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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 22 January 2024 shall prevail.

On 28 January 2021, ANSES received a formal request from the Directorate General for Risk
Prevention (DGPR) and the Directorate General for Food (DGAL) to undertake the following
expert appraisal: “Request for an opinion on groundwork on methods for assessing the risks
associated with the use of GMOs in food and feed”. After ANSES took over some of the
missions of the High Council for Biotechnology (HCB) on 1 January 2022, the expert appraisal
contract between the Agency and its commissioning ministries (May 2022) specified that the
scope of this formal request had been broadened to include environmental and socio-
economic aspects.

This collective expert appraisal work was undertaken within the scope of ANSES’ missions
relating to biotechnologies, which include assessing the risks to the environment and public
health associated with all biotechnological applications in the open environment and also
assessing their socio-economic impacts. This opinion and the related expert appraisal report
are intended to provide insights for the requesting parties and stakeholders in this scope, which
covers some of the issues associated with the use of plants obtained using certain NGTs and
their derived products. The other bodies that took over the HCB’s missions, i.e. the French
Economic, Social and Environmental Council (CESE) and the National Consultative Ethics
Committee (CCNE), were also consulted with regard to the issues associated with NGT plants,
within the scope of their missions corresponding to societal and ethical issues respectively.
The analyses and conclusions of this expert appraisal work should therefore be examined
alongside the opinions of the other bodies consulted.
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1. BACKGROUND AND PURPOSE OF THE REQUEST

New genomic techniques (NGTSs) are a heterogeneous group of genome-modifying techniques
that are based on a variety of mechanisms (mutations, insertions/deletions, gene silencing,
etc.). Some of these techniques aim to modify a genetic sequence through precise and
targeted action (site-directed or targeted mutagenesis), offering a very broad scope of
application, particularly in the area of plant breeding. Like other genetic modification
techniques, these NGTs can be used for a wide range of applications extending beyond plants.
For example, in the area of medicinal products (whether human or veterinary), their targeting
precision can bring considerable progress to gene therapy.

These genome-modifying techniques, especially those based on the CRISPR-Cas system,
have developed very rapidly, and plant varieties obtained using these NGTs are already
available on the market in certain countries, in particular the United States and Canada. No
plants obtained using these NGTs are currently authorised on the European Union market.

Following an appeal filed by the Confédération Paysanne and other organisations with the
French Council of State, which in turn referred questions to the Court of Justice of the
European Union (CJEU) for a preliminary ruling, the CJEU’s judgment of 25 July 2018 (Case
C-528/16) concluded that “only organisms obtained by means of techniques/methods of
mutagenesis which have conventionally been used in a number of applications and have a
long safety record” were excluded from the scope of Directive 2001/18/EC on the deliberate
release into the environment of genetically modified organisms. As a result, plants obtained
using these NGTs were considered as falling within the current regulatory framework applying
to genetically modified organisms (GMOSs), particularly in terms of risk assessment.

On 29 April 2021, the European Commission published a study on NGTs, concluding that the
current regulations on GMOs did not seem appropriate for plants obtained using certain NGTSs.
For other organisms (animals and micro-organisms), the Commission considered that efforts
should be made to continue building up the necessary scientific knowledge and that products
obtained using NGTs should be maintained within the scope of the current GMO regulations
for the time being. The European Commission’s study also pointed out legal uncertainties, the
difficulty of implementing controls in particular, and the lack of flexibility in the current
regulations. Moreover, it concluded that certain plants obtained using NGTs could be beneficial
to society and contribute to a more resilient and sustainable food system as part of a “farm to
fork” strategy. This study also highlighted a number of major issues, relating in particular to
intellectual property, traceability, consumer information, the competitiveness of businesses
and the agricultural sector, trade, and the acceptance of these products by society.

