Ecologist’s view on COM (2025) 1031 — environmental
release of genetically modified microorganisms (GMM)

Executive Summary

Microbes are fundamentally different from plants and animals in ways that make current or
loosened regulatory approaches inappropriate and potentially dangerous. We also lack sufficient
scientific knowledge about identity and ecology of microbes. The following characteristics
require special attention in a scientifically sound and appropriate GMM regulatory policy:

Unpredictable dispersal — microbes reproduce rapidly and travel via air, water, and
animal vectors across vast distances with no reliable models for containment

Limited monitoring capability — sequencing destroys the sample being studied, so real-
time ecological interactions (e.g., predation, competition) cannot be observed

Horizontal gene transfer (HGT) — genes can jump to other organisms, especially when
carried on mobile genetic elements; risk depends heavily on where the genome is modified
Soil complexity — the main target environment is the most diverse and least monitorable
microbial habitat on Earth and it performs most target functions (e.g., N-fixation) natively
Context-dependent performance — lab-validated traits may behave unpredictably in real
environments, raising also consumer-protection concerns

Intellectual property complications — HGT could spread proprietary genetic markers to
unintended organisms, blurring detection vs. IP infringement

Given the above and the existing original draft, we urge the following changes:

1.

Remove the proposed "low-risk" GMM category - no adequate risk-quantification
framework exists yet

Mandate long-term monitoring covering the organism, the modified genes, and
interacting species simultaneously

Require safe and meaningful in-situ field validation of actual functional improvement,
not just gene presence, and clear environmental benefit

Eliminate Qualified Presumption of Safety (QPS) — microbial strains within species
differ largely and parental traits do not inform about environmental risks of the GMM
Develop mandatory, and microbe-specific Environmental Risk Assessment (ERA)
- current frameworks are designed for food and feed, not for deliberate GMM
proliferation in the environment

Shorten approval time limits to fully reflect irreversibility of release, short microbial
generation times, and rapid evolution

Treat GMM applications and organ transplants separately to allow for topic-specific
assessment of benefits and risks

Consult ecologists and microbiologists formally before regulatory changes proceed



Background

Microbes host our planet's oldest and most extensive repertoire of genetic diversity, most of
which remains unknown'. Even for bacteria, the most well-characterized microbial group, an
estimated 42% of taxonomic units have never been detected?. Microbes include organisms as
different as bacteria, archaea, microalgae, fungi, protists, oomycota and viruses. They have
colonized all ecosystems and play integral roles in them, yet little is known about their identity,
distribution and ecology. In nature, microbes are responsible for key ecosystem functions such
as nutrient cycling, organic matter decomposition, soil structure, plant growth, or pathogen control.
At the same time, microbes themselves represent an important source of biodiversity, which is
inherently worthy of protection?®.

The ubiquity and genetic breadth of microbes make them an attractive focus for biotechnology.
Therefore, COM (2025) 1031 attempts to greatly ease regulation on the application of genetically
modified microbes (GMMSs) in agriculture and natural environments. As ecologists, we argue that
this attempt is a double-edged sword: major unknowns about microbes - resulting from either
the unique biology of microbes or the difficulty of studying microscopic organisms - warrant
(pre)caution and the development of dedicated risk assessment and monitoring
frameworks that match both microbial biology as well as the intended receiving environment.

For most of history, monitoring microbes was impossible, as their microscopic size defies direct
observational approaches common to plant or animal ecology. Studying most microbes in
isolation is not possible, as they exist in metabolically interconnected communities that do not
survive alone. Only recently, advances in sequencing technologies have enabled monitoring of
known microbes in natural environments, creating decadal lags in our understanding of
identity, biology, and ecology of microbes relative to our knowledge of plants or animals.
Therefore, the recent EU Regulation 2026/1388 about NGT (new genomic techniques) plants
explicitly excluded microbes from deregulation, because of our insufficient knowledge about them.

The knowledge lag extends to our understanding of microbial dispersal. For macroscopic
organisms, spread is at least partly predictable: most seeds fall within a known radius, many
animals move along known corridors, and models exist to approximate plant and animal
movement. Microbial dispersal follows none of these rules. Microorganisms travel on air currents,
in water, and on bodies of insects, birds and livestock, greatly exceeding the scale at which they
were released. A single wind event can carry viable bacterial and fungal propagules hundreds of
kilometers. We still lack basic data on dispersal ranges and vectors of even well-studied microbes.
Therefore, regulatory frameworks must assume that a GMM will not stay where it is placed.

