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1. Introduction

A Joint FAO/WHO Expert Consultation on Foods Derived from Biotechnology was held
at the Headquarters of the World Health Organization (WHO) in Genevafrom 29 May to 2 June
2000. A total of 27 experts, including authors of discussion papers, participated in the
Consultation. The completelist of participantsis given in Annex 1.

Ms Poonam Khetrapal Singh, Executive Director, Cluster of Sustainable Devel opment
and Healthy Environments, opened the Consultation on behalf of Directors-Genera of WHO and
the Food and Agriculture Organization of the United Nations (FAO). In her statement, MsSingh
indicated that biotechnology would provide powerful tools for the sustainable development of
agriculture and food production. When appropriately integrated with other technologies for the
food production, biotechnology can be of significant assistance in meeting the needs of an
expanding and increasingly urbanized population in the new millennium. Ms Singh drew
attention to the concern expressed by the public at large over the safety and nutritional aspects of
foods derived from biotechnology. She stressed the need for the constant review of
methodologies for risk assessment and expected the Consultation to provide Member States of
FAO and WHO with useful guidance in this respect.

The Consultation elected Dr Harry Kuiper as Chairperson and Dr MariliaRegini Nutti as
Vice-Chairperson. Dr James Maryanski was el ected as Rapporteur and Dr Jennifer Thomson as
Vice-Rapporteur. The Consultation decided to nominate Co-Rapporteursfor each of the sections
of the programme to assist in the drafting of the report of the Consultation. Dr Ronald Walker
was nominated Co-Rapporteur for Section A (Approaches to the Nutritional and Food Safety
Evauations), Dr Keith Downey for Section B (Nutrition-Related Issues) and Dr lan Munro for
Section C (Specific Food Safety Issues)”.

2. Background

Previous expert Consultations convened by FAO/WHO and OECD have recommended
that substantial equivalence be an important component in the safety assessment of foods and
food ingredients derived from genetically modified plants intended for human consumption
(OECD, 1993; FAO, 1996). This concept embodies a science-based approach in which a
genetically modified food is compared to its existing, appropriate counterpart. The approachis
not intended to establish absol ute safety, which isan unattainable goal for any food. Rather, the
goal of thisapproach isto ensurethat the food, and any substances that have been introduced into
the food as aresult of genetic modification, is as safe asits traditional counterpart.

Several countries have used the concept of substantial equivalence as an important
component of the safety evaluations of foods and food ingredients derived from genetically
modified plants. They have found this approach to be scientifically sound and practical.
Nevertheless, there has not been a universal consensus on the application of this concept. This
has resulted in criticism that the approach does not provide a sufficient basis for safety and calls
for national governments and international bodiesto consider aternative approaches.

FAO and WHO convened this Consultation to eval uate experience gained since the 1996
Joint FAO/WHO Consultation (FAO, 1996) and to assesswhether any new scientificinformation
would suggest aneed for modifying current approachesfor assessing the safety of foodsand food
ingredients derived from genetically modified plants. This Consultation also provided an

! The list of working documents of the Consultation is reproduced in Annex 2 of this report.



opportunity, in thelight of recent scientific reports, to review the scientific basis, application, and
limitations of the concept of substantial equivalence.

3. Scope

The Consultation was convened to address food safety and nutritional questionsregarding
foods and food ingredients derived from plants that have been genetically modified using
recombinant DNA techniques. Nevertheless, the conceptsand principles described in thisreport
are equally applicable to all foods and food ingredients derived from plants modified by other
techniques.

For the purpose of this report, the term “genetically modified food/plant” is used to
describe foods or food ingredients that are, or are derived from, plants that have been modified
(engineered) through the use of recombinant DNA techniques.

Specifically, the Consultation was requested:

e to provide FAO, WHO and their Member States with scientific support in relation to the
safety and nutritional features of foods derived from biotechnology on the basis of available
scientific data, taking into consideration work done by national authorities, FAO, WHO and
other international organisations and other relevant international fora;

e toreview existing strategies for the safety and nutritional assessment of foods derived from
biotechnology, taking into account ever increasing public concerns and experiences
accumulated in testing such foods;

e tomakerecommendationson further research needs and prioritiesfor evaluation of safety and
nutritional aspects of foods derived from biotechnology.

The first session of the Codex ad hoc Intergovernmental Task Force on Foods Derived
from Biotechnology, which had been established by the twenty-third session of the Codex
Alimentarius Commission in June/July 1999, was held in Chiba, Japan in March 2000. It
welcomed the initiative of FAO and WHO to convene the Consultation. It identified the
following questions on which the Consultation was invited to formulate scientific opinions:?

e What overarching scientific principles should be applied to the safety and nutritional
assessment?

e What istherole, and what are thelimitations, of substantial equivalencein the safety
and nutritional assessment? Aretherealternative strategiesto substantial equivalence
that should be used for the safety and nutritional assessment?

e What scientific approach can be used to monitor and assess possible long-term health
effects or unintended/unexpected adverse effects?

e What scientific approach can be used to assess the potentia allergenicity?

e What scientific approach can be used to assess the possible risks arising from the use
of antibiotic resistance marker genes in plants and microorganisms?

The Consultation did not consider environmental safety issues related to the release of
genetically modified food/plants into the environment as these were outside its defined scope.
Similarly, it did not consider non-science aspects such as soci 0-economics, risk management and
public acceptance.

2 The reply to the questions by the Consultation is reproduced in Annex 3 of this report.



4. Approaches to the Nutritional and Food Safety Evaluation
of Genetically Modified Foods

4.1 Introduction

For many years the practical difficulties of obtaining meaningful information from
conventional toxicology studies on the safety of whole foods have been well recognized (OECD,
1996). Thelimitationsof conventional toxicological studies became particularly apparent when
animal feeding studies were used to assess the safety of irradiated foods.

Animal studiesareamajor element in the saf ety assessment of many compounds such as
pesticides, pharmaceuticals, industrial chemicalsand food additives. In most cases however, the
test substanceiswell characterized, of known purity, of no particular nutritiona valueand human
exposure is generally low. It istherefore relatively straightforward to feed such compounds to
animals at arange of doses, some severa orders of magnitude greater than the expected human
exposurelevels, in order to identify any potential adverse health effects of importance to humans.
Inthisway itis possible, in most cases, to determinelevels of exposure at which adverse effects
are not observed, and so set safe upper limits by the application of appropriate safety factors.

By contrast, foods are complex mixtures of compounds characterised by widevariationin
composition and nutritional value. Due to their bulk and effect on satiety they can usually only
be fed to animals at low multiples of the amounts that might be present in the human diet. In
addition, a key factor to consider in conducting animal studies on foods is the nutritional value
and balance of the diets used, to try to avoid theinduction of adverse effectswhich are not rel ated
directly to the material itself. Detecting any potential adverse effects and relating these
conclusively to an individual characteristic of the food can therefore be extremely difficult.
Another consideration in deciding the need for animal studies is whether it is appropriate to
subject experimental animals to such a study if it is unlikely to give rise to meaningful
information.

In practice, very few foods consumed today have been subject to any toxicological
studies, yet they are generally accepted asbeing safeto eat. In devel oping a methodol ogy for the
safety assessment of new foods, it was essential to establish abenchmark definition of safefood.
Thiswas taken up by OECD in 1991 who said that food is considered safe if thereis reasonable
certainty that no harm will result from its consumption under anticipated conditions of use.

The difficulties of applying traditional toxicological testing and risk assessment
procedures to whole foods, meant that an aternative approach was required for the safety
assessment of genetically modified foods. Thisled to devel opment of the concept of substantial
equivalence.

This approach acknowledges that the goal of the assessment is not establishing absolute
safety but to consider whether the genetically modified food is as safe as its traditional
counterpart, where such a counterpart exists.

The Consultation agreed that the practical difficultiesaready identified in relation to the
application of conventional toxicology studiesto wholefood precludetheir use asaroutine safety
assessment technique for genetically modified foods. The Consultation also recognised that the
use of toxicology studies could not be justified from an animal welfare perspective whereit was
unlikely to result in meaningful information. In addition, the Consultation noted that the concept
of substantial equivalence was a good example of an approach to reduce the use of animalsin
toxicology studies by refining safety assessment techniques and replacing animal models with
alternatives.



