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About this
paper
This paper aims to update the public on 
the concerted efforts to deregulate a newly 
invented genetic engineering (GE) technique 
called genome editing, both in Africa and 
globally. This is being done on the pretext of 
solving the complex challenges related to food 
insecurity, farmer livelihoods, the dual climate 
and ecological crises, and health challenges 
such as vector-borne disease, all of which are 
now further amplified by the coronavirus 
pandemic. 

The African Centre for Biodiversity (ACB) has 
been tracking developments in this field in 
recent years. ACB has highlighted the futility 
of technologies for genetic modification in 
addressing the problems these technologies 
are purported to solve, including in regard 
to the biosafety risks posed by genome 

editing and its products (ACB, 2017a), as well 
as the risks they pose to further privatise 
food systems (ACB, 2020). This work also 
comes in direct response to lobbying efforts 
in South Africa that aimed to exclude both 
the technology and products from biosafety 
regulation  (ACB, 2017b). 

This paper will summarise some of the most 
pressing issues with regard to the technology, 
including the regulatory landscape, corporate 
players involved, products on the horizon for 
African countries and biosafety risks, as well 
as the false hype used to promote adoption. 
The failures to date of genetically modified 
organisms (GMOs) on the continent serve 
as a stark forewarning of what lies ahead 
if permissive biosafety regulations are 
implemented.  

ACB calls for a timely ban on the failed 
first generation GMOs, as well as the latest 
genome editing techno-fixes that will only 
serve to extend the life of the ongoing failures 
of the industrialised agricultural model, of 
which GMOs are extreme examples.
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Introduction
The plateauing of ‘old’ or ‘first generation’ 
genetically modified organism (GMO) 
development and adoption has forced the 
biotechnology machinery to invest in and 
develop new forms of genetic engineering 
(GE) techniques, as the next quick-fix solutions 
to address the problems that industrial 
agriculture has caused. The first generation 
GMOs not only failed to address these 
problems but exacerbated them. One such set 
of GE techniques is called ‘genome editing.’ 

In a seamless continuum, the usual players are 
actively involved in genome editing projects 
targeted at Africa. The International Maize and 
Wheat Improvement Center (CIMMYT) and 
DuPont Pioneer (a major licence holder of the 
CRISPR genome editing technique; and now 
called Corteva) are involved in a joint project 
to produce genome-edited maize, designed to 
resist maize lethal necrosis disease. The project 
aims to exploit African (and Latin American/
Caribbean) elite germplasm that are naturally 
heat and drought tolerant (Boddupalli et al., 
2020) to generate viral resistant varieties. No 
data however, is yet available to demonstrate 
successful development of these varieties. 
Another DuPont Pioneer project, in partnership 
with the Donald Danforth Research Centre and 
partially funded by the Bill and Melinda Gates 
Foundation (Gomez et al., 2019), involves the 
development of cassava varieties intended 
to be resistant to viral diseases – despite 
naturally resistant varieties having recently 
been identified (Sheat et al., 2019). The Bill and 
Melinda Gates Foundation is also investing 
in Acceligen for engineering dairy livestock 
(Feedstuffs, 2020). Aceeligen is a Recombinetics 
Inc. company who recently generated the 
controversial ‘hornless’ cows associated with 
unintended effects including the accidental 
incorporation of antibiotics resistance genes 
into the animal (Norris et al., 2020).

At the International Institute of Tropical 
Agriculture (IITA) in Kenya, a plantain is also 
being developed to be resistant to bacterial 
streak virus (Tripathi et al., 2019), along with 

bananas that are resistant to fusarium wilt, 
although proof-of-principle data to confirm 
its development has yet to be published on 
the latter project. .  The IITA is also developing 
potato varieties to be resistant to viruses, 
aimed at the East African market (CGIAR, 2020).

The African Orphan Crops Consortium (AOCC), 
a project founded by the African Union’s 
New Partnership for Africa’s Development 
(NEPAD) and Mars Incorporated, is apparently 
sequencing the genomes of 101 African 
orphan crops, to facilitate the uptake of new 
technologies for so-called underutilised 
indigenous crops (AOCC, 2017). The project 
involves both private and public research 
centres, including in the United States (US), 
and Corteva Agriscience and Benson Hill 
Biosystems, Inc. The project encompasses 
several extractive motivations, including the 
data mining of useful genetic information 
from indigenous crop varieties that have 
important agronomic, nutritional and/
or medicinal qualities (Chang et al., 2019), 
epitomising the new digital age of biopiracy.  

