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EU legislation framework on GMO detection and UGM 

Next Generation Sequencing (NGS)

Whole genome sequencing for characterisation of UGMM B. 
subtilis in feed addtitve

Targeted Genome seqiuencing for detection of  plant UGM in food
and feed



GMO detection: EU  legislation framework

Legislation framework (EC/1829/2003, EC/1830/2003, EC/641/2004)
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GM plants worldwide
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• Increasing number

• New transgenic
elements / cassettes

• New species

• Produced by 
commercial companies
or governmental
research institutions
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GMO detection: unauthorised GMO

Legislation framework (EC/1829/2003, EC/1830/2003, EC/641/2004)
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GM analysis: search for known GMO

• Based on insert /sequence information => no such information available for UGM

• Screening with common transgenic elements occuring in EU authorised events, but 
also in UGM => presence of UGM can be « masked » by the presence of authorised
GMO

• Identification with event-specific method => no event-specific methods for UGM

The system for authorised GMO does not work well for UGM!

New tools and approaches needed! 

No safety
assessment
= 
safety concern

No or limited
information on the 
insert and the 
sequence

No event-specific
methods
available

UGM can occur 
on the market

No labelling and 
traceability

Official control 
labs

System for  
detection based 
on known GMO

Targeted control  
only for specific 
“known” UGM



Next Generation Sequencing:

- High-throughput sequencing

- Rapid

- Different sequencing technologies / platforms

- Different approaches for data analysis depending on the 
sequencing strategy

- Two different strategies

- Whole genome sequencing (WGS): allows characterisation of 
sample without prior knowledge on the sequence -
characterisation of GM B. subtilis in vitamin B2 samples

- Targeted genome sequencing (TGS): minimal prior knowledge
on the sequence is required – characterisation of plant GMO
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Next Generation Sequencing: workflow
PCR amplicons
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Rapid Alert System for Food and Feed (RASFF) notification: 
RASFF 2014.1249 (Germany)

Characterisation of the gDNA sequence of B.  subtilis extracted from samples
related to the notification

WGS: characterisation of GM B.  subtilis in feed additives

Data
Library 

preparation Sequencing

GMM (B. 
subtilis)

Pure 
mlaterials: 
bacterial
culture

Illumina HiSeq 2500
De novo assembly (CLC Genomic workbench)

Genome annotation (BaseClear annotation 
pipeline)

Sample
gDNA extraction
Quality/quantity check

100% B. subtilis identity
4233 genes predicted

4144 with a known function
DDBJ/ENBL/Genbank: JYFL01000000

No appropriate method available
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WGS: characterisation of GM B.  subtilis in feed additives

Identification of 3 overlapping contigs containing the riboflavin biosynthesis operon -

ribA gene

Identification of region with similarity to plasmid vectors

Design of PCR assay and verification of the amplicon sequence

Design of TaqMan qPCR assay
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• Sequence data were obtained from applying WGS

• The obtained sequencing data were used to develop qPCR method

• The qPCR method was in house validated according to the ENGL / EU-RL 

GMFF  criteria (Method Performance Requirements, 2015)

• Applied in routine analyses for feed additive samples (Vit. B2) 

WGS: characterisation of GM B.  subtilis in feed additives

10th Scientific Conference of the Bulgarian Focal Point of EFSA,  31/10/2017 – 02/11/2017, Sofia



10th Scientific Conference of the Bulgarian Focal Point of EFSA,  31/10/2017 – 02/11/2017, Sofia



Targeted genome sequencing: characteristaion of plant GMO

DNAwalking obtaining DNA fragments of interest

→ Combination of target‐specific primers and degenerate random tagged primers (DRT)

Plant  genome

DRT

Exponential amplification by PCR of the sequences of interest

DRT

t35s tNOS
Junction

Unnatural associations of elements

Fraiture et al. 2014, Food Chemistry

Fraiture et al. 2015, Food Chemistry

Fraiture et al. 2015, BMC Biotechnology

Cry: Ongoing

Visualisation on gel

Detected in qPCR screening

10th Scientific Conference of the Bulgarian Focal Point of EFSA,  31/10/2017 – 02/11/2017, Sofia



 Main limitation of DNA walking coupled to Sanger Sequencing: 
→ Matrix with multiple GMOs containing the same targeted elements
Plant genome Transgenic cassette

Junction

t35S p35S tNOS

p35S tNOS
Plant genome

p35S tNOS
Plant genome

p35S
Plant genome

tNOS
Plant genome

Gel electrophoresis and DNA purification Sanger Sequencing

To guarantee the entire representativeness of the GMO population  To test all amplicons!
 Laborious and complex

NGS
Massive parallel DNA sequencing (High‐throughput)

DNAwalking coupled to NGS
Obtaining sequences fromDNA fragments of interest
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DNA 
walking 
coupled 
to NGS

workflow



DNA walking coupled with NGS: selection of  NGS platform

 Able to deal with heterogenic library 
size

 Amplicon size range going from ~ 200 bp to 6 
Kbp

 Long read length (up to 60 Kbp)

Able to sequence the whole amplicons

No library shearing and de novo assembly

User-friendly bioinformatics analysis

 Sequencing Cost per Gb : ~ 2000 €
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DNAwalking coupled to PacBio
 Tests on typical food/feed matrices encountered in GMO routine analysis

 10 samples, individually barcoded, sequenced together in one run
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Complexity

Bt rice
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2 000 HGE

200 HGE

0.01 %
20 HGE

2 000 HGE

20 HGE

Rice‐Maize‐Soybean 

GTS‐40‐3‐2 soybean

MON863 maize

Bt rice

+ Real‐life sample

?

 Proof of GMO presence via junctions and/or 

unnatural associations of elements!

 Able to deal with various food/feed matrices

 Practical work easy and simple

 Good sensitive (20 HGE)

 User‐friendly/accessible bioinformatics analysis

 High‐throughput
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DNAwalking coupled to PacBio
 Real‐life sample (Kuwait)

TC1507 maize

MON810 maize

NK603 maize

DSS

CoSYPS

Van den Bulcke
et al., 2010

<LOD

<LOD

All unnatural associations of elements and 
junctions correspond to authorized GMO

Proof

Comparison to in‐house database

Verification via the 
standard GMO 

detection system

Not possible to identify unauthorized GMO

Possible to identify unauthorized GMO
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NGS provides possibilities to prove straightforward the presence of (U)GM in the sample

TGS in combination with DNA walking => promissing alternative of the current detection

strategies allowing identification of UGM

The sequences obtained from this analysis allow development of new PCR methods to be

applied for targeted screening for UGM =>implementable in routine GMO analysis

Implementation in GMO testing laboratories

- Analysis still relatively expensive

- Choice of sequencing platform

- Adequate computer infrastructure

- Strong bioinformatics support

- Availability of sequences databases

Concluding remarks
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Thank you for your attention!
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