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INTRODUCTION

This document is part of the process of revision of the European legislation on New Genomic Techniques
(NGT), as outlined in the Draft NGT Regulation of the European Commission and in the subsequent
developments of the institutional debate.

The regulatory intervention in question introduces a distinction between different categories of organisms
obtained through genome editing techniques, in particular between NGT1 and NGT2, with significant
consequences in terms of risk assessment, traceability, labelling and methods of placing on the market. This
approach marks a significant shift compared to the previous regulatory framework, directly affecting the
balance between technological innovation, environmental protection, food safety and the functioning of the
internal market.

In this context, the contribution of the association is positioned within the representation of the organic
farming sector and consumer protection. In particular, the analysis is aimed at highlighting the implications of
the new regulatory framework with respect to the ability to ensure the separation between production
models, transparency along the supply chain and the possibility for consumers to make informed choices.

The objective of the document is to provide a technical-critical reading of the Draft, highlighting the main
emerging critical issues from an environmental, health, economic and systemic perspective. The analysis does
not limit itself to evaluating individual regulatory aspects, but proposes an overall reconstruction of the
underlying regulatory model, with particular attention to the way in which it manages scientific uncertainty
and distributes risk along the supply chain.

From this perspective, the document aims to contribute to the institutional debate through a rigorous
approach, based on scientific and legal evidence, and oriented towards identifying possible rebalancing
measures consistent with the precautionary principle and with the protection of agricultural operators and
consumers.
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1. GENERAL FRAMEWORK OF NGTs AND THE DRAFT REGULATION

TECHNOLOGICAL EVOLUTION AND SCIENTIFIC CONTEXT

The proposal for a regulation on new genomic techniques (NGTs) is part of a context of scientific and
technological evolution that has profoundly changed the possibilities of intervention on the genetic material
of plants. Techniques such as genome editing today allow punctual, targeted modifications and, in many cases,
difficult to distinguish from natural mutations or obtained through conventional methods of genetic
improvement.

THE DISTINCTION BETWEEN NGT1 AND NGT2 AS THE BACKBONE OF THE SYSTEM

The Draft NGT Regulation incorporates this evolution by introducing a fundamental distinction between two
categories of organisms: on the one hand, NGT1, considered substantially equivalent to varieties obtained
through conventional techniques; on the other hand, NGT2, which instead remain subject to a regulatory
regime more closely aligned with that applicable to genetically modified organisms (GMOs).

This distinction does not merely represent a technical classification, but constitutes the core of the entire
regulatory framework. From it derive significant consequences in terms of risk assessment, authorization
requirements, traceability, labelling, and conditions for placing on the market. In particular, the qualification
of a plant as NGT1 entails access to a simplified regime, based on a presumption of equivalence with
conventional varieties, which significantly reduces ex ante assessment burdens.

THE ROLE OF ANNEX | AND ANNEX I

The system is structured around two central elements. On the one hand, Annex | defines the criteria for the
classification of NGT1 plants, identifying the types of genetic modifications considered comparable to those
obtainable in nature or through conventional selection. On the other hand, Annex Il establishes the
methodological framework for risk assessment, recalling the model already used for GMOs and based on
hazard identification, exposure assessment and risk characterisation.

FROM TECHNIQUE TO RESULT: THE REGULATORY PARADIGM SHIFT

The overall approach of the Draft reflects a precise regulatory choice: to shift the focus of assessment from
the technique used to the final outcome of the genetic modification. In this perspective, what is relevant is
not so much the process through which the modification was obtained, but its comparability with variations
already present in nature or in conventional breeding.

THE TENSION BETWEEN REGULATORY SIMPLIFICATION AND BIOLOGICAL COMPLEXITY

However, this approach introduces an initial structural tension. The classification of NGT1 is based on criteria
of equivalence that simplify complex biological systems, translating potentially heterogeneous genetic
variations into discrete legal categories. This results in a shift from a continuous scientific logic, characterized
by uncertainty and variability, to a regulatory logic that requires thresholds, definitions, and operational
decisions.
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CLASSIFICATION AS A TOOL FOR THE GOVERNANCE OF UNCERTAINTY

In this sense, the distinction between NGT1 and NGT2 does not merely describe a biological difference, but
represents a genuine choice in the governance of uncertainty. Through classification, the system identifies
which genetic modifications can be considered sufficiently “known” and therefore manageable under a
simplified regime, and which instead require more in-depth control.

This step is particularly relevant because it directly affects the role of the precautionary principle. In the model
outlined in the Draft, a significant portion of genetic modifications is exempted from thorough ex ante
assessment on the basis of a presumption of equivalence, shifting the management of potential critical issues
to later stages of the regulatory cycle, such as traceability, monitoring, and ex post management.

SUMMARY: TOWARDS A NEW REGULATORY MODEL

Overall, the framing of NGTs in the Draft therefore highlights an evolution of the regulatory paradigm: from
an approach centred on the preventive control of genetic technologies to a model that prioritises procedural
simplification and integration into the existing agricultural system, taking as its reference the continuity with
conventional breeding.

2. DEFINITION, CLASSIFICATION AND OPERATION OF NGTs

DEFINITION AND GENERAL CHARACTERISTICS

NGTs (New Genomic Techniques) constitute a set of technologies used to modify the genetic material of plants
in a targeted and precise manner, acting directly on DNA to introduce, remove or modify specific genetic
sequences.

Unlike traditional breeding, based on crossing and selection over time, NGTs allow for more direct, precise
and controlled interventions on the genome.

Within the system outlined by the European regulatory Draft, these techniques are divided into two main
categories on the basis of the nature and extent of the genetic modifications introduced.

CLASSIFICATION OF NGTS: NGT1 AND NGT2

NGT1 includes plants that exhibit genetic modifications considered limited or equivalent to those obtainable
in nature or through conventional breeding. This category includes, for example, point mutations in DNA,
limited deletions of genetic sequences and modifications obtained using DNA derived from the same “gene
pool” compatible with natural crossing.

From a regulatory perspective, such plants are considered equivalent to conventional varieties and are subject
to a simplified verification procedure compared to traditional GMOs.

NGT2, on the other hand, includes plants characterised by more extensive, complex or non-assimilable genetic
modifications compared to those obtainable through conventional breeding, such as larger genetic insertions,
multiple genome modifications or combinations of interventions that result in new characteristics. These
remain subject to the full regulatory framework applicable to genetically modified organisms.
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THE CRITERION OF DISTINCTION: FROM THE PROCESS TO OUTCOME

The distinction between NGT1 and NGT2 is not based on the technology used (e.g. CRISPR or other
techniques), but on the type and extent of the resulting genetic modification.

The regulatory system therefore adopts a criterion based on the outcome rather than on the process,
distinguishing between modifications considered comparable to natural variability and modifications
considered innovative or potentially more impactful.

TECHNIQUES USED AND FUNCTIONING OF GENOME EDITING

NGT1 are obtained by genome editing techniques that allow highly specific interventions on the DNA of the
plant. Key technologies include gene editing tools such as CRISPR/Cas, TALEN and ZFN, as well as techniques
such as cisgenesis, intragenesis and targeted mutagenesis.

In the case of the CRISPR/Cas system, a guide RNA directs the Cas nuclease to a specific target sequence on
the DNA through complementary base pairing, where the enzyme introduces a site-specific cut. The
subsequent cellular repair process may result in point modifications, such as substitutions, insertions or
deletions of a few nucleotides.

In the case of TALEN (Transcription Activator-Like Effector Nucleases) techniques, engineered DNA-binding
proteins recognise specific nucleotide sequences, while a nuclease domain induces a targeted cut at the same
site. The subsequent cellular repair process may result in targeted genetic modifications.

In the case of ZFN (Zinc Finger Nucleases) techniques, proteins containing zinc finger DNA-binding domains
recognise specific DNA sequences, while an associated nuclease domain introduces a cut at the target site.
The subsequent cellular repair process may result in insertions, deletions or other sequence alterations.

RELATIONSHIP WITH CONVENTIONAL BREEDING

A central element of the regulatory approach is the assimilation of NGT1 to conventional breeding, based on
the comparability of the final outcome.

However, such assimilation is based on a distinction that is not entirely linear. Conventional breeding includes
techniques that involve significant interventions on the genetic material, such as induced mutagenesis, the
use of colchicine to induce polyploidy, in vitro cultures and guided selection programmes.

It should also be noted that conventional breeding includes techniques of induced mutagenesis using physical
agents (such as ionising radiation, for example gamma rays) or chemical agents, which may result in extensive
and non-targeted modifications of DNA.

These techniques are considered “traditional” due to their historical use, but nevertheless represent artificial
interventions. Such techniques, despite producing potentially significant genetic alterations, are historically
excluded from the scope of GMO legislation, as they are not considered genetic engineering techniques.

Genome editing techniques, on the other hand, operate through direct and targeted modifications of DNA,
introducing a methodological discontinuity compared to conventional processes.

MAIN CRITICAL ISSUES AND AREAS OF UNCERTAINTY

Despite the high theoretical precision, genome editing techniques operate in complex biological systems, in
which it is not always possible to fully predict the effects of the intervention.

The main critical profiles include:
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e the possibility of off-target effects, i.e. unintended genetic modifications in regions other than the target
ones;

e potential phenomena of genomic instability linked to DNA repair mechanisms;

e the possible production of unexpected proteins or metabolites, resulting from alterations in gene
expression processes.

These elements highlight how, even in the presence of highly targeted techniques, a margin of uncertainty
remains due to the complexity of biological systems.

3. IMPACT ON THE ECOSYSTEM

ALTERING ECOLOGICAL BALANCES

When plants obtained through NGTs are considered no longer merely as isolated organisms, but as elements
embedded in complex ecological systems, the first level of attention concerns the possible effects on the
balance between species and on the structure of biological communities.

The central point is that certain genetic modifications, even when limited at the molecular level or considered
equivalent to those obtainable through conventional methods, may translate into significant functional
advantages at the phenotypic level. For example, increased resistance to pathogens, improved tolerance to
drought or higher efficiency in the use of resources may make a cultivated variety more competitive compared
to other plants present in the same environment.

In an agricultural or semi-natural context, this may result in a series of cascading effects. The modified plant
may:

e compete more effectively for light, water and nutrients compared to wild species or traditional varieties;

¢ alter the composition of local plant communities, modifying the balance between dominant species and less
competitive species;

e contribute, in the medium to long term, to a reduction in local biodiversity, particularly in agricultural
systems already characterised by a high degree of crop simplification.

The critical element does not necessarily concern the individual plant, but rather the large-scale diffusion of
varieties sharing similar functional traits, generally oriented towards maximising productivity or resistance
under controlled conditions. Under such conditions, a trait that is advantageous in an agricultural context may
contribute to generating ecological imbalances if the plant spreads beyond cultivated areas, entering
environments where it is not expected or historically present.

In summary, the risk does not so much take the form of an immediate and direct effect, but rather of a possible
progressive reorganisation of ecological balances, determined by the accumulation of introduced competitive
advantages and by their interaction with ecosystems already subject to anthropogenic pressure.

GENE FLOW TOWARD CULTIVATED AND WILD SPECIES (GENE FLOW)

A second level of attention concerns gene flow, i.e. the transfer of genetic material between populations
through the dispersal of pollen or seeds. This is a natural phenomenon, already widely documented among
plants of the same species or among compatible related species. However, the large-scale introduction of
plants obtained through NGTs may modify both its frequency and its relevance.
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In the case of NGT plants, the relevant element is not so much the existence of gene flow, but rather the
nature of the traits that may be transferred. If a cultivated variety carries a trait selected artificially — for
example tolerance to environmental stress, resistance to pathogens or increased vigour — such a trait may be
transmitted to compatible populations through cross-pollination.

This transfer may occur in two main directions:

e towards cultivated species, with possible effects on varietal purity, traceability, coexistence between
different agricultural systems (conventional, integrated and organic) and seed management;

e towards related wild species, with the risk of generating hybrid individuals endowed with selective
advantages.

From an ecological perspective, a trait introduced artificially may not be neutral in the new environmental
context. Even when the genetic modification is designed for a specific effect in an agricultural setting, once
transferred to wild populations it may exhibit different behaviours depending on local selective pressures.

In some cases, this may lead to increased persistence or spread of hybrid populations, with possible
consequences such as:

¢ alteration of the genetic structure of wild populations;
¢ reduction of local genetic diversity;

¢ phenomena of stable introgression, i.e. the stable incorporation of the trait into the genome of the natural
population.

It should also be considered that, in the presence of widespread cultivation of varieties with similar
characteristics, gene flow may take on a cumulative nature, increasing the likelihood that certain traits spread
beyond agricultural areas and become established in the environment.

In summary, gene flow represents one of the main points of interface between the agricultural and ecological
dimensions: a natural process in itself, but one that takes on new implications when it involves organisms
characterised by artificially selected traits and widely disseminated.

IMPACTS ON INSECTS AND TROPHIC NETWORKS

A further level of analysis concerns the interactions between plants and the world of insects, which constitute
a fundamental component of terrestrial ecosystems. Plants are embedded in complex ecological networks, in
which pollinators, herbivores, predators and parasitoids are connected through trophic and functional
relationships (trophic networks).

Genetic modifications introduced in NGT plants may affect several aspects of plant physiology, including:

¢ the production of secondary metabolites (substances involved in defence, attraction and communication);
¢ the protein profile of the plant, including proteins involved in defence mechanisms;

e resistance to insects or pathogens, achieved through the modulation of specific molecules.

Such modifications, even when aimed at specific agronomic objectives, may have indirect effects on non-
target organisms.

In particular, the following may be affected:

¢ pollinating insects (bees, bumblebees and other pollinators), which may come into contact with pollen,
nectar or other plant parts; even limited variations in chemical composition may influence their behaviour,
orientation or fitness;

* non-target insects, i.e. organisms not directly affected by the genetic modification but potentially exposed
to new proteins or metabolites;
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¢ predators and parasitoids, which occupy higher trophic levels and may be indirectly affected through
changes in the availability or quality of prey.

The central point is that the risk does not derive exclusively from direct effects (for example toxicity or
repellence), but also from more subtle and difficult-to-predict modifications in multi-level ecological
interactions. Trophic networks function as interconnected systems: a variation at the plant level may
propagate along the food chain, generating cascading effects across multiple species.

In this sense, even targeted genetic modifications may result in systemic and non-linear effects, strongly
dependent on the environmental context, local biodiversity and the structure of the ecological communities
into which the plant is introduced.

EFFECTS ON SOIL AND MICROBIOME

A subsequent level of potential impact concerns the soil, which cannot be considered a simple inert substrate,
but rather a biologically active and highly dynamic system. Plants establish continuous and bidirectional
relationships with a wide community of microorganisms that constitute the soil microbiome, including
bacteria, fungi (in particular mycorrhizae, i.e. symbiotic root fungi), actinomycetes and other microorganisms.

These interactions occur primarily at the level of the root system, through the release of substances known as
root exudates: a complex mixture of sugars, amino acids, organic acids and secondary metabolites through
which the plant interacts with the surrounding environment. Exudates play a key role in shaping the
composition of the rhizosphere, i.e. the portion of soil directly influenced by roots.

Genetic modifications introduced in NGT plants may, even indirectly, affect:

¢ the structure and functionality of the root system;

¢ the composition and quantity of root exudates;

¢ the overall metabolism of the plant, with cascading effects on soil chemistry.

Such modifications may translate into several potential environmental consequences.

Firstly, the composition of the soil microbiome may change. Since many microbial communities are highly
specialised and in dynamic equilibrium with the host plant, even relatively limited variations in exudate
composition may favour some microbial groups over others, altering the ecological structure of the system.

Secondly, such alterations may affect soil fertility and its physical and biological structure, for example through
changes in aggregation processes or nutrient availability. Soil microorganisms play a key role in the
transformation and stabilisation of organic matter.

A further relevant aspect concerns biogeochemical cycles, in particular those of nitrogen and carbon. Soil
microorganisms are responsible for fundamental processes such as nitrogen fixation, nitrification and the
decomposition of organic matter. Any alteration in microbial composition may therefore affect the dynamics
and rates of these processes, with possible effects on nutrient availability for plants, the capacity of soil to
store carbon and the decomposition dynamics of organic matter.

Overall, it emerges that genetic modifications introduced in plants do not act exclusively on the desired
agronomic trait, but may indirectly affect the entire soil-plant—-microorganism system, which represents one
of the main factors regulating the productivity and stability of terrestrial ecosystems.

EVOLUTION OF RESISTANCES AND ADAPTATIONS

Relevant in this context are also the evolutionary effects that may emerge following the large-scale diffusion
of traits introduced through NGTSs in agricultural environment. When a plant exhibits traits such as insect
resistance, tolerance to environmental stresses (e.g. drought or salinity) or increased competitiveness, it does

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 9



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

not just interact with the ecosystem in the present, but contributes to changing the evolutionary dynamics of
the biological populations with which it comes into contact.

