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Why to analyse GMOs?

Contained use Deliberate release
into the environment

Labelling and
traceability

Field experiments Marketing

Pre-market phase Post-market phase
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How to Know if a Product is 

Genetically Modified ?

Phenotype identification

DNA-based methods

Protein-based methods

 Most genetically modified market 
products appear identical to traditional 
counterparts. 

 Genetic differences can always be found 
in the DNA sequences, provided that the 
genetic changes made to produce the GM 
product are known. 

 Plant transformation generally leads to 
the presence of a new protein which can be 
detected using immunological methods.
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Methods of analysis

Biological
whole plant

Chemical
fatty acids

fibre structure
…

Bioanalytical

Protein  DNA

Phenotypical

DNA

Genotypical

Which method to select ?

How to Know if a Product is Genetically Modified ? 
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Planted 
seed

Harvest. 
crop

Silo1

 
crop

Silo2 
crop

Interm. 
Prod. 1

End-

 
product

Interm. 
Prod. 2

Potentially decreasing analytical 
sensitivity due to processing

High sampling and subsampling effort 

Increasing homogeneity / representativity

Experience along the production chain

Detection strategies, which method to select?
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Raw material         processed target method
product

DNADNA

ProteinProtein

Fatty acidFatty acid

Polymerase 
Chain 
Reaction (PCR) 

Polymerase 
Chain 
Reaction (PCR)

Immuno assaysImmuno assays

(HPLC/GC)(HPLC/GC)

Soya

Maize

Rapeseed

Detection strategies, which method to select?

Samples properties and detection purpose
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Amplification (PCR)

DNA extraction

M 0 0.1 0.5 2nt 100 C+
% GMO content

Sampling

Steps in GMO analysis (& sources of errors)
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Lot properties 
-

 
i.e. the distribution of 

a contaminant in a 
bulk mass -

 
greatly 

affect the 
effectiveness of 
sampling procedures. 

?
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KeLDA (Kernel Lot Distribution Assessment) Project

Aim: to assess the distribution of GM contaminations in grain lots 

imported within EU Member States

Participants: ENGL Labs -

 

10 Member States

Project Structure:
•

 

17 soybean lots likely to contain GM material 

•

 

Systematic sampling (ISO 6644) at each MS entrance point  

•

 

Sampling period = total off-loading time/100

•

 

100 samples/lot

•

 

3000 grains / sample (~ 0.5Kg)

0.0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40 50 60 70 80 90 100

Increment Number

%
 G

M
O

Increment number

0.0
3.0
6.0
9.0

12.0
15.0
18.0
21.0

0 10 20 30 40 50 60 70 80 90 100

N increments

%
 G

M
O

Increment number

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 20 40 60 80 100

N increments

%
 G

M
O

Increment number



International Workshop on Harmonisation of GMO Detection and Analysis. White River (South Africa) 28-29 October 2010 11

Recommendation 2004/787/EC …on technical guidance for 
sampling and detection of genetically modified organisms and material produced 
from genetically modified organisms as or in products in the context of Regulation 
(EC) No 1830/2003

Based on statistical model and

 

real data
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Recommendation 
2004/787/EC 
provides a sampling 
protocol to estimate 
lot GMO content, 
without imposing any 
distribution

?
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Recommended approach for foodstuff sampling

•
 

Lots of bulk agricultural commodities (e.g. grains)
–

 
EC Recommendation 787/2004

•
 

Lots of NON packed food products (e.g. flour)
–

 
EC Recommendation 787/2004

•
 

Lots of packed food products (e.g. cookies)
–

 
ISO standard 2859 (1985)

Commission Recommendation of 4 October 2004 on sampling and detection 
of GMOs and material produced from GMOs as or in products in the

 
context of 

Regulation (EC) 1830/2003 [2004/787/EC]
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Take-home message

•
 
Correct sampling is NOT common practice

•
 
Correct sampling is expensive and time consuming

BUT

If sample is taken in a incorrect way
 (not representative) 


analytical result can NOT be extrapolated to the whole lot
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Operation of GMO laboratories
to comply with EU  legislation

Labelling
required> threshold

< threshold No need for
labelling

Assay
individual

ingredients

GMO quantificationGMO quantification
Must be

Labelled ?
Yes/No

Negative

GMO screeningGMO screening

Positive

GMO ?
Yes/No

Yes IllegalNo

GMO identificationGMO identification
Are they 

Authorised ?
Yes/No
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Quantification of GMOs and labelling

No labelling required
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49.80%
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GM
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maize

maize

Ingredients

How much “GM-maize 2”
is present?

