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Two pillars of EU GMO regulation and the premises of
the precautionary principle

Risk assessment (EFSA): specific ‘events’ and their intended
and unintended genetic changes, direct and indirect effects,
Immediate, delayed and long-term accumulative. C)\

Risk management (political decision making): Authorisation
and monitoring, criteria on sustainability, ethics and socio-
economics, technology assessment. 6

Risk assessment and risk management both have to follow the
precautionary prinicple. They are supposed to act as a radar
on ‘things that can go wrong'.




TA covers a wide range of issues

"New technologies can have a range of effects, potentially both
positive and disruptive, that TAs can explore. GAO has broadly
defined TA as the thorough and balanced analysis of significant
primary, secondary, indirect, and delayed interactions of a
technological innovation with society, the environment, and the

economy and the present and foreseen consequences and
effects of those Iinteractions."

(US Accountabillity Office, GAO, 2021)



Different levels of TA

Prospective TA:
The overall impact of a technology before it enters the market.

TA of specific applications:
Checking the potentials and disadvantages Iin regard to intended
purposes (like sustainability).



What experience do we have from transgenic plants?

The introduction of transgenic plants into agriculture around 30
years ago was accompanied by many promises of benefits and
high expectations, most of which have either not or only partially
been realised. At the same time, there have been hardly any
systematic or independent studies to objectively assess the
actual impact of the transgenic plants on agriculture.




What reasoned concerns and expectations do we
have on sustainability of NGTs?

While NGTs have a great potential for genetic changes, it is not
easy to translate this potential into actual benefits.
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Claimed benefits of transgenic plants

OPEN () ACCESS Freely available online [@’PLQS | ONE

A Meta-Analysis of the Impacts of Genetically Modified
Crops

Wilhelm Klimper, Matin Qaim* Movember 2014 | Volume 9 | Issue 11 | e111629

The study Is purportedly showing, that cultivation of
genetically engineered (GE) crops has:

" reduced the use of pesticides worldwide by 37 %
" Increased crop yields by 22 %

" Increased farmers' profits by 68 %

" effects can be observed in all countries growing

transgenic plants




What are the criteria?

USER GUIDE

How long have the plants already been cultivated?

Which seeds were used?

What management systems were available?

In which markets higher sales revenues were achieved?

ﬂﬂ:> Criteria and methods for assessing the systemic
Impact of transgenic plants are largely lacking.



How to compare contradicting findings?

The spread of glyphosate-resistant weeds in the US
has increased costs for maize and soybean cultivation
by 50-100 %. (Benbrook, 2012)

As a result of dramatically rising costs, cotton
production in several US states declined by 60-70 %.
(Service, 2013)

Similarly differentiated reports on lower yields, rising
costs and lower returns are also available for Bt-cotton
In China, India and South Africa, as well as for other
transgenic crops at the global level.




US Dollar / Acre

Which data are relevant and reliable?

“The study reveals robust evidence of GE crop benefits for
farmers in developed and developing countries.” Kiumper & Qaim, 2014)
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Development of herbicide-resistant weeds

“Although it cannot be stated that evolution of resistance to glyphosate will not occur, the
development of weed resistance to glyphosate is expected to be a very rare event.

7]

(application for glyphosate-resistant Maize NK603 from 2000) MONSANTO
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Increasing number of Bt-toxin resistant pest insects

Canada USA

Maize Maize, Cotton

European com borer, Northern corn rootworm, Western corn rootworm, Comn
Western bean cutworm earworm, American cotton bollworm, Fall armyworm

Pakistan
Cotton
Pink bollworm

India
Cotton
Pink bollworm
Puerto Rico

Maize

Fall armyworm

Brazil Argentina

Maize Maize South Africa

Soybean bud borer, Soybean Fall armyworm, Maize

looper, Fall armyworm Sugarcane borer Maize stalk borer

according to Tabashnik et al., 2023 13



Increasing number of secondary pest infestations

ainr g Y.

China
Cotton: Aphids, mealy bugs,

mirids, whitefly, Lygus bugs

Cotton: stinkbugs

Maize: Western
bean cutworm,
leaf hoppers

\

Brazil |\

Cotton: cotton
bollworm H.
armigera

Soybean: Fall
Armyworm

y

Third World Network, 2022

Transgenic plants are still susceptible to non-target pest insects

W > increased use of synthetic pesticides/costs for farmers
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‘Arms race’ in the field

SmartStax maize (Monsanto/Dow)

* combination of four GE-events
* six different Bt-toxins

" resistant against two herbicides

¥—> By stacking the intended traits,
the risks and uncertainties of

the parental plants are also

combined.
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Uncertainties regarding safety of imported crops
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= Contamination with a cocktalil of insecticides and herbicides
" Possible health effects can exceed the sum of the individual substances
" Consumption can change the composition of the microbiome (Glyphosate)

