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FOREWORD

Safety Evaluation of Foods Derived b Modern Biotechnology: Concepis und Prin-
ciples has been prepared by the OECD Enviromment Directorate, in collaboration with the
Directorate for Science, Technology and irdustry. It is the product of work undertaken by
the Group of National Experts on Safety in Biotechnology. As such. it is relaied to
another report recently published by the OECD., Safesy Consideraiions for Bictechnology
1992.

This report is intended for the use of these involved in carrying out safety evalua-
tions of new foods or food components derived by means of modemn biotechnology. It
elaborates sciertific principles to be considered in making such evaluations, based on a
comparison with traditional foods that have a safe history of use.

"This report i1s published under the + ponsibiluy of the Secretary General.
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PREFACE

In 1983 the Committee for Scientitic and Technology Policy created the Group of
Nattonal Experts on Safety in Biotechnology (GNE). The work of the GNE led to the
Recommendation of the OECD Council cuncemning Safety Considerations for Applica-
tions of Recombinant DNA Organisms in Irdustry. Agnculture and the Envirenment.
This Council Act called. inter alia, for further research to improve the prediclion,
evaluation and monitoring of the outcome of applications of recombinant DNA orga-
nisms. Recombinant DNA Safervy Considerations, which includes the Council Recommen-
dztions, published by the OECD in 1986, contained general safety guidelines for the use
of genetically modified orgamsms in mndustry, agriculture anc th: enviromment.

In 1990, the GNE agreed that *"work on food safety. with particular attention given
to the elaboration of scientific principles for assessing the safety of new foods or food
componeris produced by means of biotechnology. was of high prioritv and should be
initiated as soon as possible”. A Working Group was therefore established on food safety
as related to modern biotechnology. Dr. Frank Young of the United States was clected
chairman.

The Working Group participants identified a number of concepts underlying their
work, issues that needed to be addressed. and approaches or processes that could be used
to respond to the need expressed by the GNE. The terms of reference of the Working
Group (see Annex 1) were endorsed by the GNE.

Several points regarding the scope and objectives of the Working Group. as set out
in the terms of reference, should be noted:

- the Working Group was not to address the safety assessment of food additives,
contaminants, processing aids and packaging materials;

— it was nct to address issues relating to the environmental safety of new foods or
foua components, as these issues were already addressed in OECD documents
and by other working parties of the GNE: and

— the principles elaborated should focus initially on the safe use of new foods or
food components of terrestrial microbial. plant or animal origin. (Organisms of
aquatic origin were to be addressed in future work of the Working Group.)

Scientific principles to be considered in evaiunating the safety of new foods and food
components, as elaborated by the Working Group, are set out in Chapter II. As back-
ground for the disc=sions of the Working Group, a number of documents and publica-
tions available in ‘47D countries relating to the assessment of food safety were
examined (see Annex 1i).

This report is based on material developed at several con.erences and intergovern-
mental consultations on the subject of food satety and biotechnology. A number of



scientific meetings that addressed issues regarding the vanous trails, chemical compesi-
tion, and properties of organisms wsed as food or as a source ¢f food have -''so heen
relevant.

The terms of reference of the Working Group called for modzls or examples of new
foods or food components to be identified. and for existing informatior: related to thair
safety assessment to be collected and used to assist in developing and/or demonstrating
the applicability of the proposed scientific principles and associated methods. The Work-
ing Group selected a number of novel foods or tood components as examples. The case
studies presented in Chapter H! illustrate the application of the concepts and principles sei
out in Chapter Il. However, they cannor be regarded ¢s ccivai evaleations or safely
Judgements on the part of either the Working Group. the Group of National Experts on
Safety in Biotechnology, the OECD, or any of its Member countries.

This report is intended for use by those nvolved in carrying out safety evaluations
of new foods or food components derived by modern biotechnology. The scientine
approach to such evaluztions elaborated by the Working Groun is based on u comparison
with traditional foods that have a safe history of use. This approach 1s based in turn on the
concept of substantial equivalence, which articulates procedures used in the past, albeit
intuitively, for acceptiag new foods. The Working Group beiieved such an approach
could also be used for the safety assessment of new fouds and food components derived
by other technologies.

The Working G oup considered substantial equivalence to be the most practical way
to address the issue of food safety at this time. This is not to imply, however. that the
report is applicable to any other aspect of biotechnology safety, including environmental
safety. Other OECD documents address such issues.
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Background

Recent years have seen tremendous advances in food biotechnology, including
improvements in industrial process technology aad control sysiems, improvements in
farming systems for growing and harvesting food, genetic improvements to organisms
used in the food supply. and improvemerts in techniques to monitor food safety and
nutritional quality. It is thus expected that progress in bictechnology will play an increas-
ingly important role in food supply.

Micro-organisms

Examples of traditional food biotecknology include the use of yeasts in the brewing
and baking industries, and the use of bacteria and moulds and their components in the
dairy industry for making cheese and yoghurt. Moulds and ba. teria are also used for the
rermentation of plants or plant products (for example, miso). Purified eizyraes from
micro-organisms are used extensively in making products such as high-fructose com
syrup and certain types of hydrolysed or predigested protein products.

In many such products, the micro-organisms function in the production process and
the feod product does not contain viable cells. In others. such as yoghurt, microbial
cultures remzin viable and are consumed. Such traditional applications have a long
history of safe use, and many have formally been affirmed as safe by various rational and
international food safety evaiuations. Key consideratioas have included non-pathogenic-
ity and non-toxicity of the organism ard its products.

Modem biotechaologies are being used increasingly to improve food micro-orga-
nisms tor the enhanced production of essential components or products, as well as the
improvement of nutritional value, flavour, texture, and the shelf life of furmented foods.

Plants

Plants are consumed directly as whole food, or are processed into many types of
foods. Many plants have a long history of use as foods. Undoubtedly, the plants selected
were the ones thai appeared healthy, grew vigorously, and gave higher yields. Edible
portions had desirable taste, smeil and appearance. Selection might have included an
evaluation of safety, although it was not formally recognised. In any case, there is little
historical record or documentation of the prozess by which the safety of food plants was




maintained. or of involvement of national feod authoriries. Now that new biotechnology
has vastly increased the variety of ~ew traits that can be infroduced into plants. the impact
of plant biotechnclogy on feod safety is receiving attention.

Early farmers selecied and preserved plant variants that had desirable food or
agronomic attributes, such as larger fruit or unifrm dormancy and maturation times for
seeds. Such properties are deletericus o wild p1 .> and vo would not have been devel-
oped without the efforts of carly ~“breeders™. Pr tices of early farmers led eventually to
the development of desirable clones, land races. .nd varieties of major food crops. with
predictable reproducible agronomic characteristics yielding foods with uniform prope:-
ties. As the agronomic properties of individual crops were made more uniform. produc-
tion methods could be designed to obtain optimum yields.

With the relatively recent advent of directed plant breeding for improvement of
agricuttural crops, the objectives of plant breeders became: i) to increase yield. i} o
improve quality, and iii) to r.duce production costs by. for example. identifying traits
which could increase resistance to pests and diseases.

Although it may not have been a major objective. plant breeders have heen effecuve
in conserving the nutritional quality of plants developed for food. Routinely, they have
selected plants with desirable qualities and rejected undesirable plants by destroying them
in the breeding plots.

Preferences of the humans consuming the crop have contributed to the {ood charac-
eristics of plant varieties ultimately developed. For example, varieties of potatoes and
beans are quite different in different areas of South America, where their selection has
been influenced by the taste preferences of native peoples. As another example, the
miiiing and baking quality of flour is checked during the vanety development process
since wheat is often developed for particuiar baking products.

In the case of certain crops, breeders have deliberately attempited t¢ improve nutri-
tional value. Often. as for example in the case of high-lysine corn or high-vitamir C
tomato, other factors have prevented these varieties from tecoming widely accepied. The
best-tasting, most nutritious variety =ill not succeed as a commercial crop unless it also
gives high vield. Diificulty in processing, susceptibility to pests or diseases. an undesir-
able flavour or colour, or simply difficulty in getting the piants to market wilt also limit
the adoption of a new variety.

Public acceptance of a high-autrient variety is not based on nutrient conient alone.
Carrot and sweet potato varieties that have a bright orange colour are more acceptable to
humans than those that do not. They alsc have a higher content of the pigment that
supplies vitamin A precursor in the human diet. The ascorbic acia (vitamin C) content of
tomatoes has been extensively examined, and varieties with higher conient developed.
However, since the fruit of these tomatoes is riore yellow-orange than red. they have not
been as acceptable to consumers.

The nutritional valve of fruil or vegetabie crops can be quite variable. and may be
difficult to assess definitively. The composition of plant fcods, panicularly fruits and
vegetables, is transient because the edible portion undergoes rapid biochemicai changes
dv.ing the ripening process. For example, in red tomatoes the content of ascorbic acid is
low in green fruit, increases rapidly as the *ruit ripens, and then drops off with time.
Ascorbic acid content also varies in ripe tomatoes with their position on the vine, since
higher light intensity increases the amount. Moreover, field-grown tomato plants produce
fruit of higher vitamin C content than those grova in glasshouses. In view of these
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considerations, the significance of a genctically induced change i the lesel of o nutrient.
such as ascorbie acid in modified romaties. would be difficelt 1o assess The ssemiicance

f a genetically induced cnange in the level of & particular nutnient wouid also degend on
the position of the food in the tctal diet.

Many plants are known 13 produce compounds toxic 1o other species. Acuely 1onic
poisonous plants, such as so:ne fungi and ormamental nlants. are not consumed. A sumber
of plants consumed by humans are acuiely toxic in the raw stae. but are accepied os 1eod
because processing methods alter or eliminate their wxicity. For example. the caswans,
root is quite 1oxic, but proper processing converts il isto a nutriticus and widely con-
sumed foad. Soybeans and lima beans. among other crops. also require projer process-
ing. Thus ihe mere presence of a toxicant in a pl.mt sariety does not necessarily chminate
its use.

In other plc=ts tat contain toxicants affecting humans. sich as potato and tomato.
plant breeders have suc “eeded in reducing the level of these toxicants in food varicties.
Over time, there have bew.n few reported examples of plant breeding inadveriently leading
to increases in toxicants. Varieties with an increased toxicomt level have heen quickly
removed from agricultura! use In some countries aew varieties have been monitored for
leveis of a particular toxicant, but systematic food safety assessment has not generally
been conducted. The impact of p]am biotechnology on food s “tety is now recviving w ider
atiention. At the same time, theze is increasing general recosation of the relevance of
plani breeding’s historicai record.

Toxicant tevels might become important, paniiculorly when trits are introducen Tor
resistance to pests and diseases, simply because a compound inducine resistance to
another organism might possibly affect humans. The molecular basis for the rosistance
mechanisms is just beginning to be understood by plant scien..sts. and may be a tarzey for
biotechnolegy approaches to enhance resistarce. Some mechanisis appear to be Guite
general, while others have adverse 2ffects on a specific pest or pathogen. Know ledge of
the mechanisms should, in the future. provide a valuable twol for the plant breeder and
should facilitate evaluations of safety.

Animals

The development of new strains of domestic mammals and birds for food has had a
long history, and extensive procedures are in place to improve yield and assure the health
of these animals. In geieral, foods from new strains of mammals and birds that appear to
be in good health have proven tc be as safe as the animal breeds from which they were
derived. No endogenously produced toxicants are known to come from such domestic
animals.

In recent years, breeding technologies have beer developed that permit increased
numbers of desirable individuals through technigues such as embryo sphiting. 1ie addi-
tion, improved knowledge of the genetic conirol of hormonal levels has permitted the
alteration of carcass quality, for example of fat to lean ratios. which has resulted in
consumer-desired lean meats. Increased hormone levels have also enhanced the raie of
growth, as well as milk production. There is no evidence of adverse effects to humans
from the use of such technclogies.

11



Chapter il

Food Safciy and Biotechnnlogy: Concepts and Principles

The consideration of the safety of foods and food components denved from biotech-
nology involves several coniinza: from older to niewer biotechnology; from traditio. al
te~hniques to the iatast techniques based oit molecular and cellular biology; from simple
to complex producs; from a well-known history of exposure and safety oi use to arzas of
less knowledge of the trait in different organicms; from whole organisms to specific
chemica! cuinpounds or substances; and frem simple to complex assessment approaclies.
For a rational and practiccl approach to ensuring safe use, these continua can be zeparated
into manageable pieces, facilitating the description of the concepts or principles of safety.
Accerdingly, scientific principles and procedures should be applied in a flexible fashion,
taking into account the knowledge of: the characteristics of the newly introducad traii(s);
potential dictary exposure; the preparation and processing of the foods or foed compo-
nents; nutnittonal considerations; @nd texicological aspects.

Concepts of food safety

The safety of food for human consumption is based on the concept that taere should
be a reasonable certainty wat ::0 harm will resuit from tntended uses under the anticipated
conditions of consumption. Histericilly, foods prepared and used in traditional ways have
been considered to be safe on the basis of long-term experience, even though they may
have contained natural toxicants or arti-nutritional substances. In principle, fcod has been
presumead to be safe unless a significant hazard was identified.

Modem biotechnulogy broadens the scope of the geretic changes that can be made
in food organisms, and broadens the scape of possible sources of foods. This does not
inherently lead to 1oods that are less safe than those developed by conventional tech-
niques Therefore, evaivation of foods and food componenis -btained from organisms
developed by the appiication of the newer techniques does not necessitate a fundamental
change in established principles, nor does it require a different standard of safety.

Moreover, the precision inherent in the use of ceriain molecular techniques for
developing organisms for use as food should enable direct and focused assessment of
safety where such assessment is desired. Knowledge obtained using these methods might
also be used to approach safety assessment of new foods or focd components from
organisms developed by traditional methods.

13



Safety consider:.tions and substantial equivalence

For foads and food components from organisms developed by the application of
modem biotechnology. the most practical approach o the determination of safety *s to
consider whether they are substantially equivaient to znalogous conventional food
producitsy, i such exist. Account should be taken of the processing that the food may
undergo. as well as tie inended use and the exposure. Exposure includes such parameters
as the amount of food or food componem(s) in the diet, the pattern of dietary consumgp-
tion. and the characteristics of the consuming population(s). This approach provides a
baris tor un evaluation of food safety and nutriional quality.

