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GM: Genetic Modification 

GMO:  Genetically Modified Organism 

GE: Genetic Engineering 

LMO: Living Modified Organism 



Introduction to GM 

Crop Production 









Events for Major GM Crops 

Crop Trait Genes 
Commercial 

events 

Countries with 

environmental release 

Canola FA and HT 
als, bar, bxn, bay, epsps, 

pat 
15 

Australia, Canada, Japan, 

USA 

Cotton HT and IR 

als, bar, bxn, epsps, 

cry1Ab, cry1Ac, cry2Ab, 

cry2AB2, cry1F, pat, vip3A 

21 

Argentina, Australia, Brazil, 

Burkino Faso, Colombia, 

India, Japan, Mexico, South 

Africa, USA 

Maize 
AA, IR 

and HT 

als, amy797E, bar, cry1Ab, 

cry1A.105, cry2Ab, 

cry1Fa2, mcry3A, 

cry3Bb1, cry9C, cry34Ab1, 

cry35Ab1, epsps, pat 

58 

Argentina, Australia, Brazil, 

Canada, Colombia, EU, 

Japan, Korea, Philippines, 

South Africa, USA, Uruguay 

Soybean 
FA, HT 

and IR 

bar, csr1-2, cry1Ac, epsps, 

fad2-1, gat4601, pat 
13 

Argentina, Brazil, Canada, 

Japan, Mexico, Paraguay, 

South Africa, Uruguay, USA 

(http://cera-gmc.org) 



Sampling for GMO Detection 



GMO Sampling 

 

 

 

 

 

 

 

 

Increments 

Incrimental 

Sampling 

max 1 kg 

Primary 

sample 

Composite 

Sample 

Bulk sample 

min 20 kg 

Composite 

sample 

Sample 

Reduction 

Submitted 

sample 

Laboratory 

Sampling 

Laboratory sample 

and reference sample 

Working 

sample 

Grain 

Production 

Consignment 

Consignment: 500 Tons 

Lot 

min 1 kg 



Increasing homogeneity / representation 

Sample Homogeneity 

vs Particle Size 

Particle Size 



Probability Table for Sample Size 



GMO Testing Methods 

  Protein Detection (Antibody Recognition) 

  DNA Detection (DNA Sequence Recognition)  



Protein Antibody Recognition 



 Strip test 
 Qualitative 

 Can be used at point of entry 

 LOD (>0.1%) 

 ELISA 
 Qualitative / Quantitative 

 Requires a plate reader 

 LOD/LOQ (≈0.1% to 0.2%) 

Protein Testing 



Protein Testing 

  Advantages 

 Easy / Moderately Easy 

 Reasonably Low Technology Input 

 Qualitative / Quantitative 

  Disadvantages  

 Specific for a Particular Transgene Protein 

 Relies on Commercial Availability of Antibodies 



DNA Detection 



Workflow for DNA Based Testing 

Sample Preparation 

DNA Extraction 

PCR Screening 

Real-time PCR Quantification 

GM Non-GM 

DNA Conentration Determination 

Reporting 



 Matrix Specific Extraction Methods 

 Ensure Quality and Quantity of DNA 

DNA Extraction 



 Qualitative PCR Screening 

 Element 

 Gene 

 Construct 

 Event 

 Quantitative Real-time PCR 

 Element Quantification (Limited Application) 

 Event Quantification 

DNA Based Testing 



Transgene Terminator 

Element specific Element specific 

The Transgene Construct 

Promoter IR Genes HT Genes Terminator 

35S 
FMV 

Cry1AB 
Cry1F 
Cry3Aa2 
Cry3Bb1 
Cry34Ab1 
Cry35Ab1 
Cry9c 

EPSPS 
Pat 
Bar 

NOS 

Gene specific Event specific Event specific 

Promoter 



Detection Scheme 

Event 
Unique 

Identifier  

Element Gene 
Event 

35S NOS NPTII D-SYN 

 GA21 MON-00021-9   +     + 

 MON810 MON-00810-6 +       + 

 NK603 MON-00603-6 + +     + 

 MON863 MON-00863-5 + + +   + 

 LY038 REN-00038-3       + + 

 MIR604 SYN-IR604-5   +   + 



Real-time PCR 

Detection / Quantification 

 PCR in “Real-time” 

 One-step Detection and Verification 

 Detection using Fluorescent Probes 



Ct:Threshold Cycle 

PCR Amplification Curve 



Reference Standard Curve 

3 200 

12 800 

800 

200 

R≥0.98 

Reference Amplification Curve 

PCR Amplification Curve 



GM Standard Curve Reference Standard Curve 

640 

160 

40 

10 

3 200 

12 800 
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200 

%GMO  =   

Standard Curves 

R≥0.98 R≥0.98 

Sample 1 Sample 1 

GM Copy Number 

Ref Copy Number 
X 100 



 Inhibition of PCR 

 Prevention of Contamination 

 Method Validation 

Considerations for 

PCR Based GMO Testing 



 Availability of Transgene Sequence 

 Availability of Reference Material 

 Difficulty in Detecting Unknown / 

Unexpected GMOs 

Challenges for 

PCR Based GMO Testing 



http://gmo-crl.jrc.ec.europa.eu/capacitybuilding/docs-manual-EN.htm 



http://gmo-crl.jrc.ec.europa.eu/gmomethods/ 



http://irmm.jrc.ec.europa.eu/activities/GMO_reference_materials 
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The End! 


