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From Assisted Evolution Techniques (TEA) to NGT Deregulation: Analysis of
Genomic Instability and Risks of Disruption of Adaptive Causality - Scientific
Criticism of the Decline of the Precautionary Principle Amid New GMOs and
Agro-Biodiversity Erosion’

Pietro Perrino!

Abstract

The present paper critically examines the proposal for the deregulation of New Genomic
Techniques (NGT/TEA) in the European Union, contesting the regulatory distinction between the
NGTI category and conventional transgenic organisms, called GMOs. Through a review of the
recent molecular literature (ANSES, ENSSER, BfN) and the contributions of some researchers,
preferably Italian, the study highlights how the activity of the Cas9 protein and the repair of
double-stranded cuts induce structural instability, extensive deletions and stochastic chromosomal
translocations. Integrating the post-genomic reflections of Renato Dulbecco (Nobel Prize) on
overcoming genetic determinism, it is shown that genome editing ignores the epigenetic processes
of natural causality, instead operating arbitrary breaks (biotechnological randomness)
extraneous to the millennial equilibria of seeds. The phenomenon of Horizontal Gene Transfer
(HGT) is analyzed, with reference to the finding of synthetic DNA of antibiotic resistance in global
river basins, as evidence of a systemic biosecurity risk. The study also analyzes the impact of
industrial patents and "legal contamination”, concluding that only the maintenance of the
regulatory framework of Directive 2001/18/EC and the strict application of the Precautionary
Principle can guarantee the protection of public health, seed sovereignty and the integrity of Made
in Italy.

Keywords: Assisted Evolution Techniques (NGT/TEA), Genomic Instability, Causality vs
Randomness, Horizontal Gene Transfer (HGT), Precautionary Principle, Seed Sovereignty,
Epigenetics.

Abstract
This paper critically examines the proposal to deregulate New Genomic Techniques (NGTs) in the
European Union, challenging the regulatory distinction between "NGTI" category and
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conventional transgenic organisms, so called OGM. Through a review of recent molecular
literature (ANSES, ENSSER, BfN) and contributions preferbly from italian researchers, the study
highlights how Cas9 activity and double-strand break repair induce structural instability,
extensive deletions, and stochastic chromosomal translocations. By integrating Renato Dulbecco's
post-genomic reflections on the end of genetic determinism, it is shown that genome editing ignores
the epigenetic processes of natural causality, operating instead through arbitrary disruptions
(biotechnological randomness) alien to the millenary balances of seeds. The phenomenon of
Horizontal Gene Transfer (HGT) is analyzed, with reference to the discovery of synthetic antibiotic
resistance DNA in global watersheds, as evidence of a systemic biosafety risk. The study further
analyzes the impact of industrial patents and "legal contamination,” concluding that only the
maintenance of the Directive 2001/18/EC regulatory framework and the rigorous application of
the Precautionary Principle can guarantee the protection of public health, seed sovereignty, and
the integrity of the "Made in Italy" brand.

APS

Key words: New Genomic Techniques (NGT/TEA), Genomic Instability, Causality vs
Randomness
Horizontal Gene Transfer (HGT), Precautionary Principle, Seed Sovereignty, Epigenetics.

1. Introduction

The main objective of this work is to analyze the situation through a multidisciplinary perspective
— historical, ecological, genetic, normative and conceptual — to draw a rigorous balance of the
results and future prospects. This analysis aims to demonstrate how the insistence on producing
genetically modified organisms in the laboratory, whether old (GMOs) or new generation
(NGT/TEA), to respond to critical issues that are often overestimated or deriving from distorted
industrial logics, represents a reductionist approach. Rather than offering real solutions, this
strategy risks consolidating a development model disconnected from the real needs of the
territories, favoring the concentration of technological control to the detriment of ecological
resilience and food sovereignty. The analysis will highlight how the prevalence of this
technological paradigm is supported and consolidated by the asymmetries of economic power that

characterize the global seed industry, profoundly influencing political and regulatory agendas.
1.1. Historical-Ecological Context: The Failure of the Transgenic Era

The paradigm of agricultural biotechnology was born in the 90s with the promise of
revolutionizing global food security. The motivation declared by the seed multinationals was, and
still is, the need to "feed a growing world population" through the creation of bio-engineered plants

that are more productive, resistant to pests and adaptable to climate change.
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However, the data collected in over thirty years of extensive cultivation, particularly in the United
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States, disprove these premises (Heinemann et al., 2013). Authoritative researchers have
documented that the use of transgenic corn, soybeans and cotton has not led to a significant
increase in intrinsic yields, but has generated unprecedented ecological imbalances:

e Development of "Super-weeds": The massive use of Roundup Ready crops has induced
selective pressure that has led to the appearance of glyphosate-resistant weeds (e.g.
Amaranthus palmeri), forcing farmers to use even more toxic herbicide mixtures and in higher
doses (Benbrook, 2012).

o Pest Resistance: Varieties engineered to express the insecticidal proteins of Bacillus
thuringiensis (Bt) have favored the emergence of resistant insect populations, canceling out

the initial benefits and requiring a return to conventional insecticide treatments (Gassmann et
al., 2014; Tabashnik et al., 2013).

o Erosion of Biodiversity: The model based on transgenic monoculture has drastically reduced
genetic variability in the field, making the global food system extremely fragile in the face of
new epidemics or environmental stresses, as highlighted by the global report IAASTD
(International Assessment of Agricultural Knowledge, Science and Technology for

Development) (2009) and Perrino (1992) on germplasm conservation and genetic erosion.

Faced with these failures, the industry has tried to reposition biotechnology through a new

technical and legal paradigm: NGTs.

1.2. Regulatory Context: From Judgment C-528/16 to Deregulation 2023

In this scenario of agronomic and ecological failure, the seed industry has proposed New Genomic

Techniques (NGTs) or Assisted Evolution Techniques (TEAs) as a "new" and "precise" solution.