From an ecological point of view, every advantageous trait introduced represents a form of selective pressure
on the surrounding environment. Organisms that interact with the plant — in particular herbivorous insects,
fungal or bacterial pathogens and other phytophagous organisms — are subjected to a new selective
constraint, so that individuals able to overcome the new defenses or adapt to the conditions introduced are
favored. Various evolutionary phenomena can arise from this process.

A first effect concerns the evolution of resistance in insects and pathogens. For example, in the case of plants
modified to produce toxic or repellent substances, variants of the target organisms capable of reducing their
effectiveness can be selected over time. This is a phenomenon already known in the agricultural sector, but
which can be accelerated in the presence of extensive and genetically homogeneous crops.

A second aspect concerns the progressive adaptation of both target and non-target organisms. In addition to
the insects directly involved, other organisms of the ecological network can also modify behavior, life cycle or
reproductive strategies in response to the new environmental context, with possible effects on the dynamics
of predators, parasitoids and competitors.

A further profile concerns the possible reduction of local evolutionary diversity. The large-scale spread of the
same trait can determine a relative uniformity of selective pressures, favoring more directed evolutionary
dynamics and potentially reducing the overall adaptive capacity of ecosystems.

In summary, the introduction of advantageous genetic traits represents the start of a dynamic process, in
which the ecosystem responds through adaptation and counter-adaptation mechanisms. The result is a co-
evolution between crops, associated organisms and the environment, with effects that can be complex,
cumulative and difficult to predict in the long term.

INDIRECT FLOWS AND PERSISTENCE IN THE ENVIRONMENT

Beyond gene flow towards compatible species, particular relevance is attached to the material and biological
persistence of NGT plants in agricultural and natural environments.

Even when a variety is designed to remain confined to cultivated areas, phenomena such as seed dispersal
during harvesting or transport, the emergence of volunteer plants in subsequent seasons, or the survival of
plant material in semi-natural contexts may occur.

These dynamics may lead to the stable or semi-stable presence of the genetic modification outside the original
cultivation area. The critical issue concerns not only the physical presence of the plant, but also the possibility
that it enters uncontrolled ecological dynamics, interacting with wild flora, local fauna and agricultural systems
not intended for that specific variety.

In some cases, such persistence may take on a cumulative character, contributing to the progressive spread
of the genetic trait in the environment, even in the absence of continuous intentional introduction.

INTERACTIONS WITH AGRICULTURAL PRACTICES AND CROP INTENSIFICATION

Plants obtained through NGTs are not introduced into an ecological vacuum, but into already structured
agricultural systems, often characterised by high production pressures. Within this context, the interactions
between genetic innovation and agricultural management models become particularly relevant.

In some scenarios, the availability of varieties with improved traits (for example greater resistance or higher
yield) may favour:

¢ increasing crop uniformity, with a consequent reduction in varietal diversity;
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¢ the expansion of large-scale monocultures;

e a progressive reduction in diversified agronomic practices, such as rotations, intercropping and other
agroecological management strategies.

These dynamics are not directly attributable to the genetic modification itself, but may be indirectly
encouraged by its diffusion, particularly in intensive farming systems.

It should also be considered that specific combinations of genetic traits and agricultural practices may
contribute to amplifying already existing ecological effects, for example in relation to land use, pressure on
natural habitats and the simplification of agricultural landscapes.

IMPACTS ON AGRICULTURAL AND VARIETAL BIODIVERSITY

A closely related aspect concerns agricultural biodiversity, i.e. the genetic diversity of crops used in production
systems.

The widespread adoption of a limited number of highly performing varieties may, in the medium to long term,
lead to:

¢ a reduction in traditional local varieties (landraces);
¢ a loss of intra-specific genetic diversity;
e increasing homogeneity of crops across large areas.

Such homogenisation may have significant indirect effects, as agricultural biodiversity represents one of the
main factors of resilience of production systems. More uniform systems are generally more vulnerable to the
emergence of new diseases, extreme climatic events or sudden changes in environmental conditions.

From this perspective, the risk profile does not concern only the individual NGT variety, but the overall effect
on the structure and adaptive capacity of the agroecosystem.

CUMULATIVE EFFECTS AND INTERACTIONS BETWEEN TRAITS (STACKING)

Particular attention should be paid to the combination of multiple genetic modifications, both within the same
plant and across different varieties cultivated within the same territory.

When multiple traits are introduced simultaneously or sequentially (for example resistance to stress, increased
yield or metabolic modifications), the following may emerge:

¢ non-linear genetic interactions (epistasis), in which the effect of one gene depends on the presence of
others;

¢ combined phenotypic effects that are difficult to predict a priori;
¢ indirect modifications of plant metabolism not directly targeted by the intervention.

This phenomenon, commonly referred to as “trait stacking”, represents a critical aspect, as it makes risk
assessment more complex compared to single modifications.

At the environmental level, the co-presence of multiple traits may also generate cumulative effects on non-
target organisms and ecosystems, making the relationship between a single genetic modification and the
observed impact less linear.

UNCERTAINTY AND LIMITS OF PREDICTABILITY

A cross-cutting issue concerns scientific uncertainty in predicting ecological effects.

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 11



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

Even when genetic modifications are considered limited or comparable to those obtainable through
conventional breeding, ecosystem responses depend on a range of complex factors, including:

* genotype—environment interactions (GxE);
* variability in local ecological conditions;
¢ the presence of biological networks that are not fully characterised.

For this reason, risk assessment approaches adopted in regulatory systems — as also provided for in Annex I
of the regulatory text — are based on a case-by-case approach, grounded in the analysis of individual cases
and the development of plausible risk scenarios, rather than deterministic predictions.

In other words, effects are not determined solely by the genetic modification itself, but by the specific
ecological context in which it is introduced. This highlights the need for a contextualised and in-depth
assessment capable of taking into account the complexity of the biological and environmental interactions
involved.

SOCIO-ECOLOGICAL DIMENSION AND SYSTEMIC IMPACTS

Alongside strictly biological and ecological effects, a broader dimension emerges, which can be defined as
socio-ecological, and which concerns the interaction between natural systems and human production
systems.

The diffusion of genetic technologies such as NGTs may influence, even indirectly:
¢ the structure of the seed market;

¢ the degree of concentration of varietal supply;

e the agricultural practices adopted by farmers;

¢ the ways in which rural territory is managed.

Although these factors do not fall strictly within the ecological dimension, they have a concrete impact on
ecosystem balances through choices related to land use, crop selection and the management of agricultural
biodiversity.

From this perspective, the agro-ecological system should be considered as an integrated system in which
biological, economic and management components interact continuously. It follows that the effects
associated with the introduction of new technologies cannot be analysed in isolation, but must be assessed
taking into account the systemic dynamics linking human intervention and ecosystem evolution.

4.RISK MANAGEMENT AND ASSESSMENT

HAZARD IDENTIFICATION

The first stage of the assessment concerns the identification of potential adverse effects associated with the
NGT plant or its derived products. In this step, in line with Annex I, elements considered include:

¢ the agronomic and phenotypic characteristics of the modified plant;
* potential effects on non-target organisms;
¢ possible changes in ecological interactions;

e effects on soil, microbiome and biogeochemical processes;
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* possible consequences of the genetic modification on plant metabolism and composition.

All potential areas of biological and ecological impact are therefore identified, irrespective of the likelihood
that such effects may occur.

This step is thus primarily exploratory in nature and aimed at building as comprehensive a picture as possible
of potential risk profiles.

EXPOSURE ASSESSMENT

The second step concerns the likelihood and extent to which the environment, organisms and agricultural
systems may actually be exposed to the NGT plant and its effects.

According to Annex ll, this assessment must take into account, among other factors:
¢ the scale and conditions of release;

¢ the extent of cultivation and intended use (food, feed or environmental);

¢ the characteristics of the receiving environment;

¢ the likelihood of spread, persistence or dispersal of the plant or its genetic material;
¢ the degree of interaction with agricultural and natural ecosystems.

In this context, particular relevance is given to the processes described in previous chapters — such as gene
flow, seed dispersal, the occurrence of volunteer plants and the large-scale diffusion of crops — which
determine the actual level of contact between the genetic modification and the environment.

It follows that exposure assessment represents a crucial step, as it links potential adverse effects to their
concrete likelihood of occurring under real conditions.

RISK CHARACTERISATION

The final step consists in integrating the information collected in the previous steps in order to estimate the
overall risk associated with each potential adverse effect.

According to Annex ll, risk is characterised by combining:

¢ the magnitude of the effect (i.e. the severity of the potential impact);
¢ the probability of occurrence;

¢ the level of scientific uncertainty associated with the assessment.

The outcome does not take the form of a binary evaluation (safe/not safe), but rather a qualitative or semi-
guantitative estimation of risk, taking into account environmental variability and the complexity of ecological
interactions.

In this context, systemic phenomena described in previous chapters — such as effects on trophic networks,
the soil microbiome, agricultural biodiversity, the evolution of resistance and cumulative interactions between
multiple genetic traits — are particularly relevant, as they may significantly influence the overall assessment.
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INTEGRATION OF UNCERTAINTIES AND AN APPROACH BASED ON "PLAUSIBLE RISK
APPROACH"

A central element of Annex Il is the focus on the concept of plausible risk hypothesis, namely the identification
of risk hypotheses that are scientifically grounded and reasonably plausible, even in the absence of complete
empirical evidence.

This implies that risk assessment is not based exclusively on already observed effects, but also takes into
account:

¢ biological interactions that can be predicted on the basis of available scientific knowledge;
¢ analogies with comparable ecological systems;
» well-established evidence in the fields of ecology, genetics and agronomy.

In other words, the framework explicitly recognises that the absence of direct evidence does not necessarily
equate to the absence of risk, particularly when dealing with complex and dynamic systems.

OVERALL FRAMEWORK AND SYNTHESIS

Overall, the logic of Annex Il outlines an assessment model that does not limit itself to analysing the single
genetic modification at the molecular level, but places it within a dynamic and multi-level ecological system.

This approach appears consistent with the nature of NGT plants themselves: even when modifications are
considered targeted or comparable to those obtainable through conventional techniques, their effects must
be assessed not only in genetic terms, but also in relation to ecological interactions, environmental
dissemination and potential long-term systemic consequences.

From this perspective, the risk assessment provided for in the Draft does not constitute a mere technical
verification of the genetic modification, but rather a structured process for analysing potential impacts on
complex biological systems, in which the molecular and ecosystem levels are closely interconnected.

CONSIDERATIONS ON THE APPLICATION OF THE MODEL

The Risk Assessment model outlined in Annex Il is based on a structured and widely established approach,
articulated around the three classical components of hazard identification, exposure assessment and risk
characterisation. This framework is widely used in environmental and health risk assessment, as it allows
heterogeneous scientific information to be organised systematically and translated into an estimation of
potential risk.

However, when this approach is applied to complex biological systems such as agroecosystems, certain critical
aspects emerge that do not concern the structure of the model itself, but rather the nature of the systems it
is intended to describe.

5. CRITICAL ISSUES IN RISK MANAGEMENT

REDUCTION OF ECOLOGICAL COMPLEXITY TO DISCRETE VARIABLES

A first critical aspect concerns the methodological necessity of breaking down a highly complex ecological
system into separate and measurable analytical units. The assessment model requires the isolation of
individual elements such as:
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* specific potential adverse effects (hazards);
¢ defined and traceable exposure pathways;
¢ relatively identifiable cause—effect relationships.

This simplification is necessary in order to make risk analysable, but it inevitably entails a reduction of
ecological complexity into discrete variables that do not always reflect the actual nature of biological
interactions.

Ecosystems do not function as sets of independent elements, but rather as interconnected dynamic networks
characterised by multi-level relationships involving genes, organisms, populations and the environment.
Within such systems:

¢ effects do not necessarily follow linear or proportional patterns;

e interactions between biological components are strongly context-dependent, varying according to
environmental and territorial conditions;

¢ the same genetic modification may produce different effects depending on genetic background and the
biological communities involved;

* systemic properties may emerge that cannot be predicted from the simple sum of individual components.

In this context, translating an ecological system into a set of isolated variables may lead to a loss of relevant
information on interactions across different biological levels.

As a result, some potentially relevant effects may not emerge during the initial hazard identification stage, but
may only become apparent under conditions of complex interaction between species, environmental
pressures and spatial diffusion of the introduced trait.

Consequently, the risk is not limited to incomplete assessment, but also includes the possibility of a
representation that accurately describes individual elements in isolation without capturing the overall
behaviour of the system, which is the level at which the most relevant ecosystem impacts occur.

LIMITS OF PREDICTABILITY: NONLINEARITIES AND EMERGENT EFFECTS

A second critical aspect concerns the predictability of complex biological systems. The model set out in Annex
Il addresses this issue through the combination of effect magnitude and probability of occurrence, an
approach that is effective in contexts where cause—effect relationships are relatively stable and observable.

In real ecosystems, however, such conditions are not always met. Ecological dynamics are often characterised
by non-linear behaviours, in which even limited variations may produce disproportionate or qualitatively
different effects compared to the initial cause.

In particular, the following may occur:

¢ threshold effects, where impacts remain limited up to a critical level, beyond which the system evolves
rapidly;

¢ ecological tipping points, i.e. points of discontinuity beyond which the ecosystem may shift to alternative
states, often difficult to reverse;

e strong variability in species interactions depending on environmental context (climate, land use, resource
availability, anthropogenic pressures).

In this context, the relationship between the introduction of a genetic trait and ecological effects is neither
necessarily linear nor constant over time. The same intervention may lead to different outcomes depending
on context and temporal scale.

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 15



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

As a result, even a formally correct risk assessment based on robust experimental data may show limitations
in predictive capacity when extended to broader scales or longer time horizons. This aspect is particularly
relevant in the case of large-scale diffusion of NGT plants, where cumulative and indirect effects may emerge
progressively.

STRUCTURAL UNCERTAINTY AND EMPIRICAL LIMITS

The risk assessment model provided for in Annex Il formally acknowledges the presence of uncertainty and
requires its description within risk characterisation. However, in real ecosystems, uncertainty is not merely a
margin of error that can be reduced through additional data, but a structural component of the system.

A first aspect concerns the mismatch between experimental scale and real-world scale. Many ecological
effects manifest over extended temporal and spatial horizons (years or decades, across agricultural and semi-
natural landscapes), whereas available studies are generally conducted under:

¢ limited plot conditions;
¢ relatively short timeframes;
¢ controlled or semi-controlled environmental conditions.

A second aspect concerns the nature of available empirical evidence, which tends to focus on direct and
immediate effects, while the following are more difficult to document:

¢ indirect cascading effects (trophic cascades);
e cumulative interactions between multiple stress factors;
¢ gradual changes in the structure of biological communities.

As a result, a significant portion of ecosystem risk is difficult to observe ex ante and can only be hypothesised
or modelled.

Finally, the intrinsic variability of ecosystems must be considered: apparently similar contexts may respond
differently to the same genetic introduction, depending on differences in microbiome composition, local
selective pressures or trophic network structure.

Consequently, risk cannot be considered a fixed property of the product, but rather emerges from the
interaction between plant, environment and scale of diffusion, making assessment inherently partial and
context-dependent.

CUMULATIVE EFFECTS AND CO-EXPOSURE TO STRESS FACTORS

A critical aspect concerns the difficulty of fully accounting for cumulative effects and co-exposure to multiple
environmental stress factors. The model tends to assess risk in relation to individual NGT plants or single
genetic traits, analysed in relative isolation.

In real ecosystems, however, the introduction of new varieties takes place within contexts already
characterised by multiple simultaneous pressures, including:

¢ the use of pesticides and herbicides;

* progressive climate change;

¢ habitat fragmentation;

¢ the presence of other genetically uniform crops;

¢ the concurrent adoption of different agronomic technologies.
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Under such conditions, ecosystem risk arises from the interaction of multiple factors acting simultaneously on
the biological system.

A first dimension concerns the accumulation of effects (cumulative effects): even when individual effects
appear limited, their combination may generate significant impacts, often non-linear in nature.

A second dimension concerns co-exposure, i.e. the simultaneous exposure of organisms to multiple pressures.
For example, a population of non-target insects may be exposed at the same time to landscape changes,
variations in food resources, substances produced by NGT crops and chemical treatments.

Under such conditions, biological responses may differ significantly from those observed under single-
exposure scenarios.

An additional source of complexity arises from interactions between risk factors, which may be synergistic or
antagonistic. However, both the direction and magnitude of such interactions are often difficult to predict,
particularly at the ecosystem level.

