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On 7 April 2015 the African Centre for Biosafety officially changed its name to the 
African Centre for Biodiversity (ACB). This name change was agreed by consultation 
within the ACB to reflect the expanded scope of our work over the past few years. All 
ACB publications prior to this date will remain under our old name of African Centre 
for Biosafety and should continue to be referenced as such.

We remain committed to dismantling inequalities in the food and agriculture 
systems in Africa and our belief in peoples’ right to healthy and culturally appropriate 
food, produced through ecologically sound and sustainable methods, as well as their 
right to define their own food and agriculture systems.
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Abbreviations
ACB  African Centre for Biodiversity
ARC  Agricultural Research Council
ASSAf  Academy of Science South Africa
CETA  Comprehensive and Economic Trade Agreement
CRISPR  Clustered regularly interspaced short palindromic repeats
CSIR  Council for Scientific and Industrial Research
EU  European Union
GM  Genetically modified
GMO  Genetically modified organisms
IARC  International Agency for Research on Cancer
ICGEB  International Centre for Genetic Engineering and Biotechnology
ISAAA  International Service for the Acquisition of Agri-biotech Applications
ISAAA  International Service for the Acquisition of Agri-biotech Applications
NBT  New breeding technique
NEPAD   New Partnership for Africa’s Development
ODM  Oligonucleotide-directed mutagenesis
PPP  Public-private partnership
TALENS  Transcription activator-like effector nuclease
TTIP  Transatlantic Trade and Investment Partnership
UK  United Kingdom
UN  United Nations
US  United States of America
WEMA  Water Efficient Maize for Africa
WHO  World Health Organization
ZFN  Zinc finger nucleases

Use of Terms
GMO2.0 is an umbrella term for the next generation of GMOs (i.e. the second generation) 
developed with the latest genetic modification techniques.

NBTs refer to the biotechnological techniques employed for the generation of GMOs 2.0. For 
example, the use of Clustered regularly interspaced short palindromic repeats (CRISPR) systems 
to edit DNA.

The Report (with an upper-case R) refers to the ASSAf document being critiqued by the ACB. 
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4   Transitioning from GM maize to agroecology for sustainable, socially just and nutritional food systems in SA

About this paper 
This paper presents an evidence-based 
critique of the Report published by the 
Academy of Science South Africa (ASSAf) 
titled ‘Regulatory Implications of New 
Breeding Techniques’ (the Report). Our 
critique discusses the pro-GM propaganda 
contained in the Report and contrasts it 
with a well-established scientific body of 
concerns surrounding the use of these so-
called new breeding techniques (NBTs), and 
their potential to exacerbate further the 
deepening ecological and social crises in 
South Africa.

In essence, the ASSAf Report calls for the 
exclusion of NBTs from the ambit of South 
Africa’s GMO legislation (ASSAf, 2016), 
but bases its demand on a number of 
scientifically flawed, biased and questionable 
grounds. While the Report is self-described 
as a ‘consensus study’ report, it is, however, 
a consensus report of the GM industry’s 
positions and hype, only, and fails to consider 
the biosafety and socio-economic issues 
that have been raised by various civil society 
organisations, including the ACB.

This year the ACB published two briefing 
papers to raise awareness of the risks 
inherent in these new GMOs, known as 
GMOs 2.0. The first is titled ‘Biosafety 
Considerations of Novel Plant Breeding 
Techniques’ (ACB, 2017a) and the second is 
titled ‘Biosafety Risks of Genome Editing 
Techniques’ (ACB, 2017b). As summarised in 
these papers, GMOs 2.0, in general, involve 
many of the same processes used to produce 
first generation GMOs. These techniques 
come with similar, attendant risks and have 
also introduced additional risks. The new 
technologies incorporate the latest global 
‘omics’ techniques which are now becoming 
routine procedures in the field of molecular 
biology.

Consequently, to protect the safety of 
farmers, consumers, society and the 
environment, and to prevent further 
entrenchment and expansion of the 

corporatisation of South Africa’s food system, 
the ACB is calling for all GMOs 2.0 to be 
defined as GMOs. This will require GMOs 
2.0 be regulated under South Africa’s GMO 
legislation and will facilitate assessment 
of the unintended effects of both first-
generation GMOs and GMOs 2.0. Indeed, all 
existing risk assessment protocols, guidelines 
and procedures should be revised in order to 
respond adequately to the new technologies.

Nevertheless, the ACB is calling for an 
independent assessment by a multi-
disciplinary team of independent experts 
of the health, environmental and socio 
economic impacts that the first generation 
of GMOs has already caused. Further, we are 
calling for a moratoria on the further use of 
GM technology and in particular these so 
called NBTs and calls on our government to 
host open and transparent consultations 
with the public before policy decisions are 
made.

What is ASSAf? 
ASSAf is the national Academy of Science 
of South Africa and represents the country 
in the international community of science 
academies.1 It was inaugurated in 1996 
and began operating in May 2002, when 
the South African parliament passed the 
Academy of Science of South Africa Act (Act 
67 of 2001), as amended. According to its 
website, ASSAf’s mandate encompasses all 
fields of scientific enquiry and the Academy 
comprises the full diversity of South Africa’s 
distinguished scientists. Its key objective is 
“to promote and apply scientific thinking 
in the service of society”. ASSAf is an ardent 
supporter of the commercialisation of GMOs 
across the African continent, describing their 
use as an “exciting opportunity to contribute 
to the nutritional security problem” (ASSAf, 
2010).