Unsurprisingly, grand claims are being made 
by the pro-biotech machinery that genome 
editing will bring about a food revolution in 
Africa (Gakpo, 2020; CIMMYT, 2017; Komen 
et al., 2020). Yet, there do not appear to be 
any revolutionary genome edited products 
entering the market to justify any imminent 
passing of permissive biosafety legislation. 
The US and Canada, where in 2015 the first 
genome edited crop was first approved in the 
world, introduced a non-browning mushroom 
variety designed to extend its supermarket 
shelf life. DuPont Pioneer’s waxy corn is the 
company’s first genome edited product, and in 
2016 the second to be approved in the US  for 
use in industrial applications, such as bottle 
labels and food thickening agents (Corteva, 
n.d). In Canada, a ‘high oleic acid’ soybean 
oil by Calyxt has been approved, though 
this could easily be substituted by other oils 
naturally containing high levels of oleic acids, 
such as olive oil. While it is claimed that this 
product is beneficial to health (ISAAA, 2019), 
no such benefits have been demonstrated to 
date. It has also suffered from lack of adoption, 
making up only 0.084% of soybean hectares 
planted in 2020.1  

1. Calyxt press release. See: https://www.sec.gov/Archives/edgar/data/1705843/000156459020036905/clxt-ex991_7.htm
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Many of the crops being developed are, yet 
again, more herbicide tolerant (such as CIBUS’s 
herbicide tolerant flaxseed) (Sauer et al., 2016), 
or pest/pathogen resistant crops, which are in 
no way more genetically equipped to resolve 
the problems plaguing current GMOs: the 
development of herbicide resistant weeds, or 
pest/pathogen resistance (Kreuze & Valkonen, 
2017). One example is CIBUS’s sulfonylurea 
herbicide-tolerant canola, which is grown in 
the US and Canada, apparently making up only 
4% of US-cultivated canola varieties (CIBUS, 
2019). It is intended to be cultivated in rotation 
with glyphosate-tolerant crops to combat 
glyphosate-resistant weed problems. Indeed, 
the dearth of useful traits reveals the technical 
limitations currently endured by the industry, 
and is a testament to the inadequacies of the 
reductionist paradigm of GE in its inability 
to support genuine advances in agricultural 

development. Altering a single gene, or even a 
handful of genes, is unlikely to mimic complex 
biological phenomena such as drought-
tolerance, which is mediated by many, even 
hundreds of genes in continuous interaction 
with the external environment (Gelinsky & 
Hilbeck, 2018).

Scientifically unsound biosafety claims are 
being made that such techniques do not 
constitute GE, and that they are more akin 
to natural breeding and thus safe to enter 
food systems with little need for biosafety 
oversight. However, such claims are contrary 
to the United Nation’s Cartagena Protocol 
on Biosafety, to which over 50 African 
countries are Contracting Parties. The Protocol 
implicitly acknowledges that most genome 
editing results in GMOs. Recent decisions 
taken by the Parties to the Protocol call 
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for international cooperation, knowledge 
sharing and capacity-building to support 
Parties in assessing potential adverse 
effects of genome editing and its products 
on the conservation and sustainable use 
of biodiversity, taking into account risks to 
human health, the value of biodiversity to 
indigenous peoples and local communities, 
and relevant experiences in performing risk 
assessment of such organisms (CBD 2018). 
Further, to date, any premature safety claims 
are not supported by scientific evidence, 
which points to an array of associated, 
unintended effects, as detailed below.  

Genome editing risks aggravating the 
problems of industrial agriculture, prolonging 
a model that threatens both human health 
and the environment, and further opens up 
African food systems to hegemonic control 
and the privatisation of food systems. Indeed, 
those pushing for deregulation complain 
bitterly that the European Union’s recent 
ruling to include genome edited organisms in 
biosafety legislation is prohibiting innovation. 
They cite lower levels of European Union 

patents in comparison to countries with more 
permissive regulatory landscapes, such as the 
US (for example, Schmidt et al., 2020). 

Concerns of such a technology move beyond 
biosafety, into a realm of counter-hegemonic 
struggle against capitalist Euro-American 
technoscience projects and frameworks 
that require a form of loose or non-existent 
regulation that bends towards a narrow and 
outdated version of so-called Western science, 
in order to facilitate their corporate interests. 

