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ANSES undertakes independent and pluralistic scientific expert assessments.

ANSES primarily ensures environmental, occupational and food safety as well as assessing the potential health
risks they may entail.

It also contributes to the protection of the health and welfare of animals, the protection of plant health and the
evaluation of the nutritional characteristics of food.

It provides the competent authorities with all necessary information concerning these risks as well as the requisite
expertise and scientific and technical support for drafting legislative and statutory provisions and implementing risk
management strategies (Article L.1313-1 of the French Public Health Code).

Its opinions are published on its website. This opinion is a translation of the original French version. In the event of
any discrepancy or ambiguity the French language text dated 29 November 2023 shall prevail.

On 6 November 2023, ANSES issued an internal request to conduct an expert appraisal on
the following subject: scientific analysis of Annex | of the European Commission’s Proposal for
a Regulation of 5 July 2023 on new genomic techniques (NGTs) — Review of the proposed
equivalence criteria for defining category 1 NGT plants.

1. BACKGROUND AND PURPOSE OF THE INTERNAL REQUEST

Regulatory background

Since the adoption of Directive 2001/18/EC" on the deliberate release into the environment of
genetically modified organisms (GMOs), scientific and technical progress has led to the
development of new genetic modification techniques. These new techniques have been the
subject of legal action to determine whether the products derived from them fall within the
definition of GMOs and the scope of this Directive.

' Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release
into the environment of genetically modified organisms and repealing Council Directive 90/220/EEC, pp. 1-38.
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The judgment of the Court of Justice of the European Union in Case C-528/16 (Judgment of
25 July 2018) concluded that new mutagenesis techniques fell within the scope of this
Directive, while raising practical issues of applicability. Following this judgment, the European
Council invited the European Commission to carry out a study regarding the status of new
genomic techniques (NGTs) under Union law (Council Decision (EU) 2019/1904 of 8
November 2019).

In the study published on 29 April 2021, the Commission concluded that current European
Union (EU) legislation on GMOs was not appropriate for some of these NGTs, which were
formally defined for the first time as being “techniques that are capable of altering the genetic
material of an organism and that have emerged or have been developed since 2001”. In
particular, this study mentioned that the risk assessment provided for in the current legislation
had been deemed sometimes inadequate or disproportionate, and that the detection
requirements were often inapplicable for plants and plant products obtained through targeted
mutagenesis? or cisgenesis techniques.

In this context, on 5 July 2023, the European Commission adopted a Proposal for a
Regulation®, one of whose aims was to provide a response to the issues raised by the
emergence of these new techniques.

The scope of this Proposal for a Regulation is limited to plants and plant products modified
through certain NGTs, as part of requests for release into the environment for purposes other
than placing on the market (field trials), and applications for marketing authorisation (MA) for
all purposes. The Proposal for a Regulation is intended to constitute lex specialis with regard
to EU GMO legislation. The rules set out in the Regulation are meant to take precedence over
existing legislation, in particular Directive 2001/18/EC and Regulation (EC) No 1829/2003* as
regards the placing on the market of plants and products or parts of products derived from
such plants for use in food and/or feed.

What does the Proposal for a Regulation cover? The Proposal distinguishes between two
categories of NGT plants. Category 1 plants, mentioned as being equivalent to naturally
occurring or conventionally bred plants, are defined by criteria for equivalence to conventional
plants set out in Annex | to the Proposal for a Regulation. Once their category 1 status is
established, these plants will no longer be subject to EU legislation on GMOs. On the other
hand, NGT plants that are not category 1 are category 2 and will remain covered by GMO
legislation, subject to specific provisions and derogations.

Purpose of the internal request

The Regulation is due to be adopted under the ordinary legislative procedure, involving
debates and voting in the European Parliament and Council. At this stage of the proposal, this
Opinion is intended to inform the preparation of the public decision-making process. In light of
time constraints, the internal request focused on a review of the equivalence criteria for defining
category 1 NGT plants as mentioned in Annex | to the Proposal for a Regulation. This point is
considered sensitive within the legislative proposal because it establishes a new category of
genetically modified plants that would be exempted from the requirements of EU GMO

2 Also known as site-directed mutagenesis.

3 Proposal for a Regulation of the European Parliament and of the Council on plants obtained by certain new
genomic techniques and their food and feed, and amending Regulation (EU) 2017/625.

4 Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22 September 2003 on
genetically modified food and feed. OJ L 268 of 18.10.2003, pp. 1-23.
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legislation, in the same way as plants derived from conventional crossing or random
mutagenesis techniques under the current framework.

Scope and limitations of the expert appraisal

This internal request focused on the analysis of the proposed criteria for concluding whether
certain NGT plants are equivalent to conventional plants.

These criteria, set out in Annex | to the Proposal for a Regulation, were analysed together with
the definition of the NGT plants in question, based mainly on the technical paper® of the
European Commission services dated 16 October 2023 (hereinafter referred to as the
“technical paper”), with the aim of answering the following key question: to what extent can
plants defined in this way actually be considered equivalent to conventional plants?

To this end, for the dual purpose of clarification and scientific analysis, this work focused on:
- reviewing the proposed equivalence criteria for defining category 1 NGT plants,

- highlighting potential questions and limitations in the definition of these criteria, by
reviewing their scientific basis and considering the usefulness of additional criteria.

The issue of the risk assessment framework for NGT plants gave rise to another formal request
(No 2021-SA-0019), for which work is already being carried out.

2. ORGANISATION OF THE EXPERT APPRAISAL

This expert appraisal was carried out in accordance with the French standard NF X 50-110
“Quality in Expertise — General Requirements of Competence for Expert Appraisals (May
2003)".

As this expert appraisal was a scientific analysis of equivalence criteria, it did not constitute an
expert appraisal in risk assessment. It was entrusted to the Working Group (WG) on
“Biotechnology”, which met on 22 November 2023 based on initial reports written by three
expert rapporteurs. It was conducted based on the Proposal for a Regulation on NGTs adopted
by the European Commission on 5 July 2023, its Annex |, and the European Commission’s
technical paper presenting the rationale for the criteria set out in this Annex; it also considered
additional information deemed necessary by the experts in the WG on “Biotechnology”.

ANSES analyses interests declared by experts before they are appointed and throughout their
work in order to prevent risks of conflicts of interest in relation to the points addressed in expert
appraisals.

The experts’ declarations of interests are made public on the following website:
https://dpi.sante.gouv.fr/.

3. ANALYSIS AND CONCLUSIONS OF THE WG

The criteria of equivalence between NGT plants and conventional plants, set out in Annex | to
the Proposal for a Regulation to define those plants that would be exempted from the

5 European Commission services, Regulation on new genomic techniques (NGT) — Technical paper on the rationale
for the equivalence criteria in Annex I, 16 Oct. 2023.
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requirements of EU GMO legislation, were reviewed with the dual purpose of clarifying and
scientifically analysing these proposals.

3.1. Clarification of the objective of Annex | on “Criteria of equivalence of NGT
plants to conventional plants” — definition of the terms, scope and techniques
considered

Analysing the equivalence criteria set out in Annex | to the Proposal for a Regulation required
a preliminary phase of clarifying the objective of these criteria, by defining the terms used and
then the scope of the objects being compared, based on the rest of the text of the Proposal for
a Regulation and the European Commission’s technical paper on the rationale for the criteria
used, published on 16 October 2023.

3.1.1. “Equivalence criteria”

Recital 14 of the Proposal for a Regulation states that the objective of the “equivalence criteria”
is to identify a subset of plants obtained through NGTs that could have occurred naturally or
been produced through conventional breeding techniques. The aims are therefore to compare,
within these plants, genetic modifications induced by NGTs with genetic variations or
modifications that could occur naturally or result from conventional breeding techniques, and
to define objective and scientifically based criteria that would ensure that the NGT plants
meeting these criteria could indeed have occurred naturally or been produced using
conventional breeding techniques.

3.1.2. The “NGT plants” considered in the Proposal for a Regulation

As a reminder, NGTs are defined in the explanatory memorandum of the Proposal for a
Regulation as being “a variety of techniques that can alter the genetic material of an organism
and that have emerged or have been developed since 2001, when the Union legislation on
genetically modified organisms (GMOs) was adopted”.

The term “NGT plant” used in the Proposal for a Regulation refers to a subset of plants
obtained through these NGTs. In Article 3 of the Proposal for a Regulation, an “NGT plant” is
defined as a “genetically modified plant obtained by targeted mutagenesis or cisgenesis, or a
combination thereof, on the condition that it does not contain any genetic material originating
from outside the breeders’ gene pool that temporarily may have been inserted during the
development of the NGT plant”.

This definition refers to a set of breeding techniques and an exclusion criterion, respectively
described and analysed in the following sections.