Make calculations 

How much “GM-maize 1”
is present?

How much “maize”
is present?

maize
soybean
GM maize I
GM maize II
GM soybean
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Amplification (PCR)

DNA extraction

M 0 0.1 0.5 2nt 100 C+
% GMO content

Analytical

Steps in GMO analysis & sources of errors
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GMO analysis: Concepts

•
 
Characterization
To elucidate

 

molecular

 

structure of transgene events

 

at

 

the locus of insertion

•
 
Screening
To detect

 

genetic

 

elements

 

of the T-DNA insert (CaMV

 

35S promoter; 3’

 

nos 
terminator,…)

•
 
Detection
To confirm

 

the presence/absence of a GMO

•
 
Identification
To confirm

 

the presence

 

of genetic

 

elements

 

which

 

are unique for a specific

 
transgenic

 

event

 

-

 

which

 

GMO is/are present

•
 
Quantification
Estimation of the GMO content
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5. event-specific

2. screening GMO
or not?

1. species-specific Amplifiable DNA? 
Species?

4. construct-specific identification 
of gene construct

P E Gene TPlant DNA Plant DNA

3. gene-specific identification
of the gene

event-specific 
identification

Plant DNA

LOW

HIGH

SP
EC

IF
IC

IT
Y

Detection strategies, which target to select?
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M 0 0.1 0.5 2nt 100 C+
% GMO content

500
400
300
200

100

base
pairs
(bp) Results

Electrophoresis

Amplification (PCR)

DNA extraction

Sample

PCR-based qualitative GMO analysis
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GMO quantification by RT-PCR

Wild type

GMO

3.
Interpretation of result

1.
Sample preparation,

and
DNA extraction

2.
DNA amplification

in 
real-time PCR machine
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Qualitative PCR: endpoint RT-PCR detection
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Pros and cons - DNA based methods

•

 

Genetic modifications = DNA modifications
•

 

DNA stable and inheritable
•

 

DNA traceable unit for all purposes 
–

 

Matrix limitations may apply
•

 

Sensitive, fit for identification and quantification
•

 

Costs:
–

 

Efficient screening (multiple targets and GMOs)
–

 

Expensive identification and quantification
–

 

Equipment, reference material, skilled staff
•

 

Limited coverage, although superior to protein
–

 

Can only detect what we have methods for!
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GMO analysis by immuno assays

Epitope

Antibody

Target Protein 
“Antigen”

ELISA test ELISA test 

LateralLateral--FlowFlow
 
Strip testStrip test
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Pros and cons - protein based methods

•
 

Advantages/benefits:
–

 

Speed 
–

 

Cost
–

 

Practicability and easy transferibility
–

 

Low

 

risk of

 

false positives (carry

 

over)
–

 

Well established in the food industry
•

 
Drawbacks:
–

 

Matrix

 

limitations

 

and sensitivity
–

 

Coverage

 

low

 

(methods

 

only

 

for few

 

GMOs)
–

 

Low

 

fitness

 

for Qn

 

analysis
–

 

Limited

 

identification (no event identification except for ’unique’

 traits)
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Current context

•

 

Worldwide adoption and use of GMOs is rapidly increasing (acreage, 
countries); 

•

 

Constant rise in GMO complexity, number of traits and events;
•

 

In the EU: 
•

 

Mandatory labelling of GMOs and derived food/feed products (if above 
0.9%) requires event-specific methods;

•

 

Post-market monitoring requirements;
•

 

GMO control based on combination of screening + event-specific 
detection methods;

•

 

Increasing number of GMOs under approval;
•

 

Asynchronous approval process complicates the analytical procedure.
↑

 

Higher number of methods to be applied for full product characterisation.
↑

 

Increased time and cost of analysis/sample.
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(Stein & Rodríguez-Cerezo, 2009)
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Analysis of soybean samples

Homogenization of sample (soya)

DNA-Extraction

Detection of target taxon sequence

ggf.

