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Lord Rea, Chairman of the Associate Parliamentary Food and Health Forum

Introduction 
Lord Rea welcomed members and guests to the conference.  He said the objective of the conference was to give members the opportunity to consider GM crops and the contribution they might make to ensuring global food security.  He acknowledged that the issue of GM crops is very controversial.  Many people are concerned that it may prejudice food safety and/or damage the environment. The issue of food safety is an issue for which the Food Standards Agency (FSA) has responsibility. Lord Rea expressed the hope that the FSA will continue to exist following the Government’s review of Government agencies and said that the Forum will be holding a meeting in the autumn to discuss the future of the FSA.  Lord Rea noted that although GM crops are widely used in other parts of the world, it has proved impossible for the European Union to reach a consensus on their use in Europe. As a result, the European Commission has recently proposed that member states should decide for themselves whether to allow authorised genetically modified crops to be grown in their countries. The proposal requires approval by the European Council and the European Parliament. 
Dr Michael Antoniou, Head of Nuclear Biology Group, King’s College, London
Is GM technology simply an extension of traditional methods for the production of new varieties of crops and, if not, does it matter?
Michael has been a Reader in Molecular Genetics at King's College London since 2003.  From 1998 to 2003, he was a Senior Lecturer at King’s and before that he lectured at the 
United Medical and Dental Schools, Guy’s and St Thomas’s Hospital (1994-98).  He was a post-doctoral research fellow at the National Institute for Medical Research from 1984-94 and a post-doctoral research fellow at the Tumour Biology Laboratory, University of Nebraska from 1980-1983.

In addition from 1995-99 he was the Genetic Modification Safety Officer at King’s College London School of Medicine and he remains a member of King’s London Genetic Modification Safety Committee.  He was a member of the Biotechnology and Biological Sciences Research Council grant review committee dealing with “Genes and Developmental Biology” from 2000-2003 and in March 2006 he was elected to the Executive Board of the British Society for Gene Therapy.
Presentation summary
Michael Antoniou thanked the Forum, and particularly The Countess of Mar, for suggesting that he should speak at the conference.  He said that his background - the study of gene organisation within DNA and how they are controlled – has led to the current primary focus of his research, namely development of gene based therapy.  Without information about genes he would not be doing any of the work he is doing now, so he recognises how invaluable genetic engineering can be. But he draws the line personally at the release of genetically modified organisms (GMOs) into the environment and their use in the food chain and believes, especially when they are not necessarily needed, that it is not acceptable because of their unpredictability.  
Michael believes we should do something that the regulatory authorities have failed to do: which is to place genetic modification (GM) as used in agriculture in its basic scientific context.  The scientific context is not stationary; it is developing all the time.  Having reconsidered the issues within this basic scientific context, we should have the courage to draw a line if we see evidence that GM is not safe. 

The scientific foundation upon which GM technology in agriculture is based has changed fundamentally and it is now technically and conceptually flawed.  

In the 1990s the proponents of GM technology said that the use of GM in agriculture is a natural extension of traditional breeding methods but more precise and safer.  Genes were regarded as isolated units of information that could function in a totally predictable manner even when moved between unrelated species using GM technology.  This assumption led to notion of substantial equivalence between GM plants and the non-GM parental plant as a measure of its safety; if the two contain similar amounts of biochemical components within the limits of natural variation, GM crops were generally recognised as safe.  With this approach only the GM gene and its product are seen as a source of risk and only a general biochemical analysis is undertaken with an assessment of known toxins and allergens only. However, genes cannot be considered in isolation. In any case, a BSE cow is “substantially equivalent” to a normal cow, but that does not mean one would want to eat it!
The whole problem of GM technology is that it can throw up unknown consequences.  It is important to place GM in the context of a fundamental understanding of genetics.  What the new genetics tells us is that gene order/organisation in DNA is not random but very precise. In most cases, more than one RNA/protein is produced from a given gene. Many proteins perform more than one function. Genes exist in groups or families and work in groups; no gene works in isolation. Gene function is tightly regulated in a highly coordinated manner by both local and distant genetic elements and layers of epigenetic control. Genes have co-evolved to function together as an integrated whole within a given organism. Genes are now defined more by their context than by purely their information content.  The whole concept of a gene has radically changed in recent years.  In normal circumstances sexual reproduction or breeding can take place only between closely related organisms. Genes are inherited in their natural groupings that have been finely tuned to work harmoniously together by millions of years of evolution.  

How does GM fit into this?  GM is a new technology: about 28 years old.  It does not involve natural sexual reproduction methods: GMOs are laboratory “creations”; genes are inserted into plant cells under laboratory culture using mechanical (“biolistics”) or bacterial infection methods. GM allows the transfer of one or few genes between totally unrelated organisms, for example, the insertion of bacterial, viral or animal genes into plants.  It employs artificial combinations of genetic material, such as the insertion of plant virus genetic switch control elements linked to a bacterial gene into soya beans to confer herbicide tolerance. The GM transformation process is very inefficient: only a very low percentage of plant cells take up the foreign gene cassette and antibiotic resistance genes have to be used to select for transformants.  The generation of GM plants involves the random insertion or splicing of a foreign gene into the host DNA/genome.   Moreover the GM transformation process as a whole is highly mutagenic (destructive).  It is not a question of if but how much disruption it causes: it invariably disrupts gene order and function to a lesser or greater degree.  
In summary, GM bears no resemblance to natural sexual reproduction and bypasses natural species barriers. GM brings about novel combinations of genes that have not evolved to function together. The GM transformation process is highly mutagenic and GM to a lesser or greater degree, always disrupts host genetic order and function.  

