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Hazard and risk 

•  Hazard : something 
capable of causing 
harm, i.e. adverse 
effects to health or the 
environment 

•  Risk : a funcVon of the 
likelihood of the 
adverse effects and of 
their severity 

1. What is a hazard ? A risk ? 



The three pilars of Risk analysis : 
Risk assessment, risk management, risk communica3on 

2. Risk analysis in the EU law : a primer 



Risk communica3on :  
Scien3fic risk is not perceived risk. 

Eurobarometer 2010 on Food‐related risks :  
« What are all the things that come to your mind when thinking about possible 
problems or risks associated with food and ea9ng ? » 

« GMOs ‐ gene+cally modified organisms » 
« Diet too high in fat, sugar or calories / 
Unbalanced diet » 

8 %  
7 %  

2. Risk analysis in the EU law : a primer 



Figure 1:  Six steps within the environmental risk assessment (ERA) and relationship to risk management including monitoring 
according to Directive 2001/18/EC and Regulation (EC) No. 1829/2003.  

2. Risk analysis in the EU law : a primer 



Molecular characteriza3on of GM plants 
(but what is a « GMO » ?)  

 « an organism, with the 
excep9on of human beings, in 
which the gene9cally material 
has been altered in a way that 
does not occur naturally by 
ma9ng and/or natural 
recombina9on.” 

 (Direc9ve 2001/18/EC) 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Molecular characteriza3on of GM plants : 
principles 

•  The ra3onale :  
–  If new hazards were due to the geneVc modificaVon, analysing the 

structure and expression of the DNA of the GMP should help in their 
idenVficaVon. 

–  Molecular characterizaVon is never sufficient to demonstrate a risk : 
biological data are needed to demonstrate hazards and risks. 

•  The aims :  
–  to check for the intended effects at the gene/protein levels  : 

expression of new proteins,  up‐ /down‐regulaVon of endogenous 
genes 

–  to check for unintended effects of the geneVc modificaVon : new ORFs 
potenVally coding for pepVdes with similarity to allergens and toxins, 
disrupVon/altered expression of endogenous genes at the inserVon 
site, other hypothesis‐driven analyses 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Molecular characteriza3on is only part of hazard/risk 
iden3fica3on : example of the possible allergenicity of a GMP 

Flow chart summarizing the weight of evidence approach for assessment of 

allergenicity of newly expressed proteins in GMOs 
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•  New proteins encoded by the transgenes : similarity with allergens, with toxins ? 

–  BioinformaVc analysis of the newly expressed proteins :  similarity search with known 
allergens and toxins in public databases 

•  Unforeseen pep3des encoded by new ORFs created by the geneVc modificaVon ? 

–  BioinformaVc search for similarity with known allergens and toxins in public databases 

•  Disrup3on of endogenous genes at the inserVon sites ? 

–  BioinformaVc analysis of the inserVon locus and search for known endogenous genes 

•  Recombinogenic sequences on the T‐DNA promoVng horizontal gene transfers ? 

–  BioinformaVc analysis of similariVes with microbial genomes (likelihood of homologous 
recombinaVons), presence of site‐specific recombinogenic sequences on the T‐DNA 

3. Molecular characterizaVon of GM plants : what, how and why ?  

Molecular characteriza3on of GM plants : 
contribu3on of bioinforma3cs to hazard iden3fica3on 



The modified plant genome :  
analysis of the structure of the insert 

•  The ra3onale : 

–  AuthorizaVon will bear on the «transformaVon event », i.e.  the 
new DNA in its inserVon locus (but possibly in mulVple geneVc 
backrounds). 

–  This event needs to be precisely defined for the purposes of risk 
assessment (task of EFSA) and of risk management (e.g. 
detecVon methods, task of COM JRC‐ Ispra). 

•  The aims :  

–  To determine the number and structure of all detectable inserts, 
complete or parVal. 

–  To determine the sub‐cellular locaVon of the inserts 

–  To determine the flanking regions of the recipient genome 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Analysing the transgenic locus by DNA  sequencing : example  
: 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Southern blot analysis is extensively used for 
analysing insert structure. 

