/6 - 17,892 3.2% 
3    25.69 0.40 6/6 - 19,783 33% 
1   5,000 27.90 0.14 6/6 - 4,726 11% 
2    28.21 0.08 6/6 - 4,772 5.6% 
3    27.64 0.22 6/6 - 4,552 17% 
1   1,250 29.78 0.16 6/6 - 1,219 12% 
2    30.10 0.07 6/6 - 1,327 5.2% 
3    29.20 0.18 6/6 - 1,432 14% 
1   250 31.99 0.25 6/6 - 251 18% 
2    32.39 0.15 6/6 - 284 11% 
3    31.54 0.58 6/6 - 271 36% 
1   50 34.27 0.35 6/6 - 49 26% 
2    34.72 0.38 6/6 - 60 27% 
3    33.43 0.56 6/6 - 67 43% 
1   20 35.31 0.49 6/6 - 24 36% 
2    36.00 0.38 6/6 - 25 26% 
3    34.54 0.35 6/6 - 28 28% 
1   10 36.96 0.73 5/6 1/0 7.6 52% 
2    37.74 1.07 6/6 - 9.1 63% 
3    35.79 0.69 5/6 0/1 12 48% 
1   5.0 37.35 1.15 5/6 1/0 6.4 62% 
2 96% 99.7%  38.60 0.90 4/6 2/0 4.9 62% 
3    37.52 1.07 6/6 - 3.8 66% 
1 106% 99.7% 2.0 38.33 0.56 5/6 1/0 2.7 46% 
2    39.72 - 1/6 5/0 - - 
3 112% 99.3%  37.52 1.02 5/6 0/1 3.7 70% 
1   1.0 38.13 1.14 4/6 2/0 3.7 75% 
2    37.85 - 1/6 5/0 - - 
3    38.42 0.81 4/6 2/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/3 = 0.600, Noiseband1*3= 0.400;  
Threshold2 = 0.800, Noiseband2= 0.600 


 


Bar: 5plex on LC480 (3 runs, LGL) 
LOD6bar AFNOR = ≥ 10 - 20 copies 
LODbar C.I. = ≥ 5.0 - 10 copies  
 


Efficiency: 96% - 112% (slopes -3.19, -3.42, -3.06) 
R2: 99.3% - 99.7%  
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Table 64: LODabs 5plex for LC480 cycler for P35S  


P35S HEX   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 24.20 0.17 6/6 - 24,765 12% 
2    24.15 0.05 6/6 - 20,233 3.5% 
3    24.07 0.28 5/6 0/1 18,847 22% 
1   5,000 26.68 0.17 6/6 - 4,304 12% 
2    26.25 0.04 6/6 - 4,785 2.8% 
3    26.13 0.25 6/6 - 4,029 21% 
1   1,250 28.52 0.18 6/6 - 1,183 13% 
2    28.20 0.12 6/6 - 1,252 8.4% 
3    27.67 0.31 6/6 - 1,278 24% 
1   250 30.75 0.13 6/6 - 244 10% 
2    30.55 0.12 6/6 - 249 8.5% 
3    29.76 0.31 6/6 - 266 26% 
1   50 33.00 0.26 6/6 - 50 17% 
2    32.89 0.36 6/6 - 51 26% 
3    31.74 0.39 6/6 - 61 30% 
1   20 34.37 0.49 5/6 0/1 20 35% 
2    34.00 0.64 6/6 - 25 37% 
3    33.24 0.49 6/6 - 20 35% 
1   10 34.89 0.42 6/6 - 14 28% 
2    35.32 0.82 6/6 - 11 59% 
3    34.00 0.78 6/6 - 12 59% 
1   5.0 36.06 0.81 5/6 1/0 6.4 48% 
2    36.11 1.15 6/6 - 6.5 53% 
3    34.85 0.91 6/6 - 6.7 56% 
1 103% 99.8% 2.0 37.65 0.59 4/6 2/0 2.3 29% 
2 99% 99.9%  37.73 1.04 6/6 - 2.2 72% 
3 114% 99.8%  36.56 0.95 6/6 - 1.9 70% 
1   1.0 37.23 - 1/6 5/0 - - 
2    37.23 - 1/6 5/0 - - 
3    36.44 0.37 3/6 3/0 1.8 30% 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0   


Threshold1 = 1.400, Noiseband1= 1.200 
Threshold2/3 = 1.600, Noiseband2/3= 1.400 


 
P35S: 5plex on LC480 (3 runs, LGL) 
LOD6P35S AFNOR  ≥ 2.0 -10 copies 
LODP35S  C.I.  ≥ 1.0 – 5.0 copies 
 
Efficiency: 99% - 114% (slopes -3.25, -3.35, -3.04) 
R2: 99.8% - 99.9% 
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Table 65: LODabs 5plex for LC480 cycler for the pat  gene  


pat CY5   


Run E R2 E copies x Ct SD Ct m m 
copies 


m copies C.I. (95%) 


1   20,000 25.75 0.20 6/6 - 20,059 14% 
2    26.28 0.02 6/6 - 17,719 1.5% 
3    27.33 0.48 6/6 - 21,496 35% 
1   5,000 27.85 0.09 5/6 0/1 4,822 6.3% 
2    28.30 0.11 6/6 - 4,832 7.7% 
3    29.33 0.27 5/6 0/1 5,116 20% 
1   1,250 29.88 0.21 6/6 - 1,233 15% 
2    30.31 0.19 6/6 - 1,323 13% 
3    30.82 0.25 6/6 - 1,799 18% 
1   250 31.90 0.22 6/6 - 315 16% 
2    32.53 0.18 6/6 - 314 12% 
3    33.04 0.20 5/6 0/1 378 16% 
1   50 34.36 0.28 6/6 - 60 19% 
2    35.19 0.54 6/6 - 59 36% 
3    35.40 0.57 6/6 - 77 46% 
1   20 36.44 0.64 6/6 - 16 45% 
2    36.78 0.65 6/6 - 22 39% 
3    37.86 1.09 6/6 - 16 77% 
1   10 36.80 0.63 6/6 - 12 43% 
2    38.24 1.17 6/6 - 10 92% 
3 99% 99.0%  38.13 0.63 4/6 2/0 11 46% 
1 94% 99.6% 5.0 38.47 1.10 5/6 1/0 4.6 71% 
2 91% 99.8%  38.91 0.55 3/6 3/0 5.3 40% 
3    39.84 - 1/6 5/0 - - 
1   2.0 38.04 - 1/6 5/0 - - 
2    39.44 - 1/6 5/0 - - 
3    - - 0/6 6/0 - - 
1   1.0 39.25 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0   


Threshold1 = 0.200, Noiseband1= 1.500; 
Threshold2 = 0.250, Noiseband2= 1.800; 
Threshold3 = 0.030, Noiseband3= 0.200 


 
Pat: 5plex on LC480 (3 runs, LGL) 
LOD6pat AFNOR  ≥ 10 - 20 copies 
LODpat  C.I.  ≥ 5.0 – 10 copies 
 
Efficiency: 91% - 99% (slopes -3.47, -3.56, -3.58) 
R2: 99.0% - 99.8% 
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Table 66: LODabs 5plex for LC480 cycler for the CTP2-CP4-EPSPS construct 
CTP2-CP4-EPSPS Atto425   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 
(95%) 1   20,000 24.34 0.22 6/6 - 32,133 18% 


2    24.55 0.10 6/6 - 27,495 8.8% 
3    24.61 0.28 6/6 - 33,303 24% 
1   5,000 26.79 0.25 6/6 - 4,748 21% 
2    26.53 0.08 6/6 - 5,787 6.9% 
3    26.98 0.18 6/6 0/1 4,934 15% 
1   1,250 28.59 0.13 6/6 - 1,152 11% 
2    28.55 0.15 6/6 - 1,193 12% 
3    28.78 0.18 6/6 - 1,165 14% 
1   250 30.89 0.10 6/6 - 191 8.6% 
2    30.87 0.17 6/6 - 193 14% 
3    30.70 0.48 6/6 - 265 44% 
1   50 32.89 0.20 6/6 - 40 17% 
2    33.04 0.15 6/6 - 35 12% 
3    33.06 0.19 6/6 - 38 16% 
1   20 34.17 0.16 6/6 - 15 12% 
2    34.00 0.06 6/6 - 16 5.2% 
3    34.25 0.38 6/6 - 15 32% 
1   10 34.77 0.24 6/6 - 9.3 20% 
2    34.95 0.18 6/6 - 7.8 14% 
3    35.02 0.23 6/6 - 7.9 19% 
1   5.0 35.47 0.33 6/6 - 5.4 28% 
2    35.59 0.37 6/6 - 4.9 30% 
3    35.52 0.49 6/6 - 5.5 36% 
1   2.0 36.56 0.25 6/6 - 2.3 21% 
2    36.35 0.75 6/6 - 2.9 47% 
3    36.46 0.58 6/6 - 2.7 49% 
1 119% 99.4% 1.0 37.06 0.34 6/6 - 1.6 28% 
2 119% 99.3%  36.96 0.80 6/6 - 1.9 61% 
3 121% 99.3%  37.08 0.82 6/6 - 1.8 66% 
1   0.1 38.43 - 2/6* 4/0 - - 
2    37.70 - 1/6 5/0 - - 
3    38.14 - 1/6 5/0 - - 


