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The European Food Safety Authority, following a request from the European Commission, has
published a guidance document for the risk assessment of GM plants and derived food and feed
to assist in the implementation of provisions of Regulation (EC) 1829/2003 of the European
Parliament and Council on GM food and feed. This regulation has applied since 18 April 2004.
In principle, hazard identification and characterisation of GM crops is conducted in four steps:
characterisation of the parent crop and any hazards associated with it; characterisation of the
transformation process and of the inserted recombinant DNA, including an assessment of the
possible production of new fusion proteins or allergens; assessment of the introduced proteins
(toxicity, allergenicity) and metabolites; identification of any other targetted and unexpected
alterations in the GM crop, including changes in the plant metabolism resulting in composi-
tional changes and assessment of their toxicological, allergenic or nutritional impact. In relation
to allergenicity specifically, it is clear that this property of a given protein is not intrinsic and
fully predictable but is a biological activity requiring an interaction with individuals with a
predisposed genetic background. Allergenicity, therefore, depends on the genetic diversity and
variability in atopic human subjects. Given this lack of complete predictability it is necessary to
obtain, from several steps in the risk-assessment process, a cumulative body of evidence that
minimises any uncertainty about the protein(s) in question.

GM organism: Risk assessment: Allergenicity

Genetic engineering was first applied in the 1970s and,
unlike other genetic-improvement methods, the application
of this technology is strictly regulated. GM organisms
(GMO) can be defined as organisms in which the genetic
material (DNA) has been altered in a way that does not
occur naturally by mating or natural recombination. As an
application of modern biotechnology, this technique allows
selected individual genes to be transferred from one organ-
ism into another, and also between non-related species.
A GMO or a food product derived from a GMO can

only be put on the market in the EU after it has been
authorised on the basis of a detailed procedure. This pro-
cedure is based on a scientific assessment of the risks to
health and the environment. EU legislation on GMO has
been in place since the early 1990s, with the objective of
protecting health and the environment and ensuring the
free movement of safe GM products in the EU. In relation
to crop plants, the primary relevant legislation concerning
safety are: (a) Directive 2001/18/EC (European Commis-
sion, 2001), which covers issues related to the deliberate

release of GMO into the environment; (b) Regulation (EC)
No 1829/2003 (European Commission, 2003a), which
applies to applications for the placing on the market of
GMO for food and feed use, and also covers food and
feed containing GMO, consisting of such organisms or
produced from GMO. The regulation stipulates that the
products must not: have adverse effects on human health,
animal health or the environment; mislead the consumer or
user; differ from the food or feed they are intended to
replace to such an extent that their normal consumption
would be nutritionally disadvantageous for human subjects
(and for animals in the case of GM feed). In the case
of GM food and feed they must not harm or mislead
the consumer by impairing the distinctive features of the
animal products.

GMO and food products derived from GMO that are
placed on the market must also satisfy labelling and
traceability conditions. These conditions are laid down in
Regulation (EC) No 1829/2003 (European Commission,
2003a) and in Regulation (EC) No 1830/2003 (European
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Commission, 2003b), which concerns the traceability and
labelling of GM organisms and the traceability of food and
feed products produced from GM organisms and amend
Directive 2001/18/EC (European Commission, 2001).

The authorisation procedure under Regulation
(EC) No 1829/2003

This authorisation, valid throughout the EU, is granted
subject to a single risk-assessment process under the
responsibility of the European Food Safety Authority
(EFSA) and a single risk-management process involving
the European Commission and the member states through a
regulatory committee procedure. Notably, it is up to the
Commission to adopt the final decision and grant or reject
the authorisation if the Standing Committee on the Food
Chain and Animal Health (composed of representatives of
the member states), and the Council of Ministers have not
managed to adopt the decision by qualified majority within
the time limit in question. Hence, the adoption of the final
decision by the Commission constitutes the democratic
exercise of a responsibility that was vested in it by the
Council and the European Parliament, which directly
represents the European citizens.
Applications are submitted first to the competent

authority of the member state in which the product is first
to be marketed. The application must clearly define the
scope of the application, indicate which parts are con-
fidential and must include a monitoring plan, a labelling
proposal and a detection method. The national authority
must acknowledge receipt in writing within 14 d and
inform the EFSA. The application and any supplementary
information supplied by the applicant must be made
available to the EFSA, which is responsible for the scien-
tific risk assessment, covering both the environmental risk
and the human and animal health safety assessment. Its
opinion will be made available to the public and the public
will have the opportunity to make comments.
In general, a time limit of 6 months for the EFSA

opinion is applied. This time limit can be extended if the
EFSA has to request further information from the appli-
cant. A guidance document for the risk assessment of
GM plants and derived food and feed has been adopted
(European Food Safety Authority, 2004).
Within 3 months of receiving the opinion of the EFSA,

