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R E V I S E D   D R A F T  –  1st July 2014 comments welcome! 
 

The Politics of GMOs1 
 

Introduction  
 

Environmentalists and many on the left have been campaigning against genetically-
modified organisms (GMOs) since the 1990s. Dire warnings of danger were issued 
and many feared the immediate health and other consequences of these new crops. 
But today, while Europe remains virtually GM-free, GM-crops are grown widely, 
particularly in the USA, Brazil, Argentina, India, Canada, and China. The worst fears 
have not been realised and a number of erstwhile campaigners are now adamant that 
opposition was misguided at best, or even malign.2  
As I write there is a growing movement to force the European Union into modifying 
its stance towards GM crops. Negotiations on the Transatlantic Trade and Investment 
Partnership (TTIP) between the EU and the US to create a gigantic free trade area are 
inevitably calling it into question. The stakes are high and pressures to shatter the 
virtual moratorium on growing GM crops in Europe is coming under intense pressure. 
The Environmental Council has recently (12 June) voted to allow member states 
discretion as to whether or not to grow GM crops that have been approved at EU 
level, a decision which now moves to the European Parliament for ratification. 
Ostensibly allowing member states to opt out of growing such crops, its effect is 
likely to lead to a weakening of controls at EU level and the raid expansion of GM 
crops in a small number of EU states.3 

Does it matter? Aren’t GM-crops safe? Hasn’t time proved the critics wrong? I argue 
that in essence the answer is no; that it is not ‘anti-scientific’ to call for extreme 
caution with regard to GMOs; that there are real dangers; that the science is not 
neutral; and that the development of GM is driven overwhelmingly by corporate need 
and corporate greed rather than by any desire to alleviate human suffering and to 
“feed the world”. There are alternatives. Another agriculture is possible. 

 

                                                
1 This is a much-delayed write-up and reworking of a talk given to the Red Green Study Group on 18 
January 2014. Thanks to all there for helpful comments and to Fern Wickson and Erik Millstone for 
help along the way. Needless to say, I am solely responsible for what appears here. This draft was 
completed in early June and marginally edited and contextualized on 1st July (see particularly the 
second paragraph below), before posting, for comment, on Academia. 
2 e.g. Mark Lynas in the UK: “I am also sorry that I helped to start the anti-GM movement back in the 
mid 1990s...”- See http://www.marklynas.org/2013/01/lecture-to-oxford-farming-conference-3-
january-2013 (viewed 19 January 2014); in the US Patrick Moore (see fn7 below). But people have 
also moved the other way e.g. government scientist and designated spokesperson to assure the public of 
the safety of GMO crops for Agriculture Canada for 30 years, Dr Thierry Vrain. See 
http://commonground.ca/2013/10/dr-thierry-vrain-gmo-whistleblower/ (viewed 25 April 2014) 
3 See EU Environmental Council Press Release 10415/14, PRESSE 323 
“Council reaches agreement on the cultivation of genetically modified organisms” at 
http://www.consilium.europa.eu/uedocs/cms_Data/docs/pressdata/en/envir/143178.pdf ; “EU go-ahead 
for GMO crops”, The Ecologist, 12 June 2014 
http://www.theecologist.org/News/news_round_up/2434887/eunbspgoahead_for_gmo_crops.html 
(both viewed 1st July 2014) 
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Golden Rice 
I begin with the fairy tale of Golden Rice and the wicked radical scientists, anti-
scientists and activists who are opposed to it. 
On its website,4 the Golden Rice Project (GRP) tells us that in 2012 the World Health 
Organization reported about 250 million preschool children affected by Vitamin A 
deficiency (VAD), a major cause of blindness in children. The Project calculates that 
with sufficient vitamin A, up to 2.7 million under-fives children could be saved from 
dying unnecessarily. 

The Golden Rice Project aims to add vitamin A to rice as a potential cure for VAD 
and the blindness arising from it. But no naturally occurring rice has high levels of ß-
carotene, a precursor to vitamin A, so this can’t be done by conventional breeding 
techniques. So the GRP has modified the rice genome via genetic engineering, to 
insert genes from daffodils and a common soil microorganism that together produce 
ß-carotene in the rice grain.  

The process was invented by Professor Ingo Potrykus, then of the Institute for Plant 
Sciences, Swiss Federal Institute of Technology, and Professor Peter Beyer of the 
University of Freiburg, Germany, after many years of work, in 1999. Their motives 
were entirely humanitarian; but realising the complex technological and intellectual 
property rights issues involved, they teamed up with Syngenta in a public-private 
partnership. Syngenta describes itself on its website as “one of the world's leading 
companies with more than 28,000 employees in some 90 countries dedicated to our 
purpose: Bringing plant potential to life.”5 Syngenta has arranged royalty-free access 
to the patents and intellectual property, held by several biotechnology companies, that 
are used in producing GR. The work we are assured “will be managed by the Golden 
Rice Humanitarian Board and by the public institutions that are licensees in target 
countries. No charges will be levied for the use of the trait.” 

This is presented as a model example of public-private cooperation, a symbiotic 
employment of skills and expertise. Syngenta is not in it for profit; health will be 
improved for some of the poorest on the planet; and the progressive potential of 
modern technology established beyond reasonable doubt. 

What’s to question? Why the doubt? Yet, there is widespread, indeed outright, 
opposition – from radical scientists, from organisations like Greenpeace, and from 
peasant farmers’ organisations on the ground, especially those grouped in and around 
La Via Campesina. Environment Secretary Owen Paterson said recently: “It’s just 
disgusting that little children are allowed to go blind and die because of a hang-up by 
a small number of people about this technology. I feel really strongly about it. I think 
what they do is absolutely wicked.”6 

                                                
4 http://www.goldenrice.org/Content3-Wh; /why1_vad.php (viewed 20 Feb 2014) 
5 http://www.syngenta.com/global/corporate/en/about-syngenta/Pages/about-syngenta.aspx (viewed 7 
April 2014). In its My-June 2003 newsletter, the Etc Group said: “With 2001 annual sales of US$5,430 
million, Syangenta is the world’s second largest agrochemical corporation, accounting for almost 20% 
of the global market. Syngenta is the world’s third largest seed corporation, after Dupont and 
Monsanto.” http://www.etcgroup.org/sites/www.etcgroup.org/files/publication/167/01/termcom03.pdf , 
p.6 (viewed 25 April 2014) 
6 Interview with the Independent, 13 Oct 2013 - 
http://www.independent.co.uk/news/uk/politics/opponents-of-third-world-gm-crops-are-wicked-says-
environment-secretary-owen-paterson-8877634.html (viewed 25 April 2014) 
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There is also a lobby organisation Allow Golden Rice Now, started by Patrick Moore 
(a former leader of Greenpeace in the US): “We are calling on the countries that are 
Party to the Rome Protocol to investigate this situation with an eye to taking 
Greenpeace before the International Criminal Court to answer for their crime against 
humanity.”7 And a picture of Kumi Naidoo, director of Greenpeace is captioned: “The 
organization's scientific blindness has led to the actual blindness of 8 million people, 
mostly children.”8 
Just what is going on? What is the opposition to Golden Rice all about? Why are 
radical scientists opposing such an apparently progressive development? Why are 
they opposed to genetically-modified organisms (GMOs) in general?  

I hope answers to these questions will become clear by the end of this article. 
 

GM-crops are widely grown in the world today  
The International Service for the Acquisition of Agri-biotech Applications (ISAAA) 
bills itself as “a not-for-profit international organization that shares the benefits of 
crop biotechnology to various stakeholders, particularly resource-poor farmers in 
developing countries”. According to its 2013 report,9 since the first plantings of GM 
crops in 1996, more than 1.5 billion hectares have been successfully cultivated – 50% 
more than the total land mass of China or the United States. 

Of the 27 countries that planted biotech crops in 2013, 19 were developing and 8 were 
industrial countries. For the second consecutive year, in 2013, developing countries 
planted more hectares than industrial countries and, in that year, a record 18 million 
farmers, up 0.7 million from 2012, grew biotech crops; over 90%, or over 16.5 
million, were small resource-poor farmers in developing countries. 7.5 million small 
farmers in China and another 7.3 million in India, grew Bt cotton alone. The US 
continued to be the lead country with 70.1 million hectares, with an average around 
90% adoption across all crops, Brazil second with 40.3 million hectares and 
Argentina third with 24.4 million hectares. India, which displaced Canada for the 
fourth place had a record 11 million hectares of Bt cotton with an adoption rate of 
95%. Canada was fifth at 10.8 million hectares with decreased plantings of canola but 
maintained a high adoption rate of 96%. In 2013, each of the top 5 countries planted 
more than 10 million hectares  

Even in the EU some five countries (mainly Spain) planted a record 148,013 hectares 
of biotech Bt maize, up 15% from 2012. 

Again, what is going on? GM-crops are ardently supported by many, grown widely, 
full of promises that they will increase crop yields, reduce pesticide use, improve 
nutrition, and make farmers lives easier here and in the developing world, and indeed 
feed the world. They have nonetheless been vehemently opposed by a whole variety 
of social movements, NGOs and independent scientists in both the North and the 
South since their earliest days.  
Hasn’t time proved that the concerns voiced are unfounded? Have any of the 
problems anticipated and feared actually occurred? 

                                                
7 http://www.allowgoldenricenow.org/crimes-against-humanity (viewed 20 February 2014) 
8 ibid 
9 http://isaaa.org/resources/publications/briefs/46/contents/default.asp 



 4 

 
What is genetic modification? 

Before answering these questions, and looking at the politics of it all, it is necessary to 
get to grips with at least the basic science. If one is against GE (genetic engineering) 
or GMOs (genetically modified organisms) what, precisely, is one against? There is a 
huge danger of being seen as – or indeed being – anti-scientific, reactionary and 
simply against progress, at least in the field of genetic research, because it isn’t 
“natural”.  

It is worth acknowledging from the outset that much of the argument around GMOs is 
often tinged with high emotion, with inaccuracy sometimes bordering on hysteria. A 
lot of this is found in the pro-GMO rhetoric, but we must acknowledge that the anti-
GMO side is not always exempt. 

What I shall do first is look at the science and identify risks associated with it. I shall 
then look at the regulatory system to see how well these risks are acknowledged and 
protected against – in terms of food safety and the wider environment – before 
identifying the interests that lie behind the promotion of the GM way. 

Germplasm is the hereditary material contained in every cell and plant germplasm is 
the raw material of plant breeders from time out of mind. Plant breeding is the art and 
the science of improving plant varieties by selection, inbreeding and crossbreeding 
and lies at the heart of farming since the Neolithic revolution. A wide range of 
processes, including the use of biological processes to achieve desirable ends (e.g. 
fermentation to produce alcohol, yeast growth to make bread), go collectively under 
the term biotechnology. In recent decades plant breeding and genetic understanding 
generally has advanced by leaps and bounds with such techniques as gene 
identification, marker-assisted selection, tissue culture and more, techniques which 
are in no ways problematic in themselves. Marker-assisted selection, for instance 
which helps identify genes linked to important traits, can speed up conventional 
breeding and is not controversial. Nor is tissue culture which while used in GM plant 
development is also widely used for all kinds of other purposes as well. Medical 
science would hardly exist today without it. 

The terms genetic modification or genetic engineering however, are recently 
introduced terms to describe a distinctive process, one that needs to be distinguished 
from other techniques. They are different names for the same process, GE being more 
commonly used in the United States. The process will be referred to by the 
abbreviation GM in what follows.  
As Wikipedia puts it, “Recombinant DNA (rDNA) molecules are DNA molecules 
formed by laboratory methods of genetic recombination (such as molecular cloning) 
to bring together genetic material from multiple sources, creating sequences that 
would not otherwise be found in biological organisms.”10 
It is the process of transferring genes across species, something that does not 
normally happen in natural processes, that is the cause for concern and agitation. 
What, precisely, does plant GM technology do?11 Essentially, it involves splicing 

                                                
10 http://en.wikipedia.org/wiki/Recombinant_DNA  (viewed 12 May 2014) 
11 There are innumerable descriptions of the processes involved but I found particularly helpful the 
account in Michael Antoniou, Claire Robinson & John Fagan (2012), GMO Myths and Truths: An 
evidence-based examination of the claims made for the safety and efficacy of genetically modified 
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genetic material from bacteria, viruses, and other organisms into plant genomes to 
endow plants with novel and (hopefully) desirable traits, such as resistance to the 
application of an herbicide that would otherwise kill the (non-engineered) plant, or the 
ability to fight disease on its own by the insertion of the natural insecticide Bacillus 
thuringiensis (commonly known as Bt), into the plant genome. 
A tissue from the plant to be modified is cultured to produce millions of like cells. A 
gene containing new and desirable properties is then inserted into these cells in the 
hope that it will become an integral part of the plant’s DNA and transmit the desirable 
trait to future generations of the plant. This is done either with a ‘gene gun’ (which 
literally shoots the GM genes into the cells) or by linking the gene to a special soil 
bacterium Agrobacterium tumefaciens, – which has been termed the ‘natural genetic 
engineer’ – which then infects the plant and can insert the gene into the cell’s DNA.  