As a result, an assessment based on individual events or single genetic modifications may not be sufficient to
describe real impacts in complex agricultural contexts. Risk thus emerges as a cumulative property of the
system, resulting from the interaction between biological, environmental and management factors operating
simultaneously and across different scales.

LIMITATIONS OF EXPERIMENTAL DATA TRANSFERABILITY AND SYSTEM EFFECTS

A key limitation of the assessment framework outlined in Annex Il concerns the transferability of experimental
results to real-world conditions of use and dissemination of NGT plants.

The risk assessment system relies largely on data obtained under controlled conditions — laboratory tests,
greenhouse studies or small-scale field trials. Such data are essential for characterising plant properties and
identifying potential adverse effects, but present intrinsic limitations when used to infer impacts at the
ecosystem level.

First, experimental conditions necessarily represent a simplification of real systems. In such contexts:
¢ environmental variability is reduced and controlled;

¢ associated biodiversity is limited;

¢ ecological interactions are partially isolated or not fully represented;

¢ spatial and temporal scales are restricted.

As a consequence, the results obtained describe with good precision plant behaviour under defined
conditions, but do not always allow reliable predictions in complex and dynamic agricultural systems.

A second dimension concerns the scalability of results (scale-up problem). Effects observed at small scale do
not necessarily translate linearly at territorial or landscape level. Increasing scale may significantly alter:

¢ the likelihood of genetic trait dissemination;

¢ interaction dynamics with non-target species;

¢ the structure of ecological populations involved;
¢ the long-term stability of agricultural ecosystems.

A third element concerns so-called system-level effects, which emerge only when the technology is deployed
under real conditions and at large scale. These effects depend not only on the characteristics of the individual
plant, but also on interactions between:

¢ widespread agricultural practices;
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¢ the organisation of the rural landscape;
e economic and market dynamics;
¢ the co-presence of multiple genetically similar varieties.

As a result, even accurate experimental assessment may fail to fully capture the emergent properties of the
agroecological system.

The distinction between observable and latent effects should also be considered. Certain ecological
consequences may not emerge during initial testing phases, but develop over time through cumulative,
adaptive or evolutionary processes. This makes ex ante assessment inherently partial.

Overall, the extrapolation of experimental data to the ecosystem level requires a significant degree of
inference, associated with unavoidable margins of uncertainty. The limitation lies not only in individual
studies, but in the structural difficulty of describing complex systems based on necessarily simplified
observations.

CRITICAL NOTE: PRECAUTIONARY PRINCIPLE AND UNCERTAINTY MANAGEMENT

A relevant aspect concerns the relationship between the risk assessment system outlined in Annex Il and the
precautionary principle, as established in EU environmental law (Article 191 TFEU).

This principle applies in situations of significant scientific uncertainty and allows the adoption of protective
measures even in the absence of full demonstration of causal relationships, where the risk is plausible and
potentially serious or irreversible.

In this sense, the precautionary principle is grounded in the recognition of the limits of scientific knowledge
and the need to act under conditions of structural uncertainty.

The model set out in Annex Il, while formally recognising uncertainty, tends to integrate it within a technical
analytical structure (hazard—exposure—risk characterisation), with the aim of making it describable and, as far
as possible, modelled.

This gives rise to a structural tension:
¢ on the one hand, the precautionary principle is activated precisely when knowledge is incomplete;

e on the other hand, risk assessment presupposes the possibility of constructing a sufficiently defined
representation of risk.

The Draft introduces mediating tools, such as the concept of plausible risk hypothesis and the case-by-case
approach, which allow the scope of assessment to be extended even in the presence of uncertainty.

However, a critical issue remains: uncertainty tends to be “internalised” within the technical process, risking
the loss of its original function as an autonomous decision-making criterion under conditions of incomplete
knowledge.

In other words, the tension between precaution and technical assessment is not eliminated, but reformulated
within a system that prioritises the translation of uncertainty into analytical risk categories.

RISK MANAGEMENT FOR NGT1: CRITICALITIES OF THE EQUIVALENCE APPROACH

BASIC LOGIC: EQUIVALENCE WITH CONVENTIONAL BREEDING

In the Draft NGT proposal, risk management for category 1 plants (NGT1) is based on an approach distinct
from that applied to NGT2, grounded in the principle of equivalence with conventional plants.
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A plant is classified as NGT1 when its genetic modifications fall within quantitative limits considered
compatible with natural variability (for example, small insertions, deletions or nucleotide substitutions within
defined thresholds).

This approach entails significant regulatory consequences:
e exclusion from the full GMO authorisation regime;
¢ absence of a comprehensive, case-by-case environmental risk assessment;

¢ adoption of a system based on notification and verification of compliance with the criteria set out in Annex
I

CRITICAL NOTE: LIMITS OF EQUIVALENCE BASED ON GENETIC INSTABILITY AND QUANTITATIVE
THRESHOLDS

In the regulatory debate on NGT1, one of the arguments frequently used to support equivalence with plants
obtained through natural selection or conventional breeding is the observation that plant genomes are
inherently dynamic and subject to mutations even under natural conditions.

This observation is scientifically correct, but it is often used in a reductive manner, overlooking the differences
in the processes governing the emergence, stabilisation and spread of such mutations.

In natural populations, genetic instability operates within a context of long-term, multi-level selection, where
genetic variations are progressively filtered through complex interactions with the environment, other
organisms and the plant’s own physiological constraints. Only a limited fraction of mutations is stabilised,
typically when compatible with the overall ecological balance.

By contrast, in NGT1 plants, genetic modifications are introduced in a targeted and accelerated manner,
without undergoing comparable processes of prolonged ecological selection. Moreover, genome editing
techniques may generate, in addition to the intended modification, unintended effects (off-target) or
secondary (pleiotropic) alterations, which are not always predictable on the basis of the modified sequence
alone.

As a result, even where the final molecular outcome may appear similar, natural mutations and those induced
through NGT1 cannot be considered equivalent in terms of evolutionary history, genomic integration and
environmental interactions.

The main implication concerns risk management: whereas natural mutations undergo a form of implicit
ecological validation through selection processes, such validation is absent or significantly reduced in the case
of NGT1. Genetic instability, therefore, cannot be regarded as a basis for equivalence, but rather constitutes
an additional source of uncertainty, particularly when such plants are deployed at scale.

From this perspective, invoking genetic instability does not justify regulatory simplification, but instead
highlights the need for a precautionary approach that takes into account the differences between natural
processes and intentional technical interventions.

The implications of this distinction are also relevant in relation to potential impacts on human health, which
will be addressed in subsequent sections.
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THE 20-NUCLEOTIDE THRESHOLD: CONVENTIONAL NATURE AND LIMITS OF THE QUANTITATIVE
CRITERION

The classification of NGT1 plants in the Proposal is based, among other elements, on a quantitative criterion
relating to the extent of genetic modifications introduced. In particular, Annex | provides that plants
presenting substitutions or insertions of sequences up to 20 nucleotides, as well as a limited total number of
modifications per genome, may fall within this category.

At first glance, the introduction of a numerical threshold may appear as an objective and scientifically
grounded parameter. However, this limit is largely conventional in nature and does not correspond to a
universally recognised biological threshold.

From a biological perspective, the impact of a genetic modification depends primarily on its genomic location
and the functional role of the affected sequence, rather than on its size. Even very small variations — including
single point mutations — may lead to significant effects, particularly when they involve coding regions or
regulatory elements.

Even modifications of limited size may result, in coding regions, in changes to the amino acid sequence, with
potential effects on protein structure, function and molecular interactions.

The use of a threshold expressed in terms of nucleotide number therefore reflects a predominantly formal
criterion, which does not necessarily correspond to the actual biological impact of the modification. This
approach does not fully account for the genomic and functional context, nor for possible cumulative effects
arising from the accumulation of multiple modifications (stacking), which may emerge over time with non-
linear and difficult-to-predict outcomes.

Overall, the 20-nucleotide limit cannot, in itself, be regarded as a discriminating threshold between conditions
of safety and risk, but rather as an administrative parameter serving regulatory classification.

In conclusion, the quantitative threshold adopted does not correspond to a universally recognised biological
limit, but reflects a regulatory choice aimed at identifying modifications considered, in general terms,
comparable to natural variability. However, the scientific literature shows that the biological impact of a
genetic modification primarily depends on the genomic context and the functional role of the affected
sequence, rather than on purely quantitative parameters. From this perspective, established risk assessment
approaches — including those applied at European and international level — emphasise the need for a case-
by-case evaluation based on the functional characteristics of the modification and its potential interactions
with the biological system.

A SIMPLIFIED EX ANTE RISK MANAGEMENT APPROACH

The control system for NGT1 focuses primarily on the initial classification stage, verifying:
e compliance with the technical criteria of Annex [;

¢ the nature and number of genetic modifications;

¢ the absence of characteristics considered non-equivalent.

Once classified as NGT1, the plant is essentially treated as a conventional variety.

ABSENCE OF A COMPREHENSIVE ENVIRONMENTAL ASSESSMENT

For NGT1, the full environmental risk assessment framework applicable to NGT2 does not apply. In particular:
¢ no in-depth assessment of impacts on biodiversity and ecosystems is required;

* no systematic environmental monitoring is foreseen;

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 20



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

* no detailed analysis of dissemination and ecological interaction processes is conducted.

This approach is based on the assumption that a limited degree of genetic modification corresponds to a lower
level of risk.

CONTROL TOOLS AND LIMITS IN MANAGING DISSEMINATION

Control over the dissemination of NGT1 plants is primarily exercised through indirect instruments:
« verification of classification;

¢ seed and varietal legislation;

¢ general phytosanitary provisions.

By contrast, no authorisation mechanisms with specific environmental conditions or structured monitoring
systems are npegycmoTpeHbl, as is the case for NGT2.

KEY ISSUE: TECHNICAL EQUIVALENCE AND ECOLOGICAL BEHAVIOUR

The core issue lies in the distinction between the technical classification criterion and the ecological behaviour
of the plant.

Classification as NGT1 is based exclusively on the type and extent of the genetic modification, rather than on
observed or potential effects within the ecosystem context.

This leads to a structural limitation: technical equivalence with natural variability does not necessarily imply
ecological equivalence.

Even limited genetic modifications may produce amplified effects depending on environmental context, scale
of dissemination and biological interactions. In this sense, the system assumes a correlation between the
extent of genetic modification and the level of risk that is not always confirmed at the ecosystem level.

CONCLUSION: RISK OF THRESHOLD-BASED DEREGULATION

Within the framework of the Draft NGT Regulation, risk management for category 1 plants (NGT1) represents
one of the most sensitive elements, as it is grounded in a logic of equivalence with conventional plants. This
approach directly affects the level of ex ante control and the system’s ability to detect unintended effects prior
to environmental dissemination.

NGT1 plants are defined as those presenting limited genetic modifications, considered comparable to
mutations that could occur spontaneously or through conventional breeding techniques. On this basis, the
Draft provides for a simplified regulatory pathway, based on an initial verification procedure aimed at
confirming compliance with Annex | criteria, rather than a full environmental and food risk assessment, as
required for NGT2 or traditional GMOs.

This results in a significant shift in the approach to risk management: the focus moves from a case-by-case
assessment of potential effects to an upstream classification based on the type and extent of the genetic
modification.

In other words, once classified as NGT1, the plant largely falls outside the structured environmental risk
assessment framework set out in Annex Il.

This configuration entails several relevant consequences from a risk management perspective:

e the absence of an in-depth ex ante environmental assessment limits the ability to identify indirect or
cumulative ecological effects;
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¢ the lack of mandatory systematic monitoring reduces the capacity to detect medium- to long-term effects;
¢ reliance on the presumption of genetic equivalence does not fully account for the possibility of emergent
effects arising from plant—environment interactions.

The critical issue does not concern the individual genetic modification as such, but rather the potential scale
of dissemination of NGT1 plants. Under the simplified regime, such varieties may be rapidly introduced into
agricultural systems without being subject to the same level of assessment required for other categories.

From an ecological perspective, this implies that unintended effects — even if rare or difficult to predict —
may emerge at a later stage, when dissemination is already significant and more difficult to manage.

The Draft is based on the assumption that limited genetic modifications do not entail risks significantly
different from those associated with conventional varieties. However, this presumption relies primarily on a
genetic—molecular criterion, whereas many relevant environmental effects manifest at higher levels of
biological organisation — populations, communities and ecosystems — where even minor variations may lead
to non-linear and context-dependent effects.

In this respect, the main limitation does not lie in the absence of regulation, but in its configuration: risk
management is heavily concentrated on an ex ante classification criterion based on technical thresholds, which
does not necessarily correspond to the complexity of potential ecosystem effects.

This results in a model in which:
¢ risk management is significantly simplified;
¢ ecological assessment is largely excluded on the basis of presumed equivalence;

¢ control over dissemination depends primarily on the correctness of initial classification, rather than on the
verification of effects over time.

Overall, this entails a shift in the centre of gravity of the system from preventive impact assessment to a
presumption of safety based on technical equivalence. While consistent with the structure of the Draft, this
approach raises points of concern with regard to the management of scientific uncertainty and the capacity
to capture systemic and emergent effects in ecosystems.

6. TRACEABILITY AND IDENTIFICATION OF NGT1: THE PROBLEM OF
INDISTINGUISHABILITY

In the case of plants obtained through category 1 NGT (NGT1), one of the most relevant issues concerns their
identification and analytical traceability.

The Draft implicitly recognises this aspect: the modifications introduced in NGT1 are designed to be limited
and targeted and are, in many cases, indistinguishable from those that may occur spontaneously in nature or
be obtained through conventional breeding techniques, such as random mutagenesis or assisted selection.

This leads to a fundamental technical consequence: there is not necessarily a unique molecular marker that
allows a clear distinction between an NGT1 mutation and a natural or conventional variation. In many cases,
the final result is identical at the DNA sequence level, while only the process through which the variation was
obtained differs.

FROM PRODUCT TO PROCESS: IMPLICATIONS FOR TRACEABILITY

The Draft addresses this issue by shifting the focus from analytical identification of the product to
documentation of the process. Traceability is therefore constructed through:
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¢ information on the techniques used;

e description of the modified sequences;
* bioinformatic verification;

* breeder declarations.

Under this approach, traceability is not based on the detectability of the modification in the final product, but
on the administrative and molecular reconstruction of the origin of the variety.

However, this approach introduces a structural criticality. While NGT1 plants are considered equivalent to
conventional varieties precisely because of their indistinguishability, this same characteristic makes it more
difficult to:

¢ independently verify the nature of the modification;

e distinguish ex post between an NGT event and a spontaneous mutation;

» ensure effective controls along the supply chain (seed production, trade, unintended contamination).
This creates a tension between:

¢ a regulatory logic based on equivalence of outcome;

¢ and a control logic, which would instead require objective identifiability in order to enable monitoring and
management of effects over time.

In this sense, the more a modification is assimilable to natural variation in terms of its outcome, the more
difficult it becomes to trace it in scientific and operational terms.

TRACEABILITY AND THE PRECAUTIONARY PRINCIPLE

This approach is directly linked to the precautionary principle, highlighting a structural tension between
uncertainty and the governability of risk.

The precautionary principle, as defined under EU law (Art. 191 TFEU), applies in situations of significant
scientific uncertainty and allows the adoption of protective measures even in the absence of full causal
evidence, where the risk is plausible and potentially serious or irreversible.

In the case of NGT1, the Draft appears to adopt a specific configuration of this principle: uncertainty is primarily
managed upstream, at the classification stage, through criteria of genetic equivalence and technical thresholds
(Annex I).

Once such equivalence is verified, the plant is treated as conventional, with a significant reduction in
subsequent control mechanisms.

The critical issue lies in the fact that this approach reduces the role of precaution precisely at the stage where
uncertainty becomes more structural, namely:

¢ the lack of analytical distinguishability;
¢ the loss of traceability along the supply chain;
¢ the difficulty of attributing ex post any effects to an identifiable source.

From this perspective, the precautionary principle is applied in a static, ex ante form, but weakened in its
dynamic, ex post dimension, which would require traceability, monitoring and the possibility of intervention
over time.

This results in a tension between:

¢ a precaution based on criteria of genetic equivalence;
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¢ and a precaution oriented towards the management of complex systems, which presupposes identifiability
and controllability over time.

INDISTINGUISHABILITY AND GOVERNABILITY OF RISK

In complex biological systems, the absence of distinguishability does not eliminate risk, but rather changes its
nature: risk becomes less directly attributable and, consequently, more difficult to govern through traditional
regulatory tools.

This leads to a potential systemic issue: the precautionary principle is formally invoked at the classification
stage, but is operationally weakened in the management of potential and cumulative effects.

ECOLOGICAL IRREVERSIBILITY AND LIMITS OF EX POST CONTROL

To this dimension is added a further structural element: the possible ecological irreversibility of the release of
NGT1.