Importantly, sequencing can only provide snapshots of microbial communities, as it requires the
communities to be destroyed during DNA extraction. Consequently, many ecological phenomena
that require real-time observation, like predatory or competitive interactions and exchanges
among microbes, all of which affect the action and range of GMMs, still cannot be studied. For
example, recent evidence shows that predation can substantially reduce the action of live
microbial products in natural settings*. Moreover, microorganisms comprise such a large
biodiversity, most of which is unknown, that there is currently no single approach for



characterizing its status quo or modifications to it. The difficulty of assessing and monitoring
these organisms is an argument for developing appropriate methods, not for waiving the
requirement.

At the same time, microbes can carry out rapid evolution through horizontal gene transfer
(HGT), which can pose a serious risk to human health and the environment and may be
impossible to regulate. Not all genetic modifications carry the same HGT risk. A gene inserted
into a bacterial chromosome, particularly without flanking sequences promoting mobility, transfers
at comparatively low rates. The same gene carried on a plasmid, a transposon, or another mobile
genetic element has a much greater risk of being transferred to other microbes. Yet, the extent of
HGT is still poorly understood. The spread of antibiotic resistance genes — a major concern for
human health- has already demonstrated how efficiently these vehicles work. Legislation
indifferent to where in the genome a modification sits, and to what genetic machinery
surrounds it, cannot meaningfully assess risks of the release it approves.

We must also stress that soils, where most products shall be applied, are the most diverse
microbial environments on Earth. They harbor rich and valuable genetic diversity, which the
improper application of GMMs may threaten. Single inoculation events — even regardless of the
establishment of the inoculant - may modify the native microbiota and its functioning®. Soil is also
harder to regulate and monitor than any other habitat: it is opaque, heterogeneous over
distances of centimeters, and cannot be sampled repeatedly without destroying the community
under observation. Crucially, most genetic functions sought for are already present in the
system. Phosphate solubilization, nitrogen fixation, and pathogen suppression are carried out by
native microbial communities, and at a rate and frequency that is mainly dictated by local
environmental constraints. Unsurprisingly, most products that have been placed on the market
failed to prove efficiency, not the least because of unknowns of fundamental ecological principles®.

The right legislation will also consider health risks to consumers. Unlike widely-used
agrochemicals (with a strict time limit), microbial products are alive and interact with their
environment, with growing evidence demonstrating direct effects on functioning of the products.
The microbes can also interact with human microbiomes, as well as with that of plants and
animals, thus bearing major health risks and risks for biodiversity. The expression of organismal
traits is also highly context-dependent, and there is ample evidence for organisms behaving
differently in different climatic conditions, with different neighbours, different soil chemistry, and
even different individuals within a single host population. While GMMs are developed and often
validated in isolation in the lab, they are applied to complex environments that are already
saturated with native microbes. Thus, GMM benefits and risks are a moving target. Realistic
risk (and benefit) analyses require producers to prove the functioning of GMMs in situ and across
a realistic range of environmental conditions but without risk of spreading. This also protects
consumers from products that do not work as advertised. Finally, due to HGT, genetic signatures
used to identify GMMs as intellectual property (IP) may spread, almost pathogenically, to
unintended targets and be detected where the product was not applied.



Recommendations

Existing bureaucratic, infrastructural, and regulatory barriers to the study of GMMs within a
fundamental, academic framework has resulted in many blind spots regarding the proposed
changes to regulations for the release of GMOs into the environment, drastically impeding our
ability to assess potential negative impacts of GMMs. While ecological expertise is key to
developing environmental impact assessment, including desired effects, ecologists have not been
consulted. Our main call is thus to ensure that any changes to the existing regulations should only
be made after intensive consultation with scientists from the ecological and microbial
sciences. Failure to do so in the past has led to many blind spots in existing and proposed
regulations regarding the release, risk assessment, and monitoring of genetically modified
organisms, and it is a main reason for most past GMM products to have failed.

Given the scientific knowledge about microbes, we urge for the following changes to the proposal:

Remove low-risk GMM category. There is currently no comprehensive framework for
quantifying GMM-associated risks across all microbial taxa, genetic locations of modifications,
and types of modifications. This is aggravated by the availability of New Genomic Techniques
and Al, which may rapidly yield new GMMs with modifications unrelated to ‘genes of concern’
which create entirely novel and unknown environmental functions and risks. An appropriate
framework must be developed urgently before allowing a hypothetical “low-risk” category to create
major -and irreparable- environmental risks. Due to HGT, GMM release may also affect non-target
microbes which, under the proposed changes, may not even be monitored. GMMs will evolve and
spread fast and interact with myriads of other organisms. Thus, introduction of GMMs may
destabilize local interaction networks, displacing native microbiota, themselves a valuable genetic
resource, before they are described, potentially reducing the soil’s resistance and resilience to
environmental change. Rebranding this GMM category does not change the fact that uncertainty
of GMM applications in the agricultural and natural environment is extremely large. Only case-
specific risk assessments can address these uncertainties and is compatible with current
scientific knowledge, the precautionary principle, and the Cartagena Protocol.