Millions of cells are involved; but the process of insertion is a pretty random one and 
relatively few cells will successfully have incorporated the new gene in the right 
place. The rest have to be killed off with chemicals and the few grown on. These will 
be examined over time to see how well they express the trait that has hopefully been 
incorporated into them and a few, a very few, of these plants may then be further 
selected for breeding and ultimate commercialization. (It is worth noting that these 
plants are not assessed at this stage for health, environmental or nutritional values.) 
Most GM-crops planted today are so-called first generation, concentrating on input 
traits such as herbicide, insect pest and disease resistance. The commonest examples 
are plants which are resistant to Monsanto’s proprietary weedkiller Roundup so can 
survive a blanket spraying of the crop with this pesticide; or plants which have a Bt-
gene inserted into them so that they naturally produce insecticidal proteins. 

Second-generation GM crop products under development have focused on output 
traits. These are designed to increase the appeal to consumers, for example by 
incorporating quality traits such as flavour enhancement; or improved nutritional 
traits as in the Golden Rice example mentioned above with its incorporation of the ß-
caroteine gene. 
There is also a potential third generation of plants to be used as ‘factories’ to 
manufacture antibiotics, proteins or even vaccines. 
Much of the work, especially with regard to first-generation crops – the ones that are 
widely grown in many countries in the world today – was based on the assumption 
that genes coded for proteins in a relatively simplistic way, a single gene causing a 
single, identifiable effect. In reality, traits such as drought-resistance are genetically 
complex and cannot be produced by manipulating one or two genes, as is now 
becoming clear. Indeed, you could argue that the whole paradigm of the genetic 
engineering technology is based on a misunderstanding. Genetic Resources Action 
International (Grain) puts it nicely: ‘Crop plants are complex living beings, not Lego 
blocks. Their productivity is a function of multiple genetic and environmental factors, 
not some elusive “productivity gene.”’12 

                                                
crops, London, earthopensource, 10, [henceforth Antoniou et al] downloadable at 
http://earthopensource.org/files/pdfs/GMO_Myths_and_Truths/GMO_Myths_and_Truths_1.3b.pdf, 9-
10 (viewed 19 January 2014). Stop press: 19 May 2014. An updated and expanded version of this 
publication has been posted online but I’ve not had time to do more than skim it for this draft. 
12 Grain, whose work goes back to the 1980s, describes itself as “a small international non-profit 
organisation that works to support small farmers and social movements in their struggles for 
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In fairness, this is widely recognised in the scientific and corporate community and 
taken into account in research work today. Every scientist now learns that any gene 
can give rise more than one protein and that inserting a gene anywhere in a plant 
eventually creates rogue proteins. Some of these proteins are potentially allergenic or 
toxic. But somehow this knowledge seems to be ignored when it comes to discussions 
about the implications of growing and consuming GM foods. 

 
Safety and regulation 

Instead, there seems to be an almost deafening consensus to the effect that GM foods 
are safe. 

In 2012 we had this unequivocal statement from the American Association for the 
Advancement of Science:  

“Indeed, the science is quite clear: crop improvement by the modern molecular 
techniques of biotechnology is safe… The World Health Organization, the American 
Medical Association, the U.S. National Academy of Sciences, the British Royal 
Society, and every other respected organization that has examined the evidence has 
come to the same conclusion: consuming foods containing ingredients derived from 
GM crops is no riskier than consuming the same foods containing ingredients from 
crop plants modified by conventional plant improvement techniques.13 
The popular view is well expressed by Nathanael Johnson, food writer for Grist, who 
produced a series of articles on the GM food debate:  
“Is there any evidence that genetically modified food is directly harmful to people 
who eat it? There’s a one-word answer to this: no… The most persuasive evidence is 
that millions of people have been eating genetically modified foods for the past 20 
years without any obvious ill effects.”14  
Many draw analogies with conventional plant breeding and argue that the processes – 
and the risks – are of the same order. For example, FAO/WHO, Safety aspects of 
genetically modified foods of plant origin, back in 2000 argued that: “The potential 
occurrence of unintended effects is not unique to the application of recombinant DNA 
techniques, but is also a general phenomenon in conventional breeding.” And the 
Golden Rice Now website echoes this, claiming: 
“Regarding the genetic engineering step, conventional plant breeding involves the 
uncontrolled transfer and simultaneous random recombination of many thousands of 
genes from all parents involved. Therefore, safety concerns in respect of the 
deliberate and controlled transfer of no more than two genes, as in this case [Golden 
Rice], is unwarranted.”15 

So, are those who raise objections simply blimps, akin to climate-change denialists? – 
an argument increasingly appearing in the literature? Pace those cited above, and the 
many others jumping on the bandwagon, there is no simple consensus as there is – 
                                                
community-controlled and biodiversity-based food systems”. [http://www.grain.org/]. The quote is 
from http://www.grain.org/article/entries/4720-gmos-fooling-er-feeding-the-world-for-20-years. 
13 Statement by the AAAS Board of Directors, ‘On Labeling of Genetically Modified Foods’, 20 
October 2012 at archives.aaas.org/docs/resolutions.php?doc_id=464 (viewed 7 April 2014) 
14 http://grist.org/food/the-genetically-modified-food-debate-where-do-we-begin/ (viewed viewed 9 
January 2014) 
15 http://www.goldenrice.org/Content3-Why/why3_FAQ.php (viewed 24 February 2014) 
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now – with climate change. The argument among scientists, particularly those 
concerned about GMOs, is far more nuanced, and far more uncertain, than the 
arguments above would suggest. 
It is worth clearing the air a bit. First, the argument that conventional plant breeders 
have been exchanging genes from time immemorial and therefore there can be no 
problem simply doesn’t hold water. In truth, conventional breeding is minimally 
mutagenic, involving as it does the exchange of genetic materials between plants of 
the same species. Yes, it is theoretically possible that the process of selection by 
traditional methods could pose some dangers, but as Freese & Shubert point out: 
“Over the past 10,000 years, it is likely that plant varieties that have adverse 
reproductive effects have been eliminated from our food supply…”16 For, as Michael 
Hansen, senior scientist, at the US Consumers Union puts it in similar vein: “people 
and the food they eat have long co-evolutionary history”17 
An Expert Panel Report on the Future of Food Biotechnology produced by the Royal 
Society of Canada describes the assumption and processes of conventional breeding 
well.18 The germplasm with which breeders are working is already highly selected. 
Even so, the process of crossing and selection will produce new gene combinations 
which, while the changes are likely to be small, may also be numerous across the 
genome. Collectively these will generate a new phenotype which is assessed by 
growing it on and comparing it with existing varieties, by laboratory (e.g. chemical) 
analysis of the new plant material as well as in comparative field trials on multiple 
sites and over time. New traits such a herbicide tolerance, disease resistance, altered 
oil profile or whatever may be found; and their stability will be monitored under field 
conditions. It is assumed that any negative impacts on the rest of the genome will be 
detected in the field tests. 
Generally “tests for direct human impacts such as toxicity or allergenicity would not 
normally be included in such routine variety evaluation, unless there were a prior 
history of problems of this nature associated with the species in question” for the 
implicit assumption is “that new combinations of existing genes operating within 
highly selected germplasm are not expected to generate harmful outcomes.”19 

There are good reasons for thinking it might it be different with GMOs. Antoniou et 
al summarise the argument like this: “Genetic engineering is completely different 
from natural breeding and entails different risks. The genetic engineering and 
associated tissue culture processes are imprecise and highly mutagenic, leading to 
unpredictable changes in the DNA, proteins, and biochemical composition of the 
resulting GM crop that can lead to unexpected toxic or allergenic effects and 
nutritional disturbances.” 20 
William Freese (2007) identifies two classes of risk. One arises from the novel trait 
itself, examples of which, Freese suggests, include the unresolved potential for 

                                                
16 Freeze, William, and David Schubert. “Safety Testing and Regulation of Genetically Engineered 
Foods.” Biotechnology and Genetic Engineering Reviews 21 Nov 2004, 16 (viewed 8 January 2014) 
17 http://gmwatch.org/index.php/news/archive/2013/15023-golden-rice-myths (viewed 24 February 
2014) 
18 An Expert Panel Report, “Elements of Precaution: Recommendations for the Regulation of Food 
Biotechnology in Canada.” Ottawa, Ontario: The Royal Society of Canada, 2001, 178ff. Available for 
download at rsc-src.ca/sites/default/files/pdf/GMreportEN.pdf 
19 ibid, 179 
20 Antoniou et al, section 1, 10 
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allergic reactions from consumption of bacteria-derived insecticidal proteins 
introduced for example into GM maize to repel pests; harm to “non-target” insects 
(such as the Monarch butterfly); and the creation of more problematic weeds 
associated with herbicide-tolerant (especially glyphosate-resistant) crops. 

A second class of largely risks arises from extensive mutations to plant genomes 
caused by the haphazard and mutagenic engineering process, which can disrupt plant 
metabolism, potentially leading to the generation of harmful new compounds, 
increased levels of native plant toxins, or decreased nutritional content.  

As Freese & Schubert put it: “At present, we do not understand the mechanisms of 
GE-induced changes in gene expression in sufficient detail to make an outcome 
prediction of the type that can be made when crossing two strains such as wheat that 
have been eaten safely for thousands of years.”21 

From a purely scientific point of view, caution, above all, and then more caution, 
would seem to be the watchword. Without looking at wider political and social issues 
surrounding GM technologies we should expect, at the very least that we have a 
robust regulatory system to take account of the known and unknown risks associated 
with such a radically new technology. But this is not the case. 
 

The Regulatory system  
The best thing that can be said of the regulatory system, in the USA or Europe, is that 
if you were designing a coherent system you would be unlikely to start from where 
we are now. 

Let’s start with a look at the US regulatory system. 
First, who is responsible for food safety – the biotech companies developing new 
plants or the regulatory agencies, particularly the US Food & Drug Administration 
(FDA)? It’s not an easy question to answer. Philip Angell, Monsanto’s director of 
corporate communications was quite clear in 1998: “Monsanto should not have to 
vouchsafe the safety of biotech food. Our interest is in selling as much of it as 
possible. Assuring its safety is the FDA’s job”22 
The FDA is equally clear. It’s guidelines state: “Ultimately, it is the food producer 
who is responsible for assuring safety. FDA has long regarded it to be a prudent 
practice for producers of foods using new technologies to work cooperatively with the 
agency to ensure that the new products are safe and comply with applicable legal 
requirements. It has been the general practice of the food industry to seek informal 
consultation and cooperation, and this practice should continue with respect to foods 
produced using the newer techniques of genetic modification.”23 

Curiously, Monsanto’s GM potatoes, which incorporate a Bt gene, don’t come within 
the purview of the FDA at all. Bt is treated not as a food additive but as a pesticide, so 
any regulation of it is dealt with by the Environmental Protection Agency. Its criteria 
                                                
21 Freeze & Schubert, 14  
22 cited in Michael Pollan, Playing God in the Garden, NYT October 25, 1998 
http://www.nytimes.com/1998/10/25/magazine/playing-god-in-the-
garden.html?pagewanted=all&src=pm (viewed 15 April 2014) 
23 
http://www.fda.gov/food/guidanceregulation/guidancedocumentsregulatoryinformation/biotechnology/
ucm096095.htm (viewed 15 April 2014) 
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are weaker than those of the FDA which requires ''a reasonable certainty of no harm'' 
in a food additive. As James Maryanski, (a GM-food enthusiast, who oversees biotech 
food at the FDA) pointed out, this a standard most pesticides could not meet: by 
definition “pesticides are toxic to something”.24 So the EPA approach is different and 
establishes human ''tolerances'' for each chemical and then subjects it to a risk-benefit 
analysis. What does this amount to in practice? Michael Pollan, in pursuit, asked the 
EPA and discovered that “ the EPA works from the assumption that if the original 
potato is safe and the Bt protein added to it is safe, then the whole New Leaf package 
is presumed to be safe…”25 That would appear to be the extent of the risk analysis. 
Let’s look at the process in more detail.26 

The regulators rely almost exclusively on data provided by the developer. FDA policy 
on how to deal with GM foods was developed under Michael Taylor, deputy 
commissioner for policy and former Monsanto attorney – and later its VP for public 
policy. It does not require any safety tests for labeling nor does it approve foods as 
safe; there is a voluntary programme for pre-market review of all GM foods – and the 
company remains responsible for their safety. It seems designed largely to protect the 
FDA from legal liability, rather than the public from potential food dangers. In 
practice there does generally seem to be notification but only of summaries of the 
research not of the methodology or the detailed analysis. This research carried out by 
or on behalf of the company is commercially secret. 