The concept of substantial equivalence was developed as a practical approach to the
safety assessment of genetically modified foods. The Consultation agreed that substantial
equivalence should be seen as akey step in the saf ety assessment process. The application of the
concept is not asafety assessment in itself; it does not characterize the hazard, rather itisused to
structure the safety assessment of a genetically modified food relative to its conventional
counterpart. As a starting point, the genetically modified organism (plant, micro-organism or
animal), and/or foods derived fromit, iscompared with its closest traditional counterpart in order
to identify any intended and unintended differences which then become the focus of the safety
assessment. Datafor comparison should be obtained using validated methods and analyzed using
appropriate statistical techniques. The comparative approach should take into account
agronomic, genetic and chemical aspectsand only when all of these have been considered can an
objective assessment of safety be made. The type and extent of further studies depend on the
nature of the differences and whether or not they are well characterised. Studies should be
carried out in accordance with good laboratory practise.

4.2 Safety Assessment

4.2.1 Basic Principles

Several international organisations have already addressed the i ssues associated with the
safety assessment of novel foods and, in the present context, genetically modified plants and
micro-organisms (WHO, 1991; OECD, 1993; WHO, 1995; FAO, 1996; ILSI, 1996; Commission
of the European Communities, 1997). It isgenerally agreed that such an assessment requires an
integrated and stepwise, case-by-case approach and some authorities have devel oped decision
trees to assist in determining the extent of testing required in specific cases (SCF, 1997; UK
ACNFP, 1995). Thisapproachisuseful in determining appropriate saf ety assessment strategies.

The safety assessment of a genetically modified food is directed by the results of a
comparison between the genetically modified food and its conventional counterpart. It followsa
stepwise process aided by a series of structured questions. Factors taken into account in the
safety assessment include:

e identity;
e SOUrCE,
e composition;
o effects of processing/cooking;
e transformation process,
e therecombinant DNA (e.g. stability of insertion, potential for gene transfer);
e protein expression product of the novel DNA;
o effectson function;
e potentia toxicity;
e potentia allergenicity;

e possible secondary effectsfrom gene expression or the disruption of the host DNA or
metabolic pathways, including composition of critical macro-, micro-nutrients, anti-
nutrients, endogenous toxicants, allergens, and physiologically active substances; and,



e potentia intake and dietary impact of the introduction of the genetically modified
food.

The above factors are particularly pertinent to the assessment of foods derived from
genetically modified plants. When assessing the safety of foods derived from genetically
modified animals and micro-organisms, other factors may need to be taken into account on a
case-by-case basis.

4.2.2 Need for Animal Studies

If the characterization of the food indicates that the available data are insufficient for a
thorough saf ety assessment, animal testing may be deemed necessary. Thiswould particularly be
the caseif thefood were expected to make asignificant dietary contribution, if thereisno history
of consumption of the novel gene product or if the modification affects several metabolic
pathways.

In the situation where the genetically modified food differs from the traditional
counterpart by the presence of one or afew new genes and their products, it may be possible to
isolate and study these in amanner anal ogous to conventional toxicity testing of food additives.
However it is essential to ensure that the material tested is biochemically and functionally
equivalent to that produced in the genetically modified food. This provides the possibility of
increasing the sensitivity of toxicity tests compared with that possible if the products of the
genetically modified plants had been fed directly and avoids some of the artefacts that can occur
in toxicity tests on whole foods. However, this strategy is only applicable if the preceding
detailed analysis does not reveal significant changes other than those expected. Otherwisetesting
of the whole food may be required. When animal testing is conducted on the whole food, it
should generally be on the food as consumed by humans. The type of animal study would need
to be considered on a case by case basis. In addition to investigating potential toxicological
effects, animal studies may aso be required if the genetic modification directly or indirectly
affects the content or bioavailability of nutrients.

Where toxicological studies are considered necessary to assess the safety of long term
consumption of afood inthe diet, it is generally considered that a sub-chronic study of 90-days
duration isthe minimum requirement to demonstrate the safety of repeated consumption of afood
inthediet. Thismay need to be preceded by apilot study of short duration to ensure that the diet
is palatable to the test species and that the levels of incorporation of the test article are
appropriate, e.g. the control diet containing the equivalent level of the comparator does not
produce effects, as a result of normal levels of natural toxicants present in traditional foods
accepted as safe. The highest dose level used in any animal study should be the maximum
achievable without causing nutritional imbalance while the lowest level used should be
comparable to the anticipated human intake.

The need for additional toxicological tests should be considered on a case-by-case basis
taking into account the results of the 90-day study and other studies. For example, proliferative
changesin tissues during the 90-day study may indicate the need for alonger-term toxicity study.

Conventional toxicological testsare of limited valuein assessing whole foods, including
genetically modified foods. Based on the maximum levels of the whole food that can be
incorporated into experimental diets asindicated previously, amargin of safety may be estimated
based on the absence or nature of adverse effects and likely human exposure. Improved
experimental designs should take into account the need for nutritionally adequate animal diets,
avoiding some of the inappropriate testing of foods or products.



It has been suggested that the use of biomarkers of early effects might increase diagnostic
value and sensitivity of toxicity tests on foods (Schilter et al., 1996). However, it will be
necessary not to confuse adaptive and toxic effects in applying this approach.

4.3 Unintended Effects

In achieving the objective of conferring aspecific target trait (intended effect) to the host
organism by the insertion of defined DNA sequences, additional traits could, theoretically, be
acquired or existing traitslost (unintended effects). The assessment of genetically modified foods
involves methods to detect such unintended effects and procedures to evaluate their biological
relevance and their impact on food safety.

Unintended effects may be due to factors such as random insertion events which might
result in disruption of existing genes, modifications of protein expression or formation of new
metabolites. The expression of enzymes at high levels may give rise to secondary biochemical
effects, e.g. an atered metabolic flux resulting in changed metabolite patterns.

The potential occurrence of unintended effects is not specific to the use of recombinant
DNA techniques. Rather, it is an inherent and general phenomenon that can occur in
conventional breeding. One of the approaches adopted to cope with this problem is to select/
discard plantswith unusual and undesired phenotypic and agronomic parametersat an early stage
of the plant variety development. The practice of consecutive back-crossing is also a common
procedure used to eliminate unintended effects.

Unintended effects due to genetic modification may be subdivided into two groups: those
which are "predictable" based on metabolic connections to the intended effect or knowledge of
the site of insertion and those which are “ unexpected”. Dueto theincreased precision of genetic
maodification compared to conventional breeding, it may becomeeasier to predict pathwayslikely
to be influenced by unintended effects.

The comparator used to detect unintended effects should ideally be the near isogenic
parental line grown under identical conditions. In practice, thismay not be feasible at all times,
inwhich case aline as close as possible should be chosen. Theresulting natural variation should
be taken into account in assessing the statistical significance of the unintended effect.

Where datistically significant unintended differences are observed, their biological
significance should be assessed. Thismay be assisted by knowledge of the mechanisms|eading
to the changes. In order to assessthe biological and safety relevance of an unintended effect, data
on the genetically modified plant should be compared to data on other conventional varietiesand
literature data. If the differences exceed natural variations in traditional food crops, further
assessment is required.

Present approachesto assess possible unintended effectsare based, in part, ontheanalysis
of specific components (targeted approach). In order to increase the probability of detecting
unintended effects, profiling techniques are considered as useful aternatives (non-targeted
approach). Profiling techniques are used at different level e.g. genomics, proteomics and
metabolomics, and may contribute to the detection of differencesin amore extensive way than
targeted chemical analysis. However, they are not yet fully developed and validated and have
certain limitations.

In the future, genetic modifications of plants are likely to be more complex perhaps
involving multiple between-species transfers and this may lead to an increased chance of



unintended effects. Where differences are observed using profiling techniques, the possible
implications of the differences with respect to health need to be considered.

4.4 Evaluation of the Concept of Substantial Equivalence

The Consultation acknowledged that the concept of substantial equivalence had attracted
criticism. This criticism relates, in part, to the mistaken perception that the determination of
substantial equivalence was the end point of a safety assessment rather than the starting point.
Further disagreement may have arisen from reference to three outcomes of substantial
equivalence discussed previoudly (i.e. substantially equivalent, substantially equivalent apart
from defined differences, and not substantially equivalent) (FAO, 1996).