This paper outlines why such efforts to 
further corrupt African food systems with 
the latest GM technologies and their 
products should be vehemently rejected. 
It is imperative that these technologies 
are banned, or at the very least strictly 
regulated based on stringent and robust 
application of the precautionary principle 
and strict liability provisions, to protect 
against the biosafety risks and potential 
limitations of genome edited organisms 
that do little to serve genuinely sustainable, 
nourishing and sovereign food systems.
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What is
genome editing
Genome editing is another form of GE 
technique. As with the first generation 
GE techniques, it artificially alters DNA in 
organisms such as seeds, in order to engineer a 
new characteristic, such as herbicide tolerance 
or pathogen resistance in a crop plant. 

Genome editing is distinguishable from first 
generation techniques by the types of genetic 
changes that can be achieved. Older GE 
techniques involve the random introduction 
into host organisms of foreign genetic 
material (or of DNA constructs), such as a 
gene that encodes for tolerance to particular 
herbicides. Genome editing techniques are 
used instead to alter the DNA that is naturally 
present in an organism, and are inserted at a 
pre-chosen, targeted location in an organism’s 
genome. In theory, for some applications 
this can be achieved without permanently 
inserting foreign genetic material into an 
organism’s DNA. For example, developers may 

wish to modify a specific gene that is naturally 
present in an organism in such a manner that 
the altered or ‘edited’ gene then confers a 
new trait, such as herbicide tolerance, without 
introducing foreign DNA into the final product. 
In other applications, foreign DNA is inserted 
at a chosen targeted site of an organism’s 
genome. Proponents are strongly emphasising 
this targeted nature of genome editing as 
indicative of improved precision and safety 
over older techniques. 

The most popular genome editing tool is 
the CRISPR-based system, but there are 
also others including oligonucleotide-
directed mutagenesis (ODM), transcription 
activator-like effector nucleases (TALENs), 
meganucleases (MNs) and zinc finger 
nucleases (ZNFs). Techniques are continuously 
being developed, with more recent ones 
involving ‘base editors’ and ‘nickases’, which 
also use CRISPR techniques. 

It is important that genome editing that uses 
CRISPR systems is not confused with ‘gene 
drive’ technologies. Gene drives are designed 
to spread genetic modifications rapidly 
through entire populations, which also often 
deploy CRISPR-based genome editing tools.

Image credit: National Human Genome Research 
Institute (NHGRI) from Bethesda, MD, USA, CC BY 2.0 
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Genome editing definitions and categorisations 

The different genome editing applications that can be performed are often divided into three categories – SDN-1, 
SDN-2 and SDN-3 (site-directed nuclease-1, 2 and 3) – depending on the intended genetic change being performed 
(Podevin et al., 2013; Agapito-Tenfen et al., 2018). These categories have become a focus of regulatory discussions, 
where some advocate for looser regulations on the basis that a product from the first two categories, SDN-1 and 
SDN-2, does not fall within the definition of a GMO. In this regard, claims are made that, in theory, no foreign DNA 
is permanently introduced. However, clear distinctions between the three categories may be more theoretical than 
practical, when considering the array of associated unintended effects that arise during SDN-1 and -2 applications. 
The intention is not to introduce any foreign DNA, but foreign genetic material is sometimes introduced, 
nonetheless.  It is also pertinent to note that the vast majority of plant genome editing involves SDN-1 applications 
(Eckerstorfer et al., 2019), which is technically simpler to achieve.

• Site-Directed Nucleases-1 (SDN-1): SDN-1 are used to imprecisely destroy a target genomic site without inserting 
any DNA. The current virus-resistant plantain project (Tripathi et al., 2019) is an example of this, where viral genes 
are intended to be destroyed. The non-browning mushroom is another example. 

• Site-Directed Nucleases-2 (SDN-2): SDN-2 are described as the ‘edit’ of a gene, where a precise change to a target 
gene is intended. This is achieved by temporarily introducing foreign DNA into the organism that provides the 
template for the desired alteration that can then be copied into the target organism’s gene. There do not appear 
to be any SDN-2 products on, or close to coming on, market.  