From a biological point of view, once introduced into the environment, a plant variety enters the ecological
and genetic dynamics of the system:

e itreproduces;

e crosses with compatible varieties;

e it can transfer genetic material to other populations;

e it can stabilize over time in persistent forms.

The central point is that these processes are not fully reversible.

There is, in most cases, no realistic mechanism for removing a genetic trait once it has spread to plant
populations or open ecosystems.

The Draft addresses this dimension in a partial way, referring to tools such as:
e post-release monitoring;

e conditions of use;

e any subsequent regulatory interventions.

These tools, however, are better suited to managing observable effects than to reversing ecological processes
that have already begun.

This results in a further tension with the precautionary principle, which is particularly important precisely in
cases where the potential effects are difficult to reverse.

ASYMMETRY BETWEEN INPUT AND CONTROL

In the case of NGT1, a possible structural asymmetry emerges:

e on the one hand, a relative ease of entry into the organic system, favored by the simplified regime and the
logic of equivalence;

e on the other hand, a limited ability to control or remove ex post, linked to the very nature of ecological
systems.

This asymmetry is one of the points where the precautionary principle may require more stringent application.
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However, in the Draft this need is mitigated by the choice to assimilate NGT1 to conventional varieties, with a
consequent reduction of dynamic control tools.

LABELLING AND INFORMATION TRANSPARENCY

The issue of labelling is one of the points in which the regulatory approach of the NGT1 Draft emerges in a
particularly evident way. On the one hand, there is a clear desire to assimilate conventional products; on the
other hand, there is still a need to maintain minimum forms of traceability for the purposes of market control
and functioning.

For NGT1, the Draft is based on a key principle:
the absence of specific labelling linked to the production method.

As NGT1 is considered equivalent to conventional plants in terms of risk, it is not subject to labelling
requirements as 'genetically modified' or 'obtained by NGTs'. Derivative products are therefore treated in the
same way as conventional products from an information point of view.

IMPLICATIONS FOR CONSUMER CHOICE

This approach has direct consequences on the consumer's ability to make informed choices.

In the absence of an explicit wording on the label, the consumer who intends to avoid products derived from
NGT1 does not have an immediate recognition tool at the point of sale. The information, when available, is
placed at technical levels of the supply chain — registers, varietal documentation, traceability systems —
which are not accessible in the daily practice of purchasing.

A distinction is thus made between:
e regulatory transparency, guaranteed towards the competent authorities;

e information transparency, accessible to the end consumer, which in the case of NGT1 is significantly
attenuated.

This results in a possible misalignment between legal classification and consumer perception: a technique
considered equivalent from a regulatory point of view may not be perceived as such from the point of view of
individual, ethical or environmental preferences.

IMPLICATIONS FOR THE COEXISTENCE OF AGRICULTURAL SUPPLY CHAINS

From an agricultural point of view, the absence of specific labelling takes on further relevance in relation to
the coexistence between different production models (conventional, integrated, organic).

These systems are based, also from a regulatory and market point of view, on assumptions of separation and
recognisability of production. In this context, the lack of explicit identification of NGT1 can make the
management of the supply chains more complex.

For the organic sector, in particular, the issue does not only concern consumer information, but also the
possibility of guaranteeing production standards based on the exclusion of certain technologies. In the
absence of clear identification along the supply chain:

e Increasing dependence on upstream control systems (seeds and propagating material);
e the organisational complexity of certification systems is increasing;

e critical issues may emerge in terms of costs and operational management.
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ASYMMETRIES IN THE INFORMATION FRAMEWORK

A further element concerns the possible asymmetry with respect to other areas of food regulation. Some
innovations, for example in the field of novel foods, are subject to in-depth assessments and specific disclosure
requirements.

In the case of NGT1, on the other hand, the classification as products equivalent to conventional involves a
reduction in the level of information available on the production process, with a consequent shift of attention
from "how it is produced" to just "final result".

TECHNICAL EQUIVALENCE AND TRANSPARENCY: A STRUCTURAL TENSION

Overall, the labelling system envisaged by the Draft for NGT1 appears to be oriented towards favouring:
e the fluidity of the internal market;
e regulatory harmonization with conventional productions.

This choice is consistent with the logic of substantial equivalence, but introduces a tension between two
fundamental principles:

e on the one hand, the reduction of the importance of the production process;
e on the other, the consumer's right to an informed choice.

In the case of NGT1, this tension is particularly evident, as the legal classification does not necessarily coincide
with the relevance that the production process may assume for the consumer or for specific agricultural
models.

The result is a progressive shift in the center of information in question:
from immediate product transparency to administrative traceability of the supply chain.

This model is functional in terms of market efficiency, but reduces the possibility of exercising an informed
choice based also on the production method, especially in a context in which the distinction between natural,
conventional and engineered is not immediately perceptible in the final product.

7. RISKS TO HUMAN HEALTH: TECHNICAL-CRITICAL FRAMEWORK

Within the context of the Draft on NGTs, the assessment of safety for human health is embedded in a
regulatory framework that formally maintains the established paradigm of scientific risk assessment used for
GMOs, particularly that developed and applied by EFSA (European Food Safety Authority).

This model is based on a standardised analytical sequence — hazard identification, hazard characterisation,
exposure assessment and risk characterisation — as also reflected in Annex Il of the Draft.

However, the application of this framework to NGTs introduces a structural tension between two distinct
levels: on the one hand, regulatory simplification based on equivalence with conventional breeding,
particularly for NGT1; on the other, the intrinsic biological complexity of genomic modifications, even when
described as “minimal”, “targeted” or quantitatively limited.

By classifying many NGT1 plants as comparable to spontaneous mutations or those obtained through
conventional techniques, the Draft assumes a substantial continuity between natural processes and genome
editing interventions. On this basis, the intensity of ex ante risk assessment is reduced, under the assumption
that the final outcome does not significantly differ from what could be achieved through traditional breeding.
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From a biological and toxicological perspective, however, this equivalence is not always linear. Even targeted
genetic modifications may generate cascading effects across higher levels of biological organisation,
influencing gene expression regulation, gene interactions and metabolic networks, ultimately affecting the
production of proteins and secondary metabolites.

It follows that risk assessment cannot be confined to the discrete dimension of the genetic modification, but
must also consider the possibility of systemic and emergent effects, which are not always fully predictable ex
ante.

Furthermore, the Draft tends to favour a case-by-case approach based primarily on the probability of known
adverse effects. In complex biological systems, however, the main concern does not relate only to already
identified risks, but also to the possibility of novel or not yet characterised effects.

In this context, human health safety in relation to NGTs depends not only on the absence of identifiable risks
in the classical sense, but also on the capacity of the regulatory system to detect indirect, cumulative or
delayed effects that may emerge over time from the interaction between genetic modification, environment
and food consumption.

UNINTENDED EFFECTS: OFF-TARGET AND PLEIOTROPY

One of the most relevant technical issues concerns the possibility of unintended effects, which may arise even
when the genetic modification has been designed in a targeted manner.

This aspect is particularly significant in genome editing techniques such as CRISPR/Cas and related systems,
which, in the Draft, are considered sufficiently precise to justify a reduction of regulatory requirements for
NGT1. However, the precision of the tool does not necessarily correspond to full predictability of the final
outcome.

OFF-TARGET EFFECTS: NATURE AND BIOLOGICAL RELEVANCE

Off-target effects refer to genetic modifications that occur at genomic sites other than the intended target.
Although technological advances have significantly improved the specificity of genome editing tools, such
events cannot be entirely excluded, as they may arise from sequence similarities, imperfections in recognition
mechanisms or the intrinsic variability of the genome.

The relevant issue is not so much the frequency of these events, but their functional location. An off-target
mutation may be neutral, but it may also affect regulatory regions, genes involved in essential metabolic
pathways or interconnected genetic networks, potentially leading to effects that are disproportionate to the
size of the modification.

FUNCTIONAL RELEVANCE OF MUTATIONS

An off-target mutation may be neutral, but it may also affect functionally relevant regions of the genome,
including regulatory elements (such as promoters and enhancers), genes involved in essential metabolic
pathways, non-coding sequences with regulatory functions, or interconnected genetic networks.

As a result, even a single modification may produce effects disproportionate to its size, particularly when it
affects highly regulated systems or those characterised by strong functional interdependence.
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IMPLICATIONS FOR FOOD SAFETY

From a human health perspective, off-target effects are relevant insofar as they may lead to unintended
alterations in the biochemical profile of plants intended for consumption.

Such alterations may manifest, for example, through the unexpected production or increased levels of
secondary metabolites — some of which may have toxicological or antinutritional properties — or through
qualitative or quantitative changes in expressed proteins, with potential implications for allergenicity or
immunoreactivity. Alterations may also occur in metabolic pathways regulating essential nutrients, as well as
in the formation of new compounds or variations in the levels of compounds already present at low
concentrations.

From a toxicological standpoint, the issue does not concern only the possible emergence of new substances,
but also changes in the balance among known components, which may affect the biological response of the
human organism.

LIMITS OF DETECTION IN RISK ASSESSMENT

Within the framework of Annex Il, such risks are expected to be identified through a combination of analytical
tools, including molecular analyses, comparative compositional assessments, phenotypic studies and the
development of plausible risk hypotheses.

However, a significant limitation remains: off-target effects may be difficult to predict and to detect
systematically, particularly in the absence of comprehensive genomic analyses. In some cases, they may be
indistinguishable from spontaneous mutations or from variations induced by conventional techniques.

This raises an important regulatory issue, namely the difficulty of defining a clear threshold between
modifications considered equivalent to conventional ones and those potentially relevant for human health.

SUMMARY

Off-target effects therefore represent a point of tension between the high theoretical precision of NGTs and
the complexity of real biological systems. Even when rare, they may lead to unintended alterations in the
chemical and protein profile of food plants, with potential implications for toxicity, allergenicity and overall
safety.

PLEIOTROPY AND CASCADING EFFECTS: IMPLICATIONS FOR HUMAN HEALTH

Alongside off-target effects, a second mechanism of particular relevance in the assessment of risks associated
with NGTs is pleiotropy. This term refers to the ability of a single gene to influence multiple traits
simultaneously, across different tissues, developmental stages or biological processes.

In the context of NGTs, this property is particularly significant, as a genetic modification designed to achieve a
specific trait — such as resistance to pathogens, tolerance to abiotic stress or altered growth patterns — may
give rise to consequences extending beyond the intended target, involving broader genetic and metabolic
networks.

FROM GENE TO METABOLISM: SYSTEMIC AND NON-LINEAR EFFECTS

Genes do not operate independently, but within complex and interconnected regulatory systems. The
modification of a single element may therefore propagate across multiple biological levels, influencing the
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expression of other genes, protein synthesis and metabolic pathways, ultimately affecting the overall chemical
composition of the plant.

These dynamics are not always predictable on the basis of the modified genetic sequence alone, as they
depend on the interaction between genetic background, environmental conditions and epigenetic regulation.
As a result, the biological response may be non-linear and strongly context-dependent.

IMPLICATIONS FOR FOOD SAFETY

From a human health perspective, pleiotropy and cascading effects are relevant insofar as they may lead to
unintended changes in the composition of plants intended for consumption.

Such changes may manifest, for example, in alterations in the production of secondary metabolites — some
of which may have toxic or antinutritional properties — or in variations in the quality or quantity of expressed
proteins, with potential implications for allergenicity or immunoreactivity. They may also involve shifts in
nutritional profiles, including both macro- and micronutrients, as well as the emergence of new compounds
or increases in substances already present at low concentrations.

From a regulatory standpoint, the critical issue is that these outcomes are not necessarily inferable directly
from the analysis of the genetic modification itself, but require comprehensive phenotypic and compositional
assessments.

LIMITATIONS OF THE COMPARATIVE APPROACH IN DRAFT

Within the framework of the Draft and the EFSA guidelines referenced in Annex Il, these risks are addressed
through a case-by-case approach primarily based on comparative assessment with a conventional
counterpart, supported by compositional analysis, evaluation of relevant phenotypic traits and the
development of plausible risk hypotheses.

However, this approach presents a structural limitation: comparative assessment is most effective when
differences are limited, isolated and linearly interpretable. Pleiotropy, by contrast, introduces systemic and
non-linear dynamics, where outcomes emerge from interactions across multiple biological levels.

As a consequence, even a seemingly targeted genetic modification may produce effects that extend beyond
the intended trait, propagating through complex biological networks and making it more difficult to define ex
ante the full range of potential impacts on human health.

CONCLUSION

Pleiotropy therefore represents a critical interface between biology and regulation. On the one hand, it is a
physiological and intrinsic feature of living systems; on the other, in the context of NGTSs, it highlights how a
targeted modification may result in a multifactorial transformation of the plant’s biological profile.

In this perspective, risk assessment cannot be limited to the discrete dimension of the genetic modification,
but must also take into account the possibility of unintended systemic effects, with potential implications for
food safety and human health.

SUBSTANTIAL EQUIVALENCE AND LIMITATIONS IN IDENTIFYING BIOLOGICAL
DIFFERENCES

A second critical aspect, closely linked to the assessment of risks to human health in NGTs, concerns the
principle of substantial equivalence. This principle is based on the idea that a genetically modified plant may
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be considered safe if, from a molecular and compositional perspective, it does not exhibit relevant differences
compared to its conventional counterpart.

Within the framework of the Draft and the EFSA approach referred to in Annex I, this logic constitutes the
operational basis of comparative risk assessment: the NGT plant is compared with a reference variety, and any
differences are evaluated in terms of their biological and toxicological significance.

OBSERVED SIMILARITY AND BIOLOGICAL EQUIVALENCE

From a biological perspective, however, the concept of substantial equivalence introduces a fundamental
limitation: the absence of detectable differences does not necessarily imply the absence of relevant
differences.

Such a limitation arises from several factors. First, observed composition represents only part of the overall
biological system. Moreover, many modifications may be dynamic or conditional, emerging only under specific
environmental or stress conditions. Even small genetic changes may produce amplified effects at the
metabolic or regulatory level, while some alterations may involve molecules present at very low but
biologically active concentrations.

As aresult, equivalence is generally assessed on a limited set of parameters — such as composition, phenotype
and selected markers — whereas the actual biological system is broader and characterised by complex
interactions.

This aspect is also connected to the implicit reliance on the concept of history of safe use, which is commonly
used in risk assessment frameworks.

“HISTORY OF SAFE USE”: LIMITATIONS AND CRITICAL ASPECTS

The concept of history of safe use represents an implicit reference in risk assessment frameworks applied in
food and environmental regulation, particularly within the guidance developed by the European Food Safety
Authority. It is based on the assumption that organisms or traits that have been present and used over time
without evidence of adverse effects may be considered safe in the absence of new risk indicators.

In the context of NGT1, this reasoning is indirectly invoked through their assimilation to natural or
conventionally induced mutations. However, this extension raises several important limitations.

First, the reference to historically observed safety presupposes long-term exposure embedded within
evolutionary and selective processes. NGT-induced modifications, although potentially similar at the
molecular level, do not necessarily share these dynamics or the same degree of ecological integration.

Second, the concept is grounded in ex post observations, which do not amount to an ex ante demonstration
of safety, particularly in complex biological systems characterised by non-linear interactions and emergent
effects.

Finally, relying on molecular similarity alone may be reductive, as it does not fully account for the broader
genomic, regulatory and ecological context in which the modification operates.

Therefore, while history of safe use may provide a useful reference, it cannot be considered a self-sufficient
safety criterion for NGT1 and should be complemented by functional and context-based assessments.

EMPIRICAL LIMITS OF THE COMPARATIVE APPROACH

The comparative approach assumes the availability of a stable conventional reference (baseline). However,
conventional varieties themselves display significant intrinsic variability, influenced by environmental
conditions, agronomic practices and intra-varietal genetic variability.
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This variability makes it more difficult to clearly distinguish between natural variation, effects attributable to
the genetic modification and genotype—environment interactions. Consequently, the definition of “significant
difference” inevitably takes on a technical-operational character rather than representing an absolute
biological threshold.

IMPLICATIONS FOR FOOD SAFETY

From a human health perspective, these limitations translate into a potential area of uncertainty in safety
assessment.

An approach based on the absence of observable substantial differences may fail to detect relevant changes,
such as variations in protein profiles that are not immediately evident, metabolic alterations not included in
standard analytical sets, or emerging effects related to digestive and metabolic processes in the human body.
In addition, interactions between food components may occur that cannot be adequately assessed in isolation.

In this context, risk does not necessarily manifest as an immediate and evident toxic effect, but rather as the
possible underestimation of subtle yet biologically relevant systemic changes.

FRAMEWORK IN THE REGULATORY MODEL OF THE DRAFT

Within the Draft, this tension is addressed through an evidence-based approach relying on molecular
characterisation of the modification, targeted compositional analyses and case-by-case evaluation.

