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INTRODUCTION

After Watson and Crick’s discovery of the doubléida structure of DNA, and that
inheritance in all life forms is determined by awamsally valid genetic code based on
the “big four” purine/pyrimidine bases, an optinedtope was raised that for the first
time in history humanity could look into and diseothe secrets of creation and
improve life-forms to suit their needs. The claimttone gene codes for a single
protein @enetic determinism) regardless of where the gene is expressed agpeare
reinforce the belief that humanity has taken the Bteps on the way to understand
what makes us humans and what differentiates us dtber life forms of the world.

With progress in genetic science it became possiblthe first time to transfer
genetic information derived from various sourcde imicroorganisms. With this
major advance in the seventies of the last ceraurgw scientific research field has
opened up, what we now call as the recombinant D#¢Anology. By taking a gene
from any source and transferring and splicingtib ia recipient organism the
possibility that the phenotype of any living matteuld be changed became reality.
When industry realized the potential of this tedbgy for the development of
genetically engineered (GE) products that coulgdtented and sold at a profit
genetic engineering of agriculturally importantgi@ants has started in earnest. Most
pesticide-producing industries have quickly turt@this new lucrative business,
particularly when it was realized that by splicognes of enzymes into important
crop plants capable of degrading herbicides thae wee patented products of their
own they could make these transformed plants eedish the company’s own
herbicide. This combination of two complementarydurcts increased the
commercial potential and the company’s profit. B4 the first GE crop, the
FLAVR-SAVR tomato, was commercialised. The takeofiE crops has since been
phenomenal and nowadays the four main GE cropbesmg, maize, cotton and
oilseed rape, are being grown on about 100 miliectares, mainly in the Americas.

NOT EVERYTHING IS GOLD THAT SHINES

The apparently striking success of this new teabgnhas unfortunately blinded
many peoples’ view to potential pitfalls. All tharee, problems soon emerged. Thus,
even at the beginning there were sceptical and so@e even dissenting voices
sounding caution regarding the often and overcentig declared absolute safety of
the GE crops by the industry. Ecologists, populageneticists, plant physiologists
and nutritional scientists, quite rightly, expectedre and reliable published results of
risk analyses from biotechnology researchers rdttar non-fact-based opinions and
assertions. Reality really started to dawn on gemsetentists with the completion of
the human genome project showing that the dogngamétic determinism, the
science basis of genetic engineering was untraleealess than 30,000 genes could
not possibly code for the about 200,000 cellulatgins. It was also realized that the
about 97% non-gene “junk” DNA has a decisive roléhe genome. Our primitive



splicing techniques together with our inabilitydioect the transgene into “safe” zones
in the genome, if such zones exist at all, werevshio lead to insertional
mutagenesis with unpredictable consequences. Adtindus impossible to forecast in
advance what these consequences for health amrthtirenment will be a few
independent studies have already shown, unfortlynady after the already de-
regulated GE crops have been commercialised thaaimy instances, quite
unintentionally, new antinutrients, toxins, anceedlens were formed as by-products
of gene-splicing and other, mainly unpredictablenumity-related problems also
occurred. Indeed, most people now accept the necessome form of generally
acceptable biological safety testing before a n&w@®p is released. However, the
industry still hangs on to the less costly but usttfic principle of substantial
equivalencei.e. the near identity of the GE crop with its pareme, as their main
“safety testing” and only commission simple conti@aimal feeding/production
studies as a last resort to support their casemfin/animal safety. In fact, there are
hardly more than over two dozens of published avacanimal safety studies and
the results of only one human trial have been ghbli, and even that was not a full
clinical study (Netherwood et al. 2004). Very fawmunology investigations have
been carried out and described and the effect ofo@& on reproduction is almost
untouched by science. The worrisome results ofsoicl study on rat reproduction by
a Russian researcher has been almost totally woffeby the GE biotechnology
industry without even ever considering repeatinylibst independently performed
biochemical/physiological safety studies have riagaany worrying health
problems to which the GE biotech industry had nenar but to rely on its
considerable political and financial power to fortseproducts on consumers. They
also hinder independent studies that could estabksv and less primitive genetic
engineering methods and to work out new sciemtifathods for the risk assessment
of GE crops. According to the GE-biotechnology isitiyGE crops are safe and this
isafact. Accordingly, there is no need to finance safesthtg studies.