From a legal point of view, the Court of Justice of the European Union, with the historic judgment
of 25 July 2018 (Case C-528/16), established that organisms obtained through new mutagenesis
techniques are GMOs to all intents and purposes, as the changes made to the genetic material take
place in a manner and speed not found in nature. The Court reiterated that these techniques must

be subject to the risk assessment, traceability and labelling obligations provided for by Directive
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2001/18/EC of the European Parliament and of the Council of 12 March 2001, to protect the

Precautionary Principle.
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However, the European Commission's 2023 proposal for a regulation attempts to undermine this
pronouncement by introducing deregulation for the NGT1 category (plants with less than 20
genetic modifications). This proposal aims to consider these varieties as arbitrarily "equivalent" to
conventional plants, effectively exempting them from biosecurity controls and transparency
obligations towards the end user.

1.3. Definition of NGT/TEA: The Myth of Precision vs Genomic Reality

The industry narrative defines TEAs as extremely precise "molecular surgery" interventions. On
the contrary, genomic reality highlights that the use of CRISPR-Cas9 is not free from systemic
errors:

e Unintended Off-target and On-target effects: Cas9 protein-induced DNA cleavage causes
extensive deletions, inversions, and chromosomal translocations that the cell repairs in a
stochastic and uncontrolled manner (biotechnological randomness). Recent studies have
confirmed that the use of genomic editors generates a substantial amount of unwanted single-
nucleotide variants, confirming the unpredictability of the intervention (Zuo et al., 2019). Such
events differ radically from environmentally-driven causal adaptation processes , introducing
structural instabilities into the genome (Agence Nationale de Sécurité Sanitaire de
I'Alimentation, de I'Environnement et du Travail (ANSES, 2023 a, b; Kosicki et al., 2018).

o Disruption of metabolic coherence: Arbitrary editing breaks the regulatory feedbacks of the
genome, leading to pleiotropic instability that contrasts with the resilience of local varieties
co-evolved with the territory (Altieri & Nicholls, 2017 a, b; Ceccarelli, S., 2014, 2015;
Heinemann et al. 2013; Ladyman & Wiesner, 2020; Latham et al. 2019; Shiva, 2016; Zhu, C.et
al., 2020).

What has been analyzed so far "traps" the seed industry: scientific evidence first demonstrates the
failure of transgenic GMOs (point 1.1), then reveals the attempt to circumvent the current

regulatory framework (point 1.2) through a technology presented as "precise" but intrinsically
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unstable (point 1.3). However, the negative balance of the biotechnology era includes further

critical issues that definitively unmask the promises of the seed industry.

1.4. Broken promises since the 90s: The balance of thirty years of transgenesis

The narrative that accompanied the introduction of GMOs in the 1990s was based on ethical-

economic pillars that time and independent research have systematically disproved:

The illusion of solving world hunger: The promise that transgenesis would drastically increase
yields to feed the Global South has remained unsubstantiated. Independent studies have shown
that the increases in production in recent decades are almost exclusively due to improved
agronomic practices and conventional selection [Gurian-Sherman, 2009 (Union of Concerned
Scientists).] The problem of hunger, of a political and distributive nature, has not been touched
by a technology that has instead favored the concentration of seed power in very few hands
(IAASTD, 2009).

The failure of chemical reduction in agriculture: GMOs were presented as the tool for "cleaner"
agriculture. On the contrary, the introduction of herbicide-resistant varieties triggered a spiral
of chemical dependency. The phenomenon of weed resistance (super-weeds) has led to a 15-
20% increase in the overall use of pesticides in the USA, with the need to resort to increasingly
aggressive molecules (Benbrook, 2012).

The failure to create plants resistant to environmental stress: In the 90s, plants capable of
growing in saline soils or resisting drought were promised. After thirty years, almost all GMOs
on the market still concern only two trivial traits: herbicide tolerance and insect resistance (Bt).
The complexity of the genes involved in the response to abiotic stresses (polygenic traits) has
remained beyond the reach of a technology that operates by stochastic insertions,
demonstrating the inferiority of the biotechnological approach compared to the phenotypic
plasticity of local varieties (Ceccarelli, 2016; Hawksworth, 2010, Perrino, 2003, 2004, 2005,
2007, 2009).

The emblematic case of Golden Rice: Presented in 2000 as a humanitarian solution to defeat
vitamin A deficiency, "golden rice" represents the most striking failure of genetic
reductionism. After 25 years of investment, the project has not produced significant clinical

benefits due to the poor stability and bioavailability of beta-carotene in low-fat diets. The

European Consumers APS Tel.: (+39) 0746.1725856

Association of Social Promotion Mob.: (+39) 339.7714893

Via Trento, 2 - 02015 Cittaducale (Rieti) Email: info@europeanconsumers.it
ITALY PEC: europeanconsumers@pec.it

C.F.: 97341880587 Web: http://www.europeanconsumers.it

Registration in the Third Sector Register rep. n.37192


mailto:info@europeanconsumers.it
mailto:europeanconsumers@pec.it
http://www.europeanconsumers.it/

Europeadn
Consumers

recent ruling of the Philippine Court of Appeals (2024), which blocked its cultivation for
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reasons of biosecurity and biodiversity protection, marks the definitive sunset of this "promise"”
(Greenpeace SE Asia, 2024; Stone and Glover, 2017).

e Already in 2003, Marina Mariani, in Genetically Modified Organisms (Xenia), underlined how
the regulation of GMOs could not be separated from an assessment of the socio-economic
context and the risk of concentration of control over genetic resources. More than twenty years
later, these critical issues not only remain, but reappear in a renewed form with NGTs, where
the rejection of transparent labelling and the deregulation of NGTs 1 risk reproducing the same

mistakes of the past

These points underline the main thesis of the present work: if the seed industry has failed to deliver
on GMO promises, there is no scientific reason to endorse the NGT/TEA promises. Ultimately, it
emerges that NGTs represent an attempt to save a patent-based business model, now in crisis under
the weight of its own ecological failures, and that the "one gene, one problem" approach is
definitively overtaken by the reality of a biology understood as a complex system of causality that

does not respond to random laboratory corrections.

If the agronomic and economic balance is negative, the biological picture is even more worrying:

NGTs ignore the epigenetic and natural causality processes that govern evolutionary adaptation.

