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 Increasing no’s of GMOs with increasing no’s of: 

 Developers: countries, universities and companies  

 Field trials organized by the developers 

 Crops subjected to genetic modifications 

 Sequenced/isolated putatively suitable elements 

 Promoters, genes, terminators + complete gene cassettes 

 Haplo-/genotypes of these elements, including synthetic 

 Lack of corresponding: 

 Transparency: developments, field trials, sequences 

 Method and detection technology developments 

Challenges 



Detection strategies (DNA-based) 

 Amplification methods: 

 Simplex PCR/isothermal  

 Oligoplex and multiplex PCR/isothermal 

 Detection/identification principles 

 Non-specific fluorophore (e.g. SYBR green) 

 Agarose gel electrophoresis 

 Capillary gel electrophoresis 

 Bead-/flow cytometry (e.g. Luminex) 

 Hybridisation probe (e.g. TaqMan) 

 Macro- and microarrays 

 DNA-sequencing (Sanger and Next Generation) 

 



Typical transgenic scenario 

Taxon A Taxon B 

Taxon C 
Taxon D 

Trait gene 

Recipient genome 

Construct inserted into recipient genome 



Availability of sequence information: 

Insert Sequence Knowledge (ISK)-classes: 

 Fully characterized GMOs (ISK-class 1) 

 Transformed with known constructs: 
unknown where/if rearranged (ISK-class 2) 

 Transformed with constructs divergent from 
those of ISK-class 1 GMOs but containing 
genetic elements present also in ISK-class 1 
GMOs (ISK-class 3) 

 Transformed with genetic elements not used 
in GMOs of other ISK-classes (ISK-class 4) 



• 100% correct 
identification (ID) 

• Optimal for 
quantitation (QN) 

Event specific 

• Certain to be GMO 

• Not reliable for ID 

• Quite reliable for QN 

Construct 
specific 

• Screening targets 

• May come from non-GM 

• Suitable for semi-QN 

Element 
specific 

• Need for alternatives to PCR 

• Sequence contig analysis… No 
PCR 

 

Number of GMOs 

PCR method reliability 

Taxon specific 

• Complete sequence data and/or 
event specific method available 

ISK 
1 

• Construct in GMO detectable 
with available construct 
specific method 

ISK 2 

• Inserted element(s) 
detectable with existing 
element specific method 

ISK 3 

• GMOs, referenced in 
public domain (no 
method/sequence 
data) 

ISK 4a 

• All GMOs, 
including those 
not referenced 
in public domain 

ISK 4b 



Detect (and quantify?) all events? 

 Limit to dominant/declared ingredient taxa 

 Or all detected taxa? 

 Interested only in authorized/unauthorized? 

 Feasibility decreasing as no. of GMOs increase 

 Workload and costs may become prohibitive 

 

 Proposed (temporary) solutions: 

 Multiplexing, incl. arrays and pre-spotted plates 

 Matrix approach targeting common elements (screen)  



Multiplex amplification and detection 

GMO screening microarray 



Multiple parallel analyses 

From: 

Querci et al. (2010) 

Anal. Bioanal. Chem. 396: 1991-2002  

 



Reduce number of tests required by 

smart screening approach? 

 Many GMOs transformed with similar constructs 

 Or at least with some of the same elements 

 May also exploit other information 

 E.g. origin of sample (country, region) 

 

 Several related concepts published 

 Each screening test must be validated for every GMO 

 With only theoretical data, risk of false negatives 
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Matrix approach applied 

Example: Maize product with some soybean From: 

Holst-Jensen et al. (2013) 



Example: Feed product with uncertain composition 
From: 

Holst-Jensen et al. (2013) 



Example: Feed product with uncertain composition 
From: 

Holst-Jensen et al. (2013) 



Example: Feed product with uncertain composition 
From: 

Holst-Jensen et al. (2013) 



High throughput sequencing 



Information and method availability 

 Reported GMOs 
 LMO registry of BCH under CBD 

http://bch.cbd.int/database/organisms/  

 Competent authorities, approvals and applications 

 Literature and internet 

 Methods reported in literature + databases, e.g.: 
 EU-RL GMFF gmo-crl.jrc.ec.europa.eu/gmomethods/  