The concept of substantial equivalence embodies the idea that existing organisms
used as food. or as a source of food. can be used as the basis for comparison when
assessing the satety of human consumptior: of a food or food component that has been
modihizd or s new.

[F one considers a moditied traditional food about which there is extensive knowl-
eage on the range of possible toxicants. critical nutrients or other relevant charvacteristics,
the new product cen be compared with the old in simple ways. These ways can include,
mter alta. appropriate ‘raditionally performed analytical measuremeris (for example,
alkatoid levels in potatoes, cucurbatin in vegetable squash cultivars, and psoralens in
velery) or crop-specific markers. for comparative purposes. The situation becomes more
comples as the ongins/composition/exposure experience decreases. or if the new prod-
ucts lack simlarity to old eswablished products or, in fact, have no conventional
counterparn.

A demonstration of substantial equivalence takes into consideration a number of

factors. such as:

- Anowtedge of the composition and characteristics of the traditional or parental
product or organisn;

- knowledge of the characteristics of the new component(s) or trait(s) derived, as
appropriate. from information conceming: the compunent(s) or trait(s) as
expressed in the precursor(s) o parental organism(s); transformation techniques
tas related to understanding the characteristics of the product) including the
vector(s) and any narker genes used: possible secondary effects of the modifica-
tion: and the characierisation of the component(s) or trait(s) as expressed in the
new organism: and

- knowledge of the new product/organism with the new component(s) or trait(s),
including the characteristics and composition [i.e. the 2mouat of the component(s)
or the range(s) of expression{s) of the new trait(s)] as compared with the conven-
tional counterpart(s) (i.e. the existing food or food compenent).

Baved on a consideration of the factors in the paragrapk above, knowledge that a
new food or food component(s) was derived from organism(s) whose newly introduced
traits have been well-characterised. together with a conclusion :hat there is reasonable
certainty of no haem as compared with its conventional or traditional counterpart, m-:ans
that & new food or food coniponent(s) can be considered substantially equivalex.t.

Set out helow are the principies for the application of subsianiial equivalence to the
assessnent of toods from organisins develor«d by tue application of biotechnology:



— If the new or moditied food or food component is determined o e substantally
equiralert to an existing food. then further safety or nutritional concerns are
expecied o ve isignificant;

- Such feods, once substantial equivalence has been established, are treated in the
same manner as their analogous conventional counterparts;

- Where new foous or classes of new food. or food components are less well-
known, the concept of substantial equivalence is more ditticult 10 appiv: such new
toods or food components are evaluated taking into account the experience gained
in the evaluations of similar matenials (for example. whole fouds or food comps-
neats such as prowins, fats or carbohydrates);

— Where a product is determined not to be substantially equivalent. the identitied
differences should be the focus of further evaluations;

~ Where there is no basis for comparison of a new toed or food componeni. that is.,
where no counterpant or similar materials have been previcusly consumed as food.,
then the new food or food component should be evaluated on the basis of its own
composition and properties.

As an example of the application of substantial equivalence. potatoes have ong been
part of the human diet. The presence of viral coat proteins in the potato are due to natura!
viral infections: consequently, these proteins have a long history of human consumption.
Coat proieins have never been associated with a toxicity problem and are not considered a
food safety issuc. Consequently, a potato in which the coat protein of one of these viruses
is expressed after the gene has beer introduced would be considered substantiaily
equivalent to the infected potatoes that have a long history of safe use and consumption
provided the amounts expressed were not grossly different from those occurring follow-
ing natural infection. This analogy applies only to viral coat proteins in the pertions of the
plant traditionally ~onsumed, taking into account the characteristics of the new trzit and
possible untoward effects of the modification on alkaloid levels and key nutrient starches.
as well as the extent of consumption.

Some specific examples of additional censiderations which it may be necessary to
take into account when applying the concept of substantial equivalence are indicated in
the tollov/iing paragraphs.

The intended use(s) and degree of exposure must also be considered in assessing
safety. This includes the effeci(s) of the level of the food or food component in the dizt,
the pattern of dietary consumption, and the characteristics of the consuming popuiations
(i.e. infants, he elderly, the immunocompromised, eic.).

The consideration of safety may include the need to evaluate possible effects
occurring through cooking or other processing. For example, trypsin inhibitors from
certain leguminous plants. such as the cowpea trypsin inhibitor. have a long history of
safe consumption when properly cooked. However, if the cowpea trypsin inhibitor is
expressed in other plants, the safety question relates to whether the normal use of these
plznts as tood involves cooking sufficient for its inactivatinn.

In special cases, depending on the product consumed, the consideration of safety
may also include the need to evaluate the potential for, and human health implications oi.
transfer of the new genetic material. For ¢xample, the use of some antibiotic resistunce
markers in micro-organisms should be carefully considered since transfer to the
microflora of the human gut could, if demonstrated, possibly have human health
implications.

15



Another consideration is the infiuence of the newly introduced modiiication(s) on
the nutritional value of the food or food componrent(s). For the majority of modifications
being carried out, such changes are unlikely. Nonetheless, when modifications are
directed at metabolic pathways of key macro or micro nutrients. the possibility of an
impact on nutritional value is increased. Such impacts are of potential significance in
cases where the modified food or food component may become a major dietary source of
the nutriemt affected.

Conclusions

The mair conclusion of this report is as follows: if a new food or food component is
found to be substanvially equivalent to an existing food or food component. it can be
treated in the same manner with respect to safety. No additional safety concerns would be
expected.

Witere substantial equivalence is more difficult to establish because the food or food
component is either less weli-known or totally new, then the idenufied differences. or the
new characteristics, should be the focus of further safety considerations.

Chapter I1I contains a number of case studies that illustrate the practical application
of the concepis and principles for safety evaluation of new foods or food components. in
particular the concept of substantial equivalence. In addition, the examples are represen-
tative of the range of new products produced by means of biotechnology. Given the wide
applicability of substantial equivalence, experis on the Working Group were of the view
tha: many new foods will be found to be substantially equivalent to existing products.

In the case of those products for which substantial equivalence cannot be estab-
lished, or for which there is no traditional counterpart, further work will be helpful to
increase our understanding of the appropriate information which may be needed and the
methods to be used for safety evaluation.

16




Clajzter 11

Case Studies Illustrating the Application of Substantiali Equivalence

The case studivs n this chapter were chosen mainly 1o ilustrate the application of
the concept of substanuial cquivalence for the saferny evaluation of new foods or food
components produced by means of modern biotechnology. They are not ey aluations or
regulatory reviews, nor should they be seen as a commentary on the safety of the foods or
food components selected.

These case studies were prepared by the experts indicated. Although the Working
Group on Food Safety and Biotechnology discussed each case study. there was no
atiempt to reach consensus on the conclusions they contain.

The concepts and principles illustrated in the case studies relate only 10 food safet,.
covironuental issues were not included within the remit of the Working Group on Food
Satety and Biotechnology. These issues were therefore not discussed by the Working
Group.

The case studies were prepared foliowing the general outline shown below:

1. Conceptual points to consider

a) Concept of continua

For example. the extension of the use of LEAR oil 1o infant formula from mraditional
uses of vegetable oils (margarine, shortening, and salad and vegeiable vils).

b) Temporal considerations

For example, higher erucic acid content of traditional rape or LEAR oil in the 19705
and 1980s as compared with lower values in traditionally bred strains of rapesecd today.

¢) Concept of ““reasonable certainty™” of no harm resulting irom:

~ intended uses; and
— expected conditions of consumption.

For cxample, there was a *'reasonable certainty’’, based upon the evidence evalu-
ated, that LEAR vil would behave as other vegetuble oils for traditional uses. stated
above, under the highest expected conditions of consumption (i.e. by males azed
20-30 years). This was not the case for its use as infant formula.



d) Concept of substantial equivalence

For example, LEAR oil was compared with traditional rapesced oil and other
commoniy consumed vegetable oils and wax shown 1o e composed of the same Hasic
componenis, except for a lower level of erucic acid, the component of concern.

e) Concept of vanability

For example, the concentration of the alkaloid 1omatine is much higher 12 green
tomatoes than in ripe ones.

) Concept of sequential review (ie. establishment of substantial equivalence
followed by evaluation procedures).

g) The evaluation of marker genes in a substantial equivalence determination

For example, the use of kanamycin resistance derived from Tas is not effective
against kanamvcins used currently for medicinal purposes.

2. Organism/product

What is the organism/product that will be eaten by the consumer?

3. Traditional product evaluation

Approachessconsiderations/results:

What kind of evaluation does this organism/product undergo traditionaliy? For
exumple, tomato may te evaluated by the plamt breeder when a new variety is being
developed, whereas myco-protein mayv not have a traditional procedure for evaluation.
When tomato is evaluated, or if there is some concern, the ioxic compound tomatine may
be considered. The result of this evaluation may be thai the level of tomatine is not a
problem normally, but that in some cases it is a problem (state circumstance).

4. Database available for traditional evaluation

Is there a database available in your country/department containing information
useful for evaluation of this product? [For exai-vle, the Database of Contaminants in
Food Products (COBA) developed in Denmark by the State Institute for Quality Control
of Agricultural Products.|

18




5. Novel component(si/product (including traits and sources)

Why is this product considered a novel food? For example, potato may contain o
gene for insect resistance that has never been consumed as food before or the miveo-
protein may never before have been considered as food.

6. Additicnal evaluation procedures

Are additional evaluation procedures carried out. or are normal evaluation proce-
dures sufficient in the case of the novel food?
7. Rationale for evaluation procedares

A short statement of the reason for the evaluation procedures.



Chymosin derived from Escherichia coli K-12 and Bacillus
steurotnermopkiilus alpha-amylase derived from Bacillus subtilis

Dr. Enc Flamm
Office of Biotechrology
United States Food and Drug Administration

Case No. 1 Chymosin derived from Escherichia coli K-12

1. Conceptual points to consider

a) Concept of ¢« “tinua

Different enzyme preparations may be similar in some attributes and dissimiiar in
others. The relative similarity or equivalence of different enzyme preparations can be
determined by comparing characteristics of the enzymes themselves, the organisms from
which they are produced, and the methods and materials used in the manufacture of the
preparation. The importance of any differences will depend on how they affect the safety
and utility of the preparations.

There is a good deal of scientific consensus on how to assess the safety of an
enzyme preparation. However, there is less consensus regarding the criteria by which one
decides at what point an enzyme preparation is different enough from an accepted one
that formal review is required to establish safety. For example. at what point do manufac-
turing changes or strain modifications become significant enough to warrant review? At
what point 1s the substantial equivalence of two enzyme preparations no longer self-
evident? This is as much a regulatory question 2« a scientific one.

Two different batches of the same enzyme purified by the same methods from the
same strain of production organism grown under the same conditions may be considered
potentially different if a small change in activity is significant for its intended use.
Alternatively, two different enzymes with similar functions. but produced by different
methods from different species of organisms grown uader different conditions, may be
considered substantially equivalent if the differences do not significantly affect the safety
and utility of the preparations. Tne point at which an enzyme preparation differs from its
accepted counterpart enough to e considered different, and to warrant evaluation, is
again as much a regulatory question as a scientific one.

In the case of the microbial chymosin preparation discussed in the first case study,
the preparation’s functional activity is identical to that of its traditional counterpart,
animal rennet. However, it is produced by a completely different manufacturing method
«id consequently has completely different impurities. The United States Food and Drug
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Administration (FDA) found that these differences were signiticant enough to warrant
formal review in order to determine whether the new preparation was substantially
equivalent to the traditional one.

In contrast to the chymosii preparation. the alpha-amylase preparation discussed in
the second case study below was derived from the same organism as that traditionally
used as a source of alpha-amylase, Bacillus subtifis, albeit from a new strain. The enzyme
itself, B. stearothermophilus alpha-amylase, was independently reviewed and detesmined
to be safe for use in food when derived from its native host. Additionally, it is function-
atly similar to the traditionai enzyme. differing principally in its ability to perform at
higher temperatures. Thus, in content and activity, the new preparation is very close to its
traditional counterpant. Whether they are close enough that formal review should not be
needed to determine substantial equivaience is a regulatory question.

b) “emporal considerations

Food-use microbial enzyme preparations derived from recombinant organisms are
only newly being developed. At this early stage they may be considered more novel. or
worthy of greater scrutiny. than they will be afier a number of such products have been
introduced. 1t is possible. for example. that the preparation of B. stearothermophilus
alpha-amalyse derived from B. subtilis would not have been treated as a new preparation
warranting review had it been introdiced at some future time after a number of similar
products had been reviewed.

¢) Safety as defined as a “‘reasonable certainty”™ of no harm resulting from
intended uses under expected conditions of consumption

it is not feasible to answer all possible questions pertaining to the safety of a new (or
traditional. for that mater) food preduct. The standard of safety generally considered
acceptable 1s that there is a reasonabie certainty that no harm will result from the intended
use of the product under the expected conditions of consumption.

The intended use of a food-grade enzyme preparation is usually to process food or
teod ingredients in a particwar way. The enzyme is generally present in the final food
product, it at all. at very low levels.

Commercial food-use enzy:ne preparations, even when purified, are typically quiw
impure and may comprise more cell debris than enzyme. Therefore, in assessing the
safety of an enzyme preparation it is at least as important 10 review information cencern-
ing the production strain, and the methods and materials used in growing it and purifying
the enzyme, as it is to review the characieristics of the enzyme itself.

In general, when assessing the safety of the enzyme itself one determines the
relationship of that enzyme to other enzymes wvsed in food or food processing. If it is of a
type commonly used in food or food processing and has no unusual properties that
warrant conc2in, then the enzyme itself may be considered substantially equivalent to
other accepicd food-use enzymes. Since food-use enzymes are in (and of) themselves
safe, a determination of substantial equivalence generally constitutes a finding of safety.
If the enzyme has unusual properties or is of a type not previously used in food, then
information will be required to show thai the enzyme will be safe for its intended use.

