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Executive Summary

Scientists in both the public and private sector in Egypt are currently using the
techniques of genetic engineering to develop new, improved varieties of crops for
eventual use by Egyptian farmers. Up until now, this work has been restricted to
research, but soon some new varieties will become ready for commercial release.
Such release will need to be regulated to ensure safety.

Egypt's National Biosafety Committee (NBC) uses the Biosafety Regulations
and Guidelines to guide its work in regulating the use of genetically
engineered plants in Egypt. These Guidelines focus mainly on controlled testing of
genetically engineered plants proposed for planting in Egypt. The Guidelines,
however, are underdeveloped when it comes to specifying requirements for approving
the release of such plants for commercial purposes. This report proposes a draft
amendment to the Guidelines (Annex I) to remedy this deficiency, with particular
emphasis on the necessity of (a) food and feed safety assessments, and (b)
environmental safety assessments, as conditions for approval.

This report proposes detailed guidelines for the food and feed safety
assessment of food derived from genetically engineered plants (Annex 1I). These
guidelines describe the data and test results to be supplied by the applicant to the
NBC, including (I) characteristics of the genetically engineered plant and the effects
of the transformation on known toxicants, anti-nutrients, or nutrients, (2) the sources
ofnew genetic materials and their characterization in the genetically engineered plant,
and (3) safety assessment of the gene products in the genetically engineered plant.

Similar guidelines will need to be developed for the assessment of
environmental safety.

Egyptian laboratories have the capacity to conduct most of this food safety
testing, although in some cases additional equipment may be necessary.

It is up to the NBC to consider these proposed amendments to the Biosafety
Regulations and Guidelines, adapt them to Egyptian needs, and arrange for their
official approval. Once the guidelines are finalized and adopted, the NBC will be able
to assess the food and environmental safety ofnew genetically engineered plants
proposed for commercial release in Egypt and when appropriate, recommend their
registration to the Variety Registration Committee.

It is important to note that the work ofthe NBC focuses on evaluating
genetically engineered plants for the purpose of planting in Egypt. It does not focus
on evaluating the safety of imported genetically engineered commodities, such as
maize, that are directly consumed by people or livestock. The import of these
commodities is governed by a separate decree (No. 242/1997) that prohibits the
import of foods derived from genetically engineered plants, unless their safety is
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confirmed. Exactly how this safety is to be confirmed is presently under-defined in
Egypt. In practice, the current policy, based on a recommendation of the Supreme
Committee for Food Safety, allows food commodities from genetically engineered
plants to be imported only if the importer provides certification of safety from a
foreign govemmental agency and documentation of its commercial status in the
country oforigin. It is not clear, however, if this policy is fully implemented, given
difficulties in identifying which shipments include genetically modified commodities.
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1. Introduction

Genetically engineered plants have become an important source ofraw
material for food produced in a number of countries throughout the world. Global
acreage of genetically engineered crops totaled 44 mil1ion hectares in 2000, primarily
in the United States, Argentina, Canada, and China (James, 2000). This technology
holds much promise as one of the tools for improving crops. Egypt, having long
recognized the potential benefits of this technology, has been conducting genetic
engineering research for crop improvement in its Agricultural Genetic Engineering
Research Institute (AGERl), an institute of the Agricultural Research Center within
the Ministry of Agriculture and Land Reclamation (MALR). After several years of
research, some of AGERl's projects are on the verge ofcommercialization.

In order to move to the commercialization phase of this technology in Egypt,
appropriate policies, regulations and guidelines must be established. This report
examines the background for these policies, regulations, and guidelines, specifically
with respect to the evaluation of food safety. It also proposes regulations and
guidelines for food safety assessment, discusses the capacity of particular laboratories
to conduct the necessary experiments in connection with these assessments, and
makes recommendations for upgrading the capacity of these laboratories to enable
them to conduct the required testing. Finally, this report also examines the issue of
labelling of foods derived from genetically engineered plants, and provides questions
to be considered when formulating and implementing labelling regulations.

2. Current Food Safety Policies, Procedures and Practices Related to the
Introduction of New Foods and Feeds in Egypt, and the Regulation of
Genetically Enhanced Food and Feed Products

Food safety regulation in Egypt is based upon two primary laws: Law No.
10/1966, Concerning Food Control, and Law No. 48/1941 as amended by Law No.
281/1984, Prohibition Against Adulteration and Deception of Foods. In practice,
these laws make food safety the responsibility of various ministries, but with the
Ministry ofIndustry's Egyptian Office of Standards (and specifically the Egyptian
Codex Committee within this office) as the focal point. Assurance of safety of foods
and feeds in Egypt primarily hinges on enforcing adherence to a set of standards
codified in either the Egyptian Product Standards, International Organization for
Standardization (ISO) Standards, European Standards (EN), British Standards (BS),
German Standards (DIN), French Standards (NF), American Standards (ANS),
Japanese Standards (TIS), or Codex Standards. Domestically, food safety is assured
by certifying production facilities for the safe production offoods-which means
eliminating known hazards (e.g., microbial, pesticide, and heavy metal
contamination}-coupled with sampling products for testing by central laboratories in
the Ministries of Health (MOR) and Agriculture and Land Reclamation (MALR).
Imported products are subject to the same scrutiny as domestic products, with the
obvious exception offacility inspections.

Food safety policies and regulations in Egypt are geared toward assuring both
safety and quality by eliminating contaminants and nonconforming products. Efforts
to reduce contaminants focus on testing for levels ofknown toxins such as pesticides,
heavy metals, aflatoxins, and microbial contamination. Efforts to reduce
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nonconforming products aim at increasing the consistency of quality by paying strict
attention to production and expiration dates, as well as confirming that adherence to
product and quality standards set by the Egyptian Office ofStandards or the other
standard-setting bodies mentioned above are met.

Quality and safety assurance is viewed as the government's responsibility. The
government, through its central laboratories that test for safety and quality, supervises
compliance with food safety and quality standards. The Ministry ofHealth is
responsible for assuring food safety through its Food Control Department. Inspectors
from this agency inspect food processing plants and sample products, which are sent
to the Central Laboratory for Food within MOH. This laboratory analyzes the samples
for compliance with standards set by the EOS.

Quality control of all feedstuffs, both domestic and imported, is the responsibility
ofMALR's Central Laboratory for Food and Feed (CLFF). This includes
commodities that may be used for food as well as feed (e.g., com and soybeans).
Also within MALR, the Laboratory of Residue Analysis of Pesticides and Heavy
Metals in Foods (LRAPHMF) is responsible for monitoring foods for pesticide
residues. Imports as well as exports are sampled on a daily basis, and the Ministry of
Agriculture takes remedial action whenever pesticide residue amounts above
threshhold levels are detected.

The mandate of the LRAPHMF presents an interesting situation on testing
commodities for pesticides. This laboratory tests for the presence of a number of
conventional pesticides, heavy metals, and microbes. However, this laboratory does
not routinely test for the presence of biopesticide residues. Whether or not such
testing will be done is a matter that should be clarified, since it will have an impact on
organically grown and genetically modified crops developed in Egypt, as well as
commodities and seeds imported into the country. Plants engineered to be resistant to
a pest might be viewed as producing a pesticidal compound, as defined by the Manual
for Agricultural Pesticides Registration, Handling, and Inspection in Egypt.
According to MALR's Ministerial Decree No. 663/1998:

Pesticide means any substance or mixture of substances intended for
preventing, destroying or controlling any pest. including vectors of human
animal disease, unwanted species ofplants or animals causing harm during,
or otherwise interfering with, the production, processing, storage, transport,
or marketing of food, agricultural commodities, wood and wood products or
animal feedstuffs, or which may be administered to animals for the control of
insects, arachnids or other pests in, or on their bodies. The term includes
substances intended for use as a plant growth regulator, defoliant, desiccant,
or agent for thinning fruit or preventing the premature fall of fruit, and
substances applied to crops either before or after harvest to protect the
commodity from deterioration during storage and transport. [Emphasis
added]

Moreover, biopesticides are viewed under the same registration umbrella as
chemical pesticides, even though they clearly should not be viewed in the same way
as chemical pesticides with demonstrated toxicity. Thus, plants producing a pesticidal
compound could be interpreted as falling under the monitoring mandate of
LRAPMHF.

2



In conflict with MALR's Ministerial Decree No. 663/1998, Ministerial Decree
No. 1648/1998 (MALR) makes commercial approval ofgenetically engineered plants
(presumably including plants expressing pesticidal traits) a matter for the Variety
Registration Committee. However, it is unclear whether such genetically engineered
plants remain free from pesticide oversight after they are commercialized and the
products from such plants enter the food stream. This important issue must be
resolved, since not only will it apply to domestically produced genetically engineered
plants expressing pesticidal traits, but also to crops-particularly com-currently
being imported from countries (notably the U.S. and Argentina) that grow genetically
engineered crops that express pesticidal traits. There is scientific support for the
position that these plants should not be dealt with as a pesticide matter. However, this
position needs to be officially affirmed.

Because the focus of food safety assessments is on contaminants, there is no
system in place to assess the safety of food per se. Thus, no regulations are currently
in place to assess the inherent safety of any food or feed, whether traditional or truly
novel. For example, a novel food product (from an Egyptian point of view) is
currently made from the noxious weed, Pueraria montana, commonly known as
kudzu (http://www.geocities.comlmferg265/Kudzu Jelly.html). If an importer were
to market in Egypt a jelly made from this plant, no prior testing for endogenous
toxins, anti-nutrients, carcinogens, or allergens would be required. Only those known
toxins that would appear in the food as a result of contamination or incorporation ofa
prohibited food additive would be detected. Of the certificates required for all
imported food products, only two would apply: a Health Certificate and a Free Sale
Certificate (FASIUSDA Attache Report #EG0023). Neither of these certificates
provides an assurance of safety, because they would not be based on any studies that
assess the inherent safety of this novel food. It is of some assurance to know that this
novel food is consumed in the country of origin, with no reports of adverse effects.
However, even this assurance would be little comfort to some who would argue that
safety information and experience obtained with one population is not predictive of
safety for Egypt. I

Due to the lack of requirements for pre-market safety assessment of any novel
foods, no assessment of the safety of foods derived from genetically engineered plants
is currently being conducted, although many Egyptian scientists recognize the need to
conduct them. The ultimate goal of these scientists is to establish the safety of these
foods through independent safety assessments conducted in Egypt, thus allowing their
importation into the country. At present, these types of food are officially prohibited
from entry into Egypt as a consequence of Ministerial Decree No. 242/1997 (MOH),
which is paraphrased in Madkour, et al. (2000):

I The lack of pre-market testing requirements for novel foods is not unique to Egypt.
In fact, the United States, the country of origin in this example, does not require pre
market safety testing for this food either. However, the FDA would consider
producers of this novel food to be subject to the same obligations to conduct safety
assessments as producers of food derived from genetically engineered plants (FDA,
1992). However, in contrast to a non-genetically engineered novel food, the FDA will
be requiring mandatory consultations for producers of foods derived from genetically
engineered crops (FDA, 2001).

3
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This decree prohibits importing any foodstuff produced through genetically
modified (GM) organisms, unless its safety is confirmed. The act also
necessitates that a certificate should accompany any imported seeds from the
country of origin, confirming that these seeds were not produced from GM
plants. GM plants or seeds can be imported ifpreviously approved for use in
the country of origin, and having been deemed safe.

Therefore, Decree No. 242/1997 currently prohibits the importation of foods
derived from any genetically engineered plants, since their safety has not been
officially confirmed by any Egyptian Authority. In practice, however, the current
policy, based on a recommendation of the Supreme Committee for Food Safety
(SCFS), allows food from genetically engineered plants to be imported, as long as the
importer provides certification of safety from a foreign governmental agency, and
documentation of its commercial status in the country of origin. It is not clear
whether even this policy is fully implemented.

Ifextensive safety testing is planned to arrive at the safety confirmation required
by Decree No. 242/1997, the scope of this testing must be defined more precisely than
it is at present. At one extreme, the safety of all foods (i.e., all processed foods
derived from transgenic plants) could be tested. At the other extreme, the safety
testing would be conducted on the original raw material (i.e., transgenic events). If
the intent is the first extreme, then such testing would be formidable. It is doubtful
whether any country in the world is equipped for such a level of effort. If the intent is
the latter extreme, then the undertaking would still be daunting. There already exist a
large number of transgenic lines approved for commercialization in countries
(principally the U.S.) from which Egypt imports significant quantities of
commodities. For example, Egypt imported 3.6 million tons of corn in 1998/99 and
4.4 million tons in 1999/2000 from the United States (Dr. Akila Hamza, personal
communication; FASIUSDA Attache Report No. EGl006). The U.S. does not require
segregation of genetically engineered products, and therefore, the safety testing of at
least thirteen different corn products would be required
(http://www.vrn.cfsan.fda.gov/-lrd/biocon.htrnl). Argentina is also a source ofcom
(http://www.netlinkde/gen/Zeitung/970920.htrn),someofwhich would also be
genetically engineered. Egypt also imports soybeans from the U.S. and Argentina
(http://www.netlink.de/gen/Zeitung/970920.htrn). Both countries grow genetically
engineered varieties of this crop on an extensive scale, and therefore, soybean meal,
soybean oil, and other soy-derived products coming from these countries most likely
have been produced from sources containing genetically engineered beans. These
transgenic lines have been commercialized since 1995. Finally, wheat is a significant
import commodity for Egypt. Egypt is the second largest wheat buyer in the world,
importing 4 million tons annually (http://metimes.com/2KJissue2000-
15/bus/wheat_czars_dispute.htrn) for a total value of approximately L.E. 2.17 billion
(US$ 564 million). While no genetically engineered wheat is presently on the market,
such wheat lines will be commercialized in 2001-2002 (Monsanto Annual Report,
2000). Because of the large number ofexisting and soon-to-be marketed
commodities derived from genetically engineered plants in countries that are
important sources of these commodities, a significant effort on the part of major
laboratories in Egypt would be required to meet the goal ofindependently assessing
the food safety of these commodities. This goal could very easily command the
resources of entire laboratories for a number of years.

4



The sole mechanism currently in place for assessing the food safety of genetically
engineered plants is to delegate the responsibility for this task to the National
Biosafety Committee (NBC) and the Supreme Committee for Food Safety (SCFS) as
a part ofvariety registration procedures outlined by Decree No. 1648/1998 (MALR).
This system covers approvals for seed destined for planting only. and not seeds
imported as commoditv grain. Decree No. 1648/1998 apparently "confinns the
authority and responsibility of CASC for releasing genetically modified as well as
conventional seeds" (Madkour et al., 2000). The NBC has the authority to review
data from food and feed safety studies provided by an applicant. After review and a
favorable finding, the NBC forwards its approval to the Variety Registration
Committee (VRC) after which the transgenic variety enters the process review for
seed registration. As part of this seed registration process, Decree No. 70211999
(MALR) also requires the DNA fingerprinting of all new crop varieties in order to
confirm identity, and to provide a reference. The DNA fingerprinting is to be
conducted by a certified laboratory to be identified by the VRC Secretariat.

Therefore, while a procedure for commercializing the seed of genetically
engineered plants by both domestic and foreign entities has been established, no
policies or regulations are currently in place that govern the procedures for safety
testing of genetically engineered food and feed. The existing procedure for
commercialization of seeds for planting is inadequate, since specific requirements and
guidelines governing the assessment of safety have not been formulated.

Furthermore, while it is not a stated objective of this study, it should be pointed
out that policies and regulations regarding the demonstration of environmental safety
are also not in place. The protocol for the commercial registration of transgenic
plants, provided in Annex 4 of Madkour et al. (2000), states that "...[t]he applicant
should submit all relevant studies carried out to ensure [the] biosafety status of this
new variety, including environmental biosafety, food safety, ensuring absence of any
risk hazard on human, animal, plant, environment [emphasis added]." Policies and
guidelines for establishing enviromental safety are required as well.

3. Regulations for Commercializing Genetically Engineered Plant Varieties:
Assessing Safety for Food and Feed

As discussed above, Egypt's regulation ofgenetically engineered plant
varieties that will eventually be made into food and feed is primarily the responsibility
of the National Biosafety Committee, established under Ministerial Decree No.
85/1995 (MALR). The NBC oversees adherence to the Biosafety Regulations and
Guidelines adopted via Ministerial Decree No. 136/1995 (MALR), which cover
greenhouse and contained field releases of genetically engineered plants. The
mandate of the NBC is described in the Biosafety Regulations and Guidelines as
follows:

The purpose ofthe national committee is to establish policies and procedures
to govern the use ofmode[rn] biotechnology in the country. This includes
publishing the National Biosafety Committee guidelines (NBC Guidelines) to
be followed at the national level. The committee would also provide
technical advice to the regulatory authorities and the institutions responsible
for the development ofbiotechnology in the country (MALR, 1994, p. 12).

5
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Therefore, the NBC plays a central role in providing technical advice and
formulating guidelines-including guidelines for commercialization (MALR, 1994,
p.13}--to be followed by regulatory authorities, but does not appear to have
regulatory authority itself. As previously noted, regulatory authority for
commercialization of transgenic plants has been given to the VRC under Ministerial
Decree No. 1648/1998 (MALR) as described above.

A more detailed description of the process for commercialization is provided
by Madkour et al. (2000) based on the protocol outlined in the decree (Annex IV):

For varieties produced within Egypt, the process is as follows:

I. The applicant completes a permit application form providing details ofthe
genetic material introduced, the process used for inserting it, and other
relevant information. The applicant also provides data from food and feed
safety studies and evidence supporting a determination of low or negligible
environmental risk. Where applicable, the applicant provides documents
indicating approval of similar GMO's for release in their country oforigin.

2. The application form is submitted to the NBC, which after examination and
approval forwards it to the Variety Registration Committee for their
preliminary approval to proceed with standard field trials conducted at
several locations. The VRC assigns a team of qualified inspectors drawn
from relevant ARC units and/or private certified laboratories to supervise
cultivation, ensure adherence to any biosafety requirements, commn the new
phenotype, and evaluate agronomic performance.

3. The NBC has the right to confmn the nature ofthe genetic modification by
taking samples from the field for molecular analysis.

4. After successful completion of the field trials and submission of a report to
the NBC, the NBC authorizes the applicant to submit an application to the
Variety Registration Committee for final approval to commercially release
the new variety. Pending this, three years or seasons ofagronomic
performance trials are conducted under the supervision of the VRC.

The process for securing commercial release approval for crops genetically engineered
outside of Egypt has an added step. The applicant must first obtain a permit for importing
the initial seed material from the Supreme Committee for Food Safety, MOH. The permit
is then presented to the NBC and the Variety Registration Committee, after which the
seed is imported into the country. From this point forward, the remaining steps in the
approval process are exactly the same as for GMO's developed within Egypt.

While Ministerial Decree No. 1648/1998 (MALR) refers to processes for
commercialization, these processes should be clarified and further refined to provide
an easily discernible process for the commercial release ofseed for transgenic plants.
For example, the process as described above appears to require the submission of food
and feed safety studies prior to conducting experimental scale field trials in Egypt.
This requirement appears to be applicable in practice only to the situation in which
transgenic plant material approved for commercialization (or close to
commercialization) in another country is being considered for testing and eventual
commercial release in Egypt as well. Only in this situation would there have been the
type of food and feed safety assessment required in step I of the above process.
Certainly, for several transgenic crops that have been developed and field tested in
Egypt, no food and feed safety testing has been conducted. Further, there are no
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specific guidelines concerning the types of data that should be required to allow the
NBC to assess the food safety of the transgenic plant under consideration. Finally, the
decision-making process within which the applications are considered is not clearly
defined. These deficiencies have been previously pointed out by Madkour et al.,
(2000).

In addition to these specific deficiencies, an overarching philosophy for
regulation must be established. While this area is beyond the scope of the present
report, the importance of such a philosophy cannot be underestimated. Without such
a philosophy guiding the actions of the NBC and other regulatory bodies,
coordinating regulations that govern genetically engineered organisms will be a
difficult task to accomplish.

4. A Proposed Regulation

In response to the need for regulations covering the commercialization of
genetically engineered varieties, and for specific guidelines to assess the food safety
of these varieties, we have developed a draft amendment to the existing Biosafety
Regulations and Guidelines. This draft is presented for consideration in Annex I of
this report. Guidelines for implementing food and feed safety assessments mandated
in the regulation are provided in Annex II. We have also provided an illustration of
the application ofthese guidelines to two genetically engineered insect resistant
potato lines produced by AGERI and Michigan State University in Annex III.
Finally, examples of assessment procedures carried out by various countries and by
international organizations are provided in Annex V.

The proposed guidelines are necessarily flexible to accommodate the wide
range of traits that could be presented to the NBC for consideration. The NBC should
have the authority to determine which tests should be necessary to demonstrate food
safety. Thus, the potato example provided in Annex III should not be viewed as the
benchmark process for all safety testing offood derived from transgenic plants. Not
all such food needs to be tested by feeding studies. For example, some transgenic
plants have been produced in other countries that express the coat protein ofviruses
that normally infect these plants (see Tricoli et al., 1995). As a consequence of the
expression of these coat proteins, the plants are resistant to viruses. As part of the
food safety assessment of these plants, no toxicology or allergenicity tests were
conducted. Instead, data were gathered from produce in markets to demonstrate the
presence of these viral proteins in the food supply in much higher concentrations than
the amounts found in transgenic plants (Quemada and Tricoli, 1994). Since these
proteins were shown to be a normal part of the food supply, no toxicology or
allergenicity tests were required.

The safety analysis guidelines presented in this report were designed to be
consistent with internationally accepted guidelines and principles. Examples of these
principles are contained in such dociunents as the proposed Codex Alimentarus
guidelines (Codex Ad Hoc Intergovernmental Task Force on Foods Derived From
Biotechnology, 2000), reports on consultations conducted by the WHO and FAO
(FAO, 1996,2001; WHO, 2000), the Organization for Economic Cooperation and
Development (OECD, 2000), and the FDA. These documents agree on the following
points, among others, regarding food safety assessment:

7
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1. The process of genetic engineering itself is not inherently more risky than the
process of conventional breeding. Therefore, the evaluation of safety should
focus on the product or [mal trait and the unintended (both predicted and
unpredicted) effects resulting from the transformation. This principle is echoed in
the existing Egyptian Biosafety Regulations and Guidelines.

2. Traditional toxicological methods and risk assessment approaches used for drugs,
food additives, or pesticides are difficult and have questionable application to
whole food testing, thus necessitating an approach that relies on establishing
substantial equivalence between the genetically engineered plant and/or food from
which it is derived and an appropriate comparator (ideally an isogenic, non
genetically engineered version of the same plant).

3. Establishing substantial equivalence between a genetically engineered plant and
the appropriate non-genetically engineered plant as a comparator is the most
widely accepted and most practical approach to assessing safety. A finding of
substantial equivalence provides a valid basis upon which to conclude that the
genetically engineered plant is as safe as the non-genetically engineered plant to
which it has been compared. It is implicitly recognized in this analysis that a
finding of complete safety is not an endpoint that can be scientifically reached for
any food, whether genetically engineered or traditionally derived.

4. Beyond establishing substantial equivalence, a safety evaluation should focus on
those aspects of the equivalence analysis where substantial equivalence has not
been demonstrated.

It is noted that a proper safety assessment must employ all sources ofavailable
information; relevant information from other scientific work carmot be ignored.
Therefore, proper safety evaluations carmot be based on testing alone. As with all
science, relevant information obtained by other means are part of the entire base of
data on which a safety assessment is made.

5. Existing Facilities and Human Resource Capacities for Evaluating
Food Safety in Egypt

To generate the data to satisfy the information requirements mentioned in the
guidelines, significant laboratory resources must be employed. Fortunately, Egypt
has laboratories that have most of the capacity to conduct the type of testing or data
gathering proposed. Consequently, the Egyptian system of risk assessment should not
necessarily be viewed as a model for developing nations, since Egypt appears to have
facilities that are not common to most developing countries. Because of its scientific
capability, Egypt is in a position to establish itself as a resource to provide services
and information to benefit other countries in the region.

The four laboratories visited while preparing this report illustrate the baseline
capacity of Egyptian laboratories. Along with a description of these laboratories, the
following discussion includes recommendations for their role in a system of food
safety assessment and monitoring.

8
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1. Laboratory of Dr. Nabih Ibrahim, Food Technology Research Institute,
Ministry of Agriculture and Land Reclamation

This laboratory conducts research into various aspects of food and food
processing to enhance the quality and uses ofdifferent foods. The foods studied
include bread, fish, meat, plant oils, horticultural products, and milk. Dr. Ibrahim's
laboratory is used as a reference laboratory to settle disputes between the government
and importers regarding analysis of imported foods. They can conduct in vivo and in
vitro work to assess nutritional aspects and functional attributes of foods, but they do
not presently conduct toxicology studies. Specifically, they can test for-among
other things-vitamin and mineral content, protein profile, oil profiles, and crude
fiber. The laboratory presently has no capability to conduct nucleic acid analyses.

A student in Dr. Ibrahim's laboratory is planning to conduct tests in Germany
to assess some aspects of food safety of the insect resistant potato developed by
AGERI. These tests will be conducted to fulfill requirements for a doctoral thesis.
The work will be divided into two parts. First, a study will be conducted to determine
current use of genetically modified crops for food in Egypt. Second, two in vitro
methods of safety evaluation will be applied to the insect resistant potato, with the
intention ofreplacing or reducing animal studies. The first study is an immunological
assay to check for allergenic potential. The assay will employ rat basophil leukemia
(RBL) cells. IgE production will be induced by feeding or injecting tht; extracts of the
potato or the novel protein itself into a live rat. If IgE production is successfully
induced, serum will be collected from the rat and applied to the RBL cell culture
along with the novel protein. The response in terms of mediator release will be
followed colorimetrically. A second option being considered is the use ofchip
technology to check for so-called unintended effects. A pattern of transcribed mRNA
from genetically engineered potatoes will be compared with the non-genetically
engineered parent variety to determine whether any differences are detected. These
new approaches, while interesting and ofpotential utility in assessing safety, have not
yet been validated, and their value in assessing safety has yet to be demonstrated.