3. Molecular characterizaVon of GM plants : what, how and why ? 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Figure 5: Southern blot analysis T304-40 - P35S3 probe

Genomic DNA was isolated from Gossypium hirsutum T304-40 plants and from the non-transgenic

counterpart FM966. DNAs (8 ug) were digested with different restriction enzymes and probed with the

P35S3 probe (PT022-1: 801 bp MAE086 - DPA178 fragment of pTDL004).

Lanes 1, 2, 16 and 17 contain the MW markers, lane 3 is an empty lane. These lanes are not presented in

the picture, because no hybridization was expected..

Membrane ID: M/07-014/07

Film ID: H3/07-014/07-F2

Probe template ID: PT022-1

Lane 4: Gossypium hirsutum elite event T304-40 - Apa\ digested
Lane 5: Gossypium hirsutum elite event T304-40 - Dra\\\ digested
Lane 6: Gossypium hirsutum elite event T304-40 - EcoRI digested
Lane 7: Gossypium hirsutum elite event T304-40 - EcoRV digested
Lane 8: Gossypium hirsutum elite event T304-40 - Nde\ digested
Lane 9: Gossypium hirsutum elite event T304-40 - Bgl\ digested
Lane 10: Gossypium hirsutum elite event T304-40 - Swa\ digested
Lane 11: Gossypium hirsutum elite event T304-40 - Sspl digested
Lane 12: Gossypium hirsutum elite event T304-40 - Sacl digested
Lane 13: Gossypium hirsutum elite event T304-40 -Xba\ digested
Lane 14: Gossypium hirsutum wild type variety FM966 - Xba\ digested
Lane 15: Gossypium hirsutum wild type variety FM966 - Xba\ digested + an equimolar amount of pTDL008 - Xba\

digested

Bayer BioScience N.V. - BioAnalytics

NB : SacI allows insert number determinaVon. 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Southern analysis of insert structure and number 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Southern analysis of the absence of the vector backbone : checking for 
the absence of (e.g.) an3bio3c resistance marker genes 

3. Molecular characterizaVon of GM plants : what, how and why ?  



Molecular characteriza3on of the expression of 
the insert 

•  DeterminaVon of the levels of the newly expressed proteins 
(in a range of Vssues depending on the scope of the 
applicaVon) 

•  In case of stacked events (typically obtained by crossing 
GMPs), control of absence of interac3ons between the 
combined events (i.e. changes of protein levels in the stack as 
compared with the single events) 

•  Phenotypic data confirming generaVonal stability of the trait / 
expression of the inserted genes 

•  Methods : typically ELISA 

3. Molecular characterizaVon of GM plants : what, how and why ? 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Summary : Example of molecular data sets in a 
dossier submiVed to EFSA 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New techniques for the molecular characteriza3on of GM plants ? 
The usefulness of Next Genera3on Sequencing under discussion 

Next-Generation Sequencing as a Tool for Detailed Molecular
Characterisation of Genomic Insertions and Flanking Regions
in Genetically Modified Plants: a Pilot Study Using a Rice
Event Unauthorised in the EU

Daniela Wahler & Leif Schauser & Joachim Bendiek &

Lutz Grohmann
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Abstract Precise molecular characterisation of genetic
modifications integrated into the genomes of genetically
modified organisms (GMOs) and of their flanking genomic
regions forms a key component for the development of
event-specific detection methods. In the EU, this information
is of particular importance for risk management in cases
where genetic modifications of unauthorised GM food, feed
or seeds are detected. PCR-based chromosome walking ap-
proaches are commonly used for DNA sequence determina-
tion of the genetic modifications and of the flanking genomic
regions in yet undescribed GM plants. If the plant contains
complex and re-arranged modifications, sequencing and mo-
lecular characterisation are often difficult and laborious.
Next-generation sequencing (NGS) of DNA is a powerful
alternative tool to rapidly generate primary sequence data on
the genome of so far uncharacterised sample material if pure
GMO material is available. Recently, robust NGS platforms
and affordable sequencing services are accessible for food
and feed control laboratories. We here present a NGS-based
study for whole-genome sequencing of the GM rice event
LLRice62 as a proof-of-principle experiment to develop
bioinformatics easy-to-use data analysis tools for rapid mo-
lecular characterisation. A total of 171,657,155 read mate
pairs of approximately 75 bp each were obtained. Sequence
reads belonging to the genetic modifications and their
flanking genomic regions in LLRice62 were identified by

bioinformatic comparison to the corresponding Oryza sativa
ssp. japonica reference genome sequence using the Illumina
InDel caller software and subsequent iterative mapping of
retrieved NGS reads. An entire genetic modification of
1,493 bp in the genome of the LLRice62 sample material
was determined and correctly mapped on chromosome 6.
The determined nucleotide sequence coincides to the genetic
modification described by the developer of this rice event. This
study demonstrates for the first time the applicability of NGS
for molecular characterisation of uncharacterised GMOs.