However, an approach centred on substantial equivalence entails a strong dependence on the quality and
scope of the available data. Where the dataset is limited, a conclusion of equivalence may be formally correct,
but not necessarily biologically exhaustive.

SUMMARY

The principle of substantial equivalence represents a central tool in the regulatory framework for NGTs, but
introduces a structural limitation: it tends to reduce a complex and dynamic biological system to a simplified
comparison between “similar” and “different”.

In this transition, there is a risk that biologically relevant but not readily observable differences may be
interpreted as equivalence, with potential implications for the completeness of food safety assessment and
for the protection of human health.

ALTERATIONS IN THE TOXICOLOGICAL AND ALLERGENIC PROFILE

One of the most relevant aspects in assessing risks to human health associated with NGTs concerns the
possibility that genetic modifications—even when targeted and apparently minimal—may lead to unintended
alterations in the toxicological and allergenic profile of plants intended for food use.

This issue plays a central role within the framework of Annex Il of the Draft and EFSA criteria, as food safety
does not depend solely on the presence of the intended trait, but on the overall compositional and
biochemical characteristics of the plant organism.

ALTERATIONS IN THE TOXICOLOGICAL PROFILE

Plants naturally produce a wide range of secondary metabolites, many of which serve defensive functions
against insects, pathogens or environmental stress. Some of these compounds may have toxicological
relevance for humans, particularly when present at elevated concentrations or under specific dietary
conditions.
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Genetic modifications introduced through NGTs may indirectly affect metabolic pathways involved in the
synthesis of bioactive compounds (such as alkaloids, glucosinolates or lectins), the enzymatic regulation of
existing pathways and, more broadly, the balance between primary and secondary metabolites. Even a
modification targeting a single trait may therefore generate cascade effects, influencing both the quantity and
the nature of substances present in the plant.

From a toxicological perspective, such changes may take different forms: quantitative (variations in levels of
known compounds), qualitative (emergence of new metabolites or intermediates), or conditional, appearing
only under specific environmental or stress conditions. Their relevance depends not only on the presence of
a compound, but also on dose, context and patterns of dietary exposure.

ALTERATIONS IN THE ALLERGEN PROFILE

In addition to toxicological aspects, potential changes in allergenic profiles represent another critical area.

Food allergies are generally associated with specific proteins or protein fragments capable of triggering an
immune response. NGTs may influence this profile through several mechanisms, including changes in protein
expression, alterations in protein three-dimensional structure, or modifications in gene regulatory processes.
In some cases, new proteins or isoforms may also emerge.

It is particularly important to note that even limited changes in amino acid sequence or protein conformation
may alter immunological behaviour, with potential implications for allergenicity.

THE ISSUE OF PREDICTABILITY

From a methodological perspective, a key limitation concerns the predictability of these effects. The
toxicological and allergenic profile of a plant cannot be inferred solely from the modified genetic sequence,
but depends on a complex network of factors, including gene expression regulation, interactions between
modified and non-modified genes, environmental and agronomic conditions, and post-translational protein
processes.

As a result, even with the same genetic modification, outcomes may vary significantly depending on the
biological and environmental context.

FRAMING WITHIN THE DRAFT RISK ASSESSMENT

Within the system outlined in Annex Il, these risks are addressed through comparative compositional analyses
against conventional counterparts, targeted toxicological studies triggered by plausible risk hypotheses,
allergenicity assessments based on bioinformatics tools and experimental testing, and a case-by-case
approach grounded in trait characterisation.

However, a structural limitation remains: the model relies primarily on the identification of already
hypothesised risks, whereas many toxicological or allergenic alterations may emerge as indirect and not
immediately predictable effects.

CONCLUSION

NGTs may therefore influence the toxicological and allergenic profile of plants not only through direct
modification of the target gene, but also via indirect effects on metabolic and protein networks.

This introduces a level of complexity that makes food safety assessment strongly dependent on the scope and
depth of the analyses performed, with the risk that subtle, conditional or multifactorial effects may not be
fully captured through comparison with conventional reference varieties alone.
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8. ECONOMIC AND MARKET IMPACTS: CONVENTIONAL AGRICULTURE, SEED
SECTOR AND ORGANIC FARMING

GENERAL FRAMEWORK

Alongside environmental and health-related aspects, the large-scale introduction of NGTs—particularly NGT1
plants, which are treated in the Draft as essentially equivalent to conventional varieties—is likely to
significantly affect the structure of the European agricultural market.

The issue concerns not only varietal innovation itself, but also how it integrates into already highly regulated
and differentiated production systems, where conventional agriculture, certified supply chains and organic
farming coexist.

By classifying certain NGTs as “equivalent” to conventional varieties, the Draft reduces ex ante regulatory
control and shifts the management of potential issues to indirect tools such as traceability, coexistence
measures and operator responsibility. This approach affects three key dimensions of the market:
transparency, supply chain separation and legal certainty.

SEED MARKET RESTRUCTURING AND TECHNOLOGICAL CONCENTRATION

A firstimpact concerns the seed market. NGTs—particularly within a model of rapid and iterative innovation—
tend to strengthen the role of actors with advanced technological capabilities, especially in genome editing
platforms, patents and licensing systems.

This may result in increased dependence of farmers on proprietary varieties, greater centralisation of genetic
innovation and a potential reduction in varietal diversity, along with rising costs linked to intellectual property
rights.

These aspects are only marginally addressed in the Draft and are not treated as a structural component of
economic impact assessment.

COEXISTENCE, TRANSPARENCY AND MARKET FUNCTIONING

A second key issue concerns coexistence between NGT and non-NGT crops, particularly organic ones. Even
when NGT1 plants are treated as conventional, their diffusion may create operational challenges along the
supply chain, including accidental contamination, unintended presence of NGT material and increased
complexity in segregation during harvesting, storage and processing.

At the same time, the Draft’s regulatory model—based on simplified classification and limited labelling
requirements for NGT1—may generate information asymmetries between operators and consumers, making
it more difficult to distinguish between NGT and non-NGT products and reducing transparency in purchasing
decisions.

This is particularly relevant for market segments that rely on differentiation between production models, such
as organic or “NGT-free” supply chains.

IMPACT ON ORGANIC FARMING

For the organic sector, the implications are particularly significant. The issue extends beyond the physical
presence of NGT traces to the broader systemic effects that their diffusion may have on market functioning.
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Potential impacts include increased risk of product downgrading, higher costs for segregation and control,
greater exposure to liability disputes due to unintended contamination and possible erosion of consumer trust
in organic certification.

Even the difficulty of ensuring the absence of NGTs may affect the economic credibility of the sector,
regardless of formal thresholds.

STRUCTURAL LIMITS OF THE MODEL: COEXISTENCE AND ASYMMETRY BETWEEN
PRODUCTION SYSTEMS

Overall, the Draft does not establish a clear separation between NGT and non-NGT supply chains, but instead
relies on indirect instruments such as traceability, information requirements, coexistence rules and liability
mechanisms.

This reflects a regulatory choice to manage economic and operational risks through ex post tools and market
dynamics rather than through preventive separation between production systems.

As a result, a structural asymmetry emerges: production systems based on methodological differentiation—
particularly organic farming—are not protected by upstream regulatory barriers, but must ensure their
integrity within a context where NGT diffusion is facilitated.

Economic and organisational risks are thus shifted onto non-NGT operators, who must demonstrate the
absence of such technologies in an environment characterised by increasing diffusion and limited direct
traceability.

INDISTINGUISHABILITY, TRACEABILITY AND LIABILITY

A particularly critical issue concerns the practical feasibility of coexistence in light of the technical limitations
in tracing NGT1 plants.

Many of these plants are molecularly indistinguishable from natural or conventionally induced mutations. In
the absence of specific markers or exogenous sequences, there are currently no standardised and universally
applicable analytical methods to identify them with certainty.

As a consequence, traceability under the Draft becomes primarily documentary, relying on breeder
declarations rather than independent laboratory verification. Control therefore shifts from a scientific to an
administrative level.

This creates a significant challenge for the organic sector: operators may experience unintended
contamination without having the analytical tools required to demonstrate its NGT origin with adequate
evidentiary standards.

Without accessible and validated detection methods, the ability to establish origin, assign liability and obtain
compensation is substantially limited.

As a result, the principle of coexistence risks lacking practical effectiveness. The economic and operational
burden of contamination is effectively transferred to organic operators, who remain exposed without
adequate safeguards.

In this context, coexistence would require technical preconditions—such as effective traceability, analytical
detectability and access to genetic data—that are not currently fully met.

In the absence of these conditions, a systemic issue emerges: the lack of scientific identifiability translates into
limited legal accountability, weakening protections for operators and the integrity of supply chains.
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INCENTIVE SYSTEM AND IMPLICATIONS FOR SUSTAINABILITY AND THE MARKET

The Proposal introduces an incentive system aimed at promoting the development and diffusion of NGT plants
considered “sustainable”, notably through accelerated authorisation procedures, cost reductions for certain
operators and technical support during the assessment phase. These measures are based on the assumption
that specific genetic traits—such as resistance to biotic or abiotic stress or improved resource-use efficiency—
can indicate environmental and economic benefits.

However, this approach raises several concerns. Sustainability is treated as an assumed characteristic derived
from the type of genetic modification, rather than as an outcome to be empirically verified across different
agro-ecological contexts. The actual effects of such traits may vary significantly depending on environmental
conditions, agricultural practices and biological interactions, making it difficult to generalise their positive
impact a priori.

A further issue concerns the implementation of accelerated procedures. Simplified approval pathways for
“virtuous” plants may reduce both the time and depth of risk assessment, particularly in a context
characterised by scientific uncertainty and by indirect and cumulative effects that tend to emerge over the
medium to long term.

From an economic perspective, the incentive system may also produce non-neutral effects on market
structure. By favouring the adoption of NGTs over other production models—particularly agroecological
practices and organic farming—it may influence production choices not only through market demand, but also
through the regulatory framework itself.

At the same time, an asymmetry in the distribution of risks and benefits may arise: economic and procedural
advantages tend to concentrate on developers and introducers of NGTs, while potential negative effects—
such as unintended contamination, loss of value of organic production or traceability challenges—may fall on
other actors in the supply chain.

Overall, the incentive system may accelerate the diffusion of these technologies ahead of the availability of
robust empirical evidence on their impacts, creating a potential misalignment between the promotion of
innovation and the capacity to manage associated risks.

TRACEABILITY, MARKET STRUCTURE AND RISK DISTRIBUTION

A further analytical dimension concerns structural elements of the Draft framework that directly affect market
functioning and supply chain management.

TRACEABILITY AND LABELLING: LIMITS IN THE DISTINGUISHABILITY OF NGT1

A first issue concerns traceability and labelling of NGT1 plants. As these are assimilated to conventional
varieties, the system relies on a distinction that is legally relevant but biologically difficult to verify.

On the one hand, NGT1 plants are considered equivalent to conventional varieties; on the other, some form
of information differentiation is required along the supply chain. This creates an inherent tension.

In practice, unique molecular markers are not always available, modifications may be indistinguishable from
natural or conventionally induced mutations, and traceability therefore relies mainly on documentation and
information flows rather than direct analytical verification.

This results in a form of primarily administrative transparency, which may prove fragile in complex and
globalised supply chains. For consumers, this translates into a formally informed choice that ultimately
depends on the reliability of the traceability system.
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SEED MARKET CONCENTRATION AND TECHNOLOGICAL ASYMMETRIES

A second aspect concerns the structure of the seed market. NGTs are embedded in high-tech innovation
models based on patents, proprietary platforms and licensing systems.

This may lead to increasing concentration of genetic control over crops in a limited number of actors, with
effects such as reduced farmer autonomy in varietal choice, increased dependence on intellectual property
rights, decreased genetic diversity and higher entry barriers for smaller breeders.

These dynamics are only indirectly addressed in the Draft, without introducing structural balancing
mechanisms, while technological concentration tends to develop faster than regulatory responses.

AGRICULTURAL BIODIVERSITY AND VARIETAL STANDARDIZATION

Another relevant aspect concerns agricultural biodiversity. NGTs, particularly when targeting specific
functional traits, may promote the diffusion of highly optimised varieties.

Over time, this may result in increasing genetic uniformity of crops, a reduction in local or traditional varieties
and growing dependence on a limited number of genotypes.

The main issue relates to the resilience of agricultural systems, which tends to decline as genetic diversity
decreases. While this topic is mentioned in general terms in the Draft, it is not supported by binding protection
measures.

RISK DISTRIBUTION ALONG THE SUPPLY CHAIN

A final aspect concerns the distribution of economic and legal risks along the agri-food chain.

The Draft tends to shift a significant share of risk management from the innovation stage—linked to breeding
and varietal development—to downstream stages such as production, processing and marketing.

In this model, while innovation is facilitated, the management of issues—such as contamination, coexistence,
traceability and compliance—is largely borne by downstream operators.

This creates a structural asymmetry: those introducing the technology are not necessarily those bearing its
systemic costs.

For farmers, this may result in increased exposure to indirect liabilities, higher compliance costs, risks of losing
certifications—particularly in the organic sector—and greater dependence on external control systems.

SYSTEMIC INTERPRETATION: THE DRAFT AS A SHIFT IN THE RISK REGULATORY
PARADIGM

Overall, a recurring dynamic emerges: the Draft tends to treat NGTs as a technically neutral innovation,
manageable through ex post regulatory tools and market mechanisms.

However, systemic effects—relating to traceability, market structure, biodiversity and risk distribution—take
on a structural dimension that cannot be fully addressed through purely informational or procedural
instruments.
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FROM UNCERTAINTY MANAGEMENT TO PRE-CLASSIFICATION OF RISK

The issues identified across the different domains analysed—environmental, health-related, economic and
coexistence—do not appear as isolated phenomena, but rather as consistent manifestations of a broader shift
in the regulatory paradigm.

Through the distinction between NGT1 and NGT2, the Draft introduces an implicit logic: not all genetic
modifications are considered relevant from a regulatory risk perspective, but only those exceeding certain
thresholds deemed significant.

This leads to a fundamental shift from a model based on managing scientific uncertainty—characteristic of the
precautionary principle—to one centred on the prior classification of risk.

In this framework, risk is no longer primarily assessed in terms of its potential real-world manifestation, but
according to its placement within a legal-technical category. It is therefore classification that determines the
level of regulatory attention, rather than the analysis of potential effects over time.

RELOCATION OF UNCERTAINTY WITHIN THE REGULATORY SYSTEM

In EU environmental law, the precautionary principle is designed to operate under conditions of scientific
uncertainty, particularly where potential harm may be serious or irreversible and where full causal evidence
cannot be established in advance.

Within the NGT framework, this uncertainty is partly absorbed upstream through the distinction between
NGT1 and NGT2, based on the assumption that certain modifications can be treated as substantially equivalent
to conventional ones.

However, this does not eliminate biological uncertainty, but rather shifts its location within the regulatory
process. In other words, uncertainty is not removed, but relocated downstream, where it is addressed through
mechanisms such as monitoring, coexistence measures and supply chain controls, rather than through
broader ex ante assessment.

LIMITS OF THE PRECAUTIONARY PRINCIPLE IN THE CONTEXT OF NGT1

In this context, a particularly sensitive issue emerges. The precautionary principle assumes that risk is at least
identifiable, even if not fully quantifiable, and that it can be linked to a specific technology or factor.

In the case of NGT1, these conditions are less clearly met: the product may be indistinguishable from natural
mutations, effects may be emergent and not analytically isolable, and traceability may depend more on
documentation than on direct verification.

As a result, the application of the precautionary principle in its traditional formulation becomes more complex,
as risk tends to dissolve into the continuum of natural variability, making it more difficult to delineate and
attribute responsibility.

FROM PRECAUTION TO REGULATORY TRUST

In this context, the system outlined in the Draft appears to progressively rely on a logic of regulatory trust:
trust in technical-administrative classification, in models of biological equivalence, and in the capacity of ex
post control systems to detect potential issues.

Risk is not eliminated, but redistributed along the entire regulatory chain, involving institutions, scientific
authorities, Member States and economic operators.

This redistribution gives rise to a form of diffused precaution, which is, however, less effective at the initial
stage. The precautionary principle partly loses its original function as a preventive tool governing the
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introduction of technologies under conditions of significant uncertainty, and is progressively integrated into a
system that prioritises the management of effects after they occur.

TEMPORALITY OF RISK AND ECOLOGICAL IRREVERSIBILITY

This dynamic is further compounded by the temporal dimension of risk. Once released on a large scale, NGT1
plants may spread within agricultural and semi-natural environments, enter reproductive and gene flow
processes, and become established over time within populations or agroecosystems.

Under such conditions, risk acquires an ecological dimension and may become difficult to reverse in the short
to medium term.