In assessing the safety of the proauction organism, one generally focuses on whether
it is pathogenic or produces toxins. The species of production organism should be shown
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to have a history of safe food use. or otherwise be shown by scientific informacion to be
safe for such use. The particular strain used skould also be shown to be safe. i.e. to have
no new pronerties that would affect it as a source of enzyme preparation safe for use in
tfood.

In assessing the safety of reccmbinant produciion organisms. one typically first
determines it the parent organism is acceptably safz for the intended use. If so, one then
reviews all steps in strain construction to ensure thot all vectors used are safe and that the
inserted DNA does not eacode toxic or otherwise undesirabie proteins. The entire seg-
ment of cloned DNA, including <equences flanking the target genc, should be analysed. If
the donor organism produces toxins or other undesirable compounds, data should be
provided demonstrating that DNA encoding these substances was not inadvertently
cloned along with the target DNA,

If the safety ot the parent organism for us2 in food processing has not been
established, there would probably have o be substantial information, including resalts of
toxicology tests. 1o demonstrate that the modified strain was acceptable for food use.

As discussed below, the microbial chymosin and alpha-amylase preparations were
found to be safe after evaluation of the production orzanisms, the enzymes, and the
manufacturing processes. The manufacturing method destroys the production organism
and removes the bulk of the cell debnis, and this was an added factor in assuring the
safety of the preparation.

d) Concept of subsiantial equivalence

Microbial enzyme preparations car be considered substantially equivalent to each
other if three conditions are met: the enzymes themselves are substantially equivalent, for
example having simila intended uses and funciioral properties; the microbes from which
they are derived are substantially equivalent, for example being safe strains of species
with a safe history of use as sources of food-use =nzymes; and the manufacturing and
punfication processes are substantially equivalent. However, there are as yet no agreed-
upox criternia by which substantial equivalence is determined for each of these parameters.

A new enzyme preparation may be substantially equivalent to an acczpted prepara-
tion even if the production organisms and manufacturing methods are ncZ, so long as the
differences do not affect the safe use of the final preparation. The irore the new produc-
tion organisms or manufacturing methods differ from traditional ones, the more informa-
tion will be necessary to determine whether the new preparation is substantially
equivalent to the old.

The concept of substantial equivalence can he applied broadly ur namrowly. For
example, atl enzymes of any type used for foor! processing might be considered sub'stan-
tially equivalent: or all carbohydrates might be considered substantially equivalcat; or all
amylases: or all alpha-amylases: or all " ‘ha-amvlases that have the same functional
activities under the same conditions and are intended for use in the same foods. The
preparations of substantially equivalent enzymes might then be considered substantiaily
equivalent enzymes if they are produced by a safe strain of any microbial species with a
safe history of use in food: or only if they ase produced by the same microbial species; or
only if they are native to and produced by the same microbial species. Additionally, the
manufacturing processes might have to meet certain criteria to assure that the final
product meets acceptable specitications before the enzyme preparations would be consid-
ered substantially equivalent.



In the safety evalurtion of the 1wo enzyme preparations described below. the term
“substantia! equivalence’” was nowhere used by the evaluators. However. hough not
articulated as such. the safety of the preparations was determined es.catially by establish-
ing that cach was substantially equivalent to an accepted preparation.

In the case of chymosin derived from E. coli K-12 it is obtained frotn 2 completely
different source organism and by a completely different method than is its tradtional
counterpart, animal rennet. Thus the types of potentia} impuriti>s ditfer. and signiticant
chasacteristics of the preparations may differ. To determine if the preparations were
substantiaily equivatent. the FDA compared the enzymaltic activities of the preparations
and evaluated whether the impurities in the microbial preparation affected its safe use. As
described in Section 3 below. FDA determined that the enzymes themselves and the
functional activity of the cnzyme preparations were substantially equivalent. and that the
impurities in the microbial preparation did not afiect its safe use. Thus, while the two
preparations are clearly different and have different names. they are substantially
equivalend in safety and function.

In the case of B. stearothermophilus alpha-amylase obiained from B. subiiiis, the
Joint FAO/WHO Expert Committee on Food Additives JECFA) evaluated the preduc-
tion organism and dewermined that the genetic muodifications were well-characterised and
did not cause it to produce toxins or other undesirable substances. It could therefore be
considered substantially equivalent we other food-use strains of B. subtilis. JECFA evalu-
aied the enzyme and found that it was tae same as that produced by B. stearothermophi-
Ius. JECFA evaluated the manufacturing method and found it met acceptable standards
for producing nucrobial enzyme preparations.

Thus. by determining that the er zyme, the nroduction organism. and the manufactur-
ing method were substartially equivalent to accepted counterparis. JECFA determined
that the new enzvme preparation was safe for its intended use. Depending on the
interpretation of substantial equivalence. one could also conclude that the new enzyme
preparation is substantially equivalent to the traditional B. subtilis preparation. despite the
fact that the stearothermophilus enzyme will likely be used with different substrates
hecause of its ability 1o digest starches at higher temperatures.

e) Concept of vanabifity

Inapplicable.

i Concept of sequential review

The tirst step in evaluating a new enzyme preparation is to compare characteristics
of the enzyme itself. the production organism. and the manufacturing method with those
of the closest accepted counierpart. One can then focus on those characteristics that differ
between the new and the old preparations to determine whether the differences affect the
safe use of the new product.

Where the enzyme, the production organism. and the manufacturing method are
Cetermined to be substantially equivaleat to those of accepted enzyme preparations, and
any new combinations do not affect the safe use of the produci. the new preparation can
be accepted as sate. When ihere are no accepted counterparts, or where the differences
between the accepted and the new are too large to allow meaningful comparison, addi-
tional information is necessary to establish the safety of the preparation.



g) Evelnation of marker genes in a substantial eauivalence determination

Recombinant organisms frequently contain marker gencs. some of which may
¢ircode resistance 1o therapeutically usefu! artibiotics. Whether the presence of a marker
gene in a production organism affects its substantial equivalence 1o an accepted safe
preparation will depend on a number cf considerations. For example. does the marker
gene encode a prowin product? If so, at what levels would it be expected to be in the
fooa, what is its function. and are there any concerns aboui its safety in food at the
predicted levels?

For antibiotic resistance marker genes. does the marker gere encode resistance 10 a
chinically useful form of an antibiotic? f <o, docs ingestion of the product at the time of
therapeutic use of the antibiotic interfere with the clinical effectiveness of the antibiotic?
In general. this would not be expected tc be a concern for enzyme preparations. The
prepurations are preseal in very low levels in the food. Thus, the levels in the food of any
constituent of the preparation aciive against the amtibioiic would almost alwnys be
biologically insignificant

Finally, what is the likely level of hostzontal transfer of resistance genes to patho-
gens in the food or in the intestinal tract of the consumer? For an enzyme preparaiion
derived from an antibiotic-resistant microbe to be substantially equivalent to one derived
from: an antibictic-sensitive microbe. the likely level of trausfer must be biologically
insignificant.

In the casc of chymosin derived from E. coli K-12, the level of transfer of the
antibiotic resistance marker was found to be insignificant bec-use the purification method
destroyed the production organism and degraded its DNA to fragmerits smaller than that
of the gene encoding resistunce. In the case of the particular alpha-amylase preparation
described here, there was no intact antibiotic resistance gene in the production strain.

2. Orgaunism/product: chymosin derived from E. coli K-12

Chymosin, also known as rennin, is the principal milk-clotting enzyme present in
rennet. Rennet is derived from the stomach of a variety of animals. must commonly
unweaned calves but also kids and lambs. It has been used for millennia to make cheese.
Chymosin is a protease that hydrolyses one bond in the kappa-casein protein of milk.
cleaving it into two peptides. Kappa-casein normally stabilises micelies in milk. When
kappa-casein is cleaved, the micelles precipitate into curds. After removal of the liquid
whey, th2 curds may be processed into cheese or other dairy products such as frozen
dairy desserts.

3. Traditional product evaluation

As discussed in 1.¢) above, a new enzyme preparation is evaluated to determine if it
is safe for its intended use. Such an evaluation focuses on characteristics and properties of
the enzyme, the production organism, and the materials and methods used in the manu-
tacturing process. E. coli-derived chymosin preparation is manufactured by a completely
different method than is rennet. Therefore, it was important to determine whether the
change in manufacturing method affected the safety of the enzyme preparation.
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The safety of chymosin derived from £ coli K-12 was established from ihe follow-
ing information. First. the enzyme was shown to be sreucturally and functionally identical
to that of the chymosia in rennet, and was therefore considered safe as a replacement for
the chymosin in rennet. Data was provided documenting that the prochymosin gene had
been cloned and that it was properly expressed in its microbial hosts to produce func-
tional chymo:in.

Three lines of evidence were used 1o show that the correct gene had been cioned.
The cloned DNA was digested with restriction enzymes, and the resulting fragments were
found to be the sizes predicted by the DNA sequence of the prochymosin gene. The
cloned DNA. and RNA synthesised from it, were found to hybridise appropriately with
the calt prochiymosin gene. Finally. the sequence of the cloned DNA was feund to
commespond to the amino acid sequence of the prochymosin proein.

The cloned prochyniosin gene produced chymosin of the expecied size and biologi-
cal activity. Cloned chymosin was shown to have the same molecular weight as cnymosin
derived from calf rennet, as demonstzated by SDS polyacrylamide electrophoresis.
Cioned chymosin was also shown to have the samz functional activity as chymosin
dertved from cali-rennet. as demonstrated by miik clotting assays performed under
various conditions of temperature, salt concentration and pH.

Second, the production orzanism. E. coli K-12. was found to be safe as a source of
chymosin, based primarily on published evidence demonstrating that
E. coli K-12 is non-pathogenic and non-toxigenic. Such evidence includes published
studies showing that £. coli K-12 does not colonise the zut of man or cther animals after
being fed at high concentrations (10° to 10™ viable organisms per ingestion), that the
K-12 strain has been widely used as a laboratory organism for 30 years with no reported
ircidents of illness. that it does not produce toxins that cause iliness upon ingestion. and
that it 13 deficient in virtually all characteristics necessary for pathogenesis. Additionally,
non-pathogenic strains of £, cofi are a part of the normat flora of the gastrointestinai tract
of man, wherc they are found at 10" to 10" organisms per gram of intestinal contents.

Third. the fermentation and punification methods were shown not to introduce any
unsafe substances into the preparation and to remove the bulk of the cellular materials
from it. All the chemicals used in the fermentation and purification are approved for use
in food. By removing the buln of the microbial material from the final product, the
purification process yielded a preparation having acceptably low levels of endotoxin.
Endotoxin is a component of the cell wail of E. coli of potential concern for people with
certain intestinal traci disorders. The endotoxin levels in the chymoesin preparation are
comparable to those in US drinking water.

The purilication method was also shown to destroy the E. coli and degrade its DNA,
thereby adding another level of safety assurance and eliminating the possibility that the
antibiotic resistance gene present in the vector could be transferred at a biologically
significant level to pathogens in the consumer or on food in contact with the enzyme
preparation. Data were provided demonstrating that the preparation did not contain
sutficient DNA of a guality capable of iransforming transformation-competent cells to
permit detectable transformation of such cells. In addition, no DNA fragments targer than
260 bases were detected when assayed by radiolabelled hybridisation after gel electro-
phoresis. For comparison, the coding sequence of the antibiotic resistance gene carried by
the production strain is 858 bases long.
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As corroborative evidence of safety. two short-term feeding studies were conducted
with the enzyme preparation: a five-day feeding study in dogs and a one-month gay age
study in rats. No adverse results were observed in these studies at any dose tested.

Based on the information described above and the Fact that consumers would be
exposed 10 it at relatively low fevels. the US FDA concluded that the chymosin prepara-
tion is safe for its intended use as replacement for rennei.

4. Database available for traditional evaluation

None.

5. Novel component(s)/preduct

Microbial chymosin differs from its tradiional counterpart. rennet. in its impurities
because it is obtained from 1 different source organism and by different «Jnanufacturing
methods. [n all other aspects. such as activity. function. use. and acu, e component. the
two preparations are substantially equivalent. in fact are identical.

6. Additional evaluation procedures

The chymosin enzyme przparation was subjected to safety evaluation because it is
manufactured by a completely different method from thai of its traditional counterpast,
animal rennet. It was not subjected to review simply becanse it is derived from a
recombinant organism. The parts of the review that could be considered specific for a
recombinant organism were the review of the antibiotic resistance markor and the review
of the strain construction. including information conicermag vectors and intermediate
strains. Non-recombinant micro-organisms used to produce enzymes for food u<e have
not had antibiotic markers and have not been subject to exiensive strain construction.

7. Rationale for additional evaluation procedures

Chymorin preparation is obtained from a different source organism and by a differ-
ent manufacturing process than is rennet. Any time there are significant changes in the
source and manufacturing method of a product. there are likely to be changes in types of
impurities. Therefore, specifications written for one manufacturing method may not be
appropriate for a different manufacturing method. It is also important to determine
whether any signiticant characterisiics affecting tie use of the product are changed, that
15, whether in fact the new product is substantially equivalent to the traditional product.



Case No. 2 Bacillus stearothermophilus alpha-amylase derived
from Bacillus subtilis

1. Corceptual points to consider

(see Case No. 1 above).

2. Organism/product: alpha-amylase of B. stearothermophilus expressed in
B. subtilis

Amylases have been extensively us=d by the foed industry to hydrolyse starch.
Alpha-amylase catalyses the hydrolysis of 1.4 alpha-glucosidic linkages in common
polysaccharides. Bacterial alpha-amylase derived from B. subiilis has been iz common
use 1o control the viscosiiy of chocolate syrup since 1929 and in the brewing industry
since 1936. The enzyme preparation derived from these various B. subtilis strains 1s
usually added directly to the food to be processed and then remcved from the final
product by filtration.

3. Traditionai product evaluation

As discussed in 1.¢) above. a new enzyme preparation is evaluated to determine if it
is safe for its intended use. Such an evaluation focuses on characteristics and properties of
the enzyme, the production organism, and the materials and methods used in the manu-
facturing process. Whether the evaluation performed on the alpha-amylase preparation 15
-~traditionzl"" or ““additional”* depends upon whether or not the enzyme is considered to
be a new ore. As discussed above in l.a), 1.b), and 1.d). this is essentially a regulatory
question.

