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EditGrass4Food project

• Background of the project

• Genome editing in the context of EU GMO regulation

• EC legislative proposal

• Further initiatives to support EC proposal and to facilitate legislative
process
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Lolium perenne

• Lolium perenne (perennial ryegrass) 

• Native to Southern Europe, the Middle East and North 
Africa

• Important pasture and forage plant, extensively used in 
seed mixes

• High yield in fertile soil

• Lacks adaptation to climate conditions in Nordic and
Baltic region, but due to the climate change this situation
can change

• For cultivation in Nordic and Baltic countries perennial
ryegrass needs improved freezing and drought tolearance
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Lolium perenne

• Lolium perenne exhibits perennial growth habit 

• L. perenne is an outcrossing, wind-pollinated species

• Selfing is largely prevented by a gametophytic, two-
locus incompatibility system (SZ) 

• Genome is heterozygous and the varieties consist of a 
mixture of related genotypes

• Genotypes exhibit different efficiciency of
Agrobacterium-mediated transformation (CRISPR/Cas
constructs) and variable regeneration capacity
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Project goals

Aim of the project is to utilize transcriptomics and functional genomics to increase 
sustainability in agriculture through improvement of perennial ryegrass with better 
adaptation to frost and drought for current and future climates. 

1. Establish a diverse perennial ryegrass core association panel by utilization of data from ongoing 
projects (WP1),
2. Screen the association panel in order to detect haplotype-resolved single-nucleotide variants 
and structural variation in the targeted genes/alleles for freezing and drought genes (WP1),
3. Identify novel genes and characterize drought and freezing tolerance genes by comparing their 
expression for pathway related genes in non-edited and mutant plants (WP2),
4. Develop CRISPR-Cas9 constructs and generate CRISPR-edited perennial ryegrass mutants for 
freezing and mild drought tolerance (WP3),
5. Validate and characterize the role of the genes and their sequence variations in the freezing and 
drought mechanisms (WP4).
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WPs

• WP1. Establishment and screening of perennial ryegrass association panel for 
freezing and drought related traits. Coordinator: NMBU; Involved partners: 
NMBU, LAMMC 

• WP2. Transcriptome regulation of freezing and drought tolerance in perennial 
ryegrass. Coordinator: NMBU; Involved partners: NMBU, LAMMC 

• WP3. Functional characterization of frost and drought candidate genes in 
perennial ryegrass by CRISPR-Cas9. Coordinator: TalTech; Involved partners: LU, 
NMBU 

• WP4. Validation of improved freezing and water shortage tolerance. 
Coordinator: LAMMC; Involved partners: TalTech, NMBU, LU 

• WP5. Management and coordination of research activities  and dissemination 
of results. Coordinator: LU; Involved partners: TalTech, NMBU, LAMMC
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Bottlenecks in genome editing

Altpeter et al. (2016) Advancing 
crop transformation in the era of 
genome editing. The Plant Cell 
28:1510-1520



Exmaples of genetic engineering
for abiotic stress tolerance
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Promoter editing
strategies
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GMO definition
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Directive 2001/18/EC on the deliberate release into the environment of genetically 
modified organisms and repealing Council Directive 90/220/EEC, Article 2: 

«genetically modified organism (GMO) means an organism, with the exception of 
human beings, in which the genetic material has been altered in a way that does
not occur naturally by mating and/or natural recombination»

Within the terms of this definition:
(a) genetic modification occurs at least through the use of the techniques listed 
in Annex I A, part 1;
(b) the techniques listed in Annex I A, part 2, are not considered to result in 
genetic modification



Methods of genetic modification
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Directive 2001/18/EC Annex IA 
Techniques of genetic modification referred to in Article 2(2)(a) are inter alia:

(1) recombinant nucleic acid techniques involving the formation of new combinations 
of genetic material by the insertion of nucleic acid molecules produced by whatever 
means outside an organism, into any virus, bacterial plasmid or other vector system 
and their incorporation into a host organism in which they do not naturally occur but in 
which they are capable of continued propagation;
(2) techniques involving the direct introduction into an organism of heritable material 
prepared outside the organism including micro-injection, macro-injection and micro-
encapsulation;
(3) cell fusion (including protoplast fusion) or hybridisation techniques where live cells 
with new combinations of heritable genetic material are formed through the fusion of 
two or more cells by means of methods that do not occur naturally



