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Summary

The Panel for the Future of Science and Technology (STOA) is a service providing committees and
other parliamentary bodies in the European Parliament with independent, impartial and accessible
information relating to developments in science and technology, including the opportunities they
offer alongside the risks and ethical implications.' New technological developments in
biotechnology, such as the CRISPR/Cas gene scissors, are part of its mandate. On 15 April 2021,
STOA will hold an online conference on the genome editing of plants.*

STOA carried out a stakeholder consultation on genome editing in plants ahead of the event. There
is however no sign that it will publish any of the submitted comments. In the interests of
transparency, Testbiotech has therefore decided to publicize its input to this consultation as a
backgrounder. Our input shows that current GMO regulation is clearly sufficient in regard to
genome edited plants.

1  https://www.europarl.europa.eu/stoa/en/about/history-and-mission

2 https://www.europarl.europa.eu/stoa/en/events/details/the-challenges-of-genome-editing-in-plan/
20210301WKS03261
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At the same time, Testbiotech has some concerns that the STOA conference programme might not
be sufficiently well-balanced: according the draft programme,’ there are several members of an
international lobby organisation (PRRI) among the speakers who are known for their advocacy of
the biotech industry. In addition, the keynote speaker is known to have filed patent applications
covering gene editing that are licensed exclusively to a large biotech company (Corteva/
DowDupont). These concerns regarding the speakers were communicated to STOA members in a
joint Testbiotech and Corporate Europe Observatory (CEO) letter sent before the conference. The
findings are presented in the second part of this backgrounder.

A section relating to gene edited plants in a recent European Group on Ethics in Science and New
Technologies (EGE) report will be presented during the conference. Testbiotech analysed this
section of the report and concluded that it is not sufficiently science-based. We therefore
recommend that it is reviewed by independent scientists not involved in its compilation and who are
free of any interests in the application of the technology.

1. STOA consultation and Testbiotech input

STOA carried out an online survey to understand the concerns and opinions of society regarding
genome-editing in plants and crops as part of its preparations for the conference. There is however
no sign that STOA will publish any of the submitted comments. In the interests of transparency, we
are therefore including an edited version of our input in this backgrounder. Briefly, our input
demonstrates that current GMO regulation is clearly sufficient in regard to genome edited plants.

The STOA consultation asked stakeholders to give their opinion on four policy options regarding
the regulation of genome edited plants:

1) No revision of the European GMO Directive. This means that the genome-edited crops will be
subject to GMO legislation, including mandatory risk assessments and monitoring of these new
products;

2) Changing the European GMO Directive to exempt genome-edited plants without any foreign
DNA present in the product;

3) Changing the European GMO Directive to apply different levels of risk assessment in function of
the type and extent of the genetic change in an organism;

4) Changing the European GMO Directive to apply different levels of risk assessment based on an
evaluation of policy objectives, socio-economic and ethical considerations.

These four policy options were explained in more detail in a study by the Dutch Rathenau Institute®,
which will also be presented at the STOA conference.

Testbiotech evaluated the different policy options and came to the conclusion that, based on current
scientific knowledge of the effects of genome editing on organisms and their interactions with the
environment, only the first policy option provides the necessary safeguards for the protection of
humans, the environment and nature. The following section of this backgrounder provides a
detailed summary of scientific arguments regarding each policy option.

3 https://www.europarl.europa.eu/stoa/en/events/details/the-challenges-of-genome-editing-in-plan/
20210301WKS03261

4 https://www.rathenau.nl/en/making-perfect-lives/genome-editing-plants-and-crops
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1.1 Why current EU GMO regulation must be applied for plants derived from New GE

Current GMO regulation provides the necessary preconditions to assess the risks associated with
New Genetic Engineering techniques (‘New GE’). These conditions are needed to ensure safety and
also enable transparency, labelling and freedom of choice for consumers.

Without sufficient regulation of New GE: (i) severe damage to biological diversity is not unlikely;
(ii) risks to food production may be introduced and accumulate unnoticed; (iii) access to data
needed for risk assessment by independent experts will not be made available; (iv) no measures can
be taken against the uncontrolled spread of the organisms into the environment; (iv) no data will be
available to track and trace the New GE organisms and products derived thereof and (v) agriculture
and food production relying on GE free sources would no longer be protected (see also Testbiotech,
2020).