If the amylase preparation were considered to be simply another example of a
B. subtilis alpha-umylase preparation, the tsaditional product evaiuation would be done
by the manufacturer to determine that the new example had no unusual properties that
would atfect its safe use. At least in the past, there would have been no formal review by
a regulatory body.

The safety evaluation focused on: the structural and functional properties of the
enzyme: the safety of the donor. recipient and intermediate organisms, particularly on
whether the genetic modifications of the recipient introduced any properties that would
adversely affect its safety for its intended use: the safety of the vectors ased in the strain
construction: and the material and methods used in fermentation and enzyme purification.

JECFA found that the production strain is not antibiotic-resistant, that the donor
(B. stearothermophilus), intermediate (E. coli), and recipient strains (B. subtilis) are non-
pathogenic and non-toxigenic, and that the vectors used in strain construction (pBR327,
used in E. coli, and pUB110. used in B. subrilis) are well-characterised and do not encode
toxins. The production strain does not express Shiga-like toxin, as shown by Vero cell
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assay, and does not express staphyvlococeal enterotoxins A, B, C or D. as shown by
antibody tests.

The B. stearothermophilus alpha-amylase denved fromm B. subrilis was shown o
possess the same enzyme-specific activity. molecular weight. peptide maps. and reactivity
towards antibody raised against alpha-amylase from B. srearothermophilus a2~ the
8. stearothermophilus alpha-amylase denved from B. sicarothermophilus. The ensyme
preparation produced no significant toxicological effects in a 13-week feeding study in
dogs, nor in a one-generation reproduction study in rats.

Bzsed on the information described above. and on the levels of the enzyme prepara-
tion nezded to achieve its intended effect. JECFA concluded that the enzyme preparation
is safe for its intended use and does not require a numerically specified acceptable dmly
intake.

4. Database available for traditional evaluation

None.

5. Novel component(s)/product

The B. stearothermophilus enzyme is expressed from a B. subiilis strain. The
cloning mighi o affected either the enzyme itself or the production strain. Whether this
1s considered novel or simply another example of a B. subrilispreparatio is a regulatory
question, as discussed in l.a). 1.h) and 1.d) above.

6. Additional evaluation procedures

As discussed above, whether the evaluation procedures are considered “~additional™
or ““traditional”” depends on whether or not the enzyme preparation is considered new.
7. Rationale for additional evaluation procedures

The rationale for the evaluation procedures. whether deemed additional or tradi-
tional, was that both the enzyme and the production strain might have been aliered by the

genetic manipulations such thai the enzyme preparation would no longer be safe for its
intended use.
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Lactic acid bacteria

Dr. Hans Bergmans
Provisional Commiitee on Genetic Modification (VCOGEM)
The Netherlands

Dr. ib Knudsen
Head of institute
National Food Agency
Institute of Toxicology
Denmark

1. Conceptual points to consider

a) Concepi of continua

Traditionally. the use of lactic acid bactena is not considered a food safety issue.
This is covered in Section 3 below.

b) Concept of temporal considerations

The use of genetically modified lactic acid bacteria is concurrent with the vse of
some novel compounds used in dairy practice. e.g. chymosin obtained wrough novel
biotechnology. added egg-white lysozyme. This is covered in Sections 3 and 6.

¢) Concept of reasonable certainty of no harm

Covered in Sections 3 and 6.

d) Concept of substantial equivilence
Covered in Sections 5 and 6.

e) Concept of variability

Not applicable.

) Concept of sequential review

Covered in Sections 5 and 6.




g) Evaluation of marker gengs

Covered in Section 6.

2.  Organism/product

“*Lactic acid bacteria’". a generic name which includes the bacterial genera Lactobu-
cillus. Leuconostoc. Lactococeus, Pediococcus and Sireplococcus.

3. Traditional product evaluation

Eactic acid bacteria may be considered as food constituents of dairv products. or
they may be considered as foed additives. They are among the oldest organisms used in
classical biotechnology. comparable to yeast.

Originally. lactic acid bacteria found in the unfermented dairy product were used.
This is stili done on a larger scale in Dutch dairy farming. In industrial dairy production,
so-called starter cultures are used in order to have better control of the fermentation.
Starter cultures are derived from the lactic acid bacteria present in classical dairy
products.

Traditionally. in most countries, the evaluation procedure for new varieties of lactic
acid bacteria is not formally regulated except that the bacteria used should be harmless.
Other criteria for evaluation are productior: of acid. flavour and extracellular polysaccha-
rides. In countries where the use of industrial starter cultures is formally regulated. the
lactic acid bacteria are normally considered non-toxigenic and non-pathogenic. In some
cases (yoghurt) fond legislation specifies a minimum number of lactic acid bactena that
should be present in the final product.

4. Database available for traditional evaluation

Mot available in the Netherlands or Denmark.

5. Novel produci

Two classes of products should be considered:

i) lactic acid bacteria with cloned homoiogous genes, or cloned genes derived
from other lactic acid bacteria; e.g. genes encoding proteolytic enzymes,
enzymes involved in sugar metabolism, nisin production, production of bacteri-
ocins, and bacteriophage resistance; and

ii) lactic acid bacteria carmrying heterologous genes; e.g. genes encoding fimbriae
from other prokaryotic sources {bacteria), genes encoding egg-white lysozyme,
prochymosin or genes encoding proteolytic enzymes from eukaryotic plant
SOUTCES.
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Cluss i) organisms would probably not be considered novel unless levels of expres-
sion were exceptionally high compared with traditional organisms.

Class ii) organisms are novel at least in the respect that these gene products have not
been actively synthesised in dairy products. although they may be added to the product
(egg-white lysozyme, chymosin). Addition of chymosin preduced by transgenic Escher-
ichia coli 10 dairy products is allowed (see case study).

6. Additional evaluation procedures

For traditional strains of lactic acid bacteria, no special evaluation would be
required. In the safety evaluatior: of class i) organisms, the requirement should be met
that the bacteria are harmless. Substantial equivalence can be claimed for these bactena.
depending on the degree of expression of the transgene(s).

The evaluation of class ii) organisms should as a general rule rely upon the concept
that these organisms are considered novel. They should be evaluated on a case-by-case
basis, taking into consideration both the gene product as a compound in relation to
traditional dairy products and the effect of the new trait in relation to the function of the
organism in its traditional habitat, as far as this effect refates to food safety issues. The
evaluation of class ii) organisms can in special cases follow the paradigm of substantial
equivalence.

Horizontal gene transfer is considered an additional safety issue for the use of
genetically modified bacteria in food. As gene transfer by any one of the classical transfer
mechanisms (conjugation, transduction, transformation, and the infiuence of transposition
on any of these) is likely to occur, an additional risk assessment may be necessary to
address the possibility of the emergence of novel micro-organisms, either in the alimen-
tary tract or in waste water, that could have an adverse effect on the food chain.

7. Rationale for evaluation procedures

Cloning of genes from lactic acid bacteria into other lactic acid bacteria would in
general not lead to production of novel compounds that have not been consumed before,
it adverse effects from over-production or infiuencing of pathways can be excluded. In
special cases (e.g. the transfer of bacteriocin genes) the population dynamic considera-
tions might have to be included in the evaluation.

Expression of eukaryotic genes in prokaryotes will in general lead to the same gene
product that is found in the eukaryotic cell, except for the absence of post-translational
modificatior in the prokaryotic system. In the evaluation procedure, these bacteria should
be considered as novel and reviewed on a case-by-case basis.

Marker genes will probably not be a problem if the same genes are also preseni in
the traditional population of lactic acid bacteria.
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Low erucic acid rapeseed oii (LEAR oil)

Dr. S.W. Gunner
Director General
Food Directorate
Health Protection Branch
Health and Welfare
Canada

Low erucic acid rapeseed oil (LEAR oil) provides an example of the evaluation of a
“novel’” food. Although this product was not preduced as a result of biotechnological
modification, nor would it be constdered novel today, its affirmation as a Generally
Recognised As Safe (GRAS) food ingredient illustrates the application of a number of the
principles developed by the Working Group regarding the establishment of safety.

This summary provides an overview of the petition submitied with respect to the
GRAS affirmation for LEAR oil* as well as the results of the evaluation.:

1. Conceptual points to consider

The LEAR oil case study is illus rative of a number of the conceptual points related
to the evaluation of novel foods and food components. The concept of continua in food
use -- i.e. uses ranging trom specific food applications to general food use — is demon-
strated by the discussions regarding the proposed use of LEAR oil in infant formula as
distinct from food applications generally. The evolution of products over time with
a'tendant diminution in their degree of novelty (temporal considerations) is also noted.

The LEAR oil example also demonstrates the concept of a reasonable certainty of no
harm, taking into account the continua of intended uses and expected conditions of
consumption in place of ‘“‘traditional™” oils. This case study is also illustrative of the
application of the concept of **substantial equivalence’”’, in that the LEAR oil was shown
to be very similar to and composed of the same basic components as traditional rapeseed
and other commonly consumed vegetable oils except for the low level of erucic acid. the
component of concern. The establishment of substantial equivalence also took intc
account the variability in the available database for the commodities in question, as well
as in estimates of consumption.
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2. Organism/product

Low erucic acid rapeseed otl (LEAR oil).

3. Traditional product evaluation

Rapeseed oil has had a long history of use as an cdible oil source in a number of
European countries as well as in Ching, India and Japan. Canada began growing rapeseed
in the 1940s 10 supply the edible oil market at homs and abroad. Oil prepared from
rapeseed grown before 1971 comained high levels of a fatty acid known as erucic acid.
The erucic acid level in this oil vaned considerably, but was generally in the range of 30
to 60 per cent.

In response to potential safety concerns regarding effects associated with high levels
of erucic zcid (cardiac lesions in experimental animals), efforts were made in Canada in
the 1964 10 develop strains of Brassica napus and B. campestris with a low erucic acid
content. By 1974, new varieties capable of producing oil containing less than 5 per cent
erucic acid comprised almost the entire Canadian rapeseed crop. The level of erucic acid
has continued to decline over the years through continued selective breeding practices. In
the GRAS affirmation petition. LEAR 01 was defined zs rapeseed oil containing no more
than 2 per cent erucic acid based on its toial fatty acid content.

4. Database available for traditional evalaation

Databases relating to the composition of a number of edible fats and oils are
available both nationaily and internationally. Standards of identity and coinposition for
fats and oils such as those of the Codex Alimentarius have also been elaborated. The
Codex Standard tor edible low erucic acid rapeseed oil (Codex Standard 123-1981)
inciuded otis in which the erucic acid content is as high as 5 per cent of the component
tatty acids. In addition to erucic acid, the pnnciple fatty acids in LEAR oil are palmitic
acid (2.5 to 6 per cent), oleic acid (50 to 66 per cent), linoleic acid (18 to 30 per cent) and
linolenic acid (6 to 14 per cent).

The evaluation of *‘traditional’” fats and oils normally takes into account history of
use together with information from studies in humans and experimental animals on safety
aspects, nutritional properties and exposure, in addition to information on product
characterisation and composition.

5. Novel component(s)/product

At the time of the Petition for GRAS affirmation, the ‘‘novel’’ aspect of this product
related to its low erucic acid content when compared with the *‘traditional’’ counterpart.
LEAR oil is currently the major rapeseed o1l of commerce.
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6. Additional evaluation precedures

Extensive information was obtained on the composition of the LEAR oil. proposed
uses, dietary intake, nutritional data and toxicology, as noted below:

Product Information:

a) Composition

Samples of the crude and refined oil were characterised in terms of fauy acid
composition. The erucic acid levels were consistently low. In 1982. for example, they
were at an average of 1.2 per cent. Precise comparisons between LEAR il and other
vegetable oils could not be made because vegetable oils vary in composition depending
upon the variety of plant and the growing conditions. The submitied data. however,
showed that refined and deodorised LEAR oil was composed primarily of triglycendes
(96.5 per cent). Except for the presence of the low level of erucic acid. the levels of
individual fatiy acids were comparable with those of other traditional oils. for example
soy. corn, peanut, safflower, clive and sunflower.

Questions relating to the levels of pesticide residues and naturally occurming con-
taminants such as mycotoxins in LEAR oil were alse examined in the course of the
review. These were not considered to be of concem.

b) Dietary exposure

LEAR oil can be used by itself as a salad or vegetable oil: however. it is usually
blended with other vegetable oils in the production of margarine, shortening. salad oil and
vegetable oil. Different blends or formulations have differing physical properties that are
specifically derived for different applications. In 1977, LEAR oil constituted 33 per cent
of the fat used in margarine, 20 per cent of the fat used in shortening and 52 per cent of
the fat used in salad oil.

Dietary intakes for total fats and oils were developed using both apparent per capita
food consumption data and the results of the Nutrition Canada Food Consumption Survey
(1971-72). These data, and information concerning the proportion of LEAR o1l in such
commodities as margarine, shortening and salad oil, were vsed as a basis for estimaiing
both average and upper limit intakes for LEAR oil on a per capita basis. Further
calculations in which it was assumed that all visible fat consisted of LEAR o1l were
developed to estimate intakes in the highest fat-consuming segment of the population
(20- to 30-year-old males). Estimates of exposure to erucic acid were also developed.

¢) Nutritional data

Feeding studies in laboratory animals including rats, dogs, monkeys and pigs were
conducted to investigate the nutritional adequacy and digestibility of LEAR oil. Con-
trolled, volunteer studies were also undertaken in man.

d) Toxicology

There was a large body of data provided on the effects of feeding rapeseed oil
containing varying levels of erucic acid, as well as other vegetable oils, on laboratory
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animals. The presence of cardiac lesions in cerain strains of laboratory rats raised
particular concern. This resulted in the presentation of a detailed rationale which con-
cluded that the laboratory rat. in particular Sprague Dawley rats, may be anusually
susceptible 1o cardiac lesions when fed vegetable oils. This rationale was developed
through the consideration and comparison of the results of experiments conducted n a
variety of animal species with oils from different sources. Studies with LEAR oil
included monkeys. dogs and pigs and showed no significant increase in myocardial
lesions when compared with animals fed a control diet. The results of these and other
studies supported the conclusion that the observations in laboratory animais fed LEAR oil
were no different from the response to other food oils. Other reported effects, including
cold stress mortality and reduced energy utilisation, were cbserved only when the expo-
sure was 1o erucic acid levels that greatly excecded the anticipated human exposure to
LLEAR oil.