Having considered the way in which the concept of substantial equivalenceis currently
used, and the possible use of alternative strategies, the Consultation concluded that application of
the substantial equivalence concept contributes to a robust safety assessment framework. The
Consultation was sati sfied with the approach used to assess the saf ety of the genetically modified
foods that have been approved for commercial use.

It was agreed that communi cation of the principlesinvolved in safety assessment could be
improved. The Consultation concluded that the key message to be conveyed is that substantial
equivalence is a concept used to identify similarities and differences between the genetically
modified food and a comparator with a history of safe food use which subsequently guides the
safety assessment process.

The Consultation reiterated that aconsideration of compositional changeswasnot the sole
basisfor determining safety. Safety can only be determined when the results of all aspects under
comparison are integrated.

It was recognised that whole foods do not lend themselves to the standard safety
evaluation principles (WHO 1987) used for food additives and other chemicals and that a
guantitative assessment of risk of individual whole foods from whatever source cannot be
achieved. The Consultation agreed that ng saf ety relativeto existing foods offered the best
means of assessing the safety of genetically modified foods.

The Consultation considered the issue of long term effects from the consumption of
genetically modified foods and noted that very little is known about the potential long term
effects of any foods. In many cases, thisisfurther confounded by wide genetic variability in the
population, such that someindividuals may have agreater predisposition to food-rel ated effects.

In this context, the Consultation acknowledged that for genetically modified foods, the
pre-marketing safety assessment already gives assurance that the food is as safe as its
conventional counterpart. Accordingly it was considered that the possibility of long term effects
being specifically attributable to genetically modified foods would be highly unlikely.
Furthermore, it was recognised that observational epidemiological studies would be unlikely to
identify any such effects against a background of undesirable effects of conventional foods.
Experimental studies, such as randomised controlled trials (RCTs), if properly designed and
conducted, could be used to investigate the medium/long term effects of any foods, including
genetically modified foods. Such studies could provide additional evidencefor human safety, but
would be difficult to conduct. Inthisrespect, it isalso important to recognise the wide variation
in diets and dietary components from day to day and year to year.

The Consultation was of the view that there were presently no alternative strategies that
would provide abetter assurance of safety for genetically modified foodsthan the appropriate use



of the concept of substantial equivalence. Nevertheless, it was agreed that some aspects of the
stepsin the saf ety assessment process could be refined to keep abreast of devel opmentsin genetic
modification technology. New methodologies, such as profiling techniques, offer the means of
providing a more detailed analytical comparison. However, it was recognised that much more
developmental work was necessary before such methods could be validated.

5. Nutrition-Related Issues

5.1 Introduction

Thevariety of foods consumed by humans has changed greatly over the centuries, dtering
the balance of nutrients in the diet. Plant breeding by traditiona methods, mutations and
recombinant DNA technigue can be used to alter nutritional quality and functional traits. Thirty
years ago, traditional breeding was utilized to identify and select rapeseed plants free of the
nutritionally undesirablefatty acid, erucic acid. Theresulting plant, canola, produced an oil that
has amore desirable fatty acid profile. Canolaoil now makes up asignificant proportion of the
daily lipid intake of the consumersin most of the devel oped nations of theworld. Morerecently,
mutational breeding has been used to genetically modify flax plantsto produce edible oilsinstead
of the traditional high linolenic industrial oil. The introduction of new foods and the growing
interest in functional foods al so have the potential to modify thefood supply. Theavailability of
recombinant DNA techniques provides the opportunity to develop foodsthat hel p optimize health
status. The major difference with recombinant DNA techniques is the ability to introduce
different nutrient profiles with greater speed and precision.

Genetic modification of plants now under cultivation have been directed towards
agronomic enhancement. Nutritional changes may have amore profound impact on the health of
the population. At present, there are no foods derived from genetically modified plants modified
to enhance nutrition in the commercial market. However, there are several plants with altered
nutrient composition being developed using recombinant DNA technology. These have been
designed to modify nutrient composition and levels or change the functionality of aproduct. An
example of the latter is potato tubers containing increased amounts of starch that is distributed
more uniformly, resulting in more efficient processing, lower fat absorption and improved
texture. Itisanticipated that other genetically modified plantswill be developed with nutritional
characteristics targeting major health problems.

There are a number of examples of genetically modified plants from which foods are
produced with the objective of improving health and enhancing food functionality. Theseinclude
two examples of genetically modified rice varieties, onein which beta-carotene was produced and
another in which an undesirable component for sake brewing (glutelin) was decreased. Other
examples were oil seeds in which the fatty acid profile was changed either by traditional
mutational techniques or recombinant DNA technique. Recently, canola and soy oils with
combined low levels of saturated fatty acids and increased oleic acid, have been produced with
the objective of lowering total and low density lipoprotein (LDL) cholesterol levels, one of the
risk factorsfor cardiovascular disease, while at the same time enhancing the functionality of the
oil. The Consultation heard details of the recently reported “golden rice” which was specifically
designed to target Vitamin A deficiency, acause of blindness among peopleliving in developing
countries (Ye et al., 2000).) These examples highlight the potential of foods with modified
nutritional profiles to reduce the incidence of nutrition-related conditions or diseases.



5.2 Unexpected Outcomes: Targeting a Single Nutrient

can Result in Other Alterations

Traditional plant breeding techniques of intraand inter-species crossing and mutation are
designed to create genetic variation upon which selection of the most desired genotype is the
expected outcome. All plant breeding procedures can produce unexpected effects. Low glutelin
genetically modified rice, created using an anti-sense technique, signifiesimprovementsin rice
storage proteins for commercial sake brewing. The decrease in glutelin levels was however
associated with an unintended increase in levels of prolamins. This illustrated that a targeted
changeinthelevel of aspecific protein can result in other proteinsbeing affected. Thechangein
prolamin levels did not affect the industrial application but could affect nutritional quality and
allergenic potential if thericewere used asafood. Other exampleswere given regarding soybean
and rice showing that genetically modified soy with increased lysine showed an unexpected
decrease in oil content, and the genetically modified “golden rice” designed to express beta-
carotene unexpectedly accumulated xanthophylls. The use of tissue-specific promoters was
suggested as ameans to limit the number and extent of unexpected effects.

In the case of the low glutelin rice, the change in prolamins would not be detected by
standard nutritional analyses such as total protein and amino acid profiles. This was only
observed following sodium dodecyl sulphate (SDS) gel electrophoresis. The unexpected finding
of xanthophylls in the beta-carotene-enhanced genetically modified rice would not have been
apparent from standard nutritional analyses. This difference was observed following high
pressure liquid chromatography (HPLC) analyses for carotenoids. Thus, it is important that
appropriate analyses of nutrients should be carried out to identify unexpected changes.

The ability to change nutrient levelsin crop plants through plant breeding, including the
use of recombinant DNA techniques, has the potential to result in broad changesin at least two
ways: (1) theintended modification in plant constituents could change the overall nutrient profile
of the plant product and this change could affect nutritional status of the individual, (2) in
addition, unexpected alterationsin nutrients could al so affect nutrient profiles of the product and
nutritional status of people. Although the genetically modified plant components may be
assessed as safe individually, the impact of the change on the overall nutrient profile must be
determined. Because changesinindividual nutrients could affect anumber of plant processesand
nutritional outcomes, it isrecommended that integration of nutritional and toxicological expertise
needed for the evaluation of genetically modified foods be encouraged and facilitated.
Consideration should be given to assessing the potential health impact resulting from changesin
nutrient profile arising from all types of plant breeding.

Examples of the use of mutational breeding to alter the nutritional characteristicsof plants
include the modification of flaxseed oil from ahigh linolenic industrial il to ahigh linoleic oil
similar to corn oil in its fatty acid composition, and genetically modified soy and canola plants
being devel oped that produce a high oleic acid (80-90%) oil that also displaysvery low levels of
saturated and polyunsaturated fatty acids.

It will be important to determineif the overall nutrient profile of a genetically modified
food has been changed and if dietary intake patterns are altered by theintroduction of foodsfrom
genetically modified plants. The introduction of a significant nutritional change in afood may
reguire post-market assessment to determine whether the overall diet hasbeen altered and to what
degree, before an assessment of the impact on nutritional status can be made.