In its letter to the Portuguese Presidency of the Council of the European Union dated 29 April
2021, the Commission indicated that in light of the study’s results, it intended to launch a
legislative initiative for plants obtained through site-directed (or targeted) mutagenesis or
cisgenesis. The idea was to adapt the current regulatory requirements in terms of risk
assessment, authorisation procedures, labelling, and traceability, while maintaining a high
level of protection for the environment and for human and animal health and taking account of
the potential contribution of these plants and derived products to the sustainability of the food
system. This intention took the form of a Proposal for a Regulation that was prepared by the
Commission and published on 5 July 2023,

1 https://food.ec.europa.eu/document/download/c03805a6-4dcc-42ce-959¢-e4d609010fa3_en?filename=gmo_bio
tech _ngt_proposal 2023-411 en.pdf and https://food.ec.europa.eu/document/download/5a994ff5-153a-4886-a3c
c-794512dce27a_en?filename=gmo_biotech_ngt proposal 2023-411 annex_en.pdf (consulted on 12 October
2023)
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In this context, the French Directorate General for Risk Prevention (DGPR) and Directorate
General for Food (DGAL) submitted a formal request to ANSES for a scientific opinion within
the scope of the Agency’s missions, in preparation for the forthcoming European-level
discussions.

In keeping with this scope, and in accordance with the expert appraisal contract, the two main
objectives of the expert appraisal were established as follows:

e determine whether adaptations could be made to the current regulatory requirements
for assessing the health and environmental risks associated with genetically modified
plants when the assessment concerns plants obtained through site-directed (or
targeted) mutagenesis;

¢ document and analyse the socio-economic issues associated with NGTSs.

Concerning aspects relating to health and environmental risks, the scope of the formal request
was limited to plants obtained through site-directed mutagenesis using the CRISPR-Cas
system (see Section 3.1), which respectively are the type of application and the tool most
commonly used or considered for use.

These two objectives were broken down into six sub-objectives (sub-objectives 1 to 4 for the
first objective and sub-objectives 5 and 6 for the second objective):

e Sub-objective 1: review the current state of knowledge on the potential unintended on-
and off-target effects on the plant's genome of site-directed mutagenesis using the
CRISPR-Cas system;

e Sub-objective 2: determine specific requirements in terms of health and environmental
risk assessment for plants obtained through site-directed mutagenesis using the
CRISPR-Cas system,;

e Sub-objective 3: for plants obtained through site-directed mutagenesis using the
CRISPR-Cas system, determine which of the current regulatory requirements for the
assessment of genetically modified plants can be waived;

e Sub-objective 4: depending on the progress made with regard to the above sub-
objectives, determine how the current GMO assessment framework could be adapted
for plants obtained through site-directed mutagenesis using the CRISPR-Cas system;

e Sub-objective 5: describe the sector or sectors concerned by the use of plants obtained
using NGTs and products derived from these plants, from upstream to downstream in
the value chain;

e Sub-objective 6: on this basis, document and analyse the associated socio-economic
issues, firstly for the businesses and economic operators concerned, in particular in
terms of competitiveness and capacity for innovation, and secondly, depending on the
data available, for consumers and the supervisory authorities.

This expert appraisal had been initiated before the Commission’s Proposal for a Regulation of
5 July 2023 was published. Following the publication of this proposal, and after the European
Commission issued a technical note in October supporting the criteria for equivalence to
conventional plants, ANSES decided to issue an internal request to analyse the criteria
defining category 1 NGT plants as set out in Annex | of the regulation proposal. This analysis
was carried out in parallel and was published on 21 December 2023 (ANSES 2023). Given the
respective work timetables of the experts involved in addressing these different requests, the
conclusions of this analysis have not been incorporated into the present expert appraisal,
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which was carried out within the scope defined above and did not distinguish between category
1 and 2 NGT plants.

