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B) the gene product(s)’ function;
C) the phenotypic description of the new trait(s);

+ D) thelevel and site of expression in the plant of the expressed gene product(s), and the levels of its
metabolites in the plant, particularly in the edible portions; and

E)  where possible, the amount of the target gene product(s) if the function of the expressed
sequence(s)/gene(s) is to alter the accumulation of a specific endogenous mRNA or protein.

33. In addition, information should be provided:

A)  to demonstrate whether the arrangement of the genetic material used for insertion has been
conserved or whether significant rearrangements have occurred upon integration;

B). to demonstrate whether deliberate modifications made to the amino acid sequence of the expressed

protein result in changes in its post-translational modification or affect sites critical for its structure
or function;

C) to demonstrate whether the intended effect of the modification has been achieved and that all
expressed traits are expressed and inherited in a manner that is stable through several generations
consistent with laws of inheritance. It may be necessary to examine the inheritance of the DNA
insert itself or the expression of the corresponding RNA if the phenotypic characteristics cannot be
measured directly; "

D)  to demonstrate whether the newly expressed trait(s) are expressed as expected in the appropriate
tissues in a manner and at levels that are consistent with the associated regulatory sequences
driving the expression of the corresponding gene; '

E)  to indicate whether there is any evidence to suggest that one or several genes in the host plant has
been affected by the transformation process; and

F) to confirm the identity and expression pattern of any new fusion proieins.

SAFETY ASSESSMENT
Expressed Substances (non-nucleic acid substances)

Assessment of possible toxicity ; ‘ ‘

34. In vitro nucleic acid techniques enable the introduction of DNA that can result in the synthesis of new
substances in plants. The new substances can be conventional components of plant foods such as
proteins, fats, carbohydrates, vitamins which are novel in the context of that recombinant-DNA plant.
New substances might also include new metabolites resulting from the activity of enzymes generated by
the expression of the introduced DNA. ’

35. The safety assessment should take into account the chemical nature and function of the newly expressed
substance and identify the concentration of the substance in the edible parts of the recombinant-DNA
plant, iricluding variations and mean values. Current dietary exposure and possible effects on population
sub-groups should also be considered.

36. Information should be provided to ensure that genes coding for known toxins or anti-nutrients present in
the donor organisms are not transferred to recombinant-DNA plants that do not normally express those
| toxic or anti-nutritious characteristics. This assurance is particularly important in cases where a
recombinant-DNA plant is processed differently from a donor plant, since conventional food processing
techniques associated with the donor organisms may deactivate, degrade or eliminate anti-nutrients or
toxicants. :

37. For the reasons described in Section 3, conventional toxicology studies may not be considered necessary
where the substance or a closely related substance has, taking into account its function and exposure,
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been consumed safely in food. In other cases, the use of appropriate conventional tox1cology or other
studies on the new stibstance may be necessary

38. In the case of proteins, the assessment of potential toxicity should focus on amino acid sequence
similarity between the protein and known protein toxins and anti-nutrients (e.g. protease inhibitors,
lectins) as well as stability to heat or processing and to degradatlon in appropriate representatwe gastric
and intestinal model systems. Appropriate oral toxicity studies’ may need to be carried out in cases
where the protein present in the food is not similar to proteins that have previously been consumed safely
in food, and taking into account its biological function in the plant where known.

39. Potential toxicity of non-protein substances that have niot been safely consumed in food should be
assessed on a case-by-case basis depending on the identity and biological function in the plant of the
substance and dietary exposure. The type of studies to be performed may include studies on metabolism,
toxicokinetics, sub-chronic toxicity, chronic toxicity/carcinogenicity, reproduction and development
tox1c1ty accordmg to the traditional toxicological approach

40. This may require the isolation of the new substance from the recomblnant-DNA plant or the synthesis or
production of the substance from an alternative source, in which case, the material should be shown to be
biochemically, structurally, and functionally equivalent to that produced in the recombinant-DNA plant.

Assessment of possible allergenicity (proteins)

41. When the protein(s) resulting from the inserted gene is present in the food, it should be assessed for
potential allergenicity in all cases. An integrated, stepwise, case-by-case approach used in the assessment
of the potential allergenicity of the newly-expressed protein(s) should rely upon various criteria used in
combination (since no single criterion is sufficiently predictive on either allergenicity or non-
allergenicity). As noted in paragraph 20, the data should be obtained using sound scientific methods. A
detailed presentation of issues to be considered can be found in the Annex to this document. 4

42. The newly expressed proteins in foods derived from recombinant-DNA plants should be evaluated for
any possible role in the elicitation of gluten-sensitive enteropathy, if the introduced genetic material is
obtained from wheat, rye, barley, oats, or related cereal grains.