More specifically, a process-oriented risk assessment and mandatory approval process is necessary
because the application of genome editing is a multistep process, with inherent and specific risks.
For example, in plants, New GE is typically combined with old genetic engineering techniques
(‘Old GE’, such as non-targeted biolistic methods or Agrobacterium transformation), to deliver the
DNA for the nuclease (gene scissor) into the cells. Thus, in most cases, the result of the first step of
the CRISPR/Cas application is a transgenic plant. Only at the end of the multistep process is further
breeding applied to remove the transgenic elements from the plant genome. At each stage of the
process, such as (i) insertion of the DNA of the gene scissors into the cells, (ii) target gene
recognition and cutting and (iii) cellular repair, specific unintended alterations can occur, with
associated potential risks. For example, alterations caused by the non-targeted insertion of
transgenic elements in the first step of the process may remain in the plants and impact safety, even
if the transgenic elements are removed by further breeding at the end of the process.

The specific unintended effects of the overall process (also due to lack of precision of the gene
scissors) include off-target effects, on-target effects (i.e. large deletions, insertions, translocations,
inversions around the target site), unintended integration of DNA-sequences (e.g. from plasmid
DNA, DNA templates, endogenous DNA, exogenous DNA), exon skipping (e.g. causing the
unintended production of new proteins from the altered genes) and alterations of the epigenome (for
more details see Kawall et al., 2020).

Furthermore, the potential of genome editing procedures to generate profound changes in the
metabolism of the plants needs to be considered: genome editing can induce new genotypes by
combining small changes in the genome (SDN-1 applications), e.g. by multiplexing (several genes)
and/or cutting multiple copies of one gene (including multiple alleles, gene families, repetitive gene
sequences). CRISPR/Cas also enables alterations in parts of the genome where fewer mutations
occur; these are very unlikely to occur naturally or through conventional breeding (Belfield et al.,
2018; Kawall, 2019; Kawall et al., 2020; Monroe et al., 2020). Thus, genome editing can generate
new genotypes in plants that go beyond those which can be derived from processes of physical or
chemical mutagenesis (Rostoks, 2021; Kawall 2021).

In addition, methods for detecting the plants and derived products are needed to enable freedom of
choice as well as to track and trace GE plants within the food production chain. Identification
methods are also needed in order to remove the New GE plants from wild populations if there is
unintended spread into the environment. The same holds true for cases where the plants have to be
withdrawn from the market if, for example, adverse health effects were to occur.



Costs can be mitigated by establishing an international register with all the necessary data to track
and trace the plants (Ribarits et al., 2021).

Costs for applications under current GMO regulation could be mitigated by strengthening
independent risk assessment, which can deliver some answers to general questions on risks to health
and the environment. Independent risk assessment is requested in Directive 2001/18 and Regulation
178/2002 provides the option to run scientific studies. For example, more recent technologies useful
in investigating the plant metabolome (so-called ‘omics’) could be developed further (see, for
example, Enfissi et al., 2021). It is important to make sure that if independent research is funded by
public money, it focuses on the protection goals (health and environment) and not on developing or
applying new products.

In addition, if plants with no ethical, environmental or societal benefits were to be excluded from
market access (by introduction of sufficiently defined criteria), the number of applications and costs
for approval process could be dramatically reduced (see below). Specific guidance for EFSA can
also be introduced to specify the need for data for different categories of GE applications (see
below).

However, companies must still be obliged to deliver the data necessary for process-oriented risk
assessment as well as for the identification of their specific plant applications.

Current EU GMO regulation is therefore sufficient to assess the risks of plants derived from New
GE. Compared to the notification process in the US, current regulation in the EU is much more
science-based, much more transparent and much more suitable for controlling New GE plants
generated by a tool as powerful as CRISPR/Cas.