2. ORGANISATION OF THE EXPERT APPRAISAL

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

The expert appraisal falls within the sphere of competence of the Expert Committees (CESSs)
on “Assessment of the biological risks in foods” (BIORISK, the lead CES), “Socio-economic
analysis” (ASE), and “Biological risks for plant health” (SANTVEG). ANSES entrusted the
expert appraisal to a Working Group (WG) on “New genomic techniques” set up after a public
call for applications. The CES ASE was responsible for validating the work on economic and
social sciences and the CES SANTVEG for validating the work on environmental aspects. The
CES BIORISK was responsible for endorsing all the work.

The methodological and scientific aspects of the work were presented to the various CESs
between May 2022 and December 2023. It was adopted by the CES BIORISK at its meeting
on 11 December 2023.

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 via the following website:
https://dpi.sante.gouv.fr/.

Lastly, after it was validated by the CES BIORISK, the “NTG” WG adopted the following
methodology in order to meet the sub-objectives set out in the previous section:

Sub- Methodology
objective
1 Analysis of systematic reviews available in the literature

Systematic review of the literature on unintended effects on the tomato genome
associated with the use of the CRISPR-Cas system

Systematic review of the literature (2021-2023) on unintended effects on plant
genomes associated with the use of the CRISPR-Cas system
2 Systematic review of the literature on the health and environmental risks associated
with the use of the CRISPR-Cas system in plants
Study of 12 representative examples of CRISPR-Cas being applied in plants

3 Analysis of the current assessment framework and its suitability for the assessment
of plants obtained through site-directed mutagenesis

4 Construction of a decision tree

5 Description of the tomato, soft wheat, carrot and grapevine value chains
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6 Systematic review of the literature on the socio-economic issues associated with
NGT plants and products

Hearings with stakeholders concerned with NGT plants and products

Analysis of systematic reviews available in the literature on the impacts of plants
obtained through transgenesis

Analysis of the potential impacts of scenarios involving changes to the regulations
on NGT plants and products

Part 3 of this opinion is a summary of the collective expert appraisal report, in which the
methodology used, the analyses undertaken and the results obtained are detailed and
explained.

3. ANALYSIS AND CONCLUSIONS OF THE WG AND THE CESs

3.1. Identification of the NGT applications most likely to lead to commercial varieties
in the short term

In a report on current and future (worldwide) market applications of NGTs that was published
by the European Commission’s Joint Research Centre (JRC) in 2021, 426 commercial
applications in plants were identified. In 2020, 17 of these were at the pre-marketing or
marketing stage, including seven obtained using a CRISPR system. Furthermore, of the
applications for which the genome-modifying tool was known (382 applications out of 426),
90.2% (305/382) involved a DNA double-strand break using a site-directed nuclease technique
(CRISPR-Cas, transcription activator-like effector nucleases (TALEN), meganucleases or
zinc-finger nucleases (ZFN)), with CRISPR-Cas accounting for 78.8% of cases. Without giving
any figures, the JRC report states that a mechanism of deletion or insertion of a few base pairs,
caused by the DNA repair process through the non-homologous end joining (NHEJ) cellular
system, is used in the vast majority of cases. Two other reviews (Brinegar et al. 2017,
Modrzejewski et al. 2019) confirm that the CRISPR-Cas system is the primary NGT used, in
terms of both the number of applications published in the literature and the number of patents
filed in the United States.

Regarding the plant species concerned, the JRC report states that 38% are cereals, 17% are
oil and fibre crops, 12% are vegetable crops, and 11% are tubers and root vegetables. NGTs
are therefore applied to a wider variety of species than those obtained using transgenesis and
authorized on the market under Regulation (EC) No 1829/2003 (maize, soya, rape, cotton and
beetroot). Species that thus far have seldom or not at all been modified through transgenesis,
such as banana, cocoa and chickpea, are among those identified in this report. Concerning
the types of traits conferred to NGT plants, the three main ones are a change in the biochemical
composition of the plant, tolerance to a biotic stress, and a change in plant yield and/or
architecture. Herbicide tolerance, on the other hand, accounts for less than 7% of applications,
whereas this is the most common type of trait in transgenic plants.