The combined effect of GM can disrupt genetic and protein biochemical function leading to the generation of novel toxic effects, allergies and altered nutritional value.  It introduces new substances with potential toxic effects from the transgene product and altered farming practice. The use of GM technology in agriculture possesses an unpredictable component that can frequently be greater than the intended change. The basic science and technological perspective tells us that GM is not a natural extension of traditional breeding and it is not technically neutral.  The scientific foundation for GM has altered to such an extent it has no current valid scientific foundation.
GM transformation can interfere with crop performance and reduce yields.  Certain varieties of GM cotton have suffered cotton ball and root development problems. Certain varieties of GM cotton are more susceptible to nematode attack. GM soya has a lower tolerance to heat and has a highly reduced uptake of manganese. GM soya beans have given consistently lower yields for more than a decade, known as “yield drag”.  Yield drag began with GM crops and did not exist before. Field trials show GM soya to have a 10% lower yield potential with 50% of the drop due to the genetic disruptive effect of the GM transformation process.  Field trials of Bt insecticide producing maize hybrids showed that they took longer to reach maturity and produced up to 12% lower yields. 

In terms of animal feeding studies, there are certain criteria to be fulfilled to ensure the safety of foods designed for life long consumption.  They should be long-term and multigenerational; employ at least three animal species including farm animals that will consume them; and ensure a broad range of physiological and biochemical parameters.  We need to design a protocol that will flag up any potential problems rather than avoid them, but the EU requirement for such studies is that they last 90 days only, which is far too short.  Even so, controlled animal feeding studies have clearly shown signs of toxicity associated with commercial GM crops, including several studies by Malatesta, Vecchio and Finamore (see slide 13).

Unfortunately, the only requirement in Europe for industry is a 90-day feeding study comparing GM and non-GM equivalent and again this is too short.  However, some of these studies showed significant changes which might indicate disease: MON863 GM maize causes haematological disturbances and organ weight loss in rats.   A study in the International Journal of Biological Sciences (2009) (see slide 17) comparing the impact of 3 GM corn on mammalian health noted effects in the heart, adrenal glands, spleen, haematopoietic system and particularly signs of toxicity to kidney and liver function.  These studies are too short and involve too few animals to lead to firm conclusions about long term safety, but they clearly do indicate that further, longer studies should take place. 
The significance of rodent GM studies is valid since these animals are the standard accepted surrogates for human toxicological investigations.  As Aldous Huxley said, “facts do not cease to exist because they are ignored”. 
We should not rely on assumptions in respect of the safety of GM plants.  There are three sources of possible toxic effects in GM plants that could account for the signs of toxicity observed in animal feeding studies: the GM gene product, for example Bt insecticide toxin and enzymes responsible for herbicide tolerance; changes in farming practice, such as the use of broad spectrum herbicide residues that leads to highly elevated levels of these agrochemicals in foodstuffs; and adverse mutagenic effects of GM transformation, including novel toxins, allergens and disturbed nutritional value. Evidence exists for all three of effects to be contributing factors.     For example, even extraordinary low doses of Round Up herbicide have been found to be toxic to human cells by research undertaken in France (see slide 22). 

Michael said he did not want to throw biotechnology “out of the window” in agriculture.  The science tells us that the preservation of species barriers, natural gene order and function is vital to maintain integrity and safety.  Government funding should focus on the use of more holistic aspects of modern biotechnology (“systems biology”).  Marker assisted selection (MAS), a non-GM biotechnology, can be used to guide and accelerate the traditional breeding process.  This makes genetically complex properties possible, such as enhanced nutrition, taste and yield potential, pest and blight resistance, and tolerance to drought, heat, salinity and flooding.  We should also promote the use of existing crop varieties and related wild relatives in traditional breeding programmes to develop varieties with enhanced characteristics useful in contemporary agriculture. 
Genetic modification is really yesterday’s technology, based on yesterday’s understanding of genes and genetics.  GM possesses inherent unpredictability for health and the environment which is currently impossible to quantify. The release of viable GMOs into the environment is not justified and possibly irresponsible as once released into the environment GMOs cannot be recalled.  There already exist proven alternatives to meet future food needs in a sustainable manner, a role that GM in its current form is unable to fulfil.  As Hans Herren
 said, "genetic-modification technologies just treat the symptoms rather than dealing with the causes".  
Dr Martin Hodson, Visiting Researcher, Oxford Brookes University 
Are GM crops necessary to secure global food supplies at affordable prices?

Martin was awarded a degree in Botany by University College of Swansea in 1977, when he also won the Florence Mockeridge Prize in Botany.  His Ph.D. was awarded by the University College of Swansea in 1982.  Since then he has worked at University College of North Wales (1980-1985); the Hebrew University of Jerusalem (1985-1986); York University, Toronto (1987); and the University of Birmingham (1988-1989). From 1989 to 1998 he was Senior Lecturer in Environmental Biology at Oxford Brookes University before being promoted to Principal Lecturer in 1999 and becoming a Visiting Researcher in 2007. Martin is now Operations Manager for The John Ray Initiative and works with the Agriculture and Theology Project.