7. Rationale for evaluaiion procedures and commentary on the approach to the
assessment of LEAR oil

a) Product characterisation

Product characterisation is a principal requirement in the evaluation of novel ;ood
entities. Data were provided to demonstraie the substantial equivalence of the “‘new™” and
“traditional”” oils — ie. LEAR oil was shown to be compesed of the same basic
components as the traditional rapeseed oil product, as well as other commonly consumed
vegetable oils. apari from the presence of low levels of erucic acid.

The demonstration of substantial eguivalence, which took into account the inherent
variabili*y of the compositional databases, was an importan factor in the evaluation
process and in the development of ihe rationale for GRAS affirmation.

b} Dictary exposure

In the evaluation of the safety of foods or food components, it is considered
necessary to have exposure information available. Detailed estimates of the potential
intakes of LEAR oil and erucic acid were developed based on actual areas of use in
Canada, projections of maximun: levels of use. and per capita consumption of oils and
fats. The estimated upper level of exposure to erucic acid and the exposure from generai
food use of LEAR oil were not considered to pose a safety concern except in the case of
infant formula (see ““Overview and conclusion™ below, second paragraph).

¢) Nutritional acceptabvility/adequacy

The data considered in assessing the nutritional adequacy of the new oi] paralleled
those that would be considered for any new oil. The composition of the oil was deter-
mined and, apart from the presence of erucic acid, the levels of individual fatty acids
were found to be comparable with cormmonly consumed vegetable oils. Insofar as the
general population is concerned. no unique issues were raised, with respect to the
digestibility or nutritional adequacy of food products containing LEAR oil in place of
traditional vegetabie oils, that would preclude such use.
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d) Toxicology

Because of concerns with respect 1o cardiac effects of rapeseed oils tn general, it
was considered necessary to have available the resuits of toxicological studies in animals.
The approach taken was to develop the supporiing toxicological database, which included
a large body of data published in the scientific literature, explain the observations in
different animal species, and provide a rationale for the observed effects.

Overview and conclusion

The LEAR oii case study illustrates the evaluation of the safety for human consump-
tion of a “*novel™” ingredient. It included a description of the history of food use of the
““traditional”” rapeseed oil counterpart and background information on the development
of the “‘novel’’ varieties with low =rucic acid levels. The composition of the novel oil
was detaiced, and a comparison made with c2spect to the similarities to both traditional
rapesced oil and other common vegetable oils, in order to illustrate the concept of
substantial equivalence, taking into account factors such as exposure estimates.

This case study also illustrates the need to examine the continua of food uses and to
have support data availabie with respect to specific applications. The original proposal for
LEAR oil included both use in infant formula products and general use in food. However,
because further data were considered necessary regarding the properties of a number of
food oils used in infant formula, this specific use of LEAR oil was not reviewed nor was
its GRAS status affirmed at the time.

Due to concerns regarding the safety of the erucic acid component in both *‘tradi-
tional™” rapeseed and LEAR oil, the rasulis of toxicological studies were considered to be
an important and necessary component of the evaluation. An extensive foxicology
database was reviewed, with paricular reference 1o cardiac effects noted i laboratory
animals. A scientific razionale, supporied by the results of animal feeding studies in
several species with a range of vegetabie oils, was provided o demonstrate that “*LEAR
oil is safe for human consumption as a fat or oil in food when used in accordance with
current good manufacturing practice’”. LEAR oil was affirmed as Generzally Recognised
As Safe (GRAS) in 1985.

Notes and References

i. US Federal Register (i982), **Agriculture Canada, Research Branch, Filing of Petition for
Affirmation of GRAS Status”’, Vol. 47, No. 157, p. 35342, 18 August.

2. US Federal Register (1985), *‘Direct Food Substances Affirmed as Generally Recognize i as
Safe: Low Erucic Acid Rapeseed Oil”’, Vol. 50, No. 18, pp. 3745-3755, 28 January.
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Myco-protein

Dr. D.A. Jonas
Ministry of Agriculture, Fisheries and Food
Food Science Division 11
United Kingdom

1. Conceptual points to consider

The concept of *““reasonable certainty of no harm™ takes into account:

— intended uses: and
— expected conditions of consumption.

Evidence to support this concept came from the extensive toxicological and nutri-
tional testing carried out on myco-protein. Details are provided in Section 6 below.

In this study, the concept of a ““continuum’" demonstrates that myco-protein, being
at the extreme end of the continuum of novelty, cannot be considered to be substantially
equivalent and therefore requires safety testing to show reasoqable certainty of no harm.
This is reflected in Sections 5 and 6.

Once myco-protein produced using a specific process has been pronounced safe, the
concept of “‘substantial equivalence’ can be applied in the future to myco-protein
produced by minor process changes. This is reflected in the “*Addendum’.

2.  Organism/product

Myco-protein is a high-fibre, low-fat food derived from a non-pathogenic, naturally
occurring strain of the filamentous fungus Fusarium graminearum. It has a protein
content similar to that of whole egg and a texture resembling that of lean meat.

Myco-protzin is produced through controlled continuous aseptic fermentation of the
fungus in a carbohydrate medium. At harvest, the recovered mixture of mycelia and
fermentation medium is subjected to thermal shock, to reduce the RNA content of the
mycelia, and then fiitered to remove the fermentation medium. After vegetable flavours
and egg white have been added, the myco-protein is cooked and, depending on the type of
product in which it is to be used, may be sliced, diced or shredded.
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3. ‘Traditional produci evaluation

There is no traditional food equivalent to myco-proiein. An entirely new procedure
had to be devcloped to assess this product.

In the light of the evaluation and experiences gained, it should be possible 1o
facilitate future evaluations of equally novel single-cell protein products {concept of a
continuum).

4. Database available for traditional evaluation

As myco-protein was a novel food with no traditional eguivalent. a database was not
available for the evaluation of this type of product. Assessmenl was based on detailed
compositional and safety information relating to the specific strain of F. graminearum
used for myco-protein production.

5.  Novel component(s}/product

Myco-protein was the first truly novel food to be evaluated in the United Kingdom
for safety in use (concept of a continuumy).

6. Additional evaluation procedures

The developers submitied extensive data for review, both on the manufacturing
process and on the product.

aj Organism

Information on the taxonomy of F. graminearum was supplied. and the potential for
myco-toxin formation by the strain used 10 produce myco-protein was investigated. No
detectable myco-toxin formation was found under the fermentation conditions nor under
st conditions where other strains of F. graminearnm can be induced to produce myco-
HOXins.

b) Process

The culture medium is an agueous solution of carbohydrate to which a number of
micro-nutrients have been added. The carbohydrate may be obtained only from sources
which have been approved as part of the final specification.

The inoculum cultures are maintained under aseptic conditions. Tests for contamina-
tion and for strain stability are carried cut at all stages of the fermentation procedure.

The fermentation is carried out under aseptic conditions and is controlled through
both on-line and off-line monitoring. A number of parameters are measured, including
dissolved oxygen, pH and suspended solids. In addition, the fermentation is regularly
monitored 1o cnsure the absence of foreign organisms and mutants.
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Following the World Health Organisation recommendations in 1972 that <ingle-cell
protein for adult consumpiion should not provide more than 2g of RNA per day. an
effective method of RNA reduction in the harvested tungus was sought. Thermal shock
was found to reduce the RNA ccatent of the product by about 90 per cent.

The myco-protein, recovered by filtration after the thermal shock treatment from the
mixture of culture medium and products of RNA degradation. contains about 30 per cent
solids.

c¢) Product

Analyticai data submitied on the composition of typical myco-prowin included
details of the following: nitrogenous material. amino acids. carbohydrates. fibre. lipids.
minerals and vitamins. No unusual nitrogenous compounds te.g. D somers of amino
acids) or fatty acids were found, and the carbohyvdrate consisted lurgely of chitin.

Safety assessment was desizred to establish whether there were any toxic substances
in the myco-protein. Since it was impossible to predict what these substances might be
and hence what effect the extraction/concentration procedure might have upon them. a
battery of toxicity tests was carried out on the whole product.

No dose-rclated adverse effects relevant 1o the safery evaluation for man were
recorded in any of the studies carried out. However. certain problems arose from the
formulation of test animal diets caused by the incorporation of high levels of protein.

Animal feeding trials were carrie’ out on myco-protein 1o investigate protein quality .
limiting amino acids, amino acid ave lability and metabolisabie energy. The cffect of
chitin on the absorption of amino acius. vitamins and minerals was also evaluated.

No results were obtained that demonstrated an anti-nutritional etfect from myco-
protein. Indeed, the human nutritional studies indicated that myco-protein is a sousce of
good quality protein.

No major toxic effects were identified from the ingestion of myco-protein by
humans. Studies on allergenicity provided no conclusive evidence of allergic reaction in
volunieers. However. standard antigens for skin tests were developed before the product
was marketed to allow the identification of any clinmical reaction to myco-protein.

From the properties of myco-protein. it was possible o identify potential markets
and hence to assess intakes.

The results of the toxicological studies and the evaluation of the Fusarium stvain for
potential myco-toxin production indicated that there are no potential toxicological effects
from the use of myco-protein as a human food. provided that the product that is sold
complies with the same specification as the product that was tested.

The nutntional studies demonstrated that myco-protein can provide a source of good
quahity protein and that no anti-nutritional factors are present.

After evaluation of this data by the UK authorities. product and process specitica-
tions were agreed and approval was given to test market myco-protein in a limited
geographical area. No adverse reactions were reported in marketing trials involving some
4 000 people. Following this, UK-wide marketing was authorised.



7. Rationale for evaluation procedures

Myco-protein had no history of consumption. Assessment of the safety of its use as a
human food focused on potential toxicological and nutritional effects since the product
complied with the microbiological specifications of the PAG (Protein Advisory Group)
for single-cell proteins (see PAG Bulletin, 1970, Vol. 4, No. 3).

From the analytical data, no toxicological problems were anticipated from the major
components of the myco-protein (protein, fat and carbohydrate). However, specific stud-
ies were designed to address areas of obvious concern — the potential for myco-toxin
production and the nutritional value of the chitin present. In addition, a battery of tests
designed 1o determine the presence/absence of unknown toxins was applied (concept of
sequemtial review).

Addendum

After myco-protein had been evaluated and found safe for use as human food, a
change in production process was needed to increase capacity to provide sufficient
product for marketing.

Organism/product:

Myco-protein.

Traditional product evaluation:

A procedure had been established for the original preduct application.

Dutabase availuble for traditional evaluation:

The information that had been submitted in the original product application formed a
database.

Novel component(s)/product:

The UK authorities requested additional data to demonstrate that myco-protein
produced in an airlift fermenter was sufficiently similar to that produced in a stisred tank
fermenter Lo be safe for use as human food.



Genetically modified baker’s yeast

Dr. D.A. Jonas
Ministry of Agriculture, Fisheries and Food
Food Science Division 11
United Kingdom

1. Conceptual points to consider

A “‘temporal consideration’ is the long-term use of Saccharomyces cerevisiae 10
leaven bread, mentioned in Section 3 below.

The concept of ““substantial equivalence’” is reflected in Section 6, where the
evaluation of the genetically modified baker's yeast is described and its characteristics
compared with those of the unmodified strain. Section 7 also notes this concept.

The concept of “‘reasonable certainty’” follows from the concept of ““substantial
equivalence’” in this case, and is mentioned in Section 7.

2.  Organism/product

Genetically modified baker’s yeast. S. cerevisiae.

3. Traditional product evaluation

‘Traditionally, new strains of baker’s yeast are not assessed for safety as the species
is non-pathogenic and has been consumed in leavened bread for many centuries (temporal
consideration).

4. Database available for traditional evaluation

No formal database on the composition of baker’s yeast strains was available to aid
the evaluation of this product, although many strains have been serotyped. However, the
company which made the submission for the safety evaluation of the genetically modified
yeast provided necessary comparative information relating to conventional strains.



5. Novel componentis)/product

A strain of baker’s yeast traditionally used to leaven sweet doughs has been geneti-
cally maodified to leaven both lean and sweet doughs. The modification has enhanced the
secretion of the maltose fermenting enzymes. maltase and maltose permease, especially at
the beginning of the leavening process. The modified baker’s yeast has a higher meta-
bolic rate and releases higher leveis of carbon dioxide earlier in the leavening period than
the unmoditicd parent strain. It has been found that this reduces the time needed for
leavening.

6. Additional evaluation procedures

Since the novel yeast strain is obtiined by genetic modification, it was assessed o
establish that it presenied no greater hazard to production and bakery workers, to the
environment. or to consumers of food containing the yeast than did the unmodified strain
tconcept of substantial equivalence). The evalvation of the safety of the modified yeast to
worhers and to the environment is not described in this study.

The evaluztion of the novel stratn as 2 novei food took into account that consump-
tion ot both live and d-ad cells could occur. Specific aspects considered included:

a)  Characweristics of the host and donor crganisms

The host organism s 2 well-characterised strain of the non-pathogenic species
S. cerevisive that i1s used extensively in the industrial production of baker’s veast for
leavening sweet dough. The natural inducible promoters for the maltase and maltose
permease genes were removed and replaced by strong. constitutive promoters from the
sante stratn of buker's yeast

f) Genetic moditication procedure

The donor DNA was tahen enurely from 8. cerevisiae, apart from small pieces of
syathetic. non-coding DNA used as linker sequences. [t consisted of genes coding for the
ensyies maltise and maltose permease. together with two well-charactenised, strong,
consitutive promoters.

At cach stage of the vransformation procedure, the construct was cloned in E. coli
and restriction ensyine digeson and/or sequence analysis were used to confirm that the
sequences were as predicted.

