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1 Introduction

None of the crops currently used as food plants resemble their wild progenitors;
all have been modified over the centuries to improve aspects of their quality and
productivity. Selection of new traits initially was a pragmatic reaction to random
mutational events that gave rise to ‘sports’, crop plants that differed in some way
from the norm. With the development of an understanding of Mendelian
inheritance, crosses could be made in a more deliberate and systematic manner
and plant breeding and the development of new varieties became amore directed
activity. The existing variationwithin the genetic stock proved inadequate and so
irradiation and chemical methods were used to introduce random and often
multiple mutations to provide greater diversity from which selections could be
made and novel traits introduced. However, all such developments remained
within a single species or at least a closely related group of species. Genes were
modified or deleted but no new genetic material was introduced. Natural
outcrossing was prevented by the highly effective physical and chemical barriers
present in plants that restrict cross-fertilization and, in most instances, prevent
hybridization.
It was not until the 20th century that species barriers finally were breached,

allowing introduction of genetic material from a genetically unrelated plant. The
crucial technological breakthrough was not the use of recombinant DNA
technology, but the development of tissue culture methods. Tissue culture
enabled various single-cell fusionmethods to be usedwhich overcame the natural
barriers operating at the whole plant level. Such techniques are now considered
to fall within the broad description of GM technology and have, retrospectively,
been included in the legislation governing the use and introduction of products of
GMtechnology.Modern recombinantDNAmethods, the ability to excise a gene
from a donor genome and introduce it into a recipient organism in amanner that
allows its expression, has now largely made these earlier and far less selective
fusion techniques redundant.
Some have argued that recombinant DNA technology applied to crops is
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simply a logical continuation of the manipulations applied since plants were first
deliberately cultivated for food use. As such, the novel phenotypes produced are
no different in principle from the varieties produced through conventional
breeding and should be considered in the same manner. However, once the
species barrier was crossed it became possible to introduce genetic material
coding for products that have never been part and, with conventional breeding,
never could be part of the food supply. For such traits, the security provided by a
long history of use by humans is not available and the recognition and knowledge
of safe levels of the natural toxicants present in most foods is not automatic. For
this reason alone it is necessary to establish regulatory systems able to recognize
any hazard introduced by foreign genes and assess the associated risks. Industry
concerns that over-stringent requirements for evidence of safety will stifle
development of a vital technology have limited validity. It is better to start with
rigorous requirements for safety evaluation and then to relax the specifications in
the light of experience, rather than having to tighten regulations once evidence of
damage to human health has occurred.

The Risk Analysis Framework

Most assessors of risk base their approach on the framework set out in the 1997
FAO/WHOConsultation on Risk Management in which risk analysis is seen to
consist of three interlocking components:

� Risk assessment
� Risk management
� Risk communication

The identification and characterizationof possible hazards is the starting point
for risk assessment which, when coupled with the likelihood of occurrence or
exposure, gives a measure of risk. Whenever possible this risk is quantified,
although this has proved difficult with many of the hazards suggested for GM
foodsbecauseof difficulty in establishingmeasurable outcomes.Riskmanagement
then considers how any assessed risk could be reduced, either by removal of the
hazard or by a reduction in exposure. Finally, in an ideal and wholly rational
world, the process is completed by a cost—benefit analysis in which economic,
social and ethical issues are considered and introductions weighed against the
cost of inaction. As has become abundantly clear during the GM food debate,
since this process requires value judgements, it is essential that those most
affected are directly involved in this decision making process.
Recombinant DNA technology is described as a precise tool in which only the

intended genes are introduced into the modified host. If this were the only issue
then the process of safety assessment would be made easier since only the
transgene(s) and their expressed product(s) would need to be considered.
Unfortunately, while the nature of the vector and the tDNA may be closely
defined, the same is not true of the manner and extent of its incorporation. With
the present methods of transformation there is virtually no control over where in
a genome the tDNA is introduced, how many copies are integrated, or whether
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introductions involve the entire gene sequence or just fragments of a gene. Since
random insertions could disrupt and silence existing genes or lead to expression
of otherwise non-expressed sequences, much has been made of the need to take
account of possible ‘inadvertent’ and therefore unpredictable effects in any safety
assessment. While this is a potential hazard, it should be recognized that
unintended effects are just as much a problem in conventional breeding as with
GM technology.� Inadvertent effects have been documented for conventional
crops on many occasions without triggering a need for a safety assessment of all
new varieties being introduced.

2 GMOs already in the Food Chain

It has been estimated that some 60% of manufactured food items in American
supermarkets contain genetically modified ingredients. The equivalent figure for
theUK, before foodmanufacturers and retail outlets began deliberately to source
non-GM ingredients, was somewhat lower at 40%of manufactured items.While
the presence of GM ingredients in US products might have been expected, the
extensive presence on the shelves of European supermarkets came as a
considerable surprise to many European consumers. Few recognized the extent
to which products of maize (maize starch or maize gluten) and soybean (soya
protein, soya grits, soyabean oil, lecithin) were used in the food industry. Because
of their importance to food and animal feed production, both were amongst the
first crops to be targeted for genetic modification by the plant breeders in the
USA. As can be seen in Table 1, the increase in the planting of GM maize and
soybean has been rapid, with seed sales in 2000 in the USA indicating that about
half of the total soybean and one-third of the total maize crop will be GM
varieties. All of the GM maize and soybean met the safety standards of the
American Food and Drugs Administration (FDA), who considered them as
equivalent to the conventional crop and so did not require separation or identity
preservation.WhileGMmaize and soybeanhavenot been grown to any extent in
Europe, they were imported as the raw material or products mixed with
conventional sources. The UK imports about 1% and Europe about 10% of the
USA maize and soybean production. North Americans, and to a lesser extent
Europeans, have been consuming in increasing amounts foodproducts containing
GM ingredients for several years without any apparent undue effects. The FDA
would claim this as a justification of their approach to safety assessment. Some
consumer-interest groups, however, argue that this is using humans as guinea
pigs and that it is too soon to judge any long-term consequences.
Although maize and soybean represent the bulk of GM material entering the

food chain directly or indirectly via animal feed, various other GM food crops
have been grown in lesser amounts, principally in the USA and Canada. These
includeGMtomatoes, squash and potatoes.While freshGMtomatoes have been
sold in the USA (the so-called Flavr Savr tomato), an equivalent product
developed in the UK was sold only as the puree and made solely from imported
GM tomatoes and labelled as such. Since its introduction in 1996, over two

� A. J. Conner and J.M.E. Jacobs, Mutat. Res., 1999, 443, 223.
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Table 1 Global area of
transgenic crops under
cultivation. In 1996 the

total area grown was 1.7
million hectares�

Area of transgenic crops (million hectares)

Commodity 1997 1998 1999

Soybean 5.1 14.5 21.5
Maize 3.2 8.3 11.2
Cotton 1.4 2.5 3.7
Rapeseed (canola) 1.2 2.4 3.4
Potatoes/squash/papaya 0.1 0.1 0.1
Total area 11.0 27.8 39.9

