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Summary

The draft opinion issued by EFSA (2024) correctly identifies several deficiencies in current
guidance for the risk assessment of genetically engineered (GE) microorganisms. New genomic
techniques (NGTs, new genetic engineering) and synthetic biology will enable companies to
develop a broad range of GE microorganisms. Therefore, the existing EFSA guidances should
undergo an in-depth evaluation in regard to its ability to meet upcoming challenges.

The EFSA (2024) draft opinion only deals with one specific sector, i. e. products currently being
developed for use in agriculture and food production. Therefore, further opinions will be needed,
e.g. for applications other than for agriculture and food production such as with non-domesticated
species or GE microorganisms intended to change the composition of the microbiome in mammals
for purposes other than food and feed, as these may also potentially impact food safety.

Furthermore, it does not include important applications within the food production sector, e.g.
microbial pesticides, paratransgenesis and application of viruses or synthetic communities of
microbes.

Further consideration is also needed in regard to contamination with GE microorganisms (or
specific nucleotides) not meant for food production. It should be noticed that Fraiture et al. (2024)
found intact antibiotic resistance genes in almost 48% of the enzyme preparations they tested. Since
these genes can be transferred to pathogens or microorganisms in the intestinal microbiome,
contamination with DNA from GMMs should fall under the GMO Regulation 1829/2003 and
should be taken into account by the final opinion of EFSA.

Other considerations in this respect include the concept of the holobiont, the impact of artificial
intelligence (AI), the assessment of cumulative effects or interactions and the introduction of cut-off
criteria needed in cases where there are too many uncertainties or unknowns.

In addition, it is important to integrate a requirement for data on the phenotypic characteristics of
GE microorganisms at each step of risk assessment.

It should be made clear that all microorganisms derived from EGTs or NGTs must be subjected to
mandatory risk assessment, as required by current regulation. These microorganisms should be
defined as genetically engineered (GE). There does not appear to be any necessity to change current
regulatory framework in order to deal with these microorganisms, as the processes used to generate
GE microorganisms may be associated with intended or unintended effects unlikely to occur with
conventional mutagenesis or similar.

In addition, other microorganisms derived from non-regulated techniques, which have traits or
specific characteristics not previously present in the ecosystems / food production, should also
undergo mandatory risk assessment. An additional register and decision-making process should be
established for this purpose.

Furthermore, risk management recommendations should include measures and methodologies
allowing the overall control of the scale of releases into a given receiving environment. This should
further include measures to reduce the number and scale of releases.



1.2 Definition of new developments in biotechnology for the Terms of Reference

The definition should be reconsidered: in many cases, applications involving transgenic organisms
(that may be derived from EGTs, e.g. Lovett et al. 2019; Leonard et al. 2020; Katac et al., 2023),
cannot generally be regarded as ‘established’ (see also EFSA, 2020). Therefore, not only new
technologies, but also the fields of application need to be considered in the context of new
developments in biotechnology applied to microorganisms. EFSA did not take this into account in
its draft opinion (2024) and the document is, therefore, based on misconceptions.

1.4 General outline of risk assessment for genetically modified microorganisms

General comments:

The title of the opinion should make it very clear that it is directed solely at applications in food
production and agriculture. Consistency should be established throughout the text, e.g. if biomass-
production is mentioned, this should be qualified.

It should further be mentioned that an additional opinion is necessary to include other applications,
such as (i) GE microorganisms used in, e.g. biodegradation, waste treatment and bioremediation;
(ii) genetic engineering of microorganisms associated with or targeting non-domesticated species
(such as insects); (iii) potential releases of GE microorganisms (including viruses) meant to change,
e.g. the characteristics of non-domesticated plants and animals or (iv) applications of GE
microorganisms meant to change the microbiome of epithelial cells in mammals with potentially
therapeutic effects.

It should be made clear that all microorganisms obtained from EGTs or NGTs must be subject to
mandatory risk assessment, as required by current regulation. These microorganisms should be
defined as genetically engineered (GE). In addition, other microorganisms derived from non-
regulated techniques with traits or specific characteristics not previously present in the ecosystems /
food production, should also undergo mandatory risk assessment. An additional register and
decision-making process should be established for this purpose.