This creates a mismatch between the relatively rapid timeframe of regulatory classification and the slower,
cumulative and often non-linear development of biological and ecosystem effects. The precautionary
principle—designed precisely to operate along this temporal dimension—is applied within a system that tends
instead to close the phase of uncertainty prematurely through categorisation.

PRECAUTION EMBEDDED IN CLASSIFICATION

Within this framework, the core issue of the Draft does not lie in the absence of the precautionary principle,
but in its relocation.

Precaution no longer operates as a transversal criterion governing the introduction of a technology under
uncertainty, but becomes embedded within the very definition of what is considered risky.

Uncertainty is thus reframed as a matter of classification, while more complex effects—cumulative, emergent
or potentially irreversible—are deferred to later stages, when the capacity for intervention may be more
limited.

CONCLUSION

Within the Draft NGT Regulation, the relationship between risk management and the precautionary principle
takes on a particularly delicate configuration. This is not simply a matter of applying established tools of EU
food and environmental law, but rather of reorganising them around the distinction between NGT1 and NGT2,
which directly shapes how scientific uncertainty is addressed in legal terms.

In EU law, the precautionary principle is triggered in situations of plausible scientific uncertainty regarding
potential harmful effects on human health or the environment, allowing for the adoption of preventive
measures even in the absence of full causal evidence. Its purpose is not to block innovation, but to govern it
where the available knowledge does not yet allow for a sufficiently reliable assessment of risk.

The Draft reshapes this logic by introducing an ex ante classification of NGT1 as technically equivalent to
conventional mutations. This results in a significant shift: uncertainty is no longer addressed directly through
an open precautionary approach, but is partly absorbed upstream through a legal-technical qualification of
the genetic modification.

This does not mean that scientific uncertainty disappears. On the contrary, it persists at the biological and
ecological level, but is progressively relocated along the regulatory chain—from authorisation to monitoring,
from ex ante assessment to ex post management. The system therefore does not eliminate risk, but
redistributes it over time and among different actors.

This approach introduces a tension with the classical logic of the precautionary principle, which assumes that
regulatory decisions should maintain a margin of caution precisely where knowledge is incomplete. In the case
of NGT1, equivalence is largely presumed at the regulatory level, even where, from a biological perspective,
the distinction between induced and spontaneous mutations may not always be fully demonstrable.
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This is further compounded by the temporal dimension of effects. Many potential impacts do not manifest
immediately, but emerge through cumulative dynamics, ecological interactions and evolutionary processes
unfolding over the medium and long term. The Draft model, however, tends to compress uncertainty into the
initial classification stage, delegating the management of consequences to subsequent mechanisms.

The result is a form of “decentralised precaution”, which no longer functions primarily as a preventive filter at
the point of entry of a technology into environmental and production systems, but as a set of mechanisms
distributed along later stages of the product life cycle.

This makes the system more flexible and adaptive, but also significantly alters the original function of
precaution: from a principle guiding the introduction of technology under uncertainty, to one accompanying
the management of a technology already deployed, with more limited and predominantly reactive
intervention capacities.

9. INTELLECTUAL PROPERTY AND PATENTABILITY IN NGT1: FROM
BIOLOGICAL TO DOCUMENTARY VERIFIABILITY

The regulation of NGT1 plants raises complex issues concerning intellectual property, particularly in light of
their biological indistinguishability and the increasing reliance on documentary traceability. This chapter
examines how these elements interact with the patent system, and their implications for farmers, markets
and consumer transparency.

INTELLECTUAL PROPERTY AS A STRUCTURAL TENSION

Intellectual property represents one of the most delicate aspects of the entire regulatory framework, as it
brings into tension three elements that the Draft attempts to reconcile but which remain difficult to fully
harmonise at a systemic level: the classification of NGT1 as equivalent to conventional mutations, the need to
ensure protection through patents and related rights, and the requirement to guarantee traceability along the
supply chain.

The first issue concerns the nature of NGT1. If a plant is legally considered equivalent to a variety obtained
through spontaneous mutation or conventional breeding, and if the modifications introduced may be
analytically indistinguishable from natural genomic variation, a structural difficulty arises within the traditional
logic of patent law. The patent system presupposes the possibility of identifying the invention and
distinguishing it from the state of the art or from naturally occurring variants. In the case of NGT1, this
distinction may become technically uncertain, as the genetic modification is not necessarily associated with a
stable and unambiguous analytical marker that enables recognition.

The Draft does not resolve this tension by limiting intellectual property protection, but rather by shifting its
foundation. Recognition of the variety moves from the biological level to the informational level: identifiability
depends less on the detectability of the modification in the final product and more on its traceability within
the documentation accompanying its development and commercialisation.

The system is therefore based on variety registers, breeder declarations, descriptions of the techniques used,
and reporting obligations. While this allows patent protection and market circulation to be maintained, it
introduces a form of traceability that is predominantly declarative and does not necessarily coincide with
independently verifiable analytical traceability. As a result, effective control along the supply chain increasingly
depends on the reliability of upstream information and on the robustness of production and separation
systems.
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PATENTABILITY AND BIOLOGICAL INDISTINGUISHABILITY

In this context, the issue of patentability acquires not only a legal, but also a conceptual dimension. The patent
system, including in the European framework, is based on the assumption that the patented subject matter
can be identified as a distinct technical entity.

In the case of NGT1, this assumption is put under strain. The modifications may consist of minimal sequence
variations—such as point mutations—that are indistinguishable from those occurring naturally or through
conventional breeding.

The Draft does not eliminate this tension, but manages it by relocating the basis of varietal identity.
Identification is no longer grounded exclusively in the detectability of the trait in the final product, but in the
documentary reconstruction of its genetic origin and development pathway.

The implication is significant: patent protection becomes less dependent on a verifiable material feature of
the product and more reliant on an information system that certifies its origin. While this remains legally
effective, it introduces a reduced level of biological transparency, as such identification cannot always be
independently verified in the field or on the final product.

FROM BIOLOGICAL IDENTIFIABILITY TO DOCUMENTARY TRACEABILITY

On the agricultural level, this approach introduces a possible information asymmetry. The farmer is no longer
A central transformation emerges from this framework: the progressive shift from biological identifiability to
documentary traceability.

In traditional systems, the identification of a protected variety relies, at least in part, on the possibility of
detecting distinguishing characteristics in the biological material itself. In the case of NGT1, this link becomes
weaker, as the genetic changes may not be analytically distinguishable from naturally occurring variations.

Consequently, traceability is increasingly constructed through information flows rather than direct analytical
verification. Documentation relating to breeding processes, varietal registration, and seed distribution
becomes the primary means of identifying and tracking plant material.

This evolution does not render the system ineffective, but changes its nature. Traceability becomes less a
matter of scientific detectability and more a function of administrative continuity and informational integrity.

IMPLICATIONS FOR FARMERS: INFORMATIONAL ASYMMETRIES AND LEGAL EXPOSURE

At the agricultural level, this transformation introduces potential informational asymmetries. Farmers are no
longer dealing exclusively with varieties that can be distinguished through observable or analytically verifiable
traits, but also with rights attached to genetic characteristics that may not be directly identifiable.

The issue is not merely the existence of patents, but the modalities of their enforcement. In many cases, the
determination of whether patented material has been used may rely on indirect reconstruction—based on
documentation, supply chain data, or comparative assessments—rather than on direct and unambiguous
detection of a specific genetic trait.

This increases the complexity of contractual relationships and makes it more difficult to distinguish between
the legitimate use of conventional material and the unintended use of protected material.

These challenges extend to coexistence between production systems. Where traceability is not fully supported
by analytical verification, the risk is not limited to biological contamination but may also take the form of “legal
contamination”, referring to the unintentional exposure to intellectual property claims.
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Although the Draft introduces information requirements and record-keeping systems to address these issues,
their effectiveness depends largely on the operational reliability of the supply chain rather than on the intrinsic
verifiability of the product itself.

CONSUMERS, LABELLING AND MEDIATED TRANSPARENCY

A further level concerns the consumer and the functioning of the market. The European regulatory system is
generally based on the principle of transparency, whereby consumers should be able to make informed
choices between different categories of products.

In the case of NGT1, however, the material distinction between modified and non-modified products may not
always be analytically detectable. This leads to a shift in the centre of gravity of transparency—from direct
product identification to labelling and administrative traceability.

Where biological differences cannot be reliably verified, labelling no longer reflects a directly observable
property of the product, but rather an upstream classification based on supply chain information. Labelling
thus retains its informational function, but becomes increasingly dependent on the robustness of the
underlying information system.

For consumers, this results in a form of mediated trust: freedom of choice is no longer grounded in the
possibility of independently verifying the genetic composition of the product, but in the credibility of
classification, registration and control mechanisms. Transparency, in systemic terms, shifts from a material to
an institutional dimension.

LINKING THE THREE LEVELS

The three levels analysed — intellectual property, the agricultural market and consumer choice — converge
in a common point: the progressive replacement of biological verifiability with documentary verifiability.

In the patent system, the identity of the variety is no longer necessarily linked to a directly genetically
recognizable trait, but is reconstructed through information and registrations. Similarly, in the agricultural
market, rights may be exercised on genetic characteristics that are not always immediately detectable at the
analytical level. Finally, on the consumer side, transparency is increasingly based on labelling and traceability
systems that depend on supply chain information, rather than on direct verifiability of the product.

The overall result is a system that continues to function, but which profoundly changes its nature: from a
model based on the material distinction between biological entities, to a model based on the administrative
and informative management of genetic origin.

In this context, the crux of intellectual property on NGT1 does not only concern the formal possibility of
patenting certain characteristics, but above all their effective recognizability and demonstrability in the real
context. If the distinction between a genetic modification introduced through NGT1 and a spontaneous or
conventional mutation is not always analytically traceable in the final product, the legal system tends to
depend increasingly on indirect identification tools, based on the supply chain documentation and on the
information provided upstream by the developer.

Traceability, in this context, is no longer just a technical guarantee of product identification, but becomes a
real information infrastructure, which supports both the enforcement of intellectual property rights and the
functioning of the market. However, this evolution introduces an area of fragility: in the absence of direct and
unambiguous biological evidence, the system inevitably shifts towards forms of indirect verification, based on
administrative reconstructions and presumptions of origin.

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 41



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

It is in this passage that the issue of litigation emerges most clearly, which concerns both possible directions
of the dispute: on the one hand the action of the patent holder, on the other the defensive position of the
farmer, in particular in cases of unintentional presence or contamination.

LITIGATION AND BURDEN OF PROOF IN A SYSTEM WITH MAINLY DOCUMENTARY
TRACEABILITY

In the event that a patent holder believes that a farmer is using plant material covered by intellectual property
rights, the ordinary logic of litigation is based on the identification of the protected trait in the cultivated
material. However, in the case of NGT1, this identification can be problematic, since the genetic trait can
coincide, or be highly overlapping, with variants already present in nature or obtainable through conventional
selection.

In such situations, the patent holder tends to base his position on an indirect reconstruction of the supply
chain: documentation of the material used, varietal registers, information on seeds and administrative
traceability of production flows. It is, however, a demonstration that does not always coincide with a direct
material ascertainment of the genetic trait in the final product, but rather with a set of circumstantial
elements.

This leads to a possible tension between the traditional evidentiary logic of patent law — based on the
ascertainment of the technical fact — and a biological reality in which this fact cannot always be isolated with
analytical certainty.

On the other hand, the position of the farmer can also be complex, particularly in cases of unintentional
contamination. The presence of genetic material attributable to a patented variety can result from pollen
flows, admixture along the supply chain or unintended use of seeds. In these situations, the difficulty does not
only concern the agronomic management of the phenomenon, but its legal qualification.

The central question becomes in fact to establish whether this presence constitutes a relevant "use" for the
purposes of the patent, or a simple unintentional biological coexistence. In the absence of reliable analytical
traceability, the distinction between intentional use, accidental presence, and natural spread tends to become
blurred.

This creates a possible structural evidentiary asymmetry: on the one hand, the patent holder uses a mainly
documentary traceability system; on the other hand, the farmer may find it difficult to prove the absence of a
violation by means of direct biological tests.

In this context, litigation tends to shift from the strictly technical level — presence or absence of the genetic
trait — to that of reconstructing the history of plant material. The evidence therefore necessarily becomes
hybrid, combining scientific, documentary and presumptive elements.

The margin of uncertainty is no longer a marginal element, but becomes a structural component of the system,
with possible repercussions both on the effective protection of intellectual property rights and on the position
of farmers with respect to unintentional liability.

10. CRITICAL ISSUES AND SAFEGUARD PROPOSALS

INSTITUTIONAL GOVERNANCE AND DECISIONAL ASYMMETRIES IN THE NGT1/NGT2
CLASSIFICATION

Within the system outlined by the Draft NGT Regulation, the distinction between NGT1 and NGT2 does not
constitute a mere technical datum, but rather a genuine regulatory classification with significant legal
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consequences. This qualification determines the entire applicable regime, from authorisation procedures to
traceability requirements, including labelling obligations and conditions for market placement.

This classification is not neutral, as it results from the interaction between scientific assessments — in
particular through the role of the European Food Safety Authority — normative criteria defined by the
legislator, and interpretative margins left to competent authorities. In this sense, the distinction between
NGT1 and NGT2 does not merely describe a biological reality, but reflects an institutional process through
which scientific knowledge is translated into operational legal categories.

This framework gives rise to a first form of asymmetry. The decision on the nature of the plant is taken
upstream, within a technical and centralised context, while the effects of the classification are subsequently
distributed across farmers, consumers and ecosystems. In other words, the decision-making moment is
concentrated, whereas the distribution of impacts is broad and decentralised.

An additional element further reinforces this dynamic. The classification as NGT1 is based on criteria of
equivalence with conventional mutations which, as previously discussed, may include modifications obtained
through laboratory techniques that are not fully attributable, in a strict sense, to natural variability. As a result,
the classification is not purely descriptive but partly constructive: it legally defines what is to be considered
“equivalent to natural”.

Overall, this results in a form of epistemic and institutional asymmetry, in which a limited number of actors
concentrate the capacity to define risk categories, while a plurality of stakeholders is required to manage their
economic, ecological and legal consequences.

MAIN CRITICAL ISSUE

The central critical issue lies in the fact that, once a plant is classified as NGT1, it gains access to a simplified
regulatory regime based on an assumption of substantial equivalence with conventional varieties, thereby
significantly reducing the scope for ex ante control. However, such equivalence relies on a normative
translation of complex biological data, whose effects are not always fully verifiable in the medium to long
term.

SAFEGUARD PROPOSALS AND POSSIBLE CORRECTIVE MISURES

In this context, possible corrective measures should not necessarily aim at eliminating the NGT1 classification,
but rather at strengthening the conditions under which it is applied, introducing greater caution in the
diffusion phase.

A first line of intervention could consist in the introduction of reinforced conditionality. This could take the
form of automatic periodic review mechanisms for specific categories of NGT1 with higher potential impact,
making full liberalisation conditional upon empirical verification of effects over time.

A second area concerns the role of Member States. Strengthening their role in managing territorial diffusion
could allow for the adoption of containment or limitation measures in cases where risks are not yet fully
clarified, ensuring greater alignment with local ecological and production specificities.

A further aspect concerns the protection of more exposed operators, particularly small-scale agricultural
enterprises. In this regard, support measures could include access to independent advisory systems, forms of
protection against indirect effects of classification — such as unintended contamination or contractual
repercussions — as well as compensation or liability mechanisms in cases of unintentional impacts.

From a broader perspective, the introduction of a reinforced observation phase for NGT1 prior to large-scale
release could also be considered. Although such a solution would entail greater political complexity, it would
help reduce the asymmetry between centralised decision-making and distributed impacts, while maintaining
a level of control more consistent with the dynamic and cumulative nature of potential effects.
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SCIENTIFIC RISK AND REGULATORY RISK: THE TRANSFORMATION OF UNCERTAINTY
INTO LEGAL THRESHOLDS

Within the system outlined by the Draft NGT Regulation, one of the most delicate aspects does not primarily
concern the identification of risk in a biological sense, but rather the way in which such risk is translated into
an operational legal category. In this context, a fundamental distinction emerges between what may be
defined as scientific risk and what becomes regulatory risk.

Scientific risk, in a strict sense, is an intrinsically probabilistic and context-dependent dimension. It describes
the possibility that a given genetic modification may produce adverse effects on health, the environment or
biodiversity, but always within a framework characterised by uncertainty, ecological variability and context
dependence. By its nature, scientific risk is never fully defined: it is dynamic, subject to revision, and difficult
to reduce to clear-cut thresholds.

Regulatory risk, by contrast, responds to different needs. In order to be managed within a legal system, it must
be rendered operational through processes of simplification, categorisation and decision-making. In the case
of the Draft, this occurs primarily through the classification system (NGT1/NGT2) and the risk assessment
model set out in Annex II.