�Data from James.�

million cans of this heat-treated product were sold before being withdrawn in
1999 by the producers in response to the general flight of UK supermarkets from
GM produce.
Rapeseed (canola) is also a likely source of GM material. Although most

rapeseed oil is of European origin and from non-GM varieties, some seed is
imported from North America for sowing and for use in oil extraction. Most
comes from Canada, where use of GM oilseed rape is commonplace (62% of the
total crop in 1999). Imports into Europe of non-GM hybrid canola seeds from
Canada were discovered in 2000 to contain some GM material (�1%). In the
view of some member states, this represented an unapproved release of a GM
crop to the environment and several thousand hectares of rape, principally in the
UK but also in Sweden andGermany, were ordered to be destroyed. It is unclear
whether this mixing of GM with conventional seeds occurred at the seed station
or whether there was cross-contamination in the field. However, with the level of
use of GM technology in North America, strict segregation will be virtually
impossible to maintain and some adventitious contamination of conventional
crops is inevitable. Studies originating in theUSAhave already detected traces of
GM material in the majority of consignments of conventional maize tested.� If
European governments continue a policy of no latitude and to require crops
containing trace amounts ofGMmaterial to be destroyed, sourcing of seeds from
North America will become increasingly impractical.
In addition to ingredients, various additives and processing aids are also

derived from GM organisms, most notably some enzymes used in food
production. Virtually all hard cheeses are now produced with the aid of a
chymosin, an enzyme of bovine origin, cloned into and produced by a bacterium
(Escherichia coli), a yeast (Kluyveromyces lactis) or a filamentous fungus
(Aspergillus niger). These three sources of nature-identical enzyme replaced the
use of bovine rennet and were welcomed by the Vegetarian Society.

Genetic Modifications to Food Plants

It is easy to forget that, even in the USA, the first GM crops were only authorized

� C. James, Global Status of Commercialized Transgenic Crops: 1999, ISAAA Briefs No 12, ISAAA,
Ithaca, NY, 1999.

� A. Coghlan, New Sci., 27th May 2000, 166, 4.
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for general release in 1993 and grown commercially in 1995, although such
releaseswere preceded by several years of field trials. Regulatory authorities have
had only around 10 years and a handful of practical examples with which to
develop a safety assessment strategy. To date, less than 20 structural genes have
been introduced singly or in combination into GM plants for which approval is
sought for sale or growth in the EU, or whose products can be found in European
food. The US experience would extend to perhaps twice this number of genes.
Structural genes are also accompanied by regulatory sequences, which direct the
expression of the structural gene in the plant. Although most attention has been
paid to the safety of the products of structural genes, it has been suggested that
some regulatory sequences of viral originmay also pose hazards,� althoughmost
dispute this.�
The structural genes to be found in transgenic plants already authorized for

release in at least one country can conveniently be considered in six groups
according to their function: insect resistance, herbicide tolerance, virus resistance,
male sterility, gene silencing and selection markers.

Insect Resistance. Insect resistance is conferred by genes coding for a truncated
form of the protein endotoxins produced by strains of a soil bacterium, Bacillus
thuringiensis (Bt). Many forms of these toxins exist in nature, affecting different
insect species. Maize and tomato crops engineered for insect resistance carry
genes of the cry1(A) or cry9(C) type whose products are specifically toxic to
lepidoptera like the European corn borer, while, in potato, incorporation of
cryIII(A) provides protection against the Colorado beetle. Suspensions of
bacteria producing Cry1A toxins have been used as crop protection biopesticide
sprays for nearly 40 years, for both glasshouse and field application. Use of this
spray is permitted for organic farmers who now are particularly concerned about
resistance developing as a result of increasingly wide-scale and continuous use.
However, Bacillus thuringiensis is a close relative of Bacillus cereus, the human
enteropathogen, and produces the same human enterotoxins in addition to its
insecticidal properties,�making its continuinguse asabiopesticide open toquestion.

Herbicide Tolerance. Crops expressing tolerance of one of two herbicides,
glufosinate ammonium (Basta) and glyphosate (RoundUp), are the most
commonly encountered. Examples of both have sought release in Europe.
Elsewhere, plants expressing tolerance of bromoxynil, sulphonylurea and
imidazolinone have received market approval. Glyphosate acts by inhibiting an
enzyme involved in the synthesis of aromatic amino acids in the plant. Resistance
is provided by a bacterial gene coding for the same enzyme which is sufficiently
similar to replace the action of the plant enzyme allowing the production of
amino acids, but sufficiently different to resist the effect of glyphosate. A maize
line made resistant to glyphosate because of a deliberate mutation to the plant
enzyme has also been developed and marketed. Glufosinate ammonium is an

� M.W. Ho, A. Ryan and J. Cummins, Microb. Ecol. Health Dis., 2000, 11, 194.
� J.-B. Morel and M. Tepfer, Biofutur, 2000, 20, 32.
� P.H. Damgaaerd, H.D. Larsen, B.M. Hansen, J. Bresciani and K. Jorgensen, Lett. Appl.
Microbiol., 1996, 23, 146.
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analogueof -glutamic acid and a potent inhibitor of glutamine synthase. Inmost
cases, resistance is provided by the introduction of genes (bar or pat�) encoding
phosphinothricin acetyl transferases which catalyse the acetylation of glufosinate
ammonium, rendering the compound inactive.

Virus Resistance. It has been known for many years that inoculation of plants
with amild strain of a virus can prevent infection bymore virulent strains. Similar
effects can be obtained by introducing genes coding for the virus coat protein
alone. This was first demonstrated for the tobacco mosaic virus (TMV) in
laboratory experiments	 and subsequently in field trials in 1988 made with
tomatoes modified to express TMV coat protein. Virus-resistant varieties of
squash, papaya and potatoes expressing the coat proteins of a number of different
viruses or other viral proteins (replicase genes) now have market approval in
North America. None, however, have sought approval in Europe to date.

Male Sterility. A variety of mechanisms have been developed to introducemale
sterility. This has been dubbed ‘terminator technology’ because, in some forms
under development, genes are included that act as molecular switches able to
restore fertility, thus enabling companies to protect their intellectual property
rights (see page 16). Considerable concern has been voiced about the impact of
this technology on the ability of farmers in poorer regions of the world to save
seed for replanting. In practice and to date, the technology has found only benign
application in preventing self-fertilization and ensuring uniform hybrid seed
production. In these cases, male sterility is introduced by barnase, a gene that
codes for a ribonuclease and is controlled by a regulatory sequence that allows
expression only in pollen. The presence of barnase renders the pollen sterile and
prevents fertilization.

Gene Silencing. In addition to introducing genes expressing novel traits,
recombinant technology can be used to inhibit or ‘silence’ the expression of
existing, undesirable plant genes. This is always based on the introduction of an
extra copy of the target plant gene, either in reverse orientation (antisense) or in
the same orientation but in a truncated form (sense). The presence of the
additional copy blocks the normal process of gene expression and leads to the
suppressionof the target enzyme.Probably the best known example is the tomato
with increased self-life, in which the tomato enzyme polygalacturonase partly
responsible for softening is inhibited. In the case of the Flavr Savr tomato
introduced in the USA, the antisense gene was introduced. The risk of patent
infringement prevented the UK producer taking the same approach, and so a
truncated sense sequence was used for their product. Other applications with, or
seeking, market approval are potatoes for starch production in which the
granule-bound starch synthase is inhibited, producing starch with different
properties of value to industry, and high oleic acid soybean in which a desaturase
gene is silenced.