Much of Martin’s research concerns the mineral relations of higher plants and now concentrates on two elements - aluminium and silicon. Many aspects of his work involve electron microscopy, and particularly x-ray microanalysis, which is a technique for the localisation of mineral elements at the cellular and sub-cellular level. Other research areas include work on soils, environmental impact assessment and the biology of temporary ponds. He contributed the section on the science of climate change to the Christian climate change tour, Hope for Planet Earth in 2008 and 2009. Martin is a member of the Society for Experimental Biology, British Lichen Society and the Phytolith Society.  He is the author of many publications, including the chapter on soils in a bestselling book on environmental impact assessment. 

Presentation summary
Martin suggested that we need to consider the context of the question he was asked to address – whether GM crops are necessary to secure global food supplies at affordable prices.  Looking at the world population, it is forecast to grow from 6.8 billion now to some 9 billion in 2050.  At the same time, whatever we do now we will experience some global warming, leading to more extreme weather events.  We are also expected to reach global peak oil production in 2030, and there is a reasonable chance it may occur by 2020. 

What type of improvements are we looking for to feed the population in this new century?  We will need plants that can provide higher yields, particularly in less advantageous circumstances (more heat, drought etc) while using less energy. We also need plants that will have less reliance on fossil fuels. If we have to use less nitrogen fertiliser because of decreasing fossil fuel availability it would lead to a reduction in production. 

The IAASTD report
 referred to by Michael argues that biotechnology has always been at the cutting edge of change. The assessment of modern technology runs behind developments and uncertainty about the benefits and harms is unavoidable.  The IAASTD report refers to biotechnology in general but it is a warning to us when we consider the issue of GM crops.  

What kind of GM crops do we have now and what is being developed?  99% of GM crops in the world are of two types: herbicide resistant crops and insect resistant crops.  These were engineered to protect plants against herbicides and insects.  In general these crops are shown to have increased yields, by up to 30% or more in insect-resistant crops according to an article in Nature 
 this year. However, it is worth noting that there are a growing number of reports that some of these crops are having problems with herbicide resistant weeds. 

More crops are being engineered to provide fortified foods. The most famous example is Golden Rice, developed to be used in areas where there is a shortage of vitamin A in the human diet.  This could be commercially available in some Asian countries by 2012. Other GM crops are being developed to produce vaccines.  

The present generation of GM crops with higher yields could be useful in further increasing productivity.  Others could be used to improve diets and to deliver vaccines. But where will the big gains in yield come from?  Plants have a number of different types of photosynthesis.  About 3% of plants are C4 (maize, sorghum and sugar cane) and are more efficient at harvesting carbon dioxide and grow better in water scarce conditions and in high temperatures. It may be possible to transfer these genes to other (C3) plants.  It may also be possible to produce plants that can cope with extreme conditions of heat, salinity, etc.  But most plants that grow naturally in such conditions normally develop slowly, and have poor yields.  It is more than 30 years since Martin started working in the field of salt tolerant plants and there has still been little progress in producing GM plants that are salinity resistant. Nitrogen fertilisers may become scarce as fossil fuels decrease in supply.  Some legumes have bacteria in root nodules that take nitrogen out of the atmosphere and provide it to the plant.  It may be possible to transfer these genes from legumes to other plants.  

These three possibilities are good ideas, but in all cases the big problem is that many genes control the processes involved and they are horrendously complex tasks.  It would be foolish to say they could never be done, but it will not happen quickly. 

GM crops do show some increases in yield in certain circumstances, but the really big gains we need to secure global food supplies at affordable prices are likely to be much harder to achieve.  What are the alternatives to GM plants?  The IAASTD report
 says “smarter agriculture” would help. Our present cultivation methods are energy intensive and environmentally taxing, and both damage long term productivity.  Systems that replenish soil and water and decrease energy consumption are desperately needed.  No particular actor can achieve a global solution.  GM crops could make a contribution in certain environments and ecological agriculture could make a contribution in other areas.  GM technologies are part of the kit-bag to increase yields this century, but it is equally important that we decrease our reliance on fossil fuels, energy and water.  Smarter agriculture will undoubtedly be needed.  At the moment, it remains uncertain how successful GM crops will be.

Are GM crops necessary?  Martin said he is not sure that any type of agriculture that we can envisage at the moment will be able to feed 9 billion people at a time of rapid climate change with decreasing fossil fuel availability. GM crops will play a part in mitigating the problems, but they are certainly not the whole answer.

Professor Brian Wynne, University of Lancaster

Could better regulation and competition control the influence of companies developing GM crops while allowing GM benefits to spread?
In addition to being the Professor of Science Studies at Lancaster University, Brian is Associate Director of the ESRC Centre for Economic and Social Aspects of Genomics (CESAGen). His education includes MA (Natural Sciences, Cambridge 1968), PhD (Materials Science, Cambridge 1971) and MPhil (Sociology of Science, Edinburgh 1977). His work has covered technology and risk assessment, public risk perceptions, and public understanding of science, focusing on the relations between expert and lay knowledge and policy decision-making. 