1.5. The lesson of the Human Genome Project and Renato Dulbecco

The Human Genome Project (HGP), supported (and directed) in its embryonic phase by figures of
the caliber of Renato Dulbecco, started from the deterministic assumption that complete DNA
sequencing would reveal the causes of each pathology, providing the keys to universal healing.
However, the completion of the genome map led to a profound critical reflection: the complexity
of life does not lie in the mere linear sequence of nitrogenous bases, but in the systemic
mechanisms that regulate their reading (Dulbecco, 2002).

As emerged from the most modern genetics and epigenetics, DNA is not an "autonomous project"
that expresses itself according to a central one-way dogma, but acts as a passive database that is
read and interrogated by the cellular and extra-cellular environment. Genes do not "express
themselves" by their own will; they are read or not read in response to external stimuli and

coordinated metabolic signals.
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This paradigm shift demonstrates that biological problems cannot be solved by working solely on
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DNA (the text), but require an understanding of the environment (the reader) and its ability to
instruct gene expression (Ward, 2018). NGTs, by insisting on the surgical manipulation of the
genetic sequence, ignore this fundamental lesson and propose solutions based on outdated
genetics.

The phenotypic instability of TEAs derives precisely from the breakdown of the coherence
between "text" and "reader", confirming that biotechnological action acts by arbitrary chance,
whereas life operates by environmental causality (Shapiro, 2011; Noble, 2009, 2017).

If the deterministic model is outdated, it is even more evident how life adapts not by random

mutations, but by processes of horizontal acquisition and environmental response.

2. Materials and Methods

In order to ensure maximum objectivity in the analysis and to avoid any prejudicial approach, this
report has been structured according to a rigorous methodological ladder aimed at comparing the
data provided by the seed industry with the evidence of independent scientific research and the

opinions of the biosecurity authorities. The method adopted is structured as follows:

2.1. Criteria for the selection of literature and sources

The scientific review was conducted by querying the main international bibliographic databases
(PubMed, Scopus, Google Scholar) through the use of targeted keywords, such as "CRISPR-
Cas9 off-target effects", "NGT biosafety", "horizontal gene transfer in environment" and "long-
term impacts of GMOs".

Only peer-reviewed studies published in journals with high scientific impact (such as: Nature
Biotechnology, Plant Physiology, Environmental Sciences Europe) were selected. The selection
favored independent research analyzing structural genomic instability and long-term ecological
effects, in order to balance the data produced by the applicants (Eckerstorfer et al., 2019; Zuo et
al., 2019). Technical reports from national agencies were also included (ANSES 2023 a, b; BfN,
2023, 2024), and institutional contributions (Koller and Cieslak, 2023, Koller et al. 2023) also
deriving from parliamentary hearings and research activities of the Italian National Research
Council (CNR) (Perrino, 2011).

2.2. Benchmarking of legislation and regulatory opinions
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A critical analysis of the proposal for a Regulation on New Genomic Techniques (NGT/TEA)
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presented by the European Commission in 2023 was carried out, placing it in direct comparison
with the legal framework of Directive 2001/18/EC and with the historic Judgment of the EU
Court of Justice (C-528/16).

The investigation focused on verifying the scientific consistency of the "equivalence" criteria
established for the NGT1 category. To this end, the technical reports of the national food and
environmental safety agencies were examined in detail, with particular reference to the opinions
of ANSES (France) (Agence nationale de sécurité sanitaire de 1'alimentation, de
I'environnement et du travai - National Agency for Food, Environmental and Occupational
Health Security) and the BfN (Germany) (Bundesamt fiir Naturschutz - Federal Office for
the Protection of Nature). These documents have been used to assess whether the removal of
monitoring and traceability obligations actually complies with the Precautionary Principle or
whether, on the contrary, it represents a regulatory vulnus based on arbitrary biological
assumptions (ANSES 2023 a, b; BfN, 2023, 2024; Court of Justice of the EU, 2018).

2.3. Evaluation of scientific contributions and institutional hearings

In order to balance the dominant biotechnological narrative and deepen the aspects related to
agricultural biodiversity, the methodology included the acquisition and analysis of contributions
produced by networks of independent scientists, such as ENSSER (European Network of
Scientists for Social and Environmental Responsibility) and Testbiotech. (Institut fiir
unabhingige Folgenabschitzung in der Biotechnologie e.V. - Testbiotech - Institute for

Independent Impact Assessment of Biotechnology).

Particular importance was given to the work of some researchers of Italian institutional and
academic renown, such as Pietro Perrino (former Director of the CNR-Institute of Germplasm)
and Salvatore Ceccarelli (former professor at the University of Perugia) and Researcher at IITA
(The International Institute of Tropical Agriculture). The stenographic reports of the hearings at
the Italian Parliamentary Committees were also examined, extracting technical data relating to the
protection of autochthonous germplasm, the risks of horizontal gene transfer and the impact of
industrial patents on seed sovereignty (Ceccarelli, 2016; ENSSER, 2023; Perrino, 2011;
Testbiotech, 2024).
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2.4. Systematic overview of the sources analysed

In order to support the technical findings described in the following chapters, the review process

has integrated the following categories of documents:

&

=2

(]

. Regulatory and Legal Documents

Court of Justice of the European Union (2018). Judgment in case C-528/16: legal pillar
defining NGTs as GMOs subject to Directive 2001/18/EC.

European Commission (2023). Proposal for Regulation Com (2023) 414 final: main object

of the scientific and regulatory challenge.

ANSES (2023 a, b). Saisine n° 2023-S4-0084: the most critical technical analysis among
European security agencies on the threshold of 20 amendments.

. Scientific Reviews and Independent Reports

ENSSER (2023). Statement on NGTs: Collective position of hundreds of independent

European scientists.

Testbiotech (2023, 2024 a, b). Scientific critique of deregulation: specific focus on biosafety
risks and biochemical limits of CRISPR.

Eckerstorfer, M. S., et al. (2019). An EU Perspective on Biosafety: systematic analysis of

environmental risks related to new genetic modification techniques.

. Institutional and Italian Research Contributions

Perrino, P. (2011). Hearing of the Agriculture Commission (Chamber of Deputies):
fundamental technical testimony on biodiversity and Horizontal Gene Transfer (HGT).

Ceccarelli, S. (2014). Efficiency of plant breeding: methodological comparison between
participatory and biotechnological genetic improvement.