43. The transfer of genes from commonly allergenic foods and from foods known to elicit gluten-sensitive
enteropathy in sensitive individuals should be avoided unless it is documented that the transferred gene
does not code for an allergen or for a protein involved in gluten-sensitive enteropathy.

Composmonal Analyses of Key Components

44. Analyses of concentrations of key components® of the recombmant-DNA plant and, especially those
typical of the food, should be compared with an equivalent analysis of a conventional counterpart grown
and harvested under the same conditions. In some cases, a further comparison with the recombinant-
DNA plant grown under its expected agronomic conditions may need to be considered (e.g. apphcauon
of an herbicide). The statistical significance of any observed differences should be assessed in the
context of the range of natural variations for that parameter to determine its biological significance. The
comparator(s) used in this assessment should ideally be the near isogenic parental line. In practice, this

Guidelines for oral toxicity studies have been developed in internatione] fora, for example, the OECD
Guidelines for the Testing of Chemicals.

4 The FAO/WHO expert consultation 2001 report , which includes reference to several decision trees, was used in
deve]opmg the Annex to these guidelines. :

Key nutrients or key anti-nutrients are those components in a particular food that may have a substantial impact
in the overall diet. They may be major constituents (fats, proteins, carbohydrates as nutrients or enzyme
inhibitors as anti-nutrients) or minor compounds (minerals, vitamins). Key toxicants are those toxicologically
significant compounds known to be inherently present in the plant, such as those compounds whose toxic
potency and level may be significant to health (e.g. solanine in potatoes if the level is increased, selenium in
wheat) and allergens.
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may not be feasible at all times, in which case a line as close as possible should be chosen. The purpose
of this comparison, in conjunction with an exposure assessmert as necessary, is to establish that
substances that are nutritionally important or that can affect the safety of the food have not been altered
in a manner that would have an adverse impact on human health.

45. The location of trial sites should be representative of the range of environmental conditions under which
the plant varieties would be expected to be grown. The number of trial sites should be sufficient to allow
accurate assessment of compositional characteristics over this range. Similarly, trials should be
conducted over a sufficient number of generations to allow adequate exposure to the variety of
conditions met in nature. To minimise environmental effects, and to reduce any effect from naturally

- occurring genotypic variation within a crop variety, each trial site should be replicated. An adequate
_ number of plants should be sampled and the methods of analysis should be sufﬁmently sensitive and
specific to detect variations in key components.

Evaluation of Metabolites

46. Some recombinant-DNA plants may have been modified in a manner that could result in new or altered
levels of various metabolites in the food. Consideration should be given to the potential for the
accumulation of metabolites in the food that would adversely affect human health. Safety assessment of
such plants requires investigation of residue and metabolite levels in the food and assessment of any
alterations in nutrient profile. Where altered residue or metabolite levels are identified in foods,
consideration should be given to the potential impacts on human health using conventional procedures

for establishing the safety of such metabolites (e.g. procedures for assessing the human safety of
- chemicals in foods).

Food Processing

47. The potential effects of food processing, including home preparation, on foods derlved from
recombinant-DNA plants should also be considered. For example, alterations could occur in the heat
stability of an endogenous toxicant or the bioavailability of an 1mportant nutrient after processing.
Information should therefore be provided describing the processing conditions used in the production of
a food ingredient from the plant. For example, in the case of vegetable oil, information should be
provided on the extraction process and any subsequent refining steps.

Nutritional Modification

48. The assessment of possible composmonal changes to key nutrients, which should be conducted for all
recombinant-DNA plants, has already been addressed under ‘Compositional analyses of key :
components’. However, foods derived from recombinant-DNA plants that have undergone modification
to intentionally alter nutritional quality or functionality should be subjected to additional nutritional

- assessment to assess the consequences of the changes and whether the nutrient intakes are likely to be
altered by the introduction of such foods into the food supply. '

49. Information about the known patterns of use and consumption of a food, and its derivatives should be
used to estimate the likely intake of the food derived from the recombinant-DNA plant. The expected
intake of the food should be used to assess the nutritional implications of the altered nutrient profile both
at customary and maximal levels of consumption. Basing the estimate on the highest likely consumption
provides assurance that the potential for any undesirable nutritional effects will be detected. Attention
should be paid to the particular physiological characteristics and metabolic requirements of specific
population groups such as infants, children, pregnant and lactating women, the elderly and those with
chronic diseases or compromised immune systems. Based on the analysis of nutritional impacts and the
dietary needs of specific population subgroups, additional nutritional assessments may be necessary. It

" is also 1mportant to ascertain to what extent the modified nutrient is bloavallable and remains stable with
time, processing and storage

50. The use of plant breeding, mcluding in vitro nucleic acid techniques, to change nutrient levels in crops
can result in broad changes to the nutrient profile in two ways. The intended modxﬁcatlon in plant
constituents could change the overall nutrient profile of the plant product and this change could affect the
nutritional status of individuals consuming the food. Unexpected alterations in nutrients could have the
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same effect. Although the recombinant-DNA plant components may be individually assessed as safe,
the impact of the change on the overall nutrient profile should be determined.