*late Ct values, master mix controls (NTCs) were negative 
Threshold1/3 = 2.400, Noiseband1/3= 2.200; 
Threshold2 = 2.600, Noiseband2= 2.400 


 
CTP2-CP4-EPSPS: 5plex on LC480 (3 runs, LGL) 
LOD6epsps AFNOR  ≥ 1.0 copies 
LODepsps  C.I.  ≥ 1.0 copies 
 
Efficiency: 119% - 121% (slopes -2,95, -2.93, -2,90) 
R2: 99.3% - 99.4% 
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Table 67: LODabs 5plex for LC480 cycler for TNOS 


T-NOS  6-FAM  


Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 24.77 0.21 6/6 - 22,542 5.8% 
2    24.77 0.23 6/6 - 19,883 16% 
3    24.21 0.45 6/6 - 23,253 31% 
1   5,000 26.77 0.23 5/6 0/1 5,529 7.0% 
2    27.01 0.12 6/6 - 4,409 8.3% 
3    26.27 0.18 6/6 - 4,929 15% 
1   1,250 28.79 0.32 6/6 - 1,277 25% 
2    28.80 0.12 5/6 0/1 1,330 8.7% 
3    28.23 0.34 6/6 - 1,196 26% 
1   250 31.06 0.22 6/6 - 254 17% 
2    30.89 0.14 5/6 0/1 329 10% 
3    30.40 0.27 6/6 - 240 18% 
1   50 33.61 0.47 6/6 - 44 35% 
2    33.61 0.72 6/6 - 57 40% 
3    32.42 0.88 6/6 - 63 65% 
1   20 34.89 0.33 6/6 - 17 24% 
2    35.16 0.98 6/6 - 22 62% 
3    33.84 0.75 6/6 - 21 48% 
1   10 36.05 2.02 4/6 2/0 12 78% 
2    37.01 0.64 6/6 1/0 5.9 52% 
3    34.68 0.43 5/6 1/0 11 33% 
1 104% 99.1% 5.0 35.68 1.15 4/6 2/0 13 93% 
2 96% 98.8%  36.33 1.13 5/6 1/0 11 77% 
3    36.18 1.01 6/6 - 4.3 76% 
1   2.0 36.34 0.78 3/6 3/0 6.7 52% 
2    37.23 1.16 3/6 3/0 5.6 64% 
3    36.14 0.72 4/6 0/2 3.9 52% 
1   1.0 36.34 - 1/6 5/0 - - 
2    38.20 0.50 2/6 4/0 - - 
3 109% 99.5%  38.03 0.62 4/6 0/2 0.9 37% 
1   0.1 37.74 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
T-NOS: 5plex on LC480 (3 runs, LGL) 
LODTnos AFNOR  ≥ 5.0 – 20 copies 
LODTnos  C.I.  ≥ 2.0 – 10 copies 
 
Efficiency: 96% - 109% (slopes -3,24, -2.42, -3,13) 
R2: 98.8% - 99.5% 
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Table 68: LODabs 3plex on LC480 cycler for P35S  


P35S HEX   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 24.25 0.08 5/6 0/1 21,566 6.3% 
2    24.31 0.15 6/6 - 22,011 11% 
3    24.48 0.17 6/6 - 20,508 12% 
1   5,000 26.12 0.05 6/6 - 5,466 4.0% 
2    26.38 0.19 6/6 - 5,211 14% 
3    26.62 0.14 6/6 - 4,902 10% 
1   1,250 28.39 0.16 6/6 - 1,038 13% 
2    28.37 0.27 6/6 - 1,304 19% 
3    28.64 0.13 6/6 - 1,282 8.7% 
1   250 30.44 0.20 6/6 - 231 15% 
2    31.18 0.44 6/6 - 186 29% 
3    30.99 0.08 5/6 0/1 267 5.9% 
1   50 32.57 0.23 6/6 - 49 18% 
2    32.85 0.56 6/6 - 59 38% 
3    33.40 0.29 6/6 - 55 21% 
1   20 33.77 0.28 6/6 - 20 22% 
2    34.34 0.56 6/6 - 21 44% 
3    35.15 0.71 6/6 - 18 47% 
1   10 34.70 0.36 6/6 - 10 31% 
2    35.48 1.12 6/6 - 11 66% 
3    36.11 1.06 6/6 - 10 50% 
1   5.0 35.64 0.43 6/6 - 5.7 19% 
2 102% 99.7%  35.96 0.63 6/6 - 6.8 37% 
3 95% 99.8%  36.51 1.02 4/6 2/0 7.9 58% 
1   2.0 37.10 0.96 6/6 - 3.1 47% 
2    36.64 0.08 2/6 4/0 - - 
3    36.79 0.54 3/6 3/0 5.9 37% 
1 110% 99.7% 1.0 37.25 0.62 3/6 3/0 1.7 41% 
2    37.15 - 2/6 4/0 - - 
3    - - 0/6 6/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    37.17  1/6 5/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.600, Noiseband1/2/3= 1.400 


 
P-35S: 3plex on LC480 (3 runs, LGL) 
LODP35S AFNOR  ≥ 2.0 - 10 copies 
LODP35S C.I.  ≥ 2.0 – 5.0 copies 
 
Efficiency: 95% - 110% (slopes -3.10, -3.29, -3.44) 
R2: 99.7% - 99.8% 
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Table 69: LODabs 3plex on LC480 cycler for the CTP2-CP4-EPSPS construct 


CTP2-CP4-EPSPS Atto425   


Run E R² E copies x Ct SDCt m ØCt/Out m copies C.I. (95%)  
1   20,000 23.72 0.18 6/6 - 24,619 15% 
2    24.28 0.10 6/6 - 22,900 7.6% 
3    24.16 0.10 6/6 - 24,234 7.6% 
1   5,000 25.64 0.08 6/6 - 5,561 6.5% 
2    26.24 0.10 6/6 - 5,386 8.3% 
3    26.19 0.17 6/6 - 5,594 13% 
1   1,250 27.79 0.09 6/6 - 1,061 7.0% 
2    28.13 0.03 5/6 0/1 1,339 2.5% 
3    28.18 0.10 6/6 - 1,323 8.0% 
1   250 29.78 0.14 6/6 - 228 12% 
2    31.11 0.51 6/6 - 157 36% 
3    30.66 0.19 6/6 - 222 15% 
1   50 31.96 0.25 6/6 - 43 21% 
2    32.56 0.20 6/6 - 51 14% 
3    33.03 0.08 6/6 - 40 6.1% 
1   20 33.11 0.24 6/6 - 18 19% 
2    33.82 0.41 6/6 - 21 30% 
3    34.36 0.19 6/6 - 15 14% 
1   10 33.82 0.54 6/6 - 11 43% 
2    34.63 0.31 6/6 - 11 25% 
3    35.03 0.31 6/6 - 10 23% 
1   5.0 34.85 0.40 6/6 - 4.7 31% 
2    35.45 1.00 6/6 - 7.4 68% 
3    36.32 0.83 6/6 - 4.2 60% 
1   2.0 35.75 0.39 6/6 - 2.3 31% 
2    37.01 0.72 5/6 1/0 2.2 65% 
3    37.35 1.11 4/6 2/0 2.2 91% 
1 117% 99.7% 1.0 36.34 0.33 4/6 2/0 1.5 26% 
2 109% 99.7%  37.94 0.53 5/6 1/0 1.0 47% 
3 107% 98.9%  36.85 0.52 5/6 1/0 2.6 42% 
1   0.1 37.52 1.2% 2/6 4/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.200, Noiseband1/2/3= 1.000 


 
CTP2-CP4-EPSPS: 3plex on LC480 (3 runs, LGL) 
LODepsps AFNOR  ≥ 2.0 - 5.0 copies 
LODepsps C.I.  ≥ 1.0 – 2.0 copies 
 
Efficiency: 107% - 117% (slopes -2.97, -3.13, -3.17) 
R2: 98.9% - 99.7% 
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Table 70: LODabs 3plex on LC480 cycler for TNOS 


T-NOS  6-FAM  


Run E R2 E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 
1   20,000 24.90 0.20 6/6 - 21,004 15% 
2    24.60 0.15 6/6 - 22,189 10% 
3    24.87 0.09 6/6 - 22,917 6.6% 
1   5,000 27.03 0.13 6/6 - 4,837 9.2% 
2    26.71 0.16 6/6 - 5,173 12% 
3    26.92 0.36 6/6 - 5,504 24% 
1   1,250 29.10 0.10 6/6 - 1,173 7.0% 
2    28.74 0.21 6/6 - 1,284 14% 
3    28.89 0.23 6/6 - 1,267 8.8% 
1   250 31.25 0.23 6/6 - 272 15% 
2    31.58 0.43 6/6 - 187 30% 
3    31.38 0.34 6/6 - 236 23% 
1   50 33.67 0.37 6/6 - 53 28% 
2    33.28 0.53 6/6 - 59 36% 
3    34.10 0.59 6/6 - 36 43% 
1   20 35.01 0.63 6/6 - 22 59% 
2    34.78 0.53 6/6 - 21 39% 
3    35.26 0.54 6/6 - 16 43% 
1   10 36.32 1.23 5/6 1/0 10 62% 
2    35.95 1.12 6/6 - 11 63% 
3    35.81 0.55 5/6 1/0 11 41% 
1 99% 99.9% 5.0 36.79 0.13 3/6 3/0 6.0 9.1% 
2 99% 99.7%  36.43 0.76 5/6 1/0 7.0 42% 
3 103% 99.4%  36.73 0.65 5/6 1/0 5.8 45% 
1   2.0 37.23 1.25 4/6 2/0 - - 
2    37.00 0.52 4/6 2/0 - - 
3    37.40 0.63 5/6 1/0 3.6 43% 
1   1.0 37.60 - 1/6 5/0 - - 
2    36.55 - 1/6 5/0 - - 
3    36.34 2.11 3/6 3/0 19 173% 
1   0.1 37.40 - 1/6 5/0 - - 
2    38.37  1/6 5/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
T-NOS: 3plex on LC480 (3 runs, LGL) 
LODTNOS AFNOR  ≥ 10 - 20 copies 
LODTNOS C.I.  ≥ 5.0 – 10 copies 
 