Make long-term monitoring mandatory. Given the potential environmental risks of GMMs,
monitoring must be mandatory in the long term. The aim of monitoring is to test whether the GMM
has the desired effect, to provide early warning about undesired effects, and to enable learning
for future applications. Monitoring frameworks must be developed to consider the incomplete
snapshot nature of current methods, as well as the microbe’s short life cycle, high evolutionary
potential, and ability for HGT. This requires that a) the target organism, b) the modified gene(s),
and c) interacting organisms and their ecological functions and genetic makeup be monitored
simultaneously. Monitoring should never be waived. Data needed for monitoring should be made
publicly available by the GMM’s producer. Should release of GMMs be allowed as proposed, a
distinction should also be made between the detection of a GMM and the usage of proprietary IP.

Introduce basic checks to assess need and in situ functionality for GMMs. Given the broad
and ubiquitous genetic potential of soil microbiota and unknown potential for benefits and risks,
at the very least, the release of GMMs should be allowed only in cases where manufacturers



prove the functioning of the GMMs prior to approval for release into the environment and into the
market through meaningful but highly confined field trials. Indicators of success should be
considerable net environmental benefits, without side effects on the function of coexisting
organisms, not the mere presence of the modified gene.

Replace Qualified Presumption of Safety by case-specific mandatory risk assessment.
QPS was developed for food and feed, not for deliberate environmental release of GMMs. QPS
are designed to apply to a species or family, but for microbes (especially bacteria) and due to
HGT, conspecifics may have very different metabolic and pathogenic activities. For example,
some forms of E. coli are present in virtually all healthy human guts, while others (e.g., E. coli
0O157:H7) can produce life-threatening toxins. QPS also applies only to the parental species, but
microbes can also change substantially from parent to offspring. Risk assessment of the strain
and the GMM should be an integral and compulsory part of any regulation.

Expand Environmental Risk Assessment (ERA). Current ERA regulations” were developed for
food and feed, which have limited environmental context-dependency and are not designed to
spread on their own, evolve, and interact with other organisms in the environment. The
development of microbe-specific, ecologically informed ERA for GMMs released with the very
purpose of spreading in the environment is urgent and necessary.

Adjust time limitation to the biology of GMMs. The original “no limit"” mandate has been
suggested to be reduced to ten years. Yet, given the impossibility of removing GMMs once they
are applied, their short generation time and high speed of evolution, science-based time
limitations should be adjusted to relative time (generations), not absolute time: i.e., the true
equivalent of a ten-year time limitation for a GMO plant is ten generations in microbes.



Appendix

Bibliography

1 Fan K, et al. 2026. A global atlas of soil microbial genetic resources exposes protection
shortfalls. Nature Sustainability. doi: 10.1038/s41893-026-01914-8

2 Wu D, et al. 2025. A metagenomic perspective on the microbial prokaryotic genome census.
Science Advances, 11, eadq2166. doi: 10.1126/sciadv.adq2166

3 Averill C, et al. 2022. Defending Earth’s terrestrial microbiome. Nature Microbiology, 7, 1717—
1725. doi: 10.1038/s41564-022-01228-3

4 Nieto EE, et al. 2024. DNA stable isotope probing reveals the impact of trophic interactions on
bioaugmentation of soils with different pollution histories. Microbiome, 12, 146. doi:
10.1186/s40168-024-01865-2

5 Mallon CA, et al. 2018. The impact of failure: unsuccessful bacterial invasions steer the soil
microbial community away from the invader’s niche. The ISME Journal, 12, 728—-741. doi:
10.1038/s41396-017-0003-y

6 Giller KE, et al. 2025. Science losing its way: examples from the realm of microbial N2-fixation
in cereals and other non-legumes. Plant and Soil, 511, 1-24. doi: 10.1007/s11104-024-
07001-1

7 EFSA Scientific Committee, Bennekou SH, et al. 2025. Guidance on the characterisation of
microorganisms in support of the risk assessment of products used in the food chain. EFSA
Journal. European Food Safety Authority, 23, €9705. doi: 10.2903/j.efsa.2025.9705

Authors

Working Group New Genomic Techniques: Ecological Society of Germany, Austria, and
Switzerland — GFO

and

Pan-European Working Group on Environmental Release of GMOs: working group in approval
process by the European Ecological Federation- EEF

Speaker of both working groups: Prof. Dr. Katja Tielborger (katja.tielboerger@uni-tuebingen.de)


https://sciwheel.com/work/bibliography
https://sciwheel.com/work/bibliography/19093835
https://sciwheel.com/work/bibliography/19093835
https://sciwheel.com/work/bibliography/19093835
https://sciwheel.com/work/bibliography/19093835
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/17417098
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/14056678
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/16776270
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/4757392
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/19127723
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077
https://sciwheel.com/work/bibliography/18402077