ROLE OF THE PUBLIC

A particularly grave problem for the GE biotechrgplondustry is that a large
majority of European consumers has rejected foadedbon GE crops and therefore
farmers in many EU- and some other countries duetant to grow them. The main
reason for this lack of consumer acceptance ispaple instinctively distrust foods
that had been produced unnaturally and had notrgade transparent and
independent testing for safety. It is understaneléidht green NGOs are opposing GE
foods that they regard unnatural but some indepdrsigentists have also started
voicing their concern, reinforcing consumer rej@ctiEven in the USA most of the
four successful GE crops are used mainly in anpraduction and other GE crops
that could be used as human foods, such as GE whEgiotatoes, etc, were
withdrawn or not commercialised at all. This hapgkdespite the GE biotech
companies’ considerable commercial and politicataeiand a lax food regulatory
system. Although few people would quarrel with tfieen-declared apparently noble
objectives of genetic engineering. to increase food production to satisfy the
presently undernourished or starving masses oflp@éophe Third World, improve
the nutritional content of agricultural crops, educe the use of chemicals in
agricultural production and achieve all this notdogting down the rainforests but by
making possible the production of crops on margjrsallty- and water-starved,
parched lands that previously could not be useadoiculture. Unfortunately,



nothing of these promises has become reality sarfdrall these objectives are largely
promises for the future. The reality is that inghige only two main types of GE crops
exist: those that resist the companies’ own heitbgg.g. RR soybean and other
herbicide/resistant crops) or those that produeg tiwn pesticidese(g. GE corn, or
other crops genetically engineered with one or nobtbe genes coding for the
appropriatecry toxins ofBacillus thuringiensis). More recently there are also attempts
to introduce into agricultural production of GE psan open field that produce
chemicals, drugs, vaccines or other immuno-cheseagineered into our food

crops. Although it is promised that with these @l crops drug production will be
revolutionized and the products will be consideyaiiieaper than those manufactured
by conventional chemical methods, this new phaggenétic engineering presents
very considerable and grave dangers for human/ameadth and the environment. A
long history of previous mix-ups and accidentaltaamnation cases in the USA
clearly show the near impossibility of keeping émgineered and the conventional
crops segregated without duplicating all the féesi for their handling and
distribution, not to mention the almost certaintygenetic contamination of other
crops and weeds by accidental horizontal genefeatigat has already occurred.

INDUSTRIAL DEPENDENCE OF ACADEMIC SCIENCE

Commercialisation of scientific research has dgwetbgradually since the mid-20th
century. It accelerated with the Conservative Gowent of Prime Minister Thatcher
in the UK and with President Regan in the USA bentspread all over the world.
Research institutes and Universities became materamme commercially orientated
and dependent on industrial money. It was firsteled by the UK government that
applied research should be subject to the “custarmetract” principle (Rothschild,
1971). For public sector research institutes,atijtithe main “customers” were
government departments, which made contracts f&gifp policy-relevant research
projects. In retrospect, this can be seen astastiep towards commercialising public-
sector research. The idea was that the only gaedsewas the one that can yield
financial benefits. True, there is nothing wrondghaapplying science to technical and
technological innovations. There is certainly nechéo emphasize the importance of
technology in our life for which underpinning byagbscience is essential. However,
when this relationship between science and teclyyakthe wrong way round, when
science without an immediate technological end pcods regarded as something not
worth to support, human society enters a danggybase. The mentality behind this
mission- and product-orientated science ruled saprentil the beginning of the
1990s. However, by then the politicians were begimito realize how large were the
costs of this type of research and how huge a buids placed on state finances that
could and should be passed on to the very indtisatybenefits from it and not paid
from the public purse. No one will argue againsiustrial support or industrial
involvement in science. Commercial funding of reskas not wronger se, but it