It is important to ascertain to what extent the modified nutrient is bioavailable and
remains stable with time, processing, and storage. For example, the question was raised as to



what extent carotenoidsin the genetically modified rice remained stable under storage conditions
encountered in the developing countries.

5.3 Methodology for Nutritional and Safety Evaluation

Where additional assurance of safety is sought, analytical methodstraditionally appliedin
the evaluation of food constituents such as total protein, fat, ash, fibre and micronutrients may
need to be augmented with additional analysesto identify unexpected effectsand altered nutrient
profiles and bioavailability which may impact on dietary intake and health.

Because of the potential for broad changes in nutrient levels and interactions with other
nutrients and unexpected effects, it may be necessary in certain instances to undertake feeding
studiesin animalsto determine outcomesthat result from changesin nutrient profilesand nutrient
bioavailability. Nutritional modificationswhich are within the normal range of nutrient variation
might require aless extensive evaluation than those outside normal ranges.

Genetically modified foods have the potential to improve the nutritional status of
individuals and provide products with enhanced functionality for populations in devel oped and
developing countries. The major issues relate to possible nutritional imbalances and the
introduction of unexpected alterationsin nutrients and other compounds. The changein nutrient
levelsin a particular crop plant may impact overall dietary intake. In such cases, it would be
important to monitor changes in nutrient levels and bioavailability in such foods and evaluate
their potential effect on nutritional and health status of consumers. However, an assessment of
the impact on nutritional status of consumersisimportant for all significant dietary changes and
not specific to the introduction of genetically modified foods.
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6. Specific Food Safety Issues

6.1 Introduction

This section deal s with specific issues that are frequently raised with regard to the safety
of genetically modified foods. These issues include the potential for gene transfer from
genetically modified plants to gut microflora and mammalian cells, the safety of antibiotic
resistance genes as markersfor the selection of genetically modified plants, and the assessment of
the potential allergenicity of genetically modified foods that may be caused by the presence in
these foods of novel gene products. The discussion which follows provides an evaluation of
existing knowledge about these topics and elaborates scientific approaches that may be used to
assess possible health risks.

6.2 Gene Transfer from Genetically Modified Plants:
Mechanisms and Consequences for Food Safety

As background to the discussion that follows, it should be noted that all foods contain
DNA, which isingested in significant quantities. In humans, dietary intakes of RNA and DNA
vary widely but are typically in the range from 0.1 to 1.0 g per day (Doerfler and Schubbert,
1997). Any concernsover the presence of novel DNA in agenetically modified food consumed
in the human diet must take into consideration that thisDNA would represent |essthan 1/250,000
of the total amount of DNA consumed. In view of thisand the digestibility of dietary DNA, the
probability of transfer of genesfrom genetically modified plantsto mammalian cellsisextremely
low. It is nevertheless necessary to examine this possibility and the consequences of such
transfer if it wereto occur.

Thetransfer of plant DNA into microbial or mammalian cellsunder normal circumstances
of dietary exposure would require all of the following events to occur:

e therelevant gene(s) in the plant DNA would have to be released, probably as
linear fragments;

e the gene(s) would have to survive nucleases in the plant and in the gastrointestinal
tract;

e the gene(s) would have to compete for uptake with dietary DNA;

e therecipient bacteria or mammalian cells would have to be competent for
transformation and the gene(s) would have to survive their restriction enzymes,
and

e the geneg(s) would have to be inserted into the host DNA by rare repair or
recombination events.

There have been numerous experiments aimed at eval uating the possibility of transfer of
plant DNA to microbes and mammalian cells. To date, there are no reportsthat marker genesin
plant DNA transfer to these cells. Results of model experiments in which mice were orally
administered high doses of bacterially derived DNA indicated apparent incorporation of the test
DNA fragmentsinto bacterial and mouse cells (Schubbert et al., 1998). Thereport contrastswith
other reports where no transfer or only a low frequency of transfer was observed. The
significance of the observations of Schubbert et al. have been seriously questioned (Beever and
Kemp, 2000). It was concluded that the data do not demonstrate that plant DNA can be
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transferred to and stably maintained in mammalian cells. Thereisadditionally no evidence that
intact genes from plants can be transferred to and be expressed in mammalian cells.

It should be noted that the vast majority of known bacteriaarenot naturally transformable
and there is as yet no evidence of transfer to and expression of plant genes in bacteria under
natural conditions. Transfer has been observed under laboratory conditions, but only if
homologous recombination is possible (Nielsen et al., 1998). It should be noted that inserted
gene sequences in genetically modified plants show in many cases homology with prokaryotic
genes. The Consultation isaware of the study being undertaken whereby chickensand sheep are
being fed genetically modified maize, and bacteriain the normal floraof the gastrointestinal tract
are being tested for DNA uptake.

Should horizontal gene transfer from a genetically modified plant to bacteria occur, the
gene (e.g. an antibiotic resistance gene) may alter the fitness of therecipient cell. A reductionin
fitness may not provide sufficient sel ective pressure to eliminate the gene or gene fragment from
the gene pool. The presence of this DNA in the cell population could then serve as a genetic
reserve for the evolution of the recipient species.

The available knowledge on bacteriais derived from bacteria that can be cultured and
readily analyzed. Bacteriathat are susceptible neither to culture nor identification represent a
significant proportion of existing microflora. Therefore, without available knowledge of these
bacteria, it is not possible to assess the possibility, probability or consequences of their
acquisition of genes or gene fragments.

The consequences of uptake of plant DNA by mammalian cellsare different from those of
uptake by bacteria because existing data indicate that such DNA is not transmitted via the
germline. The extent to which cells containing exogenous DNA are phagocytosed is not yet
clear. Neitherisit clear that theincorporated DNA is stably maintained and replicated in somatic
cells. Mammalian cells would be similarly affected by uptake of exogenously derived DNA
regardless of its source.

The most important consideration with respect to horizontal gene transfer is the
consequence of a gene being transferred from a genetically modified plant and expressed in
recipient cells. Therefore dataon the possible extent of such transfer will be needed aspart of the
saf ety assessment when the nature of thetransferred gene(s) issuch that, if transfer wereto occur,
it would giverise to health concerns.

The Consultation noted that the antibiotic resistance markers currently used in genetically
modified plants have been previously reviewed for safety (WHO, 1993). Thereisno evidence
that the markers currently in use pose ahealth risk to humans or domestic animals. Nevertheless,
with the variable genetransfer frequencies noted in current literature, the transfer and expression
of afunctional antibiotic resistance gene to recipient cells, while remote, cannot be ignored. If
therecipient cell is subjected to selection from therapeutic use of the antibiotic, proliferation of a
drug resistant cell population could compromise the effectiveness of the drug. This directs
attention to the moreimportant considerations. whether thereareaready prevailing high levels of
culturable bacteria resistant to that antibiotic, whether that antibiotic is, or could be, clinically
important, and whether there are alternative effective therapies.

For certain antibiotic resistance genes currently in use in genetically modified plants, the
avail able datasuggest that the consequences of horizontal genetransfer will be unlikely to posea
significant threat to the current therapeutic use of the respective drugs. With other genes that
confer resistance to drugsthat areimportant in specific medical use, or to drugsthat have limited
aternative therapies, the possibility of transfer and expression of these genes is a risk that
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warrantstheir avoidancein the genomes of widely disseminated genetically modified organisms
and foods and food ingredients.

A number of methods are avail able to genetically modify plants without incorporation of
an antibiotic resistance gene in the commercia product. These methods include removing the
gene after successful genetransfer, or using alternative marker genesfor genetic transformation.
If alternative marker genes are used, they al so would need to be evaluated for safety. Inaddition,
it is recognized that further technical development of these or additional methods may be
necessary for practical transformation of certain plant species. In future developments, the
Consultation encourages the use of aternative transformation technologies, if available and
demonstrated to be safe, that do not result in antibiotic resistance genes in genetically modified
foods. If further devel opment of alternative technologiesis required, additional research should
be strongly encouraged.