In order to identify the plants obtained using CRISPR-Cas (which appears to be the most
widely used system) that are most likely to result in commercial varieties in the short term, as
well as those that have already resulted in commercial varieties, the “NGT” WG compiled a
database of applications developed for plants obtained using these techniques. The
information was extracted from publications by Brinegar et al. (2017), Détain et al. (2022) and
Modrzejewski et al. (2019), the JRC report (2021), international patent databases, and the
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databases of the World Bank and the IMF (consulted on 21 December 2022); only plants
obtained using the CRISPR-Cas system were included.

One hundred and twenty-one applications were identified. They concern a very wide variety of
species, the most common of which are rice, tomato, and maize. Regarding the traits conferred
to plants genetically modified using CRISPR-Cas, changes in biochemical composition make
up the majority. These are followed by changes in plant architecture and/or improved yield,
biotic stress tolerance, and breeding tools. Herbicide tolerance only accounts for 5% of the
applications obtained using the CRISPR-Cas system.

Lastly, the experts in the "NTG” WG note that plants obtained through site-directed
mutagenesis are starting to emerge on the market, in countries outside the European Union.

Considering that:

o the CRISPR-Cas system appears, by far, to be the primary technique used in NGT
applications likely to lead to commercial varieties in the short term;

o the CRISPR-Cas system is used for applications already available on the market
outside the European Union;

e it appears that cisgenesis is still not widely used;

the “NTG” WG chose to focus on plants obtained through site-directed (or targeted)
mutagenesis using the CRISPR-Cas system for its expert appraisal work on health and
environmental risks2.

3.2. Site-directed mutagenesis using the CRISPR-Cas system
3.2.1. Description of the CRISPR-Cas system

The CRISPR-Cas system is a complex consisting of a Cas endonuclease enzyme capable of
cutting DNA in addition to a strand of guide RNA whose sequence is complementary to that of
the DNA targeted for mutation. The CRISPR-Cas system is used to create a DNA double-
strand break at a specific site, thereby activating intracellular DNA repair mechanisms. As
these mechanisms are more or less prone to error, changes in the genome can therefore
occur. For example, point mutations or insertions/deletions of DNA fragments can occur at the
targeted site, as can specific changes in the sequence of the targeted gene if a repair matrix
is added by the breeder (the person or company developing the new variety). The CRISPR-
Cas system can also be genetically engineered to produce new tools with a variety of
applications. For example, modified CRISPR-Cas systems, with or without other proteins, can
be used to produce DNA single-strand breaks. In this case, nickases (or nCas9) and
applications such as base editing and prime editing make it possible to modify a single base,
by enzymatic reaction or by reverse transcription of a specific guide RNA3,

The CRISPR-Cas-based site-directed mutagenesis step is necessarily preceded by a step
where the CRISPR-Cas system is delivered into the plant. Two types of approaches can be
used by the breeder: those leading to stable expression and those leading to transient
expression of the CRISPR-Cas system. Stable expression of CRISPR-Cas occurs when the

2 This choice was set out in an amendment to the expert appraisal contract.

3 CRISPR-Cas systems that do not cut DNA (dead Cas9 systems) can also be produced. Their use and applications
have not been assessed in this report.
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genetic material enabling expression of the guide RNAs and the Cas nuclease is integrated
into the genome of the plant to be modified. Conversely, transient expression occurs when
there is no integration of foreign genetic material into the plant genome, and when the guide
RNAs and nuclease are not permanently expressed in the plant. Lastly, once the CRISPR-Cas
system has been delivered and the targeted mutation is effective, additional excision,
transgene segregation and backcrossing steps can be implemented by the breeder, enabling
the CRISPR-Cas system to be eliminated from the plant genome in the event of stable
expression.