BfN (2023 a, b, 2024). Federal Institute for Risk Assessment. Scientific analysis (Germany):

critical analysis of the NGT1 category from the point of view of nature conservation.

3. Results and discussion
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3.1. Genomic Instability: The Myth of Surgical Precision

The industrial narrative and the proposed EU regulation (2023) present NGTs, in particular the

CRISPR-Cas9 system, as instruments of absolute precision, capable of making point changes

indistinguishable from natural mutations. However, independent experimental evidence shows

that biotechnological intervention triggers phenomena of structural genomic instability that are not

reflected in causal adaptation processes.

Extended deletions and complex rearrangements: Deep sequencing studies have revealed
that Cas9-induced double-strand break (DSB) is not limited to target modification, but can
cause deletions of thousands of nitrogenous bases, chromosomal inversions, and translocations
(Kosicki et al., 2018). These events, referred to as "non-target, unintended" effects, represent
a form of biotechnological randomness that profoundly alters genome integrity (ANSES
2023 a, b).

Biochemical limitations of the Cas9 protein: The precision of the tool is limited by the
intrinsic tolerance of the Cas9 enzyme to mismatches between the guide sequence (gRNA) and
the target DNA. This enzymatic flexibility induces non-specific cleavage in partially
homologous genomic sites, generating unwanted [single-nucleotide variants (SNVs)] (Zuo et
al., 2019). In addition, the persistence of Cas9 expression in the cell increases the risk of
accumulation of latent secondary mutations, producing a "genetic noise" that destabilizes the

entire transcriptional network (Modrzejewski et al., 2019).

Inadequacy of equivalence criteria: The proposed criterion for the NGT1 category, based on
a numerical threshold of 20 modifications, is scientifically inconsistent. As pointed out by
ANSES (2023 a, b) and the BfN (2023 a, b), the quality and location of the modification are
infinitely more relevant than the numerical count: a single extended deletion or translocation
can have a systemic impact greater than numerous natural point mutations, invalidating the

presumption of safety "by equivalence".

Reductionist paradigm: genetic engineering is based on a reductionist paradigm that ignores
the emergent properties of living systems. The systems approach, on the other hand, shows
that every biotechnological intervention is a perturbation of a complex network, with
unpredictable effects (Bizzarri, 2012).
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o Risks: the risks associated with biotechnology are not new, but they recur in updated forms:
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from the first generation of GMOs to the current ones, the risk assessment model remains
inadequate (Tamino, 2001). The spread of genetic manipulation products is not only a technical
issue, but an ethical and social one: it concerns the right to information, choice and food

sovereignty (Tamino, 2019)

While genomic instability is an inherent risk of NGTs, even more concerning is their impact on

the environment, particularly through the risk of horizontal gene transfer (HGT).

3.2. Horizontal Gene Transfer (HGT) and Health Risk

One of the most underestimated risks in the NGT/TEA deregulation proposal concerns the
uncontrolled dispersion of artificial genetic sequences in the environment. As highlighted by
Perrino's (2011) popular contributions, the instability of GMOs is not limited to the single plant,

but extends to the entire biosystem through the HGT mechanism.

e Persistence and mobility of synthetic DNA: Contrary to the industry's thesis, international
research has documented that transgenic DNA can persist in soil and aquatic sediments, being
absorbed by telluric bacteria through natural transformation processes (Lorenz &
Wackernagel, 1994). Although some theoretical models consider HGT to be a rare event,
experimental reality shows that biological barriers to transfer are permeable, especially in the
presence of high concentrations of free DNA (Nielsen et al., 1998).

e The "smoking gun" of watersheds: experimental evidence of planetary scope about the
hazard of HGT comes from the monitoring of global watersheds. A fundamental study (Chen
et al., 2012) revealed the widespread presence of the synthetic gene blaAMPC (resistance to
ampicillin, used as a GMO marker) in the six main rivers of China. The discovery of these
sequences in "wild-type" environmental bacteria demonstrates that microorganisms actively
incorporate recombinant DNA, transforming themselves into reservoirs of antibiotic
resistance. This HGT is often underestimated, although it has been widely studied (L1, B. et
al., 2019; Nielsen, K., et al. 1998; Thomas, C. and Nielsen, K. 2005; Woegerbauer, M., et al.
2015; Zhu, Y. G., et al. 2017) and is just as important as if not more important than vertical

gene transfer, i.e. through pollen.
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Public health risks: as denounced several times by Perrino (2003, 2004, 2005, 2007, 2009,
2011) and Ho et al. (1999), the creation of "super-bugs" resistant to life-saving drugs
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constitutes a global health threat. Clinical studies have also identified fragments of transgenic
DNA in the human gut microflora, confirming the survival of genetic constructs along the food
chain (Netherwood et al., 2004). In NGTs, the massive use of plasmids for CRISPR-Cas9
delivery increases the risk of environmental saturation of synthetic DNA, making the
monitoring of such events extremely complex (Heinemann, 2009; Heinemann and Traavik,
2004).

The synthetic DNA present in forages does not degrade: studies on cattle fed GM soybeans
have detected intact transgenic DNA fragments in the digestive tract and tissues, showing that
it is not completely degraded (Tudisco et al., 2010). Also in goats, feeding GM soybeans has
shown effects on the metabolic profile of kids, suggesting an indirect impact on animal health
(Tudisco et al., 2015).

Oral transfer of transgenic DNA and contamination, contamination is already here,
empirical evidence: for the first time in Italy, it has been possible to detect transgenic DNA
in the milk and tissues of dairy animals, demonstrating that contamination is not only potential,
but real and traceable (Infascelli et al., 2010). As Tamino (2019) points out, the debate on
GMOs has often been reduced to a contrast between 'progress' and 'fear', obscuring the real

crux: who decides what goes into our fields and our plates?

This phenomenon, as pointed out several times, poses an incalculable public health risk: the

creation of 'super-bugs' resistant to life-saving drugs, mediated by the dispersion of laboratory

waste and pollen from biotechnological cultures. In NGTs, the massive use of plasmids and viral

vectors for CRISPR-Cas9 delivery risks further accelerating this environmental saturation of

recombinant DNA, making deregulation a direct threat to global health security (Bengtsson-Palme
and Larsson, 2015; Chen et al., 2012; He et al., 2017; Zhang, 2018).