6.3 Allergenicity

6.3.1 Introduction

Food allergies are adverse reactionsto an otherwise harmlessfood or food component that
involvesan abnormal response of the body’ simmune system to specific protein(s) infoods. True
food allergies may involve several types of immunological responses (Sampson and Burks,
1996). The most common type of food allergies are mediated by allergen-specific
immunoglobulin E (IgE) antibodies®. IgE-mediated reactions are known as immediate
hypersensitivity reactions because symptoms occur within minutesto afew hoursafter ingestion
of the offending food. IgE-mediated reactions can occur to pollens, mould spores, animal
danders, insect venoms and other environmental stimuli aswell asfoods. IgE-mediated reactions
affect perhaps 10-25% of the population in developed countries (Mekori, 1996), although food
alergiesrepresent asmall fraction of all allergic diseases. IgE-mediated food allergiesaffect less
than 2.5% of the population in devel oped countries (Anderson, 1996). Infantsand young children
are more commonly affected by IgE-mediated food allergies than adults; the prevalence among
infants under the age of 3 may be as high as 5-8% (Bock, 1987; Sampson, 1990). True food
allergiesaso include cell-mediated reactions which invol ve sensiti zed tissue-bound lymphocytes
rather than antibodies (Sampson, 1990). In cell-mediated reactions, the onset of symptoms
occurs more than 8 hours after ingestion of the offending food. Theroleof foodsin cell-mediated
reactions remains uncertain (Burks and Sampson, 1993) but, celiac disease, also known asgluten-
sensitive enteropathy, affects 1 in every 300 to 3000 individuals in the population depending
upon the specific geographic region.

The Codex Alimentarius Commission has adopted alist of the most common alergenic
foods associated with IgE-mediated reactions on a world-wide basis that includes peanuts,
soybeans, milk, eggs, fish, crustacea, wheat, and tree nuts. These commonly allergenic foods
account for over 90% of all moderateto severe allergic reactionsto foods, although an extensive
literature search has revealed more that 160 foods associated with sporadic alergic reactions
(Hefle, 1996). Allergic reactions to fresh fruits and vegetables, the so-caled ora allergy
syndrome, are also rather common (Parker, 1990), but these foods are not included on the Codex
Alimentarius Commission list because the symptoms are typically mild and confined to the

% |gE, or immunoglobulin E, is a protein antibody that recognizes an alergen. It circulatesin the blood, and
becomes fixed on the surface of specific cells (basophils and mast cells). When IgE on the cell surface bindsto
allergen, thistriggers the release of chemical mediators that provoke the symptoms associated with allergic
reactions.
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oropharyngeal region and the allergens are unstabl e to heating and digestion. Thelist established
by the Codex Alimentarius Commission also includes gluten-containing cereals (wheat, rye,
barley, oats and spelt) that are implicated in the etiology of gluten-sensitive enteropathy.

The symptoms of IgE-mediated food allergies can range from mild to severe and life-
threatening. Individualsdisplay different thresholdsfor the offending food, but the most sensitive
food-allergic individuals will experience reactions from exposure to trace quantities of the
offending food. Life-threatening reactions usually involve exposure to larger doses of the
offending food.

Gluten-sensitive enteropathy is a mal-absorbtion syndrome characterized by body
wasting, anaemia, diarrhoea, and bone pain along with other symptoms. The threshold dose
needed to provoke the symptoms of gluten-sensitive enteropathy are unknown, but also thought
to be quite low.

Both IgE-mediated food alergies and gluten-sensitive enteropathy are treated with
specific avoidance diets. Sincein both cases, the threshold doseis quite low, great care must be
taken in the construction of safe and effective avoidance diets.

Almost all food allergens are proteins, although the possibility exists that other food
components may act as haptens’. Similarly, prolamin proteins from wheat, rye, barley, etc. are
involved in the elicitation of gluten-sensitive enteropathy. While the crops from which staple
foods are derived contain ten of thousands of different proteins, relatively few areallergenic. The
distribution of these proteins varies in different parts of the plant and can be influenced by
environmental factors such as climate and disease stress. Conventional breeding introduces
additional protein diversity into thefood supply. However, variationsin the protein composition
of our diets brought about through conventional crop improvement practices have had little, if
any, effect on the allergenic potential of our major foods. In contrast, altered dietary preferences
can have significant implications for the development of food allergies. For example, alergy to
peanut (groundnut) occurs at a significant frequency in North America and Western Europe but
not in other countries where peanuts are less commonly eaten. Also, recent food introductions
such as kiwi fruit have proven to be additional sources of food allergens. These observations
provide confidence that there are not alarge number of potential allergensin thefood supply, but
show that new allergenic foods are sometimes introduced into the marketplace.

Because of the above, aclear need existsto pay particular attention to allergenicity when
ng the safety of foods produced through genetic modification.

6.3.2 Evaluation of the Potential Allergenicity of Novel Proteins in
Genetically Modified Foods

In 1996, the International Food Biotechnology Council and the Allergy and Immunol ogy
Institute of the International Life Sciences|nstitute devel oped adecision-tree approach (Metcalfe
et al., 1996). This allergy assessment strategy has been widely adopted by the agricultural
biotechnology industry. This strategy focuses on the source of the gene, the sequence homology
of the newly introduced protein to known allergens, the immunochemical binding of the newly
introduced protein with IgE from the blood serum of individuals with known alergies to the
source of the transferred genetic material, and the physicochemical properties of the newly

“ Haptens are small molecules which may interact with body proteins or food proteins and cause these proteins to
become allergenic.
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introduced protein (Metcalfe et al., 1996; Taylor, 1997). This study has been adapted by the
Consultation for the assessment of the allergenicity of genetically-modified foods [Figure 1].

Since genetically modified foods usually contain novel proteins, their safety should
include an assessment of the allergenicity of such novel proteins. The current decision-tree
approach requires the examination of a number of parameters which are common to many food
allergens. These characteristics facilitate the identification of potentially allergenic gene
products, although no single criterion issufficient to confirm allergenicity or thelack thereof. The
relevant criteria used in the current decision tree include:

e Sourceof thetransferred genetic material: Particular caution must be exercised if the
source of this material contains known allergens.

e Sequence homology: The amino acid sequence of many allergensisreadily available.

e Immunoreactivity of the newly introduced protein: If the novel protein is derived
from a known allergenic source or if it has sequence homology with a known
allergen, then the reactivity of this novel protein with IgE from the blood serum of
appropriate allergic individuals is determined.

e Effect of pH and/or digestion: Most alergens are resistant to gastric acidity and to
digestive proteases.

e Heat or processing stability: Labile alergens in foods that are eaten cooked or
undergo other processing before consumption are of less concern.

Thedesirability of including other relevant criteriato improvethereiability of theallergy
assessment decision-tree approach was discussed. When the genetically modified food contains
genes selected from sources with known all ergenic effects, then it must be assumed that the novel
gene product is allergenic unless proven otherwise. The current decision-tree approach which
advocates the assessment of the binding of the novel protein with IgE from the blood serum of
individualswho are allergic to the source of the donor genetic material followed, if necessary by
skin testing and blinded oral food challenges, was considered adequate and essential. The
assessment of any unintended effects on the alergenicity of the host material after a genetic
modification with genes from other sources, whether alergenic or not, was not considered
necessary except in circumstances where the genetic modification could be predicted to alter the
protein content of the host product significantly.

When the genetically modified food contain genes from sources with no history of
alergenicity, the current decision-tree approach relies primarily upon sequence homology
comparisonsto known allergens and the stability of the novel protein to digestion and processing.
It iswidely recognized that these two criteria alone may not be sufficient to assess the potential
alergenicity of genetically modified foods containing genes from sources with no history of
alergenicity.

The current criteriaused to determine significant sequence similarity, amatch of at least
eight contiguous, identical amino acids (Metcalfe et al., 1996) has been criticized. Suggestions
have been made that sequence similarity should instead require amatch of a smaller number of
contiguous, identical amino acids, perhaps as few as four amino acids. The use of a match of
eight contiguous, identical amino acids appearsto have some rel evance based upon the minimum
peptidelength for aT cell-binding epitope® (Metcalfeet al., 1996). Also, itisrecognized that the
criterion cannot identify discontinuous or conformational epitopes that depend upon the tertiary

> Epitopes are groups of amino acids within proteins that can bind to either T cells (T cell epitopes) or IgE
antibodies (IgE-binding epitopes). Epitopes can be either linear or conformational .
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structure of the protein (Metcalfe et al., 1996). However, the stability of food allergens to heat
processing argues for greater significance of linear, continuous epitopes for these particular
allergens. International scientific consensus should be sought on the use of sequence homology
in the assessment of the allergenicity of genetically modified foods.

