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Overview

Global cultivation

Detection strategies

Protein and PCR based methods

International harmonisation
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Global Status of commercialized Biotech/GM
Crops: 2008
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Detection strategies 
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Control and enforcement

Member States are responsible for enforcement and 
control 

All MS have designated Competent Authorities and 
facilities for the control of GMOs and GM-products

Commission has responsibility for ensuring the proper 
functioning and development of the single European 
market; CRLs coordinate and manage the network of 
NRLs

The aim is to ensure that EC food law is enforced with 
equal rigor in all Member States.
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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

Rape 
seed

Detection strategies (cont.)



International Workshop on Harmonisation of GMO Detection and Analysis 27/04/2009 7

Operations of GMO laboratories to comply with EU  
legislation

Labelling
required> threshold

< threshold No need for
labelling

Assay
individual

ingredients

GMO quantificationGMO quantification
Need for 
labelling ?

Yes/No

Negative

GMO detectionGMO detection
Positive

GMO ?
Yes/No

Yes IllegalNo

GMO identificationGMO identification
Are they 

Authorised ?
Yes/No



International Workshop on Harmonisation of GMO Detection and Analysis 27/04/2009 8

Quantification of GMOs and labelling

No labelling required

49.60%

49.80%

0.20%

0.40%
maize

GM
maize

soybean GM
soybean

Labelling required 

48.80%

50%

0.80%

0.40%maize

soybean GM
maize I

GM
maize II

Labelling required

98.80%

0.80%

0.40%

maize GM
maize I

GM
maize II

No labelling

99.50%

0.50%
GM

maize

maize

Labelling
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1.50%
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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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“Confirmation”

Food matrix DNA Extraction

“Screening”

“specific PCR”

“positive”

Detection strategies (cont.)
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„„ScreeningScreening““

„„constructconstruct--specificspecific““

5’ 3’

„„EventEvent--specificspecific““

Promoter
“Start”

Gene
“new variety”

Terminator
“Stop” marker

Genetic construction
Plant
DNA

Plant
DNA

Different primer systems for PCR Different strategies

Detection strategies (cont.)
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„screening“

„construct-specific“

Roundup Ready® Construct

5’ 3’

„event-specific“

E35S CTP CP4 EPSPS NOS

Detection strategies (cont.)
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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-Promotor, 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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Protein based approach 
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Monoclonal vs Polyclonal Antibodies

Monoclonal 
Lot-to-lot consistency
Indefinite supply
Highly specific
Longer lead time
Higher initial costs

Polyclonal
Lot-to-lot variability
More broadly reactive
Often more sensitive
Shorter lead times
Lower initial costs

Selection is based on application, time and money
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Immunoassay Reagents and Test Components

‘Solid Phase’ Antibodies – Separation and washing
• Plastic wells, tubes, capillaries
• Membranes
• Magnetic particles

‘Labeled’ Antibodies - Detection
• Colored particles (e.g., colloidal gold, latex)
• Enzymes
• Fluorescent molecules
• Chemiluminescent molecules
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Double Antibody Sandwich ImmunoassayDouble Antibody Sandwich Immunoassay

Target
Analyte

Capture AntibodyCapture Antibody

DetectorDetector
AntibodyAntibody

Signal

Recognition
Sites

(Epitopes)
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Protein-based method:
Lateral-Flow Strips, 5 minutes test

Reagent Flow

Labelled Filter
Cover

Result WindowReservoir Pad

Lateral Flow Device Schematic

Reagent Flow Negative Result
Single band

Reagent Flow
Positive Result 
Two bands
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PCR based detection 
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DNA extraction from foodstuff

ca. 200 mg food sample

Spin columns

50 µl DNA extract sufficient for ~ 10-30 PCR

Precipitation with Isopropanol

Cell lysis and DNA extraction 
with CTAB solution and Proteinase K

Raw or 
low level of processing

Processed 
foods

Extraction of proteins and fatty acids with Phenol/Chloroform
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Polymerase chain reaction (PCR)

1. denaturation (95 °C)

2. annealing (50-65 °C)