We now proceed with another point, the philosophical and scientific heart of the main thesis of the

work, where we intend to formalize the distinction between coherent biological adaptation and the

arbitrariness of editing, defining the latter as a rupture of natural information flows.
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3.3. Contrast Between Natural Causality and Biotechnological Randomness: The Disruption

of Ecosystem Feedbacks

The conceptual pillar that invalidates the claim of "equivalence" between NGTs and natural

selection lies in the very nature of genetic change. While conventional biology operates within a

system of adaptive causation, genomic engineering introduces an element of perturbing

randomness.

Mutation as a causal response: Contrary to the reductionist view of classical neo-Darwinism,
which interprets mutations as purely stochastic errors, post-genomic research suggests that
natural variation is a process instructed by the dynamic interaction between organism and
environment. In nature, a mutation that stabilizes in the genome is the result of a complex
system of epigenetic and metabolic feedbacks. It is causal because it responds to a selective
pressure or an environmental signal, harmonizing with the entire regulatory network of the cell
(Noble, 2009, 2017; Shapiro, 2011).

Editing as a random-arbitrary event: Intervention by NGT/TEA is inherently random with
respect to the equilibrium of the living system. Even when the technician "chooses" the cutting
site (arbitrariness), the insertion or deletion occurs outside the context of natural adaptive
signals. This "imposed mutation" lacks the biological coherence necessary to integrate into
pre-existing metabolic pathways. As often pointed out, the instability of GMOs derives
precisely from this asynchrony: the organism receives genetic information that is not
"required" by the environment, generating pleiotropic imbalances and chronic stress responses
that undermine the resilience of the plant (Buiatti, 2004; Hawksworth, 2010).

Disruption of genomic stability: The stability of a species is not given by the static nature of
DNA, but by the ability to repair and modulate the genome in response to context. CRISPR-
Cas9, bypassing cellular quality controls to force a specific trait, introduces an "informational
noise". This biotechnological randomness explains why edited plants often fail in field trials
(outside controlled laboratory conditions), where the lack of an "adaptive cause" makes them
unable to respond in a coordinated way to climate stresses and/or pests (ENSSER, 2023;
Testbiotech, 2024 a, b).
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If NGTs disrupt natural information flows, then deregulation is not a regulatory update, but a leap

in the dark: an abandonment of the precautionary principle in favor of an unsustainable

technocratic model.

3.4. Evidence of phenotypic instability in the field

The instability deriving from biotechnological randomness is immediately reflected in the first

phenotypic observations of NGT varieties grown in the open field. Despite the short period of time

elapsed since their establishment, preliminary data show a marked inconstancy of performance

compared to conventional varieties, in line with what has been said before:

Vulnerability to abiotic stresses: Many varieties edited for resistance to specific pathogens
(e.g., rice or NGT wheat) have shown a drastic reduction in drought or heat tolerance when
exposed to uncontrolled environmental conditions. This phenomenon of 'adaptive cost' (fitness
cost) demonstrates that the modification of a single gene disrupts the pleiotropic balance of the
plant, making it unable to respond to causal changes in the ecosystem (Chu, P., & Agapito-
Tenfen 2022; Bauer-Panskus, A. et al. 2020; Biswas et al. 2020; Burgio, G., & Teboul, L.
2020; Eckerstorfer et al., 2019; Kawall et al., 2020; Zhu, H. et al., 2020).

Morphological and developmental abnormalities: In several experiments on CRISPR-
edited crops (such as tomato or soybean), unexpected phenotypic mutations have been
documented, such as alterations in plant habit, delays in flowering or reduced seed fertility.
These anomalies confirm that genome editing produces a 'genetic noise' that destabilizes the
harmonious development of the organism (BfN, 2024; Testbiotech, 2023).

The failure of the 'Single Section':The NGT1 approach, which aims to modify only one
functional trait, clashes with the biochemical reality of the plant. The artificial suppression or
activation of a gene can alter the production of secondary metabolites, making the plant more
palatable to non-target pests or less nutritious for the end user, confirming that DNA is a text
whose reading is inseparable from the environmental context (Kawall, 2021; Ward, P. D.
(2018).

If NGTs exhibit genomic instability, HGT risk, feedback breakdown, and phenotypic failure, then

their deregulation is not a scientific update, but a normative leap into the dark.
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3.5. Economic impact and patent regime: The expropriation of seed sovereignty
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If from a biological point of view NGT/TEA manifest an evident uncertainty and randomness,
from a legal point of view they guarantee absolute certainty: the private ownership of the living.
The deregulation proposal (European Commission, 2023) acts as a catalyst for an extractive

economic model that penalizes the farmer and biodiversity.

e The transition from patent to industrial patent: Unlike conventional varieties, which are
protected by the "Plant Right" (which guarantees the exemption of the farmer and breeder for
research and reseeding purposes), NGT plants are covered by industrial patents. The patent
does not only concern the seed, but the genetic sequence itself and the technique used. This
means that any plant that casually presents that trait (even by accidental cross-pollination) falls
under the legal control of the patent holder (Greens/EFA, 2021; Testbiotech, 2024).

e Market concentration and loss of local varieties: The high cost of managing patents and
licenses (e.g., the CRISPR-Cas9 patent "pool" held by giants such as Corteva and the Broad
Institute) excludes small and medium-sized seed companies and public companies. This leads
to forced genetic standardization that accelerates genetic erosion and destroys the market for
local varieties adapted according to environmental causality (Ceccarelli, 2016; IPES-Food,
2016; Hawksworth, 2010).

o Liability and risk of contamination: The removal of traceability for the NGT1 category
creates a liability vacuum. In the event of contamination of biological or conventional fields,
the injured farmer will not have legal molecular tools to identify the source of the damage and
seek compensation. At the same time, he could be sued for "patent infringement" if wind-
blown NGT sequences were found in his field (Poli, 2023 a, b; IFOAM, 2023 a, b).