3.1.2.1. Breeding techniques concerned and associated genetic modifications

The terms “targeted mutagenesis” and “cisgenesis” are defined in Article 3 of the Proposal for
a Regulation as follows:

Targeted mutagenesis: “mutagenesis techniques resulting in modification(s) of the DNA
sequence at precise locations in the genome of an organism”;
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Cisgenesis: “techniques of genetic modification resulting in the insertion, in the genome of an
organism, of genetic material already present in the breeders’ gene pool”;

where “breeders’ gene pool” is defined in Article 3 as meaning the “total genetic information
available in one species and other taxonomic species with which it can be cross-bred, including
by using advanced techniques such as embryo rescue, induced polyploidy and bridge
crosses”.

The WG on “Biotechnology” stresses that the definition of “breeders’ gene pool” is unclear; this
is particularly true for the term “genetic information”, which should be explained. Other texts,
in particular the EFSA opinion on cisgenesis (EFSA GMO Panel, 2012), were consulted to
determine that reference was being made to the genetic resources available to breeders for
the plant breeding of a given species and not just to a gene pool, i.e. a set of coding genes. In
other words, this appears to encompass genetic material from all the genomes of the plants
with which the plant in question can be cross-bred, whether naturally or by means of more or
less advanced conventional breeding techniques, outside the scope of Directive 2001/18/EC.

Therefore, the Proposal for a Regulation refers not to defined genetic modification techniques
but to the characteristics of their final products, in which specific genetic modifications have
been induced, i.e.

- targeted mutations (limited to changes to the DNA sequence at specific sites in the
genome, excluding changes to the epigenome or RNA);

- the insertion of genetic material from the breeders’ gene pool.

To analyse the relevance of the criteria set out in Annex |, the WG on “Biotechnology”
considered it necessary to identify the techniques capable of generating these genetic
modifications, in order to be able to take into account all of the genetic modifications that they
may induce, whether intentional or unintentional.

3.1.2.1.1. Targeted (or site-directed) mutagenesis techniques

Targeted mutagenesis refers to a set of techniques that emerged in the late 1990s, have been
further developed since the early 2000s, and are constantly improving in terms of ease of
implementation, the efficacy of the precision of the desired modifications, and the minimisation
of unintended effects in a growing number of plant species.

It should therefore be noted that the analysis conducted was based solely on the techniques
available today, bearing in mind that scientific and technical progress will have to be taken into
account.

According to the state-of-the-art review published by the European Commission’s Joint
Research Centre (JRC) in 2021 (Broothaerts et al., 2021), which proposed a new classification
where NGTs were divided into four groups, targeted mutagenesis techniques within the
meaning of the Proposal for a Regulation, i.e. techniques capable of inducing modifications of
the DNA sequence at precise locations in the genome include:

- Group 1 techniques, based on various DNA repair mechanisms following the targeted
induction of a double-strand break. These include all techniques using site-directed
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nucleases (SDNs) (with targeted mutagenesis, they are limited to SDN-1 and SDN-2°
applications) as well as other more recent techniques using site-specific recombinases
(SSRs);

- Group 2 techniques, based on DNA repair following the induction of a single-strand
break or another mechanism not involving any DNA break. These techniques use
SDNs where a nuclease has been modified (base editing, prime editing) or are based
on the use of an oligonucleotide (oligonucleotide-directed mutagenesis (ODM)), which
can be made more effective if Group 1 SDNs are used concomitantly.

The Group 3 and 4 techniques described by the JRC involve epigenome and RNA
modifications, respectively, and therefore fall outside the scope of the definition of targeted
mutagenesis used in the Proposal for a Regulation.

Via various mechanisms, described in detail in the JRC report, these techniques can be used
to intentionally induce different types of targeted mutations, such as substitutions of one or a
few bases, small insertions or deletions (indels), or larger deletions (using targets at the ends
flanking the sequence to be deleted) (Broothaerts et al., 2021) (Table 1).

Their implementation is liable to concomitantly induce unintended on-target and off-target
modifications of different types and at different frequencies depending on the technique used
(Broothaerts et al., 2021) (Table 1).

In a review on the unintended effects of techniques using CRISPR-Cas’ editing in particular,
unintended modifications were reported at the site specifically targeted (small substitutions or
indels) or outside the site but within the targeted gene (essentially deletions of various sizes)
(Sturme et al., 2022) (Table 1).

Unintended off-target genetic modifications can be induced due to a lack of specificity in sites
with some degree of homology to the target. This same review reported small indels and
nucleotide substitutions in sites homologous to the target (Sturme et al., 2022) (Table 1).

Other unintended off-target genetic modifications have been reported elsewhere in the
genome, for example with residual transgenic elements at the site of temporary insertion of the
effectors of the targeted modifications (see below), and elements of transformation vector
sequences (Sturme et al., 2022) (Table 1).

3.1.2.1.2. Cisgenesis techniques (as defined in the Regulation)

The definition of cisgenesis given in Article 3 of the Proposal for a Regulation needs to be
further clarified. Indeed, the explanatory memorandum states that cisgenesis as considered in
the Proposal for a Regulation includes intragenesis:

[Cisgenesis]: “Insertion of genetic material (e.g. a gene) into a recipient organism from a donor
that is sexually compatible (crossable). The exogenous genetic material can be introduced
without (cisgenesis) or with modifications/rearrangements (intragenesis)”.

This is not the case in the definition of cisgenesis considered by default by EFSA (EFSA GMO
Panel, 2022) and the JRC (Broothaerts et al., 2021).

6 Specific application conditions for SDNs, resulting in point mutations or insertions/deletions of a few nucleotides,
without any insertion of exogenous DNA. These targeted mutations can be either random and not pre-determined
(SDN-1), or pre-determined, with the addition of a repair matrix (SDN-2).

7 CRISPR: Clustered regularly interspaced short palindromic repeats. Cas: CRISPR-associated protein.
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Recital 2 also states that “cisgenesis techniques result in the insertion, in the genome of an
organism, of genetic material already present in the breeders’ gene pool. Intragenesis is a
subset of cisgenesis resulting in the insertion in the genome of a rearranged copy of genetic
material composed of two or more DNA sequences already present in the breeders’ gene
pool”.

The WG on “Biotechnology” considers that the inclusion of intragenesis in cisgenesis should
appear in the definition of cisgenesis given in point 5 of Article 3 of the Regulation.
Furthermore, the WG underlines that referring to the whole and one of its parts in the same
way may lead to confusion.

The WG on “Biotechnology” also notes that the definition of cisgenesis considers the insertion
of “genetic material” and not of a gene or a complete expression unit coding for a protein; this
change in definition has also been taken into account by EFSA (EFSA GMO Panel, 2012,
2022).

Moreover, it should be noted that the Proposal for a Regulation, as drafted, applies to all
cisgenesis products, whether or not they have been produced through targeting.

The WG on “Biotechnology” notes that in the absence of targeting, the JRC does not consider
cisgenesis/intragenesis techniques to be NGTs (Broothaerts et al., 2021).

Therefore, the techniques capable of cisgenesis as defined in the Proposal for a Regulation
include:

- all established genetic transformation techniques capable of randomly inserting
exogenous genetic material into the genome (transformation techniques using
Agrobacterium tumefaciens or rhizogenes, biolistic transformation, etc.), as long as this
genetic material comes from the breeders’ gene pool, whether it is inserted identically
(cisgenic sequence) or with rearrangements (intragenic sequence),

- genetic transformation techniques enabling the targeted insertion of a cisgenic or
intragenic sequence, i.e.

o standard transformation techniques using Agrobacterium, applied to a plant in which
a predetermined landing site has been inserted, characterised and selected,

o Group 1 NGTs using SDNs for an SDN-3 application, i.e. enabling an exogenous
sequence to be inserted into the genome, or based on other mechanisms, such as
SSRs,

o prime editing which, according to EFSA, is the only Group 2 NGT that can be used
to insert relatively long sequences (but not exceeding 100 bp) that may induce
cisgenesis. A variant of this technique (TwinPE), which was recently developed,
enables even longer sequences to be inserted (Anzalone et al., 2022; EFSA GMO
Panel, 2022).

Furthermore, these Group 1 and 2 NGTs can be used to define the target of cisgenesis so that
the cisgenic sequence is inserted at the site of the orthologous gene, possibly by substituting
the new allele for the original allele if applicable.

These are the techniques considered by EFSA in its updated opinion on plants developed
through cisgenesis and intragenesis (EFSA GMO Panel, 2022).

In light of criterion 5, it would seem that other techniques, such as SDN-2 targeted mutagenesis
and the broader insertion/substitution of gene elements, could also be considered as inducing
cisgenesis within the meaning of the Regulation, in that they could be used to modify or convert
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an endogenous sequence into another sequence from the breeders’ gene pool, regardless of
the type of modification carried out (see the analysis of criteria).