must be done in a balanced way. Commercial reseansih only be a part of the
whole scene with academic research leading the Mawever, when most of the
funds that used to come from the Government nowecimom industry and when
awards of the remaining state financial sponsorshigsearch become dependent on
whether the project is supported by industrial nyomenot, from there on science no
longer simply just depends on industry but its smagnt relationship is close to
prostitution. The effect of all this has been disass for science. Society no longer
believes in the impatrtiality and trustworthinessoientists even though some people



think that this judgement is probably somewhat ihafie cards, however, are
stacked against the scientist. It is the compaaytihs all the aces, because they have
money and lawyers. If the scientist goes agairessfionsor’s interest and is taken to
the Court by the company which scientist can affaightion? Even research

institutes cannot do this because they haven¢igoiigh money to finance the
expensive, risky business of legal challenges. iBhagainst the public interest and is
certainly against the scientists' interest.

QUICK FIXES

It is often said nowadays with good justificatitimat science has become a way to get
a quick fix for outstanding problems. For examflene wants to get rid of aphids
that harm potatoes, one can splice a natural dhstin insecticidal gene into crop
plants in the laboratory, so that this problem lsariixed. However, the real problem
comes when the resulting plant is grown outsidectirdginement of the laboratory or
the greenhouse. The proper scientific way is tkeébre this is done one ought to first
find out what possible harm can arise out of tlisoa and what the risks are for the
environment and the living world (e.g. to establidiether the harm by the GE crop
comes not only to the pest but also to benefiasgctse.g. see Birch et al 1999).
However, it is not always in the financial intere$the industrial sponsor to find out
whether there are any downsides to this “fix” beseain a competitive industrial
situation such research may delay the launchingeuf products and a competitor
may get there first. So the agenda is in many dasest a science- but a commercial
agenda. Nobody doubts that scientists can achiestersarrow objectives and “fix”
for example the aphid problem. The question is vghiae society will have to pay for
this technological fix? It is often said that swéws are ‘anti-science’ and that risk-
aversion/avoidance will stop progress. The quessiavho is to take the risks? The
reality is that usually it is the society and rog tleveloper! Successful scientists in
the past used to look at the problem in a scientdintext in the confinement of the
laboratory. They were allowed to properly complbte research there rather than to
rush forward with applications before the job rEghed. It happens very often
nowadays that “great innovations” are trumpetethégds of Academia in the full
glare of media publicity. They desperately try tawd the attention of industrial or
state sponsors to their money-starved instituteordsthus ensure their survival. How
many times we observed that such breakthroughsghietly, or sometimes not so
quietly, peter out? Formerly, the first and mairecion for funding a piece of work
was its scientific merit and how well it is don¢her than its perceived or supposed
merit or usefulness for the public good. Scienegdfore is now highly directed,
driven by tasks and products. Society must redfiaeit can build on good science
but is led astray when fools itself with empty pises of progress not backed up by
well-founded science. “The road to hell is pavethwine best intentions”, and if one’s
intentions are not even the best, then one gdtsltoery quickly.

PRESSURE ON SCIENCE; THE INDUSTRIAL-POLITICIAL COMP LEX

In the last twenty years most governments havesiedea large slice of their money
and pension funds in the fast developing and apggrinancially promising genetic
engineering technology and its products. Thus, gowents are not disinterested
bystanders in the debate whether GE technologgfées® not, rather the opposite. In
fact, most of the time they strongly support the léédiechnology industry. One of the



best examples is the British Government that despé rejection of GE foods by the
great majority of the British people undemocraticajnores this in all its actions.
Anyone voicing doubts over the safety of GE foadpublic soon will find out that
how far the establishment would go to try to dgstron/her even when the doubts
are based on the results of sound experimental. Wieksages of doubt are obviously
uncomfortable to the scientific/political estabhsént with vested interests in the
success of the GE technology (Royal Society, 198183y do not tolerate even
scepticism. For them this is almost like a religi@mousade. The establishment must
crush anyone who appears to be standing in theiramd will even consider threats
against those individuals whom they consider dsemtial sceptics (Flynn and
Gillard, 1999). If this happened 500 years ago pepetrator would have probably
been put to the stake and burnt. Nowadays the algmiis to destroy the sceptical
scientist, both as a person and definitely asensist.