� A.Wehrmann,A. vanVliet, C.Opsomer, J. Botterman andA. Schulz,Nat.Biotechnol., 1996, 14, 1274.
	 P. Powell-Abel, R. S. Nelson, B. De, N. Hoffman, S.G. Rogers, R. T. Fraley and R.N. Beachy,
Science, 1986, 232, 738.
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Selection Markers. The presence of antibiotic resistance markers in GM
constructs has received a great deal of attention because of the concern about the
growing resistance of pathogenic bacteria to the antibiotics used in their control.
In reality, antibiotic resistancemarkers in plants do not pose any serious issues of
safety. This is partly because the force of public concern already has ensured that
alternative methods will be used to select for the introduced traits in GM
modifiedplants in the future (see page 14). In the interim, the twomost commonly
used selection markers, nptII and aadA, which code for kanomycin/neomycin
and streptomycin resistance, respectively, are antibiotics of very limited importance
in human medicine. The remote possibility that either of these resistance genes
could transform and be expressed in bacteria found in the digestive tract is of no
significance against the background of resistance already present. Use of other
antibiotic resistance markers such as ampicillin resistance (bla) is less desirable
and, however slight, the risk associated with the introduction of amikacin
resistance (nptIII), a reserve antibiotic of some importance, is unnecessary and
unacceptable.

Regulatory Framework for GM Food Crops

Despite some differences of approach, there is considerable agreement over the
way in which the various national regulatory authorities approach the question
of safety assessment of novel foods, particularly those involving recombinant
technology. This harmonization of approach has been aided by discussions in
various international fora including the OECD, the WHO and, more recently,
through the joint FAO/WHO Codex Alimentarius Commission Task Force on
Foods Derived from Biotechnology. There are, however, regional and national
differences in the level of risk considered acceptable and this is reflected in the
specific provisions of the national legislation. There are also different approaches
to food legislation in general, particularly whether the ultimate responsibility for
the safety assurance is considered to rest with the national authorities or with the
producer.
In the USA, by far the largest producer of GM crops, there is no statutory

provision or regulationdealing specificallywith foodproduced bybiotechnology.
The Food and Drug Administration (FDA), after examining a number of GM
products, decided that foods developed through genetic modification are not
inherently dangerous and, except in rare cases, should not require extraordinary
premarket testing and regulation.
 The FDA considers that the onus of
establishing safety ultimately rests with the petitioner, the consumer being
adequately protected by existing regulations which authorize the seizure of
adulterated food and enables those responsible for its manufacture and
distribution to be prosecuted.TheFDAdoes, however, consultwith andprovides
extensive guidance to industry that describes a standard of care for ensuring the
wholesomeness and safety of food developed by rDNA technology. This is in
contrast to the EuropeanUnionwhere virtually noGMcrops are currently being
grown, but where specific regulations relating to rDNA technology are in force


 FDA (Food andDrugAdministration),Statement of Policy:FoodsDerived fromNewPlantVarities,
Fed. Reg., 1992, 57, 22984.
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Table 2 Legislation in
force in the European
Union controlling the

testing, production and
release of genetically
modified materials

Legislation Scope of the legislation

Directive
90/219/EEC

Regulates the contained use of genetically modified
microorganisms for research and industrial purposes

Directive
90/220/EEC�

(revised 2000)

Regulates the deliberate release into the environment of
genetically modified organisms, including placing on the
market of GMOs but not products derived from GMOs.
The Directive in its most recent amendment also makes
mandatory labelling indicating the presence of GMOs

Regulation
EC/258/97

Novel Foods and Novel Food Ingredients Regulation.
This sets out the rules for the authorization and labelling
of GMO-derived food products

Directive
98/95/EC

Requires that seeds for sale within the EU satisfy the
requirements of 90/220/EEC and, if intended for food
production, 258/97 before inclusion in the Common
Catalogue. Labelling must show that the seeds are of a
GM variety

Directive
90/679/EEC

Regulates exposure of workers to biological agents
including GMOs

Regulation
EC/1139/98

Serves as a model for labelling within the EU and for the
requirements for food labelling required by Regulation
EC/258/97. In the case of GM foods, labelling provisions
are amended by Commission Regulation 49/2000 to
provide a 1% adventitious contamination level below
which the presence of GM material does not have to be
declared

Regulation
50/2000

Deals with the specific labelling requirements for
foodstuffs and food ingredients containing additives and
flavourings derived from GMOs

�Currently no legislation exists dealing with animal feeds although a feed equivalent to the
NovelFoodsRegulation is in preparation.GMfeed issues aredealtwithunder 90/220/EEC.

requiring a producer to provide evidence of safety (Table 2). The regulations are
backedbyguidelines that detail the evidenceneeded. It would be difficult to argue
that any producer who had met in full the requirements of these guidelines and
whose product had been authorized had acted with anything less than due
diligence. Consequently, the Commission is, in effect, assuming responsibility for
safety assurance within the EU.

Assessment of GM Food Crops for Human Safety

Substantial equivalence. The much maligned term ‘substantial equivalence’ is
widely accepted as the starting point for the human safety assessment of GM
products. An equivalent concept of ‘familiarity’ is used in the assessment of
environmental safety. The concept of substantial equivalence derived from the
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FDA view that the first GM crops gave rise to new varieties that were not, in
principle, different from other varieties produced by ‘conventional breeding’. All
were considered to be substantially equivalent (but not identical). This became
embodied in the OECD statement ‘that existing organisms used as food or as a
source of food, can be used as the basis for comparison when assessing the safety
of consumption of a food or food component that has beenmodified or is new’.��
However, the FDA recognized that, as GM technology developed, crops that
differed radically from their conventional counterparts could be produced. From
this developed three scenarios intended to provide a flexible framework for safety
assessment and three different ‘gateways’ to assessment protocols:

1. When substantial equivalence can be established for an organism or food
product, it is considered to be as safe as its conventional counterpart and no
further evaluation is needed.

2. When substantial equivalence can be established, apart from certain defined
differences, further safety assessment should focus on these differences.

3. When no conventional counterpart exists or where substantial equivalence
cannot be established, the design of any test programme should be on a
case-by-casebasis taking into account the characteristics of the food or food
component. A failure to establish substantial equivalence does not
automatically mean that a product is unsafe or even that extensive safety
testing will be required.

Substantial equivalence is not and was never intended as evidence of safety per
se. It is the product of a number ofmeasures, usually basedon a chemical analysis,
each of which provides specific evidence of safety. However, neither ‘substantial’
nor ‘equivalence’ have dimensions and the number and nature of tests required to
establish substantial equivalence is not fixed. The tests applied are determined
partly by the known characteristics of the conventional counterpart, particularly
the presence of known toxicants, and partly by the nature and manner of the
genetic modification and the degree of presumed hazard.
Unfortunately, the concept of substantial equivalence has been misapplied to

the question of inadvertent effects. These are any unexpected consequences of the
insertion of foreign geneticmaterial whichmay arise either because the expressed
product distorts the flux of metabolites in a manner not predicted or that the
random insertion of the tDNA alters the expression of an existing gene or group
of genes. Chemical analysis may reveal a significant and unexpected difference
between conventional and GM plants, pointing to an inadvertent effect.
However, the absence of differences in a necessarily limited number of analyses
used to establish substantial equivalence does not prove the absence of an
inadvertent effect. If inadvertent effects are considered a hazard requiring greater
attention, then othermethods of detectionwill need to be developed (see page 22).