3.2.2. Potential unintended effects on the genomes of plants modified using the CRISPR-
Cas system

Although the specificity of the CRISPR-Cas system for its target sequence in the genome is
regulated, on the one hand, by a specific 20-nucleotide protospacer sequence in the guide
RNA (complementary to the target DNA sequence) and, on the other, by recognition of a
defined protospacer-adjacent motif (PAM) sequence by the Cas protein, off-target genome
cleavage by the Cas nuclease still remains possible. In some cases, on-target cuts by the
CRISPR-Cas system can lead to unintended changes in the genome, such as larger deletions
or insertions in large chromosomal regions. In both situations, these are considered
unintended on- or off-target effects associated with the use of CRISPR-Cas.

In order to assess the nature and frequency of unintended on- and off-target effects on plant
genomes, the WG first carried out a systematic review of the literature on unintended effects
on the tomato genome over the period up to December 2022. Tomato was selected because
of the multiple applications obtained using CRISPR-Cas in this species, and because it is
unusual compared with authorised transgenic plants, i.e. cereals and oilseeds in particular,
which have low water contents.

This assessment was then extended to all plants, by analysing systematic reviews already
available in the scientific literature and by systematically reviewing original articles published
over the 2021-2023 period, as these were not covered by the systematic reviews identified.

The systematic review carried out for tomato showed that a “biased” approach* (using
bioinformatics tools to predict the regions that could be modified, followed by PCR amplification
and sequencing analysis of these regions) had been used to screen for unintended effects in
58/61 of the articles analysed. Off-target effects were described in four of these publications.
An unbiased approach (based on complete sequencing of the genome, but whose
effectiveness in detecting off-target effects depends in particular on the sequencing depth) was
used in four studies and no unintended effects were detected.

The analysis of the literature reviews that i) dealt with all plants, ii) had been published prior to
this opinion, and iii) were assessed as being of very good quality according to the AMSTAR-
25 assessment grid (Shea et al. 2017) showed:

o for Modrzejewski et al. (2019): a tendency to use a biased approach to identify off-
target effects (211/228 studies), and the identification of 55 off-target effects for all the
1,738 sites analysed (i.e. a rate of 3%). The authors nonetheless emphasise the high
level of heterogeneity observed between the studies, particularly in terms of the
prediction and selection of the off-target sites to be studied (15 different bioinformatic

4 When an approach is said to be “biased”, this is only because it is based on prior knowledge of the sites most
likely to be modified, and not on the entire genome.
5 AMSTAR: a measurement tool to assess the methodological quality of systematic reviews
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prediction tools used), the detection method, and the modified species; they also note
a lack of detailed information in several articles;

o for Modrzejewski et al. (2020): that the number of mismatches between the on-target
sequence and a potentially off-target sequence appeared to be the most decisive factor
in the occurrence of off-target effects; the likelihood of off-target effects decreased as
the number of mismatches increased, with the probability of occurrence of off-target
effects being virtually zero when there were more than four mismatches;

e for Sturme et al. (2022): a tendency to use a biased approach to identify off-target
effects (97/107 studies), and the identification of off-target effects in 28 of the 107
publications selected. In particular, it was observed that off-target effects were
identified when there were one to three mismatches between the off-target site and the
guide RNA. One study (Arndell et al. 2019) also mentioned the insertion of transfer
DNA which, according to the authors, is an important factor that should be taken into
account in risk assessment.

Lastly, in the systematic review of original articles published over the 2021-2023 period, for all
the plants for which applications of CRISPR-Cas were reported, 82 articles were selected
mentioning screening for unintended effects on plant genomes. Of these 82 articles, 64 (78%)
mentioned biased screening for unintended effects, 15 (18%) mentioned unbiased screening,
and three (4%) mentioned a combination of biased and unbiased screening. The WG observed
a higher proportion of articles using unbiased screening, compared with the review by
Modrzejewski et al. (2019) (18% in the WG’s analysis, versus 9/228, i.e. 3.4% in the review).
The WG considers that this difference may be due to progress made in terms of sequencing
techniques (which have become increasingly robust and powerful and less and less expensive,
with higher sequencing depths). Of the 82 articles analysed, 28 (34%) described an unintended
off-target effect. Eighteen (64%) of these effects were identified by biased screening, eight
(29%) by unbiased screening, and two (7%) by using both approaches in parallel. Of the 837
sequences analysed for screening for unintended off-target effects using a biased approach
(amplification and sequencing of the amplification products), only 60 showed an off-target
mutation, i.e. 7% of the sequences analysed.