" Cocktalil-effects have hardly been taken into account in risk assessment
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Uncontrolled spread of approved transgenic organisms

Canada
Canola

USA
Canola, Creeping
bentgrass, Alfalfa
Hawaii: Papaya

Mexico
Maize, Cotton

Brazil
Maize, Zebrafish

Argentina
Canola

China
Poplar, Rice*

France Switzerland

Canola* Canola
South Africa
Maize

Japan
Canola

"’/ South Korea

14;:;—— Canola, Maize,
-..-‘
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) Philippines
« | Maize*

Australia
Canola

January 2023
* not yet scientifically investigated
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Contamination as an economic factor

Pollen flow

Gene flow
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Hybrid Population

Canada:

,Slnce Its introduction into the envi-
ronment of Western Canada, GM
canola has widely proliferated and has
been found growing an land on which it
was never intended to be grown.*“

Hoffman/Beaudoin vs. Monsanto/Aventis CropScience, 2002

Introgression

Iransgenes introgressed
into landrace genome

Agapito-Tenfen & Wickson, 2018

Brazil:

large-scale trans-
genic contamination
(~1/3) of traditional
maize varieties

Fernandes et al., 2022
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Seed market concentration

Bayer
Seeds
Bayer
Monsanto ChemChina Sinochem
L S
Corteva
2015 2020 211

corporate concentration in the seed market
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m Others

share of the world's top-4
agrochemical companies
In global agrochemical
sales in 2020
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What i1s new about NGTs?

NGTs go along with a high technical potential to achieve genetic
changes that can not be expected from conventional breeding
(random mutagenesis). The differences between NGTs and
conventional breeding are crucial for RA and TA.

NGT processes go along with specific risks that can not be
denied. Therefore, we have to avoid misleading assumptions
such as: “After all, potential risks can only emanate from the
modified traits of the organism as a product of the breeding
process, and not from the process itself.” (Leopoldina 2019)

21



N

The differences between conventional breeding and new genomic techniques (NGTSs)
can be easily overlooked, but may have severe consequences.

The applications of NGTs go along with intended and

unintended genetic changes that are unlikely to occur

from conventional breeding. The site of the genetic

< alteration, the resulting gene combination (genotype)
and the biological characteristics of the organisms can

4 be highly specific for NGTs, do not have a history of

safe use and need to undergo risk assessment.

<
DNA of gene scissor is randomly integrated
mechanisms of cells to maintain and restore gene
< < 4 function can be overcome (e.g. protected DNA areas)

coupled genes can be divided

<« wanted mutation

<« unwanted off-target mutation
—— examples of NGT applications in plants ——
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Unintended effects if overlooked may become a
major problem for future breeding

The example of hornless cattle: Only after some years
scientists found DNA of genetically engineered bacteria had
been introduced into the genome of the cattle unintentionally and
iInherited by its progeny. They identified DNA-seguences that are
able to confer resistance to antibiotics. (Norris et al., 2020)

Without adequate risk assessment, the unintended genetic
changes may remain undetected in the genome, and thus
spread and accumulate rapidly and widely into populations.

https://www.testbiotech.org/en/limits-to-biotech
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How promising are extreme traits?

NGTs, e.g. CRISPR/Cas, have a huge potential to alter the
genome but this potential does not easily translate into real

benefits.

The ‘depth of intervention’, in many cases, leads to ‘trade-off’
reactions (metabolic side effects). Such unintended effects can
still emerge even in cases where the genetic intervention is
targeted and precise.

24



Traits & ,trade-offs*

GABA tomato: changed reactions to environmental stress are likely

Sea bream: vertebrate disorder

Agrofuel camelina: changed reaction to plant pathogens are likely

www.testbiotech.org/en/limits-to-biotech
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The scale of releases ,

Similarly to environmental pollution with plastics and chemicals,
It Is not always an individual NGT organism which may create
the real problems, but rather the sum of diverse effects on the
environment.

The concepts of nature conservation and environmental
protection are largely based on the principle of avoiding
Interventions. These principles must also be applied in the field
of genetic engineering.

26



Wide range of species, various traits, fast pace
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How to assess potential tipping points?
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How to assess safety of mixed diets?
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Disruptive effects on food and seed production

Take It onto the radar: If there Is a large-scale introduction of
NGTs into agriculture, this will not only affect the characteristics
of distinct crops and livestock, but will also have extensive
Impacts on food production systems as a whole.

31



Disruptive negative effects on food production

Disruptive negative effects of NGTs may occur on several levels.

For example, disruptive effects may impact the use of pesticides

and fertilizers, which may not be reduced but (at least in some
cases) significantly increased.

