
Erik van der Biezen - Eurofins - Molecular Tools in Food and Feed analysis Paris February 25th, 2005



Eurofins February 25, 2005 Slide 2

Some current issues
Co-existance of GM & nonGM products 

Regulations (global, continental, national, )
Detection methods (qualitative, quantitative, protein, DNA)
Traceability

Labeling

Food / feed supply chainFood / feed supply chain

SeedSeed GrainGrain Milled grainMilled grain IngredientsIngredients Food/feed productFood/feed product
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*If authorized in another OECD country;
** 0.5% for events with positive safety evaluation; temporary measure

0.9%0% / 0.5%**0% / 0.5%**

5%?0%

0.9% or 5% (TBD)?0%

3%?0%

5%1%*0%

none0%0%

Food labelingFeedFood

Threshold authorized GM eventsAP unauthorized GM events

USA / Canada

EU

Taiwan

China

Korea

Japan
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Seed companies

Seed testing: - Purity testing
- Adventitious presence of undesired GM events

Grain handlers, food/feed companies
Food / feed regulations: - Adventitious presence of unauthorized GM events
Labeling regulations: - Adventitious presence of authorized GM events
Traceability regulations: - Identity of authorized GM events

Commercial testing laboratories

Seed & food/feed testing
(Commercial testing tools: primarily protein tests)

Government agencies, enforcement laboratories
Test compliance to regulations
National or regional (e.g. ENGL, ISTA)
Seed & food/feed testing
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Protein detection methods: 
Enzyme Linked Immunosorbent Assay (ELISA)

DNA detection methods: 
Qualitative methods: End-point PCR

Semi-quantitative methods (grain): Sub-sampling

Lateral flow strip

Quantitative methods: Real-time PCR
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S5

S1

S2

S3

S4

Target DNA concentration  1 / CT

S1

S2

S3

S4

S5

y = ax + b

Unknown sample
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GM event-specific methods

Trait- or construct-specific methods

Plant DNATrait genePromotor Terminator

T-DNA

Plant DNA

Generic methods

Plant DNA

T-DNA

Trait genePromotor TerminatorPlant DNA

Plant DNATrait genePromotor terminator

T-DNA

Plant DNA
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1. LFS?
2. Generic PCR (P35S,Tnos)
3. Trait-specific PCR

1. LFS
2. Generic PCR (P35S,Tnos)
3. Trait-specific PCR

1. Screening

Food / FeedSeed / Grain

1. LFS?
2. GM event-specific PCR

1. LFS
2. GM event-specific PCR 

2. Identification

GM event-specific Real-time PCRGM event-specific Real-time PCR 

Not applicableSub-sampling with
LFS or Event-specific PCR
(semi-quantitative)

3. Quantification
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Yes

Authorized GM event?

No Not GM

No Illegal

Yes

Individual ingredients

Seed / Grain, Food / Feed products

GM product(s)?

Labeling> 0.9% 

< 0.9% No labeling

Europe



Eurofins February 25, 2005 Slide 10

Regulatory clarity and harmonization of testing criteria

Interpretation of regulations
Inconsistent results communicated to clients

Officially validated testing methods

Development of in-house methods based on public information
Incorrect service to clients (incorrect results; cost increase)

Certified reference materials and proper working standards

In-house working standards without comparison to reference material
Inconsistent results between laboratories

Interaction with technology developers
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Officially validated GM detection methods
Provide consistent results throughout the food/feed supply chain
Allow organized regulatory compliance throughout the food/feed supply chain
Ensure global uniformity of units of measurement
Reduce costs of repeated validation

GM testing laboratories
Accreditation to ISO Standard 17025
Proficiency testing
Internal quality control (traceability)
Auditing by clients

AACCAACC Japan / KoreaJapan / Korea

ISOISO

In-house validated methodsIn-house validated methods

CRLCRL

CENCEN

Codex AlimentariusCodex Alimentarius
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Seeds Starting 
seed

Starting 
seed

Source Reference 
seed (1-50 Kg)

Source Reference 
seed (1-50 Kg)

Validated Reference 
seed (250-1000 Kg)

Validated Reference 
seed (250-1000 Kg)

Leaves Source Reference leavesSource Reference leaves

Powder Validated Reference 
powder

Validated Reference 
powder

DNA Validated Reference 
DNA

Validated Reference 
DNA



Eurofins February 25, 2005 Slide 13

Identical (> 95%)Genetic background

> 95%> 95%Genetic purity

not applicable> 99%GM event homozygosity

< 0.01%< 0.01%Adventitious presence

not applicable> 99%GM event purity

non-GM IsolineGM event
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Traceability &
Measurement uncertainty

SeedlotSeedlot

Bulk sampleBulk sample

Laboratory sampleLaboratory sample

Test sampleTest sample

Analytical sampleAnalytical sample

Analytical resultsAnalytical results

1. Seed / grain sampling1. Seed / grain sampling

2. Subsampling strategy2. Subsampling strategy

3. Seed grinding to fine flour3. Seed grinding to fine flour

4. DNA extraction4. DNA extraction

5. Real-time PCR5. Real-time PCR

6. Data interpretation6. Data interpretation
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Grain / seedlot (AP <0.01%, =95%)

Sample (30,000 seeds)

Grind subsample 1
( )

Grind subsample 30
( )

Reference 1

Reference 6

DNA extraction 1
DNA extraction 2

DNA extraction 59
DNA extraction 60

DNA extraction 1
DNA extraction 2

Real-time PCR 117abc

Real-time PCR 2abc
Real-time PCR 3abc
Real-time PCR 4abc

GM target (a), endo (b), spike (c)