Efficiency: 99% - 103% (slopes -3.34, -3.35, -3.71) 
R2: 99.4% - 99.9% 
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Table 71: LODabs 2plex on LC480 cycler for the bar gene  


bar ROX   
Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 25.01 0.47 6/6 - 23,208 38% 
2    24.90 0.06 6/6 - 21,322 4.7% 


3    24.72 0.06 5/6 0/1 22,377 4.5% 


1   5,000 26.87 0.29 6/6 - 5,112 25% 
2    26.17 0.14 6/6 - 5,051 10% 


3    26.94 0.08 6/6 - 4,682 6.4% 


1   1,250 28.48 0.17 6/6 - 1,225 14% 
2    28.89 0.13 6/6 - 1,091 11% 


3    28.75 0.08 6/6 - 1,202 6.0% 


1   250 31.13 0.16 5/6 1/0 212 12% 
2    30.13 0.16 6/6 - 206 13% 


3    30.99 0.13 6/6 - 239 10% 


1   50 32.87 0.29 6/6 - 49 18% 
2    33.39 0.43 6/6 - 40 31% 


3    33.43 0.39 6/6 - 42 28% 


1   20 34.71 0.96 6/6 - 22 82% 
2    34.64 0.36 6/6 - 15 28% 


3    34.26 0.33 6/6 - 23 24% 


1   10 35.14 0.53 6/6 - 8.6 39% 
2    35.34 0.36 6/6 - 9.1 27% 


3    35.46 0.71 6/6 - 10 49% 


1   5.0 36.01 0.89 6/6 - 4.5 52% 
2    36.18 0.18 6/6 - 4.8 14% 


3    36.16 0.86 6/6 - 6.6 73% 


1 114% 99.5% 2.0 36.65 - 2/6 4/0 4.3 53% 
2 112% 99.2%  36.65 1.24 4/6 2/0 4.4 75% 


3 106% 99.9%  37.47 0.42 4/6 2/0 2.2 37% 


1   1.0 36.95 - 3/6 3/0 - - 
2    38.01 0.10 3/6 3/0 1.2 7.7% 


3    37.10 0.29 3/6 3/0 2.9 24% 


1   0.1 - - 0/6 6/0 - - 
2    36.84 - 1/6 5/0 - - 


3    - - 0/6 6/0 - - 
Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
Bar: 2plex on LC480 (3 runs, LGL) 
LODbar C.I.  ≥ 2.0 copies  
LODbar AFNOR  ≥ 5.0 copies 
 
Efficiency: 106% - 114% (slopes -3.18, -3.03, -3.04) 
R2: 99.2% - 99.9% 
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Table 72: LODabs 2plex on LC480 cycler for the pat gene  


pat CY5   


Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 


1   20,000 25.22 0.41 6/6 - 21,518 32% 
2    25.34 0.13 6/6 - 22,048 10% 
3    25.14 0.21 6/6 - 23,077 15% 


1   5,000 27.21 0.23 6/6 - 5,230 18% 
2    27.22 0.11 5/6 0/1 5,498 8.8% 
3    27.05 0.13 6/6 - 5,581 9.1% 


1   1,250 28.85 0.06 6/6 - 1,246 4.6% 
2    29.36 0.27 6/6 - 1,162 22% 
3    29.06 0.14 6/6 - 1,200 11% 


1   250 31.13 0.11 6/6 - 223 8.5% 
2    31.45 0.29 6/6 - 250 23% 
3    31.23 0.12 6/6 - 235 10% 


1   50 33.38 0.19 6/6 - 49 15% 
2    33.71 0.22 6/6 - 47 16% 
3    33.45 0.40 6/6 - 45 28% 


1   20 34.66 0.53 6/6 - 19 40% 
2    34.87 0.38 6/6 - 21 30% 
3    34.66 0.41 6/6 - 18 30% 


1   10 35.53 0.46 6/6 - 9.4 35% 
2    35.83 0.59 6/6 - 11 56% 
3    35.64 0.80 6/6 - 10 65% 


1   5.0 36.58 0.52 6/6 - 5.5 39% 
2    36.96 1.15 5/6 1/0 5.6 85% 
3    36.28 0.62 6/6 - 5.8 60% 


1 113% 99.6% 2.0 36.92 0.59 5/6 1/0 2.6 46% 
2 108% 99.8%  37.62 0.53 5/6 1/0 2.8 47% 
3    37.92 1.15 3/6 3/0 1.9 78% 


1   1.0 37.67 0.46 3/6 3/0 1.3 37% 
2    37.50 0.93 2/6 4/0 3.2 572% 
3 113% 99.4%  37.61 1.12 4/0 2/6 2.5 95% 


1   0.1 38.49 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 
Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
Pat: 2plex on LC480 (3 runs, LGL) 
LODpat C.I.  ≥ 1.0 - 5.0 copies  
LODpat AFNOR  ≥ 5.0 - 10.0 copies 
 
Efficiency: 108% - 113% (slopes-3.14, -3.05, -3.05) 
R2: 99.4% - 99.8% 
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TABLES CONCERNING ROBUSTNESS FROM 2ND LABORATORY (CRA-W) 


 


Table 73: LODabs 5plex on LC480 cycler for the bar gene from the 2
nd


 laboratory (CRA-W) 


bar ROX   
Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 
1   20,000 25.10 0.06 6/6 - 20,278 4.7% 
2    25.15 0.07 6/6 - 19,967 5.5% 
3    25.06 0.13 6/6 - 19,170 10% 
1   5,000 26.92 0.11 6/6 - 5,176 9.0% 
2    26.96 0.09 6/6 - 5,175 7.4% 
3    26.94 0.06 6/6 - 4,921 4.7% 
1   1,250 28.77 0.09 6/6 - 1,291 7.2% 
2    28.86 0.12 6/6 - 1,254 9.2% 
3    28.84 0.07 6/6 - 1,251 5.6% 
1   250 30.93 0.17 6/6 - 256 13% 
2    31.04 0.13 6/6 - 248 9.9% 
3    30.89 0.13 6/6 - 287 10% 
1   50 33.24 0.36 6/6 - 46 31% 
2    33.23 0.37 6/6 - 50 29% 
3    32.97 0.24 6/6 - 64 17% 
1   20 34.37 0.20 6/6 - 19 16% 
2    34.62 0.59 6/6 - 18 36% 
3    34.53 0.69 5/6 0/1 23 67% 
1   10 35.47 1.04 6/6 - 10 60% 
2    35.08 0.34 6/6 - 12 29% 
3    35.36 0.75 6/6 - 13 54% 
1 112% 99.9% 5.0 36.02 0.88 6/6 - 6.7 72% 
2 111% 99.9%  36.31 0.94 6/6 - 5.9 73% 
3 109% 99.9%  36.40 0.99 4/6 2/0 6.5 75% 
1   2.0 37.11 1.70 4/6 2/0 3.8 87% 
2    37.75 - 2/6 4/0 - - 
3    - - 0/6 6/0 - - 
1   1.0 39.00 - 1/6 5/0   
2    37.47 0.72 4/0 2/6 2.2 43% 
3    - - 0/6 6/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 0.700, Noiseband1/2/3= 0.500 


 
Bar: 5plex on LC480 (3 runs, CRA-W) 
LODbar C.I.  ≥ 2.0 - 5.0 copies  
LODbar AFNOR  ≥ 5.0.- 10.0 copies 
 
Efficiency: 109% -112% (slopes-3.13, -3.09, -3.06) 
R2: 99.9% 







APPENDIX  


 Appendix 44 


Table 74: LODabs 5plex on LC480 cycler for P35S from the 2
nd


 laboratory (CRA-W) 