The opinion should further take the concept of the holobiont into account: many microorganisms
are closely associated with other species and are often considered to be ‘hosts’. Therefore, these
biological systems cannot be assessed simply by looking at individual bits and pieces in isolation;
they all have to be considered as part of larger units known as holobionts or hologenomes.
Assessment must take into account that all species in the same habitat interact and influence each
other (see, for example, Richardson, 2017; Sanchez-Canizares, 2017). EFSA did not include this
concept, and therefore any mention in the draft opinion of possible interactions remains
fragmentary.

Molecular characterisation should:

- require the identification of intended and untended genetic changes caused by the specific
techniques that may otherwise be unlikely to occur.

- take into account the potential presence of artificial guide RNAs that may trigger activities of the
CRISPR mechanisms that naturally occur in the cells.

- include empirical data on potential changes in the biology of the genetically engineered
microorganisms, e.g. in regard to gene expression, proliferation, horizontal gene transfer, population
dynamics.



Food and feed health risk assessment should:

- include empirical data on the phenotypic characteristics of genetically engineered microorganisms,
e.g. in regard to proliferation, horizontal gene transfer, mobility, population dynamics, potential for
colonisation, persistence and spread;

- require assessment of cumulative effects and potential interactions with other GE microorganisms
present in the food chain;

- consider health risk assessment of GE microorganisms (or specific nucleotides) that may
contaminate the food chain, without being intended for consumption (see for example Fraiture et
al., 2024).

Environmental risk assessment should:

- include empirical data on the phenotypic characteristics of genetically engineered microorganisms,
e.g. in regard to proliferation, horizontal gene transfer, mobility, population dynamics, potential for
colonisation, persistence and spread. For example, in 2020, EFSA identified the following risks as
being relevant: “Altered efficacy can be related to levels of exposure by e.g. 1) increased
environmental survival and host colonisation, 2) increased invasiveness and, 3) increased
competition in naturally evolved microbial communities due to enhanced fitness, thereby displacing
beneficial microorganisms or disrupting, 4) altered metabolism, e.g. by changes in substrate
utilisation opening new environmental niches; 5) altered lifestyle, e.g. by energy use (aerobic versus
anaerobic) opening new environmental niches.”

- specifically require the assessment of potential impacts which changes in symbiotic microbiomes
(such as those associated with fungi, lichens, plants, animals, humans, in the soil, above soil or
within aquatic systems) may have by taking the concept of the holobiont into account;

- include the assessment of cumulative effects and potential interactions with other GE organisms
sharing the same receiving environment;

- consider risk assessment of GE microorganisms (or nucleotides) that may contaminate the fields
and /or the food chain, but are not meant for food production (see for example Fraiture et al., 2024);
- define cut-off criteria in order to make adequate decisions if too many unknowns and uncertainties
emerge (Then et al., 2020). As EFSA states (EFSA, 2020): “Even with the complete genetic
information of a synthetic microorganism, it is beyond the capacity of any existent bioinformatic
analysis to fully predict the capability of a synthetic organism to survive, colonise and interact with
other organisms under natural conditions, given the uncountable diversity of potential
microhabitats and their temporal variability.”

Risk management recommendations: Risk management should not only include monitoring, but
also measures and methodologies that allow control of the overall scale of releases within a given
receiving environment. Risk management tools should be established to allow control of, e.g. the
duration of releases, the number of organisms per species, the number of species, the combination
of traits (by parallel releases) and, if required, a reduction in the number and scale of releases.

2.4 Selection and description of the case studies

The case studies should be broadened to include:

- GE microorganisms (especially viruses) that may be released in genetically engineered plant
populations or other organisms in and around the fields (Eckerstorfer et al., 2024)

- Introduction of whole sets synthetic microbial communities (de Souza et al., 2020; Rubin et al.,
2022; Ali et al., 2023).



- GE microorganisms (including viruses) that may be released as plant protecting effectors, or as
‘bio-pesticides’ in and around the fields, or intended to control parasites (Huang et al., 2023; Lang
et al., 2023; Lovett & Leger 2017; Zhao et al., 2016; Eckerstorfer et al., 2024)

- GE microorganisms inheriting specific systems meant to change, e.g. the characteristics of plants,
animals or other microorganisms, thus involving specific vectors, (see, for example, Reeves et al.,
2018), or mobile genetic elements (artificial transposons), or gene drive-like mechanisms (see, for
example, patent application WO2016177682 which includes artificial mobile genetic elements).