Although the types of unintended mutations observed were not often described in the articles
analysed, the vast majority of the described cases involved short deletions or insertions
(Jedlickova et al. 2022; Liu et al. 2022; Narushima et al. 2022; Wang et al. 2021; You et al.
2022). Most of the unintended effects observed were off-target effects due to relatively non-
specific guide RNAs, which in most cases had three or fewer mismatches with off-target
sequences. The choice of the guide RNA sequence is therefore important for limiting these off-
target effects, but it can prove complicated when sequence homologies are present in the
genome. In addition, it is not always possible to choose between several guide RNAs for the
targeted region, since the choice depends on the presence of a PAM sequence at the target
site. Among the unintended effects identified, off-target insertions of unidentified origin (a 35
bp insertion in grapevine (Wang et al. 2021) and a DNA insertion, from the vector used, at the
target site in soybean (Adachi et al. 2021)) were observed. Large deletions of 3200 bp and
1525 bp respectively were also observed in tomato and rice in the studies by Li R. et al. (2022)
and Zhang et al. (2022).

In conclusion, with regard to the molecular characterisation of plants obtained through
site-directed mutagenesis using the CRISPR-Cas system (Figure 1), the WG
recommends that:
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e the targeted regions(s) should be sequenced, the modification(s) obtained
should be characterised, and an appropriate detection method should be
provided by the applicant;

e whenever possible, the breeder should use guide RNAs with more than four
mismatches with the non-targeted regions of the genome; if this is not possible,
they should explain why;

e when the complete genome sequence of the species concerned is available and
when resequencing of the modified plant’s genome is feasible, unbiased
screening should be carried out for unintended effects on the genome,
combining long-read and short-read techniques, with a minimal coverage of 20
X;

e whenresequencing is not feasible (for example, for polyploid plants or very large
genomes) but a complete reference genome is available, biased screening
should be carried out for any genome sequence that has four or fewer
mismatches with the guide RNAs;

¢ when a complete reference genome is not available for the species concerned,
screening for unintended effects should be carried out for any known
homologous region;

o the absence of foreign DNA (including in the form of fragments) in the plant
genome should be demonstrated, either by resequencing of the genome or by
targeted sequencing or Southern blotting using probes specific to the plasmid
or transfer DNA and the sequence corresponding to the CRISPR-Cas system
used.

MOLECULAR CHARACTERISATION OF PLANTS OBTAINED THROUGH
SITE-DIRECTED MUTAGENESIS USINGA CRISPR-CAS SYSTEM

« Sequencing and characterisation of the modification or modifications of interest
» Supply of an appropriate detection method
« Screening for the absence of foreign genetic material in the plant's genome

|

Is complete genome yes
resequencing possible? . UNBlﬁ,?isgningSfE;ﬁG for
no l
Is a reference genome yes BIASED SCREENING
available? — for unintended effects (for any
sequence having 4 or fewer
no l mismatches with the guide RNA)
SCREENING for unintended effects for any KNOWN
HOMOLOGOUS region
\ 4

If the off-target effects identified in the genome are not eliminated, the applicant
should proceed to a complete molecular characterisation of the modified regions
and demonstrate that there are no risks associated with these modifications

Figure 1. Recommendations for the molecular characterisation of plants obtained through site-
directed mutagenesis using the CRISPR-Cas system.
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3.3. Health and environmental risks associated with the use of plants obtained
through site-directed mutagenesis using the CRISPR-Cas system

In order to identify the health and environmental risks associated with the use of plants
obtained through site-directed mutagenesis using the CRISPR-Cas system, the WG
successively analysed the risks covered by the current framework for assessing genetically
modified plants, performed a systematic review of the literature on the health and
environmental risks associated with the use of plants obtained in this way, and studied 12
cases considered to be representative of applications of the CRISPR-Cas system in plants
intended for human consumption.