• Site-Directed Nucleases-3 (SDN-3): SDN-3 involves the permanent insertion of foreign genetic material, but unlike 
existing transgenic GE techniques, the foreign genetic material can be inserted at a desired target site in the 
genome, instead of inserted in a random, unchosen location. At the time of writing, there does not appear to be 
any SDN-3 products on, or close to coming on market.  

It is worth noting that the distinctions between SDN-1, -2 and -3 are determined by the organism being modified and 
not the developer itself. This is because the genome editing machinery only cuts DNA, while the process of repairing 
the broken DNA is determined by the cell, which chooses which of the various DNA repair processes it wishes to 
deploy to repair the genetic damage caused by CRISPR or other techniques. Depending on the repair pathway used, a 
different outcome will be achieved. As such, whether it is SDN-1, -2 or -3 that is performed cannot be controlled by the 
developer, which makes genome editing a process that is neither precise, completely understood or predictable.
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Unfounded  
claims of precision 
and efficiency
mask the 
risks and 
limitations
The hype around the ‘targeted’ nature of 
genome editing has allowed developers an 
opportunity to make unfounded claims about 
safety and efficiency. In reality, the wealth of 
scientific literature produced in recent years 
has exposed the bluntness of the genome 
editing tools as largely paralleling those of 
older GE techniques. Indeed, it is worth the 
reminder that the claim of precision was 
also used to promote the first generation of 
GMOs by developers. At the time, developers 
said that these older techniques allowed 
for ‘quicker’ and ‘more precise’ development 
of high-yielding and high-quality crop 
varieties (see Gelinsky & Hilbeck, 2018). Now, 
in order to promote the new technologies 
such as genome editing, developers admit 
that the older GE techniques are slow and 
imprecise (Gelinsky & Hilbeck, 2018). As 
warned by Gelinsky and Hilbeck (2018: 52), 
‘Sweeping undocumented claims of safety 
derived from postulates of control through 
precision are reminiscent of the early days of 
the first generation of genetic engineering 
tools – as are the overblown and similarly 
undocumented promises of future products’. 

High-quality and high-yielding first generation 
GMO crops have failed to materialise; they 
have instead been associated with an array 
of unintended adverse effects associated 
with a lack of precision, such as widespread 
mutations (see, for example, Latham et 
al., 2006; Makarevitch et al., 2003; Rang 
et al., 2005; Windels et al., 2003); altered 

compositional/nutritional profiles (Abdo, 
2013; Agapito-Tenfen et al., 2013; Bøhn et al., 
2014; Cheng et al., 2019; Mesnage et al., 2016); 
changes to plant biochemistry and oxidative 
stress in herbicide tolerant crops in response 
to herbicide spraying (Zanatta et al., 2020); 
broad non-specific toxicity of introduced 
insecticidal toxins designed to target specific 
insects only  (Bondzio et al. 2013; Huffmann et 
al. 2004; Ito et al. 2004; Mesnage et al. 2012) 
and agronomic problems such as stunted 
growth or environmental disturbance of traits 
(Bollinedi et al., 2017; Olsen et al., 2005).

Genome editing is associated with a 
variety of unintended effects 

Unintended effects specific to genome editing 
techniques are now broadly recognised, 
especially in clinical research, where high 
stringency for safety is more accepted than in 
agritech settings.  

Unintended effects from genome editing can 
be divided into various categories (Agapito-
Tenfen et al, 2018):
1) Unintended effects at the intended site for 

modification, termed unintended ‘on-target 
effects’;

2) Unintended ‘on-target’ effects caused by the 
intended modification that are different to 
the desired trait’;

3) Unintended effects elsewhere in the 
genome, termed ‘off-target’ effects.

Unintended changes may alter the expression 
of genes and thus affect a plant’s metabolism 
and phenotype, which may be harmless or 
adverse to human health or the environment, 
depending on the change(s) introduced 
(Eckerstorfer et al., 2019).

Documented unintended on-target effects 
of genome editing include DNA mutations, 
insertions, deletions and chromosomal 
recombination events (for example, Bruner et 
al., 2019). An example is a recent study where 
SDN-1 genome editing was used to disrupt 
a gene in rice to make semi-dwarf varieties 
(Biswas et al., 2020). The authors reported a 
variety of mutations, insertions, deletions and 
rearrangements of DNA, which, furthermore, 
varied with different rice varieties, highlighting 



12    GENOME EDITI NG – TH E N EXT GM TEC H NO FIX DOOMED TO FAI L

the unpredictability of unintended effects. The 
rice also showed reduced yield, exposing both 
a lack of efficacy and unintended effects of the 
technology. 