- GE microorganisms (or nucleotides) that may contaminate the food chain or agricultural
production, without these being meant for food production or consumption (see, for example, patent
application WO2016177682 which includes antibacterial GE microbes for the protection of
surfaces, substrates and fluids or contaminations as found by Fraiture et al., 2024);

- GE microorganisms meant to change the characteristics of a host (like honey bees) via
paratransgenesis (Wilke et al., 2025; Leonard et al., 2020) or other specific host-related
mechanisms;

- GE microorganisms meant to change the composition of the gut microbiome (Bai et al., 2023) or
control bacteria on epithelial cells (W02017112620, W0O2017087909), which may have therapeutic
properties, but could also contaminate or otherwise impact and change microbiomes beyond the
intended purpose (W02017087909, describing processes to control mastitis in dairy).

Furthermore, it should be taken into account that some of these applications involve
microorganisms developed from EGTs, although their application in the environment cannot be
regarded as ‘established’ (see for example Lovett & Leger 2017). Therefore, not only new
technologies, but also the fields of application have to be considered in this context.

Further considerations should be given to:

- the impact of (generative) Al on the future development of microorganisms (Helmy et al., 2020;
Radivojevi¢ T. et al., 2020; Noshay et al., 2023);

- how rapidly the various GE microorganisms are introduced into a shared receiving environment
and /or the food chain. This should include their potential interactions and potential cumulative
impact on health and the environment ( as discussed by Koller et al, 2023);

- GE microorganisms (or nucleotides) that may interfere with food and feed safety, but are not
intended for use in food production.

3.1.1 AQ1. What are the new techniques/approaches developed since 2001
(namely, new developments in biotechnology) which could be applied/are
applied to microorganisms?

The opinion should be broadened in regard to:

- delivery techniques involving specific vectors, mobile genetic elements (artificial transposons) or
gene drive-like mechanisms (see, for example, patent application WO2016177682);

- applications meant to change the characteristics of a host (like honey bees) via GE
microorganisms (see, for example, Leonard et al., 2020);

- use of (generative) Al for the development of microorganisms with completely novel
characteristics (Helmy et al., 2020; Radivojevic¢ T. et al., 2020; Noshay et al., 2023).



3.1.2 AQ2. Are there any novel hazards that these new developments in
biotechnology applied to microorganisms could pose to humans, animals and the
environment, as compared to established genomic techniques and conventional
mutagenesis?

The opinion did not identify any new potential technology-related hazards for humans, animals or
the environment caused by NGT applications in microorganisms in comparison to EGTs or
conventional mutagenesis. This needs to be corrected as GE may overcome natural mechanisms of
genome organisation in microorganisms, thus causing intended or unintended effects that are
otherwise unlikely to occur:

Complex factors in the genome organisation of, e.g. bacteria (but also of archeae and viruses), are
known to make some genetic changes much more likely than others. These are understood as
factors in genome organisation which stabilise bacterial genomes in some genomic regions, whilst
other regions undergo changes much more frequently (see Lee et al., 2012; Fang et al., 2008;
Martincorena et al., 2012).

For example, essential genes are very often organised in clusters located at greater distances to other
regions which have a higher frequency of mutation (Fang et al., 2008; Hosseini & Wagner, 2018).
Repair processes which occur more frequently in some genomic regions also seem to play a crucial
role in this context (Costantino & Court, 2003; Jee et al., 2016.)

These effects are also relevant to risk assessment: for example, specific gene deletions may cause
bacteria to become more adapted, more virulent or pathogenic under specific environmental
conditions (see, for example, Albalat & Cafiestro, 2016). At the same time, the frequency of gene
deletions is not randomly distributed throughout the genome (Hosseini & Wagner, 2018).

The mechanisms behind these occurrences are not fully understood. However, it is a known fact that
they do occur, thus making it necessary to use risk assessment to address intended and unintended
genetic changes caused by specific techniques (such as NGTs), which are otherwise unlikely to
happen. In this context, empirical data on the phenotypic characteristics of the genetically
engineered microorganisms must be taken into account, e.g. in regard to proliferation, horizontal
gene transfer, mobility, population dynamics, potential for colonisation, persistence and spread.

Furthermore, the technical potential of NGTs means that various microorganisms with completely
novel characteristics may be released into the environment or used in food production, both very
quickly and in large quantities. Therefore, if EGTs are to be compared to NGTs, the speed of
development has to be taken into account for the assessment of cumulative aspects and overall
exposure within a given period of time.