P35S HEX   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 22.51 0.07 6/6 - 20,487 5.1% 
2    22.61 0.14 6/6 - 22,024 11% 
3    22.50 0.16 6/6 - 21,110 12% 
1   5,000 24.46 0.05 5/6 0/1 4,734 3.7% 
2    24.40 0.16 6/6 - 5,626 13% 
3    24.47 0.09 6/6 - 4,804 6.9% 
1   1,250 26.27 0.18 6/6 - 1,236 14% 
2    26.32 0.14 6/6 - 1,297 12% 
3    26.27 0.08 6/6 - 1,252 6.3% 
1   250 28.57 0.12 6/6 - 220 9.3% 
2    28.72 0.13 6/6 - 209 11% 
3    28.58 0.18 6/6 - 224 14% 
1   50 30.79 0.09 5/6 0/1 42 7.4% 
2    30.85 0.20 6/6 - 41 16% 
3    30.66 0.06 5/6 0/1 47 4.5% 
1   20 31.61 0.16 6/6 - 23 12% 
2    31.69 0.17 6/6 - 22 14% 
3    31.52 0.80 6/6 - 28 59% 
1   10 32.52 0.34 6/6 - 12 25% 
2    32.79 0.36 6/6 - 10 31% 
3    32.58 0.29 6/6 - 11 23% 
1   5.0 33.29 0.27 6/6 - 6.6 20% 
2    33.77 0.64 6/6 - 4.9 48% 
3    33.38 0.39 6/6 - 6.4 29% 
1   2.0 34.55 0.72 6/6 - 2.8 49% 
2    35.12 1.26 6/6 - 2.2 83% 
3    35.40 1.06 6/6 - 1.7 70% 
1 111% 99.6% 1.0 36.44 1.72 6/6 - 1.0 83% 
2 115% 99.5%  34.94 0.87 5/6 1/0 2.1 60% 
3 111% 99.7%  35.71 1.13 6/6 - 1.3 56% 
1   0.1 37.89 - 1/6 5/0 - - 
2    36.34 - 1/6 5/0 - - 
3    35.22 - 1/6 5/0   


Threshold1/2/3 = 1.700, Noiseband1/2/3= 1.500 


 
P-35S: 5plex on LC480 (3 runs, CRA-W) 
LODP35S C.I.  ≥ 1.0 copies  
LODP35S AFNOR  ≥ 1.0 - 2.0 copies 
 
Efficiency: 111% -115% (slopes-3.08, -3.08, -3.01) 
R2: 99.5% - 99.7% 







APPENDIX  


 Appendix 45 


Table 75: LODabs 5plex on LC480 cycler for the pat gene from the 2
nd


 laboratory (CRA-W) 


pat CY5   
Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 
1   20,000 24.81 0.10 6/6 - 17,908 7,4% 
2    24.78 0.04 5/6 0/1 17,450 2.7% 
3    24.77 0.12 6/6 - 16,946 8.1% 
1   5,000 26.72 0.06 6/6 - 4,795 4.2% 
2    26.63 0.09 6/6 - 4,997 6.3% 
3    26.74 0.13 6/6 - 4,635 9.1% 
1   1,250 28.58 0.17 6/6 - 1,335 13% 
2    28.54 0.16 6/6 - 1,381 12% 
3    28.63 0.02 5/6 0/1 1,323 1.6% 
1   250 30.85 0.12 6/6 - 278 8.4% 
2    30.93 0.20 6/6 - 277 14% 
3    30.96 0.07 6/6 - 285 4.9% 
1   50 33.19 0.33 6/6 - 57 26% 
2    33.30 0.20 6/6 - 56 14% 
3    33.17 0.19 6/6 - 66 13% 
1   20 34.32 0.20 6/6 - 26 15% 
2    34.40 0.24 6/6 - 27 16% 
3    34.70 1.07 6/6 - 28 48% 
1   10 35.80 0.65 6/6 - 10 39% 
2    35.91 0.66 6/6 - 7.4 57% 
3    35.89 0.43 6/6 - 11 30% 
1 99% 99.7% 5.0 37.04 1.39 6/6 - 5.0 53% 
2    37.41 1.28 6/6 - 4.5 76% 
3    37.45 0.70 6/6 - 4.3 40% 
1   2.0 39.22 - 2/6 4/0 - - 
2 96% 99.7%  38.27 1.22 3/6 3/0 2.4 109% 
3 92% 99.5%  39.22 0.81 3/6 3/0  - 
1   1.0 - - 0/6 6/0 - - 
2    39.63 0.08 3/6 3/0 - - 
3    39.60 - 1/6 5/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 0.250, Noiseband1/2/3= 1.500 


 
Pat: 5plex on LC480 (3 runs, CRA-W) 
LODpat C.I.  ≥ 2.0 copies  
LODpat AFNOR  ≥ 5.0 copies 
 
Efficiency: 92% - 99% (slopes-3.53, -3.43, -3.34) 
R2: 99.5% - 99.7% 







APPENDIX  


 Appendix 46 


Table 76: LODabs 5plex on LC480 cycler for the CTP2-CP4-EPSPS from the 2
nd


 laboratory (CRA-W) 


CTP2-CP4-EPSPS Atto425   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 23.86 0.07 6/6 - 23.863 5.5% 
2    23.81 0.06 6/6 - 25,479 4.9% 
3    23.81 0.17 6/6 - 24,000 13% 
1   5,000 25.81 0.10 6/6 - 5.463 8.7% 
2    25.75 0.10 6/6 - 5,685 8.4% 
3    25.87 0.09 6/6 - 5,127 7.1% 
1   1,250 27.84 0.08 6/6 - 1,169 5.9% 
2    27.77 0.11 6/6 - 1,198 8.9% 
3    27.86 0.08 6/6 - 1,162 6.2% 
1   250 30.18 0.07 6/6 - 200 6.0% 
2    30.18 0.05 6/6 - 185 4.0% 
3    30.21 0.08 6/6 - 200 6.3% 
1   50 32.19 0.12 6/6 - 44 10% 
2    32.21 0.12 6/6 - 39 10% 
3    32.24 0.10 6/6 - 44 8.1% 
1   20 33.31 0.10 6/6 - 19 7.7% 
2    33.18 0.11 6/6 - 18 9.2% 
3    33.14 0.13 6/6 - 23 10% 
1   10 34.06 0.15 6/6 - 11 12% 
2    34.18 0.26 6/6 - 8.5% 20% 
3    34.30 0.29 6/6 - 10 22% 
1   5.0 35.20 0.41 6/6 - 4.7 30% 
2    34.85 0.29 6/6 - 5.1 24% 
3    35.07 0.52 6/6 - 5.7 40% 
1   2.0 36.23 0.40 6/6 - 2.1 31% 
2    35.64 0.33 6/6 - 2.8 27% 
3    36.35 0.72 6/6 - 2.3 61% 
1 113% 99.8% 1.0 36.78 0.49 5/6 1/0 1.4 35% 
2 117% 99.6%  36.63 0.68 5/6 1/0 1.4 55% 
3 111% 99.9%  37.13 0.92 4/6 2/0 1.4 71% 
1   0.1 37.96 0.24 3/6 3/0 - - 
2    38.06 0.19 4/6 2/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.200, Noiseband1/2/3= 1.000 


 
CTP2-CP4-EPSPS: 5plex on LC480 (3 runs, CRA-W) 
LODepsps C.I.  ≥ 1.0 copies  
LODepsps AFNOR  ≥ 2.0 copies 
 
Efficiency: 111% - 117%  (slopes-3.08, -3.04, -2.97) 
R2: 99.6% - 99.9% 
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Table 77: LODabs 5plex on LC480 cycler for TNOS from the 2
nd


 laboratory (CRA-W) 


T-NOS  6-FAM  


Run E R2 E copies x Ct SD Ct m noCt/Ou m copies C.I. (95%) 
1   20,000 24.49 0.14 5/6 0/1 16,922 10% 
2    23.62 0.49 6/6 - 25,892 47% 
3    24.78 0.20 6/6 - 15,596 13% 
1   5,000 26.28 0.31 6/6 - 5,237 24% 
2    25.68 0.33 6/6 - 5,072 28% 
3    26.58 0.19 6/6 - 4,804 14% 
1   1,250 28.09 0.43 6/6 - 1,588 32% 
2    27.51 0.26 6/6 - 1,221 21% 
3    28.22 0.05 5/6 0/1 1,645 3.3% 
1   250 30.67 0.29 6/6 - 279 21% 
2    29.65 0.07 6/6 - 230 5.7% 
3    30.90 0.25 6/6 - 290 18% 
1   50 32.97 0.36 6/6 - 61 25% 
2    31.64 0.64 6/6 - 56 63% 
3    32.97 0.47 5/6 0/1 77 36% 
1   20 34.02 0.82 6/6 - 33 42% 
2    33.16 0.68 6/6 - 17 52% 
3    34.02 0.92 5/6 0/1   
1   10 36.77 1.49 4/6 2/0 6.7% 91% 
2    34.45 1.06 6/6 - 7.1 64% 
3 101% 99.3%  36.05 1.80 6/6 - 44 69% 
1 91% 98.8% 5.0 37.05 0.87 3/6 3/0 4.4 60% 
2 115% 98.6%  33.68 0.66 5/6 1/0 11 61% 
3    38.98 - 2/6 4/0 15 85% 
1   2.0 - - 0/6 6/0 - - 
2    35.09 0.66 3/6 3/0 - - 
3    39.34 - 1/6 5/0 - - 
1   1.0 36.45 - 1/6 5/0 - - 
2    37.65 - 1/6 5/0 - - 
3    - - 0/6 6/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    33.62 - 1/6 5/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
T-NOS: 5plex on LC480 (3 runs, CRA-W) 
LODTNOS C.I.  ≥ 1.0 copies  
LODTNOS AFNOR  ≥ 10 - 20 copies 
 
Efficiency: 91% - 115% (slopes-3.55, -3.30, -3.00) 
R2: 98.6% - 99.3% 
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Table 78: LODabs 3plex on LC480 cycler for P35S from the 2
nd


 laboratory (CRA-W) 