SDN-1 applications deployed to destroy a gene 
have been shown to fail to do so, leaving the 
organism to produce mutated proteins from 
the damaged genes (Skryabin et al., 2020; 
Smits et al., 2019; Tuladhar et al., 2019). Novel 
proteins may gain a novel function with 
unknown consequences, or exert allergenic/
toxic properties. This goes against claims 
that products made with SDN-1 are free from 
transgenes and only contained small deletions 
of specific genes (Chemistry World, 2016). 

Accidental inclusion of foreign DNA has also 
been demonstrated when performing both 
SDN-1 and -2 applications, where foreign DNA 
is supposed not to be present in the final GMO. 
For example, one recent study showed that 
foreign DNA inserted into ‘edited’ mouse cells 
derived from common laboratory reagents, 
including bacterial DNA (derived from the 
standard use of bacteria as a production 
source of the GE machinery), as well as goat 
and bovine DNA (derived from the animal 
serum present in the culture medium used 
to grow the mouse cells) (Ono et al., 2019). 
Incorporation of foreign DNA, including 
antibiotic resistance genes has also been 

found in the edited ‘hornless’ cow (Norris et al., 
2020). 

Off-target effects are a well-established side 
effect of genome editing, and a huge area 
of focus from developers aiming to reduce 
their frequency. Off-target modifications 
of unintended regions of the genome can 
result in mutations, complex rearrangements, 
translocations, insertions, and deletions of 
genetic material (for example, Kosicki et al., 
2018; Tang et al., 2018; Zhu et al., 2017).

Additional unintended on-target effects can 
be caused when the intended modification 
causes an effect that is different to, or in 
addition to, the desired trait. Targeting 
mutations to specific regions of the genome 
may have just as much an undesired and 
unpredictable effect, such as the disruption 
of plant metabolism, causing subsequent 
alterations in levels of toxins/allergens 
or plant growth, for example. Even if the 
intended modification is achieved without any 
additional unintended effects, genes are now 
understood to often exert more than one trait 
or function. Achieving the intended modified 
outcome for one function of a gene could 
thus be accompanied by unexpected effects 
on other functions of that particular gene (for 
example, Yang et al., 2016).



GENOME EDITI NG – TH E N EXT GM TEC H NO FIX DOOMED TO FAI L     13

Genome editing increases potential 
scope of intervention 

Claims are often made that modifications 
brought about by genome editing are no 
different to the mutations that may arise 
naturally. However, as noted by Kawall (2019), 
genome editing is able to perform genetic 
changes that would not be able to arise 
naturally. Deep interventions, such as the 
engineering of multiple genes simultaneously, 
multiple copies of the same gene, as well 
as genes that would ordinarily be protected 
by natural protective mechanisms, are all 
achievable with genome editing. Genome 
editing advances may also increase the scope 
of species that can be engineered. 

Genome editing still involves old, 
imprecise laboratory processes 

The claim of increased ‘precision’ and thus 
safety has only partial bearing on the potential 
risks associated with GMOs, whether they are 
old or new genome edited versions. Many risks 
associated with first generation GMOs are 
unrelated to what DNA is inserted or where 
it is inserted. Instead the risks are related 
to the inherent unpredictable nature of GE 
(laboratory supporting) techniques, used 
with both existing GMOs and most current 
genome editing methods. This is so, because 
the transformation process used to introduce 
the genetic material into plant tissue as well 
as the tissue culture processes used to grow 
and regenerate the plant tissue are associated 
with unintended effects such as widespread 
DNA mutations and rearrangements (see, for 
example Kim et al., 2003; Latham et al., 2006; 
Makarevitch et al., 2003; Rang et al., 2005; 
Windels et al., 2003). A recent study on an 
herbicide-tolerant GM maize variety attributed 
disrupted levels of potentially toxic proteins 
and metabolites in the crop to the GM process 
– an unintended effect that would not be 
avoided by genome editing tools (Mesnage et 
al., 2016). 