Safety Assessment of tDNA. All of the 40 or so GM crop varieties examined and
authorized for release in at least one country to date have fallen under the second

�� OECD, Safety Evaluation of Foods Derived from Modern Biotechnology: Concepts and Principles,
OECD, Paris, 1993.
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category described above. In each case an appropriate conventional plant was
available for comparisonand the expectedagronomic andnutritional characteristics
for the species well established. This enabled substantial equivalence to be
reasonably concluded and the bulk of the safety assessment then focused on the
nature and expression of the inserted DNA. As a starting point, all regulatory
authorities require the origin and nature of all genetic elements that have been
introduced, including all regulatory sequences and any remaining parts of the
vector sequence, to be precisely defined. All open reading frames have to be
identified and host sequences flanking all inserted DNA must be subject to
nucleotide sequence analysis to determine if the inserted DNA has the potential
to generate novel fusionproteins.Once precise knowledge of the insertional event
is established, the possibility of horizontal gene transfer and its consequences can
be considered. For GM plants this includes the important issue of the extent of
transfer of genetic material to other varieties of the same crop plant or to other
compatible species. Once ingested, the possibility of gene transfer to the
microflora of the gut may be of concern, particularly where antibiotic resistance
markers are present in the final construct. Such concerns may also extend to the
soil microflora.
Once the identification of any hazards associated directlywith geneticmaterial

has been completed, knowledge of which new proteins are expressed in the
transformed plant is needed. This includes both their concentration and
localization, as not all plant parts are consumed. Each new protein then needs to
be assessed for potential toxic effects and for any allergic or delayed sensitivity
reactions arising from exposure. Toxicity testing, which requires the test article to
be fed at concentrations substantially greater than would be delivered by the
whole food or feed, is based on internationally approved acute and chronic
studies in laboratory animals or fast-growing domesticated species such as
chickens. Finally, the consequences for the plant metabolism may have to be
assessed, depending on the nature of the genetic modification made. Herbicide
resistance, for example,may result in novelmetabolites of the herbicide following
its application. This in turnmay require a re-assessment of any herbicide residues
in the tissues of humans and animals consuming the treated crop.

Food Labelling

Labelling Requirements. Food labelling is seen in most countries as a valuable
source of information for consumers, enabling them to make a more informed
choicewhen selecting products.However, until recently there was no requirement
for the labelling to indicate aGMorigin in theUnited States and this remains the
case in many other countries. Even in the US, following a statement from the
WhiteHouse inMay 2000, the FDAwas charged onlywith developing guidelines
for the voluntary labelling of food products as containing or not containing
bioengineered products. This is in marked contrast to most European countries,
particularly the EU member states, where positive labelling for GM content is
mandatory (Table 2).
Any positive labelling requirement has to take account of what is described in

the EU as ‘adventitious contamination’, the almost inevitable accidental mixing

A. Chesson

10



of commodities that can occur at all stages in a distribution and manufacturing
process. It is normal to set a de minimis value, below which a declaration is not
required. This value is usual arrived at pragmatically, taking account of the level
of contamination likely, the degree to which contamination represents a health
hazard and the availability of robust methods of detection available to enforce
the legislation. In the EU the requirement is that nomore than 1%of the product
should be of GM origin. Many consumer organizations would also like to
provision for negative labelling, i.e. that a product can be declaredGM-free. This
would also require setting of a second deminimis level, possibly around 0.1%GM
content, below which the product could be said to be GM-free. However,
although PCR and antibody-based methods capable of this level of detection
exist, they are not universally effective, particularly in food products that have
been extensively processed.�� Consequently, few countries have provision for
negative labelling, although the European Commission is preparing a proposal
for a Regulation on the labelling of GM-free foodstuffs.

Negative Lists. Opinions differ on whether products of GM crops intended for
food use which are essentially free of DNA and protein should be treated in the
same manner as those derived from their conventional counterpart and whether
labelling should indicate their GM origin. Such products currently include the
refined and cold-pressed oils from soybean, maize, rape and cotton seed and
starch extracted from GM potatoes and its hydrolysis products. For most
countries the concept of substantial equivalence applies and they are treated as
any other oil or starch product and are not subject to safety assessment or
labelling requirements. In Europe, the European Commission proposed to
establish a negative list of food products essentially free of DNA and protein that
would be exempted from labelling provisions. However, on examination, the
presence of DNAwas found in virtually all cold-pressed oils and in some refined
oils, although the amount in refined oils was small and could only be detected by
nested PCR amplification.����� Since, the term ‘highly refined oil’ could not be
unambiguously defined or any one process identified which removed all
DNA/protein, this attempt was abandoned. As a result, all such products
currently are captured by existing EU legislation and require labelling.

Post-market Surveillance/Monitoring. A number of European countries are
strong advocates for some formof post-market surveillance ormonitoring ofGM
products released for sale. This is made possible by product labelling and the
newly amended EU Directive 90/220/EEC uniquely makes provision for this.
They are, however, two serious problems associated with this approach, the first
relating to public confidence and the second to its practicality. Any provision for
post-market surveillance casts doubts on the safety assessment already completed
and implies a degree of uncertainty that warrants an extensive and expensive
surveillance exercise.This, it has been argued,will inevitably underminewhatever
public confidence remains in the science-based assessment process adopted by

�� H.A. Kuiper, Food Control, 1999, 10, 339.
�� M. Hellebrand, M. Nagy and J.-T. Mörsel, J-T. Z. Lebensm. Unters. Forsch. A., 1998, 206, 237.
�� TNO, Soy Oil, Report 389/352, TNO, Voeding, The Netherlands, 1999.
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the various national authorities. The second difficulty is that many hundred
million North Americans have consumed GM foods for several years and no
adverse effects associated with GM food consumption have been identified. If
there are any untoward effects ofGMfoods, theymust be chronic in nature and of
very low incidence or very long gestation. A key requirement for establishing a
system for surveillance is that a hypothetical outcome exists capable of being
detected. Even when a testable hypothesis exists, evidence can be difficult to
obtain. The epidemiological evidence linking smoking with lung cancer took
many years to establish despite a clear measure of exposure and a defined and
well-documentedoutcome. In anydiet-based prospective study, good consumption
data for individuals is difficult to obtain, as it may be difficult to assess the GM
content of the diet and, since presentGMproducts are thought safe, by definition
no logical outcome of concern can be defined.

Animal Feedstuffs

Most animal feeds, particularly manufactured feedstuffs, make use of the same
crops (or by-products of the same crops) used for human food. As such, GM
crops, whether entering the human food chain directly or via animal feed, are
assessed in much the same way and often conjointly. If animal use is intended,
such safety assessments additionally take account of any risk to the target species
(the species of livestock) and the indirect risk to the consumer of animal products
(meat, milk and eggs) of factors such as possible harmful residues.
There are some aspects specific to feed use that need to be considered when

assessingGMmaterial for animals.Most safety assessments for human foods are
made with that part of the plant consumed in unprocessed form and the results
assumed to apply to any products derived from this source. Animals, however,
are often uniquely fed by-products of processing in which the DNA/protein,
including the tDNA and the products of its expression, are substantially
concentrated. Thus, the assessment of safety may be better made with the
by-product as fed, rather than with the whole crop or part of the crop used for
human food. Conversely, the methods used for feed processing may ensure the
(partial) disruption of DNA and protein.����� Animals also consume parts of the
plant not fed to humans, such aswhole cropmaize fed ensiled to dairy cattle.With
the commonly employed 35S promoter from the cauliflower mosaic virus,
expression of herbicide tolerance or insect resistance in the green tissues is often
10- to 100-fold greater than that found in seeds or pollen. This level of expression
has to be taken into account when developing toxicity assays. Other feed
ingredients may never enter the human diet directly. Ruminant animals, because
of their large resident microflora, are able to degrade many plant materials toxic
to non-ruminants, including humans. Thus GM cotton enters the food chain not
primarily as cottonseed oil, but because most of the cottonseed meal left after
extraction is fed to dairy cows capable of degrading gossypol, the major toxicant
present.