the Commission will draft a proposal for granting or
refusing authorisation. The Commission may diverge from
the EFSA’s opinion, but it must then justify its position.
The Commission’s proposal will be approved through a
qualified majority by the member states within the Stand-
ing Committee on the Food Chain and Animal Health. If
the Committee gives a favourable opinion, the Commission
adopts the decision; if not, or in the event of rejection of
the Commission’s proposal by a qualified majority of the
Committee, the draft decision is submitted to the Council
of Ministers for adoption or rejection by a qualified
majority. If the Council does not act within 3 months or
does not obtain a qualified majority for the adoption or
rejection of the Commission’s proposal, the Commission
will adopt the decision.

National safeguard measures

Member states can invoke the so-called ‘safeguard clause’
if they have justifiable reasons to consider that a GMO,
which has received written consent for placing on the
market, constitutes a risk to human health or the environ-
ment. It may provisionally restrict or prohibit the use
and/or sale of that product on its territory.

The risk-assessment process

The first international and national provisions for the safety
assessment and regulation of GMO, including GM crops
and derived foods were drawn up by scientific experts in
the mid-1980s (Organisation for Economic Co-operation
and Development, 1986; US Office Science and Technol-
ogy Policy, 1986). This process was undertaken nearly a
decade before the first regulatory approval of a GM crop in
1995. Since then, the global area of commercial cultivation
of such crops has risen to 81 · 109 ha in 2004, representing
a 20% increase from 2003 (James, 2004). Within the EU
the recently-established EFSA has an important role to
play in risk assessment in several areas. Key to its opera-
tional success are the risk assessments carried out by
panels comprising independent scientific experts from
throughout the EU. The panels include those on:

food additives, flavourings, processing aids, materials
in contact with food;
additives and products in animal feed;
plant health, plant protection products;
GMO;
dietetic products, nutrition and allergies;
biological hazards;
contaminants in the food chain;
animal health and welfare.

Sequential steps in risk assessment involve:

hazard identification: characteristics that may cause
adverse effects;
hazard characterisation: potential consequences for man
and the environment;
exposure assessment: likelihood of occurrence or
exposure;
total risk characterisation: evaluation of risk(s) posed
by each identified characteristic.

In relation to GM crops a major underlying assumption is
that traditionally-cultivated crops have gained a history of
generally-accepted safe use. These crops can therefore
serve as a baseline for the environmental and food or feed
safety assessment of GM crops. This approach brings in
the concepts of familiarity and substantial equivalence or
comparative safety assessment. The concept of familiarity
is based on the fact that most genetically-engineered
organisms are developed from organisms such as crop
plants that have a biology that is well understood. It is
not a risk or safety assessment in itself, but familiarity
allows the risk assessor to draw on previous knowledge
and experience with the introduction of similar crops
(including GM crops) into the environment and food chain.
Familiarity comes from the knowledge and experience
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available for conducting a risk or safety analysis before the
scale-up of any new plant line or crop cultivar in a partic-
ular environment. The concept of substantial equivalence
is based on the idea that an existing organism used as food
or feed with a history of safe use can serve as a comparator
when assessing the safety of the GM food or feed (Orga-
nisation for Economic Co-operation and Development
1993a,b; World Health Organization/Food and Agriculture
Organization, 2000). Application of this concept may
result in the identification of similarities and potential
differences between the GM crop, food or feed and the
non-GM counterpart. The outcome of this comparative
approach will further structure the safety assessment pro-
cedure, which may include additional toxicological and
nutritional testing. Application of the substantial equiva-
lence concept is a starting point for the safety assessment.
It provides assurance that the GM food or feed may be as
safe as the traditional counterpart, or that no comparison
can be made because of the lack of an appropriate com-
parator. Analysis of substantial equivalence involves not
only a comparison of the chemical composition between
the new and the traditional food or feed, but also of the
molecular, agronomical and morphological characteristics
of the organism in question. Such comparisons should be
made with GM and non-GM counterparts grown under
the same regimes and environments. When the extent of
equivalence is established as substantial, a greater empha-
sis is placed on the newly-introduced trait(s). Where sub-
stantial equivalence does not occur, this factor does not
necessarily identify a hazard. Where a trait or traits are
introduced with the intention of modifying composition
markedly and where the extent of equivalence cannot
be considered substantial, then the safety assessment of
characteristics other than those derived from the introduced
trait(s) becomes of greater importance.
The risk assessment of GM plants and products takes

into account:

the characteristics of the donor and recipient organisms;
the genes inserted and expressed;
the potential consequences of the genetic modification;
the potential environmental impact following a delib-
erate release;
the potential toxicity and allergenicity of gene products
and metabolites;
the compositional, nutritional, safety and agronomic
characteristics;
the influence of food processing on the properties of the
food or feed;
the potential for changes in dietary intake;
the potential for long-term nutritional impact.