Current global
regulatory 
landscape
Currently, many countries are yet to regulate 
genome editing, and no country in Africa 
has established a specific, specially tailored 
regulatory framework to regulate both the 
technology and its products. South Africa 
currently treats genome editing and live 
GMO products as falling within the ambit 
of its GMO Act (1997). In 2016, the Academy 
of Science of South Africa (ASSAf) published 
recommendations to exclude genome editing 
and other new GE techniques from GMO 
legislation (ASSAf, 2016). In efforts to build a 
case for the improved safety and technical 
potential of new GE techniques, the report 
makes a number of somewhat contradictory 
claims that simultaneously promote the 
safety and efficacy of first generation GM 
crops and highlight their limitations. The 
report promotes a regulatory system with 
a threshold for assessing only crops that go 
beyond what may occur naturally, claiming 
that new techniques are an extension of 
conventional breeding, and thus products 
are indistinguishable from their natural 
counterparts. They advocate for adapting 
biosafety legislation from a process-based 
to a product-based system, which dismisses 
the use of the term ‘biotechnology’ from the 
definition of a GMO. This would remove the 
ability to assess all the unintended effects 
associated with genome editing and its 
supporting techniques.  ACB (2017) responded 
to the report and pointed out that it promoted 
premature industry claims of safety and 
efficacy, and the development of yet more 
herbicide-tolerant crops, and that it blinkered 
promotion of the technology ostensibly to 
benefit small and medium research agencies – 
despite acknowledging the inequitable power 
relationships that arise due to the surge in 
patents, and external control as a result of US 
funding for new GE technologies. 
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Nigeria and Kenya are currently in the process 
of drafting regulations for genome editing, 
and it has been suggested that they may only 
regulate SDN-3 applications, where foreign 
DNA is intentionally inserted (Schmidt et al., 
2020). The European Union and New Zealand 
have already declared that all genome edited 
organisms are GMOs, while pro-GM countries, 
such as Brazil and Argentina, have decided 
to only regulate products that have foreign 
DNA intentionally inserted (SDN-3). In the 
US, genome editing was made exempt from 
regulations in 2018, with automatic approval 
on crops deemed to have alterations that 
could have occurred naturally, while SDN-
3 applications will still have to pass the 
deregulation process applied to current GMOs 
(Stokstad, 2020). China, while leading on 
genome editing research and development 
and registering of patents globally, is yet to 
establish a regulatory framework. In India, 
and various Latin American countries, this 
is still under discussion. It is worth noting 
that as mentioned above, SDN-3 applications 
that insert foreign genetic material are 
more difficult to achieve, and regulations 
that exclude SDN-1 and -2 applications and 
products will not be regulating most genome 
edited plant products that are likely to be 
commercialised in the near future (see, for 
example, Schmidt et al., 2020).
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A case for a ban
on genome 
editing
There is a clear case for banning technologies 
such as genome editing from entering 
and further corrupting food systems and 
environments. The scientific fallacies currently 
being exhorted regarding genome editing are 
tired regurgitations of the initial claims made 
decades ago about first generation GMOs. 
As summarised above, the hurried safety 
claims have been exposed as being hopelessly 
premature, as evidence of imprecision 
and unintended effects have accumulated 
with our growing understanding of how 
these technologies operate. Documented 
unintended effects are being shown to 
parallel those of first generation GMOs that 
are now widely regarded as imprecise, risky 
and incapable of addressing the complex 
challenges of food production. 

First generation GMOs have failed to fulfil 
any of the grand promises made, including 
tackling hunger, increasing food security 
and farmer income, or supporting farmer 
livelihoods. The contrary has, indeed, been 
experienced in South Africa, the only country 
on the continent to commercialise a GM cereal 
staple crop-maize. The nation is suffering 
escalating hunger, displacement of traditional 
and local seed and crop failures, at least in part 
due to ineffective GMO strategies (ACB, 2016; 
ACB, 2020; Oxfam, 2014). The South African 
experience thus serves as a forewarning for 
what will come if the next era of genome 
edited crops is allowed to enter the food 
and agriculture systems on the continent. 
Such genome edited crop plants will serve 
little purpose beyond replacing failing first 
generation GMOs that functioned merely to 
deepen and entrench corporate capture and 
power over seed and food systems on the 
continent. 