3.6. The paradox of ""Legal Contamination' and the extension of patents

An extremely critical profile concerns the so-called "legal contamination" resulting from
accidental gene flow mediated by atmospheric agents or fauna. In the NGT1 deregulation proposal,

the removal of the traceability and monitoring obligation creates an unprecedented legal paradox:

o Unintentional patent infringement: The accidental presence of edited traits in a conventional

or biological field can be interpreted as an infringement of intellectual property. Historical
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Reversal of the burden of proof: Without a public register of crops, the organic farmer loses
the legal tool to prove the origin of the damage, suffering the commercial downgrading of the

product and the loss of certification.

Sequestration of local genetic heritage: The patent "chases" pollen. If an adapted local
variety (natural causality) is pollinated by an NGT variety (biotechnological randomness),
the entire crop and self-produced seeds technically become the property of the patent holder.
This "legal snatching" mechanism poses the most serious threat to seed sovereignty and
national biodiversity (Greens/EFA, 2021; Testbiotech, 2024 a, b).

3.7. The End User and the "Risk Chain": The Right to Know Denied

The last stage of the biotech supply chain is about the user. The NGT1 deregulation proposal

(European Commission, 2023) aims to eliminate the labelling requirement, turning the act of

feeding into an operation in the dark, depriving the user of freedom of choice and metabolic

awarencess.

Silent allergen and metabolic risk: since genome editing can unintentionally alter
biochemical pathways (biotechnological randomness), there is a real risk of expression of
new proteins or over-expression of pre-existing allergens. Without labeling, the user who
experiences an adverse reaction will never be able to link the symptom to the NGT food,
making any post-marketing epidemiological study impossible (ANSES, 2023 a, b).

The breaking of the pact of trust: the user (consumer) does not simply "consume" calories,
but actively participates in an agricultural and social system. Preventing him from knowing if
he is using a TEA product means forcing him to support a model of patents and genomic

instability that he could ethically reject, breaking the bond of trust between production and use
(Vogel, 2023).

Traceability as a biosecurity tool: for the user, traceability is the only guarantee of civil and

health liability. The disappearance of the NGT1 label transforms the user into an "involuntary
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experimental subject" on a planetary level, violating the fundamental right to health and food
self-determination enshrined in the European treaties (BfN, 2023; IFOAM, 2023 a, b).
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3.8. The Future of European Seed Systems: Between NGT Deregulation and Biodiversity
Protection

In summary, the deregulation of NGT1 is not a simple technical issue, but a choice of field on the
future of European agriculture. The current DUS/VCU system already represents a barrier that
rewards standardization at the expense of genetic resilience; the introduction of untraced NGT1
varieties would act as a catalyst for this distortion (Casarotti and Guarda, 2026). The risk is not
only biological, due to potential cross-contamination, but systemic: without a clear civil liability
regime, a technology whose environmental and economic costs are entirely borne by those who
practice regenerative and organic agriculture are authorized. Protecting biodiversity means, first
of all, ensuring that the right to coexistence is not an empty shell, but a principle protected by

transparency and legal certainty. Here are three explanatory points:
a. The regulatory "bottleneck': DUS and VCU

o The current regulatory framework for the registration of plant varieties acts as a structural filter
that favors agro-industry at the expense of biodiversity. To be marketed, a variety must meet
the DUS (Distinguishability, Uniformity, Stability) criteria and, for open field crops, the VCU
(Cultivation and Use Value) tests. These parameters, designed for an intensive agricultural
model, require absolute genetic homogeneity which is the exact opposite of ecological
resilience (Pironi, 2021).

e The proposed deregulation of NGT1 exacerbates this friction. If gene-edited varieties were
equated with conventional varieties, they would benefit from accelerated procedures while
bringing with them genetic traits covered by patents (European Commission, 2023). In a
system that imposes the dogma of stability (DUS), heterogeneous populations remain confined
to a "commercial underground", while NGT1, designed to respond perfectly to these tests,
would end up saturating the variety catalogs, consolidating the dependence on protected seeds
(Kotschi and Wirz, 2015).

b. The Risk of Cross-Contamination
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o In addition to regulatory barriers, the deregulation of NGT1 introduces the critical problem of

APS

cross-contamination. Since NGT1 would not be labeled or monitored, pollen from edited fields
can spontaneously hybridize organic crops or local varieties (Cotter & Perls, 2022). For the
organic sector, which excludes GMOs by regulation, such contamination represents
catastrophic economic and legal damage: the farmer would risk losing certification without
tools to identify the source of contamination (IFOAM Organics Europe, 2024). This scenario
threatens the survival of germplasm banks, where the purity of local varieties could be

irreversibly compromised by patented traits (Garcia and Altieri, (2005)
¢. The legal void of civil liability

e Acritical aspect concerns the civil liability regime. In the current proposal, there is no provision
for a compensation fund or the "polluter pays" principle (Backes & van der Sluijs, 2023). If an
organic field is contaminated, the farmer suffers direct harm with no certain legal basis to seek
compensation from the patent holder (Vogel, 2023). This vacuum creates an unsustainable
asymmetry: while NGT1 patents enjoy the highest protection, farmers who protect biodiversity
lack legal shields against the negative externalities of the technology (Gaskell and Thompson,
2022).

Current breeding approaches are too fragmented, Deli¢ et al. (2020) point out, to ensure
sustainability, and therefore propose a "systems-based breeding" that integrates communities,
ecosystems and businesses. This model aims at agricultural resilience through the change of seed

policies and protocols, supported by circular and responsible approaches.

Several Italian researchers provide empirical evidence that agriculture can thrive without industrial
standardization. The deregulation of NGT1 would risk suffocating precisely these "open" and
"resilient" systems that the University of Florence and the Rural Seeds Network have helped to

scientifically validate (Bocci et al., 2018).