The authors of the Report under discussion 
are intimately linked to the GM machinery/
biotech industry. Dr Eugenia Barros is a 
principle researcher at the Council for 

1. From the website of ASSAf https://www.assaf.org.za/index.php/about-assaf/about-assaf, accessed 8 June 2017.
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Scientific and Industrial Research (CSIR), an 
organisation that developed and trialled 
GM sorghum in collaboration with Pioneer 
Hi-Bred (ACB, 2015a). The project was 
bankrolled by the Bill and Melinda Gates 
Foundation. Dr Kingston Mashingaidze is 
from the Agricultural Research Council (ARC) 
and is also country coordinator for South 
Africa for the Water Efficient Maize for Africa 
(WEMA) project, a public-private partnership 
(PPP) funded by the Gates Foundation and 
Monsanto. WEMA is laying the groundwork 
for acceptance of GMOs across the continent, 
under the guise of philanthropic efforts to 
address climate change and hunger (ACB, 
2015b). Dr Iqbal Parker, Director of Research at 
the Health Science Faculty at the University 
of Cape Town, was until recently Director 
of the International Centre for Genetic 
Engineering and Biotechnology (ICGEB) in 
Cape Town. ICGEB is a pro-GM organisation 
and states that its role is to foster “innovative 
approaches for industrial relations at a 
global level and enhance joint ventures 
and other partner-oriented approaches for 
the commercialisation of biotechnology”. 
Reviewers of the Report are also associated 
with the GM industry and include Dr 
Diran Makinde, a senior advisor for the 
New Partnership for Africa’s Development 
(NEPAD). Dr Makinde served on the board of 
AfricaBio (from 2000–2008), a GMO lobby 
group whose financial backers have included 
Monsanto (GMWatch, 2004).

Introduction
With the evolution of new biotechnological 
tools, termed by the proponents of 
genetically modified organisms (GMOs) as 
‘new breeding techniques’ (NBTs), but more 
accurately dubbed GMOs 2.0, GMOs are 
entering a new era. GMOs 2.0 are drawing 
intense scrutiny from biosafety analysts, 
civil society organisations, scientists and 
legislators—because of the potential 
risks they may pose to health and the 
environment—while biotech firms market 
them as the latest development in scientific 
progress and precision, with ‘huge potential’ 
to improve crop traits.

There are ever more biotechnological 
tools for manipulating the genome of an 
organism. (The genome is the complete 
set of genes or genetic material present 
in a cell or organism.) A number of these 
tools are included in discussions about 
whether or not they should be governed 
by existing GMO legislation and regulation 
mechanisms. These new techniques include: 
various forms of gene editing techniques, 
cisgenesis/intragenesis, RNA-dependent 
DNA methylation, reverse breeding, grafting 
to GM rootstock, and agro-infiltration. These 
must all be regulated by robust biosafety 
legislation. (See Box 1 for brief summaries of 
biotechnological techniques used to generate 
GMOs 2.0). Yet the biotech industry and GMO 
proponents are lobbying for these processes 
to be excluded from such legislation. If they 
get their way, products developed by these 
GMO 2.0 technologies will be sold to the 
public without any prior safety testing and/or 
without adequate labelling.

In general, many GMOs 2.0 involve targeted 
changes to genetic material. In theory, this 
results in smaller alterations to the host 
genome than were made to first generation 
GMOs, which were developed using genetic 
engineering techniques in the 1970s and 
80s. This distinction is fuelling a concerted 
effort by proponents of the biotech industry 
to lobby for the exclusion of GMOs 2.0 from 
existing GMO legislation. Current GMO 
legislation usually includes mandatory 
approval and risk assessment, labelling and 
detectability requirements, and sometimes 
addresses socio-economic and ethical 
considerations.

The exclusion of GMOs 2.0 from GMO 
legislation raises serious biosafety and socio-
economic concerns. Not only would this 
mean abandoning the safeguards upheld 
by precautionary principle, as defined by 
the Cartagena Biosafety Protocol of the 
United Nations (UN), it would also remove 
from consumers and farmers the option 
of avoiding such products. As outlined in 
this critique, there is not enough scientific 
data, and no long-term studies are available, 
to properly evaluate the risks that these 
techniques might present. In most cases no 
tools are currently available to identify and 
trace organisms derived by means of some 
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Box 1: ‘New Breeding Techniques’ used to generate GMOs 2.0

Technique Description

Clustered, 
regularly 
interspaced 
short
palindromic 
repeats (CRISPR)

Gene 
editing 
techniques.

Site-directed 
nucleases.
Nucleases act 
like ‘molecular 
scissors’, cutting 
and editing DNA 
at specific, desired 
sites.

Uses a nuclease bound to an RNA 
molecule. The RNA molecule is of a 
specific sequence, synthesised in the 
laboratory to match and therefore 
target a desired sequence/location in 
the genome.

Zinc-finger 
nucleases (ZNF)

Uses an engineered zinc finger 
nuclease to introduce site-specific 
mutations into the plant genome.

Transcription 
activator-
like effector 
nucleases 
(TALENS) and
Meganucleases

Functions similarly to CRISPR, but 
lacks an RNA molecule. The nuclease is 
engineered to recognise and therefore 
target a desired sequence/location in 
the genome.

Oligonucleotide-
directed 
mutagenesis

Oligonucleotide 
directed 
mutagenesis.

Uses synthetic oligonucleotides to 
introduce small, site-specific mutations 
into the plant genome.

Cisgenesis/
Intragenesis

The transfer of a new gene into the 
genome using the same techniques as 
first generation GMOs. With cisgenesis, 
all the genetic material inserted is 
sourced from the one sequence of 
the donor organism (the gene and 
all its regulatory elements), while 
with intragenesis, the inserted DNA 
is recombinant—i.e. made up of a 
composite of genetic material from a 
mixture of genetically related sources, 
combined in the laboratory. In both 
cases the gene is derived from either 
the same or a cross-compatible species.

Agroinfiltration This involves the genetic modification 
of plants to include a gene of interest, 
to infect or transform parts of a plant 
in a temporary or spatially restricted 
manner (for example, just leaf tissue), 
for a maximum of one generation.

Reverse 
Breeding

This involves suppressing meiotic 
recombination to recreate homozygous 
parental lines which, once hybridised, 
reconstitute the composition of an elite 
heterozygous plant without the need 
for backcrossing or selection.