What is the research trying to assess? The approach is based on “substantial 
equivalence” of a natural food and its GM alternative – “the strong, a priori 
presumption that GE crops are largely the same as their conventional counterparts.”27 
The concept derives originally from the OECD, a body concerned with removing 
artificial barriers to trade rather than protection of pubic health; it would treat foods as 
substantially equivalent if they contains similar amounts of a few basics like protein, 
fat, carbohydrate. There is no clear definition of the term. Millstone & Brunner, 
writing in Nature in 1999 are unequivocal in their criticism of the concept: 
“Substantial equivalence is a pseudo-scientific concept because it is a commercial and 
political judgment masquerading as if it were scientific. It is, moreover, inherently 
anti-scientific because it was created primarily to provide an excuse for not requiring 
biochemical or toxicological tests.”28 

In Europe and elsewhere the situation is not so very different, though the 
precautionary principle is more to the fore, written into the Lisbon Treaty with regard 
to environmental damage.29 When it comes to assessing dangers of GMOs, the 
European Food Safety Authority (EFSA), the relevant agency, responsible for all 
aspects of food safety from pesticides to GMOs, relies on the concept of “comparative 
safety assessment”. But this is really “substantial equivalence” under another name. 
Indeed its inventors were open about this, wanting to use a term that was less subject 

                                                
24 see Pollan, note above 
25 ibid 
26 I draw heavily and freely here on Freese & Shubert as well as on Antoniou et al’s summary of the 
issues 
27 Freese & Shubert, 5 
28 Nature 1999, 401:525-526 (viewed 8 April 2014 in the International Food Study Archives at 
http://www.foodsafety.ksu.edu/en/news-details.php?a=3&c=29&sc=220&id=32105) 
29 http://europa.eu/lisbon_treaty/full_text/index_en.htm, Article 191, para 2 
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to controversy.30 
The problematic nature of the concept of “substantial equivalence” is brilliantly 
highlighted by the Expert Panel Report on the future of Food Biotechnology carried 
out by the Royal Society of Canada. In summary: “The Panel finds the use of 
“substantial equivalence” as a decision threshold tool to exempt GM agricultural 
products from rigorous scientific assessment to be scientifically unjustifiable and 
inconsistent with precautionary regulation of the technology.” 31 
The Report points to an intrinsic tension and indeed a logical confusion between the 
presence of “novelty” in a new plant genotype, on the one hand, and the designation 
of “equivalence” on the other. Canadian Seed Regulations are clear that a ‘“novel 
trait” introduced into cultivated seed… [is one that] is not substantially equivalent… 
to other cultivated seed on the same species in Canada (181) and Canadian Feeds 
Regulations make precisely the same distinction. The Report argues that “substantial 
equivalence” is in fact used in two different ways. One is an “on-the-face-of-it” 
equivalence which functions as a decision procedure: “Because “on its face” the new 
food appears equivalent, there is no need to subject it to a full risk assessment to 
confirm our assumption.” The other way, treating substantial equivalence as a safety 
procedure would “require[s] a scientific finding that the new food does not differ from 
its existing counterpart in any way other than the presence of the single new gene and 
its predicted phenotypic change. i.e. In every other way […] it will have been 
demonstrated to be identical to the existing food. Once this finding is made, the food 
can then be considered (i.e. “treated as”) safe, in as much as the existing food is 
already considered safe”. (182) 
It is the former interpretation that is commonly used by regulatory agencies and the 
Panel was in no doubt that it was “based upon unsubstantiated assumptions about the 
equivalence of the organisms”.(182) Much of the rest of the Report spells out what 
would be involved in rigorous scientific testing for safety, the obvious approach 
being, as the Report makes clear, direct testing for harmful outcomes: human toxicity, 
allergenicity or other health effects.(186) It calls for a comparison of any two 
genotypes within a crop species at four levels: DNA structure, gene expression, 
protein profiling and metabolic profiling.32 
The Panel was aware that there were cost implications to what was recommend but 
believed that the technologies to carry out the tests needed largely existed already and 
that “these development costs should be regarded as a necessary long-term 

                                                
30 Antoniou et al, 26 
31 Royal Society of Canada, “Elements of Precaution…”, ix 
32 ibid, 187-89. In brief: One: it should be possible to see where any new gene has been inserted and to 
check whether there are any other additional changes in the DNA (Roundup Ready soy, they note, 
studied a decade after its release, was found to have short, extra stretches of DNA in it, not detected in 
the original approval process.) Two: the assumption that a genome with a single novel trait will differ 
from the original solely in terms of this novel trait is known to be unwise as linear models have not 
proved to be “good predictors of complex biological systems”. Thousands of genes are being expressed 
by any plant at any given time in a coordinated way; so we should look out for this and its possible 
effects. Three: the assumption that a single gene codes for to a single protein is a rough and ready one; 
novel proteins should be identified and, if found, tested for potential allergenicity or anti-nutritive 
activity. And four: plant-derived toxicity problems arise from the accumulation in plant tissue of 
unusual species-specific metabolites (that’s how plants, immobile organisms in challenging 
environments, protect themselves). So it is important to check that transgene insertion has not altered 
the secondary metabolite profile of the food tissues in such a way as to cause risk to humans, animals 
or the environment. 
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investment, both in the future of the major Canadian crop systems and in the genetic 
technologies capable of adding value to them.” (190) 

One doesn’t have to be alarmist and indeed the Canadian Panel was not. They were 
however adamant, as they put it in the Executive Summary, that “that approval of new 
transgenic organisms for environmental release, and for use as food or feed, should be 
based on rigorous scientific assessment of their potential for causing harm to the 
environment or to human health. Such testing should replace the current regulatory 
reliance on “substantial equivalence” as a decision threshold.”33 

Freese & Shubert in similar vein conclude that “It is clear that the US regulatory 
process must be made mandatory, as well as more stringent and transparent.” And 
they, too, like the Expert Panel of the Royal Society of Canada, outline safety testing 
procedures that “should be sufficient, in conjunction with standard crop testing 
procedures, to determine if a new GE product falls within the accepted norm of safety 
of current food crops.” (17) 

That there are problems in practice is not really in doubt. Antoniou et al give what 
they call the “useful analogy… of a BSE-infected cow and a healthy cow. They are 
substantially equivalent to one another, in that their chemical composition is the same. 
The only difference is in the shape of a minor component of a protein (prion), a 
difference that would not be picked up by a substantial equivalence assessment.”34 
Many experiments suggest that GMO crops and others are not equivalent. The same 
authors give a list of examples, including a GM soy that had 12–14% lower amounts 
of cancer-fighting isoflavones than non-GM soy; oilseed rape engineered to contain 
vitamin A that had much reduced vitamin E; a GM rice with much lower nutritional 
value than its non-GM equivalent; an early and widely-planted variety of Roundup 
Ready® soy that turned out to be much more sensitive than non-GM soy varieties to 
heat stress and more prone to infection…35 

Similarly, with regard to Bt crops etc the EPA does very little to assess either the 
health effects of eating these crops or their effect on non-target insects (e.g. honey 
bees or Monarch butterflies). 
How significant these risks would be judged to be would obviously vary, case by 
case. But not to be aware of them in advance where the science and commonsense is 
available to tell us they exist, let alone deny that they might exist, is surely nothing 
short of negligence.36 Since, as Freese & Schubert point out, postmarket 
epidemiology is impossible in the absence of labeling, and genetic manipulations are 
essentially irreversible, we must get it right the first time.37 
The precautionary principle is sometimes called on in this context to help set a 
convincing regulatory framework. It is embedded in international law, defined for 
instance in the 1992 Rio Declaration in this way: “Principle 15 : In order to protect 
the environment, the precautionary approach shall be widely applied by States 
according to their capabilities. Where there are threats of serious or irreversible 

                                                
33 ibid, (x) 
34 Antoniou et al, 24-25 
35 ibid 25, 19 
36 The Canadian Biotechnology Action Network offers a summary of world regulatory regimes at the 
end of its briefing on ‘Regulation and Policy’, http://www.cban.ca/Resources/Topics/Regulation-and-
Policy (viewed 8 April 2014) 
37 Freese & Shubert, 14 
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damage, lack of full scientific certainty shall not be used as a reason for postponing 
cost-effective measures to prevent environmental degradation.”38 

Introducing a 2013 Guardian symposium on the principle, Andy Stirling puts it well: 
“lack of evidence of harm, is not the same thing as evidence of lack of harm… [T]he 
crux of precaution lies in the rigour of taking similar care in avoiding the scientific 
error of mistakenly assuming safety, to avoiding mistakenly assuming harm.”39 

There is an extensive and legitimate debate on the precautionary principle – as to 
whether it can bear the weight put on it, as to which definition one should use (14 
have been identified as in common use), 40 and over whether the costs of inaction 
might outweigh the costs of action in certain circumstances – which I will not go into 
here. But, because it acts as a restraint on unbridled experimentation, there has also 
been an articulated ideological attack on the principle, misportraying it, for instance, 
as a simplistic defence of the status quo by those who fear science and the future.41 
The House of Commons Science and Technology Committee is currently 
investigating: “GM technology potentially offers an array of benefits, but concerns 
are being expressed that it is being held back by misuse of the precautionary 
principle.”42 And in the US there is a real abhorrence of the principle among business 
interests, expressed for example by two senior (Rep and Dem) senators laying down 
red lines for the negotiations on the Transatlantic Trade and Investment Partnership: 
“Reflecting the view of most U.S. farm and business groups, [Senators] Baucus and 
Hatch stressed that agricultural disputes with the EU must not be resolved by 
incorporating the precautionary principle into the regulatory provisions of the 
proposed transatlantic trade pact.”43  

In practice it does not seem to be giving us much practical, regulatory guidance, even 
in the EU which claims to respect it. But it is curious that in the US, which seems to 
see the precautionary principle as nothing more than a non-tariff barrier to trade in 
commercial applications, is gung-ho about invoking it in another discursive field – 
that of international politics. Tom Engelhardt has shown how a perverted version of 
the principle has become dominant in the discourse of terrorism and weapons of mass 
destruction. Whether we are faced with purported threats such as Saddam Hussein’s 
nuclear or chemical and biological warfare programme, the Iranian – or al-Qaeda’s – 
bomb, we simply can’t take the chance. Using Ron Suskind’s description of this as 
the “one percent doctrine”, Engelhardt defines its essence thus: “if there was even a 
1% chance of an attack on the United States, especially involving weapons of mass 

                                                
38 http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=78&ArticleID=1163 
39 For links through to all the contributions, go to http://www.theguardian.com/science/political-
science/2013/jul/12/precautionary-principle-science-policy (viewed 19 May 2014). Andy Stirling’s 
article is at http://www.theguardian.com/science/political-science/2013/jul/08/precautionary-principle-
science-policy 
40 http://en.wikipedia.org/wiki/Precautionary_principle (viewed 19 May 2014) 
41See e.g. Tracey Brown’s over-heated response to Andy Stirling at 
http://www.theguardian.com/science/political-science/2013/jul/09/precautionary-principle-blunt-
instrument (viewed 19 May 2014) 
42 Andrew Miller MP, chair of The House of Commons Science and Technology Committee , February 
2014 at  http://www.parliament.uk/business/committees/committees-a-z/commons-select/science-and-
technology-committee/inquiries/parliament-2010/gm-foods-and-application-of-the-precautionary-
principle-in-europe/ (viewed 19 May 2014) 
43 http://www.reuters.com/article/2013/02/12/us-usa-eu-trade-idUSBRE91B1H120130212 (viewed 19 
May 2014) 
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destruction, it must be dealt with as if it were a 95%-100% certainty”. 44 But when 
faced with issues arising with regard to GMOs or climate change, scepticism about 
the possible dangers is the order of the day. And having the power to control what 
gets defined as a problem takes us to the heart of the matter. 