P35S HEX   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 22.55 0.05 6/6 - 18,909 4.3% 
2    22.43 0.05 6/6 - 22,480 4.0% 
3    22.52 0.14 5/6 0/1 20,099 11% 
1   5,000 24.21 0.20 6/6 - 5,380 17% 
2    24.39 0.07 6/6 - 5,257 5.7% 
3    24.29 0.07 6/6 - 5,451 5.8% 
1   1,250 26.06 0.28 6/6 - 1,327 23% 
2    26.39 0.09 6/6 - 1,193 6.7% 
3    26.28 0.11 6/6 - 1,270 8.0% 
1   250 28.19 0.28 6/6 - 262 21% 
2    28.60 0.15 6/6 - 233 11% 
3    28.67 0.21 6/6 - 220 16% 
1   50 30.33 0.39 6/6 - 52 33% 
2    30.83 0.19 6/6 - 45 14% 
3    30.84 0.19 6/6 - 44 15% 
1   20 31.72 0.41 6/6 - 18 30% 
2    32.09 0.19 6/6 - 18 15% 
3    31.97 0.20 6/6 - 19 16% 
1   10 32.52 0.46 6/6 - 10 36% 
2    32.94 0.21 6/6 - 9.4 17% 
3    32.84 0.44 6/6 - 11 35% 
1   5.0 33.46 0.37 6/6 - 4.8 28% 
2    33.82 0.29 6/6 - 5.0 23% 
3    33.72 0.38 6/6 - 5.5 31% 
1   2.0 34.13 0.39 6/6 - 2.9 33% 
2    34.54 0.49 6/6 - 3.0 33% 
3    35.00 0.42 6/6 - 2.2 33% 
1 114% 99.8% 1.0 35.69 1.10 5/6 1/0 1.1 62% 
2 110% 99.8%  36.06 1.15 4/6 2/0 1.2 79% 
3 109% 100%  35.92 1.24 6/6 - 1.4 87% 
1   0.1 37.07 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    36.66 - 1/6 5/0 - - 


Threshold1/2/3 = 1.300, Noiseband1/2/3= 1.100 


 
P-35S: 3plex on LC480 (3 runs, CRA-W) 
LODP35S C.I.  ≥ 1.0 copies  
LODP35S AFNOR  ≥ 2.0 copies 
 
Efficiency: 109% - 114%  (slopes -3.02, -3.11, -3.13) 
R2: 99.8% - 100% 
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Table 79: LODabs 3plex on LC480 cycler for the CTP2-CP4-EPSPS from the 2
nd


 laboratory (CRA-W) 


CTP2-CP4-EPSPS Atto425   


Run E R² E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 


1   20,000 23.95 0.06 6/6 - 19,949 5.0% 
2    23.88 0.03 6/6 - 21,730 2.0% 
3    24.07 0.10 6/6 - 20,778 8.0% 
1   5,000 25.77 0.11 6/6 - 5,151 8.0% 
2    25.85 0.06 6/6 - 5,060 4.6% 
3    25.88 0.07 6/6 - 5,364 5.7% 
1   1,250 27.69 0.09 6/6 - 1,238 7.3% 
2    27.81 0.08 6/6 - 1,187 6.2% 
3    27.86 0.09 6/6 - 1,226 6.7% 
1   250 29.83 0.12 6/6 - 251 9.2% 
2    30.01 0.08 6/6 - 233 6.6% 
3    30.13 0.10 6/6 - 226 7.6% 
1   50 32.07 0.20 6/6 - 48 16% 
2    32.14 0.17 6/6 - 48 14% 
3    32.26 0.14 6/6 - 46 11% 
1   20 33.18 0.18 6/6 - 21 14% 
2    33.30 0.16 6/6 - 20 12% 
3    33.37 0.27 6/6 - 20 20% 
1   10 34.25 0.07 5/6 0/1 10 21% 
2    34.17 0.26 6/6 - 11 19% 
3    34.16 0.22 6/6 - 11 17% 
1   5.0 35.04 0.33 6/6 - 5.4 26% 
2    35.25 0.25 6/6 - 4.8 20% 
3    35.28 0.29 6/6 - 4.9 22% 
1   2.0 36.59 1.04 6/6 - 2.1 71% 
2    36.69 0.42 5/6 1/0 1.7 34% 
3    36.73 1.07 6/6 - 2.0 61% 
1 110% 99.9% 1.0 37.08 0.73 6/6 - 1.3 50% 
2 110% 99.9%  37.03 0.59 5/6 1/0 1.4 45% 
3 111% 99.9%  37.13 0.82 6/6 - 1.4 63% 
1   0.1 38.43 - 1/6 5/0 - - 
2    38.56 - 1/6 5/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.100, Noiseband1/2/3= 0.900 


 
CTP2-CP4-EPSPS: 3plex on LC480 (3 runs, CRA-W) 
LODepsps C.I.  ≥ 1.0 copies  
LODepsps AFNOR  ≥ 1.0 - 5.0 copies 
 
Efficiency: 110% - 111%  (slopes -3.10, -3.10, -3.11) 
R2: 99.9% 
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Table 80: LODabs 3plex on LC480 cycler for TNOS from the 2
nd


 laboratory (CRA-W) 


T-NOS  6-FAM  


Run E R2 E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 
1   20,000 24.85 0.07 6/6 - 18,580 6.0% 
2    24.82 0.10 6/6 - 20,781 7.9% 
3    24.93 0.13 6/6 - 21,593 10% 
1   5,000 26.57 0.31 6/6 - 5,223 25% 
2    26.84 0.11 6/6 - 5,011 8.3% 
3    26.90 0.14 5/6 0/1 5,210 10% 
1   1,250 28.48 0.39 6/6 - 1,254 30% 
2    28.91 0.10 6/6 - 1,170 7.6% 
3    28.82 0.07 5/6 0/1 1,306 5.3% 
1   250 30.43 0.58 6/6 - 300 40% 
2    31.00 0.20 6/6 - 269 15% 
3    31.22 0.09 6/6 - 233 6.6% 
1   50 32.58 0.45 6/6 - 58 33% 
2    33.37 0.23 6/6 - 51 18% 
3    33.66 0.31 6/6 - 41 22% 
1   20 34.04 1.11 6/6 - 23 60% 
2    34.56 0.48 6/6 - 23 34% 
3    34.83 0.50 6/6 - 18 36% 
1   10 34.68 1.03 6/6 - 14 70% 
2    35.81 1.21 6/6 - 12 81% 
3    35.73 0.53 6/6 - 10 41% 
1 112% 99.8% 5.0 36.08 0.87 5/6 1/0 4.7 67% 
2    37.14 1.21 5/6 1/0 4.6 82% 
3    36.65 1.02 6/6 - 6.5 50% 
1   2.0 36.20 - 2/6 4/0 - - 
2 104% 99.5%  37.20 0.41 3/6 3/0 3.5 31% 
3 106% 99.6%  37.17 0.92 5/6 1/0 3.8 65% 
1   1.0 37.34 - 1/6 5/0 - - 
2    37.11 0.87 5/6 1/0 4.1 50% 
3    37.36 0.57 2/6 4/0 - - 
1   0.1 - - 0/6 6/0 - - 
2    38.18 - 1/6 5/0 - - 
3    37.78 - 1/6 5/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
T-NOS: 3plex on LC480 (3 runs, CRA-W) 
LODTNOS C.I.  ≥ 2.0 - 5.0 copies  
LODTNOS AFNOR  ≥ 5.0 - 10 copies 
 
Efficiency: 104% - 112% (slopes -3,23, -3.18, -3.07) 
R2: 99.5% - 99.8% 
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Table 81: LODabs 2plex on LC480 cycler for the bar gene from the 2


nd
 laboratory (CRA-W) 


bar ROX   


Run E R2 E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 
1   20,000 24.49 0.20 6/6 - 23,208 16% 
2    24.68 0.02 6/6 - 21,146 1.7% 
3    24.68 0.01 5/6 0/1 19,433 1.0% 
1   5,000 26.52 0.07 6/6 - 5,112 5.5% 
2    26.59 0.11 6/6 - 5,198 8.3% 
3    26.55 0.10 6/6 - 5,138 7.3% 
1   1,250 28.45 0.13 6/6 - 1,225 10% 
2    28.49 0.07 6/6 - 1,296 5.0% 
3    28.49 0.09 6/6 - 1,286 7.1% 
1   250 30.82 0.14 6/6 - 212 11% 
2    30.90 0.12 6/6 - 221 9.3% 
3    30.75 0.17 6/6 - 258 12% 
1   50 32.81 0.26 6/6 - 49 18% 
2    32.94 0.25 6/6 - 50 18% 
3    33.17 0.27 6/6 - 46 19% 
1   20 33.90 0.26 6/6 - 22 21% 
2    34.05 0.50 6/6 - 23 35% 
3    34.12 0.19 5/6 0/1 23 15% 
1   10 35.32 0.78 6/6 - 8.6 56% 
2    35.57 0.76 6/6 - 8.1 44% 
3    35.44 0.68 6/6 - 9.9 56% 
1   5.0 36.06 0.44 6/6 - 4.5 28% 
2    36.23 0.42 5/6 1/0 4.6 36% 
3 105% 99.9%  36.09 0.82 6/6 - 6.4 54% 
1 111% 99.4% 2.0 36.31 1.03 4/6 2/0 4.3 53% 
2    36.78 0.83 5/6 1/0 3.4 47% 
3    37.16 1.68 2/6 4/0 - - 
1   1.0 36.54 0.88 2/6 4/0 - - 
2 108% 99.6%  36.79 0.53 2/6 4/0 - - 
3    36.74 0.05 2/6 4/0 - - 
1   0.1 38.11 - 1/6 5/0 - - 
2    - - 0/6 6/0 - - 
3    - - 0/6 6/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
Bar: 2plex on LC480 (3 runs, CRA-W) 
LODbar C.I.  ≥ 2.0 - 5.0 copies  
LODbar AFNOR  ≥ 5.0 - 10.0 copies 
 