NGTs may also become disruptive in another sense |f
coexistence, labeling and traceability are weakened or
fragmented.

32



Disruptive effects on seed production

Patents on plant genes can block all further uses of plants and genes

non-technical breeding

genetic engineering

further crossing
& selection

marker \ detection &
assisted selection identification

N #

phenotypic patents on random
breeding gene variants mutagenesis
can block all
further uses
genome transgenesis
editing

https://www.no-patents-on-seeds.org/en/report2022
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Disruptive effects: Patents and science
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Experts with patent
applications in the field of
genetic engineering and /
or affiliations to companies
such as Bayer and BASF

Members of the working group

Prof. Dr. Regina Birmer

Hans-Ruthenberg Institute, University of Hohenheim, Bioecono-
iy Coumcil

Prof. Dr. Ralph Bock

hlax Planck Institute of Molecular Plant Physiology, Potsdan-
Golm, DFG Senate Commission on Genetic Research

Prof. Dr. Hans-Georg Dederer

Faculty of Law, University of Passau, DFG Senate Commission on
Genetic Research

Prof. Or. Barbel Friedrich

German Mational Academy of Sciences Leopoldina

Dr. Johannes Fritsch

German Mational Academy of Sciences Leopoldina

Prof. Dr. Bernd hiller-Réber

Department of Molecular Biology, University of Potsdam

Prof. Dr. Holger Puchta

Botanical Institute, Karlsruhe Insttute of Technology, Karlsruhe

Prof. Dr. hMatin Qaim

Department of Agricultural Economics and Rural Development,
Georg-August-Unive rsity Gottingen

Prof. Dr. Chris-Carolin Schon

School of Life Sciences, Technical University of Munich

Prof. Dr. Klaus Tanner

Faculty of Theology, University of Heidelberg

Prof. Or. Jochen Taupitz

Department of Law, University of Mannheim

Prof. Dr. Jorg Vogel

Institute for Molecular Infection Biology, University of Wirzburg

Prof. Dr. Detlef Weige |

Max Planck Institute for Developmental Biology, Tibingen

Dr. Ralf Wilhelm

Institute for Biosafety in Plant Biotechnology, Julius Kihn Institut,
Quedlinburg

Prof. Dr. Ernst-Ludwig Winnacker

Gene Center of the LMU Munich

Figure 6: The list of experts named in the Leopoldina (2019) report, h'lghf'lghting those who are imolved in fling paeent

applicadons on GE plans.

https://www.testbiotech.org/node/2771

34



TEST

BIOTECH

1. What is technology assessment (TA)?
2. Transgenic plants: Why TA would have been needed
3. NGTs: The crucial role of TA

4. Conclusions and solutions

35



<
The urgent need for technology assessment @

The introduction of NGTs can not be regarded as sustainable
If It may cause

" ecosystems to collapse

* health risks to accumulate in food without notice

" Dbreeding being disrupted by patents

" companies do not have to provide detection methods

" disabling organic or non-GE agriculture

* the end of freedom of choice for consumers

36



<
The urgent need for technology assessment @

TA requires appropriate criteria to make fact-based decisions
about the sustainability and potential benefits of NGTs In
agriculture.

This would make 1t possible to identify negative effects on
breeding, agriculture and food production at an early stage and
to avoid, that solutions through NGTs are becoming new
problems for the environment, ecosystems and future
generations.

For this, we need transparent, reliable and practicable criteria to
distinguish traits with ‘real benefits’ from those which are simply
‘empty promises’.

37



Improve EU GMO regulation to strengthen the precautionary principle:
Update risk assessment standards + introduce technology assessment

GMO regulation
, | Mandatory risk assessment and approval process of each ‘event’ Legal
& framework

Technology assessment
Overall impact of NGTs in agriculture and food production
(economic, social and ecological)

i
/ 1
[ 3

E

Risk assessment Technology assessment X Regulatory f
Each ‘event’, case-by-case, potentially disruptive effects on breeding, \\__mnsequenceg"
intended and unintended as well as agriculture, food production, consumer choice, \
immediate delayed and accumulated effects animal welfare and overall ecosystem stability |

+ +
Updated guidelines, new methodology Potential benefits in each case based
(such as ‘'OMICS’), including cut-off criteria if on transparent and reliable criteria
there are too many uncertainties

. ¢’
Decision /
Decision-making should imply two independent levels of scrutiny; market access would \_ making /

require positive results from both regulatory processes

X

https://www.vzbv.de/sites/default/files/2022-11/vzbv-report_final_final.pdf 38
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further reading

English: https://www.testbiotech.org/node/3044

German: https://www.testbiotech.org/node/3042
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