For regulation is always a contested terrain and independent scientists, 
environmentalists and movement activists as well as corporate interests all make their 
presence felt. The corporate interests, unsurprisingly, tend to swamp all others. The 
notion of a debate in which “purely scientific” criteria reign supreme is a chimera. 
There is always the issue of what these criteria are, and how they are weighed in their 
application. The capture of regulatory institutions by those they are supposedly 
designed to regulate is a well-known sociological phenomenon.45 (Indeed the theory 
of “capture” owes much to right-wing economists who originated it as an argument 
against regulation as such.)  
The fate of the Expert Panel’s recommendations in Canada is best understood in this 
light. Despite the recommendations apparently being taken very seriously, with the 
Government of Canada taking the initiative to develop an action plan that would take 
them to heart, remarkably little changed. Peter Andrée followed up on these 
responses. He reports, for example, that the Canadian Food Inspection Agency’s 
response to the recommendations for enhanced regulatory scrutiny with regard to 
environmental assessment “were not taken seriously”; that “it is remarkable how little 
action has been taken… by departments and agencies” on the recommendations to 
improve peer review; that despite agreeing that more public information was required 
“there is little evidence to date that the steps taken] are actually making the regulatory 
system more transparent”. And so it goes, to the conclusion that: “There appears to be 
a culture within the Canadian regulatory system for GMOs that simply does not 
recognize the value of the more precautionary approach proposed by the RSC 
Panel.”46 
As far back as 1992, when Monsanto’s glyphosate residue levels exceeded the EPA 
acceptable level of 6ppm, they simply lobbied the EPA to change them – and they 
were duly raised to 20ppm.47 Safety considerations normally play second fiddle to 
trade ones. The US government has a longstanding commitment to GM crops and 
actively promotes and encourages them worldwide; and an aversion to regulation that 
might be deemed to inhibit competitiveness is endemic. The truth is that no regulatory 
regime anywhere in the world requires long-term or rigorous safety testing of GM 
crops and foods. The steady raising of the Maximum Residue Level (MRL) of 
glyphosate in soybeans by various regulatory regimes is an interesting case in point as 
“MRL values appear to have been adjusted, not based on new scientific evidence, but 
pragmatically in response to actual observed increases in the content of residues in 
glyphosate-tolerant GM soybeans.”.48 

                                                
44 Tomgram: Engelhardt, “Is Climate Change a Crime Against Humanity?”, 22 May 2014 at 
http://www.tomdispatch.com/blog/175847/ (viewed 22 May 2014) 
45 See numerous examples of US regulatory institutions accused of cozying up to those they should 
regulate at http://en.wikipedia.org/wiki/Regulatory_capture (viewed 2 June 2014) 
46 Peter Andrée (2006), "An analysis of efforts to improve genetically modified food regulation in 
Canada", Science and Public Policy 40, 4: 514-28, 382,383,384 
47 Freese & Schubert, p.5 
48 ‘The legally acceptable level of glyphosate contamination in food and feed, i.e. the maximum residue 
level (MRL) has been increased by authorities in countries where Roundup-Ready GM crops are 
produced, or where such commodities are imported. In Brazil, the MRL in soybean was increased from 
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There is in today’s world no shame in moving from a corporation to become a 
regulator and then back again as the example of Michael Taylor and Monsanto (see 
above) shows. Indeed, it can be seen as part of the much wider phenomenon of the 
open door that exists between government and the corporate world – and that has 
indeed been pushed ever more widely open in recent neoliberal times.  
The European Food Safety Authority (EFSA) is worryingly close to the industry it is 
supposed to regulate. As Corporate Europe Observatory (CEO) reported in 2011, 
three out of fifteen EFSA board members were advisors to big food companies and a 
fourth a director of a fund that had shares in a company selling GM feed; and of the 
24 members of EFSA’s stakeholders consultative platform, which meets 3X a year to 
advise the Executive Director, fully 16 are industry lobby groups.49 Many members of 
the scientific panels EFSA sets up have direct or indirect links to companies whose 
activities fall under EFSA's remit. A CEO report published in October 2013, found 
that 59% of such panels members had such links.50 The issue has long festered and 
finally on 3 April 2014 the European Parliament passed a resolution to ban scientists 
with ties to the agriculture and food industries from working at the agency.51 

                                                
0.2 mg/kg to 10 mg/kg in 2004: a 50-fold increase, but only for GM-soy. The MRL for glyphosate in 
soybeans has been increased also in the US and Europe. In Europe, it was raised from 0.1 mg/kg to 20 
mg/kg (a 200-fold increase) in 1999, and the same MRL of 20 mg/kg was adopted by the US. In all of 
these cases, MRL values appear to have been adjusted, not based on new scientific evidence, but 
pragmatically in response to actual observed increases in the content of residues in glyphosate-tolerant 
GM soybeans.” Thomas Bøhn and Marek Cuhra, ‘How “extreme levels” of Roundup in food became 
the industry norm’, Independent Science News, March 24, 2014 
http://www.independentsciencenews.org/news/how-extreme-levels-of-roundup-in-food-became-the-
industry-norm/ (viewed 25 April 2014) 

49 Observatory, Corporate Europe. “Serial Conflicts of Interest on Efsa’s Management Board”, 23 
February 2011  corporateeurope.org/sites/default/files/2011-02-23_mb_report.pdf (viewed 25 April 
2014) 
50 CEO (Corporate Europe Observatory), “Conflicts on the Menu: A Decade of Industry Influence at 
the European Food Safety Authority (Efsa).”  (2012, Feb). 
http://www.corporateeurope.org/sites/default/files/publications/Conflicts_%20on_the_menu_final_0.pd
f. See also Claire Robinson, N Holland, D Leloup, and H  Muilerman. “Conflicts of Interest at the 
European Food Safety Authority Erode Public Confidence”, J Epidemiol Community Health  (2013). 
51 http://corporateeurope.org/pressreleases/2014/04/european-parliament-demands-stricter-regulation-
conflicts-interest-eus-food (viewed 25 April 2014) 
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Source: http://corporateeurope.org/efsa/2014/04/food-industry-must-be-kept-bay-risk-assessment-its-products 

 
So there is real fightback, but it is against a regulatory system and a set of scientific 
practices that are heavily weighted against independent research and science. That 
might sound over the top. After all, there are thousands of research biotechnologists 
and related scientists in institutions around the world. Surely they are, in the main, 
independent-minded, relatively impartial people trying their best to evaluate research 
findings without bias? The answer, of course, is that many of them are. But the 
research environment has changed almost out of recognition in recent decades and the 
regulatory environment is simply not up to the job. 
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In essence, funding for independent research is not readily available. Approval of 
GM-crops rests on research provided by the companies themselves which do not have 
to make their raw data accessible to independent outsiders. Likewise industry uses its 
patent-based control of GM-crops to restrict independent research; and where 
permission is given, corporations often reserve the right to block publication. 
It is worth quoting at length from a highly critical 2009 Scientific American Editorial 
on the subject:52 

Unfortunately, it is impossible to verify that genetically modified crops perform 
as advertised. That is because agritech companies have given themselves veto 
power over the work of independent researchers. 

To purchase genetically modified seeds, a customer must sign an agreement that 
limits what can be done with them. (If you have installed software recently, you 
will recognize the concept of the end-user agreement.) Agreements are 
considered necessary to protect a company’s intellectual property, and they 
justifiably preclude the replication of the genetic enhancements that make the 
seeds unique. But agritech companies such as Monsanto, Pioneer and Syngenta 
go further. For a decade their user agreements have explicitly forbidden the use 
of the seeds for any independent research. Under the threat of litigation, 
scientists cannot test a seed to explore the different conditions under which it 
thrives or fails. They cannot compare seeds from one company against those 
from another company. And perhaps most important, they cannot examine 
whether the genetically modified crops lead to unintended environmental side 
effects. 
Research on genetically modified seeds is still published, of course. But only 
studies that the seed companies have approved ever see the light of a peer-
reviewed journal. In a number of cases, experiments that had the implicit go-
ahead from the seed company were later blocked from publication because the 
results were not flattering… 

It would be chilling enough if any other type of company were able to prevent 
independent researchers from testing its wares and reporting what they find—
imagine car companies trying to quash head-to-head model comparisons done 
by Consumer Reports, for example. But when scientists are prevented from 
examining the raw ingredients in our nation’s food supply or from testing the 
plant material that covers a large portion of the country’s agricultural land, the 
restrictions on free inquiry become dangerous. 

Partly as a result of this exposure, a new licensing agreement was negotiated in 2010 
between Monsanto and the USDA. But it is still restrictive (and the USDA is no 
independent body being proudly committed in advance in favour of GMOs). 

Also in 2009 the EPA launched a public consultation on biotech crops. A letter from 
26 maize researchers submitted a statement saying that “No truly independent 
research can be legally conducted on many critical questions.” But they withheld their 
names, fearing that the companies would not give them research clearance in future if 

                                                
52 Editorial, ‘Do seed companies control GM crop research?’, Scientific American, 20 July 2009, 
http://www.scientificamerican.com/article/do-seed-companies-control-gm-crop-research/ viewed 11 
April 2014. 
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their identities were known…53 That fear is part of a wider concern arising from the 
way independent research and researchers have been rubbished.  

This is a tricky issue to discuss. We are all aware that the independence of research is 
no guarantee of its value. The MMR vaccine controversy, in which Dr Andrew 
Wakefield’s published research in the Lancet suggesting that colitis and autism 
spectrum disorders might be triggered by the vaccine, were subsequently totally 
discredited, undeclared conflicts of interest revealed, and fraud discovered in the 
research proceedings. The published paper was retracted and Dr Wakefield struck off 
the medical register for gross misconduct, but not before immense damage was done, 
with vaccination rates dropping and incidence of measles and mumps in the UK rising 
as a result.54  
That said, the issues at stake over GMOs generally are of enormous significance and 
critical voices need to be heard and dangers investigated. The risks involved in a GM-
crop being approved for release on the basis of research (much of it kept secret by the 
companies which commissioned it) that later proved to be without substance is, I 
would imagine, likely to be far greater than the damage done by a research study 
which suggested a possible danger which was subsequently shown not be significant. 
The answer, of course, in all cases, is for research to be public and subject to peer 
review – and for the process of peer review to be strengthened if such seems to be 
necessary. 

That it is, is evident from Glenn Davis Stone’s critique of what he calls “the industry-
journal-authentication system” in his wider discussion about Bt cotton in India.55 
Stone describes how a “triumph narrative” of GMO success is constructed on a 
problematic empirical base, one created, validated and disseminated by interests that 
overlap and in effect collude: the biotech industry, academic journals and professional 
scholars. Built into it are pressures to cut corners: industry wants fast, positive results, 
the journals need a throughput of publications and scholars need published, peer-
reviewed articles to their name in high-impact journals. No-one is dishonest and 
everyone benefits.56 

                                                
53 Andrew Pollack, ‘Crop Scientists Say Biotechnology Seed Companies Are Thwarting Research’, 
NYT 20 February 2009 
http://www.nytimes.com/2009/02/20/business/20crop.html?_r=1&pagewanted=all(Viewed 11 April 
2014) 
54 en.wikipedia.org/wiki/MMR_vaccine_controversy 
55 Glenn Davis Stone (2012), "Constructing Facts: Bt Cotton Narratives in India", Economic and 
Political Weekly xlvii, 38: 61-70. I return to Stone’s critique in a brief discussion of GM-yields below. 
56 Here’s a lengthy extract from his wider argument: “The overlapping interests of all three 
stakeholders promote the routine neglect of the biases described above. For economists and other 
scholars, the benefits are clear: taking selection and cultivation biases into account would both slow 
down the pace of publication and make for much more qualified conclusions, resulting in fewer 
publications, in less selective journals, with lower impact. It would also lead to results showing lower 
yield advantages, which could mean less responsiveness from biotech firms and less propagation of 
their findings in non-peer-reviewed forums.  
For journals, there are two paramount benefits. The first pertains to the refereeing process. The 
essential pillar of scholarly literature is the skilled and time-consuming work of peer review. The 
business model of most peer-reviewed journals is to capitalise on this uncompensated work as a free 
good. There may be a component of altruism in scholars consenting to referee manuscripts, but there 
are also instrumental incentives pertaining to their own work: refereeing provides opportunities to 
insist that their own work be recognised and to validate the types of methods they use themselves. A 
study on Bt cotton impacts is unlikely to be panned for ignoring selection and cultivation biases if the 
referees ignore the same biases in their own work. In this way, authors, referees, and journals implicitly 
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In truth, independent scientists who have cast doubts on the safety or efficacy of GM- 
crops have had a very harsh time. It’s not simply that their research has been 
challenged; their motives and their personal integrity has often been called into 
question as well. There are a number of high-profile cases:57 Gilles-Eric Séralini’s 
studies on Monsanto maize MON863 in 2007; Jorg Schmidt, Angelika Hilbeck and 
colleagues’ research on Bt toxins in Monsanto’s Bt maize MON810; Emma Rosi-
Marshall’s studies on Bt maize; Arpad Pusztai on GM potatoes; Ignacio Chapela and 
David Quist on GM genes contaminating Mexican maize in 2001.  