As with targeted mutagenesis, some of these techniques may require that effectors be inserted
into the genome as an intermediate step. It will be necessary to ensure that these have been
completely removed once the desired modification has been made (see exclusion criterion
3.1.2.2)).

These various techniques are listed in Table 1 according to their potential for cisgenesis and
their possible unintended effects.
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Table 1. Summary table of NGTs capable of targeted mutagenesis and cisgenesis, with the genetic modifications that they can induce intentionally and are liable to induce unintentionally.

- . . £
- - S | N - Possible unintended genetic modifications
Intended tic modificatio d in th d R
R S cations M [occasionally observed, at various frequencies, in the use of these technigues)
- = Unintended Unintended
Targeted mutagenesis = Cisgenesis ) -
& = == on-target modifications off-target modifications
=== at the targeted site or im the | at sites homologous to the Presence of transgenic
targeted mutagenesis and - o= Other modifications
- . targeted gene target elements
cisgenesis)
. . . . Residual elements of o
Large deletions Modifications within a Insertion outside an | Substitutions of one or a few | Substitutions of one or a few effectors of targeted Substitutions of one or a few
Substitutions of one or a | Small and medium-sized e P Substitution of a cisgene endogenous gene bazes, small and medium- bases, small and medium- . - E bases, small and medium-
N X . (flanked by 2 targeted gene resulting ina o X . L N X medifications, o . .
few bases insertions/deletions . - for an endogenous gene [targeted or non- sized insertions/deletions, | sized insertions/deletions, N sized insertions/deletions,
mutagenesis sites) cisgene - - transformation vector .
targeted) larger deletions larger deletions structural variants
elements, markers, etc.
{not predetermined) {not predetermined)
SDN-1 lbp 14 bp Yes No No No reported reported reported reported
(2-4 bp) (<100}
1
bp 1-4 bp
SDN-2 2-4bp >abp No Yes Mo No reported reported reported reported
>4 bp
1bp 3 not applicable
oom 2-4bp 1-4bp No Yes No No (not analysed] (not analysed) [ro transformation) (not analysed)
Base editing 1bp No No Yes Mo No not reppned" reported not reported not reported
Prime editin Lbp L-4bp k¢ Yes® Yes™© ves™? [mot analysed) {not analysed) (not analysed) {not znalysed)
E 2-4bp <100 e e = (targeted) v ¥ vee
lewls:hei-::tion rssm No No Yes Yes Yes {tar:zed] [mot analysed) {not analysed) {not analysed) {not analysed)
SDN-3 N N N W ¥ e sal ialf ial® sal*
- o o o =13 a5 (targeted) potential potential potential potential
Transformation by .
Agrobacterium ata Yes® nat appliczble
g , X No No No No No e potential® | priori no other sequences potential® potential®
predetermined landing (targeted) L
X similar to the target)
site
Standard transformation & not zpplicable not applicable :
X No No No No No Yes PP P potential® potential®
techniques [not tarzeted) [mo target] {no target)

1. Information primarily taken from the JRC's state-of-the-art review on NGTs (Broothaerts ef ol ., 2021); 2. Information primarily taken from the systematic literature review on the unintended effects of targeted mutagenesis by CRISPR/Cas (Sturme et ol ., 2022); 3. Means that the information, outside the scope of
the publications consulted, was not analysed by the WG on “Biotechnology”; 4. Modifications not repoerted in the analysis by Sturme et af - (2022); 5. Anzalone et al . (2022); 6. EFSA GMO Panel (2022).

SDMs: site-directed nucleases, including zinc-finger nucleases {ZFNs), meganucleases [MMs), transcription activator-like effector nucleases (TALEMs), and clustered regularly interspaced short palindromic repeats with associated protein [CRISPR/Cas); SDM-1 and SDN-2: specific application conditions for SDNs,
resulting in point mutations or insertions/deletions of a few nuclectides, without any insertion of exogenous DMA. These targeted mutations can be either not predetermined (SDN-1) or predetermined [SDN-2); SDN-3: specific application conditions for SDNs, resulting in the insertion of an exogenous sequence;
QDM: oligonuclectide-directed mutagenesis.
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3.1.2.1.3. The issue of standard transgenesis techniques

The WG on “Biotechnology” underlines that even though standard transgenesis techniques
are not mentioned among the breeding techniques considered in the definition of NGT plants,
they are still commonly used as an intermediate step of most NGT applications in plants to
enable the expression of the effectors involved in the targeted modifications (e.g. CRISPR-
Cas cassettes).

Inserts must be removed once the targeted modification has been carried out for a number of
reasons, in particular (1) to increase the specificity of the technique, as their prolonged
expression has been associated with an increased likelihood of off-target modifications, (2) to
reduce the risks potentially associated with the random insertion of foreign genetic material
into the genome, and (3) because from a regulatory perspective, the presence of transgenic
elements in a plant makes it a transgenic plant, subject to the requirements of EU GMO
legislation.

These inserts can be removed by genetic segregation and selection, in the progeny, of plants
free of these inserts or, when cross-breeding is not possible (with vegetatively propagated
plants) or advantageous (with plants with particularly long reproductive cycles), by other means
such as excision techniques (e.g. the Cre-Lox system).

Methods other than the temporary insertion of effectors can be implemented, without a
transgenesis step (e.g. using ribonucleoprotein (RNP) complexes) (He et al., 2021).

3.1.2.2.  Criterion for excluding foreign genetic material from the whole genome

The definition of NGT plants contains this criterion for excluding foreign genetic material from
the whole genome: “on the condition that it does not contain any genetic material originating
from outside the breeders’ gene pool that temporarily may have been inserted during the
development of the NGT plant”.

This criterion may concern the following:

- residual transgenic elements of NGT effectors inserted as an intermediate step in the
targeted modification,

- residual transgenic elements of markers that may have been used as an intermediate
step in cisgenesis or intragenesis,

- transgenic elements from the transformation vector (used in an intermediate-step
transformation with NGTs or in a standard transformation with non-targeted
cisgenesis), which were never intended to be inserted in the first place.

The WG on “Biotechnology” considers that if this genetic material has indeed been inserted
“temporarily”, it should no longer be present in the NGT plant. As this adds nothing to the
condition presented, it recommends deleting the end of the sentence, after “pool”.

Although it is not mentioned in Annex I, this criterion is one of the points that the requester
must demonstrate in the procedure for verifying the status of category 1 NGT plants (Article 6
of the Proposal for a Regulation).
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3.1.3. “Conventional plants” according to the Proposal for a Regulation

No definition of “conventional plants” is given in the Proposal for a Regulation. However, in its
presentation of the equivalence criteria, Recital 14 refers to “naturally occurring or
conventionally bred plants”, which could be what the Proposal for a Regulation means by
“conventional plants” in Annex I.

As natural variation is the primary source of genetic variability used in plant breeding, the WG
considers it makes sense for it to be considered in conjunction with conventional breeding
techniques. However, the Proposal for a Regulation does not provide a definition of the
conventional breeding techniques considered either.

The WG notes, however, that random mutagenesis is one of these techniques, defined in the
impact assessment report® as “an umbrella term used to describe conventional breeding
techniques based on mutagenesis that have been used since the 1950s; they involve irradiation or
treatment with chemicals in order to produce random mutations in a genome, and typically involve
screening of a large number of mutants to select one with desirable properties”.

The WG also notes that the analysis of the scientific literature on naturally occurring mutations
and mutations obtained through conventional breeding techniques presented in the technical
paper as rationale for the equivalence criteria in Annex | is largely based on mutations caused
by random mutagenesis techniques. The WG stresses that, according to Annex IB of Directive
2001/18/EC, (random) mutagenesis is a genetic modification technique producing organisms
excluded from the scope of this Directive.

Given that the system for categorising NGTs in this Proposal for a Regulation is based on a
comparison with “conventional plants”, the WG considers it absolutely essential that these be
explicitly defined.

3.1.3.1. Various sources of genetic variability in plant breeding

Plant breeding is one of the breeding techniques considered as being conventional. It largely
depends on the genetic variability available. Mutations contribute to the creation of this genetic
diversity via point or structural changes in nuclear or cytoplasmic DNA sequences.

Spontaneous mutations are caused by DNA replication errors during cell division, by irradiation
(ultra-violet, cosmic radiation), chemical or physical stress, or even parasitic attacks (Quiroz et
al., 2023). The rate of spontaneous mutation varies depending on the type of mutation. For
substitutions and small indels, the mutation rate is between 10-'° and 108 in plants (Quiroz et
al., 2023), which corresponds to around one mutation every 100 million base pairs in each
generation (although transitions are more frequent than transversions).