Grafting Grafting the vegetative part of a non-
GM plant (the scion) onto the rootstock 
of a GM plant, to create a chimeric 
plant that shares a single vascular 
system.
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these techniques. This is particularly the 
case with gene editing where, theoretically, 
there may be just a small mutation, which 
may well have occurred naturally. Current 
detection techniques rely on establishing 
the presence of synthetic or foreign DNA 
sequences that would otherwise not be 
there, such as the modified gene promoter 
commonly used and derived from a virus 
(CaMV35S) that is normally not present in 
plants. While studies confirming safety and 
mechanistic understanding are lacking, 
the studies that highlight potential risk are 
available in independent scientific literature. 
Further, NBTs in general involve at least some, 
if not all, the processes used in standard 
genetic engineering—many of which are 
widely acknowledged as biosafety concerns 
significant enough to prohibit GM cultivation 
in most nations of the world. Indeed, none of 
these techniques are actual methods of plant 
breeding, but instead are tools required for 
genetic engineering.

Concerns have been raised also about the 
licencing and patenting of such technical 
procedures, which, potentially, will accelerate 
the consolidation of what is already a 
highly-monopolised seed industry (Ling & 
Hammond, 2016). Monsanto, DuPont and 
Dow Chemical are all working on gene-edited 
plants and Monsanto recently signed a 
string of licencing deals to add gene-editing 
capabilities to its established methods of 
genetically modifying seeds (ACB, 2017c).

In South Africa the debate continues, as is 
the case with most national and regional 
bodies; for example, the European Union 
(EU), where a decision is not expected 
until 2018. However, the governments of 
the United States (US) and Canada, and 
the biotech industry, are already bringing 
pressure to bear on regulatory bodies, 
including the EU, through trade discussions 
such as Comprehensive and Economic Trade 
Agreements (CETAs) and Transatlantic Trade 
& Investment Partnerships (TTIPs), which 
promote the exclusion of NBTs from GMO 
legislation. The new ASSAf Report exerts 
even more pressure on the South African 
government.

The ASSAf Report: 
support for the use of 
new breeding techniques 
for crop development
ASSAf claims that it has a mandate to provide 
“evidence-based scientific advice” to South 
African policy makers, which its new Report is 
purported to fulfil or represent. The objectives 
of the study were described as ensuring 
that “South African policy appropriately and 
adequately addresses biosafety requirements 
of these new techniques to ensure safe and 
sustainable research, development and use of 
their products; and to ensure the regulatory 
requirements are appropriate to the 
technologies and/or their products.”

However, the Report fails to incorporate a 
balanced interpretation of existing scientific 
evidence that considers not only the 
supposed potential of NBTs to improve crop 
development (and medical therapies), but 
also the existing evidence of risk, including 
unintended changes to plant genomes and 
chemistry. Instead, having cherry picked 
current scientific understanding and 
rationale, the Report calls for the exemption 
of NBTs from biosafety legislation and bases 
this on two central claims:

1) That to date GMOs have been proven safe 
and efficacious; and

2) That the new techniques are no less safe 
than conventional breeding—based on 
the premise that the intended changes 
introduced are equivalent to the genetic 
diversity that occurs in nature.

Consequently, the Report recommends that 
South African regulations should shift to 
a product-based regulation that assesses 
risks based on the final product and not the 
process, i.e. the biotechnological techniques 
used to generate them. This approach is 
currently applied in South Africa and other 
regions, including the EU.

The pro-industry bias of the Report is at odds 
with ASSAF’s mandate, which is to provide 
evidence-based scientific advice. If their 
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recommendations to exempt these products 
from regulatory scrutiny are accepted, this 
will threaten the ability of regulators and the 
scientific community to protect the health of 
South African people and the environment. 
It is likely also to exacerbate further the 
current status of deepening hunger in the 
country, attributable in large part to the use 
of unsustainable, industrialised, agricultural 
practices, including the widespread 
cultivation of first generation GM crops.

Claim 1: first generation GM 
crops are efficacious and safe
In order to justify the exemption of GMOs 
2.0 from GMO legislation, the Report makes 
a somewhat contradictory attempt to claim, 
simultaneously, the safety and efficacy 
of first generation GM crops, while also 
highlighting their limitations, in efforts to 
build a case for the improved safety and 
technical potential of NBTs.

The Report makes several claims regarding 
GMO safety and efficacy, including:

1. That GM technology has allowed plant 
breeders to generate “superior plant 
varieties with trait combinations beyond 
the limits imposed by conventional plant 
breeding.”

2. That impacts of GMOs have been positive. 
This is based on a largely unreferenced 
report by the industry-sponsored 
International Service for the Acquisition of 
Agri-biotech Applications (ISAAA).

3. That the “absence of any documented 
evidence of unexpected adverse effects 
caused by GM crops over the past 20 
years confirms the above conclusion [that 
regulations are sufficiently stringent] 
that the exploitation of genetic potential 
is not inherently dangerous when applied 
in conjunction with robust regulatory risk 
analysis frameworks.”

4. “The case for re-evaluating these regulatory 
requirements has been strengthened by 
more than two decades of experience 

(Conko et al., 2016). A review by Weber et al. 
(2012) concluded that unintended DNA-level 
changes that could occur from GM are no 
different from those that occur in plant 
genomes naturally, a finding that was later 
substantiated in a review by Schnell et al. 
(2015). Likewise, Steiner et al. (2013) observed 
that novel toxins not known to occur at 
the genus level have never been known to 
arise spontaneously during conventional 
breeding. These findings are consistent with 
the prediction of the 1989 NRC analysis 
which concluded that crops modified 
by molecular and cellular methods pose 
risks no different from those modified by 
classical genetic methods for similar traits.”