Specific analyses carried out on the GM plant will confirm
the intended effects, i.e. those effects that are targeted to
occur from the introduction of the gene(s) in question and
fulfill the original objectives of the genetic-transformation
process. However, the analyses may also uncover unin-
tended effects, i.e. consistent differences between the GM
plant and its appropriate control lines, which go beyond the
primary expected effect(s) of introducing the target
gene(s). These effects may or may not be explicable in
terms of the knowledge of biochemical regulation and may

trigger the need for specific and additional risk assessment
requirements. Unintended effects that might impact on
human health would not be limited to GM approaches to
plant breeding and are documented to occur when con-
ventional approaches are used (Cellini et al. 2004).

Risk assessment: allergenicity

Allergy is an adverse reaction (in this context to foods)
that, by definition, is immune-mediated and particularly
involves IgE antibodies. Allergenicity is not an intrinsic
fully-predictable characteristic property of a given protein
but is a biological property requiring an interaction with
individuals with a predisposed genetic background. Given
this lack of complete predictability it is necessary to
obtain, from several steps in the risk-assessment process, a
cumulative body of evidence that minimises any uncer-
tainty in relation to the protein in question. There is clearly
a need to ensure that the products of novel genes intro-
duced into GM crops are not allergenic and that the
process of transformation does not cause unwanted chan-
ges in the characteristics and/or levels of expression of
endogenous allergenic proteins. Assessment of allergeni-
city of foods derived from GM crops therefore requires
that the following questions are addressed:

is the recombinant protein derived from an allergenic
source or a known allergen;
is the recombinant protein able to induce de novo
sensitisation;
is the recombinant protein cross-reactive with IgE
antibodies raised by known allergens, and therefore
potentially capable of eliciting allergic reactions in
already-sensitised subjects;
has transformation itself in some way altered the aller-
genic properties of a food derived from a GM crop
(such as, for instance, a change in the level of allergens
endogenous to the host plant).

Importance of molecular characterisation of the
transformation event

A requirement of the risk-assessment process is that the
gene insertion event is well characterised in the host plant.
The characterisation procedure includes analysis of the
sequence of the inserted genes and associated DNA, which
will identify: (a) the extent to which the inserted sequence
differs from that in the plasmid used for transformation,
which may detect substantial DNA re-arrangements and
duplications or deletions; (b) identification of the junction
sequences between the inserted DNA and the host plant
DNA, which may detect the interruption of host plant open
reading frames that might influence the expression of genes
not intended to be changed. Alternatively, such ‘junction
sequence’ analysis may also indicate the formation of new
open reading frames that might give rise to novel fusion
proteins that could have biological effects (i.e. toxic or
allergenic potential). The obtention of insert and flanking
region sequence information is accompanied by bioinfor-
matics analysis, comparing DNA sequences with those
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known to encode for established toxins and allergens.
Where there is cause for concern additional data will be
required. In-depth molecular analysis of the insertion
event is therefore an important starting point for several
reasons.
Bioinformatic sequence-similarity searches utilise

various publicly-available databases (King et al. 1994) to
compare the amino acid sequence of the introduced protein
with those of known allergens, identifying contiguous
identical amino acids that may represent linear allergenic
epitopes. The size of the contiguous identical amino acids
searched for should be based on a scientifically-justified
rationale in order to minimise the potential for false
negative or false positive results (Codex Alimentarius
Commission, 2003). There is currently some debate on
whether the identity of six or eight contiguous amino acids
between the novel gene product and a known allergen
should signal a potential concern. Available data suggest
that classifying proteins that have a linear sequence
homology with a known allergen of six contiguous amino
acids as potential allergens, as proposed by the Joint FAO/
WHO Expert Consultation (Food and Agriculture Organi-
zation/World Health Organization, 2001), would result in a
great number of false positive predictions. A contiguous
eight amino acid search is probably more effective in order
to detect common epitopes with known allergens (Inter-
national Life Sciences Institute Health and Environmental
Sciences Institute, 2001; Hileman et al. 2002). Amino acid
sequence searches cannot, however, identify discontinuous
or conformational allergenic epitopes that depend on the
tertiary structure of the protein. It is clear that currently the
approach is partly empirical and there is a need for a more
detailed understanding of the extent of structural similarity
that signals a likely hazard. Progress is being made
in the design and application of novel bioinformatic and
biocomputational approaches to align sequence data and
protein folding with allergenic potential, and there is a
need to exploit these opportunities fully.