Brian was an Inaugural Member of the Management Board and Scientific Committee of the European Environment Agency, (EEA), (1994-2000) and a Special Adviser to the House of Lords Science and Technology Select Committee Inquiry into Science and Society, (March 2000). He was also a member of the London Royal Society's Committee on Science in Society. His research interests include technology and risk assessment; contingency, precaution, and innovation governance; public understandings of science and risk; and relations between different forms of knowledge in policy decision-making.
Presentation summary
Brian Wynne welcomed the opportunity to speak about the important issue of food security.   He had resigned earlier in the summer from the FSA’s independent steering group for the public dialogue on food and the use of genetic modification (GM) because – amongst other things - he felt it focused too much on GM and not enough on food security. 

There are some well known facts in relation to food security.  We now have 1 billion people on the planet who are undernourished.  Chronic under-nutrition, in a world in which, in aggregate, there is more than enough food for everyone, is ethically unacceptable and there should be more focus on this than there normally is in our own food rich country.   Brian’s interest in this subject stems from this ethical and policy concern about the needs of the most hungry people, and about how this can be reflected in UK and EU policies in relevant areas – scientific research, innovation, trade, risk assessment and regulation and international development. 

In 2008 the FAO estimated that in aggregate the world’s total production of cereals was ~2,285,000 million tonnes.  It also estimated the world’s population in 2008 at ~6.7 billion.  To a good first approximation in 2008, the average per capita food availability was ~340kg/cap/year, or ~1kg/person/day.  So, production alone is a small part of the problem of food security, though we cannot ignore it.  Distribution and access are two other significant factors we should consider. Moreover, these are affected by the forms of food-production, for example international (usually industrialised and high-input) market-oriented, or more distributed, low-input and locally-grounded food production and exchange. 
A great deal of research shows that not only global biodiversity, but agro-biodiversity is in serious decline, undermining resilience.  However, crop - and variety - diversity is a key pillar of global food security and sustainability. Resilience has to be there to draw upon, and this depends on agricultural and bio-diversity. If this is the key issue, then we must ask, what types of agriculture will enhance biodiversity? The Green Revolution increased yields (though not consistently) but it also increased inputs (oil, chemicals and capital) and decreased diversity.  Can we find the conditions under which GM can avoid destroying agro-biodiversity and with it the huge range of traits in plants and crops that we need for food-security? The factors that will determine this are technical, but they are also, institutional, political and economic.  The diversity which is essential for such agricultural and food security is not only genetic diversity. It is also the diversity of biological organisms and properties, which is far more than genetic alone, as genomics-focused scientific research is revealing, and as Michael Antoniou explained earlier. 

Contrary to the repeated claim that pro-GM is pro-science, and anything other is anti-science,  we can use and develop state-of-the-art plant genetics  to help conventional plant-breeding assisted by farmers’ local and long-grounded knowledge, and responsive to their needs. Plant genomics science of this non-transgenic kind can more efficiently and rapidly identify the resources and crop-traits we might need which are already available in the extensive range of existing natural land-races, rather than using the “lab-to-field” short-circuit of GM, which introduces all the unknowns and possible uncontrolled harms which Michael Antoniou described. 

The sole focus of the GM issue for the last 15 years has been “risk” and this is a problem.  Risk assessment science does not address Michael Antoniou’s concern about unpredicted consequences. Yet this is one important focus of public concerns, as Brian’s own and others’ research has underlined. It is a legitimate concern about what lies beyond risk assessment, which by definition can only deal with known consequences. 

Why is it that these benefits issues have not been focussed on?  When the EU PABE research project which Brian coordinated (1998-2001) asked people in five large EU member states to explain their concern about GM crops and food, they frequently referred to thalidomide, and CFCs damaging the ozone layer.  They used an experience-based analogy to express concern about unpredicted consequences for GMOs.  However good risk assessments are, if they do not ask the relevant question they cannot address it.  The rapidity of the commercialisation of GM crops, from an immature science, leads to a greater risk of unpredicted consequences.  

One of the reasons for our exclusive policy focus on risk is that we have always taken for granted that there will be a benefit associated with a new technology because of the history of liberal capitalism.  Now people are starting to ask questions, including the question: who benefits from GM?  Benefits are always conditional. Those conditions, without which the promises of benefits will remain empty fictions even for those for whom they were intended, again raise technical and institutional issues. What alternatives have been considered and tried – or perhaps, pre-emptively dismissed?  Adequate distribution and access are an important condition for benefits from food-production, but distributed and diverse forms of production may markedly affect access and distribution.  All these factors depend upon the forms of ownership and control of those production processes through their full life-cycle, knowledge, seeds, and other inputs.