Unfounded claims of GMO efficacy 

These claims go against the current trends 
in GM-based agriculture, which is now 
experiencing the sell-by-date of these 
technologies. Herbicide tolerant crops make 
up an estimated ~85% of all GM crops 
cultivated and they are at risk of becoming 
redundant due to the development and 
epidemic spread of weeds resistant to 
herbicides, primarily glyphosate. This has had 
adverse agronomic and economic outcomes, 
as well as human and environmental health 
consequences. These include: rising pesticide 
use as a direct result of GMO cultivation; 
the increased economic burden on farmers, 
resulting from expensive seed and inputs; the 
management of herbicide-resistant weeds; 
and the widespread contamination of the 
environment with glyphosate—recently 
declared a “probable human carcinogen” 
by the International Agency for Research 
on Cancer (IARC)—the oncology arm of 
the World Health Organisation (WHO). 
Foodstuff, groundwater, rainwater, rivers, 
medical equipment, and sanitary products 
as well as human bodies are contaminated 
with glyphosate residues (see Banishing 
Glyphosate, 2015). A recent study of US 
pesticide use attributed a 7% rise in overall 
pesticide use to GMO cultivation (Benbrook, 
2012), while crop losses due to resistant 
weeds has been estimated to reach US$ 1 
billion a year (Reuters, 2017). Another study 
found that insecticide seed treatment is 
now applied to up to 100% of maize seeds, 
contributing to a huge rise in neonicitinoid 
pesticide use (Douglas and Tooker, 2015).
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Populations in regions where GMO 
cultivation is practiced, such as Argentina, are 
now witnessing the consequences of GMO 
agriculture, including a two- to three-fold 
rise in birth defects and cancers, following 
an 858% rise in glyphosate use since GMOs 
were introduced (Ávila-Vázquez, 2014). The 
health impacts of GMOs themselves have 
been harder to study, largely due to the 
lack of GMO labelling in high consumption 
nations such as the US, that would enable 
human case-control studies to be performed. 
However, the US is suffering a deterioration 
in public health and the rise of numerous 
chronic diseases, including diet-related 
illnesses (Swanson et al., 2014). Whether 
these are, at least in part, due to GMOs and/
or associated chemicals remains untested, 
but it certainly does not indicate any positive 
impact on public health in the US, arising 
from its GMO-based input system.

ASSAf cites a claim made by the-pro industry 
website ISAAA.org, that the last 20 years of 
GMO commercialisation has been a success. 
This is largely based on a meta-analysis 
of 147 studies (Klümper and Qaim, 2014), 
showing reduced pesticide use and yield 
and profit increases. However, this meta-
analysis has been dismissed for its poor 
methodology, including the disproportionate 
exclusion of data on herbicide-tolerant 
crops that make up the vast majority of 
GMOs. One of the largest studies to date 
concluded that the “results indicated that 
profitability was most closely associated 
with yield and not with technology”, was not 
included. This suggests the cherry picking 
of data promoted by ISAAA.org. Further, this 
analysis failed to consider variables such as 
improved germplasm, irrigation, farm inputs, 
mechanisation and farmer support.

Independent data comparing maize crop 
yields in the US Midwest with maize crop 
yields in Europe has shown an acceleration 
of yield increases in Europe, which is largely 
a GM crop-free region (Heinemann et 
al., 2013a). This study is supported by the 
2009 report from the Union of Concerned 
Scientists (Gurian-Sherman, 2009) which 
states that overall rises in crop yields of 
soy bean and maize have been a result of 
traditional breeding techniques and not 
genetic modifications.

Burkina Faso has now completed the 
phasing out process of GM cotton, due to 
the reduced quality of crops postulated 
to be a result of the genetic modification 
process. Introgression of the Bt transgene 
into high quality local varieties resulted 
in inferior cotton lint with short fibres, 
which consequently hurt farmer sales and 
profits. GM crop failures in India have led to 
a decline in GM seed sales by Monsanto. A 
recent study that assessed the link between 
farmer indebtedness and suicide, to Bt 
cotton, found a direct link between Bt cotton 
cultivation and farmer suicides in rain-fed 
areas (Guiterrez et al., 2015). Indeed, GM crop 
cultivation is stalling and the number of 
countries now growing GMOs has dropped 
from 28 to 26 since 2015–2016 (GMWatch, 
2017), although ASSAf quotes out-of-date 
statistics captured in 2015. In addition, 90% 
of GMOs are grown in the Americas, which 
demonstrates that GMOs are far from the 
global industry they are made out to be.

A newly published report by GRAIN dispels 
some of the pro-GM propaganda contained 
in the ISAAA.org report. The Southern Cone 
of Latin America is the region of the world 
that produces the largest quantity of GMOs. 
It has the largest land area under a single 
monoculture, GM soy, spanning 54 million 
hectares across Brazil, Argentina, Uruguay, 
Paraguay and southern Bolivia. In addition 
to sharp rises in illness, resistant weeds and 
glyphosate use, as described above, GRAIN 
reports the spread of GM monoculture 
deserts; the displacement of thousands 
of people, including small-holder farmers; 
the imprisonment of farmers defending 
their land and agricultural practices; the 
destruction of millions of hectares of 
rainforests; industry-led changes to national 
seed laws; soil depletion; the concentration of 
land ownership; a reduction in crop rotation 
and grazing practices; promotion of the 
expansion of environmentally destructive 
industrial meat production; skyrocketing 
greenhouse gases; and less productive soy 
bean cultivation associated with GM varieties 
(GRAIN, 2017).

ASSAf also makes a completely unwarranted 
claim that the GM industry has contributed 
to innovation in the field of molecular 
biology. It bases this on a false contribution 
to the discovery of RNA interference, an 
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epigenetic mechanism for mediating 
gene expression in organisms, which has 
been employed by GM producers. In fact, 
many biosafety experts (Heinemann et al., 
(2013b), Sirinathsinghji (2016)) assert that 
the utilisation of RNA interference in plants 
comes with biosafety risks that have been 
highlighted by the latest discoveries in the 
biology of RNA interference—but ignored by 
GMO producers.