3.1.3 AQ3. Are there any novel risks that these new developments in
biotechnology applied to microorganisms could pose to humans, animals and the
environment, as compared to established genomic techniques and conventional
mutagenesis?

EFSA is wrong in assuming that no novel risks and potential hazards of microorganisms derived

from NGTs can be identified in comparison to those derived from EGTs or conventional
mutagenesis (see comment to point 3.1.2).



3.2.1 AQ1 and AQ2. What kind of GM microorganisms and GM microbial
products within the EFSA remit have been identified and can be expected in the
next 10 years that were developed using new developments in biotechnology?

This question is misleading as it suggests the opinion covers all identified genetically engineered
microorganisms and products derived from new advancements in biotechnology, which are
expected to fall within the remit of EFSA and developed within the next 10 years. However, the
opinion and the chosen examples are only applicable in the context of agriculture and food
production. Therefore, an additional opinion is needed to include other applications of (i) GE
microorganisms, e.g. for use in biodegradation, waste treatment and bioremediation (see for
example Rafeeq et al., 2023); (ii) genetic engineering of associated microorganisms or targeting
non-domesticated species (such as insects; see for example Katac et al., 2023); (iii) potential
releases of GE microorganisms (including viruses) meant to change, e.g. the characteristics of non-
domesticated plants and animals (see for example Eckerstorfer et al., 2024; Lentzos etal ., 2022) or
(iv) applications of GE microorganisms meant to change the microbiome of epithelial cells in
mammals, and thus achieve therapeutic effects (Bai et al., 2023; W02017087909).

In addition, the cases chosen for the food production sector do not cover the full range of relevant
applications (see comment to points 2.4 and 3.1.1).

Therefore, the draft opinion is not conclusive in regard to the selected case studies and the
assessment based on existing risk assessment guidelines.

3.2.3.1 Comparative approach: use of a comparator

The EFSA guidance (2011) lacks essential criteria needed to perform comparative risk assessment
of the phenotype of the GE microorganisms in regard to molecular, microbial and phenotypic
characterisation.

The molecular characterization should:

- require the identification of intended and untended genetic changes caused by the specific
techniques, which may otherwise be unlikely to occur.

- take into account the potential presence of artificial guide RNAs that may trigger activities of the
CRISPR mechanisms that naturally occur in the cells.

- include empirical data on potential changes in the overall biology of the genetically engineered
microorganisms, e.g. in regard to proliferation, horizontal gene transfer, mobility, population
dynamics, potential for colonisation, persistence and spread.

For example, Case Study 1 would require an assessment of the potential for nitrogen-fixing bacteria
to persist and spread in the environment as well as their potential to colonise other plant species
(including weeds). Therefore, data would be needed to compare the phenotypic characteristics of
the GE bacteria to the wildtype. Consequently, the existing guidance needs to be extensively
amended.

In addition, Case Study 2 would require an assessment of changes in the interactions between host
and endophyte. In addition, data should be required on the ability of the endophyte to persist and
spread in the environment as well as on its potential to colonise other plant species (including
weeds). Consequently, this would require the existing guidance to be extensively amended, as no
such parameters are required under current EFSA (2011) comparative approach.



3.2.3.2 Microbial characterisation

The microbial characterisation should:

- require the identification of intended and untended genetic changes caused by the specific
techniques, which may otherwise be unlikely to occur.

- include empirical data on potential changes in the overall biology of the genetically engineered
microorganisms, e.g. in regard to proliferation, mobility, population dynamics, potential for
colonisation, persistence and spread.

It should be made clear the that QPS-concept (qualified presumption of safety) cannot be applied at
the level of genomic data, as this would require data on potential phenotypic changes in GE
microorganisms compared to the wild type.

Therefore, the current guidelines have to be extensively amended.

3.2.3.3 Information relating to the manufacturing process and product
specifications

The current guidelines for the use of Category 3 GE microorganisms do not require the assessment
of, for example, enzymatic activity in the final products, e.g. bread or beer. Example 10 seems to be
the only case to include enzymatic activity resulting from the genetic engineering process.
However, enzymatic activity is relevant to many food production processes. The current guidance
should be amended to include the assessment of enzymatic activity in the final product if it is
derived from GE microorganisms.