GTS 40-3-2
(RR-soya)

Quantification

GU262 GU262 GU262 GU262 ?

CaMV
and / or

Agrobacterium
tumefaciens

no
transgenic DNA
detectedNo authorization within the EU,

no safety assessment done
No authorization within the EU,
but positively safety assessed

Authorized within the EU

positive positive positivenegative negative negative

GM specific detection

Screening: 35S-Promoter, further elements if necessary

positive negativ

bezogen auf die untersuchten GV-Linien

repeat DNA-Extraction if 
necessary

negative positiv

Konzept

 

zur

 

Analytik

 

von gentechnisch

 

veränderten

 

Futtermitteln, 2005, M. Egert

 

et al.
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Within the present context…. 
The only way to foster appropriate testing and to guarantee proper GMO 
control (in the EU) is to facilitate the work of enforcement laboratories. 

This can be achieved by developing and providing tools able to overcome the 
difficulties of applying a complex analytical procedure, often exceeding 
laboratories’

 

capabilities. 

The JRC is presently involved in two novel approaches, both based upon the 
use of ready-to-use pre-spotted plates:

 The use of event-specific methods known

 

to the EURL-GMFF;



 

The accurate combination of screening methods targeting elements

 common to groups of GMOs.
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The strategy:

Methodological approach: real-time PCR (probe based)

Format: 96-well plate format

Analytical target(s): event-specific targets of EU approved and 
unapproved GM events

Product format: ready-to-use

 

pre-spotted plates containing, in lyophilized 
format, primers and probes for all methods
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Targets:

• 7 plant species
• 39 GM events 
(+ stack events derived from them)

Maize Oilseed rape
Bt11 T45
NK603 Ms8
GA21 Rf3
MON863 GT73
1507 Rf1
T25 Rf2
59122 Ms1
MON810 Topas

 

19/2
MIR604 Rice 
Bt176 LLRICE62
MON88017 LLRice601
LY038 Bt63 Rice
3272 Sugar beet 
MON89034 H7-1 Sugar beet 
Bt10 Cotton
Soybean MON1445
A2704-12 MON88913
40-3-2 LLCotton25
MON89788 MON 531
DP-356043 281-24-236X3006-210-23
Potato MON15985
EH92-527-1

Methods:

all methods submitted to the CRL-GMFF 
for validation, represented once, 
including methods for emergency cases, 
e.g. Bt-10 maize and LL601 rice
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Dossi 
er Event Species Primer F Primer R Probe Probe 

Reporte 
r

1 Bt11 Maize Maize GCGGAACCCCTATTTGTTTA TCCAAGAATCCCTCCATGAG AAATACATTCAAATATGTATCCGCTCA TAMRA FAM

2 NK603 Maize Maize ATGAATGACCTCGAGTAAGCTTGTTAA AAGAGATAACAGGATCCACTCAAACACT TGGTACCACGCGACACACTTCCACTC TAMRA FAM

3 GA21 Maize Maize CTTATCGTTATGCTATTTGCAACTTTAGA TGGCTCGCGATCCTCCT CATATACTAACTCATATCTCTTTCTCAACAGCAGGTGGGT TAMRA FAM

4 MON863 Maize Maize GTAGGATCGGAAAGCTTGGTAC TGTTACGGCCTAAATGCTGAACT TGAACACCCATCCGAACAAGTAGGGTCA TAMRA FAM

5 1507 Maize Maize TAGTCTTCGGCCAGAATGG CTTTGCCAAGATCAAGCG TAACTCAAGGCCCTCACTCCG TAMRA FAM

6 T25 Maize Maize ACAAGCGTGTCGTGCTCCAC GACATGATACTCCTTCCACCG TCATTGAGTCGTTCCGCCATTGTCG TAMRA FAM

7 59122 Maize Maize GGGATAAGCAAGTAAAAGCGCTC CCTTAATTCTCCGCTCATGATCAG TTTAAACTGAAGGCGGGAAACGACAA TAMRA FAM

8 H7-1 Sugar beet Sugar beet TGGGATCTGGGTGGCTCTAACT AATGCTGCTAAATCCTGAG AAGGCGGGAAACGACAATCT TAMRA FAM

9 MON810 Maize Maize TCGAAGGACGAAGGACTCTAACGT GCCACCTTCCTTTTCCACTATCTT AACATCCTTTGCCATTGCCCAGC TAMRA FAM

10 281-24-236 Cotton Cotton CTCATTGCTGATCCATGTAGATTTC GGACAATGCTGGGCTTTGTG TTGGGTTAATAAAGTCAGATTAGAGGGAGACAA TAMRA FAM

11 3006-210-23 Cotton Cotton AAATATTAACAATGCATTGAGTATGATG ACTCTTTCTTTTTCTCCATATTGACC TACTCATTGCTGATCCATGTAGATTTCCCG TAMRA FAM