Indels of microsatellite-type repeated motifs occur at a much higher frequency, of around 10
to 103 per generation. Conversely, large indels and other types of structural variants
(inversions, duplications, transpositions) appear to be much less frequent, but it is still difficult
to estimate their rate of occurrence (Quiroz et al., 2023). In plants, many of these structural
variants are caused by the activity of transposable elements. In some plants, such as maize,
these elements can account for a major portion of the genome (Gill et al., 2021).

8 Impact assessment report of 5 July 2023 accompanying the document Proposal for a Regulation of the European
Parliament and of the Council on plants obtained by certain new genomic techniques and their food and feed, and
amending Regulation (EU) 2017/265.
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The amount of genetic variation that is maintained in natural populations is the result of a
balance between processes that tend to increase variation (mutations and migrations between
different populations) and those that tend to decrease it (genetic drift and natural selection)
(Charlesworth and Charlesworth, 2010).

The genetic diversity present in a selected species is therefore the result of the combined
action of mutation, genetic drift, selection and migration phenomena. Breeders have partial
access to this genetic diversity via international genetic resource centres, which bring together
accessions of cultivated varieties and wild ecotypes. They can also seek to introduce genetic
diversity from related sexually compatible species through interspecific hybridisation.

When the available genetic diversity is not sufficient in a species or its relatives to select a
given trait, additional genetic diversity can be induced via mutagenesis. The aim is to sharply
increase the frequency of mutations controlling the expression of the trait compared with the
frequency of spontaneous mutations (a 1,000- to 10,000-fold increase), which facilitates the
selection of the desired traits by greatly reducing the population to be used (HCB, 2020).

3.1.3.2. Conventional breeding techniques and associated genetic variability

It can be considered that conventional breeding methods and techniques have been used
since the early days of plant domestication, when humans began to cultivate some of the plants
they harvested for food and a selection process different from natural selection emerged,
leading to the fixation of so-called “domestication traits”. Various methods have since been
developed and combined to a greater or lesser extent (phenotypic selection, the use of
controlled crosses, the transfer of genes of major effect by backcrossing or interspecific
hybridisation, marker-assisted selection, and genomic selection. Other methods include ploidy
modification and the synthesis of allopolyploid species) (Gallais, 2019).

Many of these conventional techniques do not use molecular knowledge of the genetic
variation mobilised, or else only in the form of statistical associations with markers. The genetic
variation resulting from conventional methods can therefore only be described a posteriori (e.g.
with genome sequencing).

Regarding quantitative traits, conventional breeding can lead to large-scale phenotypic
modifications in the long term, probably mobilising numerous genes as well as spontaneous
mutations.

Regarding mono- and oligogenic traits, large-scale phenotypic modifications can be introduced
instantly by cross-breeding, although this must be followed by backcrossing. The larger the
number of genes underlying a trait, the more difficult it becomes to combine favourable alleles
in the same genotype, and the greater the risk of introducing unintended genetic material
through the “hitchhiking” of genetically linked mutations. Some specific techniques produce
major modifications in genomes, ranging from ploidy modification to the synthesis of new
genomes.

Pan-genome studies describe the types and number of genetic variations in cultivated plants.
There are around one million substitutions and small indels, and around 10,000 to 100,000
structural variants. Most indels are around 1 kb in length. Very large structural variants
(inversions, translocations, duplications) are also observed, but much less frequently. Gene
presence-absence variation is significant in all species, with around 30% to 60% of core genes
conserved in all varieties.
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The heterogeneity of genetic variation along genomes is due to heterogeneous selective
pressures on genes. The regions surrounding highly selected genes are low in variation,
particularly for a recent selection event with a low rate of recombination (this is known as a
selective sweep). In allopolyploids, the different genomes can have different levels of genetic
variation. Core genes are essential genes that are probably conserved by purifying selection,
while facultative genes play an important role in phenotypic variation between varieties for
adaptive traits such as disease resistance.

Concerning random mutagenesis, the types of mutations induced differ depending on the
technique used. Mutagenesis using ethyl methanesulphonate (EMS) mainly induces G/C and
AJT transitions (Szurman-Zubrycka et al., 2023). In rice, Li et al. (2016) noted that mutagenesis
induced by irradiation induced more transversions, in particular C/T transversions, than
observed between unmutagenised varieties. Compared with the EMS method, irradiation
induces more structural variants, with fast-neutron irradiation producing a high proportion of
deletions (Wang et al., 2012).

TILLING® populations have been described in various cultivated plants, enabling the number
of mutations obtained by EMS treatment to be characterised (Jacob et al., 2018; Szurman-
Zubrycka et al., 2023). Typically, random mutagenesis using EMS results in one mutation
every 100 to 1,000 kb, provided that large populations (1,000 to 10,000 individuals) are used.
It is therefore theoretically possible to achieve at least one mutation in each gene. However,
these figures vary depending on the species and ploidy level. One study in particular showed
that considerably higher numbers of mutations can be achieved by EMS-induced mutagenesis
in tetraploid wheat (2,705 mutations per line on average and 35 mutations per kb) and
hexaploid wheat (5,351 mutations per line on average and 39 mutations per kb). For this study,
mutations were only sought in the exome (Krasileva et al., 2017). The distribution of mutations
appears to be uniform along the genome in rice (Li et al., 2016) and uniform between gene
and non-gene regions in wheat (Krasileva et al., 2017).

3.2 Analysis of the equivalence criteria proposed in Annex |

3.2.1. Statement of equivalence criteria between NGT plants and conventional
plants

Annex | to the Proposal for a Regulation of 5 July 2023 on NGTs sets out Criteria of
equivalence of NGT plants to conventional plants as follows:

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;

9 Targeted Induced Local Lesions in Genomes (TILLING): a conventional breeding technique used to select
mutants carrying mutations of interest by carrying out a high-throughput molecular analysis of a library of DNA from
the offspring of a genotype treated with a mutagenic agent.
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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.

3.2.2. Analysis by criterion

As a preamble to this analysis by criterion, the WG points out that the qualifiers “acceptable”
and “tolerable”, used to describe certain parameters, thresholds and conditions associated
with the criteria, relate to the robustness of the comparison, i.e. its ability to correctly classify
plants in either of the two categories of NGTs based on their definitions, and not to the
acceptability or tolerability of the NGT plants thus categorised.

3.2.2.1.  Criterion 0 — General conditions

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.

m Clarification

This sentence sets out the general conditions applicable to category 1 NGT plants. Based on
its understanding of this proposal, the WG on “Biotechnology” notes the following key points:

- the conditions relate exclusively to a targeted site and to similar DNA sequences that
can be predicted using bioinformatic tools;

- amaximum number of 20 genetic modifications is accepted in the above sites;

- each type of genetic modification must correspond to one of the types described in the
points developed subsequently.

Based on its understanding of the proposed threshold, the WG suggests clarifying the text by
replacing “when it differs (...) by no more than” with “that does not differ by more than”. This
would give the following, which is easier to understand: “Any NGT plant that does not differ by
more than 20 genetic modifications (...) from the recipient/parental plant is considered
equivalent to conventional plants”.

m Techniques concerned

These general conditions apply a priori to all possible techniques for obtaining a NGT plant,
i.e. techniques capable of targeted mutagenesis and cisgenesis (including intragenesis). The
focus on sequences sharing similarity with a targeted site suggests that non-targeted
techniques are not covered by these conditions. This point will be discussed in the comments.

m Comments

- Definition of “targeted site”:

No details are given in the Proposal for a Regulation with regard to the term “targeted site”.
The WG on “Biotechnology” considers that the definition of this site is decisive in the application
of each of the proposed criteria.
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Two aspects need to be considered: (1) the region that will be used to identify similar
sequences that could be unintentionally modified due to the lack of specificity of the technique,
and (2) the region in which genetic modifications of the various types listed in the following
points will be searched for. These two aspects could be separated in a composite definition:
(1) a sequence restricted around the targeted site for the search for sequence similarities, and
(2) a broader sequence, suitable for the search for associated genetic modifications.

Concerning the site sequence used for the similarity search: the WG considers that, given the
heterogeneity of the techniques potentially implemented, it would seem inappropriate to set a
standard size for the sequences considered in each application. The WG recommends that
the size and location of the sequence used for the similarity search be defined based on the
specific technique implemented to target the modification.

Similarly, the WG on “Biotechnology” considers that the region in which modifications will be
searched for should be established based both on the type of intentional modification carried
out at the site concerned and on the type of modifications searched for.

For example, for a technique using CRISPR-Cas9, the site used for the similarity search could
only correspond to the recognition region of the guide RNA (which is around 20 nucleotides
long) or a small window including this region. The entire targeted gene could be considered
for the search for unintended genetic modifications. This would provide a way to detect
deletions liable to occur in the targeted gene but outside the site targeted by the modification,
as reported in the review by Sturme et al. (2022).