GM crop failures have also plagued the 
GMO experience in other nations that have 
commercialised them, from Burkina Faso, 
where inferior quality GM cotton damaged a 
world renowned cotton industry, until the crop 
was banned in 2016 (ACB, 2015), to India, where 
Bt cotton has had long-term impacts that 
have increased farmer input costs due to the 
failure to protect from pests (Kranthi & Stone, 
2020). New research on the debacle in Burkina 
Faso shows that, while Burkinabe smallholder 
farmers were hit with millions of dollars’ 
worth of losses, Monsanto, on the other hand, 
benefited from inflated payment, irrespective 
of the performance of the technology (Luna et 
al., 2020). Most alarmingly, Monsanto profited 
more than was agreed in their contract, and 
were not burdened with any of the risk – this 
was passed on to the smallholder farmers. 
Nonetheless, the narrative of the first GM 
crop destined for smallholder farmers on the 
continent was twisted into one of success, 
with Monsanto – which funds research centres 
in the country – exerting ultimate control 
over the research findings and exaggerating 
and contorting scientific evidence from 
badly conducted studies. This example of a 
public-private partnership led by US interests, 
researchers and funds, exposes claims of ‘co-
ownership’ or ‘co-development’ with African 
partners as a coverup for extracting money, 
regardless of the quality, or lack thereof, of 
their products. 

The latest analyses from India show parallel 
failures, where Bt cotton did not increase 
yields, but instead contributed to increased 
costs of production, and pesticide use overtook 
pre-2002 levels due to pest outbreaks: all of 
which contributed to farmer distress and 
suicide (Gutierrez et al., 2020; Kranthi and 
Stone, 2020). 

Argentina has suffered sharp increases in 
serious diseases, including skin cancers, 
birth defects, reproductive toxicity and 
widespread environmental contamination 
with the GMO-associated herbicides (Avila-
Vazquez et al., 2017; Avila-Vazquez et al., 
2018). There is widespread consensus that 
this industrial production model has failed 
and is a major driver of biodiversity loss 
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(for example, IPBES 2019).Genome editing 
will serve only to prolong and stand in the 
way of a just transition to genuine and 
already successful, ecologically sustainable 
and socially just food systems based 
on agroecology (IPBES-Food, 2016).

During a deeply unstable time of multiple 
economic, environmental and health crises, 
the increased pressure to further corporatize 
African food systems away from biodiverse, 
mixed cropping systems, with free exchange 
of seeds, and majority smallholder farmer 
systems must be strenuously resisted. As 
recently reported by IPES-Food (2020), the 
COVID-19 crisis has highlighted the driving of 
habitat loss and creation of disease conditions 
by industrialised systems, and global supply 
chains and export-oriented agriculture are 
highly vulnerable. Good nutrition is also key to 
supporting human resilience against diseases 
such as COVID-19 (Lancet, 2020), with rises in 
non-communicable disease exacerbated by 
the westernisation of diets that promote the 
double burden of obesity and malnutrition, 
and subsequent COVID-19 co-morbidities 
(Tydeman-Edwards et al., 2018). 

The abovementioned risks of genome editing 
and its centrality to arguments to continue 
down this destructive, industrialised path, 
suggest that their commercialisation would 
mimic experiences of first generation GMOs, 
and should thus be met with resistance. 
Governments must not fall for baseless, 
unscientific hype but instead take heed of the 
lessons of first generation GMOs by ensuring 
precautionary legislation that can protect 
citizens and environment from the risks of GE.

Considerations  
and challenges
for risk 
assessment
If bans cannot be implemented, it will be vital, 
at the very least, to implement robust and 
vigorous regulations that adhere faithfully to 
the precautionary principle and precautionary 
approach. Such regulations need to apply to all 
applications of genome editing (SDN-1, -2 and 
-3). Such a precautionary approach requires 
up-to-date risk assessment protocols and 
processes that capture the risks associated 
with the GE processes, as well as to the final 
product, to minimise risks to human health 
and the environment. 