�� D.E. Beever and C.E. Kemp, Nutr. Abstr. Rev. Ser. B, 2000, 70, 175.
�� N. Smith, E.R. Deaville, W. S. Hawes and G.C. Whitlam, in Recent Advances in Animal Nutrtion

2000, ed. P.C.Garnsworth and J.Wiseman,NottinghamUniversity Press,Nottingham, 2000, p. 59.
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Unlike foods specifically for human use, genetically modified feedstuffs can be
fed directly to the target species and the outcome measured, whether in terms of
growth, health and welfare, or to determine absorption and tissue distribution of
particular metabolites. Although the limits to the amount of any one component
that can be incorporated into an animal’s rations usually prevent chronic toxicity
studies beingmade with the target species, the wholesomeness of the product can
and should be directly demonstrated. The production behaviour of the animal on
the GM diet when compared to a conventional diet also provides weight in
establishing substantial equivalence.

3 Assessing Environmental Safety

This review has as its focus the safety of GM foods for the consumer. However, it
is recognized that safety for the wider environment is a major component of the
risk assessment applied to GM crop plants and the subject of much debate by
professional environmentalists, pressure groups and by the public generally.
Serious concerns have been expressed about the ability of a GM crop to
cross-pollinate adjacent areas of conventional crops of the same species, and the
extent to which out-crossing will occur with other related species. Some crops
already selected for modification, notably the brassicas, are widely distributed
and hybridization with related species is known to occur.�� Many of these
concerns have focused on the uncontrolled spread of herbicide resistance.
Distances between crops necessary to maintain the genetic purity of varieties are
found in the legislation governing seed production inmost countries and provide
a guide to what is known about pollen dispersal. These distances vary depending
on the degree to which the crop is self-fertilized and whether cross-fertilization is
wind-dependent.However, the level of purity defined for seed varieties (99—99.9%
for Brassica spp. in the UK) may not be adequate to meet the needs of particular
interest groups.
The development of resistance to the Bt group of toxins is another issue of

concern�� since application ofB. thuringiensis cells, or extracts of the organism as
a biocide, is one of a few insecticidal treatments organic farmers are allowed. It
has yet to be shown whether the provision of refuge areas, now a statutory
requirement, are adequate to prevent build-up of resistance. Other concerns
relate to effects of plants in which Bt toxin is expressed on non-target species.
These were triggered by various laboratory-based studies on the survival of the
Monarch butterfly�	 and a number of other lepidoptera, including beneficial
predators�
��� apparently susceptible to Bt toxin-containing pollen. However,
subsequent work has shown most of these concerns to be unfounded, or to

�� J.A. Scheffler and P. J. Dale, Transgenic Res., 1994, 3, 263.
�� Union of Concerned Scientists,Now or Never: Serious New Plans to Save a Natural Pest Control,

ed. M. Mellon and J. Rissler, UCS Publications, Cambridge, Mass., 1998.
�	 J. E. Losey, L. S. Raynor and M.E. Carter, Nature, 1999, 399, 214.
�
 A.Hilbeck,W. J.Moar,M.Pusztai-Carey,A. Filippini andF.Bigler,Environ.Entomol., 1998,27, 1255.
�� A. Hilbeck, W. J. Moar, M. Pusztai-Carey, M., A. Filippini and F. Bigler, Entomol. Exp. Appl.,

1999, 91, 305.
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have a far lesser impact than the alternative use of insecticides for control
purposes.�����
Perhaps less well recognized is the fact that concerns seen as the preserve of the

environmentalist may also have a bearing on human health and safety. The
cross-fertilization between a GM crop approved for human food use and a
conventional variety of the same species may impact on the livelihood of an
organic farmer but is unlikely to have any consequence for human health.
Cross-pollination involving a GM crop approved for non-food use, however,
may have a more profound outcome. It will become increasing important to
develop riskmanagement strategies to avoid transfers frompotentially dangerous
constructs. Bt toxin expressed in maize can significantly reduce insect damage
and so lessen the conditions that encourage fungal infection. In consequence,
mycotoxin production, particularly those produced byFusarium spp. (fumonisin,
vomitoxin, monoliformin), can be substantially reduced to the benefit of both
humans and livestock.����� Expression of the Bt toxin, which is toxic only to
insects, also avoids any dangers associatedwith the use ofB. thuringiensis itself for
biological control because of potential risks of human enterotoxin production.�

4 Improved Risk Management through Developments in
Recombinant DNA Technology

Recombinant DNA technology is rapidly evolving and new methodologies are
being constantly introduced. It is to be expected that many of these will help to
offset concerns that surround the present generation of GM products, either by
finding more acceptable alternatives or by providing management strategies to
reduce an identified risk.

Selection Markers

Questions raised about the use of genes expressing antibiotic resistance as a
means of selecting transformed plants have led to alternative strategies being
developed. Where antibiotic-resistance genes are still used for the screening of
transformants, techniques are available to remove these from the selected
transformed lines. These include site-specific deletions, transposon-mediated
relocations and the co-transformation of marker genes on separate vectors.
However, all of these processes are far from straightforward and may not be
suitable in all cases.
Selection systems serve two functions, firstly reporting the presence of a

successful transformation and, secondly, providing themeans of rapidly isolating
successful events from thousands of transformants. Antibiotic resistancemarkers
combine both functions in a single gene by allowing only transformed cells to
survive in the presence of an otherwise lethal concentration of the antibiotic.

�� D.S. Pimentel and P.H. Raven, Proc. Natl. Acad. Sci. USA, 2000, 97, 8198.
�� NRC (National Research Council), Genetically Modified Pest-Protected Plants: Science and

Regulation, National Academy Press, Washington, 2000.
�� G.P. Munkvold, R. Hellmich and W.B. Showers, Phytopathology, 1997, 87, 1071.
�� G.P. Munkvold, R. Hellmich and L.G. Rice, Plant Dis., 1999, 83, 130.
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Alternativemarker systems exist and, as these are improved, it is only a matter of
time before the use of antibiotic marker genes will be phased out entirely. This
process may be accelerated by future legislative requirements. Herbicide
resistance provides one mechanism directly analogous to antibiotic resistance.
Obviously suited to those plants intended to demonstrate herbicide resistance in
the field, herbicide resistance can be used for other events provided that the levels
of resistance introduced is adequate only for selection purposes and would not be
significant in the field. As an alternative, plants naturally lacking a capacity to
utilize xylose or mannose as a sole carbon source can be selected by the
introduction of genes coding for mannose-6-phosphate isomerase or xylose
isomerase, providing a system in which only transformed cells can develop.
Selection and reporting do not have to residewith a single gene; dual systems also
exist, such as the use of cytokinin glucuronides as the selective agent and
�-glucuronidase as the selectable marker.