Dr. Ibrahim is familiar with the overall process for assessing food safety as
generally practiced worldwide and which are included in draft guidelines being
considered by the Codex Alimentarus (Codex Ad Hoc Intergovernmental Task Force
on Foods Derived From Biotechnology, 2000). He is very interested in the issue of
food safety testing, including food derived from transgenic plants. He is planning to
dedicate a new floor in a building now under construction to food safety testing. He
is concerned about demonstrating food safety as a means ofallowing the importation
of commodities containing transgenic plants or products derived from them.

2. Laboratory of Dr. Akila Saleh Harnza, Central Laboratory for
Food and Feed
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The laboratory is responsible for quality control of all feedstuffs (i.e., com,
soybean, meat, and bone meal) either imported or produced locally in Egypt. All
primary staff members are trained abroad and are accredited by international
accreditation agencies. Operations are financed through fees charged to the
companies whose products are tested. Consequently, there are sufficient funds to
purchase up-to-date equipment and to maintain it. Testing capabilities include testing
for minerals (trace elements and heavy metals), vitamins, protein quantity and quality,
mycotoxins and food nutritional value. Dr. Hamza has a laboratory capable of
analyzing human blood chemistry. The lab could also conduct toxicology studies and
analyze the digestibility offoods both in vivo and in vitro. Current nucleic acid
testing capacity consists of one PCR machine, with a second machine being
purchased. Dr. Hamza also is very interested in food safety testing, with the same
goal as Dr. Ibrahim-the safety testing of food derived from transgenic plants in order
to enable importation. Dr. Hamza believes it is necessary for an Egyptian agency to
conduct its own tests, since data from other non-governmental sources outside of
Egypt have proven unreliable in the past (i.e., foods from non-genetically engineered
sources).

3. Laboratory ofDr. YousefEl-Dawoudy, Office of Plant Quarantine

This laboratory is dedicated to the testing ofpotatoes for the presence of
brown rot. Therefore, the techniques in this lab serve that goal only. The lab employs
immunofluorescent methods (manual reading of slides), and is beginning to develop
PCR methods for detecting the brown rot pathogen.

Because the analysis ofbrown rot is the focus in this laboratory, and because
of the importance of this analysis for Egyptian exports, it would not be advisable to
divert the focus from its important mission. However, the other three laboratories
have the mandate and capability to fulfill various aspects of a regulatory framework
for dealing with foods derived from genetically engineered plants.

4. Laboratory of Dr. Salwa Dogheim, Laboratory of Residue Analysis of
Pesticides and Heavy Metals in Foods

Dr. Dogheim's laboratory is given the task of surveying local markets,
imported goods, and goods for export, for the presence ofpesticides, aflatoxins, heavy
metals, and contaminating microbes. Testing is done for the government (which
provides approximately 60% of funding) as well as for private company clients. The
laboratory has accreditation from European and U.S. accreditation bodies. While the
laboratory's focus is on pesticides, Dr. Dogheim recognizes the potential need for
acquiring technology and training to analyze food samples for the presence of nucleic
acid sequences or proteins indicating that the food was derived from genetically
engineered plants. The current operating budget for the lab is approximately L.E. 6
million for a staffof 16 analysts and approximately 120 support personnel.

B. Recommendations

The laboratories of Drs. Ibrahim and Hamza seem best positioned to conduct
the work connected with safety testing of transgenic plants. Because of the wider
range of testing already being conducted in Dr. Hamza's laboratory (including the
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capacity to conduct toxicology tests) it appears logical for her laboratory to take
primary responsibility for conducting any safety assessments required by the NBC.
Dr. Ibrahim's laboratory can playa supporting but important role. It should not be
forgotten that consideration of methods for safety testing of genetically engineered
plants has progressed further in Dr. Ibrahim's laboratory, and expertise gained by his
graduate student in Germany will be a valuable asset to his laboratory, and to the
overall ability to assess the food safety of genetically engineered plants in Egypt.

It is also noted that there is at least one laboratory under the umbrella of MOR that
was not visited and which could be recruited to assist in executing the safety studies
required by the NBC. The role ofMOR laboratories should not be ignored,
particularly when studies involving medical procedures, such as some allergenicity
tests, would be required. It is conceivable that these laboratories already have the
expertise and equipment necessary for carrying out such tests, but their involvement
in matters of medical and health concerns could also lend a more acceptable stamp of
validity to conclusions from their test results.

Despite the broad capabilities existing in both Dr. Ibrahim's and Dr. Rarnza's
laboratories, a significant investment is needed to render one or both laboratories
capable ofobtaining all of the information that might be required to satisfy NBC
requirements. Specifically, facilities, equipment, and expertise to conduct the full
range ofmolecular biology work are lacking in both laboratories. Therefore, at least
one fully equipped molecular biology laboratory should be established, with the
capability (equipment and personnel) to conduct standard molecular biology
procedures such as Southern, northern, and western blots; sequencing; molecular
cloning; and various other techniques for manipulating nucleic acids, determining
DNA structure, and measuring gene expression. Most if not all of this capability can
be found at AGERI, but that expertise is devoted to the continuing development of
technology. Assigning AGERI laboratories to conduct safety testing would not only
be viewed as a conflict of interest but would also divert the laboratories from their
primary mission. A replication of the analytical capabilities (and not the genetic
engineering capability) found at AGERI would be desirable.

The present policies of the European Union (EU) are of extreme importance to
Egypt, since this region is a major market for agricultural goods. As Egypt's market
in the EU expands, and the use ofgenetic engineering to produce new plant varieties
in Egypt begins and develops, compliance with EU regulations covering foods
derived from genetically engineered varieties will be an increasingly important trade
issue. Particularly important will be EU labelling requirements for foods containing
or derived from genetically engineered plants. The ability to test for the presence of
genetically engineered components will be critical to any system of compliance with
labelling requirements. Furthermore, it is apparent that labelling requirements are
being seriously considered domestically as well. The ability to test for the presence of
genetically engineered components will be critical for enforcement of any Egyptian
labelling regulations. Thus, for external as well as internal reasons, a laboratory that
can function to certify the presence or absence of genetically engineered material in
foods will be an important part of the food regulatory system. The laboratory ofDr.
Salwa Dogheim appears to be ideally suited for such a task, both in terms ofphysical
facilities and mandate.
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The accuracy ofresults necessary for certification of genetically engineered
components depends upon facilities that are able to keep contamination from other
confounding sources to an absolute minimum. The way Dr. Dogheim's laboratory is
constructed, and the standard operating procedures that are instituted in it best meet
this goal. Furthermore, the mandate ofDr. Dogheim's laboratory is one of
monitoring. The monitoring of genetically engineered content is consistent with this
mandate. If Egyptian regulatory policy becomes clearer with respect to biopesticides
such as Bacillus thuringiensis, Dr. Dogheim's laboratory might also be required to
monitor the presence of these types of pesticides (even though the safety of these
types of pesticides would not necessarily be a concern).

The extent offacilities for accomplishing the monitoring task will depend
upon policy decisions regarding labelliilg (see below). One alternative would be to
assay for the presence of introduced DNA, despite the fact that the presence ofthe
DNA itselfprovides little indication from a safety point ofview. If safety is a
primary issue, then it would be more appropriate to assay the level ofgene products,
since it is the product ofa gene and not the gene itselfthat would be cause for any
potential safety concern. Most likely, it would be necessary to establish the capacity
to conduct a combination of assays for assessing not only the presence of a gene but
also the level of gene expression. Thus, Dr. Dogheim's laboratory would have to be
provided with the equipment and personnel to conduct standard molecular biology
analysis, a capability that does not presently exist in the laboratory. To be consistent
with ED labelling requirements, the ability to conduct PCR assays, preferably real
time PCR, would be desirable. In order to maximize accuracy, a newly built separate
section ofDr. Dogheim's laboratory would be required, with rooms to enable the
separation of sample preparation from sample detection and analysis, and preferably a
dedicated area for cleaning and maintaining non-disposable supplies and equipment.
Training in laboratories certified to conduct assays for genetically engineered content
would be necessary.

The assays conducted in Dr. Dogheim's laboratory would presumably be
focused on food products. If similar testing would be required for feed products, then
it is likely that another laboratory would be required to conduct those assays. From
the standpoint of laboratory mandate, such a function would appear to fall within the
purview of Dr. Hamza's laboratory. Dr. Hamza's laboratory would therefore need to
be equipped as described for Dr. Dogheirn. Thus, in addition to work related to safety
assessments, monitoring might also become a function of this laboratory.
Consequently, it would be important to rationalize the activities and responsibilities
shared between Dr. Hamza's and Dr. Ibrahim's laboratories.

6. Food Labeling Laws and Regulations in Egypt and Their Application to
Genetically Enhanced Food and Feed

Present food labelling requirements are not very extensive and are geared
primarily to provide the consumer with information regarding product identity and
quality. The following information is required on food labels ofirnported (and
presumably also domestic) food products (FASIUSDA Attache Report No. EGO023):

I. Name and address ofmanufacturer,
2. Brand or trademark, if appropriate,
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3. Country of origin,
4. Type ofproduct and grade,
5. Name and address of importer,
6. Production and expiration dates,
7. Product use instructions (optional),
8. Product ingredients,
9. Storage instructions or temperature,
10. Net weight,
11. Gross weight and total number ofpackages per case or carton, and
12. Percentage of any preservatives.

The labeling of final products made from ingredients derived through genetic
engineering is now being contemplated, but the details of regulations have not yet
been determined. The consensus among the scientists and government officials
interviewed for this report was that labeling for GMO content is an inevitable
requirement, primarily because the EU-Egypt's most important export market
requires it. While the government appears to believe that labeling of the final product
can be implemented easily, industry would not find it trivial to comply. The
necessary system oftraceability (i.e., a means of determining the source of transgenic
material), which is a necessary component of a reliable and enforceable labeling
regulation, would require operating systems that apparently do not yet exist in Egypt.
For this report, it was not possible to estimate the cost of compliance, since the
possible regulatory requirements are not yet sufficiently defined to arrive at the level
ofunderstanding ofthe burden imposed necessary to calculate that cost.

Identifying the goals of a labelling requirement is important. Clearly, one goal
is compliance with EU regulations; the economic incentive behind this goal is
significant and compelling. However, this reason need not drive labelling
requirements for domestically consumed goods. Another goal would be to inform the
public. But what purpose would this information serve? Is it simply to provide
information that the public wants, or is it to warn them about a hazard to which they
might be exposed? Is a label truly the best way to inform the public about the
genetically modified content of their food? How would the information be conveyed
for foods that are unpackaged (e.g., food in restaurants)? Will it be necessary to label
foods derived from genetically engineered plants even though the introduced DNA or
resulting protein is no longer detected in the final product? Will the labelling of foods
containing genetically engineered components convey a connotation ofhazard (or
possibly ofproduct superiority) that is unsupported by scientific evidence? Should
the motivation for labelling be purely science based? These are questions that ought
to be considered during the formulation oflabelling requirements, at least for
domestic purposes, so that labelling is based on reasoning that makes sense for Egypt
rather than on a reaction to the decisions of other countries.

Identifying labelling goals also has a bearing on the scientific methods used to
support those goals. If the goal is simply to inform the public of the content of the
food they are consuming-regardless of safety concerns-then a method for detecting
foreign DNA (expressed or not) might be appropriate. Ifthe goal is to alert the public
to a specific new ingredient, then an assay for the protein encoded by the gene or the
final end product of a pathway affected by the encoded protein (e.g., a new secondary
compound, carbohydrate, or oil) might be more suitable. If a labelling requirement is
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... imposed, monitoring for genetically engineered material can be conducted as part of
the product testing procedures carried out by the government particularly within the
system of monitoring for pesticides and heavy metals (Dr. Salwa Dogheim's
laboratory) and/or quality control offood and feeds (Dr. Akila Saleh Harnza's
laboratory).

7. Conclusion

Because of Egypt's recognition of the value of genetic engineering as a tool to
. improve crops, this country finds itself in the position ofbeing a regional leader in
implementing this technology. The next steps in applying this technology are critical
to its successful development in Egypt; it is therefore important that these steps are
taken carefully and executed correctly. Promulgation by the NBC of regulations and
guidelines that provide scientifically sound assessments of food safety is one of the
steps along this path.
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Annex I

Proposed Section III of Biosafety Regulations and Guidelines:
Procedure for Commercial Approval of Genetically Modified Plants

in Egypt

The applicant is required to make available to the National Biosafety
Committee the information and data described below. The NBC will review and
assess this information to inform its decision on the application.

1. Prior to submission ofan application for registration of a genetically engineered
variety to the Variety Registration Committee, the applicant must

a. Consult with the National Biosafety Committee regarding the food and
environmental safety assessment that must be conducted. The National
Biosafety Committee will make recommendations with the advice and consent
ofthe Supreme Committee for Food Safety. For foreign applicants, the NBC
can decide whether to accept results oftests accepted and approved by
regulatory agencies ofother countries.
Arrange for the testing and collection of data required by the National
Biosafety Committee.
Obtain the approval ofthe National Biosafety Committee, which will be
forwarded to the Variety Registration Committee.

2. The information submitted for assessment of food safety should be consistent with
the guidelines set forth in Appendix VIll.

3. The information submitted for assessment ofenvironmental safety shall be
consistent with the guidelines set forth in Appendix IX.

4. The National Biosafety Committee and the Supreme Committee on Food Safety
will review the information submitted, and decide

a. To approve the application, or
b. Require further tests and consultations where additional requested data are

reviewed. Additional tests may be requested especially when the results ofthe
first assessment reveal a safety concern that needs to be resolved.

5. Further consultations shall take place until one ofthe following endpoints are
reached:

a. The National Biosafety Committee approves the application, with
concurrence by the Supreme Committee for Food Safety;

b. The National Biosafety Committee rejects the application because the plant is
judged to be unsafe;

c. The National Biosafety Committee and/or the applicant conclude that
remaining safety issues cannot be resolved scientifically; or

d. The applicant withdraws the application.
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6. The applicant may resume the application for approval, at which time the process
for approval begins at the point at which it was terminated.

7. Upon approval, the National Biosafety Committee forwards its decision and
recommendation in accordance with MOA Decree No. 1648/1998.

8. The National Biosafety Committee may call on experts in relevant scientific fields
to assist in the review ofthe data presented, or to serve in a general advisory
capacity during the assessment of specific applications.

9. The decision ofthe National Biosafety Committee stating the basis for their
decision shall be published in printed form, and made accessible via the internet or
other publicly available media that the Minister of Agriculture deems appropriate.

10. After approval, the National Biosafety Committee will forward a copy ofthe
applicant's information package to laboratories that require it to develop the
necessary testing to detect transgenic material if mandated by any future labelling
or quality standards regulations.
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Proposed Appendix vn to the Biosafety Regulations and Guidelines:
Guidelines for Food and Feed Safety Assessment of Foods Derived

from Genetically Engineered Plants

These guidelines follow the generally accepted principle, expressed by various
regulatory agencies and international bodies, such as the Codex Alimentarus
Commission, which states that

the safety of foods derived from new plant varieties, including recombinant
DNA plants, is assessed relative to a similar product having a history of safe
use, taking into account both intended and unintended effects. Rather than
trying to identify every hazard associated with a particular food, the intention
is to identify new or altered hazards relative to a conventional counterpart.
(Codex Ad Hoc Intergovernmental Task Force on Foods Derived From
Biotechnology, 2000)

1bis approach employs the concept of "substantial equivalence" as the starting
point for safety assessment. It assumes that a genetically engineered plant used as
food is not inherently riskier than any other novel plant used as food, and that this
approach can (and should) be followed for all novel foods. It also recognizes that
demonstration of complete safety is not possible for any food, whether genetically
engineered or not. A safety assessment should judge whether a new food (genetically
engineered or not) is substantially equivalent to a comparable food presently being
consumed, and is therefore at least as safe as the food to which it is being compared.
The areas where substantial equivalence does not exist are then the foci of further
safety assessment.

Further, these proposed guidelines assume that the safety of foods derived
from a genetically engineered plant should focus on the plant itself. Since a
genetically engineered plant can be the raw material for a variety of different foods
prepared in a variety of different ways, analysis of each end product would be an
impossible task. However, during the safety assessment of foods deriVed from a
genetically engineered plant, the ways in which the plant will be prepared for food
must be kept in mind to identify the areas necessary for a proper safety assessment.

These proposed guidelines are compatible with internationally accepted data
requirements expressed by various regulatory agencies and international bodies,
summarized and exemplified by the following list published by the Codex
Alimentarus Commission (Codex Ad Hoc Intergovernmental Task Force on Foods
Derived From Biotechnology, 2000):

A. Description of the new variety;
B. Description of the host plant and its use as food;
C. Description ofthe donor organism(s);
D. Description of the genetic modification(s);
E. Characterization of the genetic modification(s);
F. Safety assessment:

a. introduced substances (non-nucleic acid substances);
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b. compositional analyses of key components;
c. metabolic evaluation;
d. food processing; and
e. nutritional modification.

G. Other considerations.

The WHO (2000), ANZFA (1998), FAO (1996), Health Canada (1994) and
the FDA (1992) are among other agencies that recognize these general data
requirements as sufficient for a food safety assessment.

Finally, the guidelines should not be viewed as rigid requirements. The NBC
may decide to waive requirements, or to impose additional requirements, if scientific
evidence exists to support the decision.

The following guidelines for data requirements and safety assessment are
therefore proposed:

I, Characteristics of the Genetically Engineered Plant and the Effects of the
Transformation on Known Toxicants, Anti-nutrients, or Nutrients

1. A comprehensive description of the genetically engineered plant, including the
following information:

A. Taxonomy, such as species and variety name, of the non-genetically
engineered plant. The designation of the genetically engineered line or lines
should also be provided.

B. Other plant species or varieties that have contributed to the genetically
engineered plant's genetic background. For example, if the original plant
genotype (before transformation) was the result of traditional hybridization of
two compatible species, this information should be provided. Information in
this category would typically be that which a breeder would know.

C. Relevant information on the genetically engineered plant's background
genotype and phenotype, including any known toxicity or allergenicity. Such
information should be provided not only for the genetically engineered plant,
but also for the related species and for plants that have made or may make a
significant contribution to the genetic background of the genetically
engineered plant. For example, in the case where a breeding line known to
produce a high level of alkaloids was part ofthe pedigree of the line that was
transformed, this information should be provided. As another example, in the
case of genetically engineered peanuts, information regarding allergies
normally caused by non-genetically engineered peanuts should be discussed.

D. History of safe use for consumption as food. The history ofuse may include
information on how the plant is typically cultivated, transported and stored,
whether special processing is required to make the plant safe to eat, and the
plant's normal role in the diet (e.g., which part of the plant is used as a food
source, whether its consumption is important in particular subgroups of the
population, and what important macro- or micro-nutrients it contributes to the
diet).
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2. A safety assessment carried out by the NBC based on this infonnation might
proceed by a series of questions and answers, as follows:
A. Does the non-genetically engineered species or plant variety have a history of

safe use? Ifyes, go to B. Ifno, go to C.
B. Does the infonnation on the non-genetically engineered species or related

species indicate the need for analytical or toxicological tests of the genetically
engineered plant? Ifyes, go to C. (The tests would be determined by the
NBC with input from the Supreme Committee for Food Safety, and would
focus on the levels of the toxicants or anti-nutrients that are known to exist in
the non-genetically engineered plant species or variety.) Ifno, go to D.

C. Do test results provide evidence that toxicant levels in the genetically
engineered plant do not present a safety concern? Ifyes, then go to D. Ifno,
then reject the application.

D. Is the concentration and bio-availability of important nutrients in the
genetically engineered plant within the range nonnally seen in the non
genetically engineered species or variety? Ifyes, then conclude no
unintended and unpredicted effects on known toxicants, anti-nutrients, or
nutrients. Ifno, then consult with the NBC for any additional testing
necessary to satisfy safety concerns.

II. Sources of New Genetic Materials and Their Characterization in the
Genetically Engineered Plant

1. Infonnation on the donor organism(s) and, when appropriate, on other members
closely related to the donor organism(s), including:
A. Its scientific name, taxonomic classification, and usual or common name.
B. Infonnation on pathogenicity or other potential toxic concerns, particularly the

relationship to known pathogens or known producers of toxins, allergens or
anti-nutrients within the same family.

C. Infonnation on the past and present uses, if any, in the food supply and
exposure route(s) other than intended food uses (e.g., possible presence as
contaminants). The infonnation should include typical methods ofprocessing
and the impact of this processing on reducing or enhancing effects from
potentially harmful constituents.

2. Infonnation on all genetic material potentially delivered to the genetically
engineered plant:
A. The specific method used for transfonnation.
B. The vector DNA, including the source (e.g., plant, microbial, viral, synthetic),

identity and expected function in the plant.
C. Intennediate host organisms including the organisms (e.g., bacteria) used to

produce or process DNA for transfonnation of the host organism.
D. The DNA to be introduced (other than the vector), including:

i. the characterization ofall the genetic components including marker
genes, regulatory and other elements affecting the function ofthe DNA;

ii. the size and identity;
111. the location and orientation of the sequence in the final vector/construct;
iv. the function.

3. Molecular and biochemical characterization of the DNA actually inserted into the
plant genome, including:
A. The number of insertion sites;
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B. The organization of the inserted genetic material at each insertion site,
including sequence data of the inserted material and ofthe surrounding region
if deemed necessary. Information should be presented regarding whether the
arrangement of the genetic material used for transformation has been
conserved or whether significant rearrangements have occurred upon
integration;

C. Information on all known open reading frames, including those that could
result in fusion proteins;

D. Any new substances in the genetically engineered plant as a consequence of
the introduced DNA, including:
i. The gene product (e.g., a protein or an untranslated RNA)
ii. The gene product's function and any resulting new substances expected

from that function;
Ill. The phenotypic description of the new trait(s);
IV. The level and site of expression in the plant of the introduced gene

product(s), and the levels of its metabolites in the plant, particularly in
the edible portions. This information should indicate if the newly
introduced 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;

v. If the function of the introduced sequence(s)/gene(s) is to regulate the
expression ofa specific endogenous mRNA or protein, the level and
expression pattern of this alteration relative to the original;

VI. Data to demonstrate whether modifications made to the amino acid
sequence ofthe expressed protein result in changes in its
post-translational modification or affect sites critical for its structure or
function;

Vll. Data to demonstrate that all introduced traits are stably expressed and
inherited.

Vlll. If evidence exists suggesting that a gene in the host plant has been
affected by the insertion event, that evidence should be provided. If any
new proteins are produced as a result, those new proteins should be
characterized.

In addition to this information, which provides the technical background to
understand the nature of the genetic modification, the following specific safety data
should be provided:

III. Safety Assessment of Gene Products in the Genetically Engineered Plant

1. Information relating to the safety ofthe new gene products:
A. The concentration of the substance in the parts of the genetically engineered

plant used as food. This information will be already determined in II.D.iv.
above.

B. In the case ofproteins, information on amino acid sequence similarity between
the protein and known protein toxins and anti-nutrients (e.g., protease
inhibitors or lectins) as well as stability to heat or processing and to
degradation in appropriate representative gastric and intestinal model systems.

C. Information to demonstrate that genes coding for known toxins or
anti-nutrients present in the donor organisms are not transferred to the
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genetically engineered plants, if those plants do not normally express those
compounds.

D. Toxicology studies ifneeded. Conventional toxicology studies would not be
required in all cases. For example, they would not be necessary when the
substance or a closely related substance that has been consumed safely in food
made from the non-genetically engineered plant is found in similar amounts in
the genetically engineered plant. A specific example of such as case would be
the engineering ofplants to express viral coat proteins. Such proteins are
known to be a normal part of the human diet, occurring at much higher
concentrations in the normal human food supply. Appropriate oral toxicity
studies may be carried out in cases where the protein has biological activity in
humans or animals, but is not similar to proteins that have been safely
consumed in food, and has not previously been consumed safely in food.
Careful consideration should be paid to the design of such studies, since
toxicology studies designed to assess the safety of specific compounds such as
food additives or pesticides might not be appropriate for whole foods.

E. Information relating to the allergenicity of the new products (particularly
proteins) produced in the genetically engineered plant. Guidance on the
process for assessing the allergenicity of the new product has been provided
by the FAO and WHO (FAO, 2001; WHO, 2000), in the form ofa decision
tree.

2. Information relating to the nutritional value of the genetically engineered plant
relative to the original, non-genetically engineered plant. An analysis should be
done of the nutrients which are typically expected to be found in the plant when
used as food. Guidance for the types ofnutrients to measure in various foods can
be found in reference texts, as well as in specifications that have either been or can
be set by the Egyptian Office of Standards.

3. Any other information that might indicate a scientific reason for a safety concern.

As these requirements illustrate, a proper safety assessment need not rely solely
upon the results of testing. Information from existing scientific literature, databases,
and other relevant and reliable sources of scientific information cannot be ignored and
should be used to assess the safety of a genetically engineered plant. The existing
body of information could be judged sufficient to conclude that specific toxicology or
allergenicity tests would not be required.

4. A series of questions and answers that could be used by the NBC to assess the
safety of the donor(s) follows:

A. Is food from the donor(s) commonly allergenic? Ifyes, go to B. Ifno, go to
C.

B. Can it be demonstrated that the allergenic determinant has not been transferred
to the genetically engineered plant? Ifyes, go to C. If no, go to D.

C. Do characteristics of the donor species, related species, or progenitor lines
indicate a need for analytical or toxicological tests? Ifyes, go to E. If no,
conclude that there is no concern for toxicity.

D. Require allergenicity tests, using protocols such as the FAOIWHO decision
tree and other subsequent refinements as guidance. If tests show no
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evidence of allergenicity, proceed with toxicology considerations
beginning at C. If allergenicity tests show the potential for allergenicity,
then reject the application or decide to approve under special restrictions
such as labelling, and proceed with toxicology assessments at C.