12 LLRICE62 Rice Rice AGCTGGCGTAATAGCGAAGAGG TGCTAACGGGTGCATCGTCTA CGCACCGATTATTTATACTTTTAGTCCACCT TAMRA FAM

13 T45 oilseed rape Rape CAATGGACACATGAATTATGC GACTCTGTATGAACTGTTCGC TAGAGGACCTAACAGAACTCGCCGT TAMRA FAM

14 EH92-527-1 Potato Potato GTGTCAAAACACAATTTACAGCA TCCCTTAATTCTCCGCTCATGA AGATTGTCGTTTCCCGCCTTCAGTT TAMRA FAM

15 Ms8 Oilseed rape Rape GTTAGAAAAAGTAAACAATTAATATAGCCGG GGAGGGTGTTTTTGGTTATC AATATAATCGACGGATCCCCGGGAATTC TAMRA FAM

16 Rf3 Oilseed rape Rape AGCATTTAGCATGTACCATCAGACA CATAAAGGAAGATGGAGACTTGAG CGCACGCTTATCGACCATAAGCCCA TAMRA FAM

17 GT73 (RT63) Rapeseed Rape CCATATTGACCATCATACTCATTGCT GCTTATACGAAGGCAAGAAAAGGA TTCCCGGACATGAAGATCATCCTCCTT TAMRA FAM

18 LLCotton25 Cotton Cotton CAGATTTTTGTGGGATTGGAATTC CAAGGAACTATTCAACTGAG CTTAACAGTACTCGGCCGTCGACCGC TAMRA FAM

19 MON 531 Cotton Cotton TCCCATTCGAGTTTCTCACGT AACCAATGCCACCCCACTGA TTGTCCCTCCACTTCTTCTC TAMRA FAM

20 A2704-12 Soybean Soy GCAAAAAAGCGGTTAGCTCCT ATTCAGGCTGCGCAACTGTT CGGTCCTCCGATCGCCCTTCC TAMRA FAM

21 MIR604 Maize Maize GCGCACGCAATTCAACAG GGTCATAACGTGACTCCCTTAATTCT AGGCGGGAAACGACAATCTGATCATG TAMRA FAM

22 Rf1 Rapeseed Rape CTAAGGGAGGTCAAGATGTAGC CGGGCCTAACTTTTGGTGTG CTCATCATCCTCACCCAGTCAGCATCA TAMRA FAM

23 Rf2 Rapeseed Rape GGGTGAGACAATATATCGACG GGGCATCGCACCGGTGAG CACCGGCCAAATTCGCTCTTAGCCGT TAMRA FAM

24 Ms1 Rapeseed Rape ACGCTGCGGACATCTACATT CTAGATCGGAAGCTGAAGATGG CTCATTGCTGATCCACCTAGCCGACTT TAMRA FAM

25 Topas

 