3.2.3.4 Compositional analysis

Data on the phenotypic characteristics of the GE microorganisms is needed to perform comparative
risk assessment (see comments on point 3.2.3.1 and 3.2.3.2). The compositional analysis is not
sufficient to draw any conclusions at this stage of risk assessment. Therefore, the current guidelines
have to be extensively amended.

3.2.3.10 Potential environmental impact of GMMs and their products

Environmental risk assessment should:

- include empirical data on the phenotypic characteristics of the genetically engineered
microorganisms, e.g. in regard to proliferation, horizontal gene transfer, mobility, population
dynamics, potential for colonisation, persistence and spread; for example, in 2020, EFSA identified
the following risks as relevant: “Altered efficacy can be related to levels of exposure by e.g. 1)
increased environmental survival and host colonisation, 2) increased invasiveness and, 3) increased
competition in naturally evolved microbial communities due to enhanced fitness, thereby displacing
beneficial microorganisms or disrupting, 4) altered metabolism, e.g. by changes in substrate
utilisation opening new environmental niches; 5) altered lifestyle, e.g. by energy use (aerobic versus
anaerobic) opening new environmental niches.”

- specifically require the assessment of potential impacts of changes in symbiotic microbiomes
(such as those associated with fungi, lichens, plants, animals, humans, in the soil, above soil or
within aquatic systems) by taking the concept of the holobiont into account;

- include the assessment of cumulative effects and potential interactions with other GE organisms
sharing the same receiving environments;



- consider risk assessment of GE microorganisms (or specific nucleotides) that may contaminate the
fields and /or the food chain, but are not meant for food production (se for example Fraiture et al.,
2024);

- define cut-off criteria to enable adequate decisions to be taken in cases where there are too many
unknowns and uncertainties (Then et al., 2020). As EFSA states (EFSA, 2020): “Even with the
complete genetic information of a synthetic microorganism, it is beyond the capacity of any existent
bioinformatic analysis to fully predict the capability of a synthetic organism to survive, colonise and
interact with other organisms under natural conditions, given the uncountable diversity of potential
microhabitats and their temporal variability.”

3.3.2.11 HGT

For NGT-Ms in which sequences have been deleted, EFSA suggests that assessment of HGT would
not be considered applicable, as there is no new genetic information which can be transferred to
other microorganisms. However, this is not entirely correct since deletions of gene sequences may
favour the likelihood of HGT in other gene sequences.

EFSA proposes that for non-living NGT-Ms (Category 3), assessment of HGT would only be
needed for acquired ARM gene(s) because of potential environmental selection after transfer.
However, this is not correct. As, for example, Case Study 7 shows, the assessment of HGT for
Category 3 microorganisms is highly relevant in relation to other newly introduced DNA sequences.

EFSA should also take into account that microorganisms can exchange a wide range of ncRNAs
such as recently detected ‘obelisks’ (Zheludev et al., 2024).

3.3.2.12 PMEM

Risk management should not only include monitoring, but also measures and methodologies that
allow control of the overall scale of releases within a given receiving environment. Risk
management tools should be established which allow control over, e.g. the duration of releases, the
number of organisms per species, the number of species, the combination of traits (by parallel
releases) and, where required, the reduction in number and scale of releases.

3.3.3 Future recommendations

EFSA is wrong in stating that the processes to establish new traits in microorganisms would not be
relevant to risk assessment (see point 3.1.2). Therefore, it should be made clear that all
microorganisms derived from EGTs or NGTs must be subject to mandatory risk assessment, as
required by current regulation. These microorganisms should be regarded as genetically engineered
(GE).

In addition, other microorganisms derived from non-regulated techniques which have traits or
specific characteristics not previously present in ecosystems / food production should undergo
mandatory risk assessment. An additional register and decision-making process should be
established for this purpose.

In addition, a further opinion is needed to include further applications of (i) GE microorganisms for,
e.g. use in biodegradation, waste treatment and bioremediation; (ii) genetic engineering of
microorganisms associated with or targeting non-domesticated species (such as insects); (iii)
potential releases of GE microorganisms (including viruses) meant to change, e.g. the



characteristics of non-domesticated plants and animals, or (iv) applications of GE microorganisms
meant to change the composition of the microbiome in mammals for purposes other than food and
feed, but with potential impact on food safety.
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