E. Do test results provide evidence that toxicant levels in the genetically
engineered plant do not present a safety concern? Ifyes, conclude that
there is no concern for toxicity. Ifno, then reject application.

5. The following is a series ofquestions and answers that could be used by the NBC
to assess the safety of new proteins produced in the genetically engineered plant:

A. Will the new protein be present in food made from the genetically engineered
plant? Ifyes, go to B. Ifno, conclude that there are no safety concerns.

B. Is the new protein derived from a food source, or substantially similar to an
edible protein? Ifyes, go to C. Ifno, go to D.

C. Is food from the donor commonly allergenic? Ifyes, go to E. If no, go to F.
D. Does the biological function ofthe introduced protein raise any safety

concern, or is the introduced protein reported to be toxic? Ifyes, reject
application or consider restricted approval for specific purposes. If no,
go to H.

E. Can it be demonstrated that the allergenic determinant has not been transferred
to the genetically engineered plant? Ifyes, go to F. Ifno, go to I.

F. Is the introduced protein reported to be toxic? Ifyes, reject application, or
consider restricted approval for specific purposes. Ifno, go to G.

G. Will the intake ofthe donor protein in the new variety be generally
comparable to the intake ofthe same or similar protein in donor or other
food? Ifyes, go to H. Ifno, go to D.

H. Is the introduced protein likely to be a major constituent in the human or
animal diet? Ifyes, consider the potential impact on nutrition, and
approve application ifnutritional impact is neutral or positive. If
negative, consider reasons for or against approval before final decision.
Ifno, conclude that there are no safety concerns.

1. Conduct allergenicity tests as required by the NBC, using the FAOIWHO
decision tree and other subsequent refmements as guidance. If tests show no
evidence of allergenicity, proceed with toxicology considerations
beginning at F. If allergenicity tests show potential for allergenicity, then
reject the application or decide to approve under special restrictions
such as labelling, and proceed with toxicology assessments at F.

6. The following is a series of questions and answers that could be used by the NBC
to assess the safety of new or modified fats or oils produced in the genetically
engineered plant:

A. Has there been an intentional alteration in the identity, structure, or
composition of fats or oils in the genetically engineered plant? Ifyes, go to
B. Ifno, conclude that there are no safety concerns.

B. Have intentional alterations been in a fat or oil that will be a major constituent
in the human or animal diet? Ifyes, consider the potential impact on
nutrition, and go to C if nutritional impact is neutral or positive. If
negative, reject or decide to proceed to C. Ifno, go to C.
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C. Are any unusual or toxic fatty acids produced in the new variety? Ifyes,
reject application, or consider restricted approval for specific purposes.
Ifno, conclude that there are no safety concerns.

7. The following is a series ofquestions and answers that could be used by the NBC
to assess the safety of new or modified carbohydrates produced in the genetically
engineered plant:

A. Has there been an intentional alteration in the structure, composition, or level
of carbohydrates in the genetically engineered plant? Ifyes, go to B. Ifno,
conclude that there are no safety concerns.

B. Have any structural features or functional groups been introduced into the
carbohydrate that do not normally occur in food carbohydrates? Ifyes, reject
application, or consider restricted approval for specific purposes and
proceed to C. Ifno, go to C.

C. Have there been any alterations that could affect digestibility or nutritional
qualities in a carbohydrate that is likely to be a major constituent of the
human or animal diet? Ifyes, reject application, or consider restricted
approval for specific purposes. Ifno, conclude that there are no safety
concerns.
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Annex III

Application of Food Safety Guidelines to the Food and Feed Safety
Assessment of Potato Variety "Spunta," Genetically Engineered to be

Resistant to Potato Tuber Moth

Background

AGERI has cooperated with researchers at Michigan State University in
developing a potato that has been genetically engineered to resist attack by the potato
tuber moth, Phthorimaea operculella Zeller, the primary insect pest of cultivated
potato in tropical and subtropical regions. A codon-modified Bacillus thuringiensis
cry-5 gene, encoding a delta-endotoxin protein was introduced into the variety
"Spunta" via Agrobacterium tume/adens-mediated transformation. In addition to the
cry5 gene, the potato also expresses the marker genes, npt2, encoding the enzyme
neomycin phosphotransferase from E. coli as a selectable marker.

To illustrate how the guidelines proposed in Annex I would be applied, the
following discussion describes the type of information that could be used to comply
with the guidelines and arrive at a satisfactory safety assessment of the cry5 potato.

I. Characteristics ofthe Genetically Engineered Plant and the Effects of the
Transformation on Known Toxicants, Anti-nutrients, or Nutrients

IIIl

1. A comprehensive description of the genetically engineered plant, including the
following information:

A. Taxonomy, such as species and variety name, of the non-genetically
engineered plant. The designation of the genetically engineered line or lines
should also be provided.

The genetically engineered plant is a potato, Solanum tuberosum var. Spunta.
Transgenic lines are designated Spunta-G2 and Spunta-G3.

B. Other plant species or varieties that have contributed to the genetically
engineered plant's genetic background. For example, if the original plant
genotype (before transformation) was the result of traditional hybridization of
two compatible species, this information should be provided. Information in
this category would typically be that which a breeder would knOw.

The pedigree ofSpunta would be described in this section.

C. Relevant information on the genetically engineered plant's background
genotype and phenotype, including any known toxicity or allergenicity. Such
information should be provided not only for the genetically engineered plant,
but also for the related species and for plants that have made or may make a
significant contribution to the genetic background of the genetically
engineered plant.
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Phenotypic characteristics that were reported for registration of this variety
with the Variety Registration Committee would be relevant information to be
included here. If Spunta is a variety known for a particularly important trait,
that trait information would be provided.

D. History of safe use for consumption as food. The history of use may include
information on how the plant is typically cultivated, transported and stored,
whether special processing is required to make the plant safe to eat, and the
plant's normal role in the diet (e.g., which part of the plant is used as a food
source, whether its consumption is important in particular subgroups of the
population, and what important macro- or micro-nutrients it contributes to the
diet).

A discussion ofthe history ofSolanum tuberosum as a plant used for food for
thousands of years would be provided here. The history ofuse ofpotato as a
food in Egypt would also be included, with information regarding the
approximate date of introduction into the country as a novel food, and any
history of known toxicity and/or allergic reactions to the food in Egypt. For
example, since potatoes contain steroidal glycoalkaloids that have been
responsible for human poisoning (Zitmak, 1977), this fact should be
mentioned here, along with any specific documentation ofhuman poisonings
in Egypt. Typical methods ofpreparation and processing for use in Egypt
would be provided as well. If potatoes are a significant crop used for feed in
Egypt, that fact should also be noted. If there are any national standards for
identity and quality ofpotato, such as nutrient values set by the Egyptian
Office of Standards, they would be indicated in this section.

2. A safety assessment of Spunta G2 and Spunta G3 carried out by the NBC based
on this information might proceed by a series of questions and answers, as
follows:

A. Does Solanum tuberosum var. Spunta have a history of safe use? Ifyes, go to
B.

B. Does the information on Solanum tuberosum or related species indicate the
need for analytical or toxicological tests of the genetically genetically
engineered plant? Ifyes, go to C.

Because of the known occurrence of steroidal g1ycoalkaloids in potato,
analytical tests to measure the level of this toxicant in Spunta G2 and Spunta
G3 would be warranted.

C. Do test results provide evidence that toxicant levels in the genetically
engineered plant do not present a safety concern? Ifyes, then go to D. Ifno,
then reject the application.

The level of glycoalkaloids in Spunta G2 and Spunta G3 should be compared
with non-genetically engineered Spunta. If standard protocols have been
established for determining glycoalkaloid content during testing for seed
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variety registration, those protocols should be followed. If this is the case, the
possibility of involving the Variety Registration Committee should be
considered to avoid duplication of work during the registration process. Ifno
standard tests have been established, a statistically sound replicated series of
trials should be established to detennine the range of glycoalkaloid levels in
the transgenic and non-transgenic Spunta. If levels of either Spunta 02,
Spunta 03, or Spunta exceed maximum acceptable glycoalkaloid levels (e.g.,
see Sinden, 1991), the varieties should not be marketed. Such measurements
will allow for safety assessment of non-genetically engineered Spunta itself if
this parameter has not been measured before.

D. Is the concentration and bio-availability ofimportant nutrients in the
genetically engineered plant within the range nonnally seen in the non
genetically engineered species or variety? Ifyes, then conclude no
unintended and unpredicted effects on known toxicants, anti-nutrients, or
nutrients. Ifno, then consult with the NBC for any additional tests to be
performed to satisfy safety concerns.

If analysis of important nutrients that have been established for variety
registration purposes, or by the Egyptian Office of Standards are necessary,
the~e nutrients should be measured, using any protocols established by the
Variety Registration Committee. If no standard tests have been established, a
statistically sound replicated series of trials should be established to detennine
the range of nutrient levels in the transgenic and non-transgenic Spunta. In the
absence of specifications for nutrient levels, then the nutrients and other
components suggested by Love (2000) could be measured: total solids and
sugars (important traits), protein and vitamin C (desirable).

II. Sources of New Genetic Materials and Their Characterization in the
Genetically Engineered Plant

l. Infonnation on the donor organism(s) and, when appropriate, on other members
closely related to the donor organism(s), including:

A. Its scientific name, taxonomic classification, and usual or common name.

The Bacillus thuringiensis (donor ofthe cryS gene) should be described,
including the strain. The other donors that should be described are
Escherichia coli, the contributor of the npt2 gene; Cauliflower Mosaic Virus,
the contributor of the promoter and terminator sequences for the cry5 gene;
and Agrobacterium tumefaciens, the contributor of the promoter and
terminator for the npt2 gene, the T-DNA and possibly other backbone
sequences.

B. Infonnation on pathogenicity or other potential toxic concerns, particularly the
relationship to known pathogens or known producers of toxins, allergens or
anti-nutrients within the same family.

If any ofthe donors mentioned above are known to be pathogenic or to
produce toxins, that infonnation should be reported here.
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C. Information on past and present uses, if any, in the food supply and exposure
route(s) other than intended food uses (e.g., possible presence as
contaminants). The information should include typical methods of processing
and the impact of this processing on reducing or enhancing the effects from
potentially harmful constituents.

Information on the use of any of the donors mentioned above in the food
supply. If the bacteria are known to be present to a certain degree in food, that
information should be supplied. Information on the use of Bacillus
thuringiensis as a pesticide and its presence as a residue on food, if known,
should also be reported. The literature on the food and environmental safety
ofBacillus thuringiensis (e.g., McClintock et al., 1995; WHO, 1999) should
be provided here.

2. Information on all genetic material potentially delivered to the genetically
engineered plant:

A. The specific method used for transformation.

Transformation was mediated by Agrobacterium tumeJacens. Since this
method is standard, published procedures could be referenced here, with any
additional information provided if there was any variation that might pose a
safety concem

B. The vector DNA, including the source (e.g., plant, microbial, viral, or
synthetic), identity and expected function in the plant.

A detailed map ofthe vector plasmid would be provided. In the case of
Spunta G2 and Spunta 03, the map ofpSPUD5 would be given along with an
indication of the origin of the various elements in the map.

C. Intermediate host organisms including the organisms (e.g., bacteria) used to
produce or process DNA for transformation of the host organism.

Since engineering ofpSPUD5 was probably conducted in E. coli, the E. coli
host strains should be reported.

D. The DNA to be introduced (other than the vector), including:
i. the characterization ofall the genetic components including marker genes,

regulatory and other elements affecting the function ofthe DNA;
ii. the size and identity;

iii. the location and orientation of the sequence in the final vector/construct;
IV. the function.

This information would be included in the detailed map provided in n.2.B.
above. If the actual DNA to be inserted differs from the entire vector, the
intended fragment would be indicated.
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3. Molecular and biochemical characterization ofthe DNA actually inserted into the
plant genome, including:
A. The number of insertion sites;
B. The organisation of the inserted genetic material at each insertion site,

including sequence data of the inserted material and of the surrounding region
if deemed necessary. Information should be presented regarding whether the
arrangement of the genetic material used for transformation has been
conserved or whether significant rearrangements have occurred upon
integration.

Information for A and B would be provided by a thorough Southern blot
analysis of Spunta 02 and Spunta 03. The National Biosafety Committee
would decide whether sequencing of the inserts would be necessary to resolve
any specific safety concerns.

C. Information on all known open reading frames, including those that could
result in fusion proteins.

Southern analysis, and certainly a complete sequencing of all inserts, would
reveal whether events occurring during transformation resulted in the
production ofnew open reading frames, as well as the preservation of the
structure of intended open reading frames. A description of these reading
frames should be provided.

D. Any new substances in the genetically engineered plant as a consequence of
the introduced DNA, including:
I. The gene product (e.g., a protein or an untranslated RNA);
ii. The gene product's function and any resulting new substances expected

from that function;
111. The phenotypic description of the new trait(s);
IV. The level and site of expression in the plant of the introduced gene

product(s), and the its metabolite levels in the plant, particularly in the
edible portions. This information should indicate if the newly
introduced trait(s) are expressed as expected, in the appropriate tissues,
and in a manner and at levels that are consistent with the associated
regulatory sequences driving the expression of the corresponding gene;

v. If the function of the introduced sequence(s)/gene(s) is to regulate the
expression of a specific endogenous mRNA or protein, provide the level
and expression pattern of this alteration relative to the original;

VI. Data to demonstrate whether 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;

Vll. Data to demonstrate that all introduced traits are stably expressed and
inherited;

V111. If evidence exists to suggest that a gene in the host plant has been
affected by the insertion event, that evidence should be provided. If any
new proteins are produced as a result, those new proteins should be
characterized.
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Expression data that are obtained during the normal course of the
characterization of Spunta G2 and Spunta G3 would be reported here.
Since the promoters used to drive the expression of the Bt gene and
npt2 are constitutive, expression is expected in most tissues. However,
expression levels might vary between tissue types as well as at different
stages of the plant's life cycle. Any observations of altered phenotypes
(other than the intended alteration), or any available mapping data that
indicates the insertion into another gene, should be taken into
consideration. In addition to the regulatory function of the promoters
and terminators already described, and the function ofthe cry5 gene to
express the delta-endotoxin which confers resistance to potato tuber
moth, the function ofthe npt2 gene to express the neomycin
phosphotransferase which confers resistance to the selective agent,
kanamycin, would also be described. If sequences outside the T-DNA
are incorporated, information on any expression of genes or regulatory
sequences and their known function (or lack of function) in plants
would be needed.

While, strictly speaking, the expression of the npt2 gene is not involved
in producing the intended trait, the npt2 protein must be considered in
this document, since this case might provide the first opportunity for the
NBC to review data concerning its safety. Therefore, the level of the
npt2 protein in various tissues, and particularly in tubers, should be
reported. If there are any other functional genes revealed by the
molecular characterization ofSpunta-G2 or Spunta-G3, the level of
expression of those genes should be reported as well.

III. Safety Assessment of Gene Products in the Genetically Engineered Plant

1. Information relating to the safety of the new gene products:

A. The concentration of the substance in the parts of the genetically engineered
plant used as food. This information will be already determined in II.D.iv.
above.

B. In the case ofproteins, information 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 degradation
in appropriate representative gastric and intestinal model systems.

A computer search ofprotein sequence databases such as PIR, SwissProt, and
TrEMEL would be conducted to determine sequence similarity to proteins that
might pose safety concerns. A search strategy similar to that proposed by the
FAO for sequence similarity searching for allergens (FAO, 2001) could be
adapted.

In vitro studies to determine the stability of the cryS protein to
heat/processing, or to degradation by low pH and digestive enzymes would
also be useful in determining whether a safety concern exists. Proteins that are
labile under these conditions would be regarded as posing no safety concern.
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C. Infonnation to demonstrate that gene codings for known toxins or
anti-nutrients present in the donor organisms are not transferred to the
genetically engineered plants, if those plants do not nonnally express those
compounds.

If any of the donor organisms used to donate genetic material to Spunta 02 or
Spunta 03 are known to produce toxins, then the genes encoding those toxins
should be identified and infonnation should be provided to the NBC to show
that those genes were not transferred.

D. Toxicology studies, ifneeded.

At least three options could be followed at this point. First, one could rely on
the existing data, based on extensive literature conceming the safety of
microbial Bt preparations, to support the argument that the cryS protein in the
transgenic Spunta potato could be deemed safe. Examples of these data
include reviews ofthe literature by the World Health Organization (WHO,
1999), McClintock, et al. (1995), and Betz et al. (2000). These reviews of the
literature refer to numerous studies supporting the lack of toxicity of Bt
proteins. This infonnation, in conjunction with the data obtained to answer
IILB. above, could be judged sufficient to establish the safety of the cryS
protein. Despite the scientifically sound nature of this option, it might not be a
politically viable choice, since this potato will most likely be the first
genetically engineered crop to be commercialized in Egypt.

Consequently, a second option could be considered: measuring the level of
cryS protein in various fonns in which the potatoes might be consumed. For
example, it is most likely that the potatoes will be consumed as a cooked food,
either prepared in the home or as a processed food. Detennination of
identifiable cryS protein in representative foods (e.g., boiled or fried, as in a
potato chip) would determine whether there is a need to conduct further safety
assessment. If no cryS protein could be measured, then the need for further
testing would be eliminated.

Finally, a third option would be conducting actual feeding studies involving
the cryS protein. This option would appear to be necessary only if significant
amounts of the cryS protein are found in cooked potato preparations, or if
significant consumption ofraw potato in Egypt's human or animal diet is
evident. Feeding studies could be accomplished in various ways: First,
feeding studies could be done with whole potatoes. Consideration should be
given here to the fonn in which the whole potatoes should be tested. While
raw potatoes might provide the greatest amount of cryS protein, it might not be
the relevant fonn for assessing safety (see the third option above). Further, the
use ofraw potatoes as a food source in feeding studies presents
methodological problems that might invalidate the study. For example, when
used in rat feeding studies, the relatively low amount ofprotein in potatoes
could itself be the source of pathological effects such as reduction of growth
rate, development, hepatic metabolism, and immune function (LeMoullac et
al., 1992; Konno et al., 1993). Alternatively, whole protein from potatoes
could be extracted from transgenic and nontransgenic lines, and incorporated
into a standard laboratory feed. This approach might be difficult to
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accomplish given the amounts ofprotein-particularly cryS protein-that
would be needed for statistically valid tests. In this case, care would have to
be taken to characterize the protein well. The co-purification ofother
compounds must be avoided. A third approach would be to express the
protein in bacteria in order to isolate sufficient amounts to incorporate in
feeding studies. If this approach is taken, experiments must be conducted to
demonstrate the equivalence of the bacterial and plant-produced proteins.
Other guidelines and considerations for the design of feeding studies are given
by the WHO (WHO, 2000).

The safety of the npt2 protein should also be considered. Ample data and
direct assessments, including feeding studies, exist that can be relied upon to
support the safety of the npt2 protein (WHO, 1993; FDA, 1994). Therefore,
since the appropriate determinations have already been made with this protein,
it would not be necessary to repeat the safety testing of this protein in Egypt.

E. Information relating to the allergenicity of the new products (particularly
proteins) produced in the genetically engineered plant. Guidance on the
process for assessing the allergenicity ofthe new product has been provided
by the FAO and WHO (FAO, 2001; WHO, 2000), in the form ofadecision
tree.

The FAOIWHO decision tree could be used as guidance to determine if
allergenicity testing is appropriate, and ifso, what types of testing would be
sufficient to establish safety.

2. Information relating to the nutritional value of the genetically engineered plant
relative to the original, non-genetically engineered plant. An analysis should be
done ofthe nutrients that are typically expected to be found in the plant when used
as food. Guidance for the types of nutrients to measure in various foods can be
found in reference texts, as well as in specifications that either have been or could
be set by the Egyptian Office of Standards.

The data relevant to this question are discussed in section 1.2.0. above.

3. Any other information that might indicate a scientific reason for a safety concern.

If there is specific information unique to Spunta G2 or Spunta G3 that might raise
a safety concern, that information should be provided to the NBC.

4. A safety assessment of the Bt protein in Spunta G2 and Spunta G3 might be
carried out by the NBC based on this information and through a series of
questions and answers as follows (the same procedure could be applied to the npt2
protein):

A. Is food from the donor(s) commonly allergenic? No, neither Bacillus
thuringiensis, Agrobacterium tume/adens, Escherichia coli, nor
Cauliflower Mosaic Virus are made into food, and therefore are not
commonly recognized to be allergenic. Go to C.
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While the donors, particularly the bacteria, are not commonly known to be
allergenic-no normal population of individuals are known to be sensitized
(FAO, 2001}-and therefore present a reduced concern for allergenicity,
additional information compiled to satisfy III.B. above could be employed in
the FAOIWHO decision tree. The source of the genes, as mentioned above, is
not recognized to be allergenic, and therefore, a sequence similarity search
according to specific criteria (e.g., those proposed by the FAO) (FAO, 2001)
would be recommended.

Assuming no sequence similarity to known allergens is found, then tests to
assess stability to digestion and/or processing could be conducted. Tests for
stability to digestion could be done by assessing the timecourse of degradation
of the cryS protein in simulated gastric fluid (see FAO, 2001 for additional
guidance). A comparison of this tirnecourse with the known timecourse of
degradation ofBt proteins already approved for food and feed consumption in
other countries will allow the NBC to judge whether a concern exists. Tests
for stability to processing could be done by assessing whether the cryS protein
remains intact after boiling and/or frying, or after any other common method
ofpreparing potatoes in Egypt.

Assuming that the Bt protein is found to be unstable to digestion and/or to
processing, then a conclusion could be reached that there is no evidence of
allergenicity. However, other scenarios are possible. For example, if
sequence similarity is found to a known allergenic protein, then serum
screening, skin prick tests, or in a few cases in vivo human testing (e.g.,
double-blind, placebo-controlled food challenges) might be warranted. The
latter extreme, as with any experimentation involving human testing, would
have to pass scrutiny by an institutional review committee to assess the
necessity and ethics of such testing.

B. Can it be demonstrated that the allergenic determinant has not been transferred
to the genetically engineered plant? Ifyes, go to C. Ifno, go to D.

C. Do characteristics of the donor species, related species, or progenitor lines
indicate a need for analytical or toxicological tests? No. While pathogenic
strains of E. coli are known, the donor strains are non-pathogenic, and
the safety of the npt2 gene derived from E. coli has been established
(WHO, 1993; FDA, 1994). The other donors are not known to be toxic.
Therefore, the NBC could conclude that analytical or toxicological tests
are not warranted.

D. Require allergenicity tests, using protocols such as the FAOIWHO decision
tree and other subsequent refinements as guidance. If tests show no
evidence of allergenicity, proceed with toxicology considerations
beginning at C. Ifallergenicity tests show potential for allergenicity,
then reject the application or decide to approve under special restrictions
such as labelling, and proceed with toxicology assessments at C.
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E. Do test results provide evidence that toxicant levels in the genetically
engineered plant do not present a safety concern? Ifyes, conclude that
there is no concern for toxicity. If no, then reject application.

s. Additional questions and answers that could be used by the NBC to further assess
the safety of the Bt protein (as well as the npt2 protein) produced in the
genetically engineered plant:

A. Will the new protein be present in food made from the genetically engineered
plant? Ifyes, go to B. Ifno, conclude that there are no safety concerns.

The information obtained to assess the stability of the Bt protein in processed
foods would be applied to answer this question, as well as information on any
use ofpotato as a raw food.

B. Is the new protein derived from a food source, or substantially similar to an
edible protein? No, Bacillus thuringiensis is not commonly a food source.
However, it could be argued that the cryS protein is substantially similar
to an edible protein, since it has sequence similarity to other cry proteins
commonly in the food supply in certain countries. Despite this
argument, one could choose to go to D.

C. Is food from the donor commonly allergenic? Ifyes, go to E. Ifno, go to F.

D. Does the biological function of the introduced protein raise any safety
concern, or is the introduced protein reported to be toxic? No, in order to
exhibit its toxic properties, the Bt protein functions specifically in alkaline
environments and binds to specific receptors in insect gut epithelia.
Neither of these conditions is met in mammals, and therefore the
biological activity of these toxins in humans poses no safety concern. Go
to H.

E. Can it be demonstrated that the allergenic determinant has not been transferred
to the genetically engineered plant? Ifyes, go to F. Ifno, go to I.

F. Is the introduced protein reported to be toxic? Ifyes, reject application, or
consider restricted approval for specific purposes. Ifno, go to G.

G. Will the intake of the donor protein in the new variety be generally
comparable to the intake of the same or similar protein in donor or other food?
Ifyes, go to H. Ifno, go to D.

H. Is the introduced protein likely to be a major constituent in the human or
animal diet? No, the level of expression of the cry5 gene is not enough to
cause the cryS protein to be a major constituent of the human or animal
diet. Conclude that there are no safety concerns.

I. Conduct allergenicity tests as required by the NBC, using the FAOIWHO
decision tree and other subsequent refinements as guidance. If tests show no
evidence of allergenicity, proceed with toxicology considerations

35



lidl

beginning at F. If tests show the potential for allergenicity, then reject the
application or decide to approve under special restrictions such as
labelling, and proceed with toxicology assessments at F.
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Annex IV

Procedure for Commercial Registration of Genetically
Engineered Plant Varieties as Outlined in

MALR Ministerial Decree No. 1648/1998*

This protocol provides framework for the steps and procedures that must be observed
by private or public companies and institutions concerned with the production of the
genetically modified plant varieties, whether those companies are Egyptian or foreign.
The protocol outlines steps required before permitting the handling of those varieties
on a commercial scale.

Step 1.

The company or the cooperating organization willing to commercialize a genetically
modified plant variety must apply to the Secretariat of the National Biosafety
Committee for a permit application, a special form for handling genetically modified
plant material. The address of the NBC Secretariat follows:

Agricultural Genetic Engineering Research Institute
Agricultural Research Center
9, Gamaat EI -Qahera St., Giza 12619

Step 2.