A schematie presentation of the isert showing its location on the chromosome was
available. This confirmed that no untoward effects were likely from the insertion.

The ransformation procedure was designed to ensure that the construct was tnie-
vrated into the chromosome and was devoid of any heterologous DNA. Antibiotic
resistance nuarkers used to tacilitate the transformation procedure were removed, and no
proharyotic seguences remann in the geneucally modified yeast.
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¢) Genetically modified organism

Hybridisation patterns of DNA from the genetically modified strain were unchanged
after 100 generations of vegetative growth, indicating that the strain was as stable as
conventional strains (concept of substantial equivalence).

All heterologous prokaryotic DNA had been eliminated during the transformation
procedure, and the Southern-blot experiments had demonstrated the stability of the insert.
Transfer of DNA from the genetically modified baker’s veast to other organisms is
unlikely. It is known that on cell death in vnmodified straias of S. cerevisiae. autolysis of
the cell contents occurs before the cell wall is destroyed and no free DNA, which could
be taken up by other organisms, is released. Mating or normal exchange of DNA does not
occur between S. cerevisiae and any known fungal or bacterial pathogens. and no known
DNA viruses are Farboured by S. cerevisiue which might transfer DNA 1o other orga-
nisms. This indicates that the risk of DNA transfer from the genetically modified baker's
yeast would be no different from that of its transfer from the unmodified parent strain
(concept of substantial equivalence).

Production of toxic metabolites by the genetically modified strain is unlikely for
several reasons: the host organism is non-pathogenic; the donor DNA was obtained from
the same strain as the host; only homologous, constitutive promoters were rearranged:
and the initial activities of the genes controlling maltase and maltose permease only are
affected. The biochesnical reactions occurring during the leavening process are the same
in the genetically modified strain as in the unmodified strain since both produce maltase
and maltose permease, though less efficiently in the unmodified strain (concept of
substantial equivalence).

7. Rationale for evaluation procedures

In theory, the changes 1o the baker's yeast effected through the use of genetic
modification techniques could have been made using traditional yeast breeding. Had
traditional yeast breeding been used, the new sirain of baker's yeast would not have been
subjected to the detailed consideration described.

The data presented for the safety assessment demonstrated that the genetically
modified baker’s yeast is sufficiently similar to the unmodified strain, in respect of its
stability, potential for genetic transfer and potential for toxin production, as to present no
greater risk to the consumer than that presented by the unmodified strain (concept of
substantial equivalence). Since unmodified strains are presumed safe, it follows tha? the
modified strain, being substantially equivalent to an unmodified strain. is also safe
(concept of reasonable certainty).
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Tomato

Dr. Folmer, D. Eriksen and Dr. Jan Pedersen
Nauonal Food Agency
Institute of Toxicology
Denmark

1. Conceptua! points to consider

Although this study is not based on a specific case, there are some general points 10
consider when a genetically modified tomato is to be evaluated. These points will be
among the major elements for establishing substantial equivalency. Also 1o be considered
in this evaluation, of course, will be the new trait(s).

A description of the tomato today, specifying the content and vanation of different
substances, will contribute to the discusston of the concept of variabiliry.

In order to make more specific comments on genstically modified tomatoes. some
examples from the literature describing such tomatoss will also be discussed.

2. Organism/product

Organism: Lycopersicon esculentum, iomato.

Transgenic tomatoes used as examples in this text:

— Tomatoes that are glvphosate-resistant dug to the insertion of a gene coding for
S-enolpyrovylshikimate-3-phosphate synthase (EPSPS). The EPSPS nommally
found in plants is inactivated by glyphosate {(Roundup). The inserted gene is
identical to the normal gere found in plants, except for a tew changes (mutations)
in the DNA sequence.

~ Tomatoes that are virus-resistant due to the insertion of the gene coding for a
virus coat protein {cp). This protein is normally found in the plant when infected
by the virus and confers resistance to the same virus.

— Tomatoes with prolonged fruir ripening due to the insertion of a DNA coding for
an antisense RNA sequence, which partially inactivates the *‘sense”™ gene coding
for polygalacturonase (PG).

In all the above examples, there are also insertions of marker genes giving rise to,
for example, kanamycin resistance in the plant.
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Product eaten:

The raw mature fruit or immature green fruit for preserving (pickling). The mature
fruit can also be skinned and canned for later use. When tomatoes have to be transported
over longer distances, they are often harvesied as immature green fruit. Green tomatoes
are not as sensitive to knocks as mature ones. When mature, the shelf lives of green
tomatoes are longer than those of tomatoes that were harvested red.

Other parts of the plant are not used as food.

3. Traditional product evaluation

Varieties of traditional tomatoes are frequently tested in Denmark through cultivar
examination studies, especially when new cultivars reach the market. After harvesting, a
quality assessment based on parameters such as yield. texture, taste and flavour is carried
out on the individual cultivars. In addition, chemical constituents such as acids, sugars
and various nutrients are analysed. The most recent study was carried out in 1988
(Willumsen er al., 1950).

Since tomato is regarded in Denmark as an important food for the intake of certain
nutrients, it is included in the Danish Food Monitoring System. As a part of this system,
the level of important nutrients in tomatoes is analysed in selected culiivars every five
years. Results from the first five-year period are reported in Food Monitoring in Denmark
(LST, 19904a). The second cycle of the Food Monitoring System for fruits and vegetables
was carried out in 1988 (LST, 1990b). In addition to these five-year studies, a special
investigation of the nutrient content of different cultivars of tomato was carried out with
the purpose of influencing the choice of varieties for commercial use. Nutrients regarded
as important in tomatoes, and so included in thc Food Monitoring System, are vitamin C,
folacin, vitamin B1 and vitamin B6. However, due to available analytical methods. only
vitamin C was included in the first cycle.

No great differences in nutrient content have been found in the individual studies,
and there is a good agreement with the Danish food composition table (Moller, 1989).
The following figures are examples of normal content as given in the food composition
table:

Vitanun C: 11.3-23.1 mg/100g
Folacin: 3 mg/100g

Vitamin B: 0.016-0.053 mg/100g
Vitamin B6: 0.0074-0.154 mg/100g

Until now, no natural toxins have been included either in cultivar examination
studies or in the Food Monitoring System. This is partly due to the Jack of an approved
anzlytical method and partly because no real concern has been expressed that this was a
problem. However, the need for studies in this area should be considered in the future in
order to determine a ‘‘normal’’ level of alkaloids in traditional cultivars of tomato.
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4. Database available for traditional evaluation

At the Institute of Toxicology in Denmark, a database is being built up containing
information on the naturally occurring toxic, nutritional and flavouring substances in the
250 plants most normally used for human consumption. The intention is to use this
database to provide benchmarks for the evaluation of foods in general.

5. Novel component(s)/product

To consider whether a tomato fruit developed by the application of biotechnology is
substantially equivalent to analogous conventional torato fruit requires knowledge of the
parental organism. Measurement of every subsiance with potentially adverse effects. or
every nutritionally valuable substance. in the plant is impossible. It is therefore imponiant
to focus on the levels of key substances, i.e. compounds which could influence the health
aspects of the plant. Alpha-tomatine, the naturaily occurring toxicant in the tomato. is
such a substance.

The level of alpha-tomatine decreases through fruit maturation (0.87 mg 1omatine
per gram fresh weight in green fruit, 0.45 mg in yellow fruit, and 0.36 mg in red fruit)
(Jadhav er al., 1981). Ripe red fruit loses almost all its tomatine when left on the plant for
two to three days. Aloha-tomatine is not mobile in the plant, and therefore the tomatine
level is determined only by synthesis and degradation in the fruit (Eltayeb and Reddick.
1985).

Alpha-tomatine from cultivated tomatoes causes only minor inactivation of
acetylcholinesterase compared with the glycoalkaloids from potato (solanine and
chaconine), but its toxicity is about the same level as solanine and chaconine (Keeler er
al, 1991). When tomatine was administrated by gavage to hamsters, it caused severe
gross changes in the gasiric glandular mucosa and intestinal mucosa similar to changes
induced by equimolar doses of solanine and chaconine (Baker et al. 1991). Alpha-
tomaiine is not teratogenic (Keeler ez al., 1991).

Wild relatives of tomate often contain resistance genes attractive to the tomato
breeder. But several wild relatives contain various glycoalkaloids in high levels. For
instance, Lycopersicon hirsutum glabratum (insect-resistant) shows an exceedingly high
content (3.39 mg per g fresh weight) in the mature green fruit (Van Gelder and De Ponti,
1987). From the genus Solanum, other glycoalkaloids than alpha-tomatine can be intro-
duced into the tomato plant by wide crossings. The new biotechnique of somatic ceil
fusion may act in the same way as wide crossings. Genetic engineering allows the
introgression of genes from virtually any organism into the tomato.

If the degradation of alpha-tematine in developing tomato fruits is related to a
substrate-specific enzyme, as indicated by Juvik (1977), the process could in theory easily
be blocked. resulting in a change in alpha-tomatine levels in ripe fruits without any other
effects on the tomato.

Benchmarks for substances with potentially adverse effects, and for nutritionally
valuable substances, found in the tomato plant are an instrument for carrying out risk
evaluation on a scientific basis — for example, through the establishment of a list of the
highest (or lowest) acceptable levels of specific substances based on today’s tomatoes.
Such a list would be useful to plant breeders and authorities when evaluating new tomato
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strains. Key substances could be selected from this list. The number of key substances
depends on the specific case. For example. additional key substances might be needed for
the evaluation of plants with elevated levels of pest resistance. The table belew shows the
kpown toxins and some other substances with potentially adverse effects found in tomato.
From this bst. only alpha-tomatine is expected to be a general key substance.

Toxic constituents in temato

+ o found i the freil. but gquenifications are ot available
— e constituent bas not been found in omato freit

Toxic constituent

Alpha-tomatine 0-0.87 mg/e
Tomatidinte aglycone of wmatine +
Supomines +
Coumarins -

Lectins +
Seratonine -

Oxalic acid 0.012-0.015 mg/e
Protease inhibitor +
Histamine + (lomato juice}

Glvphosate-resistant tomato:

The EPSPS enzyme giving rise to the resisiance has been analysed. It has the same
enzyme activity as the equivalent EPSPS enzyme normally found in plants. According to
reports (Kishore and Shah, 1988 for review), the differences are confined to the affinity
of the enzyme o glyphosate. If results from such analyses show no other differences, the
new enzyme should be considered as substantially equivalent in relation to food safety.

Virus-resistant tomato:

In order (o establish whether or not the coat protein in the transgenic tomato fruit
should be considered substantially equivaleni, further information is needed on the
natural level of coat protein in tomato. A decision on substantial equivaience could be
bascd on the following procedure: /; from information on the normal level and variation
o1 coat protein in tomato fruit, as well as the exposure pattern, determine the maxium
level (M level) of coat protein in the fruit that can be claimed to be safe, with a high
degree of certainty, on a scientific basis (a higher level might well be safe, but we do not
have the scientific evidence); and 2) if the average amount of coat protein in green fruit,
etc. in both control and transgenic tomatoes is higher than the M level, the tomato fruit
should not be considered as substantially equivalent.

Tomato with prolonged fruit ripening:

Becuuse there are no reports with respect to food safety on any special adverse
etfects from specific DNA or RNA molecules in plants, the antisense RNA should not be
regarded as a new product and should be considered to be safe as such ¢: iformation that
no new protein is produced from this antisense RNA should be required). What s
essential in this case is to focus on what the impact on the plant wiil be when the level of
the enzyme PG is lowered, and to be aware of any other changes that might be found due
to. for example, somacional variation (that is, to consider differences in key substances



using a benchmark). Because the fruit in the transgenic tomato will develop normally but
more slowly, there is no expectation of any "“‘secondary™ changes.

Marker genes:

From a food safety point of view, marker genes should be dealt with in the same
way as any other inserted genes. The fact that a good marker gene can be expected to be
inserted into all transgenic plants should bg tzken into consideraticn wh=n the evaluation
takes place. If the gene cannot be accepted in all piants. an “audit™™ may v necessany
when the first evaluation of the marker gene 1s made.

6. Additional evaluation procedures

Glvphosate-resistant tomato:
No further cvaluation of the inserted gene coding for EPSPS.

Virus-resistant tomeato:

If substantial equivalence has been rejected due to a high level of coat protein in the
ptant, the protein should be evaluated more thoroughly. Perhaps from the knowledge
1) that it is a protein with a structural function to puild up the coat of the virus: 2) that the
protein has po enzyme function; and 3) that the protein has (in a smaller amount) a safe
history from the eating of infected tomatoes. the protein can be regarded as sate ftor
human consumption and for use in further breeding.

Tomato with prolonged fruir ripening:
No further evaluation of the new product -~ fe. the antisense RNA.

7. Rationale for evaluation procedures

Factors leading to the rejection of substantial equivalence:

a) the level of cne or more of the hey substances is changed significantiy in an
unfavourable direction. seen from a food safety point of view:

b) the product from the inserted gene is at significantly higher levels than normally
seen in the plants, or Lie proaucts do not exist naturaily in the plant.

