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The project 

> RAGES = Risk Assessment of Genetically Engineered Organisms in the EU and 
Switzerland

> Carried out between 2016 and 2019

> Participants: The European Network of Scientists for Social and Environmental 
Responsibility (ENSSER), its Swiss branch CSS (Critical Scientists Switzerland), 
GeneWatch UK and Testbiotech

> Funding: Mercator Foundation, Switzerland

> The project is completely independent of the interests of the biotechnology industry. 



Steps of the project 

> Internal workshops from 2016-2019: Selection, discussion and elaboration of results
 
> First results were discussed in Brussels and Neuchatel (Switzerland) in 2018 and 2019 
with EFSA, EU Commission and Swiss authorities

> Scientific publication: A first peer reviewed publication in December 2019 (Miyazaki et 
al., 2019). Further publications are planned.



The aims 

> Critically evaluate risk assessment of genetically engineered (GE) food plants as 
performed by the European Food Safety Authority (EFSA) and its Swiss counterpart

> Enhance the scientific and democratic legitimacy of policy procedures and outcomes of 
GMO approval process

> Ensure that the explicit objectives of European legislation are achieved: “Adequately 
and sufficiently demonstrate” the safety of genetically engineered organisms and food 
and feed derived thereof by applying “highest possible standards” on “any risks which 
they present”. (Regulation EC 1829/2003)



The topics

 Health risks associated with the consumption of products derived from 
herbicide tolerant GE plants; 

 The assessment of environmental risks associated with the cultivation of 
insecticidal Bt crops;

 Health risks associated with the consumption of products derived from GE plants 
with altered nutritional composition;  

 Health risks associated with the consumption of products derived from GE plants 
with a combination of traits: ‘stacked events’

 Environmental risks due to persistence, self-propagation and uncontrolled 
spread of GE plants; 

 Risk assessment of GE organisms derived from new genetic engineering 
technologies. 



Overview on current approvals for import

Number of events 
approved in the EU for 
import, categorised in 

traits: 

The overall number of 
events authorised at 
the end of 2019 was 

nearly 80. 

The plants species 
concern soybean, 

maize, cotton, oilseed 
rape and sugar beet.



Example for current approvals for import 

Majority (around 50) are "stacked 
events" = a combination of 
specific GE characteristics.

 
A typical example: SmartStax 

maize, jointly developed by 
Monsanto and Dow 

AgroSciences, combines the 
traits of four GE plants. It 

produces six insecticidal Bt 
toxins and is tolerant to two 

herbicides. 



Case study: Assessment of environmental risks associated with the 
cultivation of insecticidal Bt crops

 
Dr. Angelika Hilbeck (ENSSER) 



receiving 
environment



receiving 
environment

Should be tested using ‚real-world 
informed‘ protocols



EFSA Hazard identfication builds on narratives that are undocumented and 
outdated:

Mode of action (target 
effects)

Specificity Efficacy 

Paradigm Outdated Updated
GM plant- vs microbe-
produced toxin

Identical Different

Mode of action Single  Multiple

Specificity High (few insect taxa) Broader (many taxa)

Nontarget effects Few if any Many

Efficacy Non-target effects  



GM plant- vs microbe-produced Bt toxin – significantly different

Truncations, mutations, additions create novel toxins unknown in nature

Goal: Impact new target pests, increase toxicity to target pests, new patents

“… common industry and regulator narrative maintains that none of these alterations matter 
much when it comes to environmental and human and animal health safety issues, while 
they do induce significant novelties and changes with regard to patents and efficacy.” 
RAGES Report



Many different concepts for modes of action

Signaling pathway modelSequential binding model Classical model

adapted from Vachon et al., 2012. 



Many different concepts for modes of action

Signaling pathway modelSequential binding model Classical model

adapted from Vachon et al., 2012. 

Modulated by antibacterial substances  - Broderick et al., M
ason et al., 

and others



Narrow-range of `non-target-organisms´ outdated 
- test systems flawed

Outdated test systems ‚Real-world‘ test systems



Growing diversity of affected 
species reported, most of which 
cannot be detected in short-
term acute direct toxicity tests 
that follow first tier OECD 
toxicity protocols. 



A selection of reportedly affected 
nontarget beneficial organisms to 
illustrate diversity of taxa

We list 39 peer-reviewed publications that report significant, 
diverse UNPREDICTABLE (adverse) effects of Bt toxins on many ‘out-of-range’ species, 
including representatives from non-arthropod taxa, like snails or crayfish or bacteria. 



New EXPOSURE Pathways

Exposure pathways - Intergenerational transfer/exposure in 
laboratory experiments – Paula/Andow et al. papers

Gene Flow in Europe – new pathway opened up through the 
introduction of Teosinte in EU 

GMO meets Invasion!