For cisgenesis, the WG considers that the site used for the similarity search could be a given
window around the insertion site depending on the targeting technique used, and the sequence
used to search for genetic modifications could cover a wider window, including the inserted
cisgenic sequence; for large deletions via DNA breaks at sites flanking the window to be
removed, these two sites should be considered together for the similarity search, while wider
adjacent regions should be used to search for associated modifications.

The WG therefore recommends that the definition of “targeted site” be clarified so that
the resulting criteria remain appropriate. In the absence of such a definition, the WG
notes that there is a risk of distortions between dossiers, related to the interpretation of
each requester.

- ldentification of similar sequences:

The determination of “any DNA sequence sharing sequence similarity with the targeted site”
will depend not only on the sequence considered by reference to the “targeted site”, but also
on a similarity threshold (or a given percent identity), the genomic data available for the species
in question, and the software and parameters used.

- Maximum threshold of 20 genetic modifications:

The technical paper of the European Commission services (EC, 2023) justifies this threshold
by citing the objective of excluding NGT plants with complex modifications unlikely to be
obtainable by conventional breeding techniques. In this paper, the example of obtaining a low-
gluten wheat line illustrates the ability of CRISPR-Cas9 to simultaneously modify up to 35 of
the 45 genes in wheat encoding the alpha-gliadin protein (Sanchez-Ledn et al., 2018). As this
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result cannot be achieved using conventional techniques, a NGT plant modified in this way
cannot be considered equivalent to conventional plants.

While the objective of such a threshold is clear, the WG considers there is no justification for
choosing 20 as the maximum number of genetic modifications accepted in order for a NGT
plant to be considered equivalent to conventional plants. The technical paper’s rationale is
based on the identification of 30 to 100 mutations per plant induced by random mutagenesis.
The WG considers that this comparison seems irrelevant given that the number of these
mutations varies depending on the intensity of the mutagenic treatment and that breeders then
remove unintended mutations by genetic segregation, which they would not necessarily do
following targeted mutagenesis.

Furthermore, on such a basis of numerical equivalence, it would be expected that the definition
of a maximum number of genetic modifications accepted per genome would depend on the
size of the genome and would therefore not be set in absolute terms. If a parallel is drawn with
the number of mutations induced by random mutagenesis, it is expected that for an equivalent
density of mutations in a genome, a greater number will be induced in a larger genome.

Regarding the consideration of ploidy, the WG notes that in polyploids, a greater number of
modifications will need to be made to achieve a given phenotype due to the functional
redundancy of the homeologous genes. For example, in hexaploid wheat, targeted
modifications had to be made to the three homeologous alleles of the MLO gene to confer
resistance to cereal powdery mildew (Wang et al., 2014). Therefore, for a given threshold of
genetic modifications, low-ploidy plants will be favoured in that they will have the ability to
accumulate more single genetic modifications.

Moreover, as the likelihood of obtaining similar mutations in different homoeologs using
conventional breeding techniques is very small, it seems logical that these plants are less likely
to achieve category 1 status due to the complexity of the modifications made with NGTs.

On the other hand, if it is established that these mutations exist in the breeders’ gene pool,
obtaining such a line using conventional techniques would not be impossible but would be
extremely laborious due to the large number of crosses it would require. In this specific case,
where targeted mutagenesis would make it easier and faster to obtain a combination of
modifications that could also be achieved using conventional techniques, equivalence would
be justified.

This discussion shows that a numerical threshold is not always the most appropriate criterion
for deciding whether a NGT plant is equivalent to a conventional plant.

The WG on “Biotechnology” underlines that this comment is also valid for the opposite situation
where certain modifications themselves have a very low likelihood of being produced using
conventional breeding techniques. Therefore, when the desired phenotype can only be
obtained through a single modification to the sequence of a gene and this modification is not
present in the breeder’s gene pool, the likelihood of obtaining it by conventional breeding or
identifying it in natural populations becomes very low. For example, the WG notes that
obtaining a tomato variety with increased GABA content required the introduction of a stop
codon at a specific point in the sequence of the SIGAD3 gene to suppress the expression of
the C-terminal regulatory region (Nonaka et al., 2017). The authors report that in a previous
study using 4,588 mutagenised lines, the two mutations identified via TILLING in the SIGAD3
gene were not located at a position that could have affected the expression of the C-terminal
region. In the WG’s opinion, this example shows that the low likelihood of obtaining a plant
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using conventional breeding techniques is not necessarily related to the combination of a large
number of modifications.

Lastly, the WG on “Biotechnology” notes that a numerical approach to genetic modifications is
likely to lead to practical difficulties in counting, both for the requester and for the authorities
responsible for examining the request, as some modifications may or may not be considered
as being the sum of different types of modifications set out in Annex |.

- “Off-target” genetic modifications in sequences similar to the target:

The WG underlines that these general conditions mean that unintended genetic modifications
induced due to a lack of specificity, in sites with a certain degree of homology to the target, will
be counted among the 20 accepted genetic modifications, without being considered in terms
of potential negative effects. The technical paper, whose equivalence rationale is based on a
simple molecular analysis of the occurrence of certain types of genetic modifications, does not
address the issue of risk.

The WG notes that the number of these unintended genetic modifications decreases as the
specificity of NGT targeting techniques increases, and that it is well below the number of
modifications induced by certain techniques such as random mutagenesis that are considered
conventional in the Proposal for a Regulation (Sturme et al., 2022). It should be noted,
however, that the latter modifications are largely removed via gene segregation in the selection
steps following random mutagenesis, which is not necessarily the case with NGTs.

The WG on “Biotechnology” recommends removing these unintended modifications whenever
possible from NGT plants, and when this is impossible or difficult (e.g. for plants with vegetative
propagation or a long life cycle), assessing the potential risks and only tolerating them if they
are considered negligible.

- Genetic modifications in the rest of the genome:

The WG on “Biotechnology” underlines that these general conditions, which focus on a
maximum number of acceptable genetic modifications at the targeted site and in similar
sequences, seem to ignore, rather than exclude, possible modifications occurring in the rest
of the genome. Is any modification outside the target and similar sequences (apart from the
presence of transgenic elements, excluded from the definition of NGT plants) therefore
tolerated?

For example, with non-targeted cisgenesis/intragenesis, none of the proposed criteria would
apply due to the absence of a target, but the current wording of this criterion would cause the
modification to be tolerated without even being counted. As Annex | has been drafted, while it
does not relate to modifications outside of targets and similar sequences, it does not explicitly
exclude them.

This is also true for any unintended modifications occurring outside the site and similar sites,
such as insertions/deletions, frameshift mutations, and any type of structural variant, which
could occur at the temporary insertion site of the NGT effectors: apart from transgenic
elements, these would be tolerated without conditions or counting.

The WG on “Biotechnology” requests an explicit clarification of the genetic modifications,
excluding transgenic elements, that could be induced in the rest of the genome.
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3.2.2.2.  Criterion 1

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

m Clarification

This point indicates that substitutions and insertions are accepted up to a maximum insert size
of 20 nucleotides (at the targeted site and in similar sequences, according to the general
conditions).

The technical paper specifies that a substitution can be considered as a combination of a
deletion and an insertion. In accordance with criterion 2 applicable to deletions, no conditions
apply to the substituted sequence.

m Techniques concerned

A priori, criterion 1 relates to modifications induced intentionally through targeted mutagenesis
techniques. The technical paper states that “very large insertions as part of structural
rearrangements should be considered insertions of a cisgene, which are covered by criterion
3.

Furthermore, it is specified that cisgenic sequences obtained by any other targeted
modification of any size can tolerate Type 1 modifications (see criterion 5).

Lastly, this criterion could potentially be applied to account for any unintended modifications
consisting of small insertions outside the breeders’ gene pool, whether induced through
targeted mutagenesis or through cisgenesis by insertion/substitution covered by criterion 3.

m Comments

- Maximum threshold of 20 nucleotides:

While the proposed threshold of 20 nucleotides does not exceed the observations reported in
the scientific literature for the size of genetic modifications resulting from the application of
conventional breeding techniques (more frequently observed below 10 nucleotides but
reaching up to 50 nucleotides for small insertions, according to the technical paper), the WG
on “Biotechnology” stresses that the size of a modification alone does not provide any
information as to its functional consequences. This maximum substitution/insertion limit of 20
nucleotides has no biological significance or basis.

In an exon, if the number of bases modified is a multiple of 3, this can modify the amino acid
sequence of the encoded protein, while other sizes of modifications (any size that is not a
multiple of 3) will cause a frame shift and a stop codon, which can result either in the gene not
being expressed or in a truncated protein. In a promoter region, the modification can suppress
or modify the expression of a gene. In a regulatory gene, or transcription factor, the expression
of a large number of genes in the same regulatory pathway can be modified, etc.