Keywords GMO .Molecular characterisation .

Next-generation sequencing . Re-sequencing .

Genetically modified . Detection . Rice

Introduction

Agricultural products derived from genetically modified or-
ganisms (GMOs) are increasingly entering the food and feed
supply chain. Moreover, a growing number of diverse agri-
cultural relevant traits, genes and genetic regulatory elements
are inserted into crop genomes by genetic engineering. Con-
tradictorily, for less than 30 % of all worldwide known
genetically modified (GM) plant events, validated methods
for event-specific identification are described (Gürtler &
Meissner 2011).

To ensure food and feed safety and to take into account the
consumers’ demand for informed choice on food-related
aspects, in many countries regulations have been established.
However, GMOs cultivated in different countries may not be
authorised for commercial use in other countries, a fact
known as asynchronous authorisation. Within the European
Union (EU), GMOs and GMO-derived food and feed products
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The Use of Next Generation Sequencing 
and Junction Sequence Analysis Bioinformatics 
to Achieve Molecular Characterization of Crops 
Improved Through Modern Biotechnology
David Kovalic,* Carl Garnaat, Liang Guo, Yongpan Yan, Jeanna Groat, 
Andre Silvanovich, Lyle Ralston, Mingya Huang, Qing Tian, Allen Christian, 
Nordine Cheikh, Jerry Hjelle, Stephen Padgette, and Gary Bannon

Abstract
The assessment of genetically modifi ed (GM) crops for regulatory 
approval currently requires a detailed molecular characterization 
of the DNA sequence and integrity of the transgene locus. In 
addition, molecular characterization is a critical component of 
event selection and advancement during product development. 
Typically, molecular characterization has relied on Southern blot 
analysis to establish locus and copy number along with targeted 
sequencing of polymerase chain reaction products spanning any 
inserted DNA to complete the characterization process. Here 
we describe the use of next generation (NexGen) sequencing 
and junction sequence analysis bioinformatics in a new method 
for achieving full molecular characterization of a GM event 
without the need for Southern blot analysis. In this study, we 
examine a typical GM soybean [Glycine max (L.) Merr.] line 
and demonstrate that this new method provides molecular 
characterization equivalent to the current Southern blot-based 
method. We also examine an event containing in vivo DNA 
rearrangement of multiple transfer DNA inserts to demonstrate 
that the new method is effective at identifying complex cases. 
Next generation sequencing and bioinformatics offers certain 
advantages over current approaches, most notably the simplicity, 
effi ciency, and consistency of the method, and provides a 
viable alternative for effi ciently and robustly achieving molecular 
characterization of GM crops.

MOLECULAR CHARACTERIZATION is a key step in the 
assessment of genetically modi! ed (GM) crops for 

regulatory approval. Current characterization methods 
are designed to accurately establish a number of important 
properties of the inserted DNA in the GM crop’s genome 
and this characterization is a key step in the production of 
improved GM crops. " ese characterizations are required 
for selection of the events with the most favorable molecu-
lar pro! le throughout research activities (Heck et al., 
2005; Vaughn et al., 2005; Cerny et al., 2010) and are also 
performed as a last step before commercialization, where 
it is a crucial part of the comparative assessment process 
endorsed by Codex and used by most global regulatory 
organizations (Codex Alimentarius, 2003).