Other remarks: The ¢valuation of rew tomatoes should be based on the tomato
being eaten as a major part of a meal (worst case).
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Poiato

Dr. Fans Bergmans
Provisional Commitiee on Genetic Medification (VCOGEM)
The Netherlands

1. Conceptual points to consider

a) Continuz

For portatoes, and for Solanaceae in general. the food safety issue focuses on the
glyco-alkalowd content of the tebers. The issue is well-known from classical breeding
practice: as a result of the attempls 1o get disease-resistant varieties through crossing with
a wild relative of Solanum tuberosum, glyco-alkaloids of the wild relatives have appeared
in the potato. This is mentioned briefly in Section 3 below. New biotechnology may add
to this concern, as the glyco-alkaloid content of a new variety m-; vary substantially
from the parent vanety through somaclonal variation. As all ::~> :ni-day genetically
modified potato variants have gone through a stage of somaiic cioning, variations of
glyco-alkaloid coucae will most probably be due to this effect, the chance of pleiotropic
effects of the actual genetic moditication being much lower.

b) Temporal considerations

PVX coat protein was present in commeicial lots of potatoes even before this was
realised by breeders or growers. The general public will not be aware of its presence, as it
does not influence the food quality of the potatces. (See Section 5.)

c¢) Reasonuable centainty of no harm

As potatoes are under no circumstances eaten raw (at least not in large quaniities), it
can be taken for granted that any introduced foreign gene product will be denatured in the
consumed food. (See Section 6.)

d) Concept of substantial equivalence

Suistantial equivalence of PVX-resistant potatoes is the main issue of Section 5.

e} Concent of variability

The variability of glyco-alkaloid levels is covered in Sectic- 3 and in **Continua’’
above.
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f)  Szquential review

in the case of PVX-resistant potatoes, review would start with the classical criterion
ot glyco-alkalod content (Section 3), followed by a consideration of the level of expres-
sion of PVX coat protein. compared with the Fevels in “classical™ expression through
viral infection (Section 5). and with expression of the selective marker gene neomycin
piaosphotransferase 11 (NPT-1D (Section 6).

g) Exaluation ol marker genes

This is the last step in the sequential review (Section 6).

2. Organism/product

Potatoes and potate products are used as food 1 many and varied ways. In all cases
the potatoes are heated (for example, cooked. deep fried) before use. Whole tubers are
consamed €'in the peel’™) in some cases. Specilic cultivars are used for industriai starch
production.

3. Traditional oroduct evaluation

in the Netherlands, new potato varieties can only be marketed after they have been
included in the List of Varieties of Agricultural Crops. This is also required for marketing
of & variety within the European Community, and, reciprocally, any variety put on this
list is allowed on the Furopean market. The fisst principle for admission to the List is that
a new variety should be truly nov-l. i.e. it should have traits that distinguish it sufficiently
from other varieties for some use. be it ordinary consumption, processing for special
consumption (for example. chips, crisps). or as industrizl potatoes.

Thousands of trials for the levelopment of a new variety are conducted each year.
Testing is done over three consecutive years in small-scale tes plots at about 30 sites in
the Netherbands.

Of the traits considered in testing. osiy the determination of the total glyco-alkaloid
content of the twbers relates o food safety. As the content depends very much on a variety
of factors [location of growth, time of harvesting, condition of storage, part of the tuber
(sKin. core) tested]. the maximum allowed levels in potatoes for consumptior are given as
(the mean of) the levels in two “*standard varieties™ (Irene and Eersieling). Higher levels
of glyco-alkaloids are allowed in industrial potatoes than in potatoes for consumption.
There is an “‘absolute lmit™". although this is not set by law. of 100 mg/kg. Too high
content of glyco alkaloids is in fact the only trait that may definitely bar a potato from the
market. The safety concern has already been identified in classical breeding, as glyco-
a'kaloid levels have been known to be affected in the outcome of crosses between
Solanum twherosum and wild Solanwm relatives.

All uther traits tested are more or less desirzble. They may render a potato variety
more appropriate for some type of use, or for growth in certain soils. The traits tested
include: carly maturity. development of foliage; colour of skin, yellowness of flesh;
number, size. shape and uniformity of wbers, frequency of outgrades, marketable yield;
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dry matter content: sprouting during conserwatton; consumplion guality (coohed to Duich
taste): resistance against viral, bacrerial and fungal infections: resistance against nema-
todes; sensitivity 1o harvest damage: resistance 10 second growth and drought.

The data o the List of Varieties provide a clear framework for the determination of
substantial equivalence.

4.  Database available for traditional evaluation

The Desenptive List of Varicties of Agricultural Crops includes compilations of the
test data tor ditfferent varieties. Absolute values for the ttal glyco-alkaloid content of
different vaneties are not directly avanlable, as these values are wo much dependent on
test conditions and are in Lact of no use 1o the non-expert.

COBA (Database of Contaminants in Food Preducts). a Detch database belonging to
the State Institute Yor Quatity Control of Agricultural Products. contains public informa-
ton on cotaminants in foed on the mket. The main data available on contaminants in
potato are on levels of heavy metals and pitrates. Data are derived from monitoring of
agricuitural products on the market.

5. Novel product

A number of genctically modified pottoes are being tested. or will be tested in the
very near foture, in smill-scale field experiments in the Netherlands. Novel teits intro-
duced by genetic modificetion include herbicide resistance. virus resistance (viral coat
proteins). pesticide production (Bt toxin), bacteriocide production (apidaccine, cropine).
and modification of pathways of starch biosynthesis. Of these genetic maeditications, only
the moditication of starch biosynthesis would not influence the food propertics of the
potato nvolved. In the other cases. a novel gene that has not been present in the gene
pool of Solanum twherosum. or the Solanaceae in general, is introduced.

The case of resistance in potatoes against potato virus X (PVX). through expression
of & cloned PVX coat protein. ofters a clear-cut example of the application of substantial
equivalence in the evaluation of novel food obtained through biotechnology. and one that
will reach the market in the very near futare. In the transgenic lines tested. the viral coat
protein is expressed in all tissues of the plant by means of a constitutive promoter (the
caulilower mosaie virus 358 promoter). Expression of the sume gene occurs 'n naturai
virus nfection, which has always been common as the virus is endemic in the
Netherlands. Expression of coat prowin during natural infection is higher by at least an
order of magnitude, compared with the expression in the transgenic potato variant under
consideratton for commercialisation. The transgenic potato should be considered novel in
that the viral coar protein has never been consciously added to food although it has been
present even it in a different form, i.e. as a structural component of the viral coat. without
any adverse effects from the point of tood safety.
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6. Additional evaluation procedures

Although new regulation for the commescialisation of novel food is still under
discussion in two commiiees (Food Couscil and Public Health Councily in the
Netherbands, it is to be expected that potatoes expressing the PVX viral coat protesn will
be considered substantially equivalent, and will therefore not require exfensive pre-
marketl tesuing.

Evaluation of the selective marker gene NPT-II might also follow the paradigm of
substantial equivalence (see Section 7); if this were not acceplable, toxicological testing
(90-day feeding study) might be required for this aspect.

7. Rationale for evaluation procedures

PVX coat protein has been present in classical potatoes due 10 viral infection in the
viral coat. Although this may be structurally different from the soluble protein as
expressed in the transgenic plant, both proteins will be denatured in the food as eaen (ie.
cooked), and therefore in all probability it will be substantially equivalent. Levels of
expression are substantially higher in tubers of infected classical plants than in the
transgenic plant.

NPT-11 gene product has been present in the human intestine from Iysed bactena
carrying TnS. Levels of expression may have to be taken into consideration here. Post-
translational modification of the NPT-1I gene product may occur in the cukaryotic
background, which might cavse allergic effects. Allergenic properties of food are not,
however, an issue for pre-market approval of classical food. As the gene product will be
denatured under the expected conditions of use, its enzymatic activity is aot an 1Ss0¢ 1D
regard to the food safety of transgenic potatoes.
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1. Conceptual points to consider

The coat protein gene of the rice stripe virus (RSV) has been intoduced into rice
plants by clectroporation. The resultant transgenic rice plants have expressed the coat
protein and exhibited a significant level of resistance to virus infection.

Rice (Oryza sativa L.) is one of the world’s most important food crops and 1
produced in more than 70 countries.’- 2 It was an important food even before the begin-
ning of written history. Rice cultivation in Japan began more than 2 000 years qgo, and
rice has been consumed there as the most important staple for centuries. Rice arains are
eaten by people of all ages. The most common way of cooking rice is boiling in water.

There are approximately 120 000 rice varicties in the world, comprising three major
varietal groups — Indica, Javanica and Japonica. Japan conserves about 20 000 varietics,
mainly of the Japonica type. Modern rice breeding, utilising artiticial hybridisation, began
in Japan in 1904. More than 300 cultivars have so far been developed 2s a result of the
governmeri breeding programme. Recently. prefectural governments and the private
sector he - = started to be involved in rice breeding. The three maost inportant targets have
been high yield, resistance to pests and disease, and good eating quality. Thic latter two
targets have been receiving increasing attention.

Rice grain characteristics vary substantially among varicties. They include size,
shape, colour, scent and various physical characteristics. as well as chemical composition.
Abrasive milling removes the outer layers. producing milled or pohished rice and the by-
product bran and polish.

The purpose of milling is to improve the rice’s palatability and digestibility. Bran
may vary from 8.8 to 11.5 per cent of the weight of brown rice, polish from 1.2 10 2.2 per
cent, milled rice from 86.0 to 0.0 per cent. The average content of major components of
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brown rice is about 74 per cent carbohydrate, 7 per cemt protein and 2 per cent fat !

Protemn distribution is 14 per cent in bran. 3 per cent in polish, 83 per cent in milled rice.
The protetn content of the outer fayer is about twice that of the milted hernel: an example
mdicates 148 per cent for the outer fayer and 7.4 per cent tor the inner pan.” The protein-
ah rice hernel is removed by the milling process hefore the rice is covhed for human
CORSUIMPHION.

RSV is one ol the most serious threats o rice plants. causing severe damige nol only
i Japan but abso 0 Korea, Ciuna and elsewhere. Yield and quality may be lowered
substantially when the plant is infected by it. RSV is transmitied by the smail brown
planthopper. Laodelphan striatellus. Apphcation of pesticides to Kill the msect vector s
time comsuming and expensive. and still not wholly successiul

in the transgenic RSV-resistant rice plant. the content ol coat protein praduced by
the eene transferred trom RSV is 0.5 per cent in total soluble protein i the leaves. but
has not yet been reported i the tee gram. 1Eis very unlikely that genetic moditication has
brought about a signihcant change i the composition of the rice grains in comparison
with the traditional counterpart  i.e. naturally infected rice plants. In fact. rice grams
trom naturalls infected nice plants have been caten by humins for centuries without any
harm. Consequently, in the present case study coat protein in the transgemic rice gruns
can be considered substantially equivalent to coat protein in the infected rice grains that

have a long history of safe use amd consumption. taking into account the characteristics of

the new trant and the extent ot dietary exposure.

Satety considerations may abso include the need to evaluaie the potential Tor and
human health etlects of transfesring the new genetic marker (hy gromycin-resistai
marher 10 this case study )"

2. Organism/product

In this case study. the product that will be eaten by the consumer is the rice grins
derived Trom a genctically engineered rice plant that is resistant o RSV.

3. Traditional product evaluation

Since milled rice prain is the uitimate product caten by humans, particular attention
v paid o the examination of grain characteristics when a new rice variety ts being
devetoped in Japan. The characteristics examined include shape. size. colour. weight
{1 000 grains), appearance, and content of protein and amylose. These together with other
characteristics comprise a set of information necessary for the registration of sew culu-
vars. When growers sell rice grains 1o the government, there is a grade standardisation
system. The imspected characteristics include volume weight, ratio of perfect grains, water
content, ratio of foreign materials mixed in. etc”

Rice grains have been eaten by humans world-wide for centuries, yet no harmful
elfects or toxicity have been reported. On the basis of tra-ational and long-experienced
consumption, it is strongly belicved by the public that rice grains are a sale product.
Therelore. under the Seed and Seedling Law (Ministry of Agricullure. Forestry and
Fisheries. or MAFFE), no safety evaluation is required for rice grains produced on natu-
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rilly growing nce plants. Under the Food Santtation Law iMeausiy o Health and
Weltare), there are regulations an regard to pesticide residues and beasy mictals

4. Database available for traditional evaluation

At MAFE s Hokurniku National Agocultural Experunent Statton, 6 000 caltnvas
including Japonica were collected and evaluasted. In addition. @ MAFE S Navonal Insu-
tute ol Agrobiological Resources, 3 000 toreign rice cultivars were collecied and evalu-
ated. A computenised database 1s available at both locations. Preparitons werh s
progress it MAFE S Natonal Germ Plasm Centre for estableshing o nation-wide database
that can be accessed by breeding stations across the country.

5. Novel component(s)/product

A penencally engineered rice plant has been developed from protoplast «on which
electroporation was carried oul in order to msert a gene encoding pretemn ol nce stnpe
virus (RSV) (1.8 Kb) and a gene encoding hygromyein tolerance (1.0 Kby as
a marker.” "

Incorporation ol the RSV coat protein gene into @ plant genome was confirmed by
Southern hybndisaton analysis, and a genctically stable transmission and expression of
the gene was detected by Western blot analysis. In addiion. 1 the artsficial inoculation
test the transtformed rice plants exhibited a significant fevel ol resistance o RSV intec
ton. The transtonned rice plants are phenotypically normal, and fertife in seed serumng.

Thus. the novel leature i the present case study is that the rice grains contan
foreign DNA of a coat protein gene of RSV and of a nygromycein tolerance gene.

6. Additional evaluation procedures

As indicated above, rice grains produced on naturally growing rice plants. whether
inlecied by RSV or not, have been believed safe and have been caten by humans ol all
ages tor centuries. Moreover, as indicated, the wranstormed rice plants are norimal 1n
growth as well as ferulity and are indistingmishable from the parental nice planis.

It the rice grinns contiuning new trts are considered (o be substantially equivalent.
there will be no addittonal evaluations. If not. additional evaluation will be needed on the
basis of domestic regulatory procedures.
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Case No. 1 Animals from transgenesis experiments

1. Conceptual points to consider

This case study deals with meat derived from apparently untransformed individuals
in transgenesis experiments involving traditionally bred food animals. It assumes that the
transforming material is well-characterised and is not infectious.

At the time of writing, most transgenic animals were produced by the injection of
DNA into the pronucleus of a fertilised ovum. The success rate of this technique in swine
and cattle is low. Usually not more than 5 per cent of the animals produced clearly
exhibit the trait associated with the injected DNA and can therefore be readily identified
as transgenic. If it were possible to demonstrate that the remaining 95 per cent were not
transgenic in any way, it could be argued that they are substantially equivalent to
traditionally bred animals and that consequently it should be possible to market them for
food. In principle, it is not possible to demonstrate unequivocally that every cell in an
animal’s body is free from a given transgene. But if the criteria described below are met,
this would not be necessary and the animal could be considered substantially equivalent
to untreated animals.