All the knowledge acquired from the beginning up to this point serves to better understand the situation
presented in the next point and, vice versa, the reality represented in the following framework serves
to better understand why the current situation in Italy, in Europe and in the world is the one that forces
us to fight energetically to prevent the seed industries from imposing, through the manipulation of the
trilogue (European Council, European Parliament and European Commission), farmers and

consumers, agricultural and food models that are:
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a. biologically standardized, legally privatized and ecologically unsustainable, since they aim to
undermine food sovereignty to replace it with an absolute technological and patent dependence,
transforming the common heritage of seeds into an exclusive industrial asset (focus:
dependency/control);

b. homologated and exclusively profit-oriented, favoring a market concentration that exposes
agriculture to systemic risks: from the loss of agricultural biodiversity to the dizzying increase in
the price of seeds, up to the threat of accidental contamination for organic and conventional crops
(focus: environmental/economic);

c. lack transparency and poorly monitored, as the current trilogue negotiations risk eliminating
labelling and traceability requirements for new GMOs (NGOs), depriving consumers/users of the
right to know what they bring to the table and farmers of the freedom to choose alternative and

local production methods (focus: consumer protection).

3.9. Associations for and against the deregulation of new GMOs (NGT1/TEA)

This paragraph is essential to understand the extent of the problem. It is necessary to know the
forces in the field and how they are deployed in order to study the strategies to be adopted to stop
the production of NGTs or whether it will not be possible to prevent them at least from being
deregulated in order to reduce the damage.

The Italian and European associative landscape is strongly divided on the issue of new GMOs,
defined in the proposed EU regulation as NGT (New Genomic Techniques) and in Italy often
called TEA (Assisted Evolution Techniques). Deregulation, which aims to facilitate the cultivation
and marketing of some NGTs (category 1) without GMO labeling, is at an advanced stage of
approval, with a provisional agreement reached between the Parliament, the Council and the EU
Commission at the end of 2025.

Here 1s an overview of the associations involved and their actions:

A. Associations in favour (or possibility) of TEAS/NGTs

These organizations apparently represent the conventional agricultural majority and argue that
TEAs are necessary tools for innovation, sustainability (less pesticides) and resistance to climate
change and currently are:

o Coldiretti: Supports TEAs as a tool to improve agricultural competitiveness.
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o Confagricoltura: Welcomes the vote of the EU Parliament, considering it a fundamental
step for innovation.
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e CIA - Italian Confederation of Farmers: Generally aligned on the need for innovation.

o Copagri and Confcooperative: Part of the supply chain that looks with interest at new
techniques.

Actions: Lobbying in Brussels and Rome to speed up the approval of the regulation, request for

research funding, promotion of TEAs as "non-GMO".

B. Associations opposed to deregulation (producers/consumers advocacy)
A broad coalition, including organic, environmentalism and consumer associations, denounces the
risk of "hidden GMOs", the loss of biodiversity, the imposition of patents on seeds and the

contamination of non-GMO supply chains.

e Organic/Biodynamic Farmers: AIAB (Italian Association for Organic Agriculture),
FederBio, Italian Association for Biodynamic Agriculture, Demeter Italia.

o Environmentalists/Civil Society: Greenpeace Italy, Legambiente, WWF Italy, LIPU, Slow
Food Italy, National Federation Pro Natura, Terra! Fairwatch.

o Consumer associations: Movimento Consumatori, ACU (Associazione Consumatori Utenti),
European Consumers.

o Peasant/independent agriculture: ARI (Italian Rural Association), International Crossroads
Center.

As D'Aloiso (2020) points out, the outcome-based approach risks emptying the precautionary
principle of its actual content, turning it into a mere legal formality. The NGT proposal, in fact,
ignores the technological process and its inherent unpredictability, favoring a deregulation that
favors innovation at the expense of democratic governance (D'Aloiso, 2023).

But already in 2000, Giorgio Nebbia, in The risks of transgenic foods (Gazzetta Ambiente), warned
about the risks not only health, but above all socio-economic and environmental of genetic
engineering applied to agriculture. He emphasized that the promise of higher yield and food safety
was not supported by independent evidence, and that the GMO model tended to favor market
concentration and the erosion of peasant biodiversity. Today, with the deregulation of NGTs, we
are witnessing a historic removal of these critical issues, rather than their resolution.

Actions to defend producers and consumers:
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Mobilization and petitions: Over 200 European and Italian organizations have joined forces
against deregulation (Coalition "Italy Free of GMOs").
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Legal and technical remedies: Complaint of the risk of pollen contamination and legal
problems for organic/conventional farmers due to patents on TEAs.

Demand for traceability and labelling: Pressure to maintain the obligation of "GMOQO"
labelling also for new techniques, guaranteeing consumers' right to choose.

Information campaigns: Dissemination of data on medium/long-term risks and lack of in-
depth safety assessments for Category 1 NGTs.

Defense of organic farming: IFOAM (International Federation of Organic Agriculture
Movements) fights to ban NGTs from the organic sector without ambiguity.

Settlement status (2026)

Despite protests from the opposing coalition, the approval process continued into 2025. The

Trilogue agreement provides for the distinction into two categories of NGTs, with significant

deregulation for "category 1", which is equated with conventional plants, eliminating the need for

GMO labeling. Opposing associations condemned the agreement, calling it a serious risk to food

sovereignty.

4. Conclusion

This report has shown that the proposed deregulation of NGT/TEAs is not based on sound science,

but on a narrative of 'precision' that is systematically disproved by molecular evidence and field

data. The findings can be summarised in three key pillars:

From a scientific point of view: Genome editing by NGT induces structural instability and
biotechnological randomness (extended deletions, translocations and off-target mutations)
intrinsically incompatible with the adaptive causality that governs natural processes. The
classification of "NGT1" varieties as equivalent to conventional ones turns out, therefore, to
be a regulatory artifice with no biological basis (ANSES, 2023 a, b; Kosicki et al., 2018).
From an ecological point of view: The concrete risk of Horizontal Gene Transfer (HGT)
and the documented spread of synthetic antibiotic resistance sequences in global river basins
constitute a real and persistent threat to public health and biodiversity integrity (Chen et al.,
2012; Perrino, 2003, 2004, 2005, 2007, 2009, 2011).
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e From a Legal and Economic point of view: The imposition of the industrial patent regime
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and the suppression of traceability expose the farmer to the paradox of "legal contamination”
and deprive the end user of health monitoring tools. This scenario marks the end of seed
sovereignty and threatens the very identity of Made in Italy (European Commission, 2023;
Poli, 2023).