Molecular characterization of inserted DNA 
and associated native # anking sequences consists of 
determining the number of insertion sites, the insert 
copy number at each insertion site, the DNA sequence of 
each inserted DNA, and the sequence of the native locus 
at each site. Current methods also establish a description 
of any genetic rearrangements that may have occurred at 
the insertion site as a consequence of transformation and 
demonstrate the absence of unintended plasmid DNA 
(i.e., non-transfer DNA [T-DNA] backbone sequence) 
within the GM event. Generational stability analysis, 
which demonstrates the stable heritability of inserted DNA 
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3. Molecular characterizaVon of GM plants : what, how and why ?  



New techniques for the molecular characteriza3on of GM plants ? 
High throughput technologies  (‘omics’) for detec3ng unintended effects ? 

FP 6    “Safe Foods”      www.safefoods.nl 

“Omics” and sources of biological variation 

Breeding, environment, cultural practices etc. 

(Courtesy of Pr H. Davies, Jame HuUon Ins9tute, UK) 



Pooled samples from all 

experiments 

Dot is one anaylsis 

Germany + South Africa 

Maize Metabolomics 

(Courtesy of Pr H. Davies, Jame HuUon Ins9tute, UK) 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 2 Pfaffenhofen 

- isogenic maize 
- Bt-maize 

Engel et al TUM 

unpublished 

Maize Metabolomics  GM vs Non GM 

(Courtesy of Pr H. Davies, Jame HuUon Ins9tute, UK) 



The future : new avenues for the gene3c modifica3on of plants 
(and possible impacts on risk assessment) 

•  New « breeding » techniques are being developed for the 
targeted geneVc modificaVon of plants. 

•  They do not necessarily involve addiVon of transgenes. 

•  Whether they will be considered as GMOs in the sense of the 
EU law is sVll unclear. 

•  The EFSA GMO Panel has issued scienVfic opinions on how to 
implement / adapt exisVng guidelines for their risk 
assessment, for specific new breeding techniques (cis‐/
intragenesis, site‐specific nucleases‐mediated DNA 
modificaVons). 

4. New avenues for the geneVc modificaVon of plants, impact on RA 



« New plant breeding techniques » 

1.  Zinc finger nuclease (ZFN) 
technology  

2.  OligonucleoVde directed 
mutagenesis (ODM) 

3.  Cisgenesis and intragenesis  
4.  RNA‐dependent DNA 

methylaVon (RdDM)  
5.  Grahing (on GM rootstock)  
6.  Reverse breeding 
7.  Agro‐infiltraVon (agro‐

infiltraVon “sensu stricto”, 
agro‐inoculaVon, floral dip) 

8.   SyntheVc genomics 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Oligonucleo3de‐mediated  site‐specific 
muta3on 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Genetic modification through oligonucleotide-mediated
mutagenesis. A GMO regulatory challenge?
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In the European Union, the definition of a GMO is technology-based. This means that a novel organism will be
regulated under the GMO regulatory framework only if it has been developed with the use of defined techniques.
This approach is now challenged with the emergence of new techniques. In this paper, we describe regulatory
and safety issues associated with the use of oligonucleotide-mediated mutagenesis to develop novel organ-
isms. We present scientific arguments for not having organisms developed through this technique fall within
the scope of the EU regulation on GMOs. We conclude that any political decision on this issue should be taken
on the basis of a broad reflection at EU level, while avoiding discrepancies at international level.

Keywords: GMO / EU regulation / gene modification / oligonucleotide / new techniques / mutagenesis / risk assessment

INTRODUCTION

The European Directives 2001/18/EC (EC, 2001) and
90/219/EEC (EC, 1990, 1998) provide a general defi-
nition of a Genetically Modified Organism (GMO) and
a Genetically Modified Micro-organism (GMM) respec-
tively. These Directives include annexes that give addi-
tional information regarding the techniques that result in
genetic modification, that are not considered to result in
genetic modification, or that result in genetic modifica-
tion but yield organisms that are excluded from the scope
of the Directives (see Tab. 1). The European definition of
GMO is both technology- and process-oriented. A novel
organism will therefore fall under the scope of the GMO
Regulation only if it has been developed with the use
of certain techniques (such as recombinant nucleic acid
techniques). The underlying idea here is that some pro-
cesses of genetic modification are inherently and poten-
tially associated with risks.