1.2 Why genome-edited crops and plants not inheriting foreign DNA should not be exempt
from GMO regulation

Changes in regulation to exempt crops and plants with no foreign DNA present in the product
would ignore known and repeatedly described process-based risks associated with the new genomic
techniques (‘New GE’) and also downplay the potential of genome editing. This is therefore not an
option for proper regulation.

Exempting genome edited crops and plants where no foreign DNA is inserted would exempt all
SDN-1 (and most of the SDN-2) applications from regulation. However, SDN-1 applications have
the potential to induce profound changes in the metabolism of plants that go beyond those which,
e.g. can be derived from processes of conventional breeding techniques, such as physical or
chemical mutagenesis. Profound changes can be the result, e.g. of multiplexing which targets
several genes and/or multiple copies of one gene (including gene families, repetitive gene
sequences), even if no additional genes are inserted.

CRISPR/Cas also enables alterations in parts of the genome where fewer mutations occur and that
are very unlikely to occur naturally or through conventional breeding (Belfield et al., 2018, Monroe
et al., 2020, Eckerstorfer et al., 2019; Kawall, 2019; Kawall et al., 2020). Thus, genome editing can
generate new genotypes in plants that go beyond those which can be derived from previous methods
of conventional breeding (Rostoks, 2021; Kawall 2021).



If these plants are exempted from regulation, there would be no overview of which products are on
the market or what genetic alterations they carry. Even in a short period of time, it can be expected
that several genome edited plants with novel traits will be released into the environment. Examples
of plants with new complex genotypes, but no additionally inserted genes, include rice (Shen et al.,
2017), sugar cane (Kannan et al., 2018), camelina (Morineau et al., 2017), wheat (Sanchez-Leon et
al., 2018) and tomatoes (Zsogon et al., 2018). Testbiotech findings are also supported in a recent
EFSA opinion on plants obtained through synthetic biology, which shows why wheat described by
Sanchez-Leon et al (2017) needs to undergo risk assessment (EFSA, 2021). As EFSA (2021)
explains, “[...] the large number of mutations required to achieve gluten-free wheat is far beyond
any plant previously assessed. This is likely to require SynBio approaches to correctly identify all
gliadins and glutenins in the hexaploid genome of bread wheat and to identify an engineering
strategy that introduced mutations of the correct nature and positions in each gene to prevent the
accumulation of any peptide fragments associated with initiation of the inflammatory cascade.”
(EFSA, 2021) A recent EFSA GMO paper published by a panel member also underlines these
findings (Rostoks, 2021), as does the first publication on the environmental risk assessment of
specific plants (in this case Camelina sativa) derived from New GE (Kawall, 2021).

The combinatorial and cumulative effects of several of the New GE plants that could be introduced
into the food chain and ecosystems are hardly predictable. In the absence of proper regulation, these
effects cannot be monitored and the organisms cannot be retrieved from the environment if
required.

In addition, it has to be taken into account that specific risks are inherent in the multistep process of
New GE. These can also be caused by a lack of precision in the use of CRISPR/Cas gene scissors
(the most commonly used genome editing technique). Several publications describe how
CRISPR/Cas causes unintended alterations, including off-target effects, on-target effects and
chromosomal rearrangements (Kosicki et al., 2018; Lalonde et al., 2017; Kapahnke et al., 2016,
Haapaniemi et al., 2018; Wolt et al., 2016; Cho et al., 2014; Sharpe, 2017; Adikusuma et al., 2018;
Kosicki et al., 2020; Biswas et al., 2020; Tuladhar et al., 2019; Ono et al., 2019; Leibowitz et al.,
2020; Skryabin et al., 2020; Weisheit et al., 2020; Michno et al., 2020; Norris et al., 2020;
Grunewald et al., 2019; Burgio et al., 2020; Liu et al., 2021). These unintended alterations can cause
a variety of unexpected effects. For example, the integrity of a non-target gene may be
compromised if its coding region has been cleaved by CRISPR/Cas (e.g. cleavage at off-target-
sites). This could lead to changes in the metabolism of the organism that could affect its toxicity and
allergenicity. Such effects are highly dependent on the genomic context within which such
unintended alterations occur (e.g. within a gene, loss of function mutations; outside of genes,
unintended alterations in promoters could alter gene expression).