Has marker assisted selection (MAS) received sufficient research and development resources?  Big corporations have dictated a large proportion of the resources devoted to GM research.  They are motivated by profit, control and ownership. In countries like India, 98% of food production comes from units of less than 2 hectares. This produces a fantastic resource of distributed experimental knowledge, typically framed for long-term sustainability purposes, but the institutional conditions of GM development have generated more concentrated ownership and control.  In 2004 Brian participated in an Asian conference on GM agriculture and food where a Vietnamese official told him that he could spend the country’s entire research and development (R&D) budget – for food R&D, in a food-poor country - on lawyers’ advice on compliance with international GM patents!  Intellectual property rights have a big impact on the availability and distribution of food. GM crops favour intellectual property rights interests, because of the concentrated scientific knowledge involved, which favours exclusive ownership. . 
Will the potential benefits of GM crops, where they exist, be realised in practice? Typical citizens are aware of the difference between potential benefits and actual benefits. They recognise the former for GM, but not necessarily the latter.  What sort of institutional arrangements do we need to ensure that the possible benefits of GM crops are available, particularly for the poorer people who really need them?  The 2004 BBSRC Crop Science Review proposed a stronger national focus on research underpinning “public-good plant breeding”.  It said that the response to a consultation which it did with British scientists “identified a widely perceived need for public-good plant breeding, in order to address crops and traits not emphasised by multinational interests and to restore public confidence in plant breeding.” It focused on a new strategy of diversification away from GM options, even if recognising that transgenics could be a useful research tool on gene-functions.   The Crop Science Initiative is now being funded and received about £15m in 2009 (see slides 8 and 9).

A key question is: are the GM crops currently available, and those under development, suitable for the needs and interests of poor rural subsistence farmers? The answer is unambiguously: no.

Herbicide tolerant crops were developed, for example by Monsanto, to extract rent from Round Up once the patents on glyphosate expired. Round Up 2, was developed to exploit the imminent expiry of the RR1 patent.  When GM Bt maize was being promoted in Europe, French farmers pointed out that its pest resistance was only a benefit for industrialised, mono-cropping agri-business; if crop rotation is employed it is not required, because the corn-borer maize pest is much-diminished. Thus ‘benefit’ exists only relative to a particular artificial baseline. Moreover the production of resistant weed-strains - requiring more, not less overall pesticides use - has been recognised.  This provokes the question inter alia of what time-perspective we should allow to dictate regulatory norms as to risks, and indeed what is allowed to be defined as “risk”. 
Where and how do we target resources to address priority needs?  This urgent question is salient for scientific R&D and innovation as it is for other domains. The options are greater than normally acknowledged, and the primary target is the world’s poor and we need to consider whether GM can realistically help them – and if so, what it would take in order to achieve that. 
Rt Hon Hilary Benn MP, Shadow Secretary of State for the Environment, Food & Rural Affairs 
What role should the UK Government play in shaping and responding to public opinion on GM foods?

Hilary Benn was elected as Member of Parliament for Leeds Central in 1999 and has held the seat ever since.  After serving as a Minister at the Department for International Development (DfID) and the Home Office, he was appointed to the Cabinet as the Secretary of State for International Development in 2003.  He was the Prime Minister’s Africa Personal Representative and was responsible for the establishment of the UN Central Emergency Relief Fund.  In 2007 he stood, unsuccessfully, for the Deputy Leadership of the Labour Party.  Hilary Benn was voted by his fellow MPs as Minister of the Year in the 2006 and 2007 House Magazine Awards. He also won the Channel 4 Politicians’ Politician Award in 2006.

From 2007 until the 2010 general election, Hilary was Secretary of State for the Environment, Food and Rural Affairs.  He played a leading role in putting the Climate Change Act and the Marine and Coastal Access Act on the statute book. He also established the South Downs National Park.  He is currently the Shadow Secretary of State for the Environment, Food and Rural Affairs.
Presentation summary
Hilary Benn said there are now some 1 billion people living in hunger and about the same number who are overweight or obese and this demonstrates a fundamental inequality in the distribution of food. The fact that a child dies of malnutrition every 5 minutes should be unacceptable.  The events of 2008 - the food shortages and associated rioting – was a pivotal moment for him. Since then we have seen countries such as China buying up land for agriculture in other countries. 
If we are going to feed the world’s population by 2050 we need to increase yields and improve food distribution.  However it is not just a question of population numbers.  We know that as people’s income increases they eat more meat and dairy products.  
It is clearly the case that, overall, we have kept ahead of Malthus’s doom-laden predictions up to this point, largely because of agricultural developments associated with the Green Revolution.   When Hilary Benn gave a presentation on food to the Cabinet last year, he showed a slide of Norman Borlaug, who pointed out that if plant yields had remained at the level they achieved in the 1950s we would have needed a country the size of Latin America to produce our food.  Mark Twain said “buy land because they’ve stopped making it”.  We need to take account of the shortage of resources such as land and water. These challenges are not new; neither is the need to resist pests.  History illustrates the impact of problems such as potato blight.  A third of the world’s population live in part of the world where water is a scarce resource.  The poorest people in the world are the first to be affected by climate change and they will want to move either because of drought or rising sea levels. 
The Government has two responsibilities: first to decide whether GM crops are safe to eat. Hilary Benn said he knows of no evidence that GM crops are not safe to eat, but it is the job of the Government’s scientific advisers to answer this question.  The second responsibility is to decide whether GM crops are safe to grow.  What is the impact of GM crops on biodiversity?  Hilary Benn said he is in favour of field scale trials because they help to provide the evidence upon which we should take decisions.  The only trial to go to Hilary Benn for approval was from the University of Leeds, involving GM potatoes.  The initial trial crop was destroyed, but the trial has been re-started. 
The nature of the debate pushes people to one side or the other on GM.  At the moment a large part of the debate is about the potential impact of GM crops.  If and when we do get to the point where new GM varieties emerge, when we have answers to the two key questions, then we will have reached the point at which farmers will decide whether they want to grow them, retailers will decide if they want to stock them and consumers will decide what they want to eat. 
Europe plays a big part in the regulation of GM crops.  They also determine what can come into Europe in terms of GM foods and feedstuffs.  Many people do not realise that the beef they eat comes from cattle fed on GM soya.  A price differential has emerged between GM and non-GM soya and there is concern that if Europe does not make a decision quickly about non-GM soya there could be a problem with supply. 
The European body responsible for authorising GM crops (the European Food Safety Authority) currently only authorises one GM crop for growing - MON 810. The scientific advice given to Ministers was that this was safe, but some Member States refused to lift their own restrictions on it.  As a result, the European Commission has now proposed that Member States should be responsible for the use of authorised GM crops in their own countries. 
Good science and access to good science are really important issues.  It matters a lot to farmers in poorer countries, but they also need water, good roads and markets.  Developed countries have made trade difficult for farmers in developing countries, for example through policies such as the Common Agricultural Policy (CAP).  We need to make progress on all of these points if we are going to feed the world’s poor on a fair and equitable basis.  
Sir Gordon Conway, Professor of International Development, Imperial College, London
Will GM crops and foods be in widespread use in the UK, Europe and the world by 2050?
Sir Gordon trained in agricultural ecology, attending the universities of Bangor, Cambridge, West Indies (Trinidad) and California (Davis). In the 1960’s he was a pioneer of sustainable agriculture developing integrated pest management programs for the State of Sabah in Malaysia. He joined Imperial College in 1970 setting up the Centre for Environmental Technology in 1976. In the 1970s and 1980s he lived and worked extensively in Asia and the Middle East, for the Ford Foundation, World Bank and USAID. He directed the Sustainable Agriculture Programme at IIED and then became representative of the Ford Foundation in New Delhi. Subsequently he became Vice-Chancellor of the University of Sussex and Chair of IDS. From 1998-2004 he was President of the Rockefeller Foundation and from 2004 to June 2009 Chief Scientific Adviser to DFID and President of the Royal Geographical Society. He holds five honorary degrees and fellowships. 