3.3.1. Analysis of the current assessment framework for genetically modified plants and
its suitability for the assessment of plants obtained through site-directed
mutagenesis using the CRISPR-Cas system

The framework in question is defined by the various regulatory texts applicable to GMOs
(Directive 2001/18/EC of the European Parliament and of the Council, Regulation (EC) No
1829/2003 of the European Parliament and of the Council, Commission Implementing
Regulation (EU) No 503/2013) and by the EFSA guidance documents (EFSA GMO Panel
2010; EFSA GMO Panel 2011a; EFSA GMO Panel 2011b; EFSA GMO Panel 2011c; EFSA
GMO Panel 2015; EFSA GMO Panel 2017; EFSA GMO Panel 2019; EFSA GMO Panel 2023).
In addition to identifying relevant risks for plants obtained through site-directed mutagenesis,
the WG also assessed whether the current framework could be considered applicable to such
plants.

For plants obtained through site-directed mutagenesis, the WG considers that unexpected
effects on the phenotype and agronomic characteristics of the modified plants are
always possible, and that unexpected compositional changes in the plants or feed and
food derived therefrom could also be observed, regardless of the modified trait.
Moreover, the WG underlines that some species intended for human consumption can
naturally contain toxic or anti-nutritional substances (EFSA 2012). These substances should
be taken into account in comparative analyses, and the WG considers that a 90-day toxicity
study remains essential to identify a risk to human or animal health associated with the
consumption of a genetically modified plant or products derived therefrom. The WG also
stresses that it remains possible to generate new reading frames in a genome, particularly
when a few base pairs are inserted into or deleted from one or more exons of a gene, and that
the overall allergenicity of the plant can be modified. In addition, the WG considers that a
nutritional study remains relevant when there are differences in the composition of plants
obtained through site-directed mutagenesis.

Concerning environmental risks, the WG considers that the assessment of environmental risks
as required under the current framework remains relevant for plants obtained through site-
directed mutagenesis. In a context where the number of species concerned, the number of
modified traits, and the number of applications could increase significantly in the short and
medium term, the WG considers that this environmental risk assessment should take account
of the potential long-term cumulative effects on the environment associated with an increase
in the crop growing areas for authorised genetically modified plants and should consider the
agro-environmental characteristics of their cultivation. Regarding the gene transfer to micro-
organisms, the WG nevertheless considers that, since only plant genes are modified by site-
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directed mutagenesis using CRISPR-Cas (without any introduction of bacterial genomes), the
risk of transfer will be negligible.

Lastly, the WG’s conclusions for each area of risk assessment, in terms of applicability,
identified limitations, and recommendations, are set out in Table 1.

Comparative
analysis

Toxicity

Allergenicity

Nutritional
assessment

Current requirements

1. Comparative analysis of
agro-phenotypic characteristics
and compositions between the
genetically modified plant, an
unmodified plant as genetically
similar as possible, and six
reference varieties, on at least
eight sites

2. Comparative compositional
analyses of processed products

Applicability
according to
the WG

1. Yes
2.Yes

Identified limitations and the
WG’s recommendations

* OECD guidance documents
for compounds to be analysed
not available for certain
species

1. Repeated dose 28-day oral
toxicity study in rodents of

1. No (except

* Low palatability of certain

. in specific plant species for rodents
newly expressed proteins e .
cases) « Difficulty ensuring the
2. Repeated dose 90-day oral . .
- . 2.Yes ingestion of controlled
toxicity study in rodents of the . .
3. No (except | amounts of certain species (if
whole plant . o .
3 loulati ¢ in specific high water content, for
. Calculation o expogure to cases) example)
newly expressed proteins
1. Analysis of the potential
occurrence of new reading
frames due to genetic
modification of the plant 1. Yes * In general, adaptations can
2. Analysis of the allergenicity 2. No (except | be made to take better
of newly expressed proteins in specific account of species diversity, in
(including resistance to cases) particular by using LC/MS-MS8
digestive proteolysis and heat 3. Yes techniques
denaturation)
3. Literature analysis on the
allergenicity of the whole plant
1. Calculation of nutritional . ;
: ca cu' ation ot nutritio * Low palatability of certain
intakes in the event of lant species
consumption of the genetically 1. Yes ?DifficSIt ensuring the
modified plant 2. Yes y 9