* Corresponding author: didier.breyer@iph.fgov.be

With the advance of technology, new techniques have
emerged, such as those allowing introduction of DNA
from the same species (e.g. cisgenesis), modification of
expression of existing genes (e.g. RNA interference),
or introduction of targeted changes to nucleotides in
the genome (e.g. oligonucleotide-mediated mutagene-
sis). These techniques may challenge the current regu-
latory definition of a GMO because it is not always clear
whether the products obtained through these techniques
are subject to the prevailing European GMO legislation
or not. There have been for example a number of scien-
tific papers arguing for the exemption of cisgenic plants
from the scope of the EU Directives (see e.g. Jacobsen
and Schouten, 2008). Answering this kind of question is
of course of utmost importance especially for developers
of novel organisms, given the complexity and associated
costs of applying the GMO legislation.

In this paper, regulatory and safety issues associ-
ated with the use of oligonucleotide-mediated mutagene-
sis are discussed in the light of the European definition

Article published by EDP Sciences
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« Paramuta3ons »  :  
RNA‐mediated transcrip3onal gene silencing 

PTGS pathway
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Figure 2 Simple illustrations of (a) post-transcriptional gene silencing (PTGS), (b) transcriptional gene silencing (TGS) and (c) miRNA pathways in

plants. Three common family proteins involved in these pathways are RNA-dependent RNA polymerases (RDR), Dicer-like RNase III type proteins

(DCL) and Argonaute proteins (AGO). RNA methyltransferase HEN1 is shared by all three pathways for modifying the small RNA duplex. Although

not listed, each pathway also requires additional specific proteins. For example, RNA stabilizer SGS3, RNA helicase SDE3 and RNase D exonuclease

WEX are involved in dsRNA biosynthesis in the PTGS pathway; dsRNA-binding protein HYL1 and HST are essential for miRNA processing and trans-

port, respectively, in miRNA pathway. In the TGS pathway, although the mechanism is less clear, many other enzymes are implicated in the path-

way including RNA polymerase IVa and IVb, DNA methyltransferases (MET1, CMT3 and DRM1 ⁄ 2), histone deacetylase HDA6, histone

methyltransferases KYP (SUVH4) and SUVH2, and chromatin-remodelling factor DRD1. Genetic engineering can tap into these pathways by

expressing a transgenic inverted-repeat (IR) RNA or an artificial MIRNA gene (dotted box).

ª 2010 Monsanto Company
Journal compilation ª 2010 Blackwell Publishing Ltd, Plant Biotechnology Journal, 8, 655–677

Tapping RNA silencing pathways for plant biotechnology 659

Principle : small interfering 
RNAs are transiently delivered 
to plant cells, where they 
cause methylaVon and 
silencing of chosen gene 
promoters.  

(Frizzi and Huang 2010) 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Targeted modifica3ons of the genome using 
recombinant site‐specific nucleases 

•  Zn finger‐Nucleases, TALEN (Transcrip9on 
Ac9vator‐Like Effectors Nucleases), RNA‐
guided Nucleases (CRISPR/Cas), etc.  

•  Double‐strand breaks are introduced in 
specified loci, allowing sequence ediVng, 
replacement and inserVon of DNA. 

Genome editing
Genome modification  
achieved by the induction  
of a double-strand break in a 
specific genome site, followed 
by DNA-break repair and  
the generation of desired 
modifications (gene disruption, 
addition or correction).

Even though some plant synthetic promoters have 
been generated (see Supplementary information S1 
(table)), synthetic promoter design for plants is still in 
its infancy. Most so-called synthetic promoters have 
been created by inserting functional promoter regions 
or motifs into native plant promoters without computa-
tional modelling. For example, the synthetic constitutive 
promoters Pcec15 and Mac16 were constructed by insert-
ing transcriptional enhancer domains upstream of native 

constitutive promoters, which conferred much higher 
levels of reporter-gene expression in transgenic plants 
than those conferred by native promoters. As technol-
ogy develops, we anticipate that even better results will 
be gained by using an integrative approach that com-
bines computational modelling, large ‘omics’ data sets, 
increased knowledge about promoter–transcription fac-
tor interactions, and improved screening technologies. 
Such integration will result in synthetic promoters that 
bear little resemblance to those found in nature.