Control over the Location of Gene Insertion

Possibly the greatest uncertainty in terms of public health is the lack of control
over where in a recipient genome the introduced DNA is inserted. This is
particularly the case when biolistic methods are used to transform plant cells.
Following the successful construction of a yeast artificial chromosome (YAC)
and the demonstration that it was maintained through successive generations of
yeast,�� similar proposals have been developed for a plant artificial chromosome
(PAC). If successful, PACs promise to be powerful candidates for future vectors in
plant transformations.����� PACs would permit many genes to be introduced
simultaneously into plants in order to engineer a complex feature such as a novel
pathway or the amino acid content of seeds. In addition, they would allow the
introduced genetic material to be precisely defined and to be introduced and
stably maintained within the plant without any disruption to existing genetic
elements. However, an important factor in the successful development of the
YACwas size. It was possible to assemble a molecule large enough to contain all
of the elements of a functioning yeast chromosome, but small enough such that
only minor modifications to conventional recombinant DNA techniques were
required. This will not be the case with a PAC,whichwill have to be substantially
larger.�	
A serious alternative to existing or proposed transformations of the nuclear

genome is the modification of plastids.�
 Plastids are one of the three
gene-containing compartments in the plant cell, the others being the nucleus and
themitochondria. Theyoccur in several forms including chloroplasts, carotenoid-
containing chromoplasts, starch-containing amyloplasts and oil-containing
elaioplasts. Unlike the nuclear genome, the chloroplast chromosome typically
contains only 120—150 genes, most organized into operons under a common

�� A.W. Murray, N. P. Schultes and J.W. Szostak, Cell, 1986, 45, 529.
�� T. Yamada, Seibutsu Kogaku Kaishi, 1998, 76, 205.
�� W.R.A. Brown, P. J. Mee and M.H. Shen, Trends Biotechnol., 2000, 18, 218.
�	 D. Shibata and Y.-G. Lui, Trends Pharm. Sci., 2000, 5, 354.
�
 L. Bogorad, Trends Biotechnol., 2000, 18, 257.
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regulatory control. Biolistic methods or direct microinjection can be used to
introduce the tDNA,��which then is incorporated into the chloroplast chromosome
by homologous recombination.�� Thus tDNA can be directed to a specific site,
avoiding any inadvertent mutational events. Expression levels may also be
substantially higher since the plastids containmultiple copies of the chromosomes
and the plant multiple plastids per cell.�� Plastid engineering may not be
appropriate for all applications. It is likely to be the method of choice where
multiple genes need to be introduced under common regulation, where the target
metabolic activity is centred on a plastid, or where excess product accumulation
may be damaging to the cell.

Control of Horizontal Gene Flow between Plants

Although the dangers of transgenic crops interbreeding with nearby weeds and
increasing their competitiveness have been overstated, nonetheless there are real
concerns about transgenic crops cross-pollinatingwith conventional counterparts.
In addition, GM crops may themselves become ‘volunteer’ weeds in following
crops if both share the same patterns of herbicide resistance, a situation that has
already arisen with GM cotton and maize. There is obvious value in developing
strategies that fully or selectively prevent horizontal gene transfer which can be
applied in circumstances where assessments provide evidence of risk. These can
be fail-safe (absolute) in nature or act by transgenetic mitigation to selectively
disadvantage weeds or other crops receiving the transgenes.
Fail-safe mechanisms for inducingmale sterility exist and have been approved

in a number of crop plants where they have been used to assist the production of
uniform hybrid seeds by preventing self-pollination. The most common form
involves the expression of a specific ribonuclease with expression directed to the
tapetum cell layer of the anther, the site of pollen formation.��A fertility restorer
also exists for this system which inhibits the action of the ribonuclease, allowing
normal pollen formation to occur. Attempts to link these and other systems of
fertility disruption and restoration together have been pejoratively labelled
terminator technology. News of these developments became a rallying cry for
various pressure groups, in particular some international aid agencies, concerned
about a theoretical loss of a farmer’s freedom in developing countries to use
farm-saved seed without paying for the means of triggering the fertility
restoration gene. However unlikely this scenario, sterility is seen as a potentially
oppressive measure rather than what is likely to prove to be an essential element
in the health and environmental risk management of GM crops.
Even the chemical-induced switching mechanisms being developed have far

greater implications than simply fertility control because they allow more
temporal control over gene expression. Insect-resistance genes can be switched
on and off with chemical triggers, a mechanism that could be used to obviate

�� M. Knoblauch, J.M. Hibberd, J. C. Gray and A. J. R. van Bel, Nat. Biotechnol., 1999, 17, 906.
�� A.D. Blowers, L. Bogorad, L., K.B. Shark and J. C. Sanford, Plant Cell, 1989, 1, 123.
�� K.E. McBride, Z. Svab, D. J. Schaaf, P. J. Hogan, D.M. Stalker and P. Maliga, Biotechnology,

1995, 13, 362.
�� C.Mariani,M. De Beuckler, J. Truettner, J. Leemans and R.B. Goldberg,Nature, 1990, 347, 734.
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some of the concerns about the more rapid development of resistance when a
gene product is continuously expressed in a plant. However, a better and more
immediate approach is to deploy promoters which concentrate expression in
those parts of the plant actually attacked by insects, such as a phloem-specific
promoter for genes whose products are active against phloem-sucking insects
such as aphids.�� These is also scope for linking expression to wounding, such
that the pesticide is produced only when the plant is attacked.��
A variety of other actual and theoretical fail-safe systems exist including

apomixis, a systembeing developed in crops to provide hybrid vigourwithout the
need for cross-pollination.�� In apomixic plants the seed is of vegetative origin
and does not derive from pollination. Apomixic varieties either lack pollen or
produce non-compatible pollen, preventing gene transfer. The use of plastids in
recombinant technology also provides a natural barrier to gene flow since plastid
genomes are usually maternally inherited and cannot move into other species. In
plants with multiple genomes derived from different sources, more selective
measure are possible. Often only one of the genomes is compatible with the wild
host such as the D genome of wheat that is compatible withAegilops cylindrica, a
problemweed of theUSA.��The natural integration of a transgene from the A or
B genome is much less likely than from the D genome following an interspecies
cross and would require a rare homologous recombination.
Transgenetic mitigation, as a control measure, is based on three premises.

First, that a tandem construct behaves as a single gene; second, that there are
traits neutral to the crop that can disadvantage weeds or other wild species; and
third, that because weeds compete strongly amongst themselves and with other
species, any mildly harmful trait would be eliminated from the population.�	
Thus, if the desired gene is flanked by a mitigating gene in a tandem construct,
effects in the crop would be beneficial but in any other species the effects of the
deleterious gene would ensure that the tandem construct was selectively
disadvantaged and lost. Various traits to be used in tandem have been suggested,
including the abolition of secondary dormancy and dwarfing.

5 Future GM Crops: from Fantasy to Field Trials

Most of the 40 or so transgenic crops with regulatory approval for release have
been modified to improve their agronomic properties, particularly by the
introduction of herbicide tolerance to allow better weed control and/or some
form of pest resistance. Both of these types of traits contribute to obtaining high
yields and, coupledwith the need to reduce post-harvest losses, are crucial factors
in maintaining the security of the world’s food supply. Despite the fact that
consumers are said to be unable to see a benefit accruing from suchdevelopments,

�� Y. Shi, Y., M. B.Wang, K. S. Powell, E. VanDamme, V.A. Hilder, A.M.R. Gatehouse, D. Boulter
and J.A. Gatehouse, J. Exp. Bot., 1994, 45, 623.

�� P.A. Lazzeri, in Genetic Engineering of Crop Plants for Resistance to Pests and Diseases, ed W.S.
Pierpoint and P.R. Shewry, British Crop Protection Council, Farnham, 1996, p. 8.