Efficiency: 105% - 111% (slopes -3.08, -3.13, -3.21) 
R2: 99.4% - 99.9% 
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Table 82: LODabs 2plex on LC480 cycler for the pat gene from the 2
nd


 laboratory (CRA-W) 


pat CY5   


Run E R2 E copies x Ct SD Ct m ØCt/Out m copies C.I. (95%) 
1   20,000 24.02 0.18 6/6 - 22,071 13% 
2    24.15 0.05 6/6 - 19,602 4.1% 
3    24.18 0.06 6/6 - 18,562 4.3% 
1   5,000 25.96 0.06 6/6 - 5,363 4.0% 
2    25.99 0.12 6/6 - 5,213 9.2% 
3    25.95 0.13 6/6 - 5,230 9.6% 
1   1,250 27.94 0.10 6/6 - 1,250 8.2% 
2    27.94 0.10 6/6 - 1,278 8.0% 
3    27.83 0.12 6/6 - 1,369 9.0% 
1   250 30.31 0.08 6/6 - 221 6.3% 
2    30.27 0.05 6/6 - 238 3.7% 
3    30.19 0.07 6/6 - 251 5.2% 
1   50 32.39 0.18 6/6 - 48 14% 
2    32.41 0.15 6/6 - 51 11% 
3    32.52 0.15 6/6 - 48 11% 
1   20 33.74 0.32 6/6 - 18 25% 
2    33.62 0.33 6/6 - 22 23% 
3    33.78 0.23 6/6 - 20 17% 
1   10 34.69 0.31 6/6 - 9.1 23% 
2    34.62 0.19 6/6 - 10 14% 
3    34.77 0.37 6/6 - 10 30% 
1   5.0 35.49 0.58 6/6 - 5.3 39% 
2    35.91 0.33 6/6 - 4.2 27% 
3    35.63 0.40 6/6 - 5.3 26% 
1   2.0 36.57 0.59 6/6 - 2.4 49% 
2    37.03 0.38 6/6 - 1.9 30% 
3    36.72 0.41 5/6 1/0 2.4 32% 
1 108% 99.9% 1.0 37.50 0.56 6/6 - 1.2 41% 
2 105% 99.9%  37.68 0.35 3/6 3/0 1.2 26% 
3 104% 99.9%  38.08 0.18 5/6 1/0 0.90 14% 
1   0.1 - - 0/6 6/0 - - 
2    37.90 - 1/6 5/0 - - 
3    38.23 - 1/6 5/0 - - 


Threshold1/2/3 = 1.800, Noiseband1/2/3= 1.600 


 
Pat: 2plex on LC480 (3 runs, CRA-W) 
LODpat C.I.  ≥ 1.0 - 2.0 copies  
LODpat AFNOR  ≥ 1.0 - 2.0 copies 
 
Efficiency: 104% - 108% (slopes -3.15, -3.20, -3.22) 
R2: 99.9% 
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1. Application


This method describes an assay for the simultaneous detection ofthree GMO screening elements, namely the
35S promoter reg ion of the Cauliflower mosaic virus (p35S), the terminator reqion of the nopalin synthase gene
(tNOS) from Agrobacterium tumefaciens, the 6-Enolpyruvylshikimate-3-phosphate-synthase (EPSPS) gene from
Agrobacterium tumefaciens strain CP4 with an upstream sequenceofthe chloroplast transit peptide sequence
CTP2 from Arabidopsis thaliana.


2. Principle


The method is a triplex real-time PCR with three TaqMan probes labelled with different fluorescence dyes, It is
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as on LC480 (Roche
Diagnostics) real time PCR machine. The performance on other PCR machines must be verified.


3. Chemicals and Material


Forall steps nuclease-free reagents and consumables for use inmolecular biology shouldbe used.


3.1Chemicals


• Nuclease free water


• QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743)


• 0.1 x TEbuffer


• Calf thymus- water ( Sigma, order no. 04522)


• Primer und Probes


p35S gene [1, 2, 31:


35S-F-screen
35S-R-screen
35S-Probe-screen


Amplicon: 82bp


tNOS gene [1 , 2, 41:


T-nos-180-F:
T-nos-180-R:
T-nos-180-probe:


Amplicon: 84bp


5'-GCCTCTGCCGACAGTGGT_3'
5'-AAGACGTGGTTGGAACGTCTTC-3'
5'-HEX-CAAAGATGGACCCCCACCCACG-BBQ-3'


5'-CATGTAATGCATGACGTTATTTATG-3'
5'- TTGTTTTCTATCGCGTATTAAATGT-3'
5'- 6FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-BBQ-3'


CTP2-CP4-EPSPS construct [1, 51:


GT73-TMF:
GT73-TMR:
GT73-TmP:


5'-GGGATGACGTTAATTGGCTCTG-3'
5'-GGCTGCTTGCACCGTGAAG-3'
5'-TexasRed-CACGCCGTGGAAACAGAAGACATGACC-BBQ-3'







Amplicon: 88bp
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 [6] 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 sampleforDNA extraction.


3.2.2 Extraction control


The extraction control (=EC) is used for excluding contaminations in the extraction reagents. It should be
analysed induplicates. The real time PCR results of the EC have to be negative.


3.2.3 Positive control and notemplatecontrol (NTC)


For each fluorescence channel and for each GMO element a positive control from certified reference material
should be analysed induplicates tocontrol the function of the PCR reagents as well as the PCR run. The positive
controls always have to show positive Ct-values (S 40). 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 calf thymus-water (100ng/I-II) is added. The NTC has toshow 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 forthe corresponding plant species should be analysed for each DNA sample byreal time PCR.


All controls can be used as described inthe ENISO24276 and EN ISO 21569.


4. Equipment


• Vortex shaker


• Table centrifuge for2 ml PCR-grade tubes (Hettich Mikro 22R with rotor E1547)


• Pipettes fora volume range of0.11-11 to 1000 1-11 (for exampleEppendorf, Hamburg, Germany)


• Filter tips a volume range of0.1 1-11 to 1000 1-11 (for example Eppendorf, Hamburg, Germany)


• 1.5 and 2 ml PCR-grade tubes (for example. Eppendorf .Biopure")


• Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737)


• Optical Adhesive Film (for example Applied Biosystems, no. 4311972)


• Plate centrifuge (Hettich Universal16R with rotor S0017)


• Real-time PCR Cycler MX 3005P (Agilent Technologies)


• Real-time PCR Cycler LC480 (Roche Diagnostics)


• Freezer - 20°C+/-3°C


• Clean bench or PCR workingstation


• Gloves


• Fridge 2-8°C







5. Procedure


5.1 Preparationof primer/probeworkingsolutions


Primer and probe stock solutions should be diluted in nuclease-free water to a final concentration of 100 IJM. For


the PCR a 20 IJM working solution is used for primer and a 10 IJM working solution for the probes. The working


solution is stored inaliquotsat -20°C.


5.2PeR·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, ECand positive controls in duplicates.


• The preparation of the master mix should be done as shown in Table 1 in nuclease-free reaction tubes,
before use it should be shortly mixed andcentrifuged.


• .Pipette 20 IJI mastermix in nuclease- free 96 Well plates


• Add 5 IJI DNA, ECorthyrnus-Hs) as template for 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 three
respective fluorescence channels formeasurement and start the PCR


Table 1: Detailed Mastermix protocol


Mastermix- components Final concentration Volumefor one reaction


H2O 3.0 IJI


QuantiTect Multiplex PCR NoROX reagent
1x 12.51J1(2x)


GT73-376-epsps-F (2OIJ M)
35S-F-screen (2OIJ M) OAIJMeach 0.51J1 each
T-nos-180-F (2OIJ M)


GT73-377-epsps-R (2OIJ M)
35S-R-screen (2OIJ M) OAIJMeach 0.51J1 each
T-nos-180-R (2OIJ M)


GT73-378-epsps-probe-Texas Red (1OIJ M)
35S-Probe-screen-HEX (1OIJ M) 0.2 IJM each 0.5 IJI each
T-nos-180-probe-FAM (1OIJ M)


Template 5.0 IJI


Total volume 25.0 IJI


I


I







5.3 Cycling parameters


The PCR isperformed on the real-time PCR Cycler Mx3005PorLC480 with the following thermo profile:


Table2: Thermo profile


UTG 50°C 2min.


Initial Denaturation and Activation of the
95°C 15 min.polymerase


Denaturation 95°C 30 sec.
Annealing 60°C 45 sec


40 cycles (LC 480)


Elongation ire 45 sec. 40cycles (MX3005P)


Ramp rate: 2.5°C/sec


Data acquisition isperformed inthe FAM·, HEX- and ROX-channels:


Reporter dye:
6-FAM
HEX
Texas Red


Exc itation max
495 nm
535 nm
590 nm


Emission max ­


525 nm
556 nm
603 nm


Colour
Green
Yellow
Orange


At the 3'-end all probes are labelled with the Blackberry quencher (BBQ, www.tib-molbiol.com). This quencher is
ideal for multiplex PCRs as it can be combined withall fluorescent dyes from UV via blue/yellow/orange/red
wavelengths to infrared wavelengths.