The critical point emerges in the transition from a continuous to a discrete logic: what in science is gradual,
uncertain and often non-linearly predictable is translated in law into thresholds of admissibility or distinct legal
regimes, with significantly different regulatory consequences.

THE TRANSFORMATION OF UNCERTAINTY INTO A REGULATORY DECISION-MAKING

In the case of NGT1, this dynamic is particularly evident. Once a variety is considered equivalent to
conventional ones according to the criteria set out in Annex |, it gains access to a regulatory regime
characterised by a presumption of safety.

Such a presumption does not eliminate scientific uncertainty, but relocates it upstream in the decision-making
process, concentrating it in the initial classification phase. In other words, the system does not remove
scientific risk, but crystallises it into an administrative decision that subsequently determines the entire
applicable regulatory framework.

This gives rise to a structural tension: the more classification is simplified for reasons of regulatory efficiency,
the greater the potential gap between the complexity of scientific risk and the rigidity of the legal response.

THE ISSUE OF THRESHOLDS AND IMPLICIT ACCEPTABILITY OF RISK

The transition from scientific risk to regulatory risk also entails the definition, whether explicit or implicit, of a
threshold of acceptability. In the case of NGTs, this threshold is not always defined in quantitative terms, but
emerges from a normative construction based on criteria of technical equivalence, as in the case of the
limitations set for NGT1.

This may lead to a form of implicit risk acceptability, whereby the absence of evidence of harm is progressively
equated with a presumption of safety. However, in complex biological systems, the absence of evidence does
not necessarily correspond to the absence of effects, particularly when interactions emerge at ecosystem level
or over the long term.

STRUCTURAL CRITICALITY: SIMPLIFICATION OF UNCERTAINTY AND RIGIDITY OF THE MODEL

The central issue does not lie in the use of risk assessment as such, but in the way regulatory risk tends to
simplify uncertainty, rather than govern it dynamically.
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This simplification is reflected in several recurring elements: the binary classification between NGT1 and NGT2,
which reduces a continuous spectrum of situations to two distinct regimes; the presumption of equivalence
with conventional varieties, which shifts attention from potential risk to formal similarity; and the
concentration of scientific assessment in an initial phase, which limits the possibility of continuous updating
based on observed effects.

The result is a system in which risk governance is primarily concentrated ex ante, while potential effects are
distributed ex post in a diffuse manner and, in some cases, are difficult to reverse.

REBALANCING PERSPECTIVES: TOWARDS AN ADAPTIVE MODEL

A possible response to this tension does not consist in questioning the distinction between scientific and
regulatory risk — which is inherent in any legal system — but in making regulatory risk less static and more
adaptive.

From this perspective, several corrective measures could be considered. These include the introduction of
periodic review mechanisms for NGT1 classifications, based on empirical data collected after market release;
the development of regulatory feedback systems capable of adjusting conditions of use in light of observed
effects; and the strengthening of the precautionary principle not only at the initial stage, but also as a tool for
ongoing reassessment.

In addition, consideration could be given to assigning Member States a more active role in triggering targeted
measures where uncertainties or critical issues emerge that were not identified during the initial assessment
phase.

EFFECTS ON INNOVATION AND MARKET CONCENTRATION: BETWEEN
TECHNOLOGICAL OPENNESS AND THE RISK OF OLIGOPOLIZATION

One of the less immediately visible, yet structurally most relevant aspects of the NGT system concerns its
impact on the structure of the seed market and on the broader ecosystem of agricultural innovation. By
simplifying the classification of NGT1 and reducing regulatory burdens for market placement, the Draft
explicitly pursues the objective of accelerating innovation and strengthening the competitiveness of the
sector.

However, this approach may produce ambivalent and unevenly distributed systemic effects, particularly with
regard to the distribution of innovative capacity and economic concentration.

INNOVATION: SELECTIVE ACCELERATION AND UNEQUAL ACCESS

In theory, the simplification of the regime for NGT1 should foster a broader diffusion of innovation by reducing
authorisation timelines and costs, and by incentivising the development of new plant varieties.

In practice, however, the capacity to develop and apply NGT technologies is not evenly distributed. Genome
editing techniques, advanced management of genetic data, and integration with bioinformatics tools require
highly specialised scientific and industrial infrastructures.

As a result, effective access to innovation tends to concentrate among actors that already possess significant
research and development capacities, access to proprietary genetic databases, and advanced breeding
platforms. In this context, innovation appears formally open, but in practice constrained by significant
economic and technological barriers.
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INTELLECTUAL PROPERTY AND ACCUMULATION OF GENETIC TRAITS

A further driver of concentration is the intellectual property regime. As previously discussed, the difficulty of
analytically distinguishing NGT1 modifications from natural mutations does not eliminate the possibility of
patenting specific genetic traits, but rather reinforces their role as tools for supply chain control.

This may lead to a progressive accumulation of rights over basic genetic components, whereby a limited
number of actors control not only final plant varieties, but also “genetic modules” that can be recombined in
different configurations.

This shifts the competitive focus from the final agricultural variety to the control of its underlying genetic
components, fostering vertical integration within the innovation system and progressively reducing the space
available for independent breeders.

EVOLUTION OF THE SEED MARKET AND SYSTEMIC RISKS

In the medium to long term, these dynamics may contribute to increased concentration in the seed market,
with effects extending beyond the purely economic dimension.

A potential reduction in the diversity of actors involved in breeding can be observed, along with increased
dependence of farmers on a limited number of technological providers and a trend towards genetic
standardisation of commercial varieties. At the same time, local and adaptive breeding practices may become
progressively marginalised.

The risk is not only economic, but also systemic: a reduction in varietal diversity may weaken the overall
resilience of agricultural systems, making them more vulnerable to climatic, phytosanitary and environmental
stresses.

SMALL-SCALE OPERATORS AND INNOVATION: A REVERSE SCALE EFFECT

A particularly critical issue concerns small seed enterprises and independent breeders. Although the NGT
system is often presented as an opportunity to broaden access to innovation, its structure tends to favour
actors capable of operating at scale.

This results in a reverse scale effect: the more formally accessible the technology becomes, the more
economically selective it is in practice.

Small-scale operators are placed in a structurally fragile position: they lack the resources required to compete
in advanced NGT development, while at the same time becoming increasingly dependent on licences and
intellectual property rights, without possessing real bargaining power within the system.

SYSTEMIC CRITICALITY: INNOVATION AND CONCENTRATION (IMPLICATIONS FOR ORGANIC
AGRICOLTURE)

The underlying issue therefore does not lie in innovation itself, but in its potentially asymmetric and
concentration-driven distribution. Technological innovation in the field of NGT does not necessarily function
as a driver of economic pluralism, but may instead act as a mechanism of industrial consolidation, particularly
when combined with extensive intellectual property regimes and significant technical barriers to entry.

This aspect is particularly relevant when considered in relation to the organic sector, which is based on a
distinct and normatively structured systemic logic: traceability, separation of supply chains, exclusion of
certain technologies, and the ability to guarantee informed and verifiable consumer choice.
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In a context characterised by increasing technological concentration and difficulties in distinguishing between
products, these foundations may become progressively more difficult to sustain, with implications not only at
the economic level, but also in terms of trust in certification systems.

INDIRECT EFFECTS ON ORGANIC FARMING: FROM COEXISTENCE TO STRUCTURAL
PRESSURE

Within the framework of the Draft, the organic sector is not formally altered in its fundamental principles or
in its regulatory structure. However, the large-scale diffusion of NGT1 introduces a progressive and cumulative
structural tension, linked to the increasing difficulty of maintaining effective separation between organic
supply chains and genetically enhanced conventional ones.

The issue does not merely concern the possibility of accidental or unintentional contamination, but rather
reflects a broader transformation of systemic conditions. The expansion of genetically modified varieties that
are legally considered “equivalent to conventional,” combined with the growing interconnectedness of
agricultural supply chains, makes it increasingly difficult to ensure levels of separation consistent with the
requirements and expectations of the organic sector.

In this sense, the pressure is not episodic, but intrinsic to the model, as it stems from the emergence of NGTs
as a widespread technological standard.

EROSION OF DISTINGUISHABILITY: A CRITICAL NODE OF THE ORGANIC SYSTEM

One of the fundamental premises of the organic system is the ability to distinguish, in a sufficiently reliable
way, organic production from conventional production. This distinguishability is not only analytical, but also
economic and communicative: it enables the attribution of added value to the product and supports informed
consumer choice.

The introduction of NGT1 varieties that are difficult to distinguish from natural mutations or from
conventionally obtained traits progressively undermines this premise.

This creates a clear regulatory tension. On the one hand, NGT1 are classified as equivalent to conventional
varieties; on the other, the organic system continues to require a clear separation from conventional
production. However, at the biological and analytical level, this distinction becomes increasingly difficult to
verify.

As a result, a potential asymmetry emerges between legal classification and the actual capacity to distinguish
and manage risk within organic supply chains.

SMALL-SCALE FARMING AND ORGANIC SUPPLY CHAINS: A SYSTEMIC VULNERABILITY

This dynamic is particularly significant in light of the structure of the European organic sector, which is
characterised by a strong presence of micro and small agricultural enterprises.

In this context, the widespread introduction of NGTs may generate a systemic and multi-level vulnerability.
On the one hand, technical difficulties in preventing and controlling contamination — which is not always
analytically detectable — are exacerbated; on the other, costs related to monitoring, certification and
compliance management increase. This is compounded by a non-negligible legal dimension, linked to the risk
of losing organic status even in cases of unintentional events.

Overall, the system tends to shift from a logic of process-based assurance — grounded in defined and
controllable practices — to a logic of residual risk management, with potentially heavier burdens for smaller
operators.
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SYSTEMIC CRITICALITY: COEXISTENCE WITHOUT REAL SEPARABILITY

From a systemic perspective, the central issue is that the model outlined in the Draft appears to rely on an
assumption of orderly coexistence between different production systems, without fully addressing the
question of their effective material and functional separability.

At the regulatory level, the distinction between conventional, NGT1, NGT2 and organic systems is clear and
formalised. However, this distinction remains essentially juridical and classificatory. At the biological and
ecological level, the boundaries between systems are far more porous.

When the distinction between NGT1 organisms and those obtained through natural mutations or conventional
breeding becomes difficult to verify, the separation between supply chains can no longer rely on observable
material differences. Instead, it is entrusted to indirect tools, such as administrative procedures, documentary
traceability systems and presumptions of compliance.

This leads to a significant qualitative shift: separation is no longer intrinsic to the biological material, but is
constructed and maintained through the regulatory system. This shift makes coexistence more fragile, as it
depends on the robustness of administrative mechanisms operating within an inherently open and dynamic
biological and production context.

In this perspective, there is a risk that, in the medium to long term, coexistence may not result in a genuine
plurality of production models, but rather in a gradual convergence towards the dominant technological
standard.

THE CRITICAL POINT FOR THE ORGANIC SECTOR: SEPARATION AS AN ADMINISTRATIVE FUNCTION

In the organic sector, the transformation described takes on particular significance. If the separability between
production systems is no longer ensured by biological markers or reliable analytical tools, but increasingly
depends on an external control system, the very stability of the organic model shifts onto a different plane.

In this scenario, the ability to maintain organic identity becomes increasingly linked to the effectiveness of
controls, the robustness of traceability systems, the capacity to prevent accidental contamination, and the
regulatory tolerance thresholds applied.

As a result, a significant shift emerges: organic production risks moving from a model based on a positive
production identity — in which what is organic is clearly distinguishable — to a model based on the verified
absence of contamination within acceptable limits.

Such a transformation is not neutral, as it affects the very nature of certification: from a strong and intrinsic
guarantee of the production process to a necessarily probabilistic and context-dependent guarantee.

EROSION OF CERTAINTY FOR ORGANIC OPERATORS

For operators in the sector, particularly micro and small enterprises, the current evolution introduces a
structural condition of uncertainty.

Compliance no longer depends solely on the production practices adopted, but also on external factors, such
as the territorial spread of NGT1 crops and the overall effectiveness of prevention and control systems. In such
conditions, organic operators may face economic and reputational consequences — including product
downgrading, loss of certification, or increased management costs — even in the absence of any wrongdoing.

A form of indirect liability thus emerges, one that is not fully controllable and that alters the balance between
regulatory obligations and the actual operational capacity of producers..
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RISK ASYMMETRY BETWEEN ECONOMIC OPERATORS

These dynamics are part of a broader asymmetry between economic actors. Industrial and technologically
advanced operators generally possess the tools needed to manage and absorb regulatory risk, whereas small
organic enterprises operate with narrower margins and greater exposure to the indirect effects of
technological diffusion.

Under these conditions, coexistence between production models does not necessarily result in balanced
outcomes, but may instead lead to an uneven distribution of systemic risk. Paradoxically, the most regulated
and quality-oriented sector — organic agriculture — may also become the most exposed to the indirect
consequences of innovation developed elsewhere.

FROM COEXISTENCE TO REGULATORY DEPENDENCE

The overall outcome points to a potential conceptual shift: organic agriculture no longer merely coexists with
the NGT system, but tends to become, at least in part, dependent on it at the regulatory and infrastructural
level.

The capacity to maintain identity and credibility becomes increasingly conditioned by external factors,
including regulatory definitions of genetic equivalence, technical limits of detectability, policy choices
concerning traceability and contamination thresholds, as well as the territorial spread of NGT crops.

Such developments lead to a form of structural vulnerability: the organic system retains its formal regulatory
identity, while progressively losing its effective operational autonomy.

CRITICAL CONCLUSION AND POSSIBLE ELEMENTS OF REBALANCING

The issue that emerges is not merely technical or regulatory, but systemic in nature. The model of coexistence
between NGTs and organic agriculture is based on a form of separation that is increasingly juridical and
administrative, while its material and verifiable foundation becomes progressively weaker.

In this context, organic agriculture risks shifting from a system grounded in a clear and recognisable production
difference to one that relies on the capacity of law and technology to maintain a distinction that is increasingly
difficult to observe at the biological level.

Such a development does not necessarily imply an incompatibility between genetic innovation and organic
agriculture, but highlights a structural tension: the more NGT1 organisms — formally equivalent to
conventional ones — spread, the more difficult it becomes to ensure a separation that is effective rather than
merely declarative.

POSSIBLE LINES OF REBALANCING TO PROTECT ORGANIC AGRICULTURE AND SMALL-SCALE
OPERATORS

A coherent response to the issues identified cannot be limited to strengthening ex post controls, but should
also address the ex ante configuration of NGT1 diffusion, particularly in territorial contexts characterised by a
strong presence of organic agriculture.

From this perspective, a first line of intervention could involve the introduction of territorial risk management
tools, such as zones or districts with enhanced protection for organic production. Within these areas, the
cultivation of NGT1 crops could be restricted or made subject to stricter conditions, based on objective criteria
such as production density, the presence of certified supply chains, and the economic relevance of the organic
sector. Such an approach would not amount to a general prohibition, but rather to a territorial modulation of
technological diffusion.
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A second line of action concerns the strengthening of responsibility along the supply chain. In particular,
clearer and proportionate mechanisms of economic liability for damages resulting from unintentional
contamination could be introduced, in order to avoid a disproportionate transfer of risk onto organic
operators, especially small-scale ones. A more balanced redistribution of responsibilities would contribute to
making coexistence more economically sustainable.

A further area of intervention relates to preventive transparency. The introduction of accessible traceability
systems — for example, on an aggregated territorial basis — concerning the presence of NGT1 crops could
enable organic operators to plan their activities more effectively, thereby reducing structural uncertainty. In
this way, traceability would no longer function solely as an ex post control tool, but also as a preventive risk
management instrument.

Finally, in line with the precautionary principle, it may be appropriate to consider mechanisms for modulating
or temporarily suspending the diffusion of NGT1 in specific territorial contexts where signals of critical concern
emerge regarding the integrity or the economic and reputational stability of organic supply chains. Such
measures would not be prohibitive in nature, but would act as dynamic regulatory tools governing
technological diffusion across space and time.

SUMMARY

The central point that emerges is that the protection of organic agriculture does not depend solely on the
normative definition of its identity, but on the capacity of the regulatory system to ensure an effective and
sustainable separability over time.

In the absence of this condition, the risk is not so much the formal disappearance of organic agriculture, but
its gradual transformation into a system that is increasingly burdensome to maintain and increasingly
dependent on external conditions that are difficult to control, particularly for small-scale agricultural
enterprises.

TEMPORAL DIMENSION AND EVOLUTIONARY IRREVERSIBILITY: DELAYED AND NON-
REVERSIBLE EFFECTS

One of the most delicate aspects in assessing the risks associated with NGT plants concerns their temporal
dimension. Effects do not necessarily manifest immediately or in a directly observable way at the time of
cultivation or market placement, but may emerge over time through evolutionary dynamics and progressive
ecological interactions.