An assessment of both intended and 
unintended effects of the genetic process, 
as well as of the genetic trait, would be 
needed to detect unintended effects. For 
example, information to detect on- and off-
target changes would be required at the 
level of the genome, epigenome, proteome 
and metabolome, to detect any genetic 
mutations and/or production of novel proteins, 
metabolites and toxins. The issue of off-target 
effects will require more detailed analysis 
than current protocols allow, where the focus 
is largely on detecting changes at target sites, 
within the realm of the concept of ‘substantial 
equivalence’. Genome editing moves the focus 
away from assessing the target site alone, 
which is vital to capturing off-target effects. 
The novel production of RNA, peptides or 
metabolites, and modifications to coding, as 
well as non-coding DNA regions, also pose 
challenges, considering that such alterations 
may occur at unknown sites in the genome. 
Any compositional changes may be subtler and 
harder to detect than agronomic disturbances, 
such as yield or growth. Proposals to 
incorporate global ‘omics’ profiling techniques 
may address some of the challenges in 
detecting such unanticipated effects. 
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Assessing the effects of destroying, or 
‘knocking out’ a gene (SDN-1) also requires a 
move away from the substantial equivalence 
approach, which would involve assessing 
potential toxicity or unintended effect of an 
introduced gene. In such cases, establishing 
methods to assess effects of the entire plant, 
rather than the introduced trait, is more 
pertinent (Agapito-Tenfen et al., 2018). Due to 
the wide variety of potential traits that may 
be developed, compared to the few developed 
with first generation GE, risk assessment may 
also need to consider a broader range of traits 
than those introduced by first generation 
GMOs. Assessing the traits themselves thus 
becomes another important consideration, 
especially considering that many traits will 
be achieved using multiple combinations 
of genetic changes. The increased scope of 
species that could be modified by genome 
editing also moves away from regulatory 
experience that, to date is focused on a few 
cereal and oil crops.

The development of unintended transgenic 
organisms also highlights the importance of 
including a process-based regulatory system. 
Such insertions would have gone undetected 

under product-based assessment only, where 
organisms are only regulated if the trait 
being introduced is novel, regardless of the 
process used to generate it. Such findings 
also illustrate that attempts to exclude SDN-
1 and -2 from biosafety regulation based on 
resultant products not carrying foreign DNA 
is an assumption that should be verified with 
rigorous assessment. 

Challenges for post-release monitoring 
also arise as a result of the more complex 
detection methods that will be required for 
genome edited products, where transgenic 
material is not inserted. In such cases, prior 
knowledge of the modifications introduced 
would be required from the developers to 
assist in monitoring, detecting and labelling 
efforts, in order to ensure consumer choice. 
Proponents often push the claim that 
edited organisms are undetectable and 
thus cannot be regulated due to the lack of 
genetic material introduced and because, 
purportedly, the changes are parallel to 
natural mutations. However, an open-source 
detection method was recently published 
for CIBUS’s canola (Chhalliyil et al., 2020), 
and detection experts have detailed how it 
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is indeed possible to detect them. Ironically, 
CIBUS, in response to this publication, 
are claiming (GMWatch, 2020) that the 
canola’s trait was actually a serendipitous 
unintended mutation that accidentally arose 
in the laboratory as a result of the unstable 
messy process, as relayed above, which 
often results in unintended mutations.  

Further, a regulatory system that moves 
beyond just risk assessment is also key to 
assessing the wider societal and ethical 
concerns raised by genome editing (Myskja 
& Myhr, 2020), such as the potential for 
negatively impacting farmer seed systems 
and their livelihoods, as already experienced 
in Burkina Faso with GM cotton (ACB, 2015), 
increasing the privatisation of foods and 
facilitating the biopiracy of indigenous crops. A 
stringent liability and redress provisions based 
on it will be indispensable. Considerations 
with regard to regulatory oversight over 
laboratory research is another challenge that 
may need addressing. GM work in US research 
institutions has been exposed for violating 
guidelines that require researchers to gain 
safety approvals for GM work (Hammond, 
2020). The inventor of the genome editing 
technique, TALENs, who works in support 
of the genome editing company Calyxt, 
generated dozens of edited crop species that 
only came to light once a patent was filed on 
part of the research. Such unfettered research 
with techniques that are increasing the scope 
of species that can be modified can only be 
heeded with robust oversight.

Conclusion
The idea that we need to rush through 
legislation to allow for ‘revolutionary’ products 
to enter markets is not borne out by evidence 
of either the safety or efficacy of genome 
editing to generate useful traits. Genome 
editing and other new GE techniques are far 
from revolutionary.  Evidence suggests that 
their commercialisation serves little more than 
to reinvigorate a failing model of corporatized 
industrial agriculture. As the world becomes 
aware of the devastating effects of this 
expansion on human and planetary health, 
we call for a clean break-away from the 
continuation of this model, a rejection of 
this new technology and a move towards an 
equitable, safe and sustainable food system 
for all.
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