ASSAf’s unfounded claims of GMO 
safety

Despite asserting that GMOs have been 
free of adverse consequences to date, 
ASSAf nevertheless highlights some of the 
issues concerning first generation GMOs, in 
attempts to justify the deployment of NBTs:

some NBTs: “hold huge potential benefit 
as they would allow the relatively quick, 
efficient, accurate and cost-effective 
modification of valuable genetic traits 
in crops, livestock, industrial micro-
organisms, etc. – improving on many 
of the negative aspects associated with 
both conventional breeding and first-
generation GM-technology.” (emphasis 
added).

and that: “The technologies originally 
used to develop transgenics – using 
viral vectors, T-DNA plasmids or 
“biolistics”/“gene guns” – were relatively 
crude techniques and were the most 
common methods for performing 
direct genetic modification when South 
Africa’s GMO Act (Act 15 of 1997) was 
written. Since then molecular biology 
has developed a variety of new genome 
modification techniques. These include 
various tools for genome editing (such as 
zinc-finger nucleases (ZFNs), transcription 
activator-like effector nucleases (TALENs) 
and, in particular, clustered regularly-
interspersed short palindromic repeats 
(CRISPR) that are more precise and 
predictable.”

As the Report rightly acknowledges, 
the techniques used to generate first 
generation GMOs are crude, imprecise, and 
unpredictable. Further, the process of genetic 
modification itself can introduce unintended 

effects. (For a detailed review see Ho, 2013.)
Documented risks of first generation GMOs 
include: 

1. The modification of plant cells in culture 
that are later regenerated into the GM 
plant. The growth of cells in vitro is 
considered highly mutagenic;

2. The random insertion of genetic material 
can disrupt the host genome by disrupting 
the function or activity of a gene it 
inserted into, or a nearby gene. It is known 
that transgenes are more likely to insert 
themselves into actively transcribed 
regions of the genome, and therefore are 
likely to disrupt gene function;

3. Inserted genetic material can cause 
instability of the host genome, leading to 
rearrangements mutations; and

4. Stacking of multiple transgenes can 
have combinatorial effects, or alter the 
expression of transgenes.

Such disruptions can lead to agronomic, 
health and environmental effects. Some 
documented examples include: a Bt cotton 
variety with increased susceptibility to root 
fungal disease, caused by altered levels of 
sugars and amino acids (Li et al., 2009); Bt 
cotton with reduced levels of Bt toxins during 
the flowering period; altered chemistry of 
mature plants, leading to reduced toxicity 
of Bt toxins to pests (Olsen et al., 2005); Bt 
maize (MON810) with an extra copy of the 
transgene insertion, producing novel RNA 
nucleotide products due to the fusion of 
transgene with the maize genome (Singh 
et al., 2007, Rosatti et al., 2008); NK603 
herbicide-tolerant maize with altered 
composition of nutrients in plant, including 
a 28-fold rise in polyamines that can be 
toxic in certain contexts (Mesnage et al., 
2016); and Golden rice, where the genetic 
material inserted caused disruption of genes 
involved in chlorophyll and growth hormone 
production, that led to dwarfed and stunted 
rice (Villar, 2017). These effects were observed 
when introgressing the gene into local Indian 
varieties of rice (Bollinedi et al., 2017); and GM 
cotton in Burkina Faso, where reduced fibre 
length was observed following transgene 
introgression into local varieties.

These unintended effects provide 
justification for the robust and precautionary 
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regulation of GMOs, based on the 
biotechnological processes used to derive 
them.

Claim 2: NBTs generate 
genetic changes equivalent 
to conventional breeding 
techniques and are 
therefore not GM
New techniques are not an extension 
of natural breeding

The Report describes GMO 2.0 techniques 
as a continuation in the evolution of plant 
breeding, dating back 10 000 years. This 
is a deliberate, false and disingenuous 
equivalency often pushed by GMO advocates. 
Natural breeding does introduce genetic 
variation, but this is a natural mechanism 
for introducing species diversity at the level 
of the DNA contributed by both parents, 
preserving the integrity of the genome with 
letter-by-letter exactness. This key distinction 
means that conventional breeding is far more 
precise and carries fewer mutation-related 
risks than genetic engineering.

The Report makes several attempts at 
comparing the techniques used to generate 
GMOs 2.0 with mutation breeding. Unlike 
GMOs, propagating material/seeds generated 
by mutation breeding escaped regulation 
due to ignorance on the part of regulators, 
who were not fully aware of the risks when 
the technique was first introduced. In order 
to dismiss the risks of mutations associated 
with new GM techniques, ASSAf attempts to 
conflate mutations derived from mutational 
breeding with natural genetic diversity. 
This allows it to extend the rationale of 
natural genetic diversity being without 
inherent hazard, to GMOs 2.0, which also 
introduce mutations such as those made 
with gene editing techniques. See Box 2 for a 
description of mutation breeding.

Box 2:  Mutation breeding explained

A mutation is a change or alteration in 
the genetic sequence of the genome. 
The genetic sequence consists of four 
“bases”, or “letters”, like the alphabet, 
whose specific sequence determines the 
information contained within it. Altering 
or mutating the sequence thus alters the 
content and information of the genetic 
sequence, which has the potential to 
affect the traits of the organism, in 
relation to health, behaviour and any 
other characteristics.

Mutational breeding is the use of 
chemical agents or UV irradiation to 
mutate the genome of the plant. Certain 
known chemicals and UV are known to 
cause damage to DNA and have therefore 
been employed to generate novel plant 
traits. Mutations generated can be single 
base changes, or small to large deletions 
of bases, to rearrangements of bases.