By virtue of the Precautionary Principle, it is concluded that each variety obtained through NGT

must remain subject to a rigorous risk assessment, traceability and mandatory labelling, in full

compliance with Directive 2001/18/EC and in compliance with the historic Judgment of the EU

Court of Justice (Case C-528/16). Only the maintenance of a certain regulatory framework can

guarantee the protection of agro-ecosystems and the right of users/consumers to an informed and

safe choice of cultivation and food.

It is not just a biotechnological issue, but to ensure that science remains at the service of society

and not vice versa. The maintenance of labelling is not an obstacle to innovation, but the only

safeguard for responsible innovation that does not sacrifice food sovereignty on the altar of
regulatory simplification.

The claim to equate biotechnological manipulation with natural selection ignores the profound

interconnectedness of living systems. In this regard, the reflections of two pillars of scientific and

humanistic thought are recalled:

e As the biochemist Erwin Chargaff (1970, 1988) warned in his critiques of biological
reductionism, nature has its own complex 'grammar' that cannot be reduced to mere
interchangeable fragments without compromising the integrity of the entire organism.

e In the same vein, Leonardo da Vinci (2006) observed that human ingenuity can never find
'invention more beautiful, nor more ready, nor more copious than nature, because in its
inventions nothing is lacking and nothing is superfluous'.

Protecting the integrity of adaptive causality and the Precautionary Principle means, therefore,

honoring this millenary wisdom against the risk of irreversible technological simplification. In

conclusion, the maintenance of a certain regulatory framework, based on traceability and rigorous
risk assessment, does not represent a limit to development, but the only safeguard for an
authentically responsible science, capable of protecting seed sovereignty and the unrepeatable

identity of Italian and world agro-ecosystems.
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5. Final Thoughts: The Myth of Productivity and the Challenge of Climate
Resilience

e It is not a problem of production yields. In the light of the multidisciplinary
analysis conducted, an inescapable fact emerges: the narrative that sees NGTs as
the indispensable tool to ensure food security and environmental resilience is
devoid of empirical confirmation. As demonstrated by the comparative study by
Heinemann et al. (2013), the massive adoption of transgenic crops in the US
Midwest, starting from the mid-nineties, has not given any positive acceleration
to the yield curves compared to the conventional Western European model. On
the contrary, the historical comparison (1961-2010) shows that the European
approach has maintained an often higher productivity, preserving greater varietal
diversity without resorting to patented genetic manipulation.

e It is not a problem of climate change. In an era of climate crisis, the bet on
NGTs appears even more risky. The resilience of an agro-ecosystem does not lie
in the "precision" of a single genetic trait edited in the laboratory (such as
resistance to a specific water or parasitic stress), but in the adaptive complexity
of local seed populations. Adaptation to climate change is a polygenic and
systemic process: forcing the genome through a reductionist approach means
ignoring nature's intrinsic ability to respond dynamically to environmental
variations. Replacing this biological knowledge with a standardized
"technological solution" does not serve to solve world hunger, but to consolidate
a regime of centralization of seed control.

e Deregulation is a "murder" of agriculture and biodiversity. The deregulation
of NGTs risks transforming agriculture into an extension of the biotechnology
industry, dispossessing the farmer of his autonomy and the territory of his
identity. In this scenario, the protection of Made in Italy and agro-biodiversity is
not a defense of the past, but the only far-sighted strategy to ensure real food
sovereignty and an effective response to the uncertainties of the future.
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1. Introduction
1.1. Historical-Ecological Context: The Failure of the Transgenic Era

e Development of "Super-weeds"
e Pest Resistance

¢ Erosion of Biodiversity
1.2. Regulatory Context: From Judgment C-528/16 to Deregulation 2023
1.3. Definition of NGT/TEA: The Myth of Precision vs Genomic Reality

e Unintended Off-target and On-target effects

e Disruption of metabolic coherence
1.4. Broken promises since the 90s

e The illusion of solving world hunger
e The failure of chemical reduction in agriculture
e The failure to create plants resistant to environmental stress

e The emblematic case of Golden Rice

1.5. The lesson of the Human Genome Project and Renato Dulbecco
2. Materials and Methods

2.1. Criteria for the selection of literature and sources

2.2. Benchmarking of legislation and regulatory opinions

2.3. Evaluation of scientific contributions and institutional hearings
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2.4. Systematic overview of the sources analysed

a. Regulatory and Legal Documents

b. Scientific Reviews and Independent Reports

c. Institutional and Italian Research Contributions

3. Results and discussion

3.1. Genomic Instability: The Myth of Surgical Precision

e Extended deletions and complex rearrangements

e Biochemical limits of Cas9 protein

¢ Inadequacy of equivalence criteria

3.2. Horizontal Gene Transfer (HGT) and Health Risk

e Persistence and mobility of synthetic DNA

e The "smoking gun" of the river basins

e Public health risks

3.3. Contrast between Natural Causality and Biotechnological Randomness:

Disruption of Ecosystem Feedbacks

e Mutation as a causal response
e Editing as a random-arbitrary event

e Disruption of genomic stability

3.4. Evidence of phenotypic instability in the field

e Vulnerability to abiotic stresses

e Morphological and developmental abnormalities

e The failure of the 'Single Section'

3.5. Economic impact and patent regime

e The transition from the Patent to the Industrial Patent

e Market concentration and loss of local varieties

e Liability and risk of contamination
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3.6. The paradox of ""Legal Contamination' and the extension of patents

APS

e Unintentional patent infringement
e Reversal of the burden of proof

e Seizure of local genetic heritage
3.7. The end user and the "Risk Chain"

e Silent allergen and metabolic risk

e The breaking of the confidence pact

e Traceability as a biosecurity tool

3.8. The Future of European Seed Systems: Between NGT Deregulation and Biodiversity
Protection

e The Regulatory "Bottleneck": DUS and VCU

e The Risk of Cross-Contamination

e The Legal Void of Civil Liability

3.9. Associations for and against the deregulation of new GMOs (NGT1/TEA)

e Associations in favour of (possibility) TEAs/NGTs

e B. Associations opposed to deregulation (producers/consumers advocacy)
4. Conclusion

e From a scientific point of view
e From an ecological point of view

e From a Legal and Economic Perspective
5. Final Thoughts: The Myth of Productivity and the Challenge of Climate Resilience
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