Risk assessment for new methods of genetic engineering
 

Dr. Janet Cotter (Logos Environmental) 



Introduction: 
Principal concerns regarding genetic engineering 

 Unintentional interference with the gene expression or biochemical pathways 
→ creation of unintended or altered proteins and metabolites.

 Novel trait - consequences for agricultural systems, environment, food and 
animal feed safety.

 System of traceability and labelling to allow segregation and monitoring.

These concerns apply to the new genetic engineering methods and the GMOs 
created.



New GMOs/techniques covered by RAGES 

Novel types of 
GMOs

Commercially infrequent 
applications of GMOs

New techniques of 
producing GMOs

RNAi-based 
crops

Gene Drives

Grafting Genome editing 
techniques: ZFN, ODM, 
CRISPR, TALEN, 
meganucleases.

Synthetic 
genomics

Agro-infiltration RNA-dependent DNA 
methylation (RdDM)

Cisgenesis and 
intragenesis

Reverse breeding





Gene Drives

Gene drives ...

 are intended to achieve permanent genetic changes to the make-up of wild 
populations of animals and plants.

 have potential to cause disruption to ecological and food production systems.

 can give rise to genetically engineered populations that persist in the 
environment with little or no opportunity for recall.

Many serious and valid concerns regarding uncontrolled spread of 
organisms with synthetic gene drives.



Gene Drives – challenges for risk assessment

 Broad range of negative or adverse impacts, e.g. spontaneous transboundary 
movements, introgression into organic agricultural systems.

 Lack of spatio-temporal control.

 Difficult, or impossible, to predict either the short-term or the long-term 
ecological impact.

 Receiving environment not well characterized;

 Hazards with a low probability could feasibly happen.

Consequences for risk assessment: 

 Classical methods in risk assessment such as a comparative approach or a 
step-by-step process are not appropriate.

 Performing a robust risk assessment is not possible.

 Application of the precautionary principle would preclude the use of gene drive 
systems.



Genome editing comprises site directed nucleases (SDN) 
(CRISPR/Cas, TALEN, ZNF, MN) and ODM



Multiplexing and serial changes (SDN1)



How to bring the nuclease into the cell? 

In most cases, CRISPR/Cas is introduced in form of DNA. Old methods are 
used to introduce the DNA into the cells. Mostly used: 

 Agrobacterium tumefaciens 
 Biolistic methods (‚gene canon‘)

DN
A



How to bring the nuclease into the cell? 

1. Option (most cases): 
> First, DNA for CRISPR/Cas-DNA 
becomes introduced into genome of the 
plant by methods of untargeted ‚old‘ 
methods of GE 
> Secondly, the nuclease is produced 
(permanently) 
> Thirdly, further segregation is applied

2. Option (less efficient):
> DNA for CRISPR/Cas is not inserted  
into the DNA of the plant 
> The nuclease is produced / present 
transiently 



Unintended effects of genome editing 

Can occur with SDN1, SDN2 or SDN3

 Off-target effects

> changes at an unintended sites of the genome in addition to the target 
location.

 

 On-target effects

> unintentional insertion of DNA-sequences at the target site (e.g. hornless 
cattle) 

> exon skipping, genomic irregularities (e.g. DNA rearrangements)

 Interactions with other genes, regulatory sequences and signaling pathways.



Risk assessment (RA) of genome editing 

Even if no additional genes get inserted, the resulting intended and unintended 
effects, the gene combinations and biological characteristics can be significantly 
different compared to those derived from conventional breeding (including 
random mutagenesis). Therefore the process of genome editing has to be the 
starting point for RA and all organisms derived from methods of SDN1, SDN2 
and SDN3 have to be subjected to a mandatory approval process. 

There are two main categories of RA: 

> RA related to unintended effects

> RA related to the trait



Risk assessment (RA) for genome-edited organisms - I

A robust risk assessment is needed:

 Incorporate lessons learned from 1st generation GE crops.

 Molecular characterisation

 Unintended changes at the organism level

 Off-target effects, unintended on-target effects and effects on regulation at the 
genomic level

 Effects of insertion of transient genes

 Standardised protocols to ensure comprehensive analysis of genomic 
irregularities, e.g. whole genome sequencing



Risk assessment (RA) for genome-edited organisms - II

Detection of unexpected effects aided by ‘omics’-approaches, e.g. 
transcriptomics

 “Almost mature and stable” (EFSA report on ‘omics colloquium, 2018)

 “More concerted effort is needed before these technologies can be stably 
integrated into risk assessment” (EFSA, 2018)

 Also useful for RdDM and RNAi-based crops, and traceability and labelling.

 Requires standardisation and implementation.



Further considerations for RA of genome-edited organisms 

> Composition of plant microbiome

Especially important for traits such as yield and nutrient quality. 

> A wider diversity of traits will need to be considered

> RA needs to encompass all interactions with the environment and human 
health.