2. Nutritional study in the target
animal

ingestion of controlled
amounts of certain species

6 Liquid chromatography-tandem mass spectrometry
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* In general, it would be
necessary to take better
Literature-based analysis of any account of the long-term
. direct or indirect, immediate or cumulative risks and agro-
Environmental . . -
risks delayed risks to the Yes environmental characteristics
environment associated with * Analysis of the risk of gene
marketing authorisation transfer to micro-organisms
applicable but not very
relevant

Table 1. Applicability and limitations of the current assessment framework for genetically
modified plants, for plants obtained through site-directed mutagenesis using a CRISPR-Cas
system.

The WG therefore considers that the current framework for assessing health and
environmental risks is only partially suitable for plants obtained through site-directed
(or targeted) mutagenesis. In particular, the WG considers that not all the requirements
for newly expressed proteins contained in toxicity and allergenicity assessments can
be directly transposed to the assessment of plants obtained through site-directed
mutagenesis, and that the analysis of the risk of gene transfer to micro-organisms is
not very relevant.

3.3.2. Systematic literature review

The literature search focused on both original articles and reviews. However, the 13 references
selected were exclusively reviews, as no original articles could be identified that presented
results relating to the health or environmental risks associated with plants obtained through
site-directed mutagenesis. In addition, the reviews that were selected were only those
containing a description and analysis of the potential risks associated with plants obtained
using this technique.

Based on this systematic literature review, the WG notes that new applications, which have
not been feasible using other breeding techniques, could emerge due to the use of NGTs.
These include applications that involve multiplexing, or that target protected regions of the
genome (for example, heterochromatin regions and genomic regions with low
recombinogenicity) that can therefore not be reached with standard breeding methods. The
WG also underlines that the CRISPR-Cas system could be applied to wild species, leading to
de novo domesticated plants, without any history of safe use being available.

Concerning the risks associated with plants obtained through site-directed mutagenesis using
CRISPR-Cas, the WG also notes that some of the known risks already associated with
transgenic plants are also relevant for plants obtained through site-directed mutagenesis.
Furthermore, the WG notes that the level of occurrence of these risks could be higher if the
number of genetically modified plants appearing on the market and cultivated were to increase,
in particular in terms of risks to the environment (differential use of certain herbicides or
emergence of resistance in certain target pathogens or insects, for example).

Lastly, the WG agrees with the conclusions of several authors, who point to a new risk
associated with the potential off-target effects of NGTs as well as to the possibility of pleiotropic
effects (on several distinct traits). The WG also agrees that the possibility of pleiotropic effects
or unintended changes in the composition of plants is increased in the event of multiplexing,
which is commonly used at the research and development stages according to Kawall (2021).
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3.3.3. Case studies

To supplement its analysis, and in the absence of original articles on the health and
environmental risks associated with plants obtained through site-directed mutagenesis, the
WG carried out case studies based on an analysis of 12 plants that were identified among the
applications most likely to enter the market in the short term and were selected to represent
the diversity of applications, species, and modified traits.

In light of these case studies, the WG concludes that there are potential new health and
environmental risks associated with plants obtained through site-directed mutagenesis using
CRISPR-Cas, mainly due to:

o the production of new genotypes that cannot be obtained using other breeding
techniques;

e new species and traits that can potentially be modified using CRISPR-Cas, compared
with what has traditionally been observed for transgenic plants (modification of more
invasive species