The use of digestive stability appears to be arather useful criterion in the assessment of
the alergenicity of genetically modified foods. Simulated gastric and intestinal digestivemodels
of mammalian digestion have been used to assess the digestive stability of known food allergens
and proteins introduced into foods through genetic modification (Astwood et al., 1996). While
the usefulness of this criterion is apparent, consensus is needed on the ideal protocols for
assessment of digestive stability. It isrecognized that novel proteins may exist that are stable to
digestion but will not become alergens. Additional testing is needed to assess the alergenic
potential of such proteins.

Thedesirability of the development of additional teststo assessthe allergenic potential of
foods contai ning genes from sources with no history of allergenicity has been widely expressed.
Two additional tests seem to show some promise for addition to the decision-tree approach.

The level and site of expression of the novel protein is an important component of the
assessment of allergenicity. Novel proteins expressed at comparatively low amountsin thefood
would have limited potential for allergic sensitization. Major food allergens are usually major
proteins in commonly consumed foods. Thus, greater scrutiny should occur with genetically
modified foods containing novel proteins at significant levels in the product. New proteins
expressed in non-edible portions of plants are not a concern in terms of food allergy.

Consideration of the function of the novel protein should also form part of the decision-
tree assessment of allergenic potential. Certain classes of proteinsarewell known allergens. For
example, the 2S, high-methionine albuminsfrom Brazil nut, walnut, sunflower seed and mustard
are major allergens from those sources. Thus, other 2S, high-methionine abumins should be
scrutinized very carefully for allergenic potential. Many of the pathogenesis-related proteins of
plants display allergenic activity, therefore, the entire class of proteins would also merit close
examination. International consensus should be sought on a list of functional proteins with
allergenic potential. Certainly, other proteins not on such alist must also be evaluated but this
aspect could be a useful part of an overall assessment strategy.

The potential for the use of animal models for the assessment of the allergenicity of
genetically modified foods was also discussed. Unfortunately, reliable, well validated animal
models for the assessment of the allergenicity of genetically modified foods do not presently
exist, although further research on the devel opment of animal models is encouraged.

Other attributes, such as molecular weight and degree of glycosylation, were also
discussed. However, it was felt that these attributes were not sufficiently discriminatory to be
very helpful.

Thenovel proteins present in genetically modified foods should also be evaluated for any
possible role in the dicitation of gluten-sensitive enteropathy. Clearly, if the desired gene is
obtained from wheat, rye, barley, oats, or related cereal grains, the possible role of the novel
protein in provoking gluten-sensitive enteropathy must be carefully considered. Furthermore, if
genetic modifications are conducted on these cereal grains, possible unintended effects on the
gluten proteins should be considered. International consensus should be sought on an appropriate
decision-tree approach to the assessment of therole of genetically modified foodsand their novel
proteins in gluten-sensitive enteropathy.
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6.3.3 Reduction or Elimination of Allergens through Genetic
Modification

Genetic modification offersthe opportunity to decrease or eliminate the protein allergens
that occur naturally in specific foods. An exampleisthe development of agenetically modified
rice variety developed through anti-sense technology, which dramatically reduced levels of the
major rice allergen (Matsuda et al., 1995). Further efforts of this type should be encouraged.
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Footnotes to Figure

@ The figure was adapted from decision-tree approach developed by International Food
Biotechnology Council and Allergy and Immunology of the International Life Sciences
Institute (Metcalfe et al., 1996).

(b) The combination of tests involving alergic human subjects or blood serum from such
subjects would provide a high level of confidence that no major allergens were transferred.
The only remaining uncertainty would be the likelihood of aminor alergen affecting asmall
percentage of the population alergenic to the source material.

(© Any positive results obtained in testsinvol ving allergenic human subjects or blood serum
from such subjects would provide a high level of confidence that the novel protein was a
potential allergen. Foods containing such novel proteinswould need to be labelled to protect
allergic consumers.

(d) A novel protein with either, no sequence similarity to known allergens or derived from a
lesscommonly allergenic source with no evidence of binding to IgE from the blood serum of
a few dlergic individuals (<5), but that is stable to digestion and processing should be
considered a possible allergen. Further evaluation would be necessary to address this
uncertainty. The nature of the tests would be determined on a case-by-case basis.

(e) A novel protein with no sequence similarity to known allergens and that was not stable to
digestion and processing would have no evidence of allergenicity. Similarly, anovel protein
expressed by a gene obtained from aless commonly allergenic source and demonstrated to
have no binding with IgE from the blood serum of asmall number of alergicindividuals (>5
but <14) provides no evidence of alergenicity. Stability testing may be included in these
cases. However, thelevel of confidence based on only two decision criteriaismodest. The
Consultation suggested that other criteria should also be considered such as the level of
expression of the novel protein.



7. Conclusions

1. The Consultation agreed that the saf ety assessment of genetically modified foodsrequires
an integrated and stepwise, case-by-case approach, which can be aided by a structured series of
guestions. A comparative approach focusing on the determination of similaritiesand differences
between the genetically modified food and its conventional counterpart aidsin theidentification
of potential safety and nutritional issues and is considered the most appropriate strategy for the
safety and nutritional assessment of genetically modified foods.

2. The Consultation was of the view that there were presently no alternative strategies that
would provide abetter assurance of safety for genetically modified foodsthan the appropriate use
of the concept of substantial equivalence. Nevertheless, it was agreed that some aspects of the
steps in safety assessment process could be refined to keep abreast of developments in genetic
modification technology. The concept of substantial equivalence was developed as a practical
approach to the safety assessment of genetically modified foods. It should be seen asakey step
in the safety assessment process although it is not a safety assessment in itself; it does not
characterize hazard, rather it is used to structure the safety assessment of a genetically modified
food relative to a conventional counterpart. The Consultation concluded that the application of
the concept of substantial equivalence contributesto arobust saf ety assessment framework. The
Consultation was sati sfied with the approach used to assess the saf ety of the genetically modified
foods that have been approved for commercial use.

3. The Consultation further agreed that the saf ety assessment of genetically modified foods
requires methods to detect and evaluate the impact of unintended effects, such asthe acquisition
of new traits or loss of existing traits. The potential occurrence of unintended effects is not
unique to the application of recombinant DNA techniques, but is also a general phenomenonin
conventional breeding. Present approachesto detect unintended effectsare based, in part, onthe
analysis of specific components (targeted approach). In order to increase the probability of
detecting unintended effects, profiling techniquesare considered as potentially useful alternatives
(non-targeted approach). In order to assess the biological and safety relevance of an unintended
effect, the genetically modified plant should first be compared to other conventional varietiesand
dataon it compared to literature data. If the differences exceed natural variations, a nutritional
and toxicological assessment isrequired. Thismay require an eval uation of specific components
of the genetically modified food or of the whole food.

4, The Consultation considered the issue of long term effects from the consumption of
genetically modified foods and noted that very little is known about the potential long term
effects of any foods. In many cases, thisisfurther confounded by wide genetic variability in the
population, such that someindividuals may have agreater predisposition to food-rel ated effects.
In this context, the Consultation acknowledged that for genetically modified foods, the pre-
marketing safety assessment already gives assurance that the food is as safe as its conventional
counterpart. Accordingly it was considered that the possibility of long term effects being
specifically attributable to genetically modified foods would be highly unlikely. Furthermore, it
was recognised that observational epidemiological studieswould be unlikely to identify any such
effects against abackground of undesirable effects of conventional foods. Experimental studies,
such as randomised controlled trials (RCTSs), if properly designed and conducted, could be used
to investigate the medium/long term effects of any foods, including genetically modified foods.
Such studies could provide additional evidence for human safety, but would be difficult to
conduct. In this respect, it is al'so important to recognise the wide variation in diets and dietary
components from day to day and year to year.
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5. The Consultation recognized that genetically modified foodswith intentional nutritional
effects may provide improved products for developed and devel oping countries. The changein
nutrient levelsin aparticular crop plant may impact on overall dietary intake. Insuch cases, itis
important to determine alterations in nutrient content and bioavail ability, and their stability with
time, processing and storage, as well as to monitor changesin dietary patterns as aresult of the
introduction of the genetically modified food and evaluate its potential effect on nutritional and
health status of consumers. However, an assessment of the impact on nutritional status of
consumersisimportant for all significant dietary changes and not specific to the introduction of
genetically modified foods.