The applicant must fill in the form to provide necessary information on the genetically
engineered plant material which in this case are the plant variety, the genetic
modification technique used, and other related data as itemized in the permit
application. The applicant should submit all the pertinent studies that indicate the bio
safety level of the GM variety: environmental safety and food safety (with an
assertion that no risk of any kind is evident on humans, animals, plants and all the
other components of the environment). The applicant shall also submit a document
that confirms the use of the GM plant variety in the country of origin.

Step 3.

The NBC Secretariat shall submit the completed form at the first consecutive meeting
of the Committee for consideration and a decision on whether or not to approve the
handling of the variety applied for and the level of its handling (i.e., open field testing,
limited field testing or testing inside greenhouses).

Step 4.

If and when the NBC approves the handling of the GM plant variety and specifies the
level of that handling, the following procedures shall be applied:

*(Unofficial translation with minor modifications for ease of reading in English)
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1. If the GM plant variety has been produced in Egypt, the applicant will be
allowed to initiate testing only at the set level ofhandling. The NBC may
inspect the testing sites by itself or by whomever it designates for this task
(e.g., AGERIlARC). Inspection shall be undertaken at any time NBC deems
appropriate to ascertain conformity with the prerequisite technical standards.
The committee has the right to draw samples from the genetic material for
molecular analysis to confirm the nature ofgenes introduced and the degree of
gene expression in the GM plant variety.

2. If the GM plant variety has been produced outside Egypt and the original
producer thereof (or his representative in Egypt) is willing to initiate testing
within the approved level of handling, the applicant must obtain a permit for
importation of a limited quantity of the planting material (normally seeds) as a
preliminary step for testing (Le., field experimentation) within the approved
level ofhandling.

The following procedures are to be observed:

1. The foreign company, or its Egyptian agent, shall apply to the "Supreme
Committee on Food Safety," a standing committee within MOH, for an import
permit, having authenticated its application by the NBC. The application may
take the form of a Material Transfer Agreement (MTA) or any other form,
provided that transparency and clarity are fulfilled.

2. If the import permit has been issued by the Supreme Committee for Food
Safety and the foreign company (or its agent in Egypt) has initiated the testing
operation at the set level of handling, the NBC shall, either by itself or by
whomever it officially designates (e.g., AGERIIARC), inspect the testing!
experimentation sites at anytime it deems appropriate to ensure compliance
with the needed technical standards. The Committee shall have the right to
draw samples from the genetic materials for analysis at the molecular level in
order to elicit the nature of genes introduced into (the genetic structure of) the
plant variety and to detect the degree of gene expression in that variety.

Step 5:

Having completed field testing (Le., open or limited) of the GM plant variety in
Egypt, and having confirmed that the variety meets all biosafety and environmental
considerations, the applicant willing to commercialize the GM plant variety can file
an application for registration of the GM plant variety with the Secretariat of the VRC
(Variety Registration Committee) ofMALR. Special forms are accessible from the
Secretariat's headquarters at the following address:

The Central Administrations for Seed Certification
Agricultural Research Center 9, Cairo University St.
Giza, 12619
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Annex V

Food Safety Assessment Procedures of WHO, CFIA, and FDA
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Chiba, Japan, 25-29 March 2001
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It.

CONSIDERATION OF PROPOSED DRAFT GUIDELINE

FOR TIlE CONDUCT OF SAFETY ASSESSMENT OF FOODS DERIVED FROM PLANTS

OBTAINED THROUGH MODERN BIOTECHNOLOGY ATSTEP 4

BACKGROUND

1. The Codex Ad Hoc Intergovernmental Task Force on Foods Derived from Biotechnology (CTFBT)
held its First Session in Chiba from 14-17 March 2000 and agreed to establish an Ad Hoc Working
Group to develop specific guidance on the risk assessment of foods derived from biotechnology
(ALINORM 01134, para.35).

2. In June 2000, the 47th Session of the Executive Committee approved, at Step 1, the development of
the text mentioned above, its precise title being still to be detennined (ALINORM 01/3, para.43 and
Appendix llI).

REPORT OF THE AD HOC WORKING GROUP

3. The Ad Hoc Working Group met twice in Tokyo, Japan, from 5-7 July and from 30 October to 1
November 2000. The invitation was sent to all participating Members and Observers of the First
Session of CTFBT as well as other Members and international organizations that indicated their
interest.

FIRST MEETING OF THE AD HOC WORKING GROUP, TOKYO, 5-7 JULY 2000

4. Delegates from 21 Members and 16 observers attended the First Meeting of the Working Group.
The Working Group reviewed a preliminary text of the Proposed Draft Guideline for the Conduct
of Safety Assessment of Foods Derived from Recombinant-DNA Plants, while, at the same time,

tlo
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considering the Proposed Draft General Principles for the Risk Analysis of Foods Derived from
Modern Biotechnology'.

S. The Working Group had an in-depth discussion on the proposed draft Guideline (risk assessment
document), and there was a general consensus that priority should be given to the development of
guidance for the risk assessment of genetically modified plants, rather than other categories of
foods, given that plant products were already being placed on the market and there was urgency in
this area. The Working Group took note of the title of the document referring to "safety
assessment", instead of "risk assessment", aimed at highlighting the distinction between the
conventional risk assessment dealing with discrete chemicals and the assessment of whole foods
including foods derived from biotechnology.

6. The Working Group agreed that the proposed draft Guideline would need to be redrafted by a
smaller drafting group, taking full account of the recommendations of the Joint FAOIWHO Expert
Consultation on Foods Derived from Biotechnology held in Geneva from 29 May to 2 June 2000'.
Australia, Canada, Japan, United Kingdom and the United States volunteered to participate in the
redrafting of the proposed draft Guideline.

7. The group of volunteer countries had a three-day meeting in early September in Tokyo and drafted
a revised version of the proposed draft Guideline. The revised proposed draft Guideline was placed
on the Codex website to invite comments from all interested Members and Observers.

SECOND MEETING OF THE AD HOC WORKING GROUP, TOKYO, 30 OCTOBER - 1
NOVEMBER 2000

8. The Second Meeting of the Ad Hoc Working Group was held with the participation of delegates
from 16 Members and 13 observers to review the proposed draft documents for the second time.

9. With regard to the proposed draft Guideline (risk assessment! safety assessment document), the Ad
Hoc Working Group noted that the proposed draft Guideline, as redrafted by the drafting group,
drew most of its texts from the Report of the Joint FAOIWHO Expert Consultation on
Biotechnology held in Geneva, Switzerland from 29 May to 2 June 2000, and therefore reflected
scientific advice provided by the joint FAOIWHO expert consultation, including the answers to the
five specific questions previously put forward by the First Session of CTFBT (ALINORM 01134,
paras.37, 38, Appendix Ill).

10. The Ad Hoc Working Group was informed that FAO and WHO were planning to convene, in
January 2001, a second Expert Consultation on Foods Derived from Biotechnology, focusing on the
issue of allergenicity. Even so, the Ad Hoc Working Group decided to continue the discussion and
development of the proposed draft Guideline, including the section on the assessment of
allergenicity, with the understanding that subsequent amendments could, if required, be done by the
Second Session of CTFBT, in order to accommodate the outcome of the second FAOIWHO expert
consultation.

11. Several amendments were made to the proposed draft Guideline to ensure the consistency with the
proposed draft Principles document and to clearly depict the concept of safety assessment. The title
of the document was amended to bring it in line with the work in progress within the Codex
Committee on Food Labelling, although it was agreed that the scope of the proposed draft

I For the latter Principles, please refer to CXlFBT 01/4.
2 The report is available as "Safety Aspects of Genetically Modified Foods of Plant Origin. Report of the Joint
FAOIWHO Expert Consultation on Biotechnology (WHO/SDElPHElFOS/OO.6)" at
http://www.who.intlfsflGMfood/ FAO-WHO_Consultation_report_2000.pdf. and
http://www.fao.orgIWAJCENTIFAOINFOIECONOMIClESN/gmlbiotec-e.htm

Iff
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Guideline, at least for the time being, should be limited to recombinant-DNA plants. The proposed
draft Guideline as amended is attached as Annex to the present document.

REQUEST FOR COMMENTS

12. The Proposed Draft Guideline for the Conduct of Safety Assessment of Food Derived from
Recombinant-DNA Plants is attached as Annex for comments at Step 3. The comments submitted
will be considered by the Task Force at its Second Session when discussing the attached Proposed
Draft Guideline at Step 4.
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Annex

PROPOSED DRAFT GUIDELINE FOR THE CONDUCT OF

SAFETY ASSESSMENT OF FOODS DERIVED FROM PLANTS

OBTAINED THROUGH MODERN BIOTECHNOLOGY

(At Step 3 of the Elaboration Procedure)

SECTION 1 - SCOPE

page 4

1. This Guideline supports the Principles for the Risk Analysis of Foods Derived from Modem
... Biotechnology and addresses safety and nutritional aspects of foods derived from plants that have a

history of safe use as SOutces of food and that have been modified to exhibit new traits.

...
2. The Codex principles of risk analysis, particularly those for risk assessment, are primarily intended to
apply to discrete chemical entities such as food additives and pesticide residues or a specific chemical or
microbial contaminant; they are not intended to apply to whole foods as such. Indeed. few foods have
been assessed scientifically in a manner that would fully characterise all risks associated with the food.
Futther, many foods contain suhstances that would likely be found harmful if subjected to conventional
approaches to safety testing. Thus, a more focused approach is required where the safety of a whole
food is being considered.

3. This approach is based on the principle that the safety of foods derived from new plant varieties,
including recombinant DNA plants, is assessed relative to a similar product having a history of safe use,
taking into account both intended and unintended effects. Rather than trying to identify every hazard
associated with a particular food, the intention is to identify new or altered hazards relative to a
conventional counterpart. This process is commonly referred to as a "safety assessment".

4. Safety assessment falls within the risk assessment framework as discussed in Section 3 of the
Principles for the Risk Analysis of Foods Derived from Modem Biotechnology. If a new or altered

... hazard, nutritional or other safety concern is identified by the safety assessment, the risk associated with
it would first be assessed to determine its relevance to human health. Following the safety assessment or
further risk assessment, the food would be subjected to risk management considerations in accordance
with the Principles for the Risk Analysis of Foods Derived from Modem Biotechnology before it is
considered for commercial distribution.

S. The Guideline describes the recommended approach to making safety assessments of foods derived
from recombinant DNA plants where a conventional counterpart exists, and identifies the data and

IlIIIi information that are generally applicable to making such assessments. While this Guideline is designed
for foods derived from recombinant DNA plants, the approach described could, in general, be applied to
foods derived from plants that have been altered by other techniques.
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SECTION 2 - DEFINITIONS

6. The definitions below apply to this Guideline.
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- "Recombinant DNA Plant" - means a plant in which the genetic material has been changed through
in vitro nucleic acid techniques, including recombinant deoxyribonucleic acid (DNA) and direct
injection of nucleic acid into cells or organelles.

-[ "Conventional Counterpart" - means a related plant variety for which there is experience of
establishing safety based on common use as food.]

SECTION 3 - INTRODUCTION TO SAFETY ASSESSMENT

7. Traditionally, new varieties of food plants have not been systematically subjected to extensive
chemical, toxicological, or nutritional evaluation prior to marketing, with the exception of foods for
specific groups, such as infants, where the food may constitute a substantial portion of the diet. Thus,
new varieties of corn, soya, potatoes and other common food plants are evaluated by breeders for
agronomic and phenotypic characteristics, but generally, foods derived from such new plant varieties
are not subjected to the rigorous and extensive food safety testing procedures, including studies in
animals, that are typical of chemicals such as food additives or pesticide residues that may he present in
food.

8. Animal studies are a major element in the risk assessment of many compounds such as pesticides,
pharmaceuticals, industrial chemicals and food additives. In most cases, however, the substance to be
tested is well characterised, of known purity, of no particular nutritional value, and, human exposure to
it is generally low. It is therefore relatively straightforward to feed such compounds to animals at a
range of doses some several orders of magnitude greater than the expected human exposure levels, in
order to identify any potential adverse health effects of importance to humans. In this way, it is possible,
in most cases, to determine levels of exposure at which adverse effects are not observed and to set safe
upper limits by the application of appropriate safety factors.

9. Animal studies cannot readily be applied to testing the risks associated with whole foods, which are
complex mixtures of compounds characterised by wide variation in composition and nutritional value.
Due to their bulk and effect on satiety, they can usually only be fed to animals at low multiples of the
amounts that might be present in the human diet. In addition, a key factor to consider in conducting
animal studies on foods is the nutritional value and balance of the diets used, in order to avoid the
induction of adverse effects which are not related directly to the material itself. Detecting any potential
adverse effects and relating these conclusively to an individual characteristic of the food can therefore
be extremely difficult. Another consideration in deciding the need for animal studies is whether it is
appropriate to subject experimental animals to such a study if it is unlikely to give rise to meaningful
information.

10. Due to the difficulties of applying traditional toxicological testing and risk assessment procedures to
whole foods, a more focused approach is required for the safety assessment of foods derived from food

... plants, including recombinant DNA plants. This has been addressed by the development of a



CX/FBT01/5 page 6

••

ill.

...

multidisciplinary approach for assessing safety which takes into account both intended and unintended
changes that may occur in the plant or in the foods derived from it, using the concept of substantial
equivalence.

11. The concept of substantial equivalence' is a key step in the safety assessment process. However. it
is not a safety assessment in itself; rather it represents the starting point which is used to structure the
safety assessment of a new food relative to its conventional counterpart. This concept is used to identify
similarities and differences between the new food and its conventional counterpart. It aids in the
identification of potential safety and nutritional issues and is considered the most appropriate strategy to
date for safety assessment of foods derived from recombinant DNA plants. The safety assessment
carried out in this way does not imply absolute safety of the new product; rather. it focuses on assessing
the safety of any identified differences so that the safety of the new product can be considered relative to
its comparator.

UNINTENDED EFFECfS

12. In achieving the objective of conferring a specific target trait (intended effect) to a plant by the
insertion of defined DNA sequences. additional traits could. in some cases. be acquired or existing traits
could be lost or modified (unintended effects). The potential occurrence of unintended effects is not
restricted to the use of in vitro nucleic acid techniques. Rather. it is an inherent and general phenomenon
that can also occur in conventional breeding. Consequently. unintended effects in recombinant DNA
plants may arise through the insertion of DNA sequences andlor they may arise through subsequent
conventional breeding of the recombinant DNA plant. Unintended effects may be deleterious.
beneficial. or even neutral with respect to the health of the plant or the safety of foods derived from the
plant. Nevertheless. careful consideration should be given to reducing the possibility that a recombinant
DNA plant has an adverse effect on human health.

13. Unintended effects may result from the random insertion of DNA sequences into the plant genome
which may cause disruption or silencing of existing genes. activation of silent genes. or modifications in
the expression of existing genes. Unintended effects may also result in the formation of new or changed
patterns of metabolites. For example. the expression of enzymes at high levels may give rise to
secondary biochemical effects or altered metabolic flux.

14. Unintended effects due to genetic modification may be subdivided into two groups: those that are
"predictable" and those that are "unexpected". Many unintended effects are largely predictable based on
knowledge of the inserted trait and its metabolic connections or of the site of insertion. Due to the
expanding information on plant genome and the increased specificity in terms of genetic materials
introduced through recombinant DNA techniques compared with other forms of plant breeding. it may
become easier to predict unintended effects of a particular modification. Molecular biological and
biochemical techniques can also be used to analyse potential changes at the level of gene transcription
and message translation that could lead to unintended effects.

I The concept of substantial equivalence has heen elaborated in several international fora, such as the joint FAa /WHO
expert consultations (2000 and 1996) and OECO (1993). Related references include: WHO (2000): Safety aspects of
genetically modified foods of plant origin, Report of a Joint FAO/WHO Expert Consultation on Foods Derived from
Biotechnology; FAO (1996): Biotechnology and food safety. Report of a Joint FAO/WHO Consultation. FAO Food
Nutrition Paper 61; and OECD (1993): Safety evaluation of foods derived by modem biotechnology. Concepts and
principles.
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15. The safety assessment of foods derived from recombinant DNA plants involves methods to detect
such unintended effects and procedures to evaluate their biological relevance and potential impact on
food safety. A variety of data and information are necessary to assess unintended effects because no
individual test can detect all possible unintended effects or identify, with certainty, those relevant to
health. These data and information, when considered in total, provide assurance that the food is unlikely
to have an adverse effect on human health. The assessment for unintended effects takes into account the
agronomic/phenotypic characteristics of the plant that are typically observed by breeders in selecting
new varieties for commercialization. These observations by breeders provide a first screen for plants
that exhibit unintended traits. New varieties that pass this screen are SUbjected to safety assessment
taking into account several factors; these may include, but are not limited to:

A) molecular characterization, including stability of the introduced DNA;

B) chemical analyses of key nutrients, anti-nutrients, toxicants, vitamins, minerals, and other
compounds that are typical of the plant or food;

C) alterations of metabolites; and

D) any effects due to food processing.

FRAMEWORK OF SAFETY ASSESSMENT

16. The safety assessment of a food derived from a recombinant DNA plant follows a stepwise process
of addressing relevant factors that include:

A) Description of the new variety;

B) Description of the host plant and its use as food;

C) Description of the donor organism(s);

D) Description of the genetic modification(s);

E) Characterization of the genetic modification(s);

F) Safety assessment:

a) introduced substances (non-nucleic acid substances);

b) compositional analyses of key components;

c) metabolic evaluation;

d) food processing;

e) nutritional modification; and

G) Other considerations.

17. In certain cases, the characteristics of the product may necessitate development of additional data
and information to address issues that are unique to the product under review.

18. Experiments intended to develop data for safety assessments should be designed and conducted in
... accordance with sound scientific concepts and principles as well as Good Laboratory Practice. Primary

data shonld be made available to regulatory authorities at request. Data should be obtained using
validated methods and analysed using appropriate statistical techniques. The sensitivity of all analytical

... methods should be documented.

itill
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19. The goal of each safety assessment is to provide assurance that the food does not cause harm when
prepared, used andlor eaten according to its intended use. The expected endpoint of such an assessment
will be a conclusion regarding whether or not the new food is as safe and nutritious as the conventional
counterpart against which it has been compared and for which there exists a history of safe use. In
essence, therefore, the outcome of the safety assessment process is to define the product under
consideration in such a way as to enable risk managers to make informed and proportionate decisions.

SECTION 4 - GENERAL CONSIDERATIONS

DESCRIYflON OF THE NEW VARIETY

20. A description of the new plant variety being presented for safety assessment should be provided.
This description should identify the crop, the transformation event(s) to be reviewed and the type and
purpose of the modification. This description should be sufficient to aid in understanding the nature of
the food being submitted for safety assessment.

DESCRIPTION OF THE HOST PLANT AND ITS USE AS FOOD

21. A comprehensive description of the host plant should be provided. The necessary data and
information should include, but need not be restricted to:

A) taxonomic information, such as species and variety name of the host plant;

B) a record of other plant species that have contributed to the host plant's genetic background;

C) relevant information on the host plant's genotype and phenotype, including any known toxicity
or allergenicity; and

D) history of safe use for consumption as food.

22. Relevant phenotypic information should be provided not only for the host plant, but also for related
species and for plants that have made or may make a significant contribution to the genetic background
of the host plant.

23. The history of use may include information on how the plant is typically cultivated, transported and
stored, whether special processing is required to make the plant safe to eat, and the plant's normal role
in the diet (e.g. which part of the plant is used as a food source, whether its consumption is important in
particular subgroups of the population, what important macro- or micro-nutrients it contributes to the
diet).

DESCRlYfION OF THE DONOR ORGANlSM(S)

24. lnformation should be provided on the donor organism(s) and, when appropriate, on other members
of the corresponding genus. It is particularly important to determine if the donor organism(s) or other
members of the family naturally exhibit characteristics of pathogenicity or toxin production, or have
other traits that affect human health (e.g. presence of antinutrients). The description of the donor
organism(s) should include:

A) its usual or common name;

B) scientific name;

",1
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taxonomic classification;

information about the natural history;

information on pathogenicity or other potential toxic concerns, particularly the relationship to
known pathogens or known producers of toxins, allergens or anti-nutrients within the same
family; and

information on the past and present use, if any, in the food supply and exposure route(s) other
than intended food use (e.g. possible presence as contaminants).

DESCRIPTION OF THE GENETIC MODIFICATION(S)

25. Sufficient information should be provided on the genetic modification to allow for the identification
"" of all genetic material potentially delivered to the host plant and to provide the necessary information

for the analysis of the data supporting the characterization of the DNA inserted in the plant.

26. The description of the transformation process should include:

A) information on the specific method used for the transformation (e.g. Agrobacterium-mediated
transformation);

B) information, if applicable, on the DNA used to modify the plant (e.g. helper plasmids), including
the source (e.g. plant, microbial, viral, synthetic), identity and expected function in the plant;
and

C) intermediate host organisms including the organisms (e.g. bacteria) used to produce or process
DNA for transformation of the host organism;

...

...

,,101

27. Information should be provided on the DNA to be introduced, including:

A) the characterization of all the genetic components including marker genes, regulatory and other
elements affecting the function of the DNA;

B) the size and identity;

C) the location and orientation of the sequence in the final vector/construct; and

D) the function.

CHARACTERIZATION OF THE GENETIC MODIFICATION(S)

28. In order to provide clear understanding of the impact on the composition and safety of foods derived
from recombinant DNA plants, a comprehensive molecular and biochemical characterization of the
genetic modification should be carried out.

29. Information should be provided on the DNA inserted into the plant genome; this should include:

A) the characterization and description of the inserted genetic materials;

B) the number of insertion sites;

C) the organisation of the inserted genetic material at each insertion site, including sequence data of
the inserted material and, where appropriate, of surrounding region; and

D) identification of any open reading frames including those that could result in fusion proteins.
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30. Infonnation should be provided on any introduced substances in the recombinant DNA plant; this
should include:

A) the gene product (e.g. a protein or an untranslated RNA);

B) the gene product's function;

C) the phenotypic description of the new trait(s);

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

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

3I. In addition, infonnation should be provided:

A) to demonstrate whether the arrangement of the genetic material used for transfonnation 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 that the intended effect of the modification has been achieved and that all
introduced 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 that the newly introduced 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 a gene in the host plant has been affected
by the insertion event; and

F) to confirm the identity and expression panern of any new fusion proteins.

SAFETY ASSESSMENT OF INTRODUCED SUBSTANCFS (NON-NUCLEIC ACID SUBSTANCFS)

Assessment ofpossjble toxicity

32. 1n vitro nucleic acid techniques enable the introduction of DNA which can result in the synthesis of
new substances in plants. These can be conventional components of plant foods such as proteins, fats,
carbohydrates, vitamins which are novel in context of that recombinant DNA plant. Conventional
toxicology studies are not considered necessary where the substance or a closely related substance has
been consumed safely in food, taking into account its exposure, for the reasons described in Section 3.

33. In other cases, the use of conventional toxicology studies on the new substance will be necessary.
This may require the isolation of the new substance from the recombinant DNA plant, or the synthesis
or production of the substance from an alternative source, in which case the material should be shown to
be structurally, functionally and biochemically equivalent to that produced in the recombinant DNA

plant.
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34. The safety assessment of the introduced substance should identify the concentration of the substance
in the edible parts of the recombinant DNA plant, including, as appropriate, variations and mean values.
Current dietary exposure and possible effects on population sub-groups should also be considered. 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 degradation in appropriate representative gastric and intestinal
model systems. Appropriate oral toxicity studies may be carried out in cases where the protein is
present in the food, is not similar to proteins that have been safely consumed in food, and has not
previously been consumed safely in food.

35. The introduced trait should be shown to be umelated to any characteristics of donor organisms that
could be harmful to human health. 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 traditional processing techniques associated with the donor organisms may deactivate anti
nutrients or toxicants.

36. Additional in vivo or in vitro studies may be needed on a case-by-case basis to assess the toxicity of
introduced substances. The types of studies depend on the original source of the introduced substances

.. and their function. Such studies may include assays of metabolism, toxicokinetics, chronic
toxicity/carcinogenicity, impact on reproductive function, and teratogenicity.

37. The safety assessment should take into account the potential accumulation of any substances, toxic
metabolites, contaminants, or pest control agents on plants that might result from genetic modification.

Assessment of possible allergenjci(y (protejns)'

38. When the protein(s) resulting from the inserted gene is present in the food, it should be assessed for
potential allergenicity in all cases. The following decision tree strategy can be applied in this assessment
(see the attached Chart).

39. When the transferred gene is obtained from a source with a known history of allergenicity, the
assessment should focus initially upon the irnmunochemical reactivity of the introduced protein with
IgE from the serum of individuals with known allergies to the source of the transferred genetic material.
In cases where no evidence of irnmunochemical reactivity is obtained, skin prick tests with extracts
containing the introduced protein and double-blind placebo-controlled food challenges (DBPCFC) with
the new food should be conducted, if appropriate, on individuals with known allergies to the source of
the transferred genetic material, in order to provide confirmation that the introduced protein is not
allergenic. This series of tests provides adequate evidence regarding the allergenicity (or lack thereof)
of introduced proteins expressed by genes obtained from known allergenic sources.

40. When the transferred gene is obtained from a source with no known history of allergenicity, the
decision-tree approach relies upon various criteria used in combination, since no single criterion is
sufficiently predictive. The current criteria include the amino acid sequence similarity of the introduced

2 This part will be revised, as necessary, in light of the 2nd Joint FAOIWHO Consultation on Foods Derived from
Biotechnology, Allergerticity of genetically modified foods, 22-25 January, 2001.
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protein to known allergens, the immunochemical reactivity of the introduced protein with 19E from
serum of appropriate, allergic individuals when amino acid sequence similarities are found, and the
stability of the introduced protein to degradation in appropriate representative gastric and intestinal
model systems.