5.4Data analysis


For data the MXPro Software (Agilent Technologies) isused. Before analyzing the unknown samples the results
of the controls need tobe checked. All fluorescence channels have tobe analyzed separately. The threshold is
manually set according toTable 3a for each channel. Positive controls need toshow appropriate Ct-values, while
the negative controls as well as the extraction controls must show negative results (no Ct). For each sample the
taxon specific PCR has toshow positive signals.


Before the actual data analysiscan be performed on the LC480 a colour compensation for each assay is
necessary (see Roche manual) . The fit points method (n=2) isused for absolute quantification and each channel
isanalyzed separately. The optimal noise band position must be chosen individually from run to run (Noiseband
(Flour)). It should be as low as possible without including any background noise and as high as necessary where
it clearly crosses all sample curves inthe lower part ofthe log-linear phase. Once the background noise is
removed the threshold ismanually set 0,2 flourescence units above the noiseband for the FAM, HEX and ROX
channel.







T bl 3 Th h Id tf f MX3005Pa e res 0 se mgs or
Fluorescence channel Threshold


FAM 1000
HEX 200
ROX 200


6. Literature


[1] §64 LFGB Amtliche Sammlung von Untersuchungsverfahren


[2] Waiblinger H.U., Ernst B.,Anderson A., Pietsch K.: Eur Food Res Technol: 2008: 226:1221 -1228


[3] DIN ISO 21570:2005: LebensmiUel-Verfahren zum Nachweis von gentechnisch modifizierten Organisnien
und ihren Produkten: Quantitative auf Nuklelnssure beasierende Verfahren


[4] Reiting, R., Broil H. , Waiblinger H.U., Grohmann L. : J VerbraucherschutzLebensmiUelsicherheit (2007) 2:116­
121 Collaborative study ofa T-nos real-time PCR method for screening ofgenetically modified organisms in
food products


[5] Grohmann, L., C. Brunen-Nieweler, etal. (2009). "Collaborative trail validation studies of real-time PCR-based
GMO screening methods for detection of the bar gene and the ctp2-epsps construct." Journal ofAgricultural
and Food Chemistry 57: 8913-8920 .


[6] Ausubel F M, Brent R, Kingston RE, Moore DD, Seidman J G, Smith JA, Struhl K (1999) Short protocols in
molecular biology. 4 ed. Wiley, New York







Bavarian Health and Food Safety Authority


Standard Operation Procedure (SOP)


Method:


Pentaplex-real time PCR for the simultaneous detection of
P-35S, T-NOS, Bar, Pat and CTP2-CP4-EPSPS


for screening analysis of genetically modified organisms (GMOs)


Name Daniela Sebah Annette Block Ingrid Huber


Signature ~O ~ W0&L tJJU£
Date 24.02.2011-V2 24.02.2011-V2 24.02.2011-V2







1. Application


This methoddescribes an assay for the simultaneous detection of five GMO screening elements, namely the 35S
promoter region of the Cauliflower mosaic virus (p35S), the terminator region of the nopalin synthase gene
(tNOS) from Agrobacterium tumefaciens, the 6-Enolpyruvylshikimate-3-phosphate-synthase (EPSPS) gene from
Agrobacterium tumefaciens strain CP4 with an upstream sequence ofthe chloroplast transit peptide sequence
CTP2 from Arabidopsis thaliana, the two herbicide resistence inducing genes bar (Basta resistance gene from
Streptomyces hygroscopicus) and thepat(phosphinothricine acetyltransferase gene from Streptomyces
viridochromogenes). .


2. Principle


The method isa pentaplex real-time PCRwith five TaqMan probes labelled with different fluorescence dyes. It is
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as LC480 (Roche
Diagnostics) 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 inmolecular biology should be used.


3,1Chemicals


• RNase free water


• QuantiTect Multiplex PCR NoROX Kit (Qiagen, Hilden, Germany, order no. 204743)


• 0.1 x TEbuffer


• Calf thymus- water (Sigma, order no. 04522)


• Primer und Probes


p35S gene [1, 2, 31:


35S-F-screen
35S-R-screen
35S-Probe-screen
Amplicon: 82bp


tNOS gene [1, 2, 51:


T-nos-180-F:
T-nos-180-R:
T-nos-180-Probe:
Amplicon: 84bp


Pat gene [41:


Pat 141-F:
Pat 248-R:
Pat 193T-Probe:
Amplicon: 108bp


5'-GCCTCTGCCGACAGTGGT-3'
5'-AAGACGTGGTTGGAACGTCTTC-3'
5'-HEX-CAAAGATGGACCCCCACCCACG-BBQ-3'


5'-CATGTAATGCATGACGTTATTTATG-3'
5'- TTGTTTTCTATCGCGTATTAAATGT-3'
5'- 6FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-BBQ-3'


5'-CGCGGTTTGTGATATCGTTAAC-3'
5'-TCTTGCAACCTCTCTAGATCATCAA-3'
5'-Cy5-AGGACAGAGCCACAAACA CCACAAGAGTG-BBQ-3'







Bar gene [1, 61:


Bar-166-F:
Bar-167-R:
Bar-168-Probe:
Amplicon: 60bp


5'- ACAAGCACGGTCAACTTCC-3'
5'- GAGGTCGTCCGTCCACTC-3'
5'-TEX-TACCGAGCCGCAGGAACC-BBQ-3'


CTP2-CP4-EPSPS construct [1 , 61:


For application on MX3005P:


GT73-376-F:
GT73-377-R:
GT73-378-Probe:
Amplicon: 88bp


For application on LC480:


GT73-TmF:
GT73-TmR:
GT73-TmP:


3.2 Materials


5'-GGGATGACGTTAATTGGCTCTG-3'
5'-GGCTGCTTGCACCGTGAAG-3'
5'-Atto 425-CACGCCGTGGAAACAGAAGACATGACC-DDQ-3'


5'-GGGATGACGTTAATTGGCTCTG-3'
5'-GGCTGCTTGCACCGTGAAG-3'
5'-Cyan500425-CACGCCGTGGAAACAGAAGACATGACC-BBQ-3


3.2.1 Samples


DNA for the analysis with the pentaplex real time PCR can be extracted according tothe ISO 21571 . For the
establishment of the method a modified CTAB-protocol [7] 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 ofthe sample for DNA extraction.


3.2.2 Extraction control


The extraction control is used for excluding contaminations in the extraction reagents. It should be analysed in
duplicates. The real time PCR results of the EC have tobe negative.


3.2.3 Positive control and notemplate control (NTC)


For each fluorescence channel and for each GMO element a positive control from certified reference material
should be analysed induplicates tocontrol the function of the PCR reagents as well as the PCR run. The positive
controls always have to show positive Ct-values (~40).


A no template control (=NTC) should be analysed induplicates. The NTC is used for excluding contaminations in
the PCR master mix. For the NTC, instead of DNA template calf thymus-water (100ng/I-lI) isadded. The NTC has
toshow negative results (no ct).







3.2.3 Inhibition control


To prove the PCR amplifiability ofthe DNA and toshow 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 ENISO 24276 and ENISO 21569.


4. Equipment


• Vortex shaker


• Tablecentrifuge for 2 ml PCR-grade tubes (Hettich Mikro 22R with rotor E1547)


• Pipettes for a volume range of0.11J1 to1000 IJI (for example Eppendorf, Hamburg, Germany)


• Filter tips avolume range of0.1 IJI to1000 IJI (for example Eppendorf, Hamburg, Germany)


• 1.5and 2ml PCR-grade tubes (for example. Eppendorf .Biopure")


• Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737)


• Optical Adhesive Film (forexample Applied Biosystems, no. 4311972)


• Plate centrifuge (Hettich Universal16R with rotor S0017)


• Real-time PCR Cycler MX 3005P (Agilent Technologies)


• Real-time PCR Cycler LC480 (Roche Diagnostics)


• Freezer - 20°C+/-3°C


• Clean bench orPCR working station


• Gloves


• Fridge 2-8°C


5. Procedure


5.1 Preparation of primer/probeworking solutions


Primer and probe stock solutions should be diluted in nuclease-free water toa final concentration of 100 IJM. For


the PCR a 20 IJM working solution is used for primers and a 10 IJM working solution for the probes. The working


solution isstored inaliquots 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 induplicates.


• The ready-to use mastermix is delivered in biopure reaction tubes, before use it should be shortly mixed
and centrifuged.


• Pipette 20 IJI mastermix innuclease- free 96 Well plates







• Add 5 1-11 DNA, EC or thymus-H20 as template forthe NTC


• Seal the plate and centrifuge it forone minute


• Chose the needed thermo profile at the real-time PCR cycler, adjust the plate setup, chose the five
respective fluorescence channelsformeasurement and start the PCR .