19/2 Rapeseed Rape GTTGCGGTTCTGTCAGTTCC CGACCGGCGCTGATATATGA TCCCGCGTCATCGGCGG TAMRA FAM

26 MON1445 Cotton Cotton GGAGTAAGACGATTCAGATCAAACAC ATCGACCTGCAGCCCAAGCT ATCAGATTGTCGTTTCCCGCCTTCAGTTT TAMRA FAM

27 Bt176 Maize Maize GGCCGTGAACGAGCTGTT GGGAAGAAGCCTACATGTTTTCTAA AGCAACCAGATCGGCCGACACC TAMRA FAM

28 MON15985 Cotton Cotton GTTACTAGATCGGGGATATCC AAGGTTGCTAAATGGATGGGA CCGCTCTAGAACTAGTGGATCTGCACTGAA TAMRA FAM

29 40-3-2 Soybean Soy TTCATTCAAAATAAGATCATACATACAGGTT GGCATTTGTAGGAGCCACCTT CCTTTTCCATTTGGG MGB FAM

30 GA21 Maize Maize CGTTATGCTATTTGCAACTTTAGAACA GCGATCCTCCTCGCGTT TTTCTCAACAGCAGGTGGGTCCGGGT TAMRA FAM

31 MON88017 GAGCAGGACCTGCAGAAGCT TCCGGAGTTGACCATCCA TCCCGCCTTCAGTTTAAACAGAGTCGGGT TAMRA FAM

32 LY038 Maize Maize TGGGTTCAGTCTGCGAATGTT AGGAATTCGATATCAAGCTTATCGA CGAGCGGAGTTTATGGGTCGACGG TAMRA FAM

33 3272 Maize Maize TCATCAGACCAGATTCTCTTTTATGG CGTTTCCCGCCTTCAGTTTA ACTGCTGACGCGGCCAAACACTG TAMRA FAM

34 MON89788 TCCCGCTCTAGCGCTTCAAT TCGAGCAGGACCTGCAGAA CTGAAGGCGGGAAACGACAATCTG TAMRA FAM

35 MON89034 Maize Maize TTCTCCATATTGACCATCATACTCATT CGGTATCTATAATACCGTGGTTTTTAAA ATCCCCGGAAATTATGTT MGB FAM

36 DP-356043 soybean Soy GTCGAATAGGCTAGGTTTACGAAAAA TTTGATATTCTTGGAGTAGACGAGAGTGT CTCTAGAGATCCGTCAACATGGTGGAGCAC TAMRA FAM

37 MON88913 cotton Cotton GGCTTTGGCTACCTTAAGAGAGTC CAAATTACCCATTAAGTAGCCAAATTAC AACTATCAGTGTTTGACTACAT MGB FAM

38 Rice GM events P35S::bar Rice TATCCTTCGCAAGACCCTTCC ATGTCGGCCGGGCGTCGTTCTG TCTATATAAGGAAGTTCATTTCATT MGB FAM

39 LLRice601 Rice Rice TCTAGGATCCGAAGCAGATCGT GGAGGGCGCGGAGTGT CCACCTCCCAACAATAAAAGCGCCTG TAMRA FAM

40 Bt63 Rice Rice GACTGCTGGAGTGATTATCGACAGA AGCTCGGTACCTCGACTTATTCAG TCGAGTTCATTCCAGTTACTGCAACACTCGAG TAMRA FAM

43 Bt10 Maize Maize CACACAGGAGATTATTATAGGGTTACTCA ACACGGAAATGTTGAATACTCATACTCT AATAACCCTGATAAATGCTTCA MGB FAM

The challenge:

•

 

source: 48 real-time PCR 
methods with individual 
characteristics, reaction 
conditions, cycling setting and 
efficiency

•

 

output: unique system in 
which all methods work with a 
unique set of conditions 
without loosing specificity and 
overall performance
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Plate layout:

Sample 1

Sample 2



International Workshop on Harmonisation of GMO Detection and Analysis. White River (South Africa) 28-29 October 2010 34

1
Extract DNA

4
Analyse data

3
Perform 

Real-Time  PCR 
amplification

2
Add TaqMan®

Universal PCR 
Master Mix and 
load the plate

1 -

 

4 hrs 15 min 2 -

 

2½

 

hrs

Workflow and approximate timing for GMO analysis using the 
ready-to-use multi-target analytical system

http://av.rds.yahoo.com/_ylt=A0geult8O8pJFfcA201nNaMX;_ylu=X3oDMTBvMmFkM29rBHBndANhdl9pbWdfcmVzdWx0BHNlYwNzcg--/SIG=11vnvv4kv/EXP=1238076668/**http%3a//www2.cmu.edu.tw/~cmcrdc/RT-PCR.htm
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Sample 1

Sample 2

Interpretation of results

A1 = hmg maize reference method

D12 = Bt10
event-specific method
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Detection of potato event EH92-527-1 
A7 = potato reference gene 
B9 EH92-527-1 event-specific method
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Detection of cotton event MON15985