41. The incorporation of two additional criteria to the decision-tree approach might be useful when the
source of the genetic material is not known to be allergenic.

A) the level of the protein in food; and

B) the functional properties of the protein (e.g. storage protein)

... 42. These criteria taken together offer reasonable evidence as to whether or not the protein is allergenic,
is cross-reactive with known allergens, and has a potential to be a food allergen.

43. The introduced 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.

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

COMPOSITIONAL ANALYSES OF KEY COMPONENTS'

45. Analyses of concentrations of key components4 of the recombinant 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. application
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
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 assessment 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.

46. 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

3 See for example OECD Consensus Documents on Canola and Soybean for a discussion of key components specific to
these crops.
4 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 inhihitors 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

iii to health (e.g. solanine in potatoes if the level is increased, selenium in wheat) and allergens.
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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 sufficiently sensitive and
specific to detect variations in key components.

METABOLIC EVALUATION

47. 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

48. The potential effects of food processing, including home preparation, on foods derived 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 important 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

49. The assessment of possible compositional 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.

50. 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. Based on the analysis of nutritional impacts and the dietary needs of
specific population subgroups, additional nutritional assessments may be necessary. It is also important
to ascertain to what extent the modified nutrient is bioavailable and remains stable with time, processing
and storage.

51. The use of plant breeding, including 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 modification 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
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the 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.

52. When the modification results in a food product with a composition that is significantly different
from its conventional counterpart, it may be appropriate to use alternative conventional foods (i.e. foods
whose nutritional composition is closer to that of the food derived from recombinant DNA plant) as
appropriate comparators to assess the nutritional impact of the food.

53. 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.

54. 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 bioavailahility 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, animal studies could be requested on the whole foods if properly designed.

SECTION 5 - OTHER CONSIDERATIONS

USE OF ANrmIOTIC REsISTANCE MARKER GENES

55. Alternative transformation technologies that do not result in antibiotic resistance marker genes in
foods are encouraged 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:

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 use in treating certain staphylococcal infections). Marker genes encoding 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

, 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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(This assessment should provide an estimate of the amount of orally ingested antibiotic that
could be degraded by the presence of the enzyme in food, taking into account faclors such as
dosage of the antibiotic, amount of enzyme likely to remain in food following exposure 10

digestive conditions, including neutral or alkaline stomach conditions and the need for enzyme
cofaclors (e.g. ATP) for enzymatic activity and estimated concentration of such factors in food.)

C) safety of the gene product, as would be the case for any other introduced 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. In general, antibiotic resistance genes used in food production that encode
resistance to clinically important antibiotics should not be present in widely disseminated 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 and no less
nutritious than the conventional counterpart against which it was compared. 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.
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Footnotes to the Chart

a. The combination of tests involving allergic human subjects or serum from such subjects would
provide a high level of confidence that no major allergens were transferred. The only remaining
uncertainty would be the likelihood of a minor allergen affecting a small percentage of the population
allergenic to the source material.

b. Any positive results obtained in tests involving allergenic human subjects or serum from such
subjects would provide a high level of confidence that the introduced protein was a potential allergen.
Foods containing such introduced proteins would need to be labelled to protect allergic consumers.

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

d. An introduced protein with no sequence similarity to known allergens and that was not stable to
digestion and processing would have no evidence of allergenicity. Similarly, an introduced protein
expressed by a gene obtained from a less commonly allergenic source and demonstrated to have no
binding with 19B from the serum of a small number of allergic individuals (>5 but <14) provides no
evidence of allergenicity. Stability testing may be included in these cases. However, the level of
confidence based on only two decision criteria is modest. Other criteria might also be considered such
as the level of expression of the novel protein.
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Developments in food science and biotechnology are resulting in the
introduction into the Canadian marketplace of novel foods and foods developed
using novel processes. While such developments may add to the economic well
being of Canadians and provide a greater choice to the consumer, the safety of
some of these foods has yet to be established. Concern has been expressed
particularly with respect to the possible introduction of harmful substances
into the food supply, including: the introduction of new toxicants; increased
levels of existing toxicants; and, the reduction of nutritional value.

Existing regulations under the Food and Drugs Act use premarket
notification and assessment to address food safety issues in several areas.
These areas include the safety assessment of food additives; the establishment
of maximum residue limits (MRL) for pesticides; the safety assessment of foods
treated with ionizing radiation; and, the notification process for infant
formulae. Such activities will not be affected by the approaches expressed in
this document. However, premarket notification requirements do not presently
exist for many novel foods, including the products of biotechnology.

Not all -new· food products will require notification or assessment.
However, certain novel foods that have not been previously available in the
Canadian marketplace, or foods produced by novel processes may require
notification prior to sale. The Branch has proposed new regulations intended
to ensure that these novel products receive oversight. A notification does
not mean that a safety assessment of a novel food by the Branch will be
required in all cases. However, information demonstrating the safety of the
product may be requested. In support of these proposed Novel Food
Regulations, guidelines have been developed which identify the safety
assessment criteria for genetically modified microorganisms and genetically
modified plants (Guidelines for the Safety Assessment of Novel Foods, Volume
II: Genetically Modified Microorganisms and Plants) .

2. PURPOSE

This preamble will provide assistance to producers and processors
'M respecting pre-market notification in regard to novel products and products

from novel processes.

3. RELEVANT PRODUCTS AND PROCESSES

Annex I of this guideline contains a number of definitions that are
relevant to the concept of novel foods. The proposed definition of novel food
is presented there, but may be subject to revision as development of the
regulation continues. However, the current proposal requires further
clarification to ensure that only those products for which notification is
required receive the necessary evaluation, without requiring notification for

1M all new products.

Novel foods may include:

products and processes that have previously not been used before
as food or to process food in Canada'

Newness of the product in the Canadian marketplace is of importance. Hovever. use of the novel produc~

in a jurisdiction with a similar food safety system would become an important consideration wi~h respect
to the evaluation of the product or process.

!Iii
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food containing microorganisms that have not previously been used
as food or to process food,

foods that result from genetic modification and exhibit new or
modified characteristics that have previously not been identified
in those foods, or that result from production by organisms
exhibiting such new or modified characteristics, or

food that is modified from the traditional product or is produced
by a process that has been modified from the traditional process.

These principles are further clarified in a series of charts that appear in
Annex II. These charts are presented for guidance only and should not be
considered a rigid checklist. The questions that are embodied in these charts
lead to endpoints that in some cases require notification to the Food
Directorate. The information requirements for a notification include:

the name under which the novel food will be sold,

the name and address of the principle place of business of the
manufacturer and the importer if applicable,

a statement of the nature of the novel food, its process of
manufacture, its intended uses and history of consumption if used
as food in another country.

the name and nature of the novel food process used to produce a
food that would not in or of itself be considered a novel food,

as applicable, information about the possible displacement of
existing foods and the nutritional impact thereof,

the written text of all labels to be used in connection with the
novel food, and

the name and title of the person who signed the notification and
date of signature.

In addition, information demonstrating the safety of such products as food may
be requested by the Director.

Additional guidance was viewed as necessary for the safety assessment of
certain novel foods. As a first step, Volume II of this guideline has been
prepared to provide guidance for the safety assessment of genetically modified
plants and microorganisms. Other guidelines may be developed as necessary to
address similar issues.

The Guidelines are flexible due to the broad range of products being
developed. A determination of the need for notification and the safety
assessment of novel products will be conducted on a case-by-case basis, and
will be based on the comparison of the novel substance to an analogous
traditional food, where such exists. Notification may not be required if the
modification to the product or process is not significant, or if a high degree
of similarity to a traditional product exists. This concept of substantial
equivalence is similar to the policy developed by the Organization for
Economic Cooperation and Development (OECD). 2 Furthermore, not all

2 OECD, 1993.
Concepts and
Development.

Safety Evaluation of Foods Derived By Modern Biotechnology.
Principles. Organization For Economic Cooperation and
Paris. 79 pages.
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information requirements outlined in the Guidelines may be appropriate for all
products. Therefore, developers are encouraged to consult the Food
Directorate in the early stages of product development in order to reach
agreement on whether notification is required, and what information is
appropriate to the evaluation of the safety of the particular product .

" I
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ANNEX I
DEFINITIONS

iIIi Biotechnology

,III

,III Food

lillil

is the application of science and engineering in the direct or indirect
use of living organisms or parts or products of living organisms in
their natural or modified forms. (Canadian Environmental Protection
Act)

includes any article manufactured, sold or represented for use as food
or drink for man, chewing gum, and any ingredient that may be mixed with
food for any purpose whatever. (Section 2, Food and Drugs Act)

Ingredient

is an individual unit of food that is combined as an individual unit of
food with one or more individual units of food to form an integral unit
of food that is sold as a prepackaged product. (Section B.01.001, Food
and Drug Regulations)

Food Additive

is any substance the use of which results, or may be reasonably expected
to result in it or its by-product becoming a part or affecting the
characteristics of a food, but does not include

a) any nutritive material that is used, recognized or commonly
sold as an article or ingredient of food,
b) vitamins, mineral nutrients and amino acids other than those
listed in the tables to Division 16,
c) spices, seasonings, flavouring preparations, essential oils,
oleoresins and natural extractives,
d) agricultural chemicals, other than those listed in the tables
to Division 16,
e) food packaging materials and components thereof, and
f) drugs recommended for admJnistration to animals that may be
consumed as food.
(Section B. 01. 001, Food and Drug Regulations)

Genetic Modification

is any change to the heritable traits of an organism achieved bY
intentional manipulation. This includes, but is not limited to:
recombinant nucleic acid techniques, somaclonal variation,
electroporation, artificially induced mutagenesis, and the like .

...
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Genetically Modified Organism

an organism which is constructed or intentionally changed, in its
genetic make-up.

Recombinant Nucleic Acid Technology

is the precise transfer of spliced genes between different organisms of
the same or different species. This can include the transfer of
synthetic genes.

IlliI Substantial Equivalence

as described in Safety Evaluation of Foods Derived by Modern
Biotechnology: Concepts and Principles (OECD, 1993) substantial
equivalence embodies the idea that existing organisms used as food or as
a source of food can be used as the basis of comparison when assessing
the safety of the human consumption of a food or food component that has
been modified or is new.

If one considers a modified traditional food about which there is
extensive knowledge on the range of possible toxicants, critical
nutrients or other relevant characteristics, the new product can be
compared with the old in simple ways. These ways can include, inter
alia, appropriate traditionally performed analytical measurements or
crop-specific markers, for comparative purposes. The situation becomes
more complex as the origins/composition/exposure experience decreases,
or if the new products lack similarity to old established products or,
in fact, have no conventional counterpart. (Organizacion for Economic
Cooperation and Development)

Safety Assessment

refers to the concepts described in the document Risk Mifmagement in the
Health Protection Branch (Health Canada, 1990) and encompasses hazard
identification, risk estimation, and risk evaluation and management.

Novel Food

is a food that has not previously been used as food, results from a
process that has not previously been used for food in Canada, or has
been used as food, but has been modified such that:

1111
(a)

illl

(b)

iiil
(c)

I.

the food results from genetic manipulation and exhibits one or
more characteristics that were not previously identified in that
food, or the food results from production by a genetically
manipulated organism exhibiting such new characteristics,

the food contains microorganisms that have not previously been
used as a food or to process food, or

the food is modified from the traditional product or is produced
by a process that has been modified from the traditional process.
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Organism

any unicellular or multicellular biological entity capable of reproduc
tion or replication and viruses.

Microorganism

is any bacteria, mycoplasma, chlamydia, rickettsia, protozoa, fungi,
algae, viruses, parts of these microorganisms and any combination
thereof. (Canadian Environmental Protection Act)
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Is this a food as defined In the Food and Drugs
Act?

Yes

Is this substance a food additive?

No

Is this substance a dietary fibre?

No

Is this a food produced by, and/or containing
an organism (to the species level) not
previously used In food In Canada?

No

Refer to chart B.

No

Yes

Yes

Yes

Notification not
required.

Refer to chart D.

Refer to Novel
Fibre Guidelines.

Consult Food
Directorate
respecting
notification
requirements.

CHART A
INTRODUCTION
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Has genetic modification been used in the
development of the food or its source?

Yes

Has a new characteristic been
introduced or has the phenotype of
the organism or the product
composition been substantially
altered?

No

Notification not
required.

11

Yes

No
Refer to chart C.

Consult Part 2 (microorganisms) or
Part 3 (plants) of Volume II of the
Guidelines respecting notification
requirements.

CHART B
BIOTECHNOLOGY
PRODUCTS
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Is the food the result of a process not previously used on that food'?

No

Yes

Is this food substantially equivalent to a
food present In the Canadian diet?

Does the process result In a product that is signiflcantly
altered from the traditional counterpart?

No
Yes

No

Yes

IIIIil

llii

Consult Food
Directorate
respecting
notification
requirements.

Notification not required.

Consult Food
Directorate
respecting
notification
requirements.

CHART C
FOOD PROCESSES
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Is this a new food additive?

No

Is the food additive produced by a different method?

es

Consull Food Directorate
respecting notification
requirements.

Yes

No

Assessment required:
R.f.r to 8.16.002

Notification not required.

...

IIiI

CHART D
FOOD ADDITIVES
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Novel whole foods and food constituents result increasingly from changes to
the genetic make-up of microorganisms, plants, and animals which are modified
to improve the agronomic, production, processing or nutritional characteris
tics. In many instances, these modification processes represent faster, more
efficient mechanisms for achieving changes than traditional breeding. It is
generally agreed that the application of genetic modification does not
inherently increase or decrease the risk associated with an organism .
However, the wide variety of modifications possible through genetic manipula
tion, and the potential for the introduction of toxic compounds, unexpected
secondary effects, and changes in nutritional and toxicological characteris
tics may give rise to safety concerns. In the context of the proposed novel
food regulations, it is considered important that an appropriate mechanism be
developed for the safety assessment of foods derived through the application
of genetic modification technology .

In keeping with generally accepted approaches, the emphasis of the safety
assessment will be on the product and not on the process used to develop it.
However, to ensure that appropriate concerns are addressed, a clear under
standing of the methods used to develop the product is necessary. The fewer
uncertainties regarding the nature of a novel product or its method of
manufacture that remain, the more likely that nutritional and toxicological
concerns will be easily addressed.

In the case of food constituents consisting of single chemical products or
well-defined mixtures, procedures for safety assessment are well developed and
internationally accepted. Novel food additives and conventional additives
produced by genetically modified organisms will be required to meet the
existing data requirements outlined in section B.16.002 of the Canadian Food
and Drug Regulations. Specifications for identity and purity, developed for
products from traditional sources, may not be entirely adequate to ensure the
safety of products derived from genetically modified organisms. Therefore,
additional specifications/parameters may need to be developed.

The safety assessment of whole foods derived from genetically modified
microorganisms, plants and animals is more complex than evaluation of single
chemical food constituents or defined chemical mixtures. In assessing the
safety of whole foods, knowledge of the previous use as a food, the level of
complexity of the whole food, and the breadth of the modification will be
determining factors in establishing information requirements for the evalu
ation. Where appropriate, the basis for these safety assessments will be
comparison of the molecular, compositional, toxicological and nutritional data
for the modified organism to those of its traditional counterpart. In cases
where the genetic modification is well defined, with specific effects, the
safety assessment may be limited to information provided on the development
and production of the modified organism and a comparison of the composition of
the modified product to the unmodified product. For poorly characterized
changes, or cases in which a genetically modified organism is determined to be
significantly different from its traditional counterpart, a more comprehensive
review may be required for the novel product. This review may include a
toxicological and nutritional assessment of the product, including a combina
tion of in-vitro and in-vivo tests applied on a product-specific basis. Where
there are potential concerns related to the allergenicity of the novel food
product, the Food Directorate should be consulted to determine the approach to
be taken in order to mitigate any concerns.

In all cases, the degree of exposure to the modified organism or its metabolic
products will be an important factor in determining the extent of the data
required for a meaningful safety assessment.
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A guiding principle in the safety assessment will be comparison of molecular.
compositional and nutritional data for the modified organism to those of its
traditional counterpart, where such exists. It is expected that once substan
tial equivalence to an existing food product can be established, no additional
safety testing would be required. Where similarity or degree of equivalence
cannot be be established, a more extensive safety assessment may be necessary.
It is recognized that availability of compositional data for traditional foods
is often limited and may be unavailable for new products. Thus. there is a
need to develop international databases on the composition of traditional food
stuffs to serve as a basis for comparison.

Initial assessments will necessarily be on a case-by-case basis. It may be
possible, once sufficient experience is gained, to define more explicit
criteria that may preclude the need for the detailed evaluation of specific
products.

Developers are encouraged to consult with the Food Directorate at the earliest
possible date as new products or modified existing products are developed in
order that potential concerns might be addressed.

OBJECTIVES

These Guidelines outline the information to be considered in assessing the
safety of novel whole foods and food constituents developed through the use of
genetically modified organisms. They are intended to provide a basis for
dialogue between petitioners and the Health Protection Branch. It was not
intended to explicitly define in this document all of the data that might be
required in the course of a safety assessment.

1.2 NOTIFICATION

Notifications for novel foods derived from or including genetically modified
microorganisms or plants should be directed to:

Office of Food Biotechnology
Food Directorate

Health Protection Branch
Health Canada
4th Floor West

Sir Frederick Banting Research Centre
Tunney'S Pasture
Ottawa, Ontario

KiA OL2
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GENETICALLY MODIFIED MICROORGANISMS AND THEIR
PRODUCTS

FOREWORD

Microorganisms have been an important component of food for millennia. They
may be consumed as inocula in fermented milk, meat or vegetable products or
their metabolites may be used in food and in food processing. More recently,
microorganisms have also been consumed directly as food in the form of single
cell protein.

It is recommended that the following information be included for assessing the
acceptability of genetically modified microorganisms and their products that
are intended for use in or as a food.

... It is important to note that not all information requirements outlined below
may be appropriate to all cases. Applicants are encouraged to consult the
Food Directorate early in product development in order to reach agreement on
what information is appropriate to the evaluation of the safety of the

... product.

2.1.0 DEVELOPMENT AND PRODUCTION OF THE MODIFIED
ORGANISM

Sufficient data should be submitted to characterize the modified microorganism
and permit comparison with its .conventional or unmodified counterpart. Most
of the questions regarding characterization of the modified organism can be
answered by data that may have been generated in the developmental stage.

The genetically modified microorganisms referred to here are those developed
by recombinant nucleic acid technology and other methods of DNA introduction,
such as protoplast fusion in eukaryotic cells, ballistic microinjection, and
electroporation. Microorganisms developed by deletion, rearrangement or
suppression of native DNA should also be considered. In addition, those
microorganisms that have undergone genetic modification by intentionally
induced mutagenesis (i.e. through the application of techniques such as
chemical treatment and ultra-violet irradiation), resulting in alteration of
the phenotype or composition, may also be included. However, the degree of
similarity to existing products should be taken into account in this determi
nation.

The data to be submitted are to include, but not necessarily be limited to,
those outlined here. Of special concern may be modified microorganisms where
a parent or vector originates from "a species known to produce toxic compounds.
Wherever possible, transformation markers which generate safety concerns
should not be present in the final food product. The acceptability of such
markers however; will be evaluated on a case-by-case basis.

2.1.1 Host, Donor and Intennediate Host Orgamisms

,~ Detailed information on the natural history of both donor and host organism
should be considered. Such information should include, but not be limited to:
known toxin production, relationship to toxin producers in the same genus,
pathogenicity, previous food and/or medicinal use.
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Identification

taxonomic designation of the microorganism to the species level
and where applicable, to include subspecies and strains, accom
panied by technical data substantiatiating this designation.

other names (synonyms, common usage, strain numbers, culture
collection accession number) associated with the microorganism

origin <environmental/clinical/food isolate, culture collection)
of the microorganism

strain development and enhancement history of the microorganism.

b) pathogenicity of genus and species

c) evidence pertaining to the potential for production of any toxic
compounds

d) history of extended safe use, particularly in foods, of the subject
microorganism and closely related strains

b) location and extent of any deletion

....

...

...

2.1.2

a)

c)

d)

Introduced or Modified DNA

function of the introduced or modified DNA

location and orientation of any rearrangements

for all introduced DNA, evidence for:

source and description of all introduced DNA

sequence of introduced DNA, or restriction map where relevant

characterization of the vector, where one is used

lack of sequences known to code for toxic COmPounds

limitation of insert to sequences required for intended function

limitation of the effect of the introduced DNA to that intended

absence or inactivation of potentially harmful markers

absence of unnecessary intermediate host DNA

,"

e) for all modifications not involving the introduction of foreign
DNA

description of the modification

evidence that the modification is limited to that
required for the intended functions

identification of the genes affected by the modification,
where appropriate
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A description of how the inserted genets) are regulated in the modified host
is required (indicate if the gene is inducible or constitutive, and detail the
mechanism of regulation). If inducible, information should be provided on:

a) the nature or mechanism of the induction e.g. chemically, developmentally

b) constancy of regulation and expression

Where native DNA is modified, without the introduction of foreign DNA, or
where the expression of native genets) is (are) modified, regulation of target
genets) should be considered as above.

,.

2.1.3

a)

b)

c)

d)

e)

f)

g)

h)

i)

2.1.3.1

The Modified Host

detailed description of the method of construction (intro
duced DNA) or other manipulation to achieve the genetic
modification

purpose i.e. target function

metabolic profile (phenotypic comparison with parent
organism)

taxonomic designation

biological activity, growth, physiological characteristics

potential pathogenicity

potential for production of toxic compounds

description of how the microorganism strain is being pre
served and maintained.

documentation for:

- consideration of the potential for secondary effects of the
modification on biochemistry, physiology and secondary metabolism
e.g. no activation of cryptic (dormant) genes

- stability of the genetic construct under typical process
conditions, including data to document the uniformity or
range of product variability

- mobilisability of the introduced/modified DNA e.g. fre
quency with which the inserted/introduced DNA can be trans
ferred from the original recipient

Expressed MateriaJIEft'ect

...

Newly expressed material, either introduced or modified native material,
should be characterised.

Where the result of the modification is the production of a novel protein,
this material should be characterised as to identity, functionality and, where
appropriate, similarity to products from traditional sources .
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The net effect would, in some cases, not be the production of novel protein
aceous material, but would affect regulation, transcription or translation of
native gene products. Examples of these effects include production of anti
sense mRNA or blocking of the production of regulatory enzymes. In these
cases, the sensitivity and specificity of the desired action should be
established. Altered regulation and expression of non-target genes in the
host should be investigated in assessing the safety and nutritional accept
ability of food produced from the modified organism.

2.1.3.2 Metabolism

Where genetic modifications alter the expression of traditional constituents
or metabolites of the microorganism, information about the possible secondary
effects on related pathways should be provided.

2.1.4 Methodology

Much of the data to be generated on modified microorganisms relates to the
expression of inserted or natural genes. This information should be generated
using the most appropriate current techniques such as nucleic acid hybrid
ization, Restriction Fragment Length Polymorphism (RFLP) analysis, sequence
analysis, monoclonal antibody typing and specific chemical analyses. The use
of molecular biological techniques is recommended for determining several
parameters including: gene expression kinetics and level of expression,
inserted or blocked genes, specificity of expression, and fidelity of trans
cription and translation of gene products. Alternative methods may be ap
propriate as new technology is developed.

2.2.0

2.2.1

PRODUCT INFORMATION

Microorganisms Used in or as Food

For genetically modified microorganisms proposed for use in or as food. the
following information would be necessary in addition to that outlined in
Sections 2.1.0-2.1.3:

description of the product. and detailed information on its proposed use
including, where appropriate, process flow diagrams. standard operating
procedures and quality control/quality assurance programmes that ensure
production in accordance with good manufacturing practices.

the growth characteristics and metabolic profile should be determined in
the food in which the organism is to be used. Detailed technical data
should be provided on composition. based on the analysis of typical produc
tion material. These data should document the variability in composition
of the product to be offered for sale and upon which the safety assessment
is based. Novel constituents. other than the product of the intentional
modification, will require characterization.

analytical investigation should include an examination of the principal
chemical characteristics, significant nutrient constituents and non-nutrie
nts such as endogenous toxins typically associated with the organisms in
question or related organisms.

2.2.2 Microbial Products Used In Food

JIi

This section deals specifically with the products of genetically-modified
organisms that are used in food.
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Data requirements have been established for the evaluation of food additives,
including enzymes, and have traditionally formed the basis for the assessment
of other food constituents such as flavours. A comparable data base will be
needed, where appropriate, to assess the safety of food constituents produced
by genetically-modified organisms .

Additional data may also be requested, depending on the nature of the genetic
modification, history of the organisms involved, degree of chemical charac
terization and anticipated level of exposure. These additional data will be
determined on a case-by-case basis.

2.2.2.1 Products Identical To Permitted Food Additives

Products represented as identical to permitted food additives must be accom
panied by adequate data to demonstrate that there is no significant change in
composition of the product, when compared to that from a presently-accepted
source. The technical specifications and supporting database should include
detailed data on the identity and composition of the product when it is made
in accordance with the established process. These data should document the
uniformity or range of variability in composition of the final product and
detail the analytical methods and sampling procedures used in their develop
ment.

If the composition of the proposed additive is judged not to be identical to
that of a permitted food additive, then additional safety data may be required
on a case-by-case basis. The required data will be a function of the poten
tial dietary exposure, and the nature and degree of difference of the additive
with respect to that obtained from an accepted source.