Exemptions

Directive 2001/18/EC Annex IA 

Techniques/methods of genetic modification yielding organisms to be excluded 
from the Directive, on the condition that they do not involve the use of 
recombinant nucleic acid molecules or genetically modified organisms other than
those produced by one or more of the techniques/methods listed below are:

(1) mutagenesis,

(2) cell fusion (including protoplast fusion) of plant cells of organisms which can exchange 
genetic material through traditional breeding methods.
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GENOME EDITED (TARGETED
MUTAGENESIS) ORGANISMS ARE GMO
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EFSA and genome editing

• EFSA Scientific Opinion on SDN-3 plants (transgenic) in 2012. 

• EFSA GMO Panel, ….., Rostoks N (2020) Applicability of the EFSA Opinion on site-
directed nucleases type 3 for the safety assessment of plants developed using site-
directed nucleases type 1 and 2 and oligonucleotide-directed mutagenesis. EFSA 
Journal 18:e06299
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SDN risk assessment

• SDN1 and SDN2 genome modifications (small insertions, deletions and
nucleotide substitutions) are technically indistinguishable from natural
genetic diversity in species genomes (targeted mutagenesis) 

• SDN3 plants contain fragments of exogenous DNA, but unlike regular
transgenic plants, the insertion of DNA is directed to a specific, precisely
defined genome region which facilitates the risk assessment
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SDN scenarious
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EFSA conclusions on SDN-1, SDN-2 un 
ODM
• Conclusions: 

In relation to ToR1, the GMO Panel concludes that the assessment methodology presented in section 4 of the 
EFSA opinion on SDN3 is partially applicable to SDN1, SDN2, and ODM. Since these approaches aim at 
modifying an endogenous DNA sequence, in case the final product does not contain any transgene, intragene, 
or cisgene, these plants will not present any of the hazards potentially associated to the inserted transgene, 
intragene, or cisgene found in plants obtained using the SDN-3 approach. Moreover, the GMO Panel did not 
identify any additional hazard associated to the use of the SDN1, SDN2 and ODM approaches as compared to 
both SDN3 and conventional breeding techniques which include conventional mutagenesis. 

In relation to ToR2, the GMO Panel concludes that the existing Guidances for food and feed (EFSA GMO 
Panel, 2011) and environmental risk assessment (EFSA GMO Panel, 2010) are sufficient but are only partially 
applicable for the risk assessment of plants generated via SDN1, SDN2, and ODM approaches. Indeed, as 
SDN1, SDN2 and ODM aim at modifying endogenous DNA sequence(s) without integrating exogenous DNA, 
a number of requirements of the existing guidances that are linked to the presence of a transgene are not 
relevant for the assessment of SDN1, SDN2 and ODM plants. The amount of experimental data needed for the 
risk assessment will mainly depend on the modified trait introduced and, therefore, the GMO Panel considers 
that principle of the case-by-case approach for the risk assessment is particularly relevant for SDN1, SDN2 and 
ODM plants. 
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EFSA CRITERIA
FOR RISK 

ASSESSMENT OF
NGT PLANTS
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EFSA 
DECISION

TREE ON NGT
PLANTS
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Commission proposal
on plants obtained 

by certain new genomic 
techniques (NGTs)
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• High level of protection of health and 
environment

• Developments to contribute to sustainability and 
climate adaptation in a wide range of plant 
species, especially for the agri-food system

• Opportunities for research and innovation, 
including for SMEs

Objectives of the proposal



Scope of the proposal

•Plants obtained by targeted mutagenesis 
and cisgenesis, including intragenesis 
(‘NGT plants’)

•NGT plants

•NGT food/feed

•Other products containing/consisting of 
NGT plants

•Deliberate release into the environment for 
any other purpose than placing on the 
market (e.g. field trials) 

•Placing on the market

of…



A NGT plant is considered equivalent to conventional plants when it differs from the recipient/parental plant by no more 
than 20 genetic modifications of the types referred to in points 1 to 5, in any DNA sequence sharing sequence similarity with 
the targeted site that can be predicted by bioinformatic tools. 