�� A.M. Koltunow, R.A. Bicknell and A.M. Chaudhury, Plant Physiol., 1995, 108, 1345.
�� R.S. Zemetra, J. Hansen and C.A. Mallory-Smith, Weed Sci., 1998, 46, 313.
�	 J. Gressel, Trends Biotechnol., 1999, 17, 361.
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their underlying importance is such that developmentsof such traitswill continue
to dominateGM crop introductions.However, the sequencing of plant genomes,
such as that of rice,�
 and ascribing functionality are beginning to identify the
genetic basis for many other traits and, in so doing, providing novel targets for
manipulation.Transformations alreadyachievedaffect thenutritional, organoleptic
and storage qualities of produce; others address public health concerns, the
industrial potential of crop-derived products or growth in marginal areas. A few
of the many developments in the pipeline are described in this section and, in the
following section, the implications for safety assurance of a substantially
increased range and number of traits seeking regulatory approval are considered.

Pest Resistance

Recombinant DNA technology has dramatically increased the range of options
for engineering resistance to specific insect pests.��Although present commercial
releases contain only genes derived fromB. thuringiensisand coding for one of the
family of insecticidal �-endotoxins,�� some 40 other resistance genes have been
introduced into plants. Like the Bt endotoxins, which are lectins binding to
carbohydrate structures in the insect gut, most target some aspect of insect gut
function. These include various amylase and proteinase inhibitors of plant and
animal origin, of which the most potent appears to be the cowpea trypsin
inhibitor active against a broad spectrum of lepidopteran and coleopteran
species.�� A number of plant lectins with insecticidal properties have also
received attention, although concerns about their potential mitogenicity and
toxicity to humans has restricted the range considered to those known to be less
toxic to mammals. Of these, the snowdrop lectin (Galanthus nivalis agglutinin)
has received greatest attention andhas been successfully expressed in at least nine
different crops, including rice.��
A variety of other genes have been identified which target aspects of insect

metabolism and development other than gut function. Introduction of a fungal
cholesterol oxidase, capable of disrupting membrane integrity, proved highly
toxic to larvae of the boll weevil and to the tobacco budworm, both pests of
cotton.��Chitinases engineered into plants primarily to provide a defence against
fungal pathogens also have proved weakly effective against insect pests. Better
results have been obtained with peroxidases, although the mechanism of
protection is unclear. Another form of protection was provided by expression in
tobaccoof the coat protein andRNA1 from theHelicoverpa armigera stunt virus,
an insect RNA virus, which caused stunting ofH. armigera larvae.�� However, it
has yet to be demonstrated that the same degree of protection occurs in cotton,
the natural host species.

�
 T. Saski and B. Burr, Curr. Opin. Plant Biol., 2000, 3, 138.
�� T.H. Schuler, G.M. Poppy, B.R. Kerry and I. Denholm, Trends Biotechnol., 1998, 16, 168.
�� M. Peferoen, Trends Biotechnol., 1997, 15, 173.
�� A.M.R.Gatehouse andV.A. Hilder, inMolecularBiology in CropProtection, ed. G.Marshall and

D. Walton, Chapman and Hall, London, 1994, p. 177.
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Quality Traits

Introduction of quality traits has not been high on the agenda of most plant
breeding companies since improved agronomic performance was seen both as
important and to offer the fastest return on the early investments made in GM
technology. There have been notable exceptions, of which the GM tomato
engineered for longer shelf-life is the best known example. Following the success
of this product, equivalent modifications to the expression of cell wall degrading
enzymes involved in the softening of fruits during ripening have been made in
many crop products with similar storage problems. Foods with increased
physiological functionality, which can deliver some health benefits to consumers,
have been widely discussed but relatively little researched. Exceptions include
research on hypoallergenic rice, in which genes encoding seed proteins identified
as allergenic are down-regulated,�� and the so-called ‘yellow rice’ expressing
�-carotene, a vitamin A precursor, in the endosperm.��The latter example is one
of the few occasions when an entire biosynthetic pathway involving four specific
enzyme steps has been successfully introduced into a crop plant and the final
product expressed, albeit at very low concentration.�� Yellow rice is designed to
contribute to reducing blindness in those regions where rice is a staple and where
vitamin A intake from vegetables is low. It is one of a group of rice constructs
which also address the incidence of anaemia in women of child-bearing age in
these regions by increasing the iron content of rice endosperm�	 and reducing its
chelation by phytic acid. Attention has been drawn to the possible health benefits
of lycopene which, like carotene, also derives from phytoene. Transgenic
tomatoes inwhich lycopene concentrations are substantially increased have been
produced, although apparently this gain is made at the expense of the �-carotene
content for which lycopene can act as precursor.
Quality has been more of an immediate issue in crops intended for feed use.

Attempts have beenmade to modify the nutritional value of maize used for silage
by reducing or modifying lignin biogenesis�
 and of forage grasses by increasing
the soluble carbohydrate content. Protein quality has also been an issue of
importance both in green tissues�� and in seeds.�� It was attempts to increase the
methionine content of soybean, using a gene coding for amethionine-richprotein
from the Brazil nut, which first drew attention to the possibility of transferring
allergenicity.�����
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Industrial Uses

Plants have always been a source of natural, high-value chemicals, predominantly
for pharmaceutical or cosmetic use. Recombinant technology has greatly
expanded the options for the production of high-value products, particularly
peptide- and protein-based therapeutics. Numerous transgenic constructs exist
which are able to express a variety of products of potential value in human
medicine that can be producedwithminimum risk of contaminationwith human
viruses or other disease promoting organisms. These range from human
somatotropin in tobacco chloroplasts engineered by plastid transformation�� to
proteins in plant foods able to act as edible vaccines�� and shown to elicit an
immune response when consumed by humans.�� At present, expression levels
generally are inadequate for commercial exploitation and few, if any, have
progressed to field and clinical trials. Intermediate value products such as bulk
enzymes also share the same problems of poor expression and have yet to
challenge existing fermentation processes. However, considerable investment is
being made in this area because of the low costs and the ease with which
production can be scaled to demand,�� and there is every reason to suppose that
such plant-derived products will enter the market.
At the other end of the scale, low-cost bulk feedstock can also be produced and

could replace, in part, feedstock derived from non-renewable sources. Bulk
chemical production has focused on the use of oilseed rape in which the oil
produced has been modified by changing the expression of key enzymes. One of
the first GM plants to be approved for release in the USA (1994) was an oilseed
rape modified to produce high concentrations of lauric acid for use in the
detergent industry. However, for a variety of reasons, no commercial plantings
have been made to date. Since then, other transgenic rape varieties designed for
industrial purposes have reached the stage of field trials.�	 Many involve
suppression of desaturase genes, resulting in an accumulation of saturated fatty
acids such as stearate for food use, but other transformations have led to the
production of more toxic seed oils for polymer production or lubricants.
The only economically significant route for the disposal of the seed meal

remaining after the extraction of oil from oilseed plants is as animal feed and, at
present, all batches of oilseed meals are treated as nutritionally equivalent. It
would be a cause of considerable concern if, for example, the lauric acid content of
meat or milk were to rise because animals were fed the meal from a high lauric
acid rape variety. Lauric acid is known to be a potent stimulator of blood
cholesterol in humans. Similarly, erucic acid, a well-known toxicant bred out of
conventional rape varieties, has also been over-expressed, reaching concentrations
at least 10-fold higher than in any previous rape seeds.�	 Feed producers will
need, in the future, to accurately source their raw ingredients to ensure that
residues of highly potent biological agents or toxic chemicals are absent.

�� J.M. Staub, B. Garcia, J. Graves, P. T. J. Hajdukiewicz, P. Hunter, N. Nehra, V. Paradkar, M.
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Labelling forGManimal feeds probablywill not greatly help since it will indicate
only that the feed is GM, not the nature of the modification. In the absence of any
risk management strategy, traditional routes for the disposal of some crop
by-products may have to be reconsidered.