The WG on “Biotechnology” underlines that the genetic modifications observed in varieties
obtained using conventional techniques are the result of further breeding, subsequent to the
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application of a possible mutagenic treatment. Any potential undesirable modifications are
removed by genetic segregation in favour of the desired modifications, usually through
phenotypic selection and not based on the molecular size of the modification. There is nothing
to suggest that the undesirable modifications removed differ in size from those conserved.

Furthermore, the technical paper points out that the size of 20 nucleotides is the limit below
which it becomes very unlikely that a random sequence will be unique in a genome
(Broothaerts et al., 2021). The WG on “Biotechnology” considers that this limit should vary
depending on the size of the genome and that it should be higher for large and/or polyploid
genomes.

It follows from this statistical estimate that a sequence that is less than 20 nucleotides long will
have a very high likelihood of already being naturally present in the genome. The WG on
“Biotechnology” notes, however, that the functional nature of these pre-existing sequences in
the genome can, depending on their genomic location, be different from that of an identical
sequence intentionally introduced at a different location for a specific functional purpose.

Coding sequences only account for a small proportion of a genome. For example, in maize,
annotated genes represent around 8% of the genome (Hufford et al., 2021). It is therefore
possible that identical sequences pre-existing in a genome have no biological/functional role,
unlike a sequence that is substituted or inserted intentionally into a given target or
unintentionally into a similar sequence. It should also be noted that some transcription factor
binding motifs and transcription initiation motifs, which can activate or repress gene
expression, are less than 20 nucleotides long.

The WG on “Biotechnology” concludes that there is no scientific basis for accepting (in
the sense of equivalence) substitutions or insertions based on their size. Furthermore,
the maximum threshold of 20 nucleotides for an insertion or substitution has not been
shown to be particularly appropriate for defining equivalence to conventional plants.

3.2.2.3. Criterion 2

| 2) deletion of any number of nucleotides;

m Clarification

This point indicates that any deletion is accepted unconditionally (at the targeted site and in
similar sequences, according to the general conditions).

m Techniques concerned

A priori, criterion 2 relates to modifications induced through targeted mutagenesis techniques.
Furthermore, it is specified that cisgenic sequences obtained by any other targeted
modification of any size can tolerate Type 2 modifications (see criterion 5). Lastly, this criterion
could potentially be applied to account for any unintended modifications induced through
targeted mutagenesis or cisgenesis.
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m Comments

The WG on “Biotechnology” considers that this unconditional deletion criterion does not seem
justified in view of the literature on pan-genome analyses, which show that the size distribution
of structural variants is strongly biased in favour of sizes of around one kilobase or less. Large
variants exist but are much less common and tend to be translocations, inversions, or
duplications.

The WG considers that, in terms of functional consequences, the deletion of an entire gene
would be identical to gene presence-absence variation, which is widely observed in
conventionally bred varieties.

However, the WG underlines that even for these limited sizes, the deletions maintained in
these varieties have gone through the breeder’s selection steps. Presence-absence variation
in non-essential genes outside pan-genomes is the result of natural selection. Size alone would
therefore not necessarily guarantee equivalence between newly induced deletions in NGT
plants and deletions in plants obtained using conventional techniques.

Lastly, large deletions that would result in the simultaneous suppression of a large number of
linked genes are seldom observed in varieties obtained using conventional techniques.

The WG on “Biotechnology” concludes that structural variant-type deletions observed
in conventional plants are usually limited to around one kilobase in size. The functional
consequences of these deletions should be characterised regardless of their size.

3.2.2.4. Criterion 3

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;

m Clarification

The WG on “Biotechnology” questioned the meaning of “contiguous DNA sequence”. Two
objects, such as two nucleotides, can be contiguous, but one object cannot be contiguous on
its own. In light of the technical paper and the latest EFSA opinion on cisgenesis (EFSA GMO
Panel, 2022), it would seem that the correct phrase should be “continuous DNA sequence”
(EFSA uses “a single intact and continuous sequence” in its opinion), which distinguishes
between a cisgenic sequence in the strict sense of the term and a composite and rearranged
sequence, characteristic of intragenesis.

The condition specifying that the modification must not interrupt an endogenous gene should
be accompanied by a statement clarifying what is meant by “gene”. This could refer to the
coding sequence or all the introns and exons, the 5’ and 3’ untranslated regions, the promoter
and terminator, or even the regulatory elements for expression potentially located several
kilobases upstream or downstream of the coding sequence.

According to the technical paper, this criterion should exclude any intragenesis, which would
mean that the insertion of the DNA sequence in question outside an endogenous gene should
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be sufficiently far from any genetic element belonging to a gene to prevent the resulting
sequence from being considered a sequence rearrangement.

Similarly, according to the same argument aimed at avoiding an intragenic result, the “targeted
substitution of an endogenous DNA sequence with a contiguous DNA sequence existing in the
breeder’s gene pool”, “on the condition that the genetic modification does not interrupt an
endogenous gene” could be interpreted as having to be sufficiently broad to encompass an
entire endogenous sequence. This sequence could potentially consist of a gene with all its
components that, as with insertion, should be sufficiently far from any genetic element

belonging to neighbouring genes.

m Techniques concerned

The techniques concerned are those capable of targeted cisgenesis by insertion or
substitution.

m Comments
- What is the target?

The insertion of the continuous DNA sequence is supposed to be targeted outside an
endogenous gene, with no additional conditions required of the target. This raises the following
question of consistency in treatment: what is the difference between a targeted insertion in a
site that does not interrupt an endogenous gene, with no additional conditions required of the
targeted site, and an insertion using non-targeted transformation techniques that has been
verified afterwards as not interrupting an endogenous gene? According to the proposed
criterion, only the first case could be exempted from the requirements of GMO legislation under
category 1, whereas the two products could be considered equivalent in that they do not
interrupt an endogenous gene.

Some NGT techniques may enable the target of cisgenesis to be defined so that the cisgenic
sequence is inserted at the site of the orthologous gene or sequence, possibly substituting the
new allele for the original allele where appropriate, resulting in a clearer equivalence to a
conventional plant into which the same allele has been introduced by introgression.

No details are given concerning a potential orthologous relationship between the original
sequence and the new sequence.

The WG on “Biotechnology” considers that targeting the cisgenic sequence at the site
of the orthologous sequence would avoid any positional effects, characteristic of
standard genetic transformation techniques, associated with a new insertion site.

- Exclusion of intragenesis:

The WG on “Biotechnology” notes that this criterion only applies to cisgenesis in the strict
sense of the word (it does not apply to intragenesis). The technical paper specifies that this
criterion therefore excludes intragenesis from all the criteria; this should be made more explicit
in Annex I.

The WG on “Biotechnology” considers that excluding plants obtained through
intragenesis from category 1 NGT plants is justified. This is because the
rearrangements between different sequences from the breeder’s gene pool that are
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characteristic of intragenic sequences could not occur naturally or be obtained using
conventional techniques.

3.2.2.5. Criterion 4

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

m Clarification

This point indicates that any inversion is accepted, regardless of its size (at the targeted site
and in similar sequences, according to the general conditions).

The use of the word “targeted” should be explained in this criterion, considering the general
conditions applicable to each of the types of modifications listed.

m Techniques concerned

A priori, this criterion relates to unintended modifications induced at the targeted site and in
similar sequences through targeted mutagenesis or targeted cisgenesis techniques.

m Comments

As with the unconditional deletion criterion, this inversion criterion without size conditions does
not seem justified in light of the literature on pan-genome analyses (see criterion 2).

Moreover, suitable analytical techniques would be required to detect this type of event.

3.2.2.6. Criterion 5

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.

m Clarification

According to the technical paper, the aim of this criterion is to “consider possible outcomes
(DNA sequences) that might be shown to occur in a species from the breeders’ gene pool but
that might not be covered by the previous criteria”. It is also specified that “this criterion
provides a derogation only from criterion 3 and from the condition that the genetic modification
does not interrupt an endogenous gene”.

The WG on “Biotechnology” considers that this criterion is unclear. It could refer to another
form of targeted cisgenesis carried out, in addition to criterion 3, possibly within an endogenous
gene, through any targeted modification of a type other than those mentioned above, which
could therefore include targeted mutagenesis without size conditions, provided that the
resulting sequence exists in the breeders’ gene pool, where this sequence may be modified
by deletions or by substitutions or insertions of sequences less than 20 nucleotides long. This
criterion should therefore be clarified and examples should be given to illustrate it.
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m Techniques concerned

These are likely to be targeted mutagenesis techniques (e.g. SDN-2, ODM, base editing, or
prime editing) or targeted insertion/substitution techniques (e.g. prime editing or SDN-3)
resulting in a cisgenic sequence.

m Comments

The objective of being exhaustive, as stated in the technical paper, is not surprising given the
criterion’s lack of specificity. The limiting conditions set out in the previous criteria are no longer
valid: any modification seems to be permitted as long as the resulting sequence is a cisgenic
sequence at the targeted site; this sequence is allowed to vary within the limits defined in
criteria 1 and 2 (any deletion and possible substitutions or insertions of sequences less than
20 nucleotides long).