> Animal welfare and ethics need to be prominent.

Specific guidance on farm animals, e.g.  Does disease resistance compromise 
welfare by facilitating overcrowding?



Overview: Elements of RA in genome editing 

Figure 1.  Elements of a risk assessment for genome-edited organisms.



Conclusions

Robust risk assessment for gene drives not possible

Precautionary Principle has to be applied

Societal wishes paramount regarding gene drives.

New GE technologies require careful assessment at the molecular level:

> rigorous, standardised protocols need to be developed and implemented prior 
to the issue of any opinions/authorisations.

> ‘omics’ technologies need to be standardised and implemented, esp. for 
RNAi-based GM crops.

> Include all possible GE interactions, esp. for new and diverse traits.



Further findings and conclusions
Dr. Christoph Then (Testbiotech) 



Herbicide resistant plants 

Field trials do not represent the conditions in the field: 0,8 kg / ha glyphosate sprayed one 
time instead of 4 kg / ha sprayed three times. 

Relevance for GMO risk assessment: The application of the complementary herbicide can 
i.a. impact the plant composition, cause specific pattern of residues from spraying and 
trigger specific interactions, involving other plant constituents (e.g. with hormonal or 
immunogenic properties). 



Stacked GE plants 

"Stacked Events" = Combination of GE traits in crops, for example tolerance to various 
herbicides and/or the production of several Bt proteins

Shortcomings of risk assessment:

 EFSA fails to require the whole food and/or feed and its mixed toxicity to be tested 
and assessed. 

 If several GE plants are mixed in a diet, the cumulative and combined effects and 
their mixed toxicity are not investigated.



GE plants with changes in their nutritional composition 

 Claimed health effects are not assessed in regard to their real impact. 
 Metabolic pathways are often multifunctional and complex and can affect plant 

growth or nutritional composition. Even if a pathway is directly affected by the 
genetic intervention, EFSA does not require more detailed assessment of the 
overall effects. 



GE plants that can persist and propagate in the envionment 

 If GE plants can persist, propagate and spread via uncontrolled gene flow, data 
on the next generation effects are not required and not assessed by EFSA. 



Ergebnisse: Bt GV Pflanzen 

 
 
Some overall findings 
 
 

EFSA focuses on issues than can most easily be examined, but fails to assess a number of highly 
relevant risks. 
 
Large parts of relevant health effects, e.g. reproductive and immune system effects, as well as the 
impact on the gut microbiome, are neglected in current EFSA risk assessments.
 
Environmental stressors that can influence the expression of the inserted gene constructs are not 
systematically assessed by EFSA.
 
Consequently, current standards of risk assessment are not sufficient to fulfill the legal requirements 
to determine that the safety of genetically engineered organisms and food and feed derived thereof 
is “adequately and sufficiently demonstrated” by applying “highest possible standard” of “any risks 
which they present”. 



Populist statements are not helpful 

 

 
 
The EU Commission has repeatedly issued ‘populist’ statements claiming there are no specific risks 
associated with genetically engineered plants e.g.:

– “The main conclusion to be drawn from the efforts of more than 130 research projects, 
covering a period of more than 25 years of research, and involving more than 500 
independent research groups, is that biotechnology, and in particular GMOs, are not per se 
more risky than e.g. conventional plant breeding technologies.” (“A decade of EU-funded 
GMO research (2001 – 2010), EU Commission 2010) 

 
This statement was never based on sufficient scientific evidence. Meanwhile it is completely 
outdated. Nevertheless, it is frequently quoted by stakeholders interested in the development and 
marketing of GE organisms. 



Demands 
  
 More risk research needs to be carried out independently of stakeholders 

interested in the development and marketing of GE organisms.
 Risk assessment policies need to be developed to address gaps in current 

knowledge and inadequacies in prevailing approaches to assessing risks. 
 Spatio-temporal control is key for the implementation of precaution. No releases 

of GE organisms can be allowed if they cannot be prevented from persisting and 
propagating in the environment. Applications with inadequate spatio-temporal 
control include gene drive organisms.

 Field trials have to be conducted under conditions which represent the real 
agronomic practices under which the plants are expected to be grown 
commercially. 



Demands 
  
 Wild/natural populations should be strictly protected against gene flow from GE 

organisms.
 The reactions of the GE plants to changes in environmental conditions e.g., 

climate change, have to be taken into account.  
 Much more attention must be paid to the assessment of combinatorial effects 

and their possible impacts.
 New mechanisms for monitoring post-release impacts need to be developed to 

close gaps in current knowledge. 
 Organisms resulting from processes of ‘genome editing’ must undergo an 

approval process and labelling in accordance with EU GMO regulation, whereby 
specific guidance needs to be developed in regard to risk assessment. 



 

Thank you very much for your attention!
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