Real-time PCR 118abc
Real-time PCR 119abc
Real-time PCR 120abc

Real-time PCR 1ab
Real-time PCR 2ab
Real-time PCR 3ab
Real-time PCR 4ab

Real-time PCR 1abc

standard curve
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EC Regulation 1829/2003
Regulates the placing on the market of GM food / feed products

Methods for sampling, GM detection and identification, control samples

Applied from April 18, 2004

Community Reference Laboratory (CRL)

European Network of GMO laboratories (ENGL)
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1. GM event-specific method

2. Modular method development approach

Separate DNA extraction & detection methods

3. Working range for European threshold level

0.9% for approved events

4. Strict method performance & acceptance criteria

External pre-validation of the method (2 - 4 labs)
Independent validation of the method (8 - 12 ENGLabs)

5. Control samples

200 µg GM DNA & 4,000 µg non-GM DNA
1% GM seeds (4 Kg)
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A2704-12 P35S T35SSoy

Oil seed rape P35S T35S Pnos 3'ocsTopas19/2

P35S T35SCorn T25

P35S T35ST45Oil seed rape

P35S 3 nosLLCotton25Cotton

P35S T35SLLRICE62Rice
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3'g7 PSsuAra 3'nos PTA29 Pnos 3'ocsMs1

3'g7 PSsuAra 3'nos PTA29Ms8

Rf1, Rf2 3'g7 PSsuAra 3'nos PTA29 Pnos 3'ocs

Rf3 3'g7 PSsuAra 3'nos PTA29
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1. Applicability
2. Practicability
3. Robustness
4. Specificity
5. Stability
6. Detection limit
7. Quantification limit
8. Dynamic range
9. Sensitivity
10. Accuracy: trueness, precision
11. Repeatability
12. Reproducibility

Multiple laboratory validation

Single laboratory validation
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Plant DNATrait genePromotor TerminatorPlant DNA

------+----------Soy

-------+---------Cotton

--------+--------Rice

---------+-------Corn

----------+------OSR

-----------+-----OSR

------------+----OSR

-------------+---OSR

--------------+--OSR

---------------+-OSR

----------------+OSR
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Stability of method in different commercial backgrounds
Equal copynumber endogenous control gene (e.g. corn )

Stiff stalk x Unrelated Stiff Stalk mid maturity hybridTR4006LL x FR4901

Stiff stalk x OH43 early maturity hybridTR7245 x TR3622LL

Stiff stalk x Unrelated mid-early maturity hybridFR1064LL1.2 x FR9661

Stiff stalk x OH43 mid-early maturity hybridFR1064LL1.2 x FR2108

Stiff stalk / Lancaster x Mo17 / Iodent / OH43 hybridSGI822LL x TR4563

Iodent/OH43 x Stiff stalk early maturity hybridTR3621LL x TR1017

Stiff stalk x unrelated non-stiff stalk early maturity hybridTR3026LL x TR1984

Stiff stalk x Flint / Iodent ultra-early maturity hybridTR3026 x TR1957

Dent x Flint early maturity hybridTR3026LL x TR1968

0.99

0.88

0.79

0.93

0.89

1.03

0.88

1.06

1.00
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0.999Linearity
8.06Intercept
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14.17-1.640.023S5

13.05-1.340.045S4

9.24-0.340.45S3

8.22-0.040.90S2

7.180.251.80S1

(Rf3 run1)
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0.10711.65

0.11711.51 17.012.170.0130.105

0.09111.90

%Error%SDSDMean %Estimated %

14.17-1.640.023S5

13.05-1.340.045S4

9.24-0.340.45S3

8.22-0.040.90S2

7.180.251.80S1
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0.999Linearity
8.06Intercept
-3.6Slope

(Rf3 run1)



Eurofins February 25, 2005 Slide 25

Materials send to 2-4 external laboratories:

1. Six Reference samples: standard curve

0%, 0.09%, 0.45%, 0.9%, 1.8%, 3.6% GM in non-GM (constant 200 ng)

2. Four blind samples

0.3%, 0.6%, 1.2%, 2.4% GM in non-GM (constant 200 ng)

3. Reagents: primers, probes, .

4. Complete protocol, calculation template (spreadsheet)
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0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

0.0% 0.5% 1.0% 1.5% 2.0% 2.5%

Bayer-run1
Bayer-run2
Bayer-run3

Ext lab1-run1
Ext lab1-run2
Ext lab1-run3

Ext lab2-run1
Ext lab2-run2
Ext lab2-run3

Ext lab3-run1
Ext lab3-run2
Ext lab3-run3
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A2704-12Soy

3.22.9LLCotton25Cotton

6.05.2LLRICE62Rice

6.53.8T25Corn

7.411.7Topas19/2OSR

8.05.5T45OSR

6.23.5Rf3OSR

5.03.6Rf2OSR

4.93.7Rf1OSR

6.76.2Ms8OSR

5.43.8Ms1OSR

Reproducibility (RSDR)Repeatability (RSDr) RT-PCR Method
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Successfully developed, optimized, characterized, and pre-validated 

Next step: CRL full validation through ENGLabs . 

EC 1829/2003,  EC1830/2003, EC 641/2004, & CRL guidance documents

Provide guidelines for method development, validation, submission
Modular validation approach (separating DNA extraction and PCR)
Guidance documents allow some interpretation and flexibility

Validated GM event-specific methods will become available
Further experience will improve the technical implementation of regulations
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