Allergenicity of the newly-expressed protein

An integrated stepwise case-by-case approach is supported
to assess possible allergenicity of newly-expressed proteins
(Fig. 1 shows an example of such an approach). In every
case a search for sequence homologies and/or structural
similarities between the expressed protein and known
allergens should be made as the first step. Identification of
potential linear IgE-binding epitopes should be conducted
by a search for homologous peptidic fragments in the
amino acid sequence of the protein. The size of the con-
tiguous identical or chemically-similar amino acid search
should be based on a scientifically-justified rationale in
order to minimise the potential for false negative or false
positive results.
If the source of the introduced gene is considered

allergenic, but no sequence homology to a known allergen
is demonstrated, specific serum screening of the expressed
protein is then expected using appropriate sera from
patients allergic to the source material and relevant
validated immunochemical tests. If the source is not known

to be allergenic but sequence homology to a known aller-
gen is demonstrated, the specific serum screening should
be conducted with sera from patients sensitised to this
allergen. If the source of the gene or protein is not known
to be allergenic and no sequence homology to a known
allergen is demonstrated, or if the result of the specific
serum screening of a newly-expressed protein from a
source known to be allergenic is negative or equivocal,
additional tests should be performed. These tests include
pepsin resistance tests or targeted serum screening.

Stability to digestion by proteolytic enzymes has long
been considered a characteristic of allergenic proteins.
Although it has now been established that no absolute
correlation exists, resistance of proteins to pepsin digestion
is still proposed as an additional criterion to be considered
in an overall risk assessment. In the case of resistance of a
protein to degradation in the presence of pepsin under
appropriate conditions, further analysis should be con-
ducted to determine the likelihood of the newly-expressed
protein being allergenic. It is also useful to compare intact,
pepsin-digested and heat-denatured proteins for IgE bind-
ing. Targeted serum screening, as proposed in the Joint
FAO/WHO Expert Consultation (Food and Agriculture
Organization/World Health Organization, 2001), aims to
assess the capacity of the newly-expressed protein to bind
to IgE in sera of individuals with clinically-validated
allergic responses to categories of foods broadly related
to the gene source. If no relevant serum is available
the expressed protein should be analysed for evidence of
cross-reactivity and/or sensitising potential using other
tests such as appropriate animal models or search for T-cell
epitopes, structural motifs, etc. Complementary data on the
biological origin and function and structural features of the
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Fig. 1. Flow chart for assessment of allergenicity of newly-expressed

protein in GM organisms. (Reproduced courtesy of JMWal.)
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newly-expressed protein may also be provided in order to
increase the body of facts to support a conclusion.

Assessing allergenicity of the whole GM
plant or crop

If the host plant of the introduced gene is known to be
allergenic, any potential change in the allergenicity of the
whole GM food or feed should be tested by comparison of
the allergen repertoire with that of the conventional non-
GM variety. These approaches should be applied on a
case-by-case basis, depending on the available information
on the allergenic potential of the source and/or the host.
Data on the prevalence of occupational allergy in workers
or in farmers who have marked exposure to the GM plant
and crops or to the airborne allergens they may contain
will provide useful information for the risk-assessment
process.

‘Model’ approaches

Current uses of animal models to assess allergenicity are
based on assessment of induced antibody responses and/or
the frequency of responders in the test groups. Alternative
or supplementary end points based on a more detailed
understanding of the immuno-biological basis for sensiti-
sation and an appreciation of why proteins differ in their
sensitising potential should hopefully be possible. It will
also be important to consider the sensitising potential when
proteins are present in a complex food matrix and the ways
in which a protein allergen is encountered. There is a
definite need for more research on the immuno-biology of
allergy to identify molecular markers that can be used to
distinguish protein allergens from non-sensitising proteins.
The same technologies (e.g. proteomics) could also be used
to assess whether genetic transformation has caused any
unintended changes in the level of expression of allergenic
proteins. Cell-based models can certainly be used in
assessing the allergenic potential of novel proteins, i.e.
their ability to elicit clinical symptoms, but not in assessing
sensitisation properties.

Conclusions

There is little doubt that GM products are highly scruti-
nised at many levels in science and society. Arguably, only
pharmaceutical products are subjected to more extreme
risk-assessment regimens. To date millions of individuals
have eaten GM products with no proven ill effects, thus the
risk-assessment procedures currently in place appear to be
very effective. This situation does not mean that there
should be any complacency, particularly as new GM traits
come on line that might challenge the concept of ‘famil-
iarity’ in relation to the crop species in question. For
further reading the following texts are recommended,
which provide a comprehensive overview outline of the
concepts that surround the risk assessment of GM crops:
ENTRANSFOOD (2003); Kuiper et al. (2004), which
includes several keynote papers on GM safety testing;
Task Force of the International Life Sciences Institute

International Food Biotechnology Committee (2004);
European Food Safety Authority (2004).
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