6. The Consultation agreed that if agenetically modified food containsthe product of agene
from a source with known allergenic effects, the gene product should be assumed to beallergenic
unless proven otherwise. The transfer of genes from commonly allergenic foods should be
discouraged unlessit can be documented that the gene transferred does not code for an allergen.
The novel proteins introduced into genetically modified foods should be evaluated for
allergenicity on the basis of the decision-tree shown in Figure 1. Additional criteria should be
considered for the addition to the decision-tree approach when the source of the genetic material
is not known to be allergenic. The level and site of expression of the novel protein and the
functional properties of the novel protein would be two such criteria.

7. The Consultation considered horizontal gene transfer from plants and plant products
consumed as food to gut microorganisms or human cells as a rare possibility, but noted that it
cannot be completely discounted. The most important consideration with respect to horizontal
genetransfer is the consequence of a gene being transferred and expressed in transformed cells.
An important example isthe transfer of antimicrobial resistance genes, if it were to occur, from
genetically modified foods to gut microorganisms. Important considerationsfor the assessment
of the consequences of the transfer and expression of thisgenein transformed cellswould be the
clinical and veterinary importance of the antibiotic in question, thelevelsof natural resistanceand
the avail ability of effective aternative therapies. In case of genesthat confer resistanceto drugs
important for medical use, the possibility of transfer and expression of these genesisarisk that
warrantstheir avoidance in the genome of widely disseminated genetically modified plants. The
Consultation further noted that the antibiotic resistance markers currently used in genetically
modified plants have been previously reviewed for safety. It concluded that thereisno evidence
that the markers currently in use pose a health risk to humans or domestic animals.
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8. Recommendations

1. While the limitation of animal study methodology when used on whole food has been
pointed out, the Consultation was of the view that in specific cases animal testing may be useful.
It is recommended that further research and standardization should be initiated in this area.

2. The detection methods for unintended effects based on the analysis of specific
components could be supplemented with alternative strategies, such as profiling techniques.
These techniques are under development; it is recommended that these methods are further
developed and validated. This will be especialy important for more complex genetic
modifications perhaps involving multiple between-species gene transfers.

3. It will beimportant to monitor changesin nutrient levelsin foods from plants derived by
conventional breeding and by genetic modification, and assesstheir effect on the nutritional status
of the population. A number of future food products with specific nutritional changes will be
especially relevant to the needs of developing countries, and efforts should be made to improve
the dissemination of appropriate methodol ogies and capacity building in the developing world.

4, It isrecommended that integration of nutritional and toxicological expertise needed for the
evaluation of genetically modified foods be encouraged and facilitated. Thiswill facilitate R&D
in the area of genetic modification of plants and lead to an early identification of relevant safety
and nutritional issues.

5. The Consultation encourages the use of alternative transformation technologies, if
available and demonstrated to be safe, that do not result in antibiotic resistance genes in
genetically modified foods. If further development of technology isrequired, additiona research
should be strongly encouraged.

6. It is recommended that consensus documents are developed to facilitate uniform
application of the concept of substantial equivalence. These should include guidelines for
appropriate design of field trials and the use of appropriate statistica methods to generate and
analyse comparative data on genetically modified plants and their conventional counterparts.

7. Communication of the principles involved in the safety assessment of genetically
modified foods should be improved. The Consultation concluded that the key message to be
conveyed isthat substantial equivalenceisaconcept used toidentify similaritiesand differences
between the genetically modified food and a comparator with ahistory of safefood usewhichin
turn guides the safety assessment process.

8. WHO/FA O should be encouraged to convene an Expert Consultation on the assessment of
the allergenicity of genetically modified foods and the novel proteins contained therein. The
Consultation should focus on the development of an improved decision-tree approach for the
assessment of the allergenicity of genetically modified foods and on the
standardization/validation of specific criteria, such as optima methods for assessment of
digestive stability.

0. The Consultation identified the following asthe additional issuesto be addressed in future

FAO and WHO Consultations.
e Safety assessment specific to genetically modified micro-organisms
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Safety assessment specific to genetically modified animals (including fish)
Saf ety assessment of functional food, including the nutritional aspects of the genetically
modified foods

¢ Improved methodologies for the safety study of whole foods.
e Theuse of antibiotic resistance genesin plantsand microorganismsfor food productionin

relation to possible medical problems
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Annex 3: Reply to the Questions from the Codex ad hoc
Intergovernmental Task Force

1) What overarching scientific principles should be applied to the safety and nutritional
assessment?

Experience throughout the world has led to the identification of a number of common
scientific principles currently used in safety and nutritional assessment.

The existing food supply has along history of safe use, even though some foods are not
safe for some individual s and many foods contain substances that would present health concerns
if they were present above accepted levels. Most foods derived using recombinant DNA
techniques are obtained from traditional cropsthat have usually been modified to exhibit oneor a
few well-defined traits. The knowledge and experience gained in the use of traditional cropsisan
important component in the safety assessment of foods derived from such plants.

Saf ety assessment of whole foods and many complex food ingredients requires use of an
approach that differs from the strategy used to assess safety of single, well-defined chemicals,
such as food additives, pesticides and contaminants. The approach for whole foods is case-by-
case, based on an evaluation of multi-disciplinary data and information, that is derived from, as
appropriate, but is not limited to, agronomic, genetic, molecular biological, nutritional,
toxicological and chemical properties. Toxicology testing in animalsis not routinely employed,
but when necessary based on an assessment of available data and information, tests should be
designed to address specific issues.

The following issues are some of the main points considered in the evaluation: the new
gene, the new protein and other food components, taking into account both intended and
unintended changesin thefood and stepsto reducethe likelihood of adverse, unexpected effects.
In specific cases, additional effects (such as antibiotic resistance) may be eval uated.

Genetically modified foodsand conventional foods have many characteristicsin common,
and in many cases, the new food or food ingredient will be nutritionally equivalent to its
conventional counterpart.

Analytica methods traditionally applied in the evaluation of food constituents such as
total protein, fat, ash, fibre and micronutrients may need to be augmented with additional
analyses using profiling methods to identify unexpected effects and modified nutrient profiles
which may impact dietary intake and health.

Because of the potential for broad changes in nutrient levels and interactions with other
nutrients as well as unexpected effects, it may be necessary in certain instances to undertake
feeding tests in animals to determine outcomes that result from changesin nutrient profiles and
nutrient bioavailability. Nutritional modifications which are within normal ranges of nutrient
variation might require aless extensive evaluation than those outside normal ranges.

The data and information should be of a quality and quantity that would withstand
scientific peer review. Safety assessment is designed to identify information on the nature and
the severity of any hazardsthat may be present, allowing appropriate management methodsto be
defined.

In conclusion, safety assessment of food and food ingredi ents obtai ned using recombinant
DNA techniques does not require new scientific principles or methodology. Similar principles
for the assessment of the safety and wholesomeness of genetically modified foods should be
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applied as practised for conventional foods. Depending on the characteristics of the genetic
modifications, specific safety and nutritional aspects are assessed.

2) What istherole, and what arethelimitations, of substantial equivalencein thesafety and
nutritional assessment? Are there alternative strategies to substantial equivalence that
should be used for the safety and nutritional assessment?

The concept of substantial equivalenceiswell established as an important component in
safety assessment, and has been elaborated in several international reports. Itisbased ontheidea
that an existing organism (plant) used as food, or as a source of food, can serve as the basis for
comparison when assessing the safety for human consumption of afood or afood component that
has been modified or isnew. Thereisabroad consensusthat substantial equivalenceisof value
in safety assessment.

Application of the concept of substantial equivalence may lead to the identification of
similarities and defined differencesin the food and food ingredients. Further saf ety assessment
will be focused on establishing the safety of the differencesin the new product such that safety of
the food or food ingredient can be established, relative to its comparator. The safety assessment
carried out in this way does not provide an absolute safety warrant for the new product.

Another aspect of the concept of substantial equivalence is that it can only be applied
where there is a suitable comparator. This requires that sufficient data is available or can be
generated for the comparator. Where thereisno comparator, substantial equivalence cannot be
used to assess safety. In such cases, safety testing will be required based on the properties of the
food concerned.