Synthetic transcriptional activators and repressors. Even 
though synthetic promoters might be considered the first 
priority for fine-tuning transgene expression in plants, 
synthetic transcriptional activators or repressors could 
be used to regulate the expression of either endogenous 
genes or transgenes in plant genomes17. Fusion proteins 
that consist of engineered DNA-binding domains and 
catalytic effector domains hold great promise for tar-
geted gene expression under the control of plant consti-
tutive promoters18 and for precise genome editing (FIG. 2) 

(see below).
Engineered zinc-finger proteins (ZFPs) have been 

used for gene activation or repression in plants by fus-
ing them to transcriptional activation or repression 
domains, respectively (FIG. 2a). ZFPs bind to DNA tar-
gets as monomers, each of which consists of a tandem 
array of 3–6 or more C2H2 fingers, and target specific 
DNA sequences that are 9–18 bases long19. Synthetic 
zinc-finger-transcription factors (ZF-TFs) that contains 
activation domains have been used for the targeted acti-
vation of reporter genes20,21 and endogenous genes in 
A. thaliana19,22–25 and canola26. They have also been used 
in transgenic A. thaliana to downregulate gene expres-
sion by competing with other transcription factors for 
the same binding sites on the rice tungro bacilliform 
virus promoter27.

Engineered transcription activator-like effectors 
(TALEs) can also be used for targeted gene expression 
(FIG. 2a). Each of these artificial regulators contains an 
amino-terminal translocation domain, a central DNA-
binding domain and a carboxy-terminal domain, which 
includes nuclear localization signals and an activation 
domain. Synthetic TALEs might be simpler to design 
than ZFPs, as they do not have to be screened against 
expression libraries, which is a requirement of ZFP 
design28. The DNA-binding domains of Xanthomonas 
spp. TALEs are composed of 1.5–33.5 (mostly 15.5–19.5) 
tandem repeats that are nearly identical. Each repeat is 
30–42 (typically 34) amino acids long29. The specific-
ity of individual repeats is encoded in a repeat–vari-
able diresidue at positions 12 and 13 of each repeat28,30. 
The distance from the transcription initiation sites to 
the DNA-binding sites of TALE-TFs and ZF-TFs is not 
fixed and might vary with different specificities. In one 
study, Xanthomonas TALEs that contained their own 
activation domains and were driven by the constitutive 
CaMV 35S promoter were used to specifically induce 
the expression of the tomato Bs4 gene and the A. thali-
ana EGL3 and KNAT1 genes31. The target sites of these 
TALEs were 46–108 bp upstream of the transcription 

!"#$%&'(&)*&+,'!'-&.&#*/,

!"#"

!"#"

A T T C T A C A T T A A C T T A A T G G A C G C A C C C A A T G T A G T A T A T A A G A C A C C T C

A T T C T A C A T T A A C T T A A T G G A C G C A C C C A A T G T A G T A T A T A A G A C A T A T C

A T T C T A C A T T A A C T T A A T G G A C G C A C C C A A T G T A G T A T G T A A G A C A C C T C

A T T C T A C A T T A A C T T A A T G G A C G C A C C C A A T G T A G T A T A T A A G A C A T A T C

T A A G A T G T A A T T G A A T T A C C T G C G T G G G T T A C A T C A T A T A T T C T G T A T A G

T A A G A T G T A A T T G A A T T A C C T G C G T G G G T T A C A T C A T A T A T T C T G T A T A G

T A A G A T G T A A T T G A A T T A C C T G C G T G G G T T A C A T C A T A C A T T C T G T A T A G

T A A G A T G T A A T T G A A T T A C C T G C G T G G G T T A C A T C A T A C A T T C T G T A T A G

#

#

#

#

$′
%′

%′

%′

%′

$′

$′

$′

#

#

&#'()*+,*+-.,/01*+

&#'()*+,*+-.,/01*+

&#'()*+,*+-.,/01*+

&#'()*+,*+-.,/01*+

&#'()*+,*+-.,/01*+

&#'()*+,*+-.,/01*+

!"#"

!"#"

'23*413*/+
,/01*+

'23*413*/+
,/01*+ 5#'.6/7.""

2/0879:

5#'.6/7.""
2/0879:

!""01231

#""01!

3456231

3456!