It seems inconsistent to allow variations in this cisgenic sequence when they did not appear to
be tolerated under criterion 3.

On the other hand, allowing any type of modification as long as the resulting sequence is a
cisgenic sequence is consistent with the equivalence approach focused on the molecular
nature of the product obtained. However, the techniques used will remain limited to the
targeted mutagenesis and cisgenesis techniques defined for NGT plants.

The fact that the plural is used in the wording of the criterion (“on the condition that the resulting
DNA sequences already occur (...) in a species from the breeders’ gene pool”) casts doubt on
the possibility that this may be referring to fragments of rearranged sequences collectively
resulting in an intragenic sequence.

The WG on “Biotechnology” considers that a criterion causing intragenic plants to be
exempted from the requirements of GMO legislation would not be justifiable.

3.2.3. Other general comments
3.2.3.1.  Points requiring clarification

The WG on “Biotechnology” considers that on the whole, Annex | is unclear.

The WG emphasises that:

- certain terms are not defined in the Proposal for a Regulation and need to be clarified
("conventional plants®, “targeted site”, “similarity”, “gene”, “contiguous DNA
sequence”);

- conversely, certain terms defined in the Proposal for a Regulation are not used in

Annex |, even though they would be enlightening, such as “mutagenesis”, “cisgenesis”,
and “intragenesis”;

- the terms that are both defined in the Proposal for a Regulation and used in Annex |
are confusing; these include “NGT plants”, which refers to a subset of plants obtained
through NGTs.

The WG on “Biotechnology” considers that certain clarifications provided in the technical paper
should be included in Annex |, such as — if this is indeed the case — the exclusion of
intragenesis and non-targeted cisgenesis from acceptable techniques for category | plants.
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3.2.3.2.  The scientific basis of the criteria

The Commission’s technical paper states that “similar genetic modifications obtained by
different techniques are not expected to present different risks” and that “if certain type and
number of mutations can be introduced by both conventional breeding techniques and NGTs,
also the type of traits associated to these mutations would not be different between the
techniques”. It concludes that it is sufficient to only consider the type and number of mutations
to assess equivalence and that the related effects do not need to be taken into account.

The WG on “Biotechnology” considers that there is no scientific basis for trait or risk
level equivalence between two categories of plants with equivalent genetic variations
or modifications that would be defined solely by their type, size, and number.

The WG reiterates that genetic variability and genetic variations observed in nature are the
product of thousands of years of evolution, drift, and natural selection. Genetic variations and
modifications observed in varieties produced through conventional breeding techniques have
been selected by breeders. In both cases, genetic variations and modifications associated with
negative effects are removed; these may relate to the plant’s fithess or its selective value in
nature, or to the agronomic and qualitative characteristics sought by humans in conventional
breeding programmes. These variations and modifications are removed or selected based not
on their type, size, or number, but on their potential biological impact.

The WG on “Biotechnology” underlines that the functional or biological consequences
of a given genetic variation or modification are not determined by its type or size.

Nevertheless, based on an analysis of the proposed equivalence approach, which focuses on
the types, sizes, and number of genetic modifications, the WG on “Biotechnology”
considers that the thresholds not to be exceeded, set at 20 genetic modifications per
plant, at the targeted site and in similar sequences, and at 20 nucleotides for insertions
and substitutions, are not justified. This is also true for the acceptance of any deletion
or inversion without conditions and, to a lesser extent, for targeted cisgenesis without
any orthology conditions applied to the target.

The lack of consideration for potential modifications outside targeted sites and similar
sequences (with the exception of transgenic elements, as per the definition of NGT
plants) is not justified either.

3.3. Conclusions of the Working Group on “Biotechnology”

The WG on “Biotechnology” reiterates the context of this internal request:

The Proposal for a Regulation on NGTs adopted by the European Commission on 5 July 2023
intends to exempt certain plants genetically modified through NGTs from GMO legislation on
the grounds that they are equivalent to conventional plants.

To this end, it proposes equivalence criteria that would ensure that NGT plants that meet these
criteria (category 1 NGT plants) could have been produced using conventional breeding
techniques.
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The WG on “Biotechnology” reiterates the key question in the internal request: to what extent
can plants defined in this way actually be considered equivalent to plants obtained through
conventional techniques?

To answer this question, the WG on “Biotechnology” first set out to clarify the proposed
equivalence criteria, in particular the terms and concepts needed to understand them; it also
defined the various sets of techniques concerned, capable of inducing the genetic
modifications in question. It then went on to analyse the scientific aspects in greater detail,
criterion by criterion, and raised a number of questions, highlighting the associated limitations
and examining the scientific basis of the criteria more broadly.

Following its work, the WG on “Biotechnology” notes the following points:

1) Lack of clarity:
- The equivalence criteria are anything but clear, in particular because ambiguous terms

are used (“targeted site”, “similarity”, “gene”, “breeders’ gene pool”, “contiguous DNA
sequence”);

- The criteria focus solely on genetic modifications at a “targeted site” and in similar
sequences. The “targeted site” and similar sequences need to be defined; their
definition will determine the genetic modifications in question;

- The exclusion of intragenic plants from category 1 NGT plants is not explicitly stated in
the criteria and should be clarified;

- The exclusion of plants obtained through non-targeted cisgenesis from category 1 NGT
plants is not explicitly stated in the criteria and should be clarified.

2) Insufficient scientific rationale for the claimed equivalence between NGT plants meeting
the proposed criteria and conventional plants:

- The proposed maximum number of acceptable genetic modifications is insufficiently
justified;

- The possibility or likelihood of a given modification or combination of modifications
being achieved through conventional techniques should be considered;

- Based on pan-genome analyses, the acceptance of deletions and inversions
regardless of their size is not scientifically justified,;

- The lack of consideration for unintended genetic modifications potentially located
outside the targeted sites and similar sequences (apart from transgenic elements) is
not justified.

3) Failure to take account of the relationship between the proposed equivalence criteria and
the associated risk:

- The technical paper states that categories of plants that are equivalent in terms of the
type, size, and number of genetic variations and modifications would have equivalent
traits and risk levels. This assumption has no scientific basis;

- The proposal for a maximum number of acceptable genetic modifications has no
scientific basis in terms of risk: the associated risk is not directly proportional to any
number of modifications;

- The proposal for a maximum accepted size of insertions and substitutions makes no
biological sense; the functional consequences and risks potentially associated with an
insertion are not proportional to the length of its nucleotide sequence;
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- The acceptance of any deletion or inversion without considering the functional
consequences and the potential associated risks is not justified;

- The fact that unintended genetic modifications, induced due to a lack of specificity in
sequences similar to the target, are included in the proposed number of genetic
modifications without their possible negative effects being considered, is not justified.

Therefore, the analysis of the proposed criteria for equivalence between NGT plants and
conventional plants led the WG on “Biotechnology” to consider the issue more broadly. The
WG recommends that these equivalence criteria, which are based solely on molecular aspects
and which, moreover, are insufficiently justified, should take account of the traits of the plants
and the possible associated risks.

4. AGENCY CONCLUSIONS AND RECOMMENDATIONS

The French Agency for Food, Environmental and Occupational Health & Safety (ANSES)
highlights that in response to a formal request from the French Ministries of the Environment
and Agriculture, and prior to the publication of the Proposal for a Regulation, it initiated an
expert appraisal on methods for assessing the risks associated with NGT plants and their
socio-economic impact. This expert appraisal is currently in progress and should be available
in the first quarter of 2024. It is focusing in particular on identifying the adaptations that need
to be made to the methodology for assessing the health and environmental risks associated
with transgenic plants when the assessment concerns plants obtained through site-directed
mutagenesis using CRISPR-Cas9 and related techniques.

Following the publication of the Proposal for a Regulation, ANSES decided to issue an internal
request to analyse the criteria defining category 1 NGT plants, considered equivalent to
conventional plants, set out in Annex | of this Proposal for a Regulation and justified in a
technical paper published by the European Commission in October. This analysis is addressed
in this Opinion.

The conclusions of the WG on “Biotechnologies” are threefold and pertain to the need to clarify
the definitions and scope, the scientific basis for the criteria, and the need for the equivalence
criteria to take account of potential risks.