Lately there has been another case involving Gilles-Eric Séralini again which is 
illustrative of the issues at stake. In September 2012 the results of a study by Séralini 
et al was published in the Elsevier journal Food and Chemical Toxicology. They had 
fed Monsanto’s glyphosate-resistant maize NK603 and Roundup to rats over their 
two-year lifespan and the results suggested that both Roundup-resistant maize and 
Roundup were toxic. Both the results and the design of the experiment came in for 
massive criticism. There is no doubt that the way the paper was launched was 
unorthodox to say the least, shown initially only to handpicked journalists who signed 
a confidentiality agreement that prevented them consulting other experts before 
publication. This is not how science should be done, as Nature pointed out in the 
strongest terms.58 Equally clearly, Séralini who had been smeared for his earlier work 
by the Association Française des BiotechnologiesVégétales (AFBV) and had won a 
subsequent court case and been awarded damages, was doing his best to avoid the 
work being rubbished in advance of publication. That he was successful in doing – 
but not for long. Industry lobbies were vociferous in their objections, as was only to 
be expected. But many other bodies e.g. six French national academies (of 
Agriculture, Medicine, Pharmacy, Science, Technology and Veterinarians) issued a 
joint statement condemning the study and the journal that published it.59 In November 
2013 Elsevier retracted the paper, which is still available online with the word 

                                                
collude in ignoring biases. The second benefit for journals is obviously that this collusion in 
overlooking potentially disqualifying biases allows them to attract more manuscripts on a hotly debated 
topic, with favourable effects on their impact factor.  
For the biotech industry (and its academic interlocutors), the benefits are enormous because ignoring 
biases allows studies to find exaggerated yield advantages for their products. Industry therefore 
participates in the authentication system in various ways, including providing funding for certain kinds 
of studies and data and taking a pivotal role in disseminating the success narrative. Industry 
expenditure on media dwarfs that spent by GM critics, with results from favourable field studies being 
repeated in advertisements, web postings, pamphlets, and through neutral publications via press 
releases, and various pronouncements by allied researchers. The Council for Biotechnology 
Information, the industry public relations entity, which has aggressively promoted the success narrative 
of Bt cotton in India, had a starting budget equivalent to Rs 1.4 crore (Lambrecht 2000).  
Included in this authentication system is the International Service for the Acquisition of Agri-biotech 
Applications (ISAAA), an industry-supported entity whose main mission is “sharing and disseminating 
scientific knowledge”, particularly emphasising “the benefits of crop biotechnology to various 
stakeholders, particularly resource-poor farmers in developing countries” (ISAAA 2012). None of the 
ISAAA’s stream of reports is peer-reviewed, but they are routinely cited in the peer-reviewed 
literature. The ISAAA propagates the narrative of “remarkable success”…” , ibid, p.67-68 
57 Antoniou et al, pp.30-33 
58 ‘Poison postures: Researchers working on controversial topics must take care how they promote their 
results’, Nature, 25 September 2012, http://www.nature.com/news/poison-postures-1.11478 (viewed 
11 April 2014) 
59 As reported at http://phys.org/news/2012-10-linking-gm-corn-cancer-non-event.html viewed 11 
April 2014 
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RETRACTED emblazoned in red across each page.60 
It would appear as though Séralini is a rogue scientist similar to Andrew Wakefield, 
cast out by the scientific community. And yet, before drawing any such conclusion 
consider this: 

Elsevier, the publisher that retracted the article is quite clear that there is no hint of 
fraud, fabrication or misrepresentation in Séralini’s work – merely 
“inconclusiveness”. One does wonder how many thousands of other published papers 
might have to be withdrawn if “inconclusiveness” were the sole criterion. 

Here are some (relatively lengthy) extracts from Elsevier’s justification for their 
retraction:61 

Due to the nature of the concerns raised about this paper, the Editor-in-Chief 
examined all aspects of the peer review process and requested permission 
from the corresponding author to review the raw data… The corresponding 
author agreed and supplied all material that was requested by the Editor-in-
Chief. The Editor-in-Chief wishes to acknowledge the co-operation of the 
corresponding author in this matter, and commends him for his commitment to 
the scientific process. 

Unequivocally, the Editor-in-Chief found no evidence of fraud or intentional 
misrepresentation of the data. However, there is a legitimate cause for concern 
regarding both the number of animals in each study group and the particular 
strain selected…  

Ultimately, the results presented (while not incorrect) are inconclusive, and 
therefore do not reach the threshold of publication for Food and Chemical 
Toxicology… The Editor-in-Chief again commends the corresponding author 
for his willingness and openness in participating in this dialog. The retraction 
is only on the inconclusiveness of this one paper. The journal’s editorial policy 
will continue to review all manuscripts no matter how controversial they may 
be. The editorial board will continue to use this case as a reminder to be as 
diligent as possible in the peer review process. 

These grounds are bizarre. Grounds for retraction are fairly well established. 
According to a joint statement agreed between the Committee on Publication Ethics 
(COPE) 62 (established in 1997 by a small group of medical journal editors in the UK) 
and the BMJ, these include unreliability because of data fabrication or error in the 
experiment or the calculations; previous unacknowledged publication; plagiarism; 
unethical research.63. But as mentioned above, there is no hint of fraud, fabrication or 

                                                
60 downloadable at http://www.sciencedirect.com/science/article/pii/S0278691512005637 (viewed 11 
April 2011); STOP PRESS: subsequent to this, Séralini’s study has been republished in a different 
peer-reviewed journal Environmental Sciences Europe 2014, 26:14  on 24 June 2014 at 
http://www.enveurope.com/content/26/1/14 
61 http://www.sciencedirect.com/science/article/pii/S0278691512005637 (viewed 11 April 2014) 
62 http://publicationethics.org/about (viewed 11 April 2011) 
63 “A BMJ/COPE high level meeting in London on 12 January 
2012 agreed the following statement: 
… 
• Research misconduct is defined as behaviour by a researcher, intentional or not, that falls short of 
good ethical and scientific standards (Edinburgh 1999). Research misconduct includes fabrication, 
falsification, suppression, or inappropriate manipulation of data; inappropriate image manipulation; 
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misrepresentation in Séralini, merely “inconclusiveness”. 
Séralini’s research methodology is also criticised - not enough rats in the study 
groups, and the particular strain of rat selected. But nothing is straightforward. 
Hartmut Meyer & Angelika Hilbeck report (December 2013) , in a review of rat-
feeding studies with GM-maize, that the European Food Standards Agency “evaluated 
the study as defective based on conceptual and methodological shortcomings by 
retroactive application of the recommendations of its recent guidance [italics added] 
on 90-day feeding studies”. They point out that there are three relevant studies of 
NK603, one by Monsanto, none of which satisfy the EFSA evaluation criteria and ask 
why only one was rejected. They also look at 21 other rat feeding studies lasting at 
least 12 months and conclude that “The review reveals critical double standards in the 
evaluation of feeding studies submitted as proof of safety for regulatory approval to 
EFSA”.64 
None of this is to say that the Séralini study “proves” GM-maize causes cancer. It 
does not. It wasn’t even designed as a cancer study, but as a chronic toxicity study. 
But it clearly raises issues of concern. So much so that the European Commission 
subsequently asked EFSA to help design long-term carcinogenicity tests on GM feed. 
In the first instance the EFSA was peculiarly obstructive, raising “some concern about 
the usefulness of such a trial with whole foods/feeds without having a clear objective 
for such a trial”;65 but eventually it did provide the guidelines as requested, in what 
the GMO Séralini website describes as “a fascinating document which largely 
validates the methodology and choices of Prof, Gilles-Eric Séralini in his 2012 study 
on GM maize NK603 – methodology and choices that EFSA and countless other 
critics previously attacked him for.”66 That is, there will be a two-year study with the 
same Sprague-Dawley rats that Séralini was condemned for using! 

What is alarming about this case is the orchestrated way in which so many groups and 
agencies closed ranks and came down on the study like a ton of bricks. The press, too, 
played its part with many science journalists failing to find a single supporter for 
Séralini to even hint that there might be problems with the critique – despite the fact 
that there are many who feel he has been shabbily treated.67 

                                                
plagiarism; misleading reporting; redundant publication; authorship malpractice such as guest or ghost 
authorship; failure to disclose funding sources or competing interests; misreporting of funder 
involvement; and unethical research (for example, failure to obtain adequate patient consent). Research 
misconduct is important as it wastes resources, damages the credibility of science, and can cause harm 
(for example, to patients and the public)”, Attendees at joint BMJ/COPEmeeting. A consensus 
statement on research misconduct in the UK. BMJ 2012;344:e1111 
http://publicationethics.org/files/u7140/A_consensus_statement_on_research_misconduct_in_the_UK.
pdf 
64 Hartmut Meyer & Angelika Hilbeck, ‘Rat feeding studies with genetically modified maize - a 
comparative evaluation of applied methods and risk assessment standards’, Environmental Sciences 
Europe 2013, 25:33  doi:10.1186/2190-4715-25-33 http://www.enveurope.com/content/25/1/33 
(viewed 11 April 2011) 
65 Reported at http://www.gmoseralini.org/efsa-resistance-to-two-year-cancer-study-on-gm-feed/ 
(viewed 25 April 2014) 
66 http://www.gmoseralini.org/seralini-validated-by-new-efsa-guidelines-on-long-term-gmo-
experiments/ (viewed 25 April 2014) 
67 See for instance ‘Seralini and Science: an Open Letter’ at 
http://www.independentsciencenews.org/health/seralini-and-science-nk603-rat-study-roundup/ (viewed 
11th April 2011); European Network of Scientists for Social and Environmental Responsibility, 
http://www.ensser.org/increasing-public-information/no-scientific-consensus-on-gmo-safety/ (viewed 
11 April 2014) 
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This presumption in favour of the safety of GMOs is widespread in the companies 
involved in this research and among the agencies they promote and support, 
including, it would seem, research scientists who, as pointed out earlier either receive 
funding from or at least are beholden to the industry to obtain permission to work on 
patented/copyrighted material. A paper published in 2011 looked at published studies 
on the basis of the affiliations of their authors. This evaluation of 94 articles on health 
risks and nutritional values found them far more likely to reach conclusions 
favourable to the GM industry where researchers had links to the industry than where 
they did not. All 41 studies where there was a conflict of interest reached favourable 
safety conclusions. 68 

Science has in fact never been neutral. Links to power have always played their part, 
as indeed have values held by researchers. But in some areas these links have 
increased so substantially that, together with the patenting of the materials on which 
scientists need to work and the necessity of getting permission from the patent holders 
to produce potentially critical research, they have tilted the formerly relatively level 
playing field of biotechnology research quite unacceptably. 