The scientific establishment is not willing to cede that there are points that need to
be clarified, which could only be done by furthedependent research. We are told
that there is no difference between GE- and comweaitfoods and therefore there is
no need to commission new research. For examdes#id: genetic engineering,
taking a gene from any donor organism and splitingo another is just the same
but faster and more precise than conventional lmmged which the offspring only

has a mix of parental genes. It is perfectly walbkn that this is not true. One can
argue whether genetic modification is better orsgobut it is certainly different.
Again it is said: we eat tons of cauliflower mosaiais (CaMV) during our lifetime,

it is therefore inconceivable that using the DNAtd this virus in the genetic
engineering vector construct, the CaNds6 promoter, as a molecular switch to turn
on the transferred gene in the genome of the glamiild present any safety problems
in GE foods. However, these people know perfectyt what we normally eat is the
full virus, which has a protein coat that covers BNA. This is what our immune
system recognizes. If you take off this coat, thetermines the species specificity of
the virus, it is a different matter again. It coblkel better or worse for safety, but it is
different. Therefore the associated risks ougluetanvestigated. Likewise it is said:
all DNA is degraded in the gut, when they know eettly well that a small proportion
of it does not break down, as documented in pulohica (see papers by Doerfler and
Schubbert and his associates). This intact DNA lshio@ of great concern to us and
the associated risks ought to have been investigaites top scientific establishment
ignores these differences and uncertainties, psrbepause they are reluctant to fund
research to investigate them even though we hateot®to do so. So why don't we?

It is even more serious that in some instances jpi@m scientists are not just
economical with the truth, but in fact they arentyi All the same they manage to
force their views through by the considerable powefeheir prestige. This not only
distorts science, but it is also taking the debagewrong direction. At issue is not
only whether GM food is good or bad, but whetherghientific debate is conducted
in an ethical manner. This is what we were usdd &tience before industry became
the paymaster. We can all make mistakes, but tligedate ones are far more serious
than any sensationalist article that newspapersvmiag about scientific issues on GE
foods. This is not the proper way to conduct seristientific debate about the safety
of GE foods as it is done today when the proponandssceptics are not even willing
to sit in the same room let alone properly delageidsues. It is possible that if the
present rather Stone Age technology of genetic fivadion based on an outdated



dogma of genetic determinism will be replaced lmyaae specific and less risky
genetic technology, if such can be found, andtérafansparent and critical
examination its products are found safe by indepenscientists, this will be a good
thing for humanity. All the same, the emphasis ningsbn the words critical and
independent. Even if such new and predictable gpheing methods can be
established the safety of the products must sijptmperly tested.

In those few instances when independent sciemtigéstigated the problems and
uncertainties in the products of GE technologyeptaélly serious problems surfaced.
(e.g. see the article in the Lancet by Ewen anat@ysl999 and comments by the
Lancet Editor, Richard Horton).We don't know whettiese problems can occur
generally, whether they are irreversible and whretthey have any pathological
significance as we have very few data on the safeM foods. Our database is
extremely narrow and limited (see Pusztai and Bardp006). One of the basic rules
in experimental science is that if you want to aje existing data or concepts, the
only way is to do more experiments even thoughithcertainly made difficult by the
industry’s reluctance to providmna fide samples to independent researchers. But if
this is not done the lack of evidence cannot bertak support the point of view that
GM food poses no health risk, particularly if véey attempts have been made to
study the problem (Krebs, 2000). Indeed, in sudesdt can also be said with equal
justification that the converse claim is true: that there is no meaningful evidence of
safety. When top scientists claim the safety off@ifls on such unsatisfactory
grounds one always has this uneasy feeling thgtrtteey have some political agenda.