E2  = SAH7 cotton reference gene method
G2 = MON531 event-specific method
G11 = MON15985 event-specific method
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well RTi-PCR method well RTi-PCR method
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Maize and soybean 
events detected Plate layout

Ready-to-use pre-spotted plate/strip systems in response to 
the different needs of GMO analysis:

Crop-specific formulation (for commodities testing)
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Requirements to apply screening in GMO analysis:

-

 

defined

 

analyte type (DNA)

-

 

defined

 

GMO Universe (e.g. EU authorized GMO for food and feed use)

-

 

defined

 

targets in the GMO of this Universe

-

 

validated

 

methods to demonstrate the presence of these targets

Ready-to-use pre-spotted plate/strip systems in response to 
the different needs of GMO analysis:

Screening formulation based on matrix approach
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Matrix approach in GMO screening

Relationship between the “GMO Universe”, the

 

targets
and the

 

methods

Method 1
Method 2
Method 3
....

GMO1

GMO2

GMO3

GMO4

GMO5

GMO6

GMO7

....

Targets 1
Targets 2
Targets 3
....

GMO UniverseValidation

Screening
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321

3 84

9

71 6

5

54 6

GM 1

GM 2

GM 3

GM 4

GM 5

GM 6

GM 7 84

Sample

RESULTS (1 method = 1 element)

METHOD n.
GM Interpretation

1 2 3 4 5 6 7 8 9

Sample 1 + + + - - - - - - + GM 1

Sample 2 - - - + + + - - - + GM 2

Sample 3 + - - - - + + - - + GM 3

Sample 4 - - + + - - - + - + GM 4

Sample 5 - - - - - - - - + + GM 5

Sample 6 + - - - - + + - + + GM 3 + GM 5

Sample 7 - - - - + - - - - + GM 6

Sample 8 - - - - + - - - + + GM 5 + GM 6

Sample 9 - - - - - - - - - - NO GM

Sample 10 + + + - + - - - + + GM 1 + GM 5 + GM 6

Sample 11 + + + - + - - + - + GM 1 + GM 6 + ?

Combination of screening methods targeting 
common GM elements
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COSYPS: Combinatory SYBR® Green Q-PCR Screening 
Semi-quantitative detection system 
using a set of SYBR®

 

Green RT-PCR 
methods coupled to a software based 
application for data interpretation

XPrime PCR Test Core element class Primer Reference 

3 RBCl Plant Debode (pers. Comm.), 2004 

5 Lectin Species (soya) Terry and Harris, 2002 

7 Alcohol dehydrogenase Species (maize) SBB/ISP 

11 Cruciferine Species (Oilseed rape) SBB/ISP 

13 CaMV p35S Generic (promotor) SBB/ISP 

17 Agrobacterium T-NOS Generic (terminator) SBB/ISP 

19 CP4-EPSPS Trait (herbicide res.) SBB/ISP 

23 CryIAb Trait (insect res.) SBB/ISP 

29 PAT/pat Trait (herbicide res.) SBB/ISP 

31 PAT/bar Trait (herbicide res.) SBB/ISP 

 

GMO p35S tNOS CP4
EPSPS PAT/pat PAT/bar Cry1Ab

GTS 40/3/2 X X X
Bt 11 X X X X
Bt 176 X X X
MON 810 X X X
GA 21 X
T25 X X
NK 603 X X X
MON 863 X X
TC1507 X X
DAS59122 X X
Bt10 X X X X
GT73 X
MS1/RF2/ 
MS1xRF2 X X

MS1/RF1/ 
MS1xRF1 X X

MS8/RF3/ 
MS8xRF3 X X

TOPAS 19/2 X X
T45 X X
Falcon GS 
40/90 X X

MON 1445 X X X
MON 531 X X X
LLRICE601 X X
Bt63 X X
RUR H7-1 X
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Species Event GMO Productor
CRL 

methods 
published?