The significance of how values are embedded in science for policy without being 
acknowledged is brought out well in Fern Wickson & Brian Wynne’s study of 
Monsanto’s insect-resistant maize, MON810, in Europe.69 Despite the European Food 
Safety Authority’s (EFSA) approval of the crop many powerful member states 
including Germany, France, Austria and Italy introduced national prohibitions against 
the crop – a move permitted under the relevant 2001 Directive if new scientific 
evidence shows a potential risk to human health or the environment. So everything 
depended on what this new evidence was and how it was evaluated. A study by Bøhn 
et al (2008), suggesting ecotoxicology, was one paper used by the German 
government to justify suspension of permission to grow this crop and this particular 
paper became central in the conflict over what counted as scientific. It was subjected 
to the usual withering hostility that critical papers attract. But Wickson & Wynne, 
analysing the critiques, found strong biases in them, including a narrow (and often 
malign) interpretation of various guidelines for research of this type including the 
                                                
68 Johan Diels, Mario Cunha, Célia Manaia, Bernardo Sabugosa-Madeira, Margarida Silva, 
“Association of financial or professional conflict of interest to research outcomeson health risks or 
nutritional assessment studies of genetically modified products”, Food Policy 36, 2011, 197-203, 
downloadable at www2.grist.org/pdf/gmo_conflict.pdf  (viewed 12 April 2014) 
“Abstract 
Since the first commercial cultivation of genetically modified crops in 1994, the rapidly expanding 
market of genetically modified seeds has given rise to a multibillion dollar industry. This fast growth, 
fueled by high expectations towards this new commercial technology and shareholder trust in the 
involved industry, has provided strong incentives for further research and development of new 
genetically modified plant varieties. Considering, however, the high financial stakes involved, concerns 
are raised over the influence that conflicts of interest may place upon articles published in peer-
reviewed journals that report on health risks or nutritional value of genetically modified food products. 
In a study involving 94 articles selected through objective criteria, it was found that the existence of 
either financial or professional conflict of interest was associated to study outcomes that cast 
genetically modified products in a favorable light (p = 0.005). While financial conflict of interest alone 
did not correlate with research results (p = 0.631), a strong association was found between author 
affiliation to industry (professional conflict of interest) and study outcome (p < 0.001). We discuss 
these results by comparing them to similar studies on conflicts of interest in other areas, such as 
biomedical sciences, and hypothesize on dynamics that may help explain such connections.” 
69 Wickson, F. and B. Wynne (2012), “Ethics of Science for Policy in the Environmental Governance 
of Biotechnology: MON810 Maize in Europe” Ethics, Policy & Environment 15(3), 321-340. The 
discussion in the next few paragraphs is based on this article and its account of the Bøhn debate. 
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length of the study (this one ran for more than the 21 days which critics incorrectly 
interpreted as the maximum length of time the OECD recommended); and the 
appropriate test materials (in this case purified maize flour rather than purified protein 
from the Bt bacterium that the plant has been modified to express). These issues of 
how to conduct relevant experiments and how to evaluate results are not ones to 
which there are simple, unambiguous and agreed answers. They need to be open to 
genuine debate. “To close such issues (and the normatively weighted choices that the 
EC has made on these) off from debate, as if they were science alone, is misleading 
and fails to ground policy in reason, or democratic accountability.” It substitutes a 
rigid dogmatism as to what is scientific for issues which need to be open to re-
evaluation in the light of experiment and closes off “responsive flexibility to variable 
salient situational conditions and endpoints”.70 

Bøhn et al interpreted their results cautiously, using terms like “might be vulnerable” 
and “causality remains open” and argued for further testing. Their critics, in contrast, 
found no interesting results that might be worth following up by further testing. At 
best they were described as “inconclusive” or as providing “no reliable and 
meaningful results”.71 It is part of a more general pattern on which Wickson & 
Wynne, comment: “Only studies reporting harm receive a high level of sceptical 
scientific scrutiny, while studies cited as demonstrating safety remain largely 
unchallenged for their (often severe) methodological weaknesses and interpretive 
frailties.”72 
Science has generally been left to be self-regulating ethically and Robert K Merton’s 
1942 listing of the norms of what constitute good science, drawn on by Wickson & 
Wynne, is still the benchmark: 73 communality (i.e. a total openness to scrutiny by 
other members of the scientific community; universalism (judgment of scientific 
knowledge claims is conducted with total consistency); disinterestedness (i.e. without 
interference from social or political or financial interest); and organised scepticism. 
The conditions under which GMO research is done seriously violate these norms. 

The scientific research agenda with regard to GMOs is simply not neutral. Nowhere is 
this clearer than in how the research agenda is controlled, as already mentioned, and 
in the allocation of research funding. This is distorted both by corporate domination 
over funding which goes overwhelmingly to research from which it is hoped there are 
profits to be made; and by research foundation and governmental bias which favours 
large-scale technological solutions to the food and agriculture problems in developing 
countries as they perceive them.74 Sven-Erik Jacobsen and colleagues have recently 
looked at obstacles to sustainable agriculture solutions and are in no doubt that the 
claim the GMOs are necessary to feed the world (a claim for which they find no 
scientific support) is responsible for “the resultant shortage of research funds for 
agrobiodiversity solutions in comparison with funding for research in genetic 

                                                
70 ibid, 328 
71 cited in ibid, 333 
72 ibid, 334 
73 ibid, especially 324-25,334-37 
74 For an overview of the global agricultural research agenda and its much needed reform see 
Millstone, Erik, John Thompson, and Sally Brooks. “Reforming the Global Food and Agriculture 
System: Towards a Questioning Agenda for the New Manifesto.”  (2009), 9-13. Sven-Erik Jacobsen et 
al (next footnote) give figures for Denmark where “GMO research has been funded with EUR 20 
million in recent years from the Danish Research Council, whereas conventional crop research has only 
received EUR 4 million.”, 655 
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modification of crops…”75 much of which would be better spend on such areas as 
improving convention plant breeding, nutrition, policy research, governance, and 
more, if indeed the aim was to feed a growing world population sustainably. 
If… 

 
Environmental concerns 

One of the earliest concerns expressed about GM crops was a worry shared with the 
experience of monocultures in industrial farming everywhere: the danger of weeds 
and pests getting out of control and swamping the product under cultivation. A second 
was that the genes inserted into GM plants would escape into the wider environment, 
polluting existing strains of food crops as well as getting into wild life forms more 
generally with unknown and potentially disastrous consequences. 

Everyone is familiar with the history of the blight that destroyed the genetically 
uniform Irish potato crop in 1845-46. For generations farmers have protected against 
such risks by crop rotation, developing new cultivars with different strengths and 
resistances, intercropping and the like. From the 1930s, however, the risks of 
dependency on a limited number of crop varieties has increased exponentially with 
the industrialisation of farming first in the US and then elsewhere, and the appearance 
of vast fields of a single crop cultivar, stretching in all directions as far as the eye can 
see. Now the same crop could be grown year after year in fields whose fertility was 
maintained by the regular addition of artificial fertilizers and weeds and pests dealt 
with by the frequent application of newer and more potent herbicides and pesticides. 

This story has been told frequently and the environmental costs chronicled, with a 
general loss of soil vitality, nitrate run-offs from excess fertiliser causing pollution of 
watercourses, pesticides causing damage to human and animal health, the widespread 
use of antibiotics in animal factory farming encouraging the emergence of antibiotic-
resistant bacterial strains, herbicides losing their effectiveness as resistances have 
developed, and agriculture generally contributing disproportionately to the production 
of greenhouse gases.  
As an awareness of the damage caused by industrial agriculture was spreading, lo and 
behold, GMO development was suddenly hailed as the industrial agricultural solution 
to the problems industrial agriculture had caused in the first place. Pesticide resistance 
would be built into plants by incorporation of the Bt gene; herbicide resistance would 
be dealt with by using a global herbicide which killed everything except plants into 
which a resistance to that herbicide had been added. Predictions that these would 
encounter the same problems as resistances emerged were brushed aside and 
companies like Monsanto led the way to the new and glorious future.76 

                                                
75 Jacobsen, Sven-Erik, Marten Sørensen, SørenMarcus Pedersen, and Jacob Weiner. “Feeding the 
World: Genetically Modified Crops Versus Agricultural Biodiversity.” Agronomy for Sustainable 
Development 33, no. 4 (2013/10/01 2013): 651-62 at http://dx.doi.org/10.1007/s13593-013-0138-9 
(viewed 24 April 2014) 
76 The history of Monsanto’s emergence as a global GM-giant is told in fascinating and glorious detail 
by Charles, D. 2001. Lords of the harvest: biotech, big money, and the future of food. Cambridge, MA: 
Perseus; Glover, Dominic. “The Corporate Shaping of Gm Crops as a Technology for the Poor.” The 
Journal of Peasant Studies 37, no. 1 (2010/01/01 2010): 67-90 brings the story a little further up to 
date. 
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The development of these resistances has been all too quick, a result of the 
combination of monocultures, over-reliance on a single herbicide (glyphosate) and 
neglect of other traditional weed control measures. 
The Union of Concerned Scientists has recently published a policy brief on the issue 
The Rise of Superweeds—and What to Do About It.77 The use of the terms 
“superweeds” is perhaps a misnomer, conjuring up images of triffid-like plants on the 
march; but the reality is bad enough, with resistance to glyphosate becoming rampant. 
As the report shows, Roundup ready crops including corn, soybeans, cotton, canola, 
alfalfa, and sugar beets are now grown in the US on 150 million acres a year. That 
means Roundup is sprayed as a matter of routine on all these acres as a means of 
controlling weeds. At first there were real gains for farmers: weed control was easier 
and the use of more highly toxic pesticides used prior to the introduction of 
glyphosate was reduced. But as early as 2001 small patches of resistance were 
noticed. Now, not much more than a decade later, some 60 million acres of U.S. 
cropland are infested. The worst cases are in the southeastern United States, where a 
reported 92 percent of cotton and soybean fields are infested as a result of Roundup 
ready crops.78 
As a result, other herbicides are being called on, in addition to glyphosate. In other 
words, the much heralded reduction in pesticide use in the early days of GM-crops 
has given way to a substantial increase. A study by Charles Benbrook using figures 
from the USDA, provides estimates for the period 1996 to 2011.79 While pesticide use 
on GM-crops was reduced in each of the first six years of commercial use of GM-
crops (1996-2001), it began to rise from 2002 to reach substantial new heights in 
2011. Benbrook concludes: “Contrary to often-repeated claims that today’s 
genetically-engineered crops have, and are reducing pesticide use, the spread of 
glyphosate-resistant weeds in herbicide-resistant weed management systems has 
brought about substantial increases in the number and volume of herbicides applied. If 
new genetically engineered forms of corn and soybeans tolerant of 2,4-D are 
approved, the volume of 2,4-D sprayed could drive herbicide usage upward by 
another approximate 50%.”80 (2,4-D, for those not old enough to have known, was the 
active ingredient in Agent Orange, used as a defoliant in the Vietnam war.) 
Apart from the health dangers involved it is likely to prove as short-term a solution as 
glyphosate was in the first place, with the likely development of multiple herbicide 
resistant weeds in a few short years. Reports from western Canada in the 1990s had 
already revealed how quickly this could occur. There, three different types of 
canola/rape were planted (each resistant to a different herbicide) but new rape plants 
were emerging with resistance to two or even all three of the herbicides in use. 
Farmers planting different crops in their fields after the rape harvest were facing “a 
major weed problem” with the potential of a commercially grown crop becoming 

                                                
77 http://www.ucsusa.org/assets/documents/food_and_agriculture/rise-of-superweeds.pdf (viewed 14 
April 2010) 
78 Fraser, K. 2013. Glyphosate resistant weeds—Intensifying. Guelph, Ontario, Canada: Stratus Agri-
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79 Benbrook, Charles M. ‘Impacts of Genetically Engineered Crops on Pesticide Use in the U.S. -- the 
First Sixteen Years.’ Environmental Sciences Europe  (2012) 
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“one of Canada’s most serious weed problems”!81 
 

Yields 
It is in this context that a word is needed about yields. If, leaving aside all the 
arguments made in this paper, we were really to rely on GM crops “to feed the 
world”, the question of how much they have contributed to increased agricultural 
productivity in the almost two decades since their introduction would surely be 
central. It turns out to be extremely difficult to give an unambiguous answer. Partly it 
is question of time: at what stage in the cycle or over what period of time are we 
measuring the difference they are claimed to have made. Partly it is a question of 
research methodology: how robust are our control groups and with them our ability to 
isolate the differences that is due to GM as such.  

The evidence for the US has been scrutinized in a Union of Concerned Scientists’ 
publication, Failure to Yield by Doug Gurian-Sherman It concludes: “Bottom line: 
They are largely failing to do so. GE soybeans have not increased yields, and GE corn 
has increased yield only marginally on a crop-wide basis. Overall, corn and soybean 
yields have risen substantially over the last 15 years, but largely not as result of the 
GE traits. Most of the gains are due to traditional breeding or improvement of other 
agricultural practices.”82  
In looking at hopes of future gains from GM, Gurian-Sherman offers reasons for 
caution. This is because many of the complex transgenes envisaged –– unlike those 
currently commercialized which deal with single genes with hoped-for single effects – 
influence many other genes, and are likely to have more complex genetic effects, 
some of which may well be detrimental. 