Sir Gordon is the author of The Doubly Green Revolution: Food for all in the 21st Century and joint author of Science and Innovation for Development with Professor Jeff Waage (co-authored by Professor Jeff Waage, Director of the London International Development Centre).
Presentation summary
Sir Gordon said there had been a steady increase in the number of hectares devoted to GM crops since 1996 (see slide 2).  A record 14 million farmers in 25 countries planted 1.34 million hectares (330 million acres) in 2009, a significant increase of 7% or 9 million hectares (22 million acres) over 2008.  New technologies that have benefits spread very fast, as in the case of mobile phones.  If GM crops are so awful, why are so many farmers growing them?  The usual answer is that these farmers do not understand the risks. 
Certain factors will affect the use of GM crops.  We now have 1 billion people in the world who are hungry and by 2050 we will have to feed 9 billion people.  That target is not unreasonable, but we will have to achieve it at a time when increasing incomes will lead to increased demand for meat and therefore animal feed.  However, we will be running short of land and water and working against a background of climate change. 
The crops that some of the big companies focussed on originally were maize, soya and cotton. Wheat growers have asked Monsanto to work with them on wheat because they want the increase in yield and productivity that occurred in maize, soya and cotton. Yields have increased because the companies working on GM technology are primarily plant breeding companies. They develop GM technology but they also use conventional breeding using marker assisted selection (MAS).  Monsanto knows the gene make up of all its experimental trials all over the world.  The big question is will wheat and rice become subject to biotechnology and will GM forms of these plants be developed. 
Major pests and diseases are an important factor. We have new forms of blight affecting potatoes and a new form of rust.  There is a great deal of effort going into developing GM and conventional forms of crops that will resist these pests and diseases.  Striga is a terrible weed that causes billions of pounds worth of damage in Africa every year with devastating consequences. 

Improved nutrition is another factor driving GM crops.  A new soya will be available next year which has been fortified with omega-3 that is similar to the fish derived omega-3, which is beneficial for the heart.  Golden rice is a GM rice that delivers vitamin A in Asia.  Several million children die every year as a result of vitamin A deficiency – mainly because Asian mothers wean their children on rice “milk” which does not contain vitamin A; you cannot feed carrots to infants before they are weaned. 
China has about 30 GM crops which are nearly ready for cultivation, including a Bt rice and a phytase maize.  When the Chinese release these it will change the world.  China is being very cautious about this, partly because of the melamine scandal.  When they do release these GM crops it will open a floodgate.  China has invested $600 million in GM technology. 
In Africa GM development is underway.  Uganda, for example, is developing GM bananas.  In the past most GM crops came from the private sector, but in Africa they are increasingly being developed by the public sector.  
Climate change will dramatically affect the use of GM crops. The temperature and rainfall projections from 1980 to 1999 versus 2080 to 2099 are illustrated by slide 4.  If we miss the global 2 degrees centigrade climate change target, the changes will be even more dramatic.  Drought resistance is governed by many genes, but even one gene in some forms of maize will improve drought resistance.  
Why can we not persuade organic farmers to use a degree of GM to enable them to become more efficient in terms of water and nutrient use, while protecting biodiversity?  There has been a big problem because of the cost of non-GM soya – it is why organic eggs are relatively expensive. 