51. When the modification results in a food product, such as vegetable oil, with a composition that is
significantly different from its conventional counterpart, it may be appropriate to use additional
conventional foods or food components (i.e. foods or food components whose nutritional composition is
closer to that of the food derived from rccombmant—DNA plant) as appropriate comparators to assess the
nutritional impact of the food.

52. Because of geographical and cultural variation in food consumption patterns, nutritional changes to a
specific food may have a greater impact in some geographical areas or in some cultural population than
in others. Some food plants serve as the major source of a particular nutrient in some populations. The
nutrient and the populations affected should be identified.

53. Some foods may require additional testing. For example, animal feeding studies may be warranted for
foods derived from recombinant-DNA plants if changes in the bioavailability of nutrients are expected or
if the composition is not comparable to conventional foods. Also, foods designed for health benefits:
may require specific nutritional, toxicological or other appropriate studies. If the characterization of the
food indicates that the available data are insufficient for a thorough safety assessment, properly designed
animal studles could be requested on the whole foods.

SECTION 5—- OTHER CONSIDERATIONS

POTENTIAL ACCUMULATION OF SUBSTANCES SIGNIFICANT TO HUMAN HEALTH

54. Some recombinant-DNA plants may exhibit traits (e.g., herbicide tolerance) which may indirectly result
in the potential for accumulation of pesticide residues, altered metabolites of such residues, toxic
metabolites, contaminants , or other substances which may be relevant to human health. The safety
assessment should take this potential for accumulation into account. Conventional procedures for
establishing the safety of such compounds (e.g., procedures for assessing the human safety of chemicals)
should be applied.

USE OF ANTIBIOTIC RESIS TANCE MARKER GENES

55. Alternative transformation technologies that do not result in antibiotic resistance marker genes in foods
should be used in the future development of recombinant-DNA plants, where such technologies are
available and demonstrated to be safe.

56. Gene transfer from plants and their food products to gut microorganisms or human cells is considered a
rare possibility because of the many complex and unlikely events that would need to occur
consecutively. Nevertheless, the possibility of such events cannot be completely discounted®.

57. In assessing safety of foods containing antibiotic resistance marker genes, the following factors should be
considered: v

A) the clinical and veterinary use and importance of the antibiotic in question;

(Certain antibiotics are the only drug available to treat some clinical conditions (e.g. vancomycin for
us€ in treating certain staphylococcal infections). Marker genes encodmg resistance to such
antibiotics should not be used in recombinant-DNA plants.)’

B) whether the presence in food of the enzyme or protein encoded by the antibiotic resistance marker
gene would compromise the therapeutic efficacy of the orally administered antibiotic; and

(This assessment should provxde an estimate of the amount of orally ingested antibiotic that could be
degraded by the presence of the enzyme in food, taking into account factors such as dosage of the
antibiotic, amount of enzyme likely to remain in food following exposure to digestive conditions,

In cases where there are high levels of naturally occurring bacteria which are resistant to the antibiotic, the
likelihood of such bacteria transferring this resistance to other bacteria will be orders of magnitude higher than
the likelihood of transfer between ingested foods and bacteria.
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including neutral or atkaline stomach conditions and the need for enzyme cofactors (e.g. ATP) for
enzymatic act1v1ty and estimated concentration of such factors in food.)

C) safety of the gene product, as would be the case for any other expressed gene product.

58. If evaluation of the data and information suggests that the presence of the antibiotic resistance marker
gene or gene product presents risks to human health, the marker gene or gene product should not be
present in the food. Antibiotic resistance genes used in food production that encode resistance to
clinically used antibiotics should not be present in foods.

REVIEW OF SAFETY ASSESSMENTS

59. The goal of the safety assessment is a conclusion as to whether the new food is as safe as the
conventional counterpart taking into account dietary impact of any changes in nutritional content or
value. Nevertheless, the safety assessment should be reviewed in the light of new scientific information
that calls into question the conclusions of the original safety assessment. ’