The Report states that mutation breeding 
has been beneficial to plant breeding, has a 
history of safe use, and is free from inherent 
safety hazards that potentially could have 
resulted from mutations generated by the 
technique and the 2 300 varieties that have 
been generated in the last 15 years. However, 
mutation breeding is not a widely-used 
technique. A total of ~3 200 varieties, only, 
have been generated using mutational 
breeding. This number includes ornamental 
plants and all the cross breeds that derive 
from mutation varieties (Open Earth Source, 
2014) but it is dwarfed by the varieties 
generated by conventional breeding, though 
the total number of conventional varieties 
is hard to estimate. As an indication of the 
vast numbers generated by conventional 
breeding, by 2009 at least 770 000 
conventional varieties were stored in the 
Svalbard seed vault; this exposes the minor 
contribution that mutational breeding has 
made to advances in plant breeding. Further, 
the seeds kept in the vault are estimated to 
represent only a third of seeds from the most 
important food crops.
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Indeed, the reason why mutagenesis 
is not widely used is because it is risky, 
unpredictable, and inefficient at generating 
useful varieties. Experts conclude that 
most induced mutations are harmful and 
lead to unhealthy and/or infertile plants. 
A report by the GM Science Review Panel, 
of the government of the United Kingdom 
(UK), concluded that mutation breeding 
“involves the production of unpredictable 
and undirected genetic changes and many 
thousands, even millions, of undesirable 
plants are discarded in order to identify 
plants with suitable qualities for further 
breeding.”

According to a report by molecular biologist 
Dr Mike Antoniou et al., (Open Earth Source, 
2014): “Mutation breeding is not the same as 
conventional breeding. While radiation- and 
chemical-induced mutation breeding has been 
used in tandem with conventional breeding, it 
is not in itself conventional breeding. Mutation 
breeding only escaped regulation because of 
the widespread ignorance about the potential 
effects of mutations in food crops at the time 
that the method began to be used in crop 
breeding.”

Indeed, one study found that mutation 
breeding is more disruptive to gene 
expression than genetic engineering and 
concluded that both methods should be 
subjected to safety testing (Batista et al., 
2008). Mutation breeding has proven to 
be inefficient in generating improved crop 
varieties. It is also worth noting that most 
of the useful varieties generated are derived 
from mutations that destroy the function 
of the gene in a way that has a beneficial 
agronomic effect, not by remodelling or 
fine-tuning with precision mutations. This 
emphasises the crudity of the process. 
Examples cited by Open Earth Source (2014) 
include semi-dwarf rice, high oleic-acid 
sunflower, low-linolenic acid canola, and 
semi-dwarf barley.

The fact that the risks of mutation breeding 
have been overlooked by regulators does 
not justify overlooking the risks of GM crops 
as well, and regulations should be revised 
accordingly. This should not be used, as 
has been attempted by ASSAf, to downplay 
the risks of mutations induced by GMO2.0 
techniques.

GMOs 2.0 have inherent risks similar, or 
in addition to, first generation GMOs  

Many of the techniques used to generate 
GMOs 2.0 employ procedures identical to 
first generation GMOs and consequently 
produce the same, or different, attendant 
risks. The Report does well to avoid detailing 
the procedures involved and the similarities 
between the new and old GM techniques. 
Most of these involve the manipulation 
of the plant cells in culture (in vitro), and 
transformation techniques that introduce 
either the genetic material or gene editing 
molecules into the cells (except for reverse 
breeding, grafting to GM rootstock, and 
agroinfiltration). As mentioned earlier, 
such procedures are known to introduce 
mutations into the plant cells that later will 
be generated into the GM plant (Antoniou, 
2012).

Indeed, cisgenesis and intragenesis employ 
identical methods of GM procedures as 
standard first-generation crops. Genetic 
material is transformed into plants, using 
the very techniques described as “crude” by 
ASSAf, after which it is inserted randomly 
into the genome. It can thus disrupt the host 
genome in the same way as first-generation 
crops. The fact that the DNA comes from 
a sexually compatible species does not 
free itself from such biosafety hazards. For 
example, a recent study reveals that DNA 
taken from one sexually compatible, edible 
species, and transferred to another, can 
render the novel DNA product toxic to mice. 
This data shows that the safety of genetic 
material in its native context does not mean 
it can be assumed safe once it is taken out of 
its natural context. The authors of the study 
concluded that the resultant protein product 
of the GM plant had altered structure, which 
made it immunogenic to mice (Prescott et al., 
2005).

Considering the evidence of biosafety 
risks highlighted by independent scientific 
research, ASSAf’s Report makes unfounded 
claims that cisgenesis does not pose inherent 
hazards above those produced by natural 
genetic variation, since the DNA comes from 
sexually compatible species:

“Neither the (induced) mutagenesis of 
a defined genome, nor the (induced) 



DECEPTION OR DISHONESTY? A CRITICAL REVIEW OF THE ACADEMY OF SCIENCE IN SOUTH AFRICA’s (ASSAf’s) REPORT ON SECOND GENERATION GMOs

13
recombination of genetic material 
within sexually compatible species, e.g. 
cisgenesis, can introduce risks that could 
conceivably not also originate naturally 
– and the resulting products should 
therefore not be regulated.”

 
Despite the above assertion, the Report does 
indeed recognise the risks of cisgenesis—not 
in the main text, but in the appendix, where 
it states:

• “Proteins may be expressed that have 
never been part of the human or animal 
diet.

Increased expression of endogenous plant 
genes may affect the food and feed 
safety via altered biochemical properties.

• Disruption of existing ORFs [open reading 
frames] or creation of new ones due 
to random insertion of the cisgene in 
any part of the genome which in turn 
may lead to changes in the chemical 
composition of the plant.

• Due to position effects, the expression of 
the cisgene may differ from expression 
of the endogenous gene in its natural 
genomic position.

• Insertional mutagenesis (e.g. deletions, 
rearrangements) may occur at the 
insertion site of the cisgene.

• As transformation methods usually 
are applied in cell cultures, unintended 
changes in the plant genome may occur 
as a result of the in vitro culture.”