Firstly, the Agency agrees with the WG experts that functional consequences and potential
risks are not taken into account in the equivalence criteria. However, it underlines that this is
already the case in the legislative framework for GMOs resulting from Directive 2001/18/EC.
Indeed, the fact that only plants derived from transgenesis require a dossier demonstrating the
control or absence of risks, and that plants obtained through conventional techniques including
random mutagenesis are exempted from this requirement, was part of the debate held and the
choices made when the GMO framework was being established, with part of the argument
residing in the conventional nature of the techniques and their long history of use. ANSES
notes that for NGTs, the equivalence criteria approach extends the dividing line between plants
subject to assessment and those not subject to assessment, according to the logic of the
current texts.

A corollary of this regulatory construction is that the terms and definitions used need to be
particularly clear and unambiguous. ANSES therefore endorses and supports the experts’
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requests for clarification. While some of the lack of precision may result from the diversity of
the texts on which the Proposal for a Regulation is based (JRC report, EFSA opinion, etc.), it
is important that the final text be self-supporting. The first major shortcoming is the absence of
a definition of the conventional plants with which the decision-making rule has to establish a
comparison. Some other important clarifications are also recommended, including: making
explicit the exclusion of non-targeted cisgenesis from the NGT techniques covered, making a
clearer distinction between intragenesis and cisgenesis, specifying the materials included in
insertions (the wording of the JRC and EFSA texts on which the Proposal for a Regulation is
based is more precise than the term “genetic material” used in this proposal), defining the sites
targeted by NGT operations, applying criterion 3 only to cisgenesis in the strict sense
(excluding intragenesis), and finally, clarifying the “breeders’ gene pool”.

Lastly, ANSES endorses the conclusions of the WG on “Biotechnology” regarding the various
limitations of the scientific rationale for the equivalence criteria. In particular, the Agency
underlines that the possibility of replacing certain absolute thresholds with thresholds based
on the length of plant genomes should be considered.

Prof Benoit VALLET
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ANNEX 1

REPUBLIQUE b A
FRANCAISE ar
o' anses
Fratermi’

Decision Mo 2023-182

INTERNAL REQUEST

The Director Gereral afl the French Agency for Faod, Environmental and Oceupational Health & Safety (AMSES),

Having regard to the Public Health Code, and in particular its Article L, 1313-3 giving AMNSES the prerogative (o issus
an internal request an any guestion with a view te accamplishing its miszsions,

Has decided the fellowing:

Article 1: The French Agency for Food, Ervirenmental and Occupational Health & Safety is issuing an internal request
to conduct an expert appraisal whose characteristics are listed below.

1.1 Themes and ebjectives of the expert appraisal

Scientific analysis of Annex | of the Eurepean Cammission’s Proposal for a Regulation of 5 July 2023 on new geremic
techniques (NGTs) - Review of the proposed equivalence crtena for definng Category 7 NGT plants,

1.2 Background of the internal request

Since the adoption of Directive 2000 AE/EC on the deliberate release inte the envirenment of genetically modified
oarganisms (GMOs), seientific and technical progress has led ta the develapment of new genetie modification
technigues that have raised questions as to whether their products fall within the definition of GMOs and the scope
af thas Directbve,

Following the judgrment af the Court of Justice aof the Eurepean Union in Case C-52816 (Judgment of the Court of
Justice of 25 July 2018), which concluded that new mutagenesis technigues fell within the scope of this Directive
wihile raising practical issues af applicability, the European Councll invited the Eurepean Commission te carry out 3
study regarding the status of “new genomic techniques” (MGT:s) under Unian law (Council Decision (EU) 201971904 of
& Mevember 2019).

Ir its study published an 29 April 2027, the Commission concluged that current Eurapean Union (EU) legislation an
GMOs was not appropriate fer some of these NGTs, which were farmally defined for the first time as being
“technigues that are capable of alterng the genetic material @f an arganism and that have emerged or have been
developed since 2001° In particulas, the risk asseccment previded Tor in the current legislation was desmed
sametimes inadequate er disprepertionate, and the detection requirements were considered aften inapplicable for
plants and plant preducts obtained through targeted mutageness or cisgenesis technigues,

The Prapasal for a Regulation an MGT: adogted by the European Commissian an 5 July 2023, whick intends o
orovide an apprapriate and measured response to the guestions raised by the emergence of these new technigues,
uses the principle of lex specialis. This means that the rules set out in the Proposal for 2 Regulation are meant to take
precedence ever existing legislation, in particular Directive 200118/EC and Regulation (EC) Mo 1825/2003 as regards
the placing en the market ef plants and products or parts of products derived from such plamts for use in foed andfor
Tl
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Ameng the plants modfied by NGETs (in the pre-existing sense of the term), the Proposal fer a Regulation defines a
MGT pl:n‘l asa "'ad:r' |:'.u:=ll:,r el e pln it obtaimed I::,- 1:|rE|:1|:d mutagen =515 O CISgEn #5015, or 3 combinatson thereof,
an the condition that it doe: net contain any genetic material ariginating fram autside the bresders’ gene pool that
tempeorarily may have been inseried during the development of the MGT plant”. Twe categeries of NGT plants are
distinguished, Categary 1 plants, which could alse eccur naturally or be produced by conventional breeding, are
defined by eriteria far equivalence te conventional plants set aut in Annex | ta the Propesal fer 2 Regulation. &
technical paper by the Eurepean Commission published en 16 Qcteber 2023 prawvides the rationale for thess
eguivalence eriteria. Onee their status is recognized, these plants will ne longer be subject to EU legizlaten an GMOs.
Cin the ather hand, NGT plants that are not category 1 are category 2 and will remain covered by GMO legislation,
subject to specific provisions and derogations,

This legislative proposal will pose various challengea: for ANSES at different stages, fram the adaatien procedurea 1o
the imglementation of the Regulation. In the short term, the Regulation is due to be adepted under the ordinary
egislative precedure, invelving debates and veting In the Eurepean Padiament and Councll. At this stage of the
negatiations, AMNSES coauld contribute ba:

- infarming public decision-making, by providing an analysis of the regulatery propesal te the French competent
autherties te accompany the farthcoming debates and vating in the Councll;

- informing and enlightening public and legislative debate, by publishing an analysis for society, including ardinany
citizens and stakeholders, including members of the European Parliament wheo will take part in the forthcoming
debates and voting in this body.

Im light of time constraints, the analysis carried eout will focws on reviewing the proposed equivalence criteria for
defining Category 1 NGT plants. This is considered to be one of the most sensitive points in the legislative propasal,
simes it ereates a categary of ganatically moedified plants that would be sxempted fram the reguirements af EL GMO
egislation.

This imternal request supplements the formal reguest relating to groundwork en methods for assessing the risks
associated with the use of GMO: in food and feed, which include: a methadolegical discussion on passible
adaptations to the requirements for assessing the health and environmental risks associated with plants derved from
MGTs, in p:l"l:il: wlar CRISPR-Cas9 ang relatec tl_-.:hr'iql.. o5 (2023 woork Programme af the Risk Assessment Dl:p:lrtrne_nl_,
Sheet 1.1.4 METHEVALCHGM).

1.3 Questions on which the expert appraisal work will focus

The Progosal for a Regulatien en MGT: adopted by the Evropean Commission on & July 2023 intend: ta exempl
certain plants genetically modified through MGTs fram GMO legislation on the grounds that they are eguivalent te
conventional plants. This internal request focused on the criteria used in the Proposal for a Regulation to conclude
whether certain NGT plant: are equivalent to conventional plants.

The plants cencerned by this eguivalence, ie. Categary 1 NGT plants, are jeintly defined by:
- the scope of the plants considered in the Proposal for a Regulation, referred to as "NGT plants” in this
Regulation,
- the application of the criteria for “equivalence to conventional plants™ set out in Annex | te the Proposal for
a Regulation,
The jeint amalysis of the criteria in Annex | and of the associated ratienale in the Eurepean Commission's technical
paper, and the definition of NGT plants considered in the Regulation, should be carmied out with the aim of answering
the follawing key guestion: to what extent ean plants defined in this way actually be considered sguivalent te
conventional plants?
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For the dual purpose of clarfication and critical analysis, this werk will aim te:
- clar Fy Lhe l:q..li'u'.a erce crbteEra for l:.ll:{i'1i|'|ﬁI I:atl:gnry 1T NGT planis as st out in Arnex | to the Progasal for a
Regulatien and underpinned by the technical paper, to improve the readability of the legislative proposal,
- highlight potential questions and limitations in the definition of these criteria, by reviewing their scientific
basis and considering the usefulness of additional eritaria,

1.4 Estimated duration of the expert appraizal

Ihe expert aporaizsal is expected to run until the end of Movember.

Article 2: An opinion will be issuved and published by the Agency fellewing cempletion of the werk.

Signed im Maisens-Alfort on 6 Nevember 2023

Prof Benoit VALLET
Director General
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