3. polymerization (72 °C)

ds DNA

35 - 45 x repetition
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Polymerase chain reaction (PCR)

Exponential amplification:
21 = 2 copies 22 = 4 copies 23 = 8 copies 24 = 16 copies 235 = 34 billion 

copies

target

35 cyclescycle 2 cycle 4cycle 3cycle 1

n= number of cycles



International Workshop on Harmonisation of GMO Detection and Analysis 27/04/2009 22

Detection - Gel electrophoresis
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Real time PCR / TaqManTM-technology

1. denaturation (95 °C)
2. Primer- and probe (60 °C)

3. Polymerization and replacing the probe (60 °C)

4. Exonuclease activity (60 °C)

fluorescence



International Workshop on Harmonisation of GMO Detection and Analysis 27/04/2009 24

Real time amplification in PCR
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Real time detection

Emission-Scan of samples 
with or without target, post-PCR Chemical structure of TaqMan pobe
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Applied Applied BiosystemsBiosystems: ABI Sequence Detection Systems: ABI Sequence Detection Systems

-- ABI PRISM 7000, 7700, 7900ABI PRISM 7000, 7700, 7900

-- ABI ABI GeneAmpGeneAmp 57005700

Roche: Light CyclerRoche: Light Cycler

MJ Research: DNA Engine MJ Research: DNA Engine OpticonOpticon

BioBio--Rad: Rad: iCycleriCycler

⇒ different detection procedures

Real time instruments
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488 nm

500-660 nm

Real time detection instrument II
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Principle for quantification by PCR

Exponential amplification = 10(-1/slope)

Efficiency = [10(-1/slope) ] - 1
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Quantification with TaqMan™ systems

App. 5x103 copies App. 50 copies
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Detection limit (LOD)

PCR: app. 10 genome copies

correspond to 0.05% GM material

depending from processing

need for calculation of the practical LOD for each sample 
under investigation

Decrease of sensitivity:
– fragmentation
– elimination
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Pre-spotted plates coated with 
primer/probes for several GM events: a JRC initiative 
contributing to effective high throughput detection of 
unauthorised GMOs

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, all 
primers and probes for the individual 
detection of 39 GM events and of the 
corresponding 7 plants species (maize, 
cotton, rice, oilseed rape, soybean, sugar 
beet, and potato).

Just add DNA and cycle !!
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Why Validation of Methods ?

We need to get information about a food/feed item by 
submitting the sample to analysis, applying a specific 
method;

The analytical problem defines the purpose of the method;

Conducting a validation study is a tool to check whether the 
method is fit for the purpose;

The validation study delivers performance characteristics;

How to validate the analytical method?

- By performing an in-house validation
- By conducting a collaborative study
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CEN TC 275 Food analysis - Horizontal methods WG 11: 
Genetically modified foodstuffs

EN ISO Topic Stage Details

21572

Foodstuffs - Methods for the detection of
genetically modified organisms and derived
products -
Protein based method

Standard ratified in November
2003

Corrigendum to change the status of the Annex
from "normative” into “informative” has been
published by ISO and is under way in CMC

21571

Foodstuffs - Methods of analysis for the
detection of genetically modified organisms
and derived products -
Nucleic acid extraction

Standard ratified in February
2005

21569

Foodstuffs - Methods of analysis for the
detection of genetically modified organisms
and derived products -
Qualitative nucleic acid based methods

Standard ratified in June 2005

24276

Foodstuffs - Nucleic acid based methods of
analysis for the detection of genetically
modified organisms and derived products -
General requirements and definitions

Standard ratified in January
2006

21570

Foodstuffs - Methods of analysis for the
detection of genetically modified organisms
and derived products -
Quantitative nucleic acid based methods

Standard ratified in October
2005

21568
Foodstuffs - Methods of analysis for the
detection of genetically modified organisms
and derived products – Sampling

European Technical Standard
2006 No agreement within ISO

Convener: Dr. Marianna Schauzu, Federal Institute for Risk Assessment, Berlin
Secretary: Carola Seiler, DIN, Germany
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http://gmo-crl.jrc.ec.europa.eu/ 
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