Table 1: Detailed Mastermix protocol


Mastermix- components Final concentration Volume for one reaction


QuantiTect Multiplex PCR NoROX reagent
1x 12,51-11(2x)


Pat 141-F (2OI-lM)
Bar-166-F (2OI-l M)
GT73-376-F (2OI-lM) OAI-IM each 0.51-11 each
35S-F-screen (2OI-lM)
T-nos-180-F (2OI-lM)


Pat 248-R (2OI-lM)
Bar-167-R (2OI-lM)
GT73-377-R (2OI-lM) OAI-IM each 0.5 1-11each
35S-R-screen (2OI-lM)
T-nos-180-R (2OI-lM)


Pat 193T-Probe CY5 (1OI-lM)
Bar-1 68-Probe TEX (1OI-lM)
GT73-378-Probe
Ano 425/Cyan500 (1OI-lM) 0.21-1M each 0.51-11 each
35S-Probe-screen HEX (1OI-lM)
T-nos-180-probe FAM (1OI-lM)


Template 5.0 1-11


Total volume 25.0 IJI







5.3 Cycling parameters .


The PCR isperformed on the real-time PCR CyclerMx3005 orLC480 with the follo»,ing thermo profile:


Table2: Thermo profile


UTG 50°C 2min.


Initial Denaturation and Activation ofthe
95°C 15 min.polymerase '


Denaturation 95°C 30 sec.
Annealing 60°C 45 sec


40 cycles (LC 480)


Elongation rrc 45 sec. 40 cycles (MX3005P)


Ramp rate: 2.5°C/sec


Data acquisition is performed in the FAM·, ROX, HEX, CY5· and ATT0425·channels respectively Cyan 500 for


the LC480.


Reporterdye: Excitationmax Emissionmax Colour
Atto425 436 nm 484 nm Blue
Cyan500 450 nm 500 nm Blue
6-FAM 495 nm 520 nm Green
HEX 535 nm 556 nm Yellow
Texas Red 590 nm 603 nm Orange
CY5 643 nm 667 nm Red


At the 3'-end all probes are labelled with the Blackberry quencher (BBQ, www.tib-molbiol.com) respectively the
GT73-TmP with Deep Dark (DDQ, www.biomers.net ). These quenchers are 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. All fluorescence channels have to be analyzed separately. The threshold is
manually set according to Table 3 for each channel. Positive controls need to show appropriate Ct-values, while
the negative controls as well as the extraction controls must show negative results (no Ct) . For each sample the
taxon specific PCR has toshow positive signals.


Before the actual data analysis can be performed on the LC480 a colour compensation for each assay is
necessary (see Roche manual) . The fit points method (n=2) isused for absolute quantification and each channel
isanalyzed separately. The optimal noise band position must be chosen individually from run to run (Noiseband
(Flour)) . It should be as low as possible without including any background noise and as high as necessary where
it clearly crosses all sample curves inthe lower part ofthe log-linear phase. Once the background noise is
removed the threshold ismanually set 0,2 flourescence units above the noiseband for the FAM, HEX, ROX and
Cyan500 channel. For the CY5 channel the threshold isset manually 0,1 flourescence units above the
noiseband, as this channel generally shows lower fluorescence intensities.







T bl 3 Th h Id ttl f MX3005Pa e res 0 se mgs or
Fluorescence channel Threshold


Atto425 200
FAM 1000
HEX 200
ROX 200
CY5 200
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1. Application


This method describes an assay for the simultaneous detection oftwo GMO screening elements,.namely the bar
and the pat gene. Both genes induce herbicide resistence toGMO, the bar gene (Basta resistance gene)
originates from Streptomyces hygroscopicus and the pat (phosphinothricine acetyltransferase gene) from
Streptomyces viridochromogenes.


2. Principle


The method is a duplex real-time PCR with five TaqMan probes labelled with two fluorescence dyes. It is
established on the MX3005P (Agilent Technologies) real-time PCR machine as well as LC480 (Roche
Diagnostics) 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 inmolecular 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


• Calf thymus- water (Sigma, order no. 04522)


• Primer und Probes


Bar gene [2):


Bar-166-F:
Bar-167-R:
Bar-168-Probe:


Amplicon: 60bp


Pat gene [ 2, 3]:


Pat 141-F:
Pat 248-R:
Pat 193T-Probe:


Amplicon: 108bp


5'- ACAAGCACGGTCAACTTCC-3'
5'- GAGGTCGTCCGTCCACTC-3'
5'-6FAM-TACCGAGCCGCAGGAACC-BBQ-3'


5'-CGCGGTTTGTGATATCGTTAAC-3'
5'-TCTTGCAACCTCTCTAGATCATCAA-3'
5'-HEX-AGGACAGAGCCACAAACA CCACAAGAGTG-BBQ-3'







3.2 Materials


3.2.1 Samples


DNA for the analysis with the duplex 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 becarried along, using water instead of the sample for DNA extraction.


3.2.2Extraction control


The extraction control is used for excluding contaminations in the extraction reagents. It should be analysed in
duplicates. The real time PCR results ofthe EChave tobe negative.


3.2.3 Positivecontrol and notemplatecontrol (NTC)


For each fluorescence channel and for each GMO element a positive control from certified reference material
should be analysed induplicates to control the function of the PCR reagents as well as the PCR run. The positive
controls always have toshow positive Ct-values (:5 40).


A no template control (=NTC) should be analysed induplicates. The NTC is used for excluding contaminations in
the PCR master mix. For the NTC, instead of DNA template calf thymus-water (100ng/~I) is added. The NTC has
toshow negative results (no ct) .


3.2.3 Inhibition control


To prove the PCR amplifiability of the DNA and toshow 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 controlscan be used as described in the EN ISO24276 and EN ISO 21569.


4. Equipment


• Vortex shaker


• Tablecentrifuge for 2 ml PCR-grade tubes (Hettich Mikro 22R with rotor E1547)


• Pipettes for avolume rangeof0.1 ~I to1000 ~I (for example Eppendorf, Hamburg, Germany)


• Filter tips avolume range of0.1 ~I to 1000 ~I (for example Eppendorf, Hamburg , Germany)


• 1.5 and 2 ml PCR-grade tubes (for example Eppendorf.Biopure")


• Optical 96 Well reaction plates (for example Applied Biosystems no. 4306737)


• Optical Adhesive Film (for example Applied Biosystems, no.4311972)


• Plate centrifuge (Hettich Universal16R with rotor S0017)


• Real-time PCR Cycler MX 3005P (Agilent Technologies)


• Real-time PCR Cycler LC480 (Roche Diagnostics)


• Freezer - 20°C+/-3°C


• Clean bench or PCR workingstation


• Gloves


• Fridge 2-8°C







5. Procedure


5.1 Preparation of primer/probeworking solutions


Primer and probe stock solutions should be diluted with nuclease-free water to a final concentration of 100 IJM.


For the PCR a 20 IJM working solution is used for primers and a 10 IJM working solution for the probes. The


working solution isstored in al iquots at-20°C.


5.2PeR-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), ECand positive controls induplicates.


• The preparation of the mastermix should be done as shown in Table 1a in nuclease-free reaction
tubes, before use it should be shortly mixed and centrifuged.


• Pipette 20 1-11 mastermix in nuclease- free 96 Well plates


• Add 5 1-1\ DNA, ECorthymus-H20 for the NTC as template


• 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


Table 1:Detailed Mastermix protocol


Mastermix- components Final concentration Volume for asingle reaction


H2O 4.5 IJI


QuantiTect Multiplex PCR NoROX reagent (2x) 1x 12.5 IJI


Pat 141 -F (2OIJ M)
Bar-166-F (2OIJ M) 0.4 IJM each 0.51J1 each


Pat 248-R (2OIJ M)
0.4 IJM each 0.51J1 eachBar-167-R (2OIJ M)


Pat 193T-Probe HEX (1OIJ M) 0.21JM each 0.51J\each
Bar-168-Probe FAM (1OIJ M)


Template 5.0IJI


Total volume . 25.0 ~ I







5.3 Cycling parameters


The PCR isperformed on the real-time PCR Cycler Mx3005 orLC480 with the following thermo profile(s):


Table 2: Thermo profile


UTG 50°C 2min.


Initial Denaturation and Activation ofthe
95°C 15 min.polymerase


Denaturation 95°C 30 sec.
Annealing 60°C 45 sec


40 cycles (LC 480)


Elongation rrc 45 sec. 40 cycles (MX3005P)


Ramp rate: 2.5°C/sec


Data acquisition isperformed inthe FAM and HEX-channels.


Reporter dye:
6-FAM
HEX


Excitationmax


495 nm
535 nm


Emissionmax


525 nm
556 nm


Colour
Green
Yellow


Atthe 3'-end all probes are 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/orangelred
wavelengths' toinfrared wavelengths.


5.4 Data analysis


For data analysis on MX3005P the MXPro Software (Agilent Technologies) is used. Before analyzing the
unknown samples the results of the controls need to be checked. The two fluorescence channels have to be
analyzed separately. The threshold ismanually set according toTable 3 for both channels.
Positive controls need to show appropriate Ct-values, while the negative controls as well as the extraction
controls must show negative results (no Ct). For each sample the taxon specific PCR has to show positive
signals.


For the analysis of the duplex PCR on LC480 no colour compensation is needed. The fit points method (n=2) is
used for absolute quantification and each channel is analyzed separately. The optimal noise band position must
be chosen individually from run to run (Noiseband (Flour)) . It should be as low as possible without including any
background noise and as high as necessary where it clearly crosses all sample curves in the lower part of the
log-linear phase. Once the background noise is removed the threshold is manually set 0, 2 flourescence units
above the noiseband for the FAM and HEX channel.







T bl 3 Th h Id ttl f MX3005Pa e res 0 se InQS or
Fluorescence channel Threshold


FAM 1000
HEX 200
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