All these drivers will increase the use of GM in the world, but there are three factors inhibiting the use of GM crops. The cost in meeting the regulations limits the uptake of GM crops. The regulations themselves limit the use of GM crops because of the very stringent criteria set.  The third factor is concern that something really serious will go wrong. 
Modern wheat is a cross between two unrelated plants (an old variety of wheat and a grass) which doubled the number of chromosomes in the plant.  If someone proposed this today there would be alarm about the unpredicted outcome; wheat as we know it today might never have been achieved. 
Bt cotton has resulted in many pests.  This is not surprising because Bt only kills certain pests; once spraying is stopped others explode. The answer is to develop an integrated crop management programme.  The uptake of Bt cotton is phenomenal: it accounts for 85% of all cotton in India now.  This has happened too fast with very little control.  In Australia Bt cotton grows very well and they control pests by alternating genes.  
Sir Gordon said his guess is that the uptake of GM crops will continue to rise for the next 20 to 30 years and then plateau. 
Questions 
Paul Allen of the European Law Association said that Michael Antoniou and Martin Hodson appeared to contradict each other in terms of crop yields and asked who was right.  Michael Antoniou said that the findings he had quoted were from studies in the US where GM crops are most widely grown and based on official US Department of Agriculture sources. He acknowledged that there have been some increases in yields, but suggested these were not attributed to the GM technology but to the use of better varieties of seeds.  Yield drag was shown very early on, particularly in the case of GM soya. An average 5-10% reduction in yield was shown by studies undertaken by the University of Nebraska.  Martin Hodson agreed that yield drag is a well known phenomenon, but different studies produce different results.  The studies reported in the Nature article he had referred to looked at many insect and herbicide resistant GM crops.  It reported yields increasing by up to 30%, but some of the studies mentioned in that report showed lower increases or no increases in yield.  The results will depend very much on the particular crops used and the environment. 
Paul Morris of the National Dried Fruit Trade Association (NDFTA) asked if Martin Hodson was aware of a study produced in 2008 which considered the experience of the first 15 years of GM plants.  It showed that farmers had increased the amount of herbicides used by 15-20%.  Martin Hodson acknowledged that farmers do sometimes increase their use of herbicides because GM crops tolerate them.  There have also been problems where crops such as GM maize have grown as “volunteers” in GM soybean crops a year after being planted, when the only way to remove it because of its herbicide resistance is to pull it out. Michael Antoniou said that the use of Round Up had increased significantly because of the more widespread use of Round Up tolerant crops and weeds. There are no official reports, but US farmers are being advised to spray higher doses of Round Up and to mix it with other herbicides.  GM crops are engineered to be resistant to very specific herbicides but there are one or two cross-tolerant crops where tolerance overlaps. 
Alan Long of VEGA Research said it is not surprising if yields sometimes go down because GM techniques interfere with plants’ natural resistance to insects and herbicides.  He suggested we do not need GM crops and different varieties of conventional crops could be used to meet nutritional needs.  He suggested that if more vitamin A is needed in the Chinese diet they should grow carrots.  Michael Antoniou agreed that some very desirable characteristics such as salt resistance or drought resistance are naturally achievable in plants but these are multi-gene characteristics – some involve 70 genes. GM technology cannot deliver these results, but they can be delivered through marker assisted selection (MAS) and natural breeding (see MA slide 27).   This more holistic approach is what we should be funding. 
Roger Williams MP said that one criticism of GM is that it uses anti-biotic resistant genes and he asked what particular genes are used in MAS.  Michael Antoniou said the genes used in the MAS process are those naturally occurring in the plant and associated with desirable characteristics.  Having identified markers for those genes, you make sure that they are crossed with other plants to achieve the desired results. 