(1) substitution or insertion of no more than 20 nucleotides;

(2) deletion of any number of nucleotides;

(3) on the condition that the genetic modification does not interrupt an endogenous gene:

(a) targeted insertion of a contiguous DNA sequence existing in the breeder’s gene pool; 

(b) targeted substitution of an endogenous DNA sequence with a contiguous DNA sequence existing in the breeder’s 
gene pool;

(4) targeted inversion of a sequence of any number of nucleotides;

(5) any other targeted modification of any size, on the condition that the resulting DNA sequences already occur (possibly 
with modifications as accepted under points (1) and/or (2)) in a species from the breeders’ gene pool. 

NGT plants that could have been obtained naturally or by conventional breeding methods

Category 1 NGT plants: Verification criteria
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Plant product classification
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NGT category 1 
(conventional-like) GMOConventional

Cross-breeding, 
including advanced
technigues, eg.g., 

embryo rescue, 
polyploidy etc.

GMO techniques
under Annex IB of

2001/18 
Mutagenesis and
protoplast fusion

No risk assessment

No labelling

No detection method

Theoretically, allowed for organic farming

Equivalent to 
conventionalplants, 

if equivalence
criteria are met 

No risk assessment

Seeds for sowing
labelled as NGT, 

info in public
register

No detection method

Not allowed for
organic farming

Listing in National and EU variety catalogue

NGT Category 2 Transgenic plants

Full GMO  risk 
assessment

GMO labelling, 
public GMO register

Mandatory
detection method

Not allowed for organic farming

Opt out by MSNo opt out by MS

Adapted GMO risk 
assessment, SME 

support for
sustainability traits

GMO labelling + trait info, 
public GMO register

Adapted detection
method



• Incentives for traits relevant for sustainability
 Food & feed: Fast track assessment by EFSA
 Pre-submission advice on risk hypotheses
 SMEs: - Extended pre-submission advice (also on studies)

- Food & feed: no financial contribution for detection method validation

• Voluntary labelling of traits conveyed by the genetic modification

• Coexistence measures

• No opt-out

Specific provision for category 2 NGT plants



Traits justifying the incentives:

• yield, including yield stability and yield under low-input conditions;

• tolerance/resistance to biotic stresses, including plant diseases caused by nematodes, fungi, bacteria,
viruses and other pests;

• tolerance/resistance to abiotic stresses, including those created or exacerbated by climate change;

• more efficient use of resources, such as water and nutrients;

• characteristics that enhance the sustainability of storage, processing and distribution;

• improved quality or nutritional characteristics;

• reduced need for external inputs, such as plant protection products and fertilisers.

Traits excluding the application of incentives:

• tolerance to herbicides

Traits qualifying for incentives
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GeneBEcon

1. Status Quo 2. Use existing
possibilities

3. Regulatory 
differentiation of NGT 

plants according to 
their risk profiles

4. Product based
approach

5. Foreign DNA 
approach

• GMO-legislation 
stays intact

• No changes by
future ECJ 
judgments

• Use of leeways
in current GMO 
legislation to
facilitate the use
of NGT

• Reduction of
ERA-
requirements

• Amendment of
Reg. (EU) 
503/2013

• GMO-legislation
stays intact for
transgenic organisms

• Regulatory relaxation
for cisgenic & 
genome edited
plants

• Authorisation of
organisms
according to
their traits and
properties

• Risk assessment
of all organisms

• Specific
regulation only
for organisms
with foreign
DNA*

• No risk
assessment for
other organisms

GeneBEcon – 6 regulatory options at a glance

• Trans-, cisgenic
and genome
edited organisms
= GMO

• Authorisation via 
comitology
procedure

• Trans-, cisgenic
and genome
edited organisms
= GMO

• Simplified
authorization for cis 
and GE plants 

• Authorisation via 
comitology
procedure

• Authorisation by
EU authority

• Organisms are
regulated by
properties – no
matter how they
were produced

• Cisgenic and
genome edited
organisms:

• Official 
determination of
lack of foreign
DNA if necessary

6. REACH based
approach

• Private sector
responsibility

• Registration of 
GMOs

• Registered 
according to
their
classification: 
Cisgenic, 
transgenic, 
SDN-1, -2, -3, ..



Additional information

• Regulation of genome editing and
GMOs in EU

• «Regulatory Aspects of CRISPR Edited 
Plants in EU», Elsevier book chapter

• Purnhagen et al. Options for 
Regulating New Genomic Techniques 
for Plants in the European Union. 
Nature Plants, accepted
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QUESTIONS?
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