2.2.2.2 Products Which Represent New Food Additives

In addition to information outlined in this document, the submission must meet
the preclearance requirements of section B.16.002 of the Canadian Food and
Drug Regulations. The submission must include the following information:

description, chemical name, trade name, method of manufacture and
specifications/composition

purpose, area of use and proposed level of use

analytical method to determine the additive in food

efficacy data justifying functionality and level of use

safety data (includes toxicology data and intake estimates)

residue data in cases where the additive is removed, destroyed or reactive

2.2.2.3 Microbial Products Produced In-situ

The assessment of microbial products, such as food additives produced m~uu,

... will require consideration of the data outlined in Sections 2.2.1 and 2.2.2.
Where appropriate, the purified product will be subject to the assessment
criteria in place for those products produced by traditional processes. Data
documenting any other changes in cellular constituents or by-products that may

."", be imparted to the food by the modified organism would also be required. The
specific data to be required may be product-dependent.
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Estimates of dietary exposure to modified microorganisms and microbial
products, used in or as food, may playa key role in determining the extent of
the required toxicological and nutritional data. An organism or its
metabolites, that are removed from the final food product or are only a minor
constituent, may be of less concern than for significant components of a food.
Complete details should be supplied on the levels of the modified organism
and/or its products in the finished food. This information may be considered
in developing an estimate of overall dietary exposure, in combination with the
anticipated use pattern and the dietary intake of the food in question by the
average consumer and population subgroups. If these data indicate that there

.. is significant exposure to the food or food constituent from a genetically
modified source, or a change in use and/or exposure for a related traditional
component, this would be considered in the safety assessment. In the case of
substances covered by existing safety data (e.g. permitted food additives) an

... estimate of anticipated increases in exposure would be considered as one
factor in determining the adequacy of the existing safety assessment.

2.4.0 NUTRITIONAL DATA

The introduction of a significant dietary item may require an assessment of
the nutritional consequences and implications for the population as a whole
and/or specific subgroups (e.g. children) who may consume extreme amounts.
The evaluation is needed in order to ensure that the nutritional status of
consumers is not unduly jeopardized by:

substitution of dietary components of known nutrient value (on which
nutrition and dietary recommendations are based), with less nutritious
varieties

distortion of nutrient intakes as a result of unusual levels of particu
lar nutrients or presence of anti-nutrients that could affect the
nutritional value of the remainder of the diet.

It is expected that the development of food products or products containing
novel food constituents from genetically modified sources would, where approp
riate, include the generation of nutrient data that would be of value in
assessing nutritional impact. Such information should include but not be
limited to the following;

2.4.1

a}

b}

c}

d)

Nutrient Composition

proximate composition e.g. ash, moisture content, crude protein,
crude fat, crude carbohydrate

content of true protein, non-protein nitrogenous material
(e.g. nucleic acids and aminoglycosides), amino acid prof
ile, unusual amino acids should be determined if their
presence is suspected (e.g. d-arnino acids from bacterial
proteins)

quantitative and qualitative composition of total lipids, i.e.
saponifiable and non-saponifiable components, complete fatty acid
profile, phospholipids, sterols, cyclic fatty acids and known
toxic fatty acids

composition of the carbohydrate fraction e.g. sugars, chitin,
tannins, non-starch polysaccharides and lignins
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qualitative and quantitative composition of vitamins, i.e.
complete vitamin analysis

presence of naturally occurring or adventitious anti-nutritional
factors e.g. phytates, trypsin inhibitors, etc.

storage stability with regard to nutrient degradation

The nutritional value may be assessed initially from the nutrient composition
data. Unusual or unanticipated components should be subjected to further
analysis.

2.4.2 Nutrient bioavailability

Many of the nutritional concerns may be amenable to resolution on the basis of
chemical analysis of the product and comparison with the commodity to be
replaced. "Fingerprinting· of the product by such techniques as HPLC. GC-MS,
and conventional analytical methods would be appropriate.

In situations where the food from a genetically modified source may be a major
component of the Canadian diet, and therefore a supplier of important dietary
nutrients, animal studies may be needed in assessing nutritional adequacy.

2.5.0 TOXICOLOGY DATA

If concerns remain after assessment under the preceding sections. toxicity
stUdies would be required as necessary, on the whole food, food constituent or
specific component in question. These studies would most likely be necessary
when there is appreciable estimated dietary exposure to new or altered
components. In view of the diversity of products derived from modified
microorganisms that may be used in or as food, it is not possible to precisely
define the type or degree of toxicity tests that would be required in all
instances. Toxicity testing requirements may be based. in part, on the
assessment of the data submitted under sections 2.1 to 2.4.

2.5.1 Laboratory Animal Studies .

liiI

Laboratory animal studies may be designed to address both nutritional and
toxicological concerns. The length and types of these studies would be
determined based upon the information available for the product.

Food constituents produced by modified microorganisms and proposed for use in
food may be evaluated on the basis of toxicological data presently considered
for similar products from traditional sources. Traditional approaches to
toxicological studies are generally applicable to the assessment of individual
compounds or simple mixtures and are directed at supporting the establishment
of an acceptable daily intake (ADI) for the compound(s) under investigation.
The studies are designed to assess the test material's potential to elicit
short-term, chronic, carcinogenic, genotoxic, reproductive and teratogenic
adverse effects. Data from pharmacokinetic studies (absorption, distribution,
metabolism and excretion) should be considered when designing the various
toxicity stUdies. Internationally accepted protocols are available for these
studies, for example the protocols recommended by the OECD.

The application of standard laboratory animal testing protocols to thf
toxicological evaluation of whole foods or major food constituents is problem
atic. For example, the incorporation of an appropriate amount, from a tradi
tional safety testing standpoint, of a whole food into a laboratory animal's
diet cannot normally be accomplished without encountering nutritional and/or
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palatability problems. Modifications to the standard approach in order to
address these issues' may need to be considered.

2.5.2 Allergenicity Considerations

The potential for allergenic response would be considered on the basis of the
history of the host and donor organisms and the modification undertaken.
Where the potential for allergenicity exists, the petitioner should consult
Food Directorate.
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GENETICALLY MODIFffiD PLANTS AND THEIR PRODUCTS

FOREWORD

..

Plants may be consumed as food or used to produce materials which are used in
food or food processing. The variety of ways by which plants can be modified,
and the degree of modification that can be produced, preclude standardization
of the means to assess safety. The methods and extent of genetic modification,
in part, determine both the type and quantity of information required to make
an assessment.

The point in the development of the new variety at which data are generated is
central to the assessment of safety. It is expected that for many "novel
plants," the final product will be the result of repeated backcrosses between
the initially-modified plant and the host variety. Some data generated in the
initial stages would be accepted for an assessment of the final product. This
would specifically relate to information on the method of modification, the
stability of the transformed plant and molecular biology. The detailed data
on the chemical and toxicological characterization should be generated with
genetically stable, converted lines which are representative of the final food
product.

It is important to note that not all information requirements outlined below
may be appropriate to all cases. Applicants are encouraged to consult the
Food Directorate early in product development in order to reach agreement on
what information is appropriate to the evaluation of the safety of the
product .

The following information is recommended for assessing the acceptability of
genetically modified plants and their products intended for use in or as a
food. Once a genetically modified plant is determined to be acceptable,
further variety development using traditional breeding techniques would not
result in varieties requiring notification.

3.1.0 DEVELOPMENT AND PRODUCTION OF THE MODIFmD PLANT

Sufficient data should be submitted to characterize the modified plant and
permit comparison with the conventional or unmodified counterpart. Most of
the questions regarding characterization of the modified plant can be
addressed by data that may have been generated in the developmental stage.
The presence and level of toxic compounds from novel plants developed from
parents or vectors known to express these substances are of special concern.
Wherever possible, transformation markers which generate safety concerns
should not be present in the final food product. If selectable markers are
present in the final food, they will be evaluated for safety.

3.1.1 Host and Donor Organisms

..

...

Detailed information on the natural history of both donor and host organisms
should be considered. Specific information could include, but not be limited
to, known toxin production, relationship to toxin producers of the same genus,
previous food and/or medicinal use .

p ...
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...
Sufficient information on the process used to effect the genetic modification
should be provided to enable an assessment of both safety and potential
secondary effects. Detailed information should be provided on source, purity
and stability of all inserted material.

The modification process may include, but not be limited to, the use of
recombinant nucleic acid procedures, noninsertional plasmid borne genes, viral
vectors or other single or multiple vector systems, and minichromosomes.
Novel plants that are developed using physical or chemical mutagenesis,
somaclonal variation, embryo rescue, protoplast fusion or other methods
producing wide genetic crosses, may also be included. However, the degree of
similarity to existing products should be taken into account in this determi
nation.

III Information on all elements of the transformation/modification system should
be provided, including identification of all known regulatory elements and
coding sequences. Vector construct and method of modification/transformation
should also be provided. The transformation/modification system should be
mapped to a degree consistent with available technology, preferably to the
level of base sequence.

The source of all elements in the construct and all available information on
food uses for those elements should be provided. The potential for transform
ation/modification of exposed organisms should be assessed.

Where the transformation involves large pieces of genetic information (e.g.
• chromosome exchange, genome mixing), or changes not amenable to molecular

analysis (e.g. chemical or radiation mutagenesis), the absence of detailed
molecular information may necessitate more complete chemical and toxicological
characterization of the product. The required information may depend on the
existing information on the host, its history of food use, production of toxic
compounds, etc ..

3.1.2.1 Stage, Temporal and Site-Specific Expression

A description of whether the inserted gene(s) are inducible or constitutive
should be provided. For inducible gene(s), the inducing agent should be
identified. Where there is an intention for restriction of expression of the
inserted gene(s), detailed information on expression may be necessary. The
mechanism whereby expression is restricted should be detailed, along with
information assuring stability of the restriction of expression.

3.1.3 The Modified Host

...

..

The modified plant should be assessed with respect to growth and genetic
stability. The potential for secondary effects on biochemistry, physiology
and secondary metabolism of the host plant species should be determined.
Where secondary effects are identified, these should be characterized.

Where pesticidal properties, increased tolerance to environmental stresses,
herbicides or plant pathogens has been transferred, as much information as
possible should be provided concerning the "mechanism of action" and the
consequences on the composition of the final plant e.g. accumulation of
natural toxins, pesticide residues etc .
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Newly expressed material, either introduced or modified native material should
be characterised.

Where the result of the modification is the production of novel proteinaceous
material, this material should be characterised to identity, functionality and
where appropriate similarity to products from traditional sources.

The expression product may alternatively not be novel proteinaceous material
but might affect the regulation (transcription or translation) of native gene
products. Examples of this include production of antisense mRNA or blocking

- the production of regulatory enzymes. In such instances, the sensitivity and
specificity of the desired action should be established. Altered regulation
or expression of non-target genes in the host should be investigated in
assessing the safety and nutritional acceptability of food produced from the
modified plant.

3.1.3.2 Metabolism

Where genetic modifications alter the expression of a traditional plant
constituent, sufficient information on the anabolic or catabolic pathways
should be provided to enable an assessment of possible secondary effects on
related pathways and metabolite production.

3.1.4 Methodology

'OIl

Much of the information to be generated on modified plants relates to the
expression of inserted or natural genes. It is expected that this information
may be generated using current techniques such as nucleic acid hybridization,
monoclonal antibody typing and specific chemical analyses. The use of
molecular biological techniques is recommended for determining several
parameters including gene number, location and orientation, expression
kinetics and level of expression of inserted or blocked genes, tissue or
temporal specificity of expression, fidelity of transcription and translation
of gene products. Alternative methods may be appropriate as new technology is
developed.

The characteristics of the modified plant should be compared to those of the
unmodified host, taking into account known ranges for those characteristics in
that crop variety. Specific experiments should incorporate the unmodified
crop for comparison purposes.

'OIl 3.2.0 PRODUCT INFORMATION

...

A review of the literature for all of the information relevant to a safety
assessment of the host plant and related varieties used in the development of
the modified plant should be provided. This should include a critical
assessment of the ability to produce potentially toxic compounds, available
toxicology data, history of safe use of the host plant and related varieties
used in the development of the modified plant .

Information for plants modified to introduce, for example: pesticidal prop
erties, resistance to plant pathogens, and tolerance to pest control agents
(such as herbicides) and environmental stresses (such as cold, drought, and
contaminants) should be accompanied (as appropriate) by data concerning the
accumulation, metabolism and fate of plant pathogen metabolites, potentially
toxic contaminants and pest control agents permitted for use on the crop
plant. An understanding of the mechanism by which the modified phenotype
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operates may determine the need for additional data. If the detailed mechan
ism is not known, it is expected that a more extensive investigation of
potential residue levels and metabolism in the modified plant may be necess
ary.

If novel constituents other than those resulting from the intentional modifi
cation of genetic material are identified, further studies would be required
to characterize the product.

3.2.1 Plants Used As Food

The following information, in addition to that outlined in Sections 3.1.0
3.1.3, would be necessary to conduct a safety assessment of plants presently
used as food and those proposed for use as food:

a description of the plant material, detailed information on its
proposed use, including details on processing and quality control/
quality assurance programs, as appropriate.

information comparing the composition of the novel food or food
constituent to that of the unmodified host, and, if necessary, other
varieties of the host type based on analysis of representative
samples e.g. from representative growing areas over more than one
growing season. These data should demonstrate the uniformity or
variability of the composition of the final product and include the
analysis/characterization of the gene products (e.g. in the case of
proteins, any post translational modifications are of interest).

The analytical comparison may include an examination of the principal chemical
characteristics, significant nutrient constituents and non-nutrients. Such
non-nutrients include: endogenous plant and other natural toxicants typically
associated with the food, its parents or related species.

Further information for analytical characterisation of food crops modified to
be resistant to plant pathogens or tolerant to pest control agents (e.g.
herbicides) or environmental stresses (e.g. cold, drought, salinity and

.. contaminants) may necessarily be determined on a case-by-case basis.

3.2.2 Plant Products Used In Food

..
This section deals specifically with the products of genetically-modified
plants that are used in food.

Data requirements have been established for the evaluation of food additives,
including enzymes, and have traditionally formed the basis for the assessment
of other food constituents such as flavours. Comparable information may be
needed, where appropriate, in assessing the safety of food constituents from
genetically modified plants and plant materials.

Data over and above that required for the evaluation of a food additive, from
traditional sources, may be requested depending on the nature of the genetic
modification, history of the plants involved, the degree of chemical charac
terization and anticipated level of exposure. The additional data required
will be determined on a case-by-case basis.

3.2.2.1 Products Identical To Permitted Food Additives

Products represented as identical to permitted food additives must be accom
panied by adequate data to demonstrate that there is no significant change in
composition of the product, when compared to that from a presently-accepted
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source. The technical specifications and supporting database should include
... detailed data on the identity and composition of the product based on the

analysis of typical production material produced in accordance with the es
tablished process. These data should document the uniformity or variability
in composition of the final product and detail the analytical methods and
sampling procedures used in their development.

If the composition of the proposed additive is judged not to be identical to
that of a permitted food additive then additional safety data will be

... required, on a case-by-case basis. The required data will be a function of
the potential dietary exposure, and nature and degree of difference with
respect to the additive from an accepted source.

3.2.2.2 Products Which Represent Novel Food Additives

In addition to information on the genetic modification of the plant, the
submission must meet the data requirements of section B.16.002 of the Canadian
Food and Drug Regulations. The submission must include the following informa
tion;

description I chemical narne l trade narne l method of manufacture and
specifications/composition

purpose, area of use and proposed level of use

analytical method to determine the additive in food

..
efficacy data justifying functionality and level of use

safety data (includes toxicology data and intake estimates)

residue data in cases where the additive is removed, destroyed or
reactive

3.3.0 DffiTARY EXPOSURE

..
Estimates of dietary exposure to the modified plant materials may play a key
role in determining the extent of the toxicological and nutritional data
required for a safety assessment. Plant materials or associated metabolites
that are removed from the final food product may be of less concern than those
representing significant components of a food. Complete details should be
supplied of the amounts of the plant material and/or its products. in the
finished food. This information will be considered I in combination with the
anticipated use pattern and the dietary intake of the food in question by the
average consumer as well as population subgroups, in developing an estimate of
overall dietary exposure. If these data suggest that there will be signifi
cant exposure to the food from a genetically modified source or change in use
and/or exposure for a related traditional food product this would be con
sidered in the safety assessment. In the case of substances covered by
existing safety data (e.g. permitted food additives or agricultural chemicals)
documentation of anticipated increases in exposure would be considered as one
factor in determining the adequacy of the existing safety assessment.

3.4.0 NUTRITIONAL DATA

The introduction of novel or nontraditional plants into the Canadian food
supply requires an assessment of the nutritional consequences and implications
for the population as a whole and/or specific subgroups (e.g. children) who
may consume extreme amounts. The evaluation is needed in order to ensure that
the nutritional status of consumers is not unduly jeopardized by:
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substitution of dietary components of known nutritive value (on
which nutrition and dietary recommendations are based), with less
nutritious varieties

distortion of nutrient intakes as a result of unusual levels of
particular nutrients or the presence of anti-nutrients that could
affect the nutritional value of the remainder of the diet.

It is expected that the development of genetically-modified food products or
products with constituents from genetically-modified sources would include,
where appropriate, the generation of nutrient data that would be of value in
assessing nutritional impact. Nutrient information on the genetically
modified plant should focus on the dietary importance of food from that plant
and may include:

The nutritional value may be assessed initially from the nutrient composition
data. Unusual or unanticipated components should be subjected to further
analysis ...

3.4.1

a)

b)

c)

d)

e)

f)

g)

3.4.2

Nutrient Composition

proximate composition e.g. ash, moisture content, crude
protein, crude fat, crude carbohydrate

content of true protein, non-protein nitrogenous material (e.g.
nucleic acids and aminoglycosides), amino acid profile - unusual
amino acids should be determined if their presence is suspected
(e.g. d-amino acids from bacterial proteins)

quantitative and qualitative composition of total lipids, i.e.
saponifiable and non-saponifiable components, complete fatty acid
profile, phospholipids, sterols, cyclic fatty acids and known toxic
fatty acids

composition of the carbohydrate fraction e.g. sugars,
chitin, tannins, non-starch polysaccharides and lignins

qualitative and quantitative composition of vitamins, i.e. complete
vitamin analysis

presence of naturally occurring or adventitious antinutri
tional factors e.g. phytates, trypsin inhibitors etc.

storage stability with regard to nutrient degradation

Nutrient Bioavailability

Many of these concerns are amenable to resolution on the basis of chemical
analysis of the product and comparison with the commodity to be replaced.
Fingerprinting of the product by such techniques as HPLC, GC-MS, and conven
tional analytical methods is recommended.

Where the food from a genetically modified source is a source of important
dietary nutrients, animal studies may be needed as evidence of nutritional
adequacy.
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If concerns remain after assessment under the preceding sections toxicity
studies would be required as necessary, on the whole food, food constituent or

,.; specific component in question. These studies would most likely be necessary
when there is appreciable estimated dietary exposure to new or altered
components. In view of the diversity of products derived from modified plants
that will be used in or as food, it is not possible to precisely define the

,.; type or degree of toxicity tests that would be required in all instances.
Toxicity testing requirements will be based, in part, on the assessment of the
data submitted under sections 3.1 to 3.4.

3.5.1 Laboratory Animal Studies

Laboratory animal studies may be designed to address both nutritional and
toxicological concerns. The length of these studies would be determined based
upon the information available for the product.

Food constituents produced by modified plants and proposed for use in food
will be evaluated on the basis of toxicological data presently considered for
similar products from traditional sources. Traditional approaches to
toxicological studies are generally applicable to the assessment of individual
compounds or simple mixtures and are directed at supporting the establishment
of an acceptable daily intake (ADI) for the compound(sl under investigation.
The studies are designed to assess the test material's potential to elicit
short-term, chronic, carcinogenic, genotoxic, reproductive and teratogenic
adverse effects. Data from pharmacokinetic studies (absorption, distribution.
metabolism and excretion) should be considered when designing the various
toxicity studies. Internationally accepted protocols are available for these
studies, for example those developed by the OECD.

The application of standard laboratory animal testing protocols to the
toxicological evaluation of whole foods or major food constituents is problem
atic. For example. the incorporation of an appropriate amount, from a tradi
tional safety testing standpoint. of a whole food into a laboratory animal's
diet cannot normally be accomplished without encountering nutritional and/or
palatability problems. Modifications to the standard approach in order to
address these issues may need to be considered.

3.5.2 Allergenicity Considerations

The potential for allergenic response would be considered on the basis of the
history of the host and donor organisms and the modification undertaken.
Where the potential for allergenicity exists, the petitioner should consult
Food Directorate .

...
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Slalsmen! of PoUq: Foodll DsrIved
From New Plant V.11ellft

AG£IlC'r. Food a"d DruS Administration.
HHS.
ACTION.: t-;otice.

SUMMAIlY: The Food and Drug
."'dminisl!ation {FDA) is issuing a policy
statement on fcoos derived from new
planl varieties. induding plants
developed by recombinant
deoXyribonucleic acid (DNA)
techniques. This policy slatemenl is a
clarification of FD."". interpretation of
the Federal Food. Drus. and Cosmetic
Act {the act}. wi.h respect to new
lechnologies to produce foods. and
renects FDA's eurtenljudgmenl based
on nrw plant vtuietin now WIder
development in agricultural research.
This action i. bems Ialcen to ensure that
relevant .cientific. safely. and
regulatory issues are reaolved prior to
the introductinn of.uch products Into
tha marketplace.
OATES: Written comments by Augult27.
199::-

ADDRESSES: Submit written comments
10 the Doc1<al. Menasement Brancb
(HFA-30S). Food and Drug
,'dmim.tralion. nn. 1-23. 12420
Parklawn Dr.• Rockville. MD 20857.
FOil FUllTHER tNFOIIMATKlH COtfTacr.
ReRardirul Human Food !asues, James H.
~.lary3nski. Cen.e, lor Food Safety and
Applied NutritiDn (HFF-300J. Food and
DruS Administration. 200 C St SW••
Wasblnqton. DC ::D204. 202-4fl5.4l611.
Regarding J\nimal Feed Issuea: WUJlam
D. Price. Center for VelerinBry Medicine
(HFV-221). Food and Drus
Adminlatration. 7500 Standiab Pl.
RocIcville. MD 2085S. 301-29S-M24.
SIIPPI.nIEHTAllY INFOllIlAlION:

Table ofContenl.

L Bac1ground and Overview 01 Polley
II. ReaponsiblUry lor Food Safety
m. Scope of thia Document
IV'. Scienliflc IMUet Relevant to Public~ahh

A. Un~xpectedEJ'(ec~
B. Known 1'OxicaDtA
C. Nutrients
n New Substances.
Eo Al!elllenicity
F. Antibiotic Rf!~i.tanceSelectableM_
e. Planu Developed to Make Specially

Noutood Sub••....,..
n.la.un Specific; to~ FccdI:

V. Regulatory StalUi of Food. Derived from
New Piant Vari~tieI

A. The Statutory Fremework for New
Fe>o<I. and Fe>o<I1ngredlcnlO

B. The Application 01 s.ction 402(a}lll of
!heAcI

C. The Appiir.ation 01 Section 409 of the
Act

'III. Labeling
'IIl1. Guidance 10 indUlin' for Food. Derived

from New Plent Varieties
A,1ntroduction
a Flow Chorts
e. EfI..,\! 01 Proces.ing
D. The 1I00t P1.nt
E. The Donot{sl
1.. DonoT pienta
2. Fragmen~ ofdonorsenetic material
F. Suhatanc... Introduced lnlo the Hool

Plant from the Donor{a)
1. Proteins
2. Csrbohydmlee
3. Fall and oila
G. TOXicology
H. Other Infonnlltion
1. NucleiC acids
Z. Metabolic considerationl
3. Stability
t Future Workshop on SctenURc JUlJe.

"IIJ. Environmenlal Considerations:
Applicability of NEPA

IX. CoonIinallon with EPA: Pe.licide
Consideration.

X. Envlronmentallmpect
XLCommentl
XU. Refe:rencet

L Background and o...rvlew ofPolley
New methods Df genetically modifying

plants are being u.ed to develop new
varieties that will be aources 01 foods.
These metbods, including recombinant
DNA technlques and cell foaion
techniques. enable developers to make
genelic modifICation. in plants.
includins some modificallons tbat would
not be posaible with traditiDnal plant
breeding methods. TIli. pDllcy discus.es
the salety and regulatory atatus of food.
derived from new plant varieties.
including plants developed by the newer
methods of genetic modificauon.

FDA haa received numerous inquiries
from Industri·. govemmentagenclea.
academia. and the pubUc requesting
clarl/lcallon of lbe regulatory llalUS of
foods. sucb as fruita. vegelables. grains
and their byproducts, derived hom new
plant varieliea developed using
recombinant DNA 'edml"""", The
questiona that FDA baa received center
on issues such ... whether the agency
will conduct premarket review of these
new foodB. whclln:l each foocJ.
introduced into interstale commerce
would be cbellenged by FDA on legal
grounds. which new planl van..1ieo
mitlht come under theluriodlcllon of
FDA. wbat scientlllc WonnaliDn may be
neeeaaary to satisfy FDA that tuch
foods are safe and comply with !be law.
wlutth.. petillono would be mqolrecl by
the asencY. and whether lJlf!cIallabellns
would be required.

BESTAVAILABLE COpy

Representali_ of the food _
blD.echnology Industry have exptea3ed
to FDA tbe need for alrC<l8 but
appropriate oversight by Federal
agencies to ensure public confldence in

. food. produced by the new teehn1ques.
FDA haa received several specific
comments and SU8ll"3tiona from the
industry and from the public coneemlns
Federal oversight of loods developed
through new m.thods oJ genetieeUy
mDdifying plants {Refs. 1 through fl. The
agency has conaidered these and other
documents. including sden.Ufte research
papers. in developlDslllia notice. and is
setting forth t.'rls policy Slatmn~nt to
clan(y its inlerpretation of the ect with
respect 10 human foods and anlmal
feeds ' derived hom new planl
varietin•• 2 including bul notllmited 10
plants developed by new methuds of
genetic modlficatlon."