CORRUPTION OF SCIENCE AND SCIENTISTS

Apart from the possible harmful effects of the pros of the GE technology on
health and the environment the involvement of titistrial-political complex as
paymasters of scientific research has a disasefieist on science itself. The GE-
biotech companies jealously guard the resultsaf liesearch as not to give
competitors an advantage and declare virtuallyythigrg as confidential business
information (CBI). This prevents the exchange suits, views and opinions between
scientists, the lifeline of science, without whioh scientific progress is possible.
Even more importantly, industrial funding of resdaleads to the corruption of
values and even the scientists themselves. A PEBRJaion of Concerned Scientist
survey called this as a disinformation syndrome affificts government scientists. In
a survey it was found that one in five of the stig#a questioned had been directed to
exclude or alter information in a scientific docurhdn another published survey
(Wadman, 2005) more than 15% of the 3247 respoadid that commercial
interests through political intervention directbérn to change the design,
methodology or reverse or withdraw research commhssand 1.5% admitted
falsification of data and/or plagiarism. Overabboat a third admitted to at least one
of the ten most serious offences. In another subyethe Institute of Professionals,
Managers and Specialists: 30% of the 500 resposdaid they had been asked to
tailor their research conclusions. These includé 1o change the results to suit the
customer’s preferred outcome, 10% to change tlogiclasions if they wanted a
further contract, 3% were told not to publish “uteeene” results. In a survey of US
Fish and Wildlife Service concerning the protectidrendangered plants and animals
the respondents reported that 44% have been direzigithhold data that indicated
the need for protection of species, 20% have besiruicted to compromise their



scientific integrity by excluding or altering datad opinions and 56% knew of cases
where commercial interests induced the reversalitidrawal of decisions or
conclusions through political intervention In anestigation of 103 government
scientists by the N.I.H it was found that 44 vielhethics rules on collaborating with
pharmaceutical companies, and 9 may have violatednal laws. Many world-
famous scientists, including Sir Richard Doll, hawev been found out to have
received substantial financial payments from reiwadustries whose products they
investigated but when the results were publishged&o disclose financial ties to the
company (Hardell et al 2006). Department of Healti Human Services received
274 complaints of alleged misconduct in 2004. Dustaffing shortage they could
only investigate 23 of these. How can one blameégsptor no longer trusting the
scientist? In the last century publicly funded stigs working on food safety were
regarded as public watchdogs. It was always ackeaydd that they acted in the
interest of society and not of any industrial/comered groups. To repair and restore
the previous high standing in society of the scsmtwill take a long time and will
only occur if there is a change in our attituded@nce and its financing. When the
realization will set in that if society wants indgqent scientists whom they can trust
again they will have to restore the independencei@ince from its present
subservient role to industry by funding independesearch from the public purse.

SOCIO-ETHICAL ASPECTS OF SCIENCE

| have been invited to lecture at a number of Bbarts colleges in the USA in the
past and was very favourably impressed by theniaudum in which a major

emphasis was placed on trying to get the studeniaderstand that in our democratic
system whatever is done in science it will alwaggehan effect on society. Every
development always occurs in a social contextsfltlents are required to understand
this. Thus, courses in government science and ggalod so on are compulsory for
all students, the intention being is that they nalsstorb this basic philosophy. Even
students whose primary education is in sciencenade to see that their scientific
activities will be done in a social context.

Some people voice the opinion, quite rightly, thet direction of scientific research
should be influenced not only by scientists bub &g the public who can bring
different perspectives and values. Although in dite opinions are formed by all our
life experiences, a great deal of these comes @r@nown professional life.
Unfortunately for many people, life- and professibexperiences seem to be running
on separate lines. Though many scientists vow riteviee involved with any

biological research project that has obvious warfaaplications or that the results of
his research could be used against people, thistiso easy when the likely
consequences of a project are not clear-cut. Evéénsivong ethical commitments,
one does not always anticipate what are the palemiicomes, implications and
consequences of their work. One of the consequearideday’s industrial

sponsorship of science that the individual sciéhiigd for a particular job has very
little free time to think about the social consemges of his work and deviate from the
job he is doing. If one is successful in obtainizge chunks of money from industry
to finance one’s work there are enough problemeép up with the research and no
time is left to contemplate the consequences. 8nyithing is not very obvious at the
beginning, one doesn't start to question its inapilons.