6 Safety Assessment of Future GM Crops

All existing safety assessment schemes make provision for the identification of
transgenes and their expression products and for the consideration of their safety
in relation to intended use. Each different gene is therefore capable of triggering a
series of specific questions relating to the known biological properties of the gene
and its product. In this respect, each assessment of a GM crop is unique and all
crops are assessed on a case-by-case basis. In theory at least, the introduction of
any novel trait should be accommodated by the existing safety assessment
processes.However, there are a numberof issueswhich are generic, some ofwhich
are not yet fully resolved and others of which are likely to be increasingly
challenged by the novelty and complexity of new introductions.

Allergenicity

The capacity to produce an allergic response ranging from a mild sensation of
discomfort, through rhinitis to full-blown anaphylaxis, is a common property of
existing foods. Approximately 1% of the adult population and 6—7% of children
are allergic to one ormore foodstuffs that include fish, shellfish, various fruits and
nuts, milk, eggs and soybean. Although several hundred allergens have been
identified, they have insufficient in common to allow a definitive prediction of
allergenicity in a novel protein. At present, no adequate and validated animal
models exists whichwould allow aGM food to be tested for allergenicity.�
Most
existing safety assessment schemes follow the ILSI-IFBC decision tree.�� This
distinguishes between genes obtained from known allergenic sources and those
from sources with no known history of allegenicity. Ironically, knowing that a
gene originates from an allergenic source provides the greatest security. Very few
of the 40 000—50 000 genes that make up an average plant code for allergens and
the vastmajority of proteins are non-allergenic. Since sensitive patients exist from
whom sera can be obtained for immunological assays and who are available for
food challenge trials, it is possible to distinguish allergens from non-allergens
with a high degree of assurance. The tests allowing proteins from non-allergenic
sources to be declared non-allergenic are far less definitive and precise. These are
based on the absence of sequence homology with known allergens, evidence of a
rapid rate of breakdown in the digestive tract and a low concentration in the
finished food or food product. A history of non-allergenicity has relevance only
when the gene in question comes from a plant consumed as a food or where there
is evidence of some other form of human exposure. Increasingly, genes are being
obtained from non-food (and non-plant) sources which may contain allergens
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with properties other than those expected. In the short term, allergenicity testing
could be improved by introducing immunoassays using the pooled sera of
patients exhibiting a wide range of allergies, on the basis that cross-sensitization
is commonly observed. In the longer term, a well-validated animal model of food
allergy is needed.

Host Metabolism

As indicated in the previous section,many of the genes nowbeing introduced into
experimental crops to provide insect resistance depend for their action on
disrupting the digestive function of the pest. Some of the enzyme inhibitors and
lectins being considered produce similar toxic effects in mammals and many of
the processes, commercial or domestic, currently used to prepare foods and
animal feeds are designed to degrade or remove anti-nutritional factors of this
type. Plant enzyme inhibitors belong to a general class of defence proteins, some
of which are known to be cross-reacting allergens.�� Activation of plant defence
proteins has been shown in Brassica rapa to considerably increase the number
and intensity of bands visible in IgE immunoblotting recognized by the pooled
sera of patients allergic to latex.�� Introduction of enzyme inhibitors or
overexpression of existing defence proteins might induce similar effects. Lectins
and some enzyme inhibitors also are known to be highly resistant to degradation
in the digestive tract and can be absorbed largely intact and appear in the blood
stream.Where this occurs,many aspects of metabolism can be affected, including
the induction of immune responses other than IgE and changes to the endocrine
system.Validatedmethods to screen for effects on digestive enzymes and formore
systemic effects need to be identified and developed before constructs of this type
reach the point of seeking commercial release.

Inadvertent Effects

The various analytical parameters selected to examine whether a crop is
substantially equivalent to other varieties of the same crop are unlikely to detect
inadvertent effects other than those which directly affect the concentration of a
known toxicant or which substantially disrupt plant function. Small changes to
the gross composition are unlikely to be detected against the background
variability introduced by environmental factors. If establishing the absence of
inadvertent effects is seen as important, then it would be better served by the use
of techniques which make no assumptions but which attempt to measure the
construct as a whole. Several relatively new technical approaches would allow a
more discerning analysis. These might include:

1. DNA array methods able to detect differences in total mRNA induced by
other genes as well as the transcribed gene and to provide evidence of gene
silencing. It should be recognized, however, that often there is a poor

�� M.Mena,R. Sanchez-Monge,L.Gomez,G. SalcedoandP.Carbonero,PlantMol.Biol., 1992,20, 451.
�� A.-R. Hänninen, J.H. Mikkola, N. Kalkkinen, K. Turjanmaa, T. Reunala and T. Palosuo, J.
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correlation between the concentration of the messenger and the amount of
product expressed.

2. Proteomics to detect differences in total protein expression. This would
allay concern about whether the introduced genetic material had disrupted
expression of an existing gene or led to different protein structures because
of modified post-transcriptional changes.

3. Metabolic profiling techniques could lead to a clear documentation of
amplified or suppressed metabolic pathways not considered in current
testing systems.�� Analyses of metabolic pathways are clearly important
when an introduced gene is known to code for an enzyme involved in the
production of plant secondary metabolites.

Although such techniques are of considerable potential, their application to
safety testing is novel. As yet, there is little experimental evidence available to
establish the natural variation to be expected, whether results are capable of
being interpreted and whether unexpected differences can be detected. An ability
to detect inadvertent changes will become of increasing importance as the
complexity of genetic modifications increase. Already examples of conventional
crosses between GM plants expressing different introduced traits to provide
hybrids containing both have sought market approval. The yellow rice provides
an example in which multiple introductions were made to establish a novel
pathway.�� It has to be assumed that, in future, parent lines are more likely than
not to be geneticallymodified, initially to provide a backgroundof pest resistance
or herbicide tolerance into which genes controlling quality traits could be
introduced. From a safety viewpoint this process of ‘gene stacking’ (gene
pyramids) introduces the question of interactions between introduced traits and
increases the likelihood of inadvertent effects. It also has been argued that tDNA
is likely to be randomly introduced into retrotransposons, mobile genetic
elements which make up about 50% of nuclear DNA in plants, and that altered
spatial and temporal expression may occur and that transposition is possible.��

7 Conclusions

A first and essential step in any safety evaluation is the identification of possible
hazards, however remote or implausible. It is the subsequent considerations in
risk analysis, that take account of the likelihood of occurrence and severity of
effect, which introduce an element of proportion into the evaluation process.
Unfortunately, much of the debate surrounding the introduction of GM crops
and their safety for humans has stopped at the level of hazard identification.
There is, in fact, no evidence that suggests that the present generation of GM
crops pose any risk to human health, although it would be difficult to be quite so
categorical about risks to the wider environment. This is no cause for
complacency, however. Assessments made to date have been developed with the
experience gained from a very limited number of constructs and from a
perspective which assumes equivalence to conventional crop varieties. Even this
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limited experience has triggered research that, while not casting doubt on the
evaluations completed, has challenged a number of beliefs. Typical of this was
evidence of the survival and uptake of DNA from the gut,����� which was
previously assumed not to happen. Far greater challenges to risk assessment will
be made in the future when comparisons to existing conventional varieties may
not provide a point of reference. Risk assessment methods must stay abreast of
developments in GM technology. Uncertainty and concern will arise only when
the means of addressing safety issues are not adequate to the deal with the latest
modifications seeking authorization and release.
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