2.  Organism/product

The product considered in this case study is edible portions of swine and cattle,
though the case study may be applicable to other meat and poultry products derived from
common food animals.
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3. Traditional product evaluation

Records of the breeding of traditional food anmimals, including swine and caitle. go
back 1o antiquity. During this protracted history. food safety problems have never been
traced to a specific animal breed or 10 a specific line of descent of a doinestic food
animal.

Traditionally bred animals are inspected for disease or ““unwholesomeness™. Fur-
thermore, if animals have been treated with drugs, the tissue levels of these substances
must be safe. or below established safe tolerance levels, before the animals are marketed
as food.

Food animals selected through traditional breeding programmes have not been
subjected to special tood safety reviews.

4. Databases available for traditional evaluation

The OECD countries have similar standards for the ante-mortem and post-mortem
inspection of animals ac slaughter. as well as for the processing of the corresponding
animal products. The organoleptic standards are well-established. and are augmenied by
laboratory support for the detection of infectious agents and drugs or chemical residues.
There is a large amount of baseline data available on the composition and concentrations
of normal constituents in meat products.

5. Novel component(s)/product

Animals may be considered non-transgenic and therefore substantially equivalent 1o
traditionally bred animals if the presence of the transgene is not directly detected. or if its
absence is inferred from a number of additional critena.

The polymerase chain reaction (PCR) enables the detection of inserted genes at very
low levels. ezsily in as few as 0.1 per cent of the cells examined.' In other words, a
transgene is almost certain to be detected if it is present in more than a few cells. Animals
that have incorporated the transgene into some but not all of their cells are said to be
“mosaic”". Mosaicism cannot be ruled out definitively using PCR. as it is always possible
that a sma!ll fraction of cells, or even one cell in an animal, carries the transgene.

The presence of a small percentage of transgenic cells in a mosaic animal is likely to
e of little consequence as regards food safety. The use of the following three criteria, in
addition to PCR, should strengthen arguments for substantial equivalence 1o the untrans-
formed parental animals:

a) the product of the inserted gene is not detected:

) there is no obvious phenotypic expression of the transgene;

¢) the animal 1s heaithy.

Because genes exert their effects through their products. failure to detect the gene

product is another indication that a gene is not present or that it is not being expressed.
The same conclusion can be made if none of the transgene-associated phenotypic charac-
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teristics are present. Finaily, the requirement for a healthy animat makes it unlikely that
an undetected transgene has caused some unexpected secondary or pleiotropic effect.

Thus, animals from transgenesis experiments may be considered substantially
equivalent to traditionally bred animals if the transgene 1s not detected by direct measure-
ment, and if the other three criteria above are mel.
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Case No. 2 Swine transgenic for porcine somatotropin

1. Conceptual points to consider

This case study describes establishing the substantial equivalence of swine carrying
a porcine somatotropin transgene. These transgenic amml. can be said o be substan-
tially equivalent to traditionally bred 2aimals. based on an evaluation of four feaiures: the
gene product; the DNA the organism: and possible pleiotropic effects. The case study
illustrates the use of ““reasonable centainty™” and sequential review .

2. Organism/product

The product considered in this case study is edible portions of swine carrving a
porcine somatotropin transgenc.

3. Traditional preduct evaluation

As in Case MNo. | above.

4. Database available for traditional evaluation

This is also the same as in Case No. | sbove. However, animals traditionally
selected for leanness or rapid growth shesl be included in the database. Some of these
amimals (for example. dairy cows) have elevated somatotropin levels.

5. Novel contponent(s)/preduct

Healthy tzansgenic swine carrying a swine somatotropin gene have been produced in
Austraha. This gene produces a somatotropin molecule identical o the native swine
somatotropin. Furthermere. the gene is linked 1o 2 promoter made by modifying the
metallothionein prometer. and this makes it possible o stop expression of the gene by
removing zinc and copper from the diet. Substantial equivalence may be established by
sequentially reviewing the gene products. the DNA. the orgamsm, and possible pleio-
tropic effects.

The transgene product is swine somatotropin. However, because the metallothionein
promoter allows the transgene to be switched off by removing zinc from the diet, the
somatotropin level is no different from that o1 the control animals at the time of
marketing. The metallothionein promoter produces no products.

The DNA inserted in these swine is not infectious. Non-infectious DNA is substan-
tally eq -ivalent to other DNA in the human diet. which includes all the genetic material
from all organisms which are consumed.
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The transgenrc animals have all the characienisiics, and the same appearance. as the
traditional organisms except for the maodified traits asscciated with the somatotropin
gene. Consequently, the animals can be considered substaniially equirilent o tradinonal
animals.

Pleiowropic effects are unlikely to be taod afety concerns in healthy animais. These
unexpected effects are caused by the random insertion of the fransgene in chromosonaal
locations, which increases or decreases the expression of one of the host animal’™s genes.
mady tnactivate a gene. or may cause the normal metabolism of the cell or cell replication
to be altered. It the animal is healthy. there is reasonable certainty that it i~ likely to be
safe as food since unsafe levels of a pharmacologically active gene product would affect
the health of the animal itself.

Substantial equivalence is established by determining that the gene product is struc-
twraily identical to normal porcine somatotropin. and that the concentration does not
exceed normal levels. The transgene DNA s not infeciious, the ammal is normal in
appearance, and there are no indications of piciotropic effects.

Notes ai:d References

1. Stetler-Swvenson. M., er al. (1988). Blood, 72: 1822-1825. The authors claim a potential
sensiivity of detection of one gens in 2 x 10 cells.




Amnex I

Terms of reference for a working group on food safety

1. Scope and objectives

The Working Group on Food Safety of the Group of National Experts on Satety i Biotechnol-
ogy (GNE) will address the scientific issues and principles imvolved inassessing the sale use of
new foods or foud components. Particular attention witl be given to new foods and tood compo-
nents produced by means of botechnology. The Workiay Group will not address the scaentific
principles for assessing the satety of {ood additves, contaminmis, processing inds and pachagmy
materials. Such principles are well established both natsonally and internationally . Alsol this
Working Group will not address principles of the em ronmentaf safets of these products as they are
already addressed in documents of the OECD and by other working parties of the GNEL

2.  Concepts underlying the work

Recognising the numerow. benetits to health, nutrition. tood preservation and lood production
to e obtained by introducieg new foods and Teod components produced by biotechnologs inte the
food suppls. the aim of this work 1s 1o

a) elaborate the scienutic principles necessary o assure that the safety of new fouds and tood
components will be at feast substaitially cquivalent o that of the widely accepted conven-
ton:l counterparts:

b) develop scientific principles to tucus on the safe use of pew lood or tood components of
microbial, plart or animal ongin;

¢) explore procedures for maintaining the flexibility and umeliness of the principles. once
developed:

d) ke into account the principles. criteria, procedures. decision trees. methods., guidelimes
and the results of recent scientitic endeavours related 1o food safety evaluation already
available or in preparation: and

¢) share ideas. data and information among experts. Member countries and other interna-
tional organisations. in particular the World Health Organisation (WHO) and the Food and
Agriculture Organisation (FAQ) and other relesant consultative badie on tood safety. 1o
enhance co-operation and harnionise the results of this work.

3.  Issues to be addressed

Among the issues 1o be addressed by the Working Group are:

a) the scientific principles which underlie the delinition of a new food or food component
hj identification of methods 10 distinguish between new fouds or food components and thesr
conventional counterparts;
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4.

)

o}

(]

consudering the safety of conventional loeds and lood Compoinents, estabhish whether such
foods and associzied satety judgements are a poud bopchmak tor assessing the sadety of
new touds or food compones,

determunation of the methods for establishing the substantial cquivadence of salety ot new
tasnds or toad components as compared (o ther consenuonal counterparts: and
whentifieation of methods 10 be used o establish the salety of new foads or foud compo-
nents for which there s no consentional counterparnt

Approaches and processes to be employed

[17]

[y

o)

Madels or swamples of pew toads o1 foad components will be adentified and existing
mtonmation refated 1 therr salety assessment will by colfected and used (o assist o the
devclopment and/or demonstration of the apphicabihity ol the proposed saentific principles
and assocntted methods lor assessing the use of new louds or Tood compunents.

e Working Group wall assist the Secretari o rapedly collect and dissenunate existing
docomentation. Following a review of e information as alable. the Secretarat m consul-
twhon with the charman wil prepare 2 docunent o lacilnate the fisst neetng ot the
Warkmg Group,

The Working Group would meet 1 tie Spring 1991 1o develop @ drah of the scienhific
principles and methods. Prior o the meeting the group members will co-andinate with
redevant national authonties o vbtan comments regarding the intormaton and preparatory
ducurments isaable. Subsequent o the mectng. the Working Group experts should solicit
comnehts from approprite agencies or departnients and serd them to the chairman and
Seoretartat so that thes can be ssed 1o revise the dradt prmciples.

The dratt primciples document wili be transnstted 1o the members of the Group of National
Experts of Salety i Biotechnology 1 August 1991, The members of the GNE can then
review and commient o) the dratt in advance of the tollowing plenasy mecting.

Notes and References

Sate use 1w based on the concept that there should be a reasonable probabiliny thas no harm w i result trom
mtended uses With  respedt o toud and fued components. sate use 1v that which presents o sociadly

aveeptable risk undet the exypected condiions ol consumption
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RYIITON

Sclected list of documents or publications
relating to the assessment of food safety

As bachground tor s discussions. the Workang Group on Foad Salety and Brotechnology
exanuned & number of documents and publications avarlable in OECD Member countnies relanng
(o the assessment ol load sadety. These imchuded:

Advisory Commitiee on Novel Foeds and Peocesses (1995 v Department of Health Report on
Health and Social Subpecis Noo 350 Guidebines on the \ssessment of Novel Foods and
Processes, London tHAMSO) Aabdresss Admmnstratine Secretany. Advisory. Commstiee on
Novel Foods and Processes. Room 609, Frdeen House, 80794 Newmgton Causevay . London
SEE ok UK.

[LS! tinternavonasl Late Saiences Insnituie)y (198395 Assessment of Nenel Foods. A Disaission
daperPrepared byoan IS Furope e al Commitiee on Nevel Foodv. Address: 1S
Luropean Branch, 83 Aseoue B Moumer. Boy o, B-1200, Brussels, Betzum, Telelax 32502
T62-00-44.

Internanional Food Biotechnology Council < 1990y, Brotechnedogies and Food: Assuring the Safess
of Focds Produced By Genene Moddecanon, Pan 2 of Revalbaiory Foucelogy and Pharmue ol -
ogy, Vol 120 Noo 3 iDecembeny Addiess International Food Biotechnology Council, 1126
Sexteenth Street. NWO Sune 00 W hington, DO 20036, USAL

Japan Food Swntation Council (19591, Greditines for Foods aned Food Addunes Produced by
Recombinant DNA Tedhungues Galso mchudes Boaste Princples on Safets Assessment for Foods
and Food Additnves Produced i Brotechnology and Guidelines for Manufacturing Foods and
Food Addunves by Applicanon of Recombouwon DNA - Teddingues), 1ISBN 1-8055-0961)-4
C2045 un Japanese and Enghshy. \wabable trom: Chuo Hoki Publishing Company, 2-27-4
Yoyor, Shibusa. Tokyol FSE Japan Tefephone: (81002 3379-3361. Cost: Y 20010},

Japanese Research and Development Asseciation Tor Bioreactor System i Food Industry (1991,
Cutdelines tor Gualinn Assunance of Tewnd Produced Iy Brsreaetor. Address: Koadenba-chou
17 17, Nshonbishe, Chivodaba, Tohyol Japan Teletax- 18003y 36n31-7684,

Nanonal Agnculturad Biotecheologs Councel e 1990 Aern wdtiral Bustechnologs, Food Safeiy and
Nutrittoned Chuabies for the Consoner. NABC Report Noo 20 Address: NABC. 159 Biowechnol-
ogy Buillding, Cornell Universin fthaca, New York 8532703 USAL tFree single copy:
additonal copres avalable at USS 3 08 cacho

Nordic Working Group on Food Toveolory and Risk Iavaluation (1991 Food and New Biotech-
nedogy Novelin, safeny and control asnccts of foods made by new bienechnology, Nord 1991
IS Address: Nordic Coundil ot Mini e~ Store Strandstiaede 180 DEK-1255 Copenhager, K.
Denmark.

Uinited States Eos ronmental Protecnon Azenos (1989, Pesrrcrde Assessatenr Guadelines: Subdivi-
st M Microhial and Brochemacad Pest Control Avents (Parr A, No, PBEY-211676.
Availible troms Navonal Techmeal Intonnanon Service. US Departiment of Connmerce. 5285
Port Reyal Road, Springhicid, Virgia 221601 USA Tedelas: o) (703) 321-8i99,
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World Health Organization (1987), Principles for the Safety Assessment of Food Additives wd
Conteminants in Food, 1PCS Environmental Health Criteria 70, Address: Distribution and
Sales, World Health Organization, 1211 Geneva 27, Switzerland,

World Health Organization (1991), Strategies for Assessing the Safety of Foods Produced by
Bictechnology. Report of « Joine FAO/WHO Consultation. Address: Distribution and Sales,
World Health Organization, 1211 Geneva 27, Switzerland,
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SAFE'I'" EVALUATION

OF ma%g{ DERIVED
_ MODERN morzEHNOLosY
o ‘ '\""

4-1.

Modem b;otechnology braadens the scope of the genetlc

o change,, that-can be made to food organisms; ‘as well.as- . " |

. the range of possible sources’of food., This book: elaborates_;4;}'-"‘.-«:-_\.-,;;.\-0

. sgientific principles to be considered.in making evaluations of -
- = new foods or food components based ona comparisop w:thl,‘ S
e foods that have, a safe hustcnry of use. . | R

" *The OECD Group of National Experts on 8afety i
- Biotechmbgy has agreed that the most practical approach .

-+, to determine the safety. of fdods derived. by moderm bio- .- .

-technology is to consider whether they am *sibstantially. - -

. equivalent” to analogous traditional food products. The case .-

-~ studies in this report illustrate the apphcaticm of the concept:.“ A

o substantia! equwafance. e
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