!"#$%&'(')'!"#$%&$'()$*+#,(*'-$'.#)/+($.*,)/.*)$+*0&$&1)0&#&)+($'2+$'.#).*)$+*0&$&1)

0&#.3&)3.1'/'(+$'.#4) +!"#$%&'()(*#'(+(#%,)-.%)-/+#-0#01/2+3#45+)1()-,#)&%+0,&-6)-/+#

*+,"-*,.%/'+.0/"/,'.1'*+,"-*,".0'2.3*"0/'1$/&2',.',4&'56789"02"0#'2.3*"0/'.1':"0+81"0#&%'

,%*0/+%";,".0'1*+,.%/'<=!8>!/?@AB(A'.%',%*0/+%";,".0'*+,"-*,.%8C"D&'&11&+,.%',%*0/+%";,".0'

1*+,.%/'<>7EF8>!/?(GHI@J'>7>7'9.K&/'*%&'"02"+*,&2'"0'2*%D'9C$&'<0.,&',4*,'>7EF8>!/'*C/.'

L.%D'.0'/.3&'>7>78C&//'#&0&/?'*02',4&',%*0/+%";,".0'"0","*,".0'/",&/'*%&'"02"+*,&2'9M'

4.%":.0,*C'*%%.L/J'5!"#$%&'()(*#'(+/7(#7/*-8-,%)-/+#-0#01/2+3#9+'-+((&(*#+:,;(%0(0#

/$+4'*/':"0+81"0#&%'0$+C&*/&/'<=!6/?NNBNO'.%'>7EF'0$+C&*/&/'<>7EF6/?GPHG@'+.0,*"0',4&'

0.08/;&+"1"+'5678+C&*-*#&'2.3*"0'.1',4&'!"#Q'&02.0$+C&*/&J'>4&M'+*0'9&'$/&2',.'

#&0&%*,&'2.$9C&8/,%*02'9%&*D/'<5RS/?'*,'*0M'/;&+"1"+'#&0.3"+'C.+*,".0'*02';%.-"2&'

1*-.$%*9C&'+4*%*+,&%"/,"+/'1.%'#&0.3&'&2","0#J'>4&'2"/,*0+&'1%.3',4&',%*0/+%";,".0'

"0","*,".0'/",&/',.',4&'56789"02"0#'/",&/'.1'=!8>!/'*02'>7EF8>!/'"/'0.,'1"K&2'*02'3"#4,'

-*%M'L",4'2"11&%&0,'/;&+"1"+","&/H'L4&%&*/',4&'/;*+&%'%&#".0/'9&,L&&0',4&'3.0.3&%/'.1'

=!6/'*02'>7EF6/'*%&'TBN'9;'*02'ABUP'9;'"0'C&0#,4H'%&/;&+,"-&CMJ'RM0,4&/"/'.1':"0+81"0#&%/'

%&V$"%&/'.;,"3":*,".0'.1',4&'2&/"#0&%',*02&3'*%%*M/H'L4"+4'*%&'/.3&,"3&/'

+.0,&K,82&;&02&0,'*%%*M/H'L4&%&*/',4&',*02&3'%&;&*,/'.1'>7EF'56789"02"0#'2.3*"0/'

%&(#1-'1;5#-+*(6(+*(+)#/8#+(-'1</:&-+'#&(6(%)03#=>#%7-+/#)(&7-+:0?#@=A#B/;!CC>#@=A#

6/;57(&%0(!CC3

!"#$"%&

NATURE REVIEWS | 67879:;!)  VOLUME 14 | NOVEMBER 2013 | !"#

© 2013 Macmillan Publishers Limited. All rights reserved

(Liu et al. Nature Gene9cs, November 2013) 

4. New avenues for the geneVc modificaVon of plants, impact on RA 



Conclusions 

1.  Molecular characterizaVon (MC) contributes to hazard and 
risk idenVficaVon, but must be complemented by biological 
evidence. 

2.  Both intended and uninteded effects are addressed. 

3.  Beyond the basic requirements of MC, case‐by‐case 
assessment may request further, hypothesis‐driven analyses. 

4.  New molecular techniques are emerging for the 
characterizaVon of GMPs. 

5.  New breeding techniques are emerging for the geneVc 
modificaVon of plants, challenging the current risk 
assessment approach. 