Unintended effects can also arise from applying old genetic engineering techniques (‘Old GE’, such
as non-targeted biolistic methods or Agrobacterium-transformation) to deliver the DNA for the
CRISPR/Cas gene scissors into plant cells (Gelvin et al., 2017; Forsbach et al., 2003; Jupe et al.,
2019; Makarevitch et al., 2003; Windels et al., 2003; Rang et al., 2005). These alterations can only
be detected case by case using appropriate analytical tools (e.g. long-read next generation
sequencing for detecting chromosomal rearrangements or whole genome sequencing for detecting
off-target effects in combination with methods such as transcriptomics, proteomics and
metabolomics (Burgio et al., 2020 Enfissi et al., 2021)).



1.3 Why it is not sufficient to replace current GMO regulation with a policy where the level of
risk assessment is based on the level of intended genetic changes

The arguments presented above are also relevant for the discussion on what STOA calls a ‘level-
based policy’ of risk assessment driven by the intended genetic changes. The arguments presented
show that, due to the complexity of the genome editing technology and its resulting (intended and
unintended) changes, it is impossible to reduce risk assessment to intended genetic changes. Instead,
the unintended genetic changes resulting from the process as well as the unintended effects
triggered by the intended genetic changes have to be taken into account. For this purpose, and as
requested by current GMO regulation, the starting point for risk assessment always has to be the
process (and the technology that was applied), irrespective of what level of genetic changes is
intended.

As explained, technical tools used in ‘New GE’ make the genome available for changes that go
beyond those which can be derived from processes of physical and chemical mutagenesis:
CRISPR/Cas also enables alterations in parts of the genome where fewer mutations occur and
where they are very unlikely to occur naturally or through conventional breeding (Belfield et al.,
2018; Kawall, 2019; Kawall et al., 2020; Monroe et al., 2020; Testbiotech, 2020).

It is therefore the process that has to trigger mandatory risk assessment: the CRISPR/Cas mode of
action can be described as a biological mutagen which drastically increases the likelihood of a
mutation occurring at a respective target site(s): if the target site is restored to its original condition,
CRISPR/Cas can bind and cut again, making it very likely that the target site will eventually be
altered (Brinkmann et al., 2018). This is different from the processes occurring in the cell during
physical or chemical mutagenesis where, in many cases, the original gene function will be restored
by natural repair mechanisms. This is just one example showing how the processes of ‘New GE’
can overcome natural barriers that are very often an obstacle for conventional breeding methods.
Consequently, it has to be assumed that the technical process is very different when compared to
breeding methods with a history of safe use.

Given the complex processes and the resulting genomic alterations (unintended or intended) it is, in
most cases, impossible to decide which level of risk assessment will be needed without considering
the specific steps applied during genetic engineering. This is true independently of the type and the
extent of genetic intervention.

Therefore, simple categorisation or notification are not an option to replace detailed risk
assessment. A sufficiently robust decision on subsequent steps in risk assessment that will
ultimately be necessary to demonstrate safety, can only be taken within a process-oriented risk
assessment and after full molecular risk characterisation.

Some basic steps of molecular characterisation must always be applied before any decision can be
taken on the necessary level of risk assessment, e.g.: (i) whole genome sequencing should be used
to assess the whole pattern of intended and unintended genetic changes and their effects; (ii) omics
data are necessary to assess changes in the transcriptome (RNAs), the proteome (production of
proteins) and the metabolome (several levels of metabolic functions) (Enfissi et al., 2021); (iii)
comparative data must be requested to provide evidence where it is assumed that the results of
‘genome editing’ cannot be distinguished from those of conventional breeding.

Consequently, it has to be acknowledged that any categorisation of risks can only be achieved
within a process-oriented risk assessment, but cannot be applied before or used as a replacement.



Molecular characterisation is a necessary step within risk assessment that can inform subsequent
steps of assessment. It must be applied to all plants derived from New GE (genome editing) before
any conclusion can be drawn on their risks for health and the environment.