Indeed, Richard Richards, Chief Research Scientist Plant Industry at The 
Commonwealth Scientific and Industrial Research Organisation (CSIRO) and 
Program Leader of High Performance Crops for Australia, in a thoroughly pro-GMOs 
contribution in 2011 was adamant that “GM technologies are generally only suitable 
for the single gene traits, not complex multigenic ones.”83  
Nonetheless, Gurian-Smith’s report was – perhaps inevitably – subjected to swingeing 
criticisms by industry and other sources virtually on publication. These have 
answered by Gurian-Sherman in a series of brief ripostes.84 Among the criticisms 
were purported advantages of GM that he hadn’t dealt with, particularly GM 
experiences in developing countries. Here the only substantial GMO experience is of 
Bt cotton in India and as Gurian-Sherman’s concern was about food this particular 
criticism was irrelevant.  

But if we are looking at yields in general the issue of non-food crops obviously does 

                                                
81 An Expert Panel Report…, 122-23 
82 “Failure to Yield, Evaluating the Performance of Genetically Engineered Crops”, Executive 
Summary, April 2009 – at http://www.ucsusa.org/assets/documents/food_and_agriculture/failure-to-
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matter. Here the analyses by anthropologist Glenn Davis Stone, presented in a series 
of studies over more than a decade, is invaluable.85 His argument is made most starkly 
in a recent contribution to the Economic and Political Weekly "Constructing Facts: Bt 
Cotton Narratives in India”, where, he argues the accounts of the pro- and anti-GM 
cotton sides are often constructed as mirror images of each other: “Each narrative is 
highly empirical, based on its “own facts”, although generated from utterly different 
systems for collecting, authenticating, and disseminating those facts. I will argue that 
both “authentication systems” serve the interests of their constituent parties, but that 
both are so flawed that we simply cannot say how Bt seed has affected cotton 
production in India.” (63) 

Anti-GMO activists, Stone argues, tend to select clear evidence of failure and present 
results of studies facilitated by e.g. the Deccan Development Society which is indeed 
an organisation committed to campaigning against GMOs and for diversity in cotton 
cultivation. So it is not clear how typical these results are. The pro-GM studies, 
supposedly from independent scientists appearing in peer-reviewed outlets, are says 
Stone similarly flawed. But, in my opinion, they are far worse, as they claim to be 
above the fray pitting science against those with an axe to grind. In fact they do no 
such thing, suffering from extensive bias – bias that is not picked up in the peer-
review process.86 
Quite simply, it is known that early adopters of new technologies are not a random 
sample of cultivators as a whole – likely to be, for example, to have larger farms, 
higher incomes, more education and travel experience – in a word biased towards 
higher production. We would expect early adopters to get higher yields and such 
studies as there have been of early Bt adopters in India show them to have the 
characteristics of early adopters elsewhere. Add to that the problem of cultivation 
bias: farmers with higher expectations planning new seed in preferred locations and 
giving it greater care, additional fertilizer, more irrigation, something that was 
particularly likely in the early days of new and very expensive seed.87 

 “[T]he result is clear: while purporting to isolate the field-level impact of Bt cotton in 
India, the peer-reviewed research actually focuses on the most favoured fields of the 
most productive farmers, and thus isolates nothing.” (66) 
The central question, however, should not simply be whether GM-crops result in 
increased yields or not on introduction but whether these yields, at whatever levels, 
are sustainable over time. And here the answer would seem to be an unambiguous 
negative. The central problem with GM in the field is typical of all monocultures 
where yields, we already know, are not sustainable over time. That is why new 
“improved” varieties are constantly being developed as the plant companies try to 

                                                
85 See in particular, Glenn Davis  Stone (2002), "Both Sides Now: Fallacies in the Genetic- 
Modification Wars, Implications for Developing Countries, and Anthropological Perspectives", 
Current Anthropology 43, 4 Glenn Davis Stone (2010), "The Anthropology of Genetically Modified 
Crops", Annual Review of Anthropology 39: 381-400; Glenn Davis Stone (2012), "Constructing Facts: 
Bt Cotton Narratives in India", Economic and Political Weekly xlvii, 38: 61-70 
86 See my earlier discussion of this point (fns 51 & 52 and associated text) 
87 The standfirst to Stone’s article is next to a photo and reads: "This farmer was the first adopter of Bt 
seeds in a village in Warangal District. At Rs1600 (around $40 US), the box of seed was four times the 
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”Constructing Facts: Bt Cotton Narratives in India." Economic and Political Weekly xlvii(38), 61. 
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keep ahead of pest- and disease-resistance. With GM crops, as previously discussed, 
the growth of superweeds and of pest resistance is exactly as evolutionary theory 
should have led us to expect. Those who made such predicitions were the Jeremiahs 
of their day. No longer.  

The evidence from India, collated by Stone, is compelling. In the early 2000s cotton 
productivity rose in a few short years by over 50%. But this, it turns out, was before 
Bt cotton was widely grown there (only 5.6% of cotton farmers were growing it in 
2004-5). Cotton in India is now almost entirely Bt - but yields have been declining 
since 2007-8, as resistance to pink bollworm (what Bt was designed to deal with) has 
declined. Cotton yields are falling and in some states are now lower than they were 
before the introduction of Bt cotton. And this at a time when a whole new variety of 
GM seeds have been introduced supposedly able to deal the new threats. The solution 
to deal with the problems Monsanto has introduced are to invest ever-more heavily in 
the latest Monsanto products. Only it isn’t working.88 

The second concern, before GM had been introduced anywhere at all, was about 
containing the newly introduced GM genes. It was feared that GM traits would 
emerge in plants and crops more widely, posing a dramatic threat to organic– and 
alternative agricultures generally. Critics said this would happen, industry and pro-
industry experts denied it. It happened exactly as predicted and contamination is 
widespread. The GM Contamination Register set up by Greenpeace and Genewatch 
has almost 400 entries to date of reported contaminations: its “latest news” reports 
that “An unauthorised genetically modified flax from Canada is found in an 
increasing number of countries”, that “Unapproved GM rice owned by Bayer 
CropScience found in US rice exports in over 30 countries”; and that “Illegal Rice 
Bt63 from China Contaminates Food Products… in the UK, France and Germany”. 89 
The case of Percy Schmeiser in Canada is well known, and serves as a paradigmatic 
illustration of the problem.90 A farmer in Canada, he had been growing rape for 
almost half-a-century, saving his own seed – as farmers do – for replanting the 
following year. His 1998 sowing was found to include plants that were Roundup 
resistant. As he had never bought any such seed he believed it was due to 
contamination, from wind cross-pollination from nearby farms growing GM-rape, or 
from seed spills from farm trucks or equipment. Monsanto sued for patent 
infringement and, in 2004, the Supreme Court in Canada upheld its complaint. 
Substantial damages awarded to Monsanto were subsequently set aside by the same 
court, but the substance of its decision remains. 
Monsanto’s patent claim is on the gene inserted into the rape it sells, not to the plant 
as a whole; but the court decision allows it to prevent anyone growing a plant that 
contains that gene. Even though Schmeiser hadn’t sprayed the crop with Roundup i.e. 
hadn’t benefited in any way from the presence of the Roundup-resistant gene, the 
court nevertheless ruled that merely growing plants from seeds that were Roundup 
                                                
88 This account is based on a short contribution by Stone, “Bt cotton is failing: blame the Farmers”, 9 
February 2013. This article is telling as Stone’s earlier articles have made strenuous efforts to defend 
the potential of GM. Here his anger at Monsanto’s attempts to blame the failure of its technologies – 
and promises – onto Indian farmers is palpable. See http://fieldquestions.com/2013/02/09/bt-cotton-is-
failing-blame-the-farmers/ (viewed 26 May 2014) 
89 http://www.gmcontaminationregister.org/; the “latest news” was viewed on 15 April 2014 
90 This account is largely drawn from “Box 5: Monsanto v. Schmeiser: illustration of “indirect” patent 
infringement?” in Unctad, Tracking the Trend towards Market Concentration: the Case of agricultural 
Input Industry., p.21  http://www.unctad.org/en/docs/ditccom200516_en.pdf  (viewed 15 April 2014) 
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resistant was an infringement of Monsanto’s patent. Finally, there was no finding that 
Schmeiser had obtained the seed illicitly. i.e. the claim that there was genetic 
pollution was effectively granted. 
The Schmeiser case leads us naturally to the biggest issue of them all: the increasing 
corporate control of agriculture.  
Agriculture has always resisted commodification because nature is bountiful. You 
plant a carrot seed, a potato or some grain, not only do you get lots to eat; you also get 
seed for free for planting again next season. That’s what farmers have been doing for 
thousands of years since farming began, saving their own seed and, over time, 
selecting and improving the varieties they were growing. Yet, today, seed used by 
industrial farmers has been substantially commodified – that is, it is bought by the 
farmer and replenished by purchasing afresh the following year. How has this 
remarkable transformation been achieved? 
The answer, following Jack Kloppenberg, has two essential parts. 91 First, the seed 
had to incorporate something that farmers wanted (or thought they wanted enough – 
improved yields, resilience, insect or fungal resistance) to be prepared to abandon 
saving their own seed in favour of purchasing this new variety)92 and ideally it had to 
be in a form where the seed couldn’t simply be saved for planting the next year. But 
in the late C19 and C20 much work on plant improvement was done by public 
agencies in the US, Britain and elsewhere and the fruits of this work was made 
available at low cost, or even free, to the farming community. The balance between 
public and private science had also to be changed, in order to make seed improvement 
profitable to private capital. 
Kloppenberg’s pioneering study First the Seed (1988) is an account of the processes 
through which these changes occurred, leading to seeds being increasingly privatised 
and commodified. In an interview on his work, Kloppenberg draw a direct parallel to 
the events described by Marx in Capital: “The historical use of agricultural research 
and legislative initiative to separate farmers from the reproduction of a pivotal 
element of their means of production, and to arrange for it to confront them as a 
commodity, is a form of primitive accumulation.”93  

First the Seed is, essentially, an account of the rise of F1 hybrids which came to 
dominate large sectors of farming where the increased yield and vigour of the hybrids 
outweighed the extra cost to the farmer of buying new seed each year. F1 hybids have 
the gratifying quality (at least for the supplier) of not breeding true in the first 
generation of saved seed, thus making recourse to the market essential to anyone who 
wanted to regrow that variety. 

But commodification, even of industrial agriculture, still remained incomplete. The 
next step could only be taken when there was a convergence of developments in GM 
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biotechnology and a change in the framework of intellectual property rights. This has 
taken different forms in different countries but the trend was set by US Supreme 
Court judgments, particularly Diamond v. Chakrabarty (1980), which allowed 
transgenic life-forms to be patented. This was complemented by the Bayh-Dole Act of 
1980 that allowed US universities to own intellectual property created through 
research projects that were funded by the US federal government. They could now 
license innovations to private companies for commercial development, creating 
incentives for a much closer working relationship between universities and the private 
sector.94 
In the second edition of his book published in 2004, Kloppenberg added a substantial 
new chapter called “Still the Seed” (291-354),95 bringing the story up to date to take 
in the new developments of GM and arguing that all the trends indentified earlier had 
continued, indeed accelerated.  
These developments came at a particular corporate conjuncture – the crisis of 
monoculture. Monsanto, having done as much to contribute to it as any other single 
company could have dared to imagine, now said in its 1997 annual report that 
“current agricultural technology is not sustainable” and presented GM technology as a 
way off the industrial treadmill.96 Michael Pollan, writing in 1998 expressed it well: 
“Monoculture is in trouble -- the pesticides that make it possible are rapidly being 
lost, either to resistance or to heightened concerns about their danger. Biotechnology 
is the new silver bullet that will save monoculture. But a new silver bullet is not a new 
paradigm -- rather, it's something that will allow the old paradigm to survive.97 

At the heart of that paradigm is corporate control and production for profit. 
Researchers and activists, campaigners and farmers have been doing their best to 
draw attention to the steadily increasing takeover of agriculture by corporate interests 
but to little avail. Some concern was expressed in the 2008-09 world crisis as prices 
escalated out of control largely due to the financialisation of food markets,98 but at the 
international level the attitude is largely one of studied indifference. Many people, 
even those aware of the trend, are unaware of the scale that this concentration has 
now reached. 