Under thi. policy. roods. soeb as
fruits. vegetables. grains. and Ibeir
b~l'roduets. deri\-ed hom plant varielies
developed by !be new melltoda of
genetic modification are regulated
within the exisling framework of the act.
FDA'. implementing regulations. and
current pracllce. ulIli%InS an approacb
Identical in principle to that applied to
foods developed by traditional plant
breeding. The regulatory status of a
food.InespeCllve of I1u! melllOO by
which ills developed Ie dependent upon
objective characteristics of the food and
the intended use orthe food (or Its
components). The method by wblch food
is produced or developed may in aome
cases belp to understand !he safety Dr
nutritional characteristics of the finished
food. However. the key factors in
re\'iewlng sarety concerns should be the
cbaracterlstics of the food product.

l-Fooct" meam UJArtidn'""IclrEood ordrif"Jc
fat manOf otbe:r aAlmalJ. (%) dlewtIlIl"& aDd (,1)
.meld.Nd for c:oazpceoat.la of__D:b.rtid:t
(H'CtiaD 201(f)aflhe Kt(Zl u.s.c.mtnJ). -Food
W:!Ddet.lnlmaa Cood. MIt.' • ...-1:1DC IOrooct
&omloo<koa''''''-pot-'--"
fted 1:1 en 1m3{m}). '"Ar:imal fnd"" eam-u
article-whidlil bltmd«llcr.. f«loCld fat
antmal. CIl otbr fhul, J:a &l¥t tdlidI Is fIU:eftc!cd
fotUH.I' altlbe1lntiallOllrQd' I'OD'iIa2IID dJt
dtet of the- alliIul. aDd it aot limD8dtD. asixn:e
tntnded tD be the..ntklllollhta=il:Dat'"
Co..- ""1'1 oftllo"'l21 U=:mI'J~

11 """.~ buNd bare..a..,.t IillrlI:Dto
deaaibo ..""""oalwbetMn_.._ral
of p!antl wtth1A .. _j>tCitt drItIoped let dHirabie
trolli.

• "'CeMtic: madificaUoet..~ tM altaatloa ol
the~oraplmtlSlklll1lf~MWOf
lnldll!onll "Mo<illc:Jtioa-lJ.-I"._
ClXItftt to IDU!l tM .....tica b; thR : 'lieD ofloodthat___...-_..__

~tN.l1a,bl JOI 1i,.olihe8lllibcd.
~_ba....... _ ..a_....._lMIafftd1__• _

of-"'=....1IriaI ....' aJ'tect__Iobl."... all _led1ood~__ ...,ocaIly

t1>Odifled,
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rather than the fact that the new
methoda 8nI ""ed.

The .sfely of e food is regul.ted
primarily under rnA'. postmarkel
authority of section _(a}!l) of the .cl
I~ U.s.c. 3f2(alll}}. Uninlendal
Cct:urrellces of unaafe levels of toxicants
;n food are regulated under this section.
Substances that are expected to become
componenta of food as reeult of genetic
modification of a plant and whose
cOJnoosition is such or has been altered
such that the subatance is Dot generally
rQcognj%8d as laie (CRAS) Of' otherwise
exempt are subject to regulation as
"food additives" under seclion 409 of the
act IZl US.c. 348l. Under the act.
substance. that are rood addiUvc$ may
be used In food only in .ccordance wilh
an authorizing tellU!ation.

In most case.. tha subatances
eX)lScled 10 h<!come co_"lo oflood
as a result of senelic modification of.
plant will ha the same as or
substantially .!mUM 10 subatances
commonly round In food. auch eo
prolelns. rata and oils. and
carbohydrates. As diacuaaed In more
detail In aeolloo V.c.. rnA has
determined that such .ubstance. _hould
ha sublect to regulationunder_ectlon
409 ofthe eel In thOl8 cas.. when the
objectlve cbaraeterl3l1co orthe
substance raise ClU88llon1 of wely
sufficient to wammt formal premarket
h!View .nd approvel by FDA. Tha
obJective <:hatacterl3tleo that wID tri8ger
regulation of ouba'.nces .. rood
oddillves .re described In the guidance
aaction of thl. notice f.ection VU.).

The guidance sectIon a1.0 detcribel
scientific considerations that ant
importanI In "aluating th••afety and
nutrltion.1 .alu.. of food. for
COIlIllmlPtion by humane oruIma/..
regardl... ofwhether the food 10
regulaU!d under _on 402(a/{1J or
.ectiM 40lI of tha a<:L Tha 8ftld
aectioD outUns a Ndecialon tree"
approach to wety ••_ ........, ofroodt
derived from new p1.n. varle".. that
FDA believe. I. compatible wuh emrent
practlca among llClenlll'a
knowledseable In Ibl. area. The
guldouce _lion Illw fdentUleo cert.1n
Iclenllflc q_llOIII that may ralas
.officienl ..fety concem to warrant
cononItatlon wltb FDA..

PlolaIJy.IhI._!lee...wre- PDA"
ruponolbillty 1IIId... theNallllll8l '
EnvUonmantal Policy Act (NIlPA) and
Iha food Jabellna provtnoa.-of thead I.
tueIo "",,1- .Beet IabelIas III rood!
demed from _ plant verlelles.

Thta policy .talemeDt rellacta rnA'1
cumDt p"Ili,,_t 1laaed 00 tba _
plant varlell.. now tm<I... d....Jop"'...'
!II agricaltnral ......uch.FDA InYItea
COIIlJIIenla CD tbla docwnaDt.lleca_

scientific developmenla In thls field are
occurring rapidly. FDA WIll rollna III
policy, if clrctUlUll.ncea W81'l'1lnt. in.
futuro FadaralllJlsIoter nollce.
.-1.ddition.I\y, FDA plana 10 ennounce !II
• future f'edal'll1 Rt!fl\IlU noUce a
worksbop to dIs<:uaa .pacific scientific
issuea. rnA Invite. commenl on lopi..
thaI might ha addreased al .ucb a
-..voOlsbop.

lL ReoponalbWIy to< Food Safety
FDA is the primary Federal .gency

te3ponaiblo tel' enduring the ~alctyof
commerical rood and rood edditive..
except meat and poultry products. FDA
worict c10aaly on food ••rety mailers
'vith tho u.s. Deparlmcnt of Agriculture
(USDA), which regulates me.land
poultry producta. and with the US
Envlrolllllental Protection Agency (EPA).
which rogWlltoe p..timdes and llIeta
tolerances for pettlclde residues In food.
FDA's authorityl. under tbe sCI, Ibe
Public Health Service Act. and rnA'.
impl~m@ntinaNgu!ationa codillad In
tltls zt or lb. CFR. The ect gives rnA
broad authority to lnlllatalegal acl\on
.•galnst a food th.t I. sdullerated or
miahmnded within the m....nina of the
seL

Producero ofnew ronde have an
obligation under the act to enaure th.l
lbe foodt they orr.... conlUmen .......r..
and In compli.nce with applicable legal
requirements. Bees...., In.ame ca_ tha
regulatory Iuriodlctlon of. now rood
product lnclu~ thoae prodnced 1II!nf1
innov.tive method. may nol be c1e.r.
produce,. can Informally contull with
FDA prior to marketing new food. to
ensure that tho .af.ty and regulatOry
etalu. of a new food 10 properly
resolved.

Eltewhere In thIo Issue of th.. Federal
R"lPNr. PDA Sn!lO'IIlCet the flllnR of
tha lint requ...t by a prodl>Cl!l' for
c:cnsullatlon with FDA coneemins a
new pI""t variety dewloped by
recombln.nl DNA leclml'l"'" The
l'l!lJU'!It llllbmlttad by CaJgene. Jne..
(CaIJl'!!la) COIlC8ftl. tbI FLAVR SAVR'"
lomato, • new variety c\almed to axhIhIt
Improved fnUl ripantna and olber
propent... 1lecI1IM C8f8e2le mada IhIa
requeot prior tothe flDaIIzation of tbls
polley .tatament. FDA advloed the flrm
to oubDllt tho mrmmaliOll about the
tamalo InlIlall7 a. It nIq1IIIt fora~
op!Illcm under I tOJl5 12t CPR tG.85llO
penult the__ to -.Icier the .lalol
o1lhe nawftrietJ. and to 1ItiIhe ea
enl....donp_ thalli opeD 10 I"'bllGco_and permltt tbI_to
maka Ita dedoloD bowD to the J)lIhIle.
Futare raqMStI for fDA CllZlIU!tat!OD
tlwNld l>e mada -...Ial_w11!o the
prlncIplea oatllned Ia thIo 1IOIIw.11laa,
FDA tIoat DOI."tIdpate that fulnnl

BEST AVAILABLE COpy

roquem of thl_ natore will be fih,d
UDder 11o.BS

IlL Scope ofTbls Dc>cumtmt

Thi. nolice dilcusaaa acieutific and
ragulatory considerotiOM forfoodt
deJived from Dl!W plant YBrtaties. Tbls
notles doeo DOl addreas foodt and rood
ingredlenta regulated by FDA that have
been deJived from atg...
m1~and "111",, """plant
orgarlilmS, includirls: {1} Foods
produced by renoentatloD. where
m1croorganilllIll are HIelItial
component_ of lb. food fe.g.. yogurt and
singla cali prolein): (2) ro<ld ingftdi...ts
produced by lennentation. ouch II rnany
enzyme.. lla.art. amino adds.
_weelen.ro. thlcken.... antioxidanta.
presl!!'YsUvn. colors. and other
subttalltes; 13} lInMtaDcea prodnced by
new plant YBJietIH._pmpooa 10 to
color food. and f4} foods derived &om
.nimsle that 818 IDbjed 10 FDA'.
IDthortty.lncloding oeafood. FDA II
COIlllldertJ18 _Iller 10 _

!uti... In fnlUnl Fedonl R...... notl....
F'mally. the principles d!salsHd bl

lhl.lIOtlce do flO! eppIy to "new clrvgs"
a.d._ by aectiOll 2llt fpJ of the set
(zt USc. Sztfp)}. ........ anlmal dnIgo"
a. defined by section 2lltlw} of the .ct
(zt Usc. 321(wJJ. r6to "peollcldt
cbem!cBII- a. <!eliDed by IeCtiou 2Otfg)
of th.. act. AI dJo< ., ed In _ IX..
EPA iI rupotI8ible f«pestldda
chemicalt.1II<:Iodfns thoae pr""od~oc:edced III
planfl a•• resuJtto 8'!""1le
modification.

IV. !IcIaDtlIIc IMnea RaIn_ to Publlc:
JJuItJ.

Plant breeding 10 the scIeaa! of
comhlnlDgcl2llrahla I"'Irictraltt Into a
variety that C8lI be DIed In agrlCllltare.ne_ cra/,. C8II M lIroadlJ'
divided Into two danea:'J1>oae the!
drect qnmomlc c:be.noc:terittl"" of the
plant. and thota thot al&c:t qllaJiIy
c:bImIetmItIca oft!lll food. Agionomlc:
cbarocterlltlca Include thoae affectlnR
yield: reaIttance to dIse_ lnaeets.
and hezblcideo: and ahlllty to thrive
umler _ .dveIw en,hUllDJeUtal
condllloaL QuallIJ cbaJacterlatlct
lncllld.1hoae aIfaetIDa proceoaln&
pre.....lIC81, nntrltloa. and fIawr.

Th.. senetlc mod!llc:atlon tecbnlquea
used to deftlop DOW plant varlatlet
conolltuta a conllnumn. TradltIoaaI
braadlIIa typlc:all)' CODdata of
hybrk\b:aUnD be.w.....nrl_of tho
oamalplClat and IICf88I1Ing f~ proseny
wllh det!Iad cb.uacterisllca. Such
hybrIdlzatlono cm1y C8!l bltlodace trait.
founcl fad_*-1lJ...... ha""
...Ioped til adoplri ellumber of
IeclmIq'aea to axpcICl the naaeof·

q/
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genetic variation available to ther.>.
These techniques introcbce variation
eilher by uaing mutagene.i. to alter the
senome 0' by introducing 0' modil!,ing
D~A segmenla. including DNA segment.
derived from other organismsl.

~lutagenic techniquea include both
random mutagenesis. tesu\tiog from
t:eatJnenl with chcmicaland ph~'lllcal
mutagens. and somaclonal ~ariBtion.
whereby. with the use of tiS81le culture
ter.iuliqu.a. planh ere regelU!rated from
caUul or lea£ tissue explant,. The
regenera led pienta often have llroperlies
not found ill. the progenitor plant.
!'eiiec~in,g both preexisting cellular
genetic differences and tissue-cuiture
induced mutations. The mutalions range
from single gene changes to
chromosomal rearrangements.
Mul8genesia techniques are Umiled.
however. by their inability to terxet a
desired lreit. Somaclonal variants also
frequently are unatable or infertile.

Techniques for gene transfer between
plants that belong to different species or
'lenera fall under the general heading of
'''vide crosse,:' These·"crosses" have
been accomplilsh.d using hybridization.
and protoplast fusion. Traditional \'t.'ide
ernsses involve hybridization between
closely related species or genera.
frequently requiring the use of special
techniques such SB embryo reSCUe and
chromosome doubling to overcome
physical orgenetic barriers to the
production of fertile progeny. They
pennil the transfer or genetic traits thaI
are not present in close reiatives of the
modem plant varieJie! but are found in
more distant wild relatives. TroHa that
confer resistance to 8 number of
mseasea have been introduced this way.

All of the techniquea described above
require extentlive back crossing with the
parent line" to eliminate mutations
~nllnkad to that responsible for the
de.ired phenotype and undesirable
trai~ in extraneoul genetic material
introduced along with that encoding the
desired trait.

Recombinant DNA techniques involve
the isolation and subsequent.
"'troduction of discrete DNA aegmenla
~ontAinJng the gene(a} a( Interest into
reciplenl (host) pl.nlS. The DNA
segments can come from any organism
(microbiaL animaL or plant1. In theory.
~aentianyany trait whose gene haa
been Identlfled can be introduced into
'irluaUy any pl.nt. and can be
introduced withoulex_
unwanted 8cnetic materiaL Since theee
techniques are more predse. they

increase the potential for sare. better..
charactemed. and more predictable
foods.

DNA 8egmenla introduced using the
new techniques insert 8emj~randoml)'
into the chromosome. frequently in
tandem multiple copies. and sometimes
in more than one site on the
chromn!lDllle. Both the number of caples
of the gS11G and its location in the
chromosome can affect its levei or
expression. 8S well as the expression of
other genes in the plant. To ensure
bomozygoeily And to enhance the
.tabillty of the line and the ability to
cro.s the trail into other lines. the
breeder will often perfonn a limited
number of back eros898 to ensure that
the plant line has the new lreit inserted
in only one location In the chromosome.

Additionally. B. wllh other breeding
techniques. the phenotypic effects of a
new trait may not always be completely
predictable in the new genetic
background of the hosl. Therefore. it is
common practjce (or broodors using:
recombinant DNA techniques to cross
the new trait into a number of hosts to
find the best gene lie bacJ<sround for
expre8sion of the new trait. CU!'1'entlyo
for most crops only a few lines or
varieties of any species are ~mendBb)e
to the use of recombinant DNA
tochniquee. Onco the deoircd wit is
introduced into B line amenable to the
technique. it mUBtlhen be crossed by
traditional means to ather desired linea
or varieties.

Regardless of the particular
combination of techniques used. the
development of 8 new plant variety
typically will roquire many aite-;)"ears
(number of siles x number of years of
planltestlng) of performance trial.
before introducUon into agricultural
practice. '111"& rans_ from 81 few 81 10

to 20 site-yelll'l for eome plano to 75 to
100 .Ite-yean for othera (some 5 10 10
years). The time of evaluation and the
aiu and number of 8ltal will vary ..
necessary to confmn performance; 10
reveal vulnerabllitie. to past.. diseases.
or other production hlWlrda; 10 evaluate
atAbility of the phenotype: to evaluate
characleristics of the food; to evaluate
envlronment.1 effecta: and to produce
the required amount of seed before tha
new plant v.riety can be grown
commerci.11y by farme... In the cowse
of thI. Inlenaive .....ament. individual
plan.. axhibillng undesirable trait. 8r8
ellminallld.

Recombinant DNA techniq.... ara
used to achieve the same types ofpI.
u lradiUonal techntqullI: The
deYelopment of new plant varieti81 wlth
enhanced agronomlc and quaI1ty
characterilUca. Currently. over 30

diflerent agricultural crops d....loped
using recombinant DNA teclmiquas a18
in field trials. Food r.ropa have been
developed u.lng Ihese tachniq.... lo
exhibit impJ"tR"'ed resistance to pests and
diso.a.. and to chemical herbicide-.. For
example... planl's ability 10 resisl insect
Infestation reportedly baa been
improved by lransferring bacterial
genetic malarial that encodea proteins
toxic to certain insecl8{e.g.. Bacillus
thuringie1l$is delta endotoxin). Other
plan" have been given viral coet
probtin 8021.. th2t confer aosa~
protection to ,irel pathogens.

Other new plant varietiee have been
developed thet exhibit lrai'" for
improved food procesai1lg. improved
nutritional content. or enhanced
protection against adverse weal.het
conditions. For example. gelU!tlc .
modifications or plmlt cnzymce involved
in fruit ripening may yield tomatoea with
impro,..d ripening characteristics.
texlure. and flavor. Scienlisla have used
recombinant DNA lcchniquce to tronafe2'
genetic material lor the production of
seed llorage protein conferring
improvemen", In nutritional balance of
importanl amino acids in the new plant
varieties. Scienti.ts ha,...1so identified
genes in certain fiah that encode
proteinw thai conferee increased
l"Ceietanoe to cold. Copi•• of thOio saU"
have been introduced into agricultural
crop. with the geal ofproducing new
plant varil!tie8 that show improved
toleraDee to cold ,,~..e.thst conditiosa..

Tbeae examples illustrate only a lew
of the many improved agronomic ond
food proceosing traUs CWTently being
introduced into plants using
recombinant DNA techniques. Any
genetic modification technique ba. the
potenUalto aller the composilinn of
food in. manner relevant to food ..Cet}°.
although. based on experience. the
likelihood of a ...fety hll28ld is typically
very tow. The following paragraphs
doocri"" .om. potential c:!lans" In
composition that may require evaluaticn
to ass"", food lafety.

.4. UnexpectedEffecu

Vu1ueUyall breeding techniques have
potential 10 caale llJU!XP8C1ed
(including pleiotrcpic • ef£ecta. For
example. mutations unrelsted to the
desired modification may be induced;
undesirable traits may be introduced
along with the desired traits; llewIy
Introduced DNAma,.~!naelt
Into a transcriptionallyaetlve lite on the
chromoaome. and may thereby
inactivate a boll gene oralter conUol of

....

BEST AVAILABLE COpy



FedenJ Resbt_ I Vol. 57. No. 104 I FrIday, May 29. 1992 , Notices 22987

...

...

...

fl. exprealon: the Introdueed ReM
product or a ",olobollc product .ffected
hy the gmellc chinS" may Intfl18Cl with
other ceUular p!Oduct. 10 J>lOd-'
delelerioua effect. Plant bnleders uollll
well established pracUcea uYe
succeaafully Identified and ellmlnated
plant. thai exhibit """"l*!ed. advellll
trait. prior to com:men:lal ute.

8. Known Toxfcant&

Plank are 00_ to produce Dalurally
• number of loxlcantl and
anlinutrillODal facton. auch aa _lea...
inhibil01l, hemolytlc agenll, and
neuzoloxlna. which often aerv. the plant
aa natural defense compounds asainal
peslS or pathogena.For example, moal
cereall conlain prote..e inhiblton,
which can dlmlnl.h the nutrillve value
of proleina. Many legumea CQIlleln
"'lallvely blgh levela oflecllnt and
cyanogenic glycooldu. Lectl.... lf Dot
destroyed by cooldns or removed by
sosking. can cause.evere nausea.
vomiting. and clJanhea. Cyanogenic
glyClllidu can be hydrolyzed by tpedBc
el1%}'lJIes in the plet to releu. cyanide
if food &om the plant b Improperly
prepared. 'The level. ofcyanogenic
glycoolde. in casaava and tlO1Ile Iegumea
can lead 10 death or c:hronic
neurological diaeeaa If theae foods are
eaten 1Iftcooked. Cruciferae CODtaln
SlncoolDolal... _ may IlIIpaIr thyrotd
function. Squaah and ew:amber contain
cuaubillcln, lll1 acute toxlclll1L
Chickpeaa conlalnIa~whlcls
are neurotoxins. .

Many of lheae loxlC8llta ..... presenlln
loday'a foods ellovels thai do not cause
acuate toxicity. Others. IUch •• in
ca3Mva and some legume...~ hJgh
enough 10 cause aevent iIlneaa or death
if the fooda are not properly prepared.
rnA aeek to aaaure thai new planl
varieties do not b:avc eipWiGmlUy higher
levela of toxicanla thm preaentln other
edible varieties of the aame apedes.

Planta.lika other orsanioma. hava
metabolic pathway.. thai DO lo.nger
function due to mUletiona that oceurred
during evolution. Prod_ or
intermediates of aome such pathways
may includp. toxicanb. In rant cu••,
such sUenl pathways may be scllvaled
by ",utationa. chromosomal
..arrangementa. or new regulstory
regions introduced during~ and
toxicants hilhe1'to not anodsted with a
plontapecies may thereby be produced.
Similarly. toxicants onIInllllly produced
at low lewela In a plant may be llfOduced
al bi8h 10...laln a n.... _ety.. a
reoull of auch oocu:rrencea. 'l1la
lilceliboodofacllvallOD of'l"","-t
pathwaY' orlnt:teaaed _Ionfnlm
activa pathwaY' b _hIe",d
extremely low In food plants with. Ions

h1atmy oruse that bve never exhIblted
prodl>Cllon of un\mOWD or unexpected
toxins. alnee the sanelle chsJIIH that
can lesd to roch ......,. occur during
growth and _Induced With tradlllonal
btcedlna manlpul.t1a....... the few
casea whe.. loxlcanta have been railed
10 ""..fa level.m a COIIlIIIet'Clal plant
variety. the toxicant. 1'0,,", known to
_ in slgnl1lcant IeYela!D ODe ofthe
parent apeciea. beeptln rant ca....
plant breeders ...IDS _n eatabllahed
practices have aucceaafuUy ldenllfied
aDd allmllUllod planta that ""J""Sa
UDllceeplably high Iev.la of IDxlcanIa
pr!orto commercial ......

C. Numenll
Another uninlended amaequence of

genellc modificallon of the plant may be
a algnificant alteration in levels of
impor!ant nutrienta, In addJllon. chensea
in bloavallability of a nlltrient due to
changes In form of the nubient or the
p"'aenca of inaeaaed levels ofother
constituents that affect ..beorpllorl 01"
",etabollam oJ oubients mtltt be
considered for potentlalllUtritional
impacL

D. New Sub.tloncu
Because plant breeden nslns tha new

lechniquea are .bla to IDlroduce
esaenlially any trail or aubatance who...
molecular senetIC Idenlity i8 IcnoW1> Into'
VIrtually any plant. II la pooaibleln
IDtroduce a protein that cIiflen
aignificantly malnlcture or funetloll, or
10 modify a carbohydrate. fal or 00. auch
thalli diffen algnillcently in
composillon from wch wbalen...a
CW'rently found in food.

E. Allergenicity
All food alIe'l!eDa are protein..

However. only a omall mellon of tha
thouaanda of proteina in the die' have
been found to be food aIlerg..... FDA'a
prillcipal concern regarding .Uergeoclty
la that prolelna tranafelted from ono
food .ourca to another. 8.U poaaible
with recombinant DNA and protopl..1
fuaion lechniqu... lllight confer on food
from the boat plant the allergenic
propcriiea of food from tho donor plant.
'Thua. for example. tho introducllOll of a
gene thai encod... peanut all_Into
com might make thaI vanety ofcom
n....ly .11"'80"10 to peopkt otdlnlU'lly
allel'llic to pellll1JlL

Examplea oJ ronda that commonly
caUla an allergenicrea_ .... milk.
ega. G.h. Cl"Uatu... moD\1SCey tNe nu~
wbeaL and lesnmea {partlculsrly
peanuls and any""",,,,). 'The IeDII1Ive
popuIallorl n mdlnariJy ohio to ldentlf;r
aDd avold theoffendbla--"-.
If!be aJJersan ..............ed Into • Y8riety
of a planl sped.. that Deft!' bel,,",

BEST AVAILABLE COpy

prodl1Ced thai alIetpn.tha 1IJICell1lbla
populatloo -.Id not bow to avold
food from that_ty.

In aome fooda that """""'O"!y cattae
an a1Jerste reoponae, the partlcWar
proteinla) reapo1l8lble for aJler&enlclty la
known. and therefore tha prodl.Icer may
know whether theltmlsfmed pro!emta
the allugen. However. In other cue..
the protein reaponalbIa for. roocrs
o.Ilergenlcity I. nollcnown, and FDA
comldenlt prudent practice for the
prodllcer 1nI1ia1Jy to 0'''''''' that tha
tnmafened protein to the~
Appropttata In 1iilt;o or in 1iiYD
alIergeniclty !eatingmay_at whslher
food from the new variety dicita lll1
alIersentc rea_In tha potanlla1ly
aenallive populalion lie.. peopI<t
aenailive to the food In whlcb the
protein it otdinarlly found). Producers of
auch foods abould d!acuA al1ergenIclty
tesling protocol requimDenta 1Irith the
agency. Labeling offonda nawly
contailling a known or aaspect alJersen
may be needed to tnrmm """""""" of
auch potentIaL

A aeparela _ is wbetherany new
prolelD It> food baa the potenllal to be
aI1etgenlc to a aegmatlt of the
popuIallOlL At Ihia time. FDA '
nnawaze or any pnIetica1 _thod of
predict or a_sa the potential ror new
protolna III food to tnduce au..gemdty
and requeall COlllllIentl on thl........