1.4 Why it is not sufficient to replace current GMO regulation with a policy where the level of
approval system is based on societal values

A level-based policy in which approval levels are based on societal values will result in complex
processes and major controversies. It can only be considered as an additional element within the
approval process, but cannot replace current regulation or process-oriented risk assessment.

The first generation of transgenic plants were originally introduced by using arguments relating to
sustainability, such as reduction in pesticides and benefits to consumers. However, these promises
have never materialised.’

Even 30 years after their introduction to the market, there is still no consensus amongst industry,
farmers and food producers on the overall sustainability impact of transgenic plants in food
production. This experience leads us to assume that a system based on the assessment of potential
benefits before market introduction, will give rise to highly complex issues and a great deal of
controversy. It is unlikely that this approach could lead to broader societal agreement or even
consensus.

More specifically, there seem to be two different options for such a level-based policy:

One option would be the introduction of clearly defined criteria requesting unambiguous evidence
of benefits. If this were the case, we would have to assume that none of the currently authorised
events (derived from Old GE) would have been allowed on the EU market.

The second option seems to be less well-defined criteria. In this instance, it would have to be taken
into account that any debate would be largely centered on the interests of marketing and trading in
technology as well as respective products. If this were the case, it would be unlikely that any of the
plants which were really needed would be selected. On the contrary, these criteria would (again)
allow the marketing of all plants which would deliver the highest profits for the interested sectors.

Both biotech engineers and patent holders have a strong interest in marketing New GE products. It
may be assumed that they would try to influence the debate to convince the public of the benefits of
these products. Given these conditions, it is unlikely that the selected plants would be the ones that
were really needed. On the contrary, these criteria would (again) allow the marketing of all plants
likely to generate sufficient profit for the biotech companies.

These problems can also be expected to apply to New GE plants with, e.g. improved tolerance to
climate change stress conditions. For example, a drought-resistant transgenic maize produced by
Monsanto (MON 87460) is already causing ongoing controversy in regard to its real benefits
compared to maize derived from conventional breeding.

Therefore, we would not expect such a level-based policy to be suitable to replace current EU GMO
regulation. It is also important to acknowledge that potential benefits must not be seen as a reason to
lower safety standards. Such an option might be considered as an additional element within the
approval process, but cannot replace current regulation and process-oriented risk assessment.

5 This finding also was confirmed by a study published after the consultation was conducted, see
https://science.sciencemag.org/content/372/6537/81.
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2. Is the conference programme sufficiently well-balanced?

The list of speakers on the programme has attracted criticism ahead of the conference. Concerns
were expressed in a joint letter drawn up by the Corporate Europe observatory and Testbiotech since
two of the speakers (Mr Piet van der Meer and Mr Julian Kinderlerer) are leading members of the
lobby organisation PRRI (Public Research and Regulation Initiative).® Mr van der Meer is currently
a consultant for PRRI” and also one of its founding members who served treasurer on its initial
Board.? Mr Kinderlerer is a member of the PRRI Steering Committee®. PRRI has received funding
from the biotech industry (EuropaBio, CropLife, Monsanto/Bayer, ISAAA, Syngenta Foundation)'
and is an advocate for industry positions in international fora, e.g. the Convention on Biological
Diversity (CBD)." Mr Kinderlerer was also affiliated to the International Society for Biosafety
Research (ISBR), serving as a treasurer on its Executive Committee."” The ISBR board habitually
consists of many industry-affiliated scientists (e.g. from the International Life Sciences Institute,
ILSI) and ISBR events are sponsored by the biotech industry*.

The keynote speaker, Mr Virginijus Siksnys, deserves much respect for his scientific findings on
CRISPR/Cas. However, it also should be taken into account that he has vested interests in the
application of the technology having filed relevant patents (W02013141680; W0O2016035044; WO
2018220583). He has also issued an exclusive licence contract to Corteva (DowDupont).'* '

The Corporate Europe Observatory and Testbiotech have therefore kindly invited STOA to
substantially revise the conference programme in order to avoid the appearance of bias and
misconception. In a promising sign, additional speakers have been added to the panel since the
letter was sent. However, there are still questions to be answered about whether the experts
mentioned above are the best to present the main findings or to introduce the technology.