Unlike regulatory models, which tend to operate within defined timeframes, biological systems evolve over
much longer temporal scales. In this context, introduced genetic modifications may be subject to processes
such as natural selection, genetic drift and environmental adaptation, which can alter their effects over the
long term.

EVOLUTIONARY STABILIZATION AND LOSS OF REVERSIBILITY

A key element is that, once released into the environment, genetic modifications do not remain static. Even
when changes are considered limited or equivalent to natural mutations, as in the case of NGT1, they may be
selected by environmental conditions, spread within cultivated or wild populations, and interact with other
genetic traits present in agricultural systems.

This implies that the system is not reversible in a legal or technical sense. A genetic variant, once diffused and
stabilised within an ecosystem, cannot simply be “withdrawn” or neutralised through mechanisms equivalent
to those that enabled its introduction.
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A logic of ecological irreversibility thus emerges, in which effects are not only difficult to predict, but also
difficult to reverse.

NON-LINEAR TEMPORALITY OF RISK

The risk associated with NGTs does not necessarily follow a linear trajectory. In many cases, effects may remain
initially imperceptible, only to emerge cumulatively or even abruptly under specific environmental conditions,
such as climate change, agricultural practices, or variations in local biodiversity.

This creates a disconnection between the timing of regulatory assessment — which occurs ex ante, at the
moment of authorisation — and the timing of actual ecological effects, which unfold ex post, often over multi-
year or generational scales.

The critical point is that the regulatory system tends to “close” the assessment at an early stage, while
biological systems continue to evolve independently of that decision.

IRREVERSIBILITY AND LIMITS OF EX ANTE GOVERNANCE

A structural tension therefore arises between a governance model that operates primarily before
dissemination and an ecological reality characterised by dynamic, cumulative and non-reversible effects.

This temporal asymmetry is particularly relevant in the case of NGT1, which, being assimilated to conventional
variants, may be widely disseminated with a reduced level of ongoing oversight.

The system is thus required to manage processes that, once initiated, cannot easily be returned to a previous
state.

RISK MANAGEMENT IN THE ABSENCE OF "ECOLOGICAL ROLLBACK"

A relevant consequence is that the regulatory system does not provide a true mechanism of “ecological
rollback”, understood as the possibility of restoring a biological system to a state prior to the diffusion of the
modification, comparable to the speed at which innovations are introduced into the market.

Even where monitoring or subsequent evaluations are provided for, these occur in systems that have already
been altered and potentially integrated into agricultural and natural ecosystems. In this sense, risk governance
does not concern prevention alone, but also the management of effects that may be, at least in part,
irreversible.

IMPLICATIONS FOR THE PRECAUTIONARY PRINCIPLE

The temporal dimension directly reinforces the relevance of the precautionary principle. When effects are
potentially irreversible or difficult to reverse, regulatory error is not symmetrical.

Failure to identify a real risk may produce structurally more serious consequences than a temporary restriction
which, if unjustified, can be subsequently revised. In this context, managing uncertainty becomes even more
central.

POSSIBLE ELEMENTS OF REBALANCING

A more coherent management of this dimension requires strengthening the link between initial assessment
and observation over time.
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In particular, it may be appropriate to develop long-term ecological monitoring systems with the effective
capacity to trigger corrective measures, to provide for territorial containment tools in the presence of
emerging effects, and to reinforce mechanisms for revising regulatory decisions in light of empirical evidence.

The objective is not to halt innovation, but to align its diffusion with the dynamic and temporal nature of
biological systems.

CONCLUSION

The temporal dimension shows that the issue does not concern only the magnitude of risk, but also the
moment at which it becomes observable and the real possibility of intervening once it has manifested.

It is precisely this asymmetry between the timing of decisions and the timing of effects that makes NGT1
particularly sensitive from the perspective of precaution and the protection of ecological balances.

REGULATORY TRUST MODEL: FROM MATERIAL VERIFICATION TO DOCUMENT
COMPLIANCE

One of the most structural and less immediately visible aspects of the NGT system concerns the progressive
shift in risk control from a logic of direct material verification to one based on documentary compliance.

In the framework outlined by the Draft — particularly for NGT1 — the regulatory approach is grounded in a
presumption of equivalence with conventional mutations. This approach entails a reduction of ex ante
assessment requirements and a strengthening of the role of initial classification procedures.

In this context, safety is no longer primarily established through continuous control of biological material, but
rather through the reliability of declarative processes and administrative procedures: notifications,
registrations, equivalence criteria, and regulatory traceability systems.

THE KEY STEP: FROM EMPIRICAL VERIFICATION TO PROCESS VALIDATION

This shift entails a significant transformation in the logic of control. Risk is no longer primarily ascertained
through direct observation of biological material and its effects, but is instead inferred from the correctness
of the regulatory pathway that led to its classification.

In other words, administrative compliance tends to become the main indicator of safety. The system thus
moves from a model based on empirical verification of the biological object to one centred on the validation
of the process that generated it.

CRITICAL ISSUE: REGULATORY ABSTRACTION AND DISTANCE FROM BIOLOGICAL REALITY

One consequence of this approach can be described, in technical terms, as a form of “regulatory abstraction.”
Risk is progressively detached from its material referent and reconstructed as a property of the documentary
system describing the product.

This entails several relevant criticalities. First, it reduces the capacity to detect emerging effects that were not
foreseeable based on initial documentation. Second, it increases reliance on upstream assumptions,
particularly during the classification phase of NGT1. Finally, it may widen the gap between formal compliance
and real-world impacts, especially in complex biological systems where effects unfold over time or at the
ecosystem level.
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SYSTEMIC IMPLICATION: TRUST AS AN INFRASTRUCTURE OF CONTROL

This model implies a deeper transformation. Control is no longer primarily grounded in continuous risk
verification, but in a structural trust in the correctness of the initial process.

Such trust is institutionalised, embedded in legal definitions, equivalence criteria, and the reduction of
assessment burdens. The critical point is that this trust tends to perform a substitutive function with respect
to verification, rather than merely a complementary one.

POSSIBLE ELEMENTS OF REBALANCING

To prevent documentary compliance from fully replacing empirical verification, it may be appropriate to
introduce corrective measures aimed at restoring a balance between the two dimensions.

In this direction, one could consider strengthening independent post-market audits, extending them beyond
documentation to include observable effects; introducing sample-based empirical checks on NGT1 crops
present on the market; and developing mechanisms for the dynamic revision of classifications based on real-
world data collected over time.

Furthermore, the precautionary principle could be reinforced not only as an initial authorisation criterion, but
also as a tool for continuous review of compliance in light of emerging evidence.

GEOPOLITICAL AND COMMERCIAL DIMENSION: STANDARDS, DEPENDENCIES AND
GLOBAL ASYMMETRIES

A further level of analysis of the NGT system concerns its external dimension, namely the way in which
European regulation is positioned within a global context characterised by highly heterogeneous regulatory
and technological approaches.

The Draft operates within an international landscape in which different jurisdictions adopt markedly different
models with respect to new genomic techniques: some highly permissive, others more restrictive, or still in
the process of definition. This scenario raises a structural issue of regulatory compatibility, directly affecting
the functioning of global agri-food markets.

DIVERGENCE OF STANDARDS AND MARKET ASYMMETRIES

A first critical issue concerns the potential divergence between NGT1 products considered equivalent to
conventional ones within the European Union and similar products that, in other jurisdictions, may be
classified and regulated differently.

Such asymmetry may generate significant effects along global agri-food value chains. On the one hand, it
creates difficulties in the harmonisation of international trade and challenges related to mutual recognition of
standards; on the other, it intensifies tensions between food safety requirements, transparency, and market
access.

In this context, the European choice to simplify the regulatory regime for NGT1 may be interpreted
internationally as a shift towards less restrictive regulatory models, with possible implications for the Union’s
competitive position and for the perception of its quality standards.
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EFFECTS ON GLOBAL SUPPLY CHAINS

Contemporary agri-food supply chains are highly integrated and transnational. In such a setting, the
coexistence of products with different regulatory statuses may lead to a significant increase in operational
complexity.

In particular, this may result in difficulties in supply chain segregation, higher traceability costs for operators
engaged in import-export activities, and risks of “regulatory contamination”, namely the overlap of
incompatible rules across different legal systems.

The issue is especially relevant for the organic sector, which relies heavily on the international recognisability
of its standards and on the trust of foreign markets.

IMPLICIT STANDARDIZATION AND COMPETITIVE PRESSURE

A further point of concern relates to the potential for implicit standardisation towards more permissive
models. If NGT1 products become widely diffused and difficult to distinguish, a process of de facto regulatory
convergence may emerge, driven more by economic and technical factors than by deliberate policy choices.

In such a scenario, industrial economies of scale, competitive pressure among regulatory systems, and
technical limitations in traceability could contribute to a gradual lowering of regulatory thresholds at the global
level.

The risk extends beyond market fragmentation and includes a reduced capacity of individual systems —
including the European one — to maintain differentiated standards over time.

POSSIBLE AVENUES FOR PROTECTION AND COORDINATION

To mitigate these criticalities, it becomes necessary to strengthen coordination between the internal and
external dimensions of regulation.

From this perspective, international agreements based on forms of conditional mutual recognition could be
considered, grounded on shared minimum standards in terms of transparency and traceability. In parallel,
enhanced labelling mechanisms for products destined for export may prove particularly relevant, especially in
sensitive sectors such as organic production.

Additional tools may include the development of internationally interoperable traceability systems and the
introduction of specific safeguard clauses for the organic sector within the framework of the Union’s trade
policies.

CONCLUSION

This level of analysis completes the systemic picture outlined above: on the one hand, risk is managed
internally through a model based on classification and compliance; on the other, the same model extends
outward, interacting — and at times clashing — with different regulatory systems.

The sustainability of the NGT framework therefore depends not only on its internal coherence, but also on its
ability to maintain a balance between openness to innovation, protection of European standards, and
compatibility with the global context.
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GENERAL CONCLUSION: THE EPISTEMOLOGICAL KNOT OF THE "NATURAL"
AND THE GOVERNANCE OF UNCERTAINTY

The overall analysis of the NGT framework, as shaped by the Commission’s Draft and the positions of the
European Parliament, reveals a fundamental tension that is not merely regulatory, but deeply epistemological.
It concerns the difficulty of defining what is “natural”, what can be considered “equivalent”, and, above all,
what level of knowledge is sufficient to justify liberalisation without enhanced control.

At the core of the regulatory architecture lies a critical assumption: the inclusion, within the category of
“conventional” techniques, of genetic improvement methods already profoundly mediated by human
intervention. Practices such as assisted selection, controlled hybridisation and intensive breeding significantly
transform genetic material, albeit through tools other than direct molecular editing.

On this basis, the distinction between NGT1 and NGT2 is constructed, relying on criteria of formal genetic
equivalence and quantitative thresholds of modification. However, such an approach presupposes that
biological complexity can be adequately captured through measurable parameters deemed sufficient to
ensure functional and ecosystem equivalence. It is precisely at this juncture that a zone of opacity emerges.

The distinction between what is considered “equivalent to conventional” and what requires a stricter
regulatory regime is not merely technical, but reflects a specific way of governing uncertainty. Classification
as NGT1 removes organisms from a substantial portion of ex ante assessment on the basis of a presumption
of safety that does not necessarily correspond to demonstrated long-term ecological equivalence.

The critical issues identified throughout the analysis — ranging from the difficulty of analytical distinction to
cumulative ecosystem effects, from impacts on soil and biodiversity to tensions affecting organic farming and
intellectual property — converge on a common point: the limited capacity of the regulatory framework to fully
capture complex, cumulative and potentially irreversible biological dynamics.

In this perspective, risk does not only concern isolated adverse effects, but also the possibility of a gradual
transformation of ecological and production balances, which may become difficult to reverse once the large-
scale diffusion of NGT1 has begun.

POSITION STATEMENT

The regulatory approach to NGTs proposed in the Draft — and only partially revised in the European
Parliament’s mandate — rests on a structurally critical assumption: the possibility of reliably distinguishing, ex
ante, between genetic modifications deemed “equivalent to conventional” (NGT1) and those requiring a full
assessment (NGT2), primarily on the basis of formal and quantitative criteria.

Such an approach embeds an implicit interpretation of what counts as “natural”, by assimilating into the
conventional domain techniques that are already strongly shaped by human intervention. As a result, the
presumption of safety attributed to NGT1 does not derive from long-term empirical evidence, but from an
initial technical-regulatory classification.

This leads to a structural shift in risk governance: risk is not eliminated, but redistributed over time and along
the supply chain, moving from the ex ante authorisation phase to the phase of environmental diffusion and
ex post management.

The analysis highlights several converging critical elements. First, the lack of clear analytical distinguishability
between NGT1 and spontaneous or conventionally derived mutations complicates effective control along the
supply chain. Second, current assessment approaches tend to underestimate cumulative, non-linear and
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context-dependent ecosystem effects. In addition, the potential for irreversible diffusion within agricultural
environments raises significant challenges for long-term risk management.

At the same time, the coexistence model with organic farming appears structurally fragile, as it relies on a
separation that is increasingly difficult to ensure at a material level. This is accompanied by a growing reliance
on documentary compliance, which tends to replace continuous empirical verification. Finally, economic and
technological asymmetries may contribute to further concentration within the seed sector.

In this context, even the more precaution-oriented proposals advanced by the European Parliament — while
introducing improvements in transparency and monitoring — do not alter the epistemological core of the
framework, which remains grounded in trust in an ex ante equivalence deemed sufficient to justify
liberalisation.

The central issue, therefore, is not genetic innovation as such, but the transformation of risk assessment into
a regulatory presumption of equivalence that is not fully substantiated at the empirical and ecosystem level.

In light of these considerations, an approach consistent with the precautionary principle would require that
the diffusion of NGT1 be treated not as full liberalisation based solely on initial classification, but as a
conditional and adaptive process, grounded in progressive empirical verification, enhanced monitoring, and
the effective possibility of revision or containment.

In the absence of such safeguards, systemic risk extends beyond individual technological applications and
concerns the progressive — and potentially irreversible — transformation of agricultural, ecological and
market balances upon which biodiversity, organic farming and consumer freedom of choice ultimately
depend.

Dr. Loretta Bolgan 20.04.2026 www.studiesalute.org 56



NEW GENOMIC TECHNIQUES (NGT): Regulatory applications, systemic criticalities and impacts on the environment, human health and market

SUMMARY OF THE MAIN CRITICAL POINTS AND POSSIBLE SYSTEMIC CONSEQUENCES (NGT1)

Critical area

Problem point

Possible consequences if not properly
resolved

NGT1 vs NGT2
classification

Distinction based on formal
equivalence and not on long-term
ecological evidence

Liberalisation of bodies with effects that are
not fully foreseeable; underestimation of real
risk

Biological
Distinguishability

Difficulty distinguishing NGT1 from
spontaneous mutations or
conventional techniques

Weakened traceability, loss of regulatory
control and enforcement difficulties

Ecosystems and
biodiversity

Possible cumulative, non-linear and
long-term effects on ecosystems

Alteration of ecological balances and
reduction of agricultural and natural
biodiversity

Gene flow and
environmental
spread

Genetic dispersal not fully
controllable in open systems

Contamination of non-target crops and long-
term containment difficulties

Soil and
microbiome

Indirect interactions between
genetic modifications and soil
microbiome

Alterations in fertility, biogeochemical cycles
and soil resilience

Evolutionary
effects and
resistances

Selective pressures on insects,
pathogens and ecological systems

Evolution of resistance and progressive loss
of effectiveness of the introduced traits

Ecological
irreversibility

Environmental diffusion not fully
reversible

Impossibility of "rollback" of effects once
stabilized in ecosystems

Risk assessment
(Annex I1)

Model based on linear schemas and
discrete variables

Underestimation of emerging effects and
systemic complexity not captured by the
model

Structural
uncertainty

Empirical limits in predicting
ecosystem effects

Regulatory decisions based on incomplete
and unverifiable knowledge in the long term

Cumulation and
co-exposure

Multiple interactions between
environmental and genetic factors

Amplification of unintended effects and
difficulty in causal attribution

Governance and
compliance

Shift from material control to
document control

Reduced ability to detect real effects and
increased "unseen" risk

Market and
concentration

Asymmetric technological access and
the role of patents

Oligopolisation of the seed sector and
reduction of competition

Organic farming

Difficulties in real separation
between supply chains

Increased certification costs, risk of
contamination and loss of consumer
confidence

Labelling and
consumer choice

Distinction not always perceptible or
traceable

Reduced freedom of informed choice and
market opacity

International
dimension

Divergence between global
regulatory standards

Fragmentation of markets and pressure
towards less restrictive standards
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