p35S tNOS t35S pNOS rice actin tOCS nptII CP4
EPSPS mEPSPS PAT/pat PAT/bar barnase Cry1Ab CryIAc Cry1F Cry3Bb1

soybean GTS 40/3/2 Monsanto ¦ X X X
soybean A 2704-12 Bayer CropScienc ¦ X X X
soybean A 5547-127 Bayer CropScienc ¦ X X X

soybean MON 04032-
6 Monsanto ¦

soybean MON 89788 Monsanto In Process

soybean DP-356043-5 Pioneer Hi-Bred In Process

soybean DP-305423-1 Pioneer Hi-Bred In Process

maize Bt 11 Syngenta seeds/N ¦ X X X X
maize Bt 176 Ciba-Geigy In Process X X X X
maize MON 810 Monsanto In Process X X X
maize GA 21**, *** Monsanto ¦ X X X
maize T25 AgrEvo ¦ X X X
maize NK 603 Monsanto ¦ X X X X X
maize MON 863 Monsanto ¦ X X X X
maize TC1507 Mycogen/Pioneer ¦ X X X X
maize DAS59122 Monsanto ¦ X X

maize NK 603 x  
MON810 Monsanto ¦ X X X X

maize 1507 x 
NK603 Monsanto ¦ X X X X X X X

maize MON 863 x   
NK 603 Monsanto ¦ X X X X X X

maize GA 21 x 
MON 810 Monsanto In Process X X X

maize T25 x MON 
810*** X X X X X

maize MON863 x 
MON810 Mycogen/Pioneer ¦ X X X X X

maize
MON863 x 
MON810 x 
NK603

Monsanto ¦ X X X X X X X

maize MIR 604 Syngenta ¦ X
maize CBH-351 X X
maize Bt10 ¦ X X X X X

maize 1507 x 59122 Syngenta ¦

maize 59122x1507x
NK603 Maize Pioneer Hi-Bred In Process

maize LY038 Renessen LLC In Process

maize MON88017x 
MON810 Monsanto In Process

maize MON88017x 
MON810 Monsanto In Process

maize MON 89034 Monsanto In Process

maize MON 89034 
x NK603 Monsanto In Process

maize MON 89034 
x 88017 Monsanto In Process

maize 3272 maize Syngenta Crop Pr In Process

canola GT73 Monsanto ¦ X

canola MS1/RF2/ 
MS1xRF2 Bayer CropScienc In Process X X X X X

canola MS1/RF1/ 
MS1xRF1 Bayer CropScienc In Process X X X X X

canola MS8/RF3/ 
MS8xRF3*** Bayer CropScien ¦ X X X

canola TOPAS 19/2 Bayer CropScienc In Process X X X X X X

canola T45 Bayer CropScienc ¦ X X

canola Falcon GS 
40/90*** Bayer CropScien In Process X X

canola Liberator L62 AgrEvo X X X

canola Falcon 
pHoe6/AC X X X

canola Oxy235 Bayer CropScien ? X

cotton MON 1445*** Monsanto ¦ X X X

cotton MON 531*** Monsanto ¦ X

cotton MON 531 x 
MON 1445 Monsanto In Process

cotton MON 15985 Monsanto ¦

cotton MON 15985 
x MON 1445 Monsanto In Process

cotton
3006-210-
23/281-24-
236

Dow AgroScience ¦ X X

cotton LLCOTTON2
5 Bayer CropScienc ¦ X

cotton MON 88913 Monsanto In Process

cotton
MON 88913 
x MON 
15985

Monsanto In Process

cotton 10215 X

rice LLRICE62 Aventis ¦ X X
rice LLRICE601 ¦ X X
rice Bt63 X X X

sugar beet RUR H7-1 KWS SAAT AG. M ¦ X

Matrix table for GMO (2010)
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Soybean Cotton Maize Rapeseed Potato Sugar beet Rice