 GMDD http://gmdd.shgmo.org/  

 Sequence information: 
 EMBL/NCBI GenBank/DDBJ 

 Patent applications 

 Literature (and internet) 

 

http://bch.cbd.int/database/organisms/
http://gmo-crl.jrc.ec.europa.eu/gmomethods/
http://gmo-crl.jrc.ec.europa.eu/gmomethods/
http://gmo-crl.jrc.ec.europa.eu/gmomethods/
http://gmo-crl.jrc.ec.europa.eu/gmomethods/
http://gmo-crl.jrc.ec.europa.eu/gmomethods/
http://gmdd.shgmo.org/


Unharmonized world 

 Reporting on GMOs 
 Who reports to LMO registry of BCH, and what? 

 Nations transparent? Language can be a challenge 

 Property rights protection, intended secrecy 

 Methods reported in literature + databases 
 Uncertain validation status, access ref.materials 

 Compatibility/complementarity to existing methods 

 Sequence information: 
 Access to databases? 

 Quality/reliability, updating, new input to database? 

 Confidential info. for detection, not for competition 

 
 







LLRICE601 

LLRICE06 

LLRICE62 

Rice – Oryza sativa 

Missing many rice events, including: 

- Golden rice events 

- Various Chinese events, e.g. Bt63 



What can we do to achieve a 

Globally harmonized detection strategy? 

 Transparency and sharing of information on 

 What is being developed, field trials, etc. 

 Sequences or at least detailed methods 

 Reference materials (seeds, DNA, sequence info.) 

 Centralized and stable depository 

 Sequence database, high quality control 

 Reference materials, capacity to provide RMs 

 Methods database, coupling sequence and RM 

 … and finally … 

http://www.google.no/url?sa=i&rct=j&q=goal&source=images&cd=&cad=rja&docid=Hbu5e-Xx_am9mM&tbnid=KaIBOrvC-iVofM:&ved=0CAUQjRw&url=http://www.tosca-life.info/wordpress/wp-content/uploads/2011/06/&ei=lOFdUeqRCabl4QTqhYH4CA&bvm=bv.44770516,d.bGE&psig=AFQjCNES1IbQsoySEsj-ArUVNTy_pWOLEw&ust=1365193485671575


Four generations of GMOs 

 First generation: 

●Transgene GMOs; one novel trait 

 Second generation: 

●Combined transgenes (stacking) 

 Third generation: 

●Near intragenic GMOs 

 Fourth generation:  

●True intragenes og cisgenes 



X GMA GMB 

GMAB 

Crossing of 2 GMOs: 

GMA 

GMAB 

B 

Re-transformation  

of a GMO: 

GMAB 

B 

ikke-GM 

A 

Co-transformation with 

two gene constructs: 

non-GM 

GMAB 

AB 

Transformation with  

multi gene construct: 

Stacking (combined GMOs) 



Example of intragenic scenario 

Taxon A Taxon B 

Taxon C 
Taxon D 

Trait gene 

Recipient genome 

Construct inserted into recipient genome 



True cisgenic scenario 

Taxon A Taxon B 

Taxon C 
Taxon D 

Trait gene 

Recipient genome 

Functional cassette inserted into recipient genome 



 ISK-clas detection: 

ISK-1: All motifs 

ISK-2: Not “event” 

ISK-3: Only element 

ISK-4: Unknown target! 

 Source based detection: 

Transgene: All motifs 

Intragene: Not element 

Cisgene: Only “event” 

Taxon specific motif 

(Any chromosome) 

Element specific motif 

(Only for screening) 

Construct specific motif 

(= GMO but not for ID) 

Event specific motif 

(Certain ID of GMO) 



What can we do to achieve a 

Globally harmonized detection strategy? 

 Transparency and sharing of information on 

 What is being developed, field trials, etc. 

 Sequences or at least detailed methods 

 Reference materials (seeds, DNA, sequence info.) 

 Centralized and stable depository 

 Sequence database, high quality control 

 Reference materials, capacity to provide RMs 

 Methods database, coupling sequence and RM 

 Harmonized methodology possible? 

 Does it exist or do we need to develop it? 