How the Report can argue in favour of no 
or deregulation of such a technique, when 
it is able to recognise such biosafety risks, 
warrants explanation and justification.

Novel risks associated with the process of 
gene editing have been raised by several 
biosafety specialists. Gene editing protocols, 
including the most popular, CRISPR, can have 
unintended effects elsewhere in the genome, 
in the form of off-target activity of the gene 
editing machinery, as well as unintended 
effects at the target site.

Off-target activity of gene editing techniques 
is widely recognised as part and parcel of the 
procedure. For detailed biosafety analysis 
of the risks of gene editing techniques, see 
Agapito-Tenfen, 2016, as well as Heinemann 
et al., 2013b. A vital study published in Nature 

Methods in 2017, since the release of the 
ASSAf Report, has revealed the magnitude of 
unexpected off-target effects from CRISPR, 
including not only 1 500 single nucleotide 
mutations, but 100 larger deletions and 
insertions, none of which were predicted 
by computer algorithms that are routinely 
used for predicting off-target effects. The 
experiments were performed on mice that 
had undergone CRISPR treatment to correct 
a mutation that causes blindness. The use of 
CRISPR for therapy forces researchers to be 
far more stringent when assessing potential 
side-effects than those who work on plant 
varieties.

Studies on the use of CRISPR for therapeutics 
in human cells have also detected off-target 
effects in edited human embryos, using a 
technique that analyses DNA sequences for 
protein-coding genes (exome sequencing) on 
a global level—i.e. an unbiased wide-reaching 
search across the genome (Liang et al., 2015). 
This is a global profiling technique that 
provides the type of comprehensive analysis 
recommended by biosafety experts for 
inclusion in GMO risk assessment legislation. 
Another study found that off-target effects 
were as, or even more, frequent than the 
intended changes at the target site in human 
cells (Fu et al., 2013). These unintended effects 
were also noted for DNA sequences that were 
not perfectly matched to the sequence at the 
site they were designed to target.

Unintended effects at the target site arise 
from the fact that gene editing techniques 
rely on employing the native DNA repair 
machinery of the cell to perform the desired 
genetic alterations. Such mechanisms are 
incompletely understood. Depending on 
the mechanism, the repair process can 
introduce changes at the junctions of the 
repair process. This depends on several 
factors which we do not understand, 
but the ASSAf Report omits any of these 
uncertainties. Instead, it presents a false 
impression of scientific understanding of 
the mechanisms involved, and the resultant 
modifications they make to the genome. 
In fact, it is clear there are important gaps 
in scientific knowledge regarding gene 
editing techniques—both their desired and 
undesired effects. Further, most studies 
on these techniques have been performed 
on organisms other than plants, such as 
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mammalian cells and microorganisms. 
Consequently, our understanding of species-
dependent outcomes is inadequate.

A study analysing four plant species with 
CRISPR modifications found that, at the 
target sites alone, there were various 
different deletions and additions of DNA. 
With regard to oligonucleotide directed 
mutagenesis (ODM), studies have revealed 
non-target modifications, including the 
introduction of a single nucleotide change. As 
published by Pioneer Hi-Bred International, 
six of the 40 maize clones generated had 
alternative mutations to the single-base 
mutation they were attempting to generate 
(Zhu et al., 1999). The above-mentioned study 
by Liang et al., 2015, also detected unexpected 
mutations due to inefficient and variable 
repair mechanisms being employed by the 
human embryonic cells.

Random integration of DNA fragments 
used in certain techniques is also an 
unaddressed possibility. Techniques such 
as ODM introduce novel genetic material 
which, theoretically, could integrate into the 
genome. This is important for the argument 
regarding what defines a GMO; but ASSAf is 
pushing for products that are (theoretically) 
free from exogenous DNA to fall outside the 
scope of GMO legislation.

It is key that such unintended changes, which 
are the result of gene editing techniques, 
have the same potential to induce 
unintended effects that can also alter the 
biochemical properties of the plant—as is 
the case with first-generation GMOs. These 
unintended effects are a result of the process 
of the technique employed, and are specific 
to each technique.

To summarise, the independent data 
described above exposes unfounded claims 
by ASSAf that NBTs “do not create multiple, 
unknown, unintended mutations throughout 
the genome”.

Pushing for the deregulation of 
GM crops developed with new 
plant breeding techniques
The conclusion to the ASSAf Report 
recommends the exclusion of new 
techniques that introduce genetic variation 
beyond the threshold seen with conventional 
varieties of crops, arguing that the current 
GMO Act already establishes this concept:

“The principle that organisms should be 
regulated according to the risks they may 
pose based on their modified genetic 
composition should remain the prime 
consideration. Genetic variation that 
may also occur in nature does not pose 
biosafety risks beyond that which may 
also occur naturally and therefore does 
not warrant regulation.”

and:

“The current definition of a GMO in the 
GMO Act can comfortably accommodate 
the above considerations regarding NBTs 
and clearly establishes genetic variation 
– beyond that which may occur naturally 
– as the threshold for regulation.”

The argument that GMOs 2.0 are 
indistinguishable from those already 
excluded from legislation is not relevant 
to the Cartagena Biosafety Protocol, 
which South Africa has ratified, where 
distinguishability is not relevant to the 
definition of a GMO, nor is the description 
of the process involved. Further, the degree 
to which they are indistinguishable depends 
on the technology available to analyse 
them. New global profiling techniques, as 
performed by Liang et al., (2015), exemplify 
this fact. The increasing sensitivity of 
profiling techniques that are able to detect 
unintended changes can now reveal the 
extent of such changes—which may 
otherwise have gone undetected.

Based on the idea of distinguishability, the 
Report recommends adapting the biosafety 
regulation of GMOs, from a process-based to 
a product-based system, which dismisses the 
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use of biotechnology from the definition of a 
GMO:

“The actual source of the risk that 
should be managed is the NBT-derived 
product, not the process through 
which it was developed … In addition, 
the same technique can often yield a 
wide variety of different products or 
different techniques that can be used to 
develop the same product. A product-
based regulatory trigger is therefore the 
rational choice.”