Emma Hockeridge of the Soil Association referred to the IAASTD report, mentioned by Michael Antoniou which expressed strong support for an agri-ecological approach to farming with more research underpinning plant breeding. She asked Hilary Benn why the Labour Government had not focused on this more particularly given the fact that this report was led by the Government’s (then) Chief Scientist, Bob Watson.  Lawrence Woodward of Organic Plus expressed surprise that Hilary Benn was not advised that there are risks associated with the safety of GM food and asked if he had drawn his Cabinet colleagues attention to earlier pioneers in the field of agri-ecology.  Paul Morris of the NDFTA, noting that Michael Antoniou had said that GM technology is not safe and further research is needed, asked at what point the Government takes advice and when it decides to close off avenues of research.   Hilary Benn emphasised that he was a layman, not a scientist.  Ministers receive advice from scientists and officials who work in various organisations set up to advise Ministers, such as the Food Standards Agency (FSA).  The question he asks them is: is it safe based on your scientific knowledge?  He suggested we have to accept that this is a disputed area.  Hilary Benn said he is not a passionate advocate for GM or an opponent of it.  He wants to see the evidence.  If those responsible for providing scientific advice said GM products are not safe, Ministers would have to take that into account and make a decision.  A lot of life concerns managing risk and balancing benefits against harmful consequences, just as we do every time we get into a car.  The people who advised Hilary Benn did not tell him GM crops are not safe.  Hilary Benn said the first time he spoke at a Soil Association conference – unfortunately it had to be via a telephone – every question he was asked was about GM, despite the fact that the UK does not grow any GM crops and GM crops are not likely to be grown in the UK in the near future.  He said he understood the concern of organic farmers about cross-contamination, but organic crops and GM crops should not be seen as rivals, we could have both. The Food 2030 document, produced when Hilary Benn was Secretary of State for the Environment, Food and Rural Affairs, expressed strong support for sustainable agriculture. Organic farmers have a great deal to teach others about sustainable production.  As a vegetarian, Hilary Benn told the farming industry to judge him by what he did, not by what he ate!  He said the need is to feed the world in a sustainable way against the background of climate change and with reduced resources. 
Dawn Hardy of the Institute of Food Science and Technology (IFST) expressed concern about the consumer acceptance of GM crops.  Gordon Conway said that supermarkets are also concerned about this and about the rapidly increasing costs of non-GM crops.  We consume meat and other products feed on GM soya and we accept vaccines based on GM technology.  Nuclear power has become accepted over the last 50 years in the UK and the same thing could happen with GM crops.  They are one part of our armoury and we should be careful about how we use them. 
Lawrence Woodward of Organic Plus expressed concern about yields and the increasing use of herbicides.  Gordon Conway suggested that the need for fundamental change in response to climate change cannot be addressed by the use of one technology; we need political change as well. The second edition of Sir Gordon’s book
 lays out and comments on these issues.  A great deal of work is being carried out by research institutes such as are funded by the Bill and Melinda Gates Foundation, which involves local breeding and local farmers. Sir Gordon developed a technique for ranking which enables farmers to report on their experience of using different varieties of crops, which has enabled smallholders to support such research. However with a crop such as maize, the research does need to be top-down because hybridization cannot be carried out adequately on a small scale.  
Alan Long of VEGA Research suggested that we are biased by a traditional focus on protein and calorie rich food; we should now be concentrating on micro-nutrients.   For example, wild rice is rich in zinc but not if the soil in which it is grown is low in zinc.  Gordon Conway said there had been some very interesting work on micro-nutrients in recent years.  For example, research looking at children’s diet in Kenya found that when they were given micro-nutrient rich food such as meat and milk their performance improved. 
Michael Antoniou emphasised the importance of the precautionary principle: “when an activity raises threats of harm to human health or the environment, precautionary measures should be taken, even if some cause and effect relationships are not fully established scientifically.”  If you look at the MON maize approved for cultivation in Europe, its composition shows it is not substantially equivalent to the non-GM variety.  The animal studies also show clear evidence of toxicity and so these GM products should be withdrawn.  We should use all possible means, including GM, to feed the world, but we should not approve GM varieties if the science tells us that they are not safe. The precautionary principle is the only sound position to take.  Brian Wynne agreed that the precautionary principle is important, but we also need to recognise that the EU statement on the precautionary principle in 2000 applied to risk management, not risk assessment.  It assumes it is inherent in risk assessment and this is not the case.  Gordon Conway agreed these are valid concerns and should be looked at, but added that we live in a world of risk. Some pesticides have produced adverse consequences. The evidence on nanotechnology is being ignored.  He said he is not an expert in metabolic consequences and he does accept that we need to be cautious. He added that Monsanto has now addressed the problem of the yield drag in early GM soya by moving one gene and producing a new soya with increased yields. 
Lord Rea asked whether the worldwide uptake of GM crops illustrated by Sir Gordon’s slide is mirrored by a similar worldwide increase in crop yield.  Gordon Conway said it would, but this was not simply because of the GM but because of plant breeding and a better control of pests in areas where a lot of GM crops are grown.  Michael Antoniou said that Monsanto is being taken to court in the US because their claims about the increased yield that could be achieved with Round Up Ready 2 (RR2) have not been achieved. The GM element had a negative impact on a naturally high yielding variety of wheat. 
Conclusion 

Lord Rea thanked the guest speakers for their excellent presentations.  He said the conference had reminded him of a legal anecdote. In spite of his care to cast light on the complexities of the case in question a barrister’s speech went right over the judge's head. “I have listened to you, Mr. Smith”, the judge told him critically, “but I am none the wiser.”  “Possibly not, m'Lud”, replied Mr Smith, “but you are much better informed.” Lord Rea thanked members for their contributions and said he was certainly better informed as a result of the conference.  He was also pleased to know that the future lies not just with GM, but with natural plant breeding making use of marker assisted selection as well.
CLC, August 2010
� Hans Herren, President of the Millennium Institute, Arlington, Virginia (USA); co-chair of the International Assessment of Agricultural Knowledge, Science and Technology for Development (� HYPERLINK "http://www.agassessment.org/" ��IAASTD�). [Nature, 455: 850-852, 2008].


� Martin’s full presentation to the conference and other relevant information is available on this website.


� International assessment of agricultural knowledge, science and technology for development (IAASTD): synthesis report with executive summary: a synthesis of the global and sub-global IAASTD reports edited by Beverly D. McIntyre et al. (2009) p8.


� Carpenter, J.E. (2010) Peer-reviewed surveys indicate positive impact of commercialized GM crops. Nature Biotechnology 28, 319-321.


� International assessment of agricultural knowledge, science and technology for development (IAASTD): synthesis report with executive summary: a synthesis of the global and sub-global IAASTD reports edited by Beverly D. McIntyre et al. (2009) p45.


� The Doubly Green Revolution: Food for all in the 21st Century
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