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Profile

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

Is GM technology simply an extension of traditional methods for the production of new varieties of crops and, if not, does it matter?
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 are 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".  
� 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].





Chairman: Lord Rea




        
   Associate Parliamentary Food & Health Forum

Vice-Chairmen: Baroness Miller of Chilthorne



       Church House, Great Smith Street
Domer, The Countess of Mar & Tony Baldry MP



                               London, SW1P 3AZ

Secretary: The Earl Baldwin of Bewdley


Treasurer: Baroness Gibson of Market Rasen 


             Tel: 020 7222 1265 Fax: 020 7222 1250