The Report concludes:

“A product-based regulatory framework 
has distinct advantages over a process-
based system. Product-based regulatory 
triggers ensure an appropriate focus on 
the actual source of possible risks, i.e. the 
hazard, and enable the establishment 
of suitable, resilient regulatory 
parameters, which will remain relevant 
and appropriate, irrespective of future 
technological developments.”

This alteration is necessary for those pushing 
for the deregulation of GMOs 2.0, precisely 
because, under South Africa’s current 
legislation—the GMO Act—GMOs 2.0 would 
currently fall under its jurisdiction. The GMO 
Act should therefore be clarified to ensure 
that it contains the ability to regulate GMOs 
2.0, precisely because a processed-based 
system allows consideration of the risks 
associated with the techniques.

Conversely, ASSAf’s argument fails to take 
into account the inherent risk associated with 
the GMO 2.0 techniques themselves, some 
of which are well recognised as occurring 
with first-generation GMOs, as well as novel 
and distinct issues like the occurrence of 
off-target effects. Unlike ASSAf, biosafety 
analysts are recommending that such novel 
risks be considered and incorporated into risk 
assessment. Indeed, such techniques are now 
being employed on first-generation GMOs 
by independent scientists and are revealing 
unintended effects that have long since been 
predicted—and denied by GM proponents 
(Mesnage et al., 2016). Accordingly, the 
Cartagena Protocol on Biosafety defines GMO 
as ‘any living organism that possesses a novel 
combination of genetic material obtained 

through the use of modern biotechnology’. 
The drafters rightly acknowledged that any 
definition of ‘modern biotechnology’ should 
include new techniques not yet envisaged 
at the time the Protocol was adopted, 
recognising that technologies continue to 
develop and the Protocol needs to include 
potential new processes yet to be envisaged, 
which could lead to novel combinations 
of genetic material, through the use of 
biotechnology.

ASSAf promotes yet more 
herbicide-tolerant crops as 
latest in biotech progress
The Report calls for a global “harmonised” 
regulatory approach so as not to “stifle 
innovation”, or generate “costly regulatory 
burdens” for technologies that have 
“huge potential benefits” … “especially in 
a developing world context”. However, we 
have grown used to, and indeed, weary 
of, hearing such claims of the potential 
for genetic engineering to solve all our 
agricultural problems—having failed to see 
them materialise over the last 20 years. As 
seen with first generation GMOs, instead of 
delivering crops with improved agronomic 
traits, as we were promised, the vast majority 
of commercialised GM crops are instead 
tolerant to chemical pesticides, or produce an 
insecticidal toxin.

Despite the much-acclaimed evolution in 
biotechnological techniques as breakthrough 
tools with huge potential for generating 
improved traits, we now know that they are 
largely limited to the generation of further 
herbicide-tolerant crops. This is testament to 
the outdated scientific paradigm of genetic 
determinism, which demonstrates the belief 
that tweaking and altering genomes can 
have a predictable and definitive effect on 
complex traits, such as drought tolerance. It 
also exposes the commercial desire of the 
biotech industry to maintain the chemical-
GM crop connection, in order to maintain 
pesticide profits. Indeed, ASSAf’s very own 
Report cites four examples of GMO 2.0 crops 
generated: one is a herbicide-tolerant rice, 
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the second is a cotton crop, both herbicide-
tolerant and insect resistant (expressing 
a Bt toxin); the third and fourth examples 
are a rice that is resistant to blight disease, 
and an apple with an introduced pigment 
called anthocyanin for an “appealing 
red appearance and an increased level 
of anthocyanin-based antioxidants”. 
Anthocyanin is a molecule already commonly 
found in pigmented vegetables and fruits. We 
must ask ourselves if these traits have even 
a theoretical capacity to improve agricultural 
outcomes for the general population and 
those who are food insecure.

Conclusions  
The scientific uncertainties surrounding the 
biosafety of NBTs means that any products 
developed with such techniques should be 
covered, explicitly, by robust GMO legislation. 
Further, traceability and the labelling of 
GMOs are prerequisites for the freedom 
of choice for both consumers and farmers, 
and their exclusion from regulation could 
accelerate the privatisation of seed and its 
ownership by multinational corporations, 
to the cost of South African consumers and 
farmers. ASSAf claims that the use of NBTs 
are “advantageous” to bio-innovation due to 
their accuracy and cost effectiveness. Also, 
ASSAf claims that NBTs are being developed 
by many “small research and development 
agencies” and are being used “to improve 

nutritional quality of maize”. In the next 
sentence, however, the Report mentions 
that the number of publications and patents 
have increased 100-fold. This begs the 
question: How will such technologies be 
more cost-effective for the multinationals, 
like Monsanto, who have already 
obtained licencing agreements for CRISPR 
technologies?

 The ACB calls for open and transparent 
consultations with South Africans, in 
order to inform the policies being decided 
by their government. Further, in order to 
protect the safety of farmers, consumers, 
society and the environment, and to prevent 
further entrenchment and expansion of the 
corporatisation of South Africa’s food system, 
the ACB is calling for all GMOs 2.0 to be 
defined as GMOs. Nevertheless, we are calling 
for an independent assessment  by a  multi-
disciplinary team of independent experts 
of the health, environmental and socio 
economic impacts that the first generation 
of GMOs have already caused. Further, we 
are calling for a moratoria on the further 
use of GM technology and in particular 
these so called NBTs. ACB is of the strong 
view- backed by evidence -that the first 
generation GM technologies-now on their 
way out- have caused massive social inequity 
and environmental damage and deepened 
hunger and poverty in the country. The time 
is overdue for SA to transition out of these 
unsustainable systems towards agro ecology 
and food sovereignty.
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