The classic definition of science says that its aught to be to find out the truth
about the world and us without any financial beisedr other advantages to the
scientist himself. Unfortunately for most of ussthas been twisted out of its original
meaning. Nowadays researchers are told that scrensenot be pursued just to
please the scientific mind. It's not the truth tlsatmportant, but the truth for a
particular social context. However, the governnmaent the scientific establishment
set the context because they have a pre-concaleadnvhat is good for us alle. to
change the world to suit our perceived interegandess of the cost to others. In the
present conditions academic freedom, the pursurudi is an illusion. One is usually
told what one must do and find even though this)xdges anathema to science. If one
knew in advance all the things that one was to, finére would not be much point of
doing it! Sceptics are branded as Luddites, whotwastop “progress”.

SOCIAL CONSENT

A scientist ought to consider the reality that fi@dt only a scientist but also a
member of the public who wants to eat safe foodleedn a clean environment.
However, he must also recognize that other peoptlees community have the same
rights and his actions must not jeopardise thdticBt and social considerations must
unavoidably come into scientific issues, both far individual scientist and also for
the scientific-political establishment. The scishthay think that he must have an
absolute right to do anything, but he has no sigtit.rFor example, we have the
means or may be able to develop the means foringroyt human cloning and even
though it is reprehensible for the majority of stists, some will attempt to do it.
These claim that interference with this curtailsittacademic freedom. However, in
reality projects like human cloning question anapgrdise all our basic moral values
and they also unsettle the foundations of the whtilecture of society and human
existence. Also, nobody has the right to subjeopfeeto the results of their work
without securing their consent. Thus, we have stfjaation to do experiments in
which there is a human involvement without themsamting to this. The classic case
is the USA where the FDA (Food and Drug Administrat does not allow GE foods
to be labeled using the excuse that they are sutistg equivalent to non-engineered
foods and therefore if one is safe the other algstrbe. It is a fundamental human
right to be able to exercise one’s choice. Howewghout labelling this is denied to
the American public. Moreover, even if some peauolesent to such experiments on
themselves, a responsible scientist should drawrtbelf he thinks that there is the
possibility of harm coming to the consenting indival he should not experiment on
the volunteer. The scientist should have a strovogigh ethical stance to self-regulate
his research activities whose results might jeaparthe long-term future of the
human race. However, if scientists cannot drawlthés then others in society must
do it for them because scientists are sometimeslose to the aims of their research
project to be able to make rational long-term denssthat take the whole human race
into consideration. They, for example must not lbmnged to do experiments with
human eugenics. Indeed, western nations foughtria war to stop this.

Science, particularly biological sciences must heg&rong involvement with the
public. Although obviously 7.5 billion people canr® sitting around a table to
discuss these issues, we shall have to find then@gs to involve people in
discussing issues which may affect them. Therealsasto be involvement from other
sciences, liberal arts, social sciences, environatists, philosophers, and



representatives of various faiths, etc.- people wiay legitimately hold different
viewpoints. And such a debate must be done befackehmeot just after a technology
has been developed, particularly with the GE tetdgyonow whose effects on the
world are unpredictable and largely irreversiblee Hamage might have already been
done before we could find out what possible haramsaxcur

In conclusion Fundamental changes in the direction and fingnoirbiological- and
particularly genetic research have brought outlization to a turning point. With the
introduction of primitive irreversible genetic teghues in a dangerous combination
with a product-and profit-orientated mind-set fat@a society by a powerful
political-industrial complex humanity faces an unam future. In the first time in our
history we have created a self-reproducing biollgsgystem that we cannot control
and whose consequences are uncertain, unpredietadblpotentially dangerous. This
is our unfair legacy to our children. Should it pealangerous they will have to face
the consequences of our action and it is unlikedy they will be able to reverse it.
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