Lectin sah7 hmg CruA UGPase GS PLD

P35S P35S P35S P35S P35S P35S P35S 

T35S T-nos T-nos T-nos T-nos
CP4EPSPS

T-nos

T-nos CP4EPSPS Event 98140 CP4EPSPS

CP4EPSPS pat

Event 305423 nptII

Event 356043 Event CBH614

Event CV127

Possible elements/targets for ‘screening’ pre-spotted plates/strips

→ screening elements, marker genes

→ event-specific methods where needed

→ validated screening methods…

… …
…… …

http://www.biotangusa.com/bt/home.php?cat=34
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Well Sample N a Detector Name Reporter C t
1 HMG FA M-TAMRA FAM 26.097576
2 Cotton FA M-TAMRA FAM Undeterm ined
3 Rice FA M-TAMRA FAM Undeterm ined
4 OSR FA M-TAMRA FAM Undeterm ined
5 Soya FA M-TAMRA FAM 25.456295
6 SB FA M-TAMRA FAM Undeterm ined
7 Potato FA M-TAMRA FAM Undeterm ined
8 Bt11 FA M-TAMRA FAM Undeterm ined
9 NK603 FA M-TAMRA FAM 35.07207
10 GA21 FA M-TAMRA FAM Undeterm ined
11 MON 863 FA M-TAMRA FAM Undeterm ined
12 1507 FA M-TAMRA FAM Undeterm ined
13 T25 FA M-TAMRA FAM Undeterm ined
14 59122 FA M-TAMRA FAM Undeterm ined
15 H7-1 FA M-TAMRA FAM Undeterm ined
16 MON 810 FA M-TAMRA FAM 34.13422
17 281 FA M-TAMRA FAM Undeterm ined
18 3006 FA M-TAMRA FAM Undeterm ined
19 LL62 FA M-TAMRA FAM Undeterm ined
20 T45 FA M-TAMRA FAM Undeterm ined
21 EH-92 FA M-TAMRA FAM Undeterm ined
22 Ms8 FA M-TAMRA FAM Undeterm ined
23 Rf3 FA M-TAMRA FAM Undeterm ined
24 GT73 FA M-TAMRA FAM Undeterm ined
25 LL25 FA M-TAMRA FAM Undeterm ined
26 531 FA M-TAMRA FAM Undeterm ined
27 A2704 FA M-TAMRA FAM Undeterm ined
28 MIR 604 FA M-TAMRA FAM Undeterm ined
29 Rf1 FA M-TAMRA FAM Undeterm ined
30 Rf2 FA M-TAMRA FAM Undeterm ined
31 Ms1 FA M-TAMRA FAM Undeterm ined
32 Topas FA M-TAMRA FAM Undeterm ined
33 1445 FA M-TAMRA FAM Undeterm ined
34 Bt176 FA M-TAMRA FAM Undeterm ined
35 15985 FA M-TAMRA FAM Undeterm ined
36 40-3-2 FA M-TAMRA FAM 38.601147
37 GA21 FA M-TAMRA FAM Undeterm ined
38 88017 FA M-TAMRA FAM Undeterm ined
39 LY 038 FA M-TAMRA FAM Undeterm ined
40 3272 FA M-TAMRA FAM Undeterm ined
41 89788 FA M-TAMRA FAM Undeterm ined
42 89034 FA M-TAMRA FAM Undeterm ined
43 DP-3560 FA M-TAMRA FAM Undeterm ined
44 88913 FA M-TAMRA FAM Undeterm ined
45 P35:BAR FA M-TAMRA FAM Undeterm ined
46 LL601 FA M-TAMRA FAM Undeterm ined
47 Bt63 FA M-TAMRA FAM Undeterm ined
48 Bt10 FA M-TAMRA FAM Undeterm ined

GM1 + GM6 + ?+-+--+-+++Sample 11

GM1 + GM5 + GM6++---+-+++Sample 10
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1. 
Field or sample to 

be tested

2.
DSS - Level 1 Matrix 

approach

3.
DSS - Level 2 
Application of 

analytical 
method(s)

4.
DSS - Level 3 
Data analysis 

& 
interpretation 

Decision Support Systems 
in GMO analysis using a 
matrix-based approach in 
combination with ready-to- 
use multi-target analytical 
system.

1)

 

Sample definition, 
2)

 

Establishment of a GMO matrix and 
decision on optimal analysis strategy 
(screening & identification), 

3)

 

RT-PCR amplification using ready-to-

 use pre-spotted plates, and 
4)

 

Combined interpretation of the 
analytical results.
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Future technological impact

The ‘ready-to-use multi-target analytical system’

 

based on pre-spotted plates has 
demonstrated a great potential for increasing harmonisation in GMO testing:

–Tool to test several events/targets at once (need to constant updating)
–Unique tool/provider for all control laboratories;
–Harmonised set of targets / methods;
–Flexibility to be adapted according to needs;
–Same tool if used by different laboratories → comparable results.

The combination of this system with the matrix-based 
screening approach, integrated into a Decision Support 
System allows to tackle the current complexity and will 
foster harmonisation GMO analysis
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Thank you!
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