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Context
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Court of Justice 2018

Directive 2001/18/EC
Deliberate release of GMO into the environment

Organisms produced by genome editing 

Commercialization on the EU market → Traceability/Labelling
EC 2003/1829-1830

Methods for control 

ENGL Minimum performance for GMO

Modification of few nucleotides

→ Detection challenging at the analytical 
and interpretation levels

CRISPR

Large insertion of several nucleotides

→ Classical event-specific methods
(qPCR, ddPCR)



Identification of GE organisms with SNVs → Challenging!
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➢ Detection of the SNV introduced by genome-editing ≠ to determine if the SNV was introduced by

genome editing techniques

o SNV can also occurs naturally or through random mutagenesis

➢ Detection of only SNVs introduced by genome-editing is not sufficient to unambiguously identify a GE

line from other lines ➔ Need to simultaneously detect multiple key genetic elements in the same line

➔ A specific key for each GE line ! On-target sites

Off-target sites

Cultivar-specific markers

PAM

Others

SNV

Unique genetic 
fingerprint for 
each GE line



Proof-of-concept
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Rice is a model plant:

→ Major crop

→ Small genome size

→ Diploid

→ One of the most characterized

crops, including genomic level

SNV → Gene inactivation to increase biotic resistance and stress tolerance

O. sativa L. Nipponbare

CRISPR/Cas9

GEWT

+ A- A

indels

OsMADS26



Unique genetic fingerprints to discriminate a specific GE line 
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➢ In-silico generation of unique genetic fingerprints

Whole-Genome Sequencing
On-target sites Off-target sites Cultivar-specific elementsPAM

Rice chromosomes

GE rice line

WT rice line

Line characterization



Unique genetic fingerprints to discriminate a specific GE line 
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➢ In-silico generation of unique genetic fingerprints

On-target sites Off-target sites Cultivar-specific elementsPAM

Rice chromosomes

Characterized GE rice line

Data mining, machine learning and 
bioinformatics tools and software

High-quality available database 
encompassing natural species diversity

3KRG

Unique genetic fingerprint

Not observed in the tested GE rice line 
→ Consistent with optimization of GE technologies



Unique genetic fingerprints to discriminate a specific GE line 
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On-target site

Cultivar-specific marker
→ A set of ≠ redundant barcodes



Unique genetic fingerprints to discriminate a specific GE line 
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On-target site

A unique 2-SNV barcode 
→ Combination of 2 ≠ SNVs 

specific to a cultivar

SNV CHR POS REF ALT

1 9             21,176,062 T G

2 2 3,247,472 G C

3 1   37,778,084    T C

4 1 41,879,706 G A

Barcode-1

Barcode-2

Cultivar-specific marker
→ A set of ≠ redundant barcodes



Unique genetic fingerprints to discriminate a specific GE line 
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On-target site

In theory, a single 2-SNV unique barcode is sufficient
BUT genome-wide coverage and redundancy are highly
recommended:

• High specificity: very unlikely to occur through
commercial breeding or natural events in any other
rice line

• Tolerance for missing data leading to incomplete
fingerprint, due to e.g. (1) potential mutations in
the target SNVs that may appear in GE lines through
natural occurrence; (2) at experimental level, partial
coverage of all 2-SNV barcodes

Cultivar-specific marker
→ A set of ≠ redundant barcodes



Unique genetic fingerprints to discriminate a specific GE line 
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On-target site

Ex. Nipponbare cultivar: 
✓ 145 redundant 2-SNV barcodes, including 99 ≠ SNVs 
✓ covers almost all rice genome chromosomal arms

Cultivar-specific marker
→ A set of ≠ redundant barcodes



Genetic fingerprint detection for unambiguous NGT identification
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➢ Examples of different analytical approaches to detect a genetic fingerprint

→Whole-genome sequencing for a pure/single line

GE rice line



Genetic fingerprint detection for unambiguous NGT identification
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➢ Examples of different analytical approaches to detect a genetic fingerprint

→ Shotgun metagenomics for mixture

Food mixture



Genetic fingerprint detection for unambiguous NGT identification

123

➢ Examples of different analytical approaches to detect a genetic fingerprint

→Metagenomics with prior enrichment

Food mixture
Key fingerprint 

elements 
enrichment by PCR

Key species 
enrichment by 

adaptive sampling



Conclusion
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➢ Identification of GE lines is technically possible

➢ But current approaches used for classical GMOs are NOK

➢ Novel approach for unambiguous identification of a specific GE line by detecting its genetic fingerprint:

➢ On-target site(s) introduced by genome editing technologies

➢ Cultivar-specific marker→ a set of several redundant 2-SNV barcodes

➢ Different analytical approaches are available for fingerprint detection using sequencing, with or without prior

enrichment



Available peer-reviewed publications on NGT detection
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+ others ongoing
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