Current strategies for assessing the safety of foods derived from genetically modified
plants are considered appropriate. There are presently no aternative strategiesthat would provide
abetter assurance of safety for genetically modified foods than the appropriate use of the concept
of substantial equivalence. However, some aspects of the steps in safety assessment process
could be refined to keep abreast of developments in genetic modification technology.
Methodologies, such as profiling techniques, offer a means of providing a more detailed
analytical comparison. However, much more developmental work would be necessary before
such methods could be validated.

3) What scientific approach can be used to monitor and assess possible long-term health
effects or unintended/unexpected adver se effects?

The Consultation considered that the methodol ogiesfor safety eval uation elaborated in the
report are adequate to detect and eval uate any possible long-term effects of genetically modified
foods.

The Consultation considered the issue of long-term effects from the consumption of
genetically modified foods and noted that very little is known about the potential long-term
effects of any foods. In many cases, thisisfurther confounded by wide genetic variability in the
population, such that someindividuals may have agreater predisposition to food-related effects.

Against this background, the Consultation acknowledged that for genetically modified
foods, the pre-marketing saf ety assessment already gives assurance that thefood isas safe asits
conventional counterpart. Accordingly it was considered that the possibility of long-term effects
being specifically attributable to genetically modified foods would be highly unlikely.
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An important aspect of the safety assessment is a consideration of the nature of the
introduced gene product. Where there is no history of consumption of the introduced gene
product or of the food, a 90-day study will probably beindicated. If such studies show evidence
suggesting possiblelong-term effects, e.g. evidence of cell proliferation, further long-term studies
would need to be considered if the development of the product was to continue.

The Consultation was of the view that monitoring to establish links between diet and
disease is desirable. However, many chronic health effects are multifactorial and it was
recognised that observational epidemiological studies would be unlikely to identify any such
effects against abackground of undesirable effects of conventional foods. Experimental studies,
such as randomised controlled trials (RCTSs), if properly designed and conducted, could be used
to investigate the medium/long term effects of any foods, including genetically modified foods.
Such studies could provide additional evidence for human safety, but would be difficult to
conduct. Inthisrespect, it isalso important to recognise the wide variation in diets from day to
day and year to year.

The same problems apply to the detection of potential long-term beneficial health effects.
Nevertheless, it was recognised that genetically modified foods intended to produce nutritional
effects are under development for use in devel oped and devel oping countries. In such cases, a
changein nutrient levelsin aparticul ar crop plant may impact overall dietary intakeand it would
beimportant to monitor changesin nutrient levelsin such foodsand eval uate their potential effect
on nutritional and health status.

The potential occurrence of unintended effects is not specific for the application of
recombinant DNA techniques, rather it is an inherent and general phenomenon in conventional
breeding. One of the approaches to cope with this problem is to select and discard plants with
unusual and undesired phenotypic and agronomic parameters already at an early stage. The
practice of consecutive back-crossing is aso a magjor procedure used to eliminate unintended
effects. Only in rare cases are these approaches accompanied by analytical screening of defined
constituents.

Unintended effects due to genetic modification may be subdivided into two groups: those
which are "predictable” based on metabolic connections to the intended effect or knowledge of
the site of insertion and those which are “ unexpected”. Dueto theincreased precision of genetic
modification compared to conventional breeding, it may becomeeasier to predict pathways|likely
to be influenced by unintended effects.

The comparator used to detect unintended effects should ideally be the near isogenic
parental line grown under identical conditions. In practice, thismay not be feasible at all times,
inwhich casealine asclose as possible should be chosen. Theresulting natural variation should
be taken into account in assessing the statistical significance of the unintended effect.

Where statistically significant unintended differences are observed, their biological
significance should be assessed. Thismay be assisted by knowledge of the mechanismsleading
to the changes. In order to assessthe biological and saf ety relevance of an unintended effect, data
on the genetically modified plant should be compared to dataon other conventional varietiesand
literature data. If the differences exceed natural variations in traditional food crops, further
assessment is required.

Present approachesto assess possible unintended effectsare based, in part, ontheanalysis
of specific components (targeted approach). In order to increase the probability of detecting
unintended effects, profiling techniques are considered as useful aternatives (non-targeted
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approach). Profiling techniques are used at different level e.g. genomics, proteomics and
metabolomics.

In the future, genetic modifications of plants are likely to be more complex perhaps
involving multiple between-species transfers and this may lead to an increased chance of
unintended effects. In such cases, profiling techniques may contribute to the detection of
differences in a more extensive way than targeted chemical analysis but they are not yet fully
developed and have certain limitations. Having detected differences using profiling techniques,
their safety implications of such difficulties will still need to be considered.

4) What scientific approach can be used to assess the potential allergenicity?

An assessment of the potential allergenicity should be made for all genetically modified
foods. Inthe assessment, the novel proteinsresulting from the inserted gene should be the focus
of the investigation in most cases.

An assessment of the potential allergenicity of the genetically modified food should be
conducted in all cases. Possible enhancement of theinherent allergenicity of the host plant food
should also be included in the assessment only when the intended effect of the genetic
modification involves a significant alteration of the protein content of the food product derived
from the host plant.

A decision-tree strategy should be applied in the assessment of the potential allergenicity
of the novel protein(s). When the transferred gene is obtained from a source with a known
history of allergenicity, the assessment should focusinitialy upon theimmunochemical reactivity
of the newly introduced protein with IgE from the blood serum of individuals with known
allergies to the source of the transferred genetic material. Where necessary (in cases where no
evidence of immunochemical reactivity isobtained), skin testswith extracts of the novel protein
and blinded oral food challenges with the genetically modified food should be conducted on
individuals with known alergies to the source of the transferred genetic material to provide
confirmation that the novel protein is not allergenic. This series of tests provides adequate
evidence regarding the allergenicity (or lack thereof) of novel proteins expressed by genes
obtained from known allergenic sources.

The decision-tree approach should rely upon various criteria used in combination (since
no singlecriterion issufficiently predictive). The current criteriainclude the sequence homol ogy
of the newly introduced protein to known allergens, theimmunochemical reactivity of the newly
introduced protein with IgE from blood serum of appropriate, alergicindividua swhen sequence
homology is found, and the stability of the novel protein to digestion in gastric and intestinal
model systems. This Consultation suggeststhat theincorporation of two additiona criteriato the
decision-tree approach when the genetic material is not known to be allergenic might be useful.
The level and site of expression of the novel protein and the functional properties of the novel
protein should be considered for addition to the list. These criteria taken together offer
reasonable evidence that the novel protein is not allergenic, is not cross-reactive with known
alergens, and has limited potential to become afood allergen. However, the development of
additional criteriacould offer additional confidencein the decision-tree approach. In particular,
this Consultation advocated continued research on the development of a well-validated animal
models for the assessment of the potential alergenicity of novel proteins from genetically
modified foods. The Consultation also advocated additional research to identify allergenic
proteinsin food and to determine their protein sequences.
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5) What scientific approach can be used to assessthe possiblerisksarising from the use of
antibiotic resistance marker genesin plants and microor ganisms?

In genetically modified plants, the product of an antibiotic resistance gene must be
subjected to standard safety assessments as would be performed on any other introduced gene
product. Thus the product of the antibiotic resistance gene must be assessed for toxicity and
potential alergenicity.

Where antibiotic resistance marker genes are present in plants or microorganisms, the
possibility of transfer of the genes to pathogenic microorganisms and possible clinical
implications must be considered. Horizontal gene transfer from plants and plant products
consumed as food to gut microorganisms or human cellsis considered as a rare possibility, but
cannot be completely discounted. The most important consideration with respect to horizontal
genetransfer isthe consequence of agene being transferred and expressed in transformed cells.
An important example isthe transfer of antimicrobial resistance genes, if it were to occur, from
genetically modified foods to gut microorganisms. Important considerationsfor the assessment
of the consequences of the transfer and expression of thisgenein transformed cellswould be the
clinical and veterinary importance of the antibiotic in question, thelevelsof natural resistance and
the availability of effective alternative therapies. In general, antibiotic resistance genes used in
food production that encode resistance to clinically important antibiotics should not be present in
widely disseminated genetically modified organism or foods and food ingredients.
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