These concerns are supported in a recent CEO study which shows that the biotech industry is
waging an ongoing battle to have New GE excluded from European GMO regulation.'® This push in
favour of the biotech industry also includes PRRI experts and scientists who have filed patents on
the technology.

https://prri.net

https://prri.net/secretariat
https://web.archive.org/web/20050408212727/http://pubresreg.org/Members/Kim/foundation
https://prri.net/steering-committee

https://prri.net/about-prri-donate

https://corporateeurope.org/sites/default/files/attachments/print version biosafety in danger.pdf,
https://corporateeurope.org/en/food-and-agriculture/2008/06/prri-are-these-public-researchers

12 https://web.archive.org/web/20060721192559/http://www.isbr.info/executive/

13 https://web.archive.org/web/20210116170733/https://isbr2019.com/index.php/sponsors-m/sponsors
14 http://www.prweb.com/releases/dupont-pioneer-seed/vilnius-university-cas9/prweb12804075.htm
15 https://www.nature.com/articles/nbt0116-13.pdf

16 https://corporateeurope.org/en/2021/03/derailing-eu-rules-new-gmos
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3. How to interpret the EGE findings?

According to the STOA conference programme, Mr Kinderlerer will present the findings from a
recent European Group on Ethics in Science and New Technologies (EGE) report, which only
recently published its opinion on New GE (Genome Editing)". The report looks at New GE
applications in humans, animals and plants. A Testbiotech analysis of the report found that the
section on plants lacks the necessary balance and scientific accuracy. Testbiotech has therefore
criticised the EGE for presenting conclusions on risks associated with genetically engineered plants
without sufficient scientific evidence."

The EGE incorrectly claims, for example, that there is no evidence of adverse environmental effects
arising from the cultivation of transgenic plants. The report does not sufficiently explain the
differences between traditional breeding and genome editing and, in addition, does not show the
specific risks associated with the respective New GE techniques. The report also takes a very one-
sided approach in regard to the cost of the approval process and the implications of patenting.

In summary, the potential benefits are disproportionately emphasised in comparison to the risks than
can be justified from the scientific evidence. Consequently, the EGE does not fulfill the high
standards to which it should adhere in its high ranking publications.

Testbiotech finds this regrettable since we are also aware that other sections of the report are much
more balanced in regard to the underlying science and conclusions. One possible reason for the
difference in quality of these specific sections seems to be that there is only one expert at the EGE
who has worked on plants thus far, i.e. Mr Kinderlerer. As mentioned above, this expert is also a
member of the lobby organisation, PRRI, which is supporting the biotech industry in its fight to
have New GE excluded from European GMO regulations. It would therefore have been more
appropriate to choose a different expert to present and interpret the EGE findings.

4. Conclusions

Testbiotech has clearly shown that current GMO regulation is sufficient for genome edited plants. It
cannot be replaced by a system which excludes plants from risk assessment that do not inherit
foreign DNA. In addition, so-called ‘level-based’ assessments are not suitable alternatives to the
current system.

At the same time, Testbiotech is concerned that the conference programme might not be sufficiently
well balanced. As shown in this backgrounder, several of the invited speakers are members of the
international lobby organisation (PRRI), who are known for their advocacy of the biotech industry.
Furthermore, the keynote speaker is known to have filed patent applications covering genome
editing, which appear to be licensed exclusively to a large biotech company (Corteva/DowDupont).

Finally, a section of a recent European Group on Ethics in Science and New Technologies (EGE)
report will be presented during the conference. This section of the report is concerned with gene
editing in crop plants. However, as the Testbiotech analysis shows, this section in the EGE report is
not sufficiently science-based. Therefore, we recommend that this section of the report is reviewed

17 https://op.europa.eu/en/web/eu-law-and-
0laa75ed71al

18 www.testbiotech.org/en/news/european-group-ethics-presents-report-new-genetic-engineering
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by independent scientists, who were not involved in its compilation and who are free of any
interests in the application of the technology.
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