It was strikingly pulled together in the November 2008 Etc Group publication Who 
Owns Nature? Corporate Power and the Final Frontier in the Commodification of 
Life. This revealed that: “From thousands of seed companies and public breeding 
institutions three decades ago, ten companies now control more than two thirds of 
global proprietary seed sales. From dozens of pesticide companies three decades ago, 
ten now control almost 90% of agrochemical sales worldwide. From almost a 
thousand biotech startups 15 years ago, ten companies now have three quarters of 
industry revenue. And, six of the leaders in seeds are also six of the leaders in 
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95 Kloppenburg, Jack, First the Seed: the Political Economy of Plant Biotechnology, 1492-2000, 
Madison & London, University of Wisconsin Press, 291-354 
96 cited in Pollan, Michael. “Playing God in the Garden.” New York Times, 25 October 1998 
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pesticides and biotech.”99 
 “The question is as simple as this,” wrote George Monbiot about a plan to authorise a 
commercial planting of a GM crop in Britain, “do you want a few corporations to 
monopolise the global food supply?” His article was called Seeds of Distraction. At 
the start he put it like this: He called it Seeds of Distraction and the answer he gave at 
the end was this: “The principal promotional effort of the genetic engineering industry 
is to distract us from this question…”100 
Should we really be so cynical? The answer, I think, is yes and no. That corporations 
don’t really know what they are doing most of the time is perhaps the common-sense 
managerial wisdom of our time, with organisations being at their most creative when 
they are not burdened with routine and bureaucratic procedures but rather operating 
on the edge of chaos. Not knowing what they’re doing does not, however, mean they 
don’t know how to evaluate the success of what they do or fail to do. It’s the bottom 
line on the corporation balance sheet that will count with the shareholders. In other 
words they need to make money or they will die. And what death means in the 
corporate world is to be taken over, shaken-up, restructured, slimmed down. On the 
way, the corporation may feed some people; scientists within the corporation may 
even believe that that is its raison d’être. No-one else should be fooled. 

 
The struggles against GM 

There has been a campaign or rather a series of overlapping campaigns against the 
introduction of genetically modified foodstuffs from the earliest days of GM. In the 
global North, the main motivating concern has been a worry about the health and 
environmental implications of GMOs. Concern has been fueled by a wide series of 
food crises over recent decades, such as mad cow disease, bird flu, Creutzfeldt–Jakob 
disease, and the horse meat scandal in Europe. Distrust of government and 
government regulation is high and public confidence in science has been shaken.  
Here, much of the opposition to GMOs has come from radical scientists disputing the 
validity of the claims made by the industry and its loyal supporters (producing a vast 
literature on which I’ve drawn extensively here). It has been accompanied by a 
growing movement for better food and against the domination of the supermarkets, 
for organics or sustainable alternatives, for local markets, farmers markets. There is 
even a movement “from within”, of biotechnologists, geneticists and plant breeders 
more widely to challenge the development of corporate control, with the development 
of interesting open-source initiatives.101 Above all it is taking the form of a right-to-
know campaign in the US, demanding the labeling of products containing GMOs, 
where it has made considerable headway.102 
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Fears that GMOs represent a science out of control have been widespread – witness 
the popularity of some of the terminology used to describe GM interventions such as 
Frankenfoods, superweeds and Terminator seeds – and undoubtedly some people 
clearly regard the whole enterprise as “unnatural”. Such opinions, however, are more 
often expressed in comments threads on the web than in organised campaigns on the 
ground. Nonetheless a wide range of arguments expressing reservations about GMOs 
at many levels find themselves lumped together, accused of fetishising nature, 
regarding genetic manipulation as “unnatural”, opposing modernity and fearful of 
“science” as such. So often this critique comes from people whose attitude to science 
is at least as fetishised as the people they accuse of fetishising nature!  

It cannot be stressed enough that “science” as such cannot give unambiguous answers 
to issues which are essentially about science for policy, risk, uncertainty, choices of 
appropriate research methodology and more. These inevitably involve the values 
society which like to see expressed though its choices. 103 For the thrust of the main 
movements of opposition, whether of radical scientists or of activists, is not at all 
hostility to science as such but to a science they perceive as dominated by the interests 
of the large corporations, allocating vast resources undemocratically to problems that 
many do not perceive as priority issues while others that are go under-resourced if not 
neglected entirely. A perception which I have argued is substantially correct. Above 
all, in the global South, GM is perceived as a means to dispossess poor farmers and 
large number of peasant organisations, grouped together particularly in La Via 
Campesina, are actively resisting their imposition. There is obviously a need to 
increase food production to feed the 9 billion population envisaged by 2050, 
particularly in Asia and Africa. The contribution of agroecological approaches is now 
being seriously explored in a series of scattered experiments and the potential of what 
Jules Pretty and others have called “sustainable intensification” is high.104 But such 
approaches work best in conjunction with building local networks, and exploiting 
local knowledges, not with the one-silver-bullet-solves-all approach which is so 
typical of large-scale industrial agriculture. 
Opposition to GM technologies must be seen in this wider context, where they are 
seen as the cutting edge of concentration and corporate control over a productivist-
oriented agriculture in which specialization and international trade, perceived as the 
way in which the world’s population will increasingly be fed, are experienced by 
many on the ground as tools of dispossession. It is this development that so many 
oppose in their search for food security, sustainable/alternative agriculture and 
democratically-controlled food policy, increasingly grouped together in the struggle 
for what is called “food sovereignty” – against the neoliberal globalisation trend 
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embodied in the World Trade Organisation’s 1994 Agreement on Agriculture. In this 
sense, opposition to GMOs must be understood in the wider context of resistance to 
corporate globalisation.105 
The question as to whether the wide range of disparate movements of North and 
South can be welded together to create a substantial challenge to the dominant forces 
in food and agriculture today is another story, one that needs to be looked at in its 
own right and cannot be further developed here. 
 

A return to Golden Rice 
But to round out the arguments of this paper let me return to the story of Golden Rice. 
The image of the greedy corporation sits so uneasily with that of the benevolent, 
humanitarian project that is Golden Rice. Or does it?  

Not in the least as I hope to show. 
The story – or as I called it – the fairy tale of Golden Rice embodies many of the 
themes that have emerged in the course of this essay. Who defines the problem to be 
solved? Who has access to the resources to allow the necessary research to take 
place? Are there other – better – ways of dealing with the problem? Are those 
opposed to the Golden Rice route really wicked, ultimately guilty of crimes against 
humanity?.106 
No-one doubts the humanitarian intentions of Professors Potrykus and Beyer from the 
early beginnings of their project the 1980s. It seems to be focused on the assumption 
that poor people who suffer from Vitamin A deficiency and associated blindness will 
always be poor, always be eating rice and little but. So we can’t solve their poverty, 
but we can hope to augment their diet. But we can’t add Vitamin A directly, only ß-
caroteine which is needed to make Vitamin A. But its effectiveness in making 
Vitamin A is vastly reduced if the people consuming it are not healthy in the first 
place. At the very least they need fat and protein in their diet. So the chances of it 
helping the poorest of the poor are rather reduced. Then again, there is no guarantee 
that people will eat Golden Rice. There are rich cultural associations with staple foods 
and rice is not just any old food. In Asia brown rice which is nutrient rich is grown; 
but white rice is eaten. Will people change to yellow rice just like that? Indeed, funds 
are earmarked to educate people in the virtues of golden rice. In 2001 some $50 
million was budgeted to spread the good new about Golden Rice – about half of the 
$100 million already spent on its development! But if there is money available for 
education, why not educate people in the virtues of growing crops on the edges of 
their rice fields? ß-carotene is found abundantly in many plants and fruits, such as 
carrots, pumpkins and sweet potatoes, already cultivated in Asia. Or deal with 
Vitamin A shortage directly by handing out Vitamin A supplements? 107 
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And many unanswered questions remain about the product itself. How well, for 
instance, will the rice store without a rapid fall-off in its ß-caroteine levels? How well 
would it be absorbed in normal conditions (not laboratory ones in which 10% of the 
meal was butter, providing the fat needed to make absorption possible). What about 
potential health hazards which have not begun to be taken into account and tested for? 

108 

It is true that a Philippine field trial of GM rice nearly ready for harvest was pulled up 
in August 2013, an action justified by the need to prevent the contamination of Asia's 
most important food crop by GMOs.109 It is ironic that it was being trialled there at 
the home of the International Rice Research Institute. For it turns out a campaign of 
Vitamin A fortification and supplements launched in the Philippines from around 
2000, was so successful that eight years later Vitamin A deficiency was no longer 
regarded as a public health problem.110 A Foodwatch report (2012) confirms that with 
Vitamin A deficiency more broadly “there are in fact alternatives to the planned 
market launch of Golden Rice, and the organizations involved, such as UNICEF and 
WHO, in no way see it as the method of choice.”111 The truth is that the development 
of Golden Rice has proved fiendishly difficult in its own terms. As Michael Hansen 
puts it: “Bottom line, even if there had been no push back from NGOs, GR would still 
not be on the market due to the technical issues, e.g. getting the engineered traits 
crossed into Indica rices that people will actually eat.”112 This was confirmed by the 
International Rice Research Institute IRRI in September 2013 saying that it expected 
GR to take another two years before it was ready”113 

Yet already on 31 July 2000 Golden Rice was hyped on the front cover of Time 
Magazine with the text: “This rice could save a million kids a year, but protesters 
believe such genetically modified foods are bad for us and our planet.” 
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It literally was made the poster boy for the GM revolution; and for a decade or more 
opposition to it has suited the Golden Rice Institute. It could blame delays on 
intervention against its field trials ather than on inherent difficulties with the process 
of development. And, over time it has upped the ante, in 2009 demanding a relaxation 
of conditions that have to be met before the release of any GMO; and making 
holocaust accusations against the sceptics in 2010. 
It would be absurd to rule out the possibility that a golden rice might not, one day, 
make some contribution to providing some small level of Vitamin A to some people’s 
diet. But even if it eventually worked as effectively as its proponents prophesy, the 
contribution it makes is likely to be small as the problem is already being 
substantially solved in other ways. So why the ongoing, vast investment of time and 
scientific energy in what is so obviously the wrong science being deployed to solve 
the wrong problems? 



 35 

J Madeleine Nash, author of the Time report, was clear: 
“[T]he benefits (from GM crops to date) have seemed small--until golden rice came 
along to suggest otherwise. Golden rice is clearly not the moral equivalent of 
Roundup Ready beans. Quite the contrary, it is an example--the first compelling 
example--of a genetically engineered crop that may benefit not just the farmers who 
grow it but also the consumers who eat it… No wonder the biotech industry sees 
golden rice as a powerful ally in its struggle to win public acceptance. No wonder its 
critics see it as a cynical ploy.” 114 

What is so interesting in reading the debate about Golden Rice today is the sense of 
déjà vu; all the major arguments had aleady been made, all the cleavages were already 
in place by 2001 if not before. Syngenta had already claimed that each month of 
marketing delay would cause 50,000 children to go blind. And Gordon Conway of 
The Rockefeller Foundation (the key organisation behind the establishment and 
funding of the International rice Research Institute) responding to Greenpeace and 
Vandana Shiva, wrote on 22 January 2001: 
“"[W]e do not consider golden rice to be the solution to the vitamin A deficiency 
problem. Rather it provides an excellent complement to fruits, vegetables and animal 
products in diets, and to various fortified foods and vitamin supplements." And he 
added: “"I agree with Dr Shiva that the public relations uses of golden rice have gone 
too far.” 

But the bandwagon continues to roll… 
 

By way of a conclusion 
I have little to add. Opposition to GM crops, given corporate control of such swathes 
of agriculture involved in international trade relations and the totally inadequate 
regulatory regimes in place, is coherent in its own right as I hope I have shown. This 
does not rule out the possibility that some products of genetic manipulation might, 
under rigorous experimental and regulatory conditions, be acceptable, even desirable. 
Each has to be assessed on its merits. But in the wider context, particularly in the 
global South, the GM debate is about something far wider – about the future of 
agriculture, the poison of corporate domination, food sovereignty, participatory 
science and resistance to neoliberal trade rules as embodied in the WTO. I will 
comment on some of these issues in a follow-up discussion paper. 
 

Richard Kuper, 1st July 2014 
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