F. AntibiDticRem_Sc ..*~'"
M~

In gene transfer""",,_ts.onJy a
aman pen:enblsa of tha recipient planl
celJl win actually taka op the Introduced
sea- ODd "'4DY deslnsbla InIIIs (I.e..
those thel epecify tha IIlI1!Dded technical
effeell aN DOt eaay to deted before the
plant !>sa fully developed. Sdenllala,
therefore, enhance their .bility 10 ....1.le
plant cel!l thai hava taIam op and a\ably
Incorporated the deaIred ...... by
phyalcally IIIlIcfns the _ 88"" to a
.ele""'bla IlI8lIcersa- ouch a•• _
that specili.. tha prod""""" ot •
Sllbalance tballnacllvatea et!b!ollca

'the kanamycin reaiatance gene Is one
of tho moot ";dely uaed acIoctabL:
marker gen... 'The bnamydn reaiatance
g.... opeclfIes the InfmmeIloD ror the
producliOll of the anzyma.
aminosJycoolde 3'.pb_hob......reno..
n. TIle COIlllllOll nama for Ilds etl%JIllt! b
kanamycln (or neoatjclnl
pltoapholmlaf n. 'l1la bDamycin
phoaphotnmor oe D __ ",odIfIea
aminoglycosId. antlblollQ.lndading
kanamycin, ~eotIlydn.aJId senellcln
(G4181 chemically fnacll.etiJ4 the
atlt!bIolle aM r.......... the eena dJat
~ the Iuwaxu)cIlI-raafatanee_
pnx!rJct refractory or .aafataal It> tile
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antibiotic. Plont ceUa thai have received
and atably upre.. the kanamycin
resi.lance gene aurvive and replicate on
laboralory media in the pre.ence 01 the
antibiotic. kanamycin. Planl cella Ihot
did nol take up and expresa the
Introduced kanomycin resiliance gene
will be killed by the antibiotic. By
linking the lelectable marker gene to
another gene thatlpeclfiea a desired
Irait. .cientim can identify end leleci
planll thai have laken up and exp.....
the desired genes.

The kanamycin resistance gene has
been used as 8 selectable marker L"'.t
more than 30 croPI 10 develop varieties
L'lat exhibit improved nutritional and
rroce••ittg propertiea. resI.lance to
pea\l and di••a..,.. tolerance to
<:bernicel herbicidel. and other
agronomic properties. Once the desired
plant variety h.. been selected. the
kanamycin resiStance sene &en'1!! no
further uaeful JlllI1lOse. a1thOU8h it
cOiltinuea to produce the kanamycin
pho.pholransrerase n en2}'llle in the
plant tiaauel. Thus. whtle the kanamycin
re.i.tance gene il a research tool that I.
importent ror developing new planl
'-aneliea through the current
recombinanl DNA teclmJquBl 01 gene
transfer. both the 'kanamycin resi5tan~

gene and ill product. the kanamycin
phoaphotranlferale D emyme proteill.
me expected 10 be preaenlln food.
derived £rom luch planla, unIe..
removed througb recently developed
techniques (Ref. 5}.

Selectable marker genes that produce
en%llmea thai Inactivate clinicany lIOeful
enlibio1lca theorelically may reduce the
therapeutic efficacy of the antibiQtic
when taken 01"Blly if the enz:ymc in the
f~od inaetivea the anUbiolic. rnA
believel thaI It will be important tQ
evaluate Inch concern, with respect to
commercia) uae of antibiotic resistance
",.arker genea In food. ..podaUy those
thet will be widely UII!eI. FDA il now
evaluating this and other ialUes with
respect 10 t'he lIQ of the lcano.m,.-etn
",sialauce marker in food.lSee 56 FR
::ooot. May 1. 1991.)

C. PlantJI De,-e/oped to Make SptJcialZY
NonfoodSubslDnee6

New genetic modification lechniques
may develop planlA that produce
nonfood chemicalo, auch 81 poIymera
ned pharmaceuticals. In many ca.... the
planl will nQIsubaequently be used for
food. In auch ca..... the developer mllOt
ensure that food-use varielle- Qf the
crop do nol c:rou With or become mixed
with the DOnfood-u.a varletiea. ThlI is
not a new issue for breeders and
growers. For example, lOme verieues of
rapeaeed on are srown for 1nd1lOlrial on
u~ and have bigh levels or toxicants.

such al eMldc acid and g!ucolinylote..
while other varieties are B"O"-"tl for rood
use and have low Ievela of these
lubltances. Similarly, potatoes grown
ror industrial usel can bave bigher
levels or .alanine than thme grown Cor
retail food use. The producer of the oil
Qr polelo muat ensure that the edible
plant variety is noladult.raled Within
the meaning of the act. Developers of
crop. designed to produce lpecielty
nonfood aubslances have a comparaWe
obligatiOll.

IfplanlJl (or materielo derivl!d from
plan\l) med 10 make nonrood chemicals
ore also Intended 10 be used ror fQod,
producers should conlult With FDA 10
determine whether the nonfood
chemical would be a food addiUve
requirinB an authori%ing regulatiou prior
tQ marketing for food use.
11. Issues Spec(fic to Anlmal Feeds

Unlilte a foocIln the buman dieL an
animal leed derived £rom a lingle plant
may conslilule a slgniflcant pQrtiQn Qf
the animal dieL For inslance, 50 10 7S
percent or the diet of moal domestic
animell conllsto 01 field com. Thererore.
a change In nutrlent or toxicant
composition that II conaldered
insignificant for human consumption
may be a very significant <:bange In the
animaldieL

Further, an1malo CQnsume p1anlJl.
plant parts. and plant byproducts that
are DOt conoumed by humans. FQr
example. animall consume whole
cottonseed meal whereaa hnmanl
CQnsume only cotton leed QD. GossypoL
a plant toxicanL Is concentraled In the
collQn leed meal during the productiQn
01 cottQn aeed oil. BecallOe plant
byproductl repreaent an Important feed
IQurca for animals. it 10 Imporlanl 10
delermina If algnlficant concenlratioM
ollQXicanll or other hannful planl
conotiluenll are preoenlln new planl
varieties.

Nutrient composition and avallablllty
of nutrients In feed .... Importanl aafety
consIderations ror .nlmal heolth. For
example. if • genetic rnorJificatiOllln
aoybe.na cauaed an Increase In pb)"lin
content. the aoybean feed may need to
be eupplemenled with phosphorous to
avoid problema of animal health.

V. RatuJatory SIAm. of Foods tleri...l
FlUID New P1an1 Varieties

A. The Statutory Fromeworit for New
Foods tmdFood Jngredient8

The Uniled Slatea today haa a food
lupply thalia 81 safe aa e1l11n the
worlel. Ment fClCHh derived £rom p!anll
predsla the establiahment ofnational
food Ia_mel tha Hfety of these foods
hal been accepted baaed on extensiVe

use and experience over many years lor
even. centuries). Foods derived from ~'W

plant varlelies are not routinely
aubjected to mestifte teeta for safety.
although there are excepUons. For
example, potatoeB are gaaeraUy_ed
for the sl7a>alkeloiel. IOlanlne. The
eatabliBbed practicel that plant breeden
employ In aeleettng and developing new
varieties of plante..ueh e. chemical
analyBel. taBle teatlng. and vllual
analy..... rely primarily on obaen'8tions
Qf quality, wholeaomen.... and
agroaomic chlUflcteriatica.lliatorieolly,
Iheae practk:ea have proven In be
reliable for ensuring food ..rety. The
knowledge from thia past experience
coupled with sate practices in pl40t
breeding hal contributed 10 continuo..
improvernenlJlln the quality, variety,
nutritional value. and IlIfety of foods
derived from pl40tl modified bY • range
of traditional and Increasingly
aopItilticated techniquea (Ret 1 el xvl~
Based on thJo recon:I of oafe
development of new vartetles ofplanta.
FDA bel DOt found II necessary to
conducL prior In marketing. routine
safety reviews or whcle foods derived
fromplatlta.

Neverthel.... FDA haa ample
authority under the act's food oafety
provialonB In regulate and emure the
safety of foods derived from new plant
vsrielle.. Including planlJl developed by
new tecbnlquea. Thla lnc1udea authority
10 require, where neceuary, a
premari<el wely review by FDA prior 10
markellng of tha food. Undar_n
4ll2(aJ[1} of the act. a food is deemed
adullerated end thus unlowful tr it bears
or contam. an added poisonoul or
deleterlQus lubatance that may rende<
the food Injurioul 10 health or a
neturaUy ocet!ftin8 lubatance that II
ordinsrily Injurio... Section to2(aJtl) of
the act !mpoBee a legal duty on 1m...
who Intzodu<:e food Inlo 1m_I
place. tnc1uding food derived from new
crop varieties. 10 ensure thatlbe food
IlItisfiel the applicable oafety atandard.
Foods Ibat are adulleTated under aectiOD
402(aX1) of the act are BUbjecl to the full
fangs oferUoreementlll88lt1l'88 under
the act; tnclud!ng ae!%ure.1njundIoll.
and crImIna1 prosectllioD of tho.. "i>o
fall In meet their .'atutory duty.

FDA hal reIJed almoat excIUlively ou
lection 402la1(1) oftha act to emure the
IIlfety ofwhole foods. Toxltte that occur
naturally In food and that reDder the
rood ordlnariJy IDjurinua fo heallb lauch
aa poIs<u1a In cel'lBln IDuahIOotnaJ, and
thoa adultarated. mrely reqllired FDA
~I.o..-action bees.... auch CU8lI

;;;:~wall mown and CBnIfully
avoided by food p>oducero.

"_5 i -""AiLASLE COpy
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FDA regards any substance thalia nol
an Inherent con.utuent of food or
who,e level in food has been increased
by human intervention 10 be "added"
"i!hln the maaning of section 4QZla)(I)
of the act. See United StDte4 v.
.-lndel'8on Seofoods.lnc.. 622 F. 2d 157
(5th C'll'. 1980). Added substances are
,ubject to Ibe more stringent "may
render [the food) injurious" safety
standard. Under this standard. the Cood
is sdullerated it by virtue of the
presence of tha added substance. there
is a ''reasonable pouibiUty" that
consumption of the food will be
:njurious to health. United Stales v.
Lexington Mill S- EJevaUJr Co" 232 U.S.
399 (19141. The "may ",nd.. injurious"
standsrd would apply 10 a naturally
occurring toxin in food if the lave' of the
toxin in a new plant variety were
increased throush traditional plant
breeding or some other human _
intervention. Se<:tlon 402la)(l) oC the act
would have bean the legal besls under
which rnA could bave bloclced
marketing in the 1970's of a new variety
of polato that had been found during Ita
development 10 contain eleveted and 
potentially harmful level. of .olanine aa
a result oC a crail with an Inedlbla wild
potato.

Section 402{a)(1) of the act" most
froquently uud by FDA to resulete tho
presence In food of IlI18VOldobla
environmental coDtaminanta such os
lead. mercury, dloxlD. and allatoxID.
rnA regulary eltabUobu ectloo level.
and 18k.. enforcement actioD to prevenl
tha lala offoods thet CODtain
unaa:eptebla levels of such nnintended
and undesired coutamlnanta..

Section 402(a)(I) of the act wa. Ilgned
into law in 1938 aod has Ita origina in •
Ilmilar provIlion In the Fede:aI Food
aod Drug. Act of1-.UIltl11llS8, this
authority wal the prlDt:lpallool relied
upon by rnA to regu!ata tho ..fely of
food and food IngMdienta. m1958. In
""JlOM" to pubUe _ about tho
increa8l!d use of chemicals In foods aod
food proceaaing and with the aupport of
the food Industry. Co"8"lU eoacted the
Food Additive. Amandmeot (tho
ameedmeDt) to the act. Amolliother
provfsione. the BlDeodmeDt ea18bUahed
a premar!<et approvallEqll!rement for
"food additives." Th. bulc thrust of thlt
aml!Ddmeot was 10 require that. before e
u... chemical addillve (auch ...
pl8letVative. antloxldanl, emulalfler. or
artIflc:ialllavor) couIt1 be Bled In food
proeess!D& Ita p1'O<Incer mllSt
demonotrale the ..rely of the additive to
FDA. Consreaa rec:osof3ed mtder thI.
new Icheme that the eafety of lilt
additive could nol be ..labllshed with 
abtllinle certainty or under all

condition. of use. Congress thus
provided for a science-bosed safety
stendsrd thai requires producerll orrood
additives to demonstrate to 8

reasonable certainty that no barm wiU
result fram the intended use of the
edditive. See 21 CPR 11O.3(i}. IfFDA
futds an additive to be lafe, baled
ordinarily on date submitted by tha
producer to the agency in a. food
addltivJl peUtion. the agency .
promlllgstes a regulstlon speclfylng tha
conditions under which the additlva
moy be s.fely uaed. Food oddltlve. that
are not the subject oC sucb a regulation
ere deemed unsafe es a matter of law.
and tha food. containing them are
adulterated under section 402(e)(Z}(Cl of
the acl (21 U.S.c. 342(a)(2)(Cl) and are
thus unlawfuL

menacting the ameadment. Congreas
recogmud th.t mony lubalancel
intentionaUy added to food do nol
reqllire a fonnel premarket reviaw by
FDA 10 aaoure their safety, either
b....ua. their ..rely hod b~11

..tabIJsbed by a long b18lory of us.-In
food or because the natura of the
lubSlance and Ihe information generaUy
available to achmtiala about the
aubstance ara IUch thai the subalance
simply does not raIaa a lafety concern
worthy of premlllkel review by FDA.
Congre.. thus edopled a tw....tep
definition of-Cood oddltlva." Tha flrsl
Ilep broadly includes any substance the
lDtended l18e of which results In Ita
bcoomlng a componat of food. The
second Itep. however. excludes from the
deflnltion of food eddltlve suhatancet
thai are eRAs. It 10 00 tha basi. oC the
GRAS exception of the "food eddlllve"
definition that many lngredieota derived
from nsturalsonrcea (such aa tolt.
pepper, vinegar, vegetable oiL and
thou.anM of epicea end notural flAvon}.
.. well .. a hall ofchemical addillves
(including lome Iweetenere.
preaervatlv... end artI/ldalllavora), are
abla 10 be law£ully'muI<eted toda)'
without having been formally revl_ad
by rnA and without being tha IUbject of
a food addltive regoIation. The judgment
of Co...o we. thot eubjoetlns every
intentional additive to FDA pmoarket
revlow wsa Dot neceoaary to protect
publJe health and would ilDpMe an
inInmIounlable burden on FDA and the
food 11ldus1r1.

Congraos' approach to deflolng food
addltivea melllll, however. that -
compania. davaloplllg new ingradlenll.
Dew verslOIlI of astabUshed 1JIsred1enla,
or new proce.... fmproducIDg a food
or food lDgredloot mllli Dltita •
jnd;mont oboul wb.th.,. tho ..."ltlng
food Inbatancela a food additive
requirln~premarkat approval by FDA.

mmany cases. the an.sweris obvioll8,
such as when the lngredientla a men
made chemical having DO widely
recogniZed hiltory of safe use in food.
Such an ingreliient must be approved
prior to its ua.e by the issuance or4. rood
sdditive regulation. baaed aD

InFotnlati.9"1llbmilted to rnA In a food
.ddiU....rpeiition.

In other cases. the answer is leu
obvious. such as wheD an "tabU'-hed
lDgredient derived from Datura la
modified in some minor way or
produced by 0 new proceu. In such
ca.... the mannfaeturer mnat determine
wheth.. the ",salting ill8redient llill
folia within the IOOpe of~ existing
food additive "'BUtolion oppUcable to
tha orlginsllngredient or whether the
Ingnulient Is exmopt from resuJation sa
a food eddltive beca..... lt II GRAS. The
GRAS ltatus of lIOtn8 IUbalaDceo to
recognized In FDA'. regu!atlona (21 CFR
paI!ll82. lSI. laa. Sll2, and 584), but
FDA has lIot attempted to inclDde aU
GRAS IUhI....... in Ita replatloo..

FDA hnlrBdltlonslly a_aged
produce.. of new food Ingredlenll to
consult with rnA wbm tbera I. a
question about an~
regulatory statu.. and firms JOOtinely do
so. even though ouch conoullatloD 10 lIot
legally required. U theprodn_hesint
to mmet the tDsredlent baaed 00 tha
producer'. Independeot detenolnatioD
thot the IUbalallce la GRAS lind FDA
subseqllently conc!lldea the aubotencell
nol GRAS, the ogenc:y can end will tako
enforcement action lo.top d1ttribotioD
of thelngredlent and £oodI omtalnlng 11
on ths grotmd that such fooda are or
contaiD OD unI.wfoI food edditlve.

FDA considers the exJllIDs otatulory
alllhorilytmder aectI"". 402(a){1) and
40lI of the act. and tha pracllca1
resuatory rope that f1owo from It, 10
be fllIIy adeqnate to C8lIlll the ..rely oC
new food blgredlenta and £oodI derived
from Dew varletl.. ofptaola. regardJeu
ofthe_ b)' wide!> 0l>C!t food. ODd

ingredIenll are prodaced. Tha axbtIDg
toola provide t!tlI a......".,.hecauaa
they impooa a clear lepJ dllty 01l
poodUDe!l1o .1"'" tho safat¥ of fooda
they offer 10 _ tbIa Jesal duty
It becked up by atrllng Will c ment
powers: and FDA hal authorll)' to
NqUlN promarbt__and approval
ID CIS" tvbere ouch raWtW Ia required
to protect publlc health.

In the Faclaral~ofr- 2ll, 1M
{51 n 23302} (Iha June 1ll8l1_coo).
FDA.ID CODjnnction with the omca of
Scleoce and TecillIoIogy PolIcy In the
Execntlvs 0Ilice of the f'ulidd6lit. -
d.....bed FDA'........... !nod .r.1y
anthorill.. and stated the agency.
lDleDtlon to regniata £oodI produced by

-'lEST AVAILABLE COpy
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new melbod•• such a. recombinant DNA
techniques. wilbln the exi.lir.g atatutory
and regulatory framework. Thi. notice
reaffirms that intention. The following
paragraph. explain briefly how the
currenl framework will apply
Specifically 10 foods derived from new
plant varieties. including plants
developed by recombinanl DNA
lechniques.

B. The _lpplicotian a/Section 4IJ2(a}(I)
aflhellct

Section 402la)(1) of the act will
continue to be FDA's primary legal tool
for regulaling the safety of whole foods.
includi08 foods derived from plonts
gellcticelly modil'ied by tJ"e new
technique.. Section 402(a)(1) of the acl
will be applied to any aubstance thaI
OCCU1'll unexpectedly In the food at a
lc\'cl that may be injurious to health.
This includes a naturally occurring
!oxicant whose level is unintentionally
iocreaaed by the genetic modification.
i\S weU a. an unexpected toxicant that
f!J'St appears in lbe food as a result of
pleiotropic effect•. Such substancea are
regarded by FDA a. added .ubstance.
\~hosepresence adulterales the iood if
presenlat a level thal"may render" the
food injurious to health.

It Ie the responslbllily of the producer
of a new food to eVAlUAte the lAtely of
the food and assure thot the safety
requiremenl of section oI02/al(1) of !he
act ia met. fn section VII. FDA provides
llUidance 10 the industry ~arding
p:uden~ scientific approaches to
evaluating tbe aafety of foods derived
from new plant varieties. including the
safety of the added substances tha tare
subject to section 0I02(ail1] of the acL
FDA encourage. informal consultation
between producers and FDA .clentists
to ens..", that safety concerns are
resolved. However. producers remain
legally responoible for satisfyi08 section
462(a)(1) of the ed and they will
continue to be held accouolable by FDA
through application of the agency'.
enforcement pomrs.

C. The Application of~et;o.~~ ofthe
~-1ct

When CongrelS enacted \he
&mendment in 1958. it did not explicitly
address the pos.ibla application of the
food addlth.., approval process 10 food.
derived from new plant verietle.. M
previously discua.ed. .och foods have
hialorically been..ted successfully
under -Uon 402{a)(1) afthe a.1. 'Ibe
new methods of genetic modification
have focuaad attention, bowever. on the
poaaibllity that Intended chaDges in the
comp<>alllcm "rfood reo11lllDa from
genetic modlflcaOOn might be of a
nature sufficient as a legel and public

health matler to trigg.. regulation of a
component of tha food Wlder section 4119
of the act.

As discussed above. !he food additive
definition broadly encompe•••• any
subatance that haa an Intended us. in
food. unIesa lbe subalance is GRAS. It
was on lbie ba.is that !he June1~
notice indicated that. in some cases,
whole foeds derived from new plant
verielie•• including plant. developed by
new genetic modification techniques.
might fan within tha """pe of FDA's
foed additive authority. Indeed. FDA's
regulations have 1008 recognized thet it
might be appropriate in some
circumstance. 10 review Ihe GRAS [and
implicitly food additive) alatus o[ foodl
or subslancea of nalurel biological origin
that have a history of a.fe use but which
subsequently have had "significant
alleration by breedtng and selection."
{See 21 CFR 170.3O{f).) As already
discu.aad. however. FDA has rarelv bad
occasion to reYiew the GRAS status of
foods derived from new plunt varieties
becausa these foods have been widely
recognized and accepted a. aafe.

FDA ha. reviewed its position on the
applicability o[ the food additive
defmitlon and aecUon 4Q9 of the act to
foods derived from new plant varieties
in light of the intended cha08e. In the
composition of [oods thallXUgltt resull
from the newer technique. of genetic
modification. The stalutory definition of
"food additive" makes clear that It Is the
intended or expected Introduction or a
sub.lance Into food that makes the
substance potentlally subject to food
additive regulation. Thu•. in the case of
foods derived from new planl \·ar1eHfS.
it is the transferred genetic material anti
the Intended expression product or
producta thaI could be subject to lood
addlllve regulaUon. If aucb material or
expression products are not GRAS.

In regulating food. and their
byproducta derived,Crom new plant
varieties. fDA Inlends to use lis lood
addltive authority to the extent
ne"""sary 10 protect public health.
Specifically. comialent with the
• tatulory dellnlUon of "food .ddiU,,,
and lbe overall design of FDA's current
food safety..tory program. FDA
will usa s..tion _ of the act to require
rood addiUve petiUona in caaes where
safety questions .mtsumelent to
warrant formal premarket review by
FDA 10 emora public health protection.

With respect 10 _ferred Il=Ctlc;
malerial(nuclelc acids}. genenilly FDA
does not antielpate that tranaferred
genetic material would Itself be subjecl
to loocI .ddillve rePall..... Nucleic:

. adds are pre....tln the calle of eve!)'
living organism, Including eve!)' pion!

and animal Ulled for food by humans or
antmals. and do not raise a safety
concem as a component of food. In
regulatory telmS. such material is
presumed 10 be GRAS. Although the
guldance provlded In secllon YD. call.
for a good understanding of the identity
of the genelie material being transferred
through genetic modification technique..
fDA doea not .xpea that then: will be
any serious question about !he CRAS
status of transferred genetic maleriaL

FDA expeclS thai the intended
expressIon product or products present
in foods derived from new plant
veriellea wiIll}l'icaUy be protei'" or
substanceo produced by the action of
protein eMYtl1es. sucb as carboh~'t!.ral'"

and fata and oil.. When the subslance
present in the food is one that is already
present at generally compemble or
greater levels In cunentl, COJlSlIlIled
food.. there is unlik<!ly 10 be a safelY
question sufficient to call inlo question
the preaumed GRAS statui of soch
naturally 0CCUJ'ting auballlnl:eO and !h..
warrant fonnel premarl<et review and
approval by FDA. Llkewiae. minor
vmaUoDS in molecular atructure lhat do
not affect salely would not ordinarily
affect t1:e CRAS alalua of the sub.tances
and. thus. "'Quid nol ordinerily require
regulation or the substance at a foed
addlUv..

It is possible. bDwe\..,r. thatlhe
inlended expression product In a food
could be a prolein. carbohydrate, fat or
oil.. or other aumltance 1!us.t dUI'en
aignlfleantly in .trueture. function. or
composition from .ubstances found
currently in food. Such aubatances may
DOt be GRAS and may requir1e rego..d4tiona. a food additive. For el<tlmple. if a
food derived from a new pW>t variety
contains a novel protein sweeten-er IU a
result of lb8 genetic modIfiCOltion of the
plant. thai sweetener would likely
require subminlon ofa food additive
petition and approval by FDA prtor to
Ill<IIketinll- FDA InvilC'Oeo=bon
Rbalances, In addition In proleino.
carbobydrateo. and lala and oill. thaI in
the future Ul8y be introduced i.~to foods
by genetic modili""li<>...

Section VB. of thia notice provides
guidance 10 producers of new foods for
mndl1Ctln8 ..fely evaI138tions. This
guidance fa Intended to _ produeen
fn evaJuali"8 the safetyoftbe food thaI
th., market. regardleu ofwhether the
food require. premari<etaJlPfOVaI by
FDA. ThIa pldaJ>oe aIao IneIudce
criteria and analytical.tepa that
ptOrlocet1l can follow irI datetmlnins
whether their ptOduct fa a candidate for
food .ddill"" .eguIaIloD and whatbo>
amsultaliDn with FDA abouId be
pursued 10 determine tberegulatory
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ststus of the product, U1timBtely. it i. thB
food producer who is ..sponsible for
8a8unJUj: safety.

FDA hes lon~ regarded it to be e
prudent practice for produce.. of fooda
u.aing new tecimologie. 10 work
cooperatively Wlth the agency to ensure
thai the new product. ere .afe and
comply Wllh applicable legal
requirements. It haa been the general
practice of the iood induBtry to aeek
informal consuitation and cooperation.
end this pracllce .hould continue with
respect to food. produced using the
newer techniques of genetic
modification.

VI. Labeling
FDA has received aeverel inquiriea

concerning labeling requirements for
foods derived from new plant varietiB'
developed by recombinant DNA
teohniqucs. Section -Ii) oftha act (21
U.s.c. 3431111 require. that a producer of
a food produc"deacribe the product by
ita common or usual name or in. the
absence thereof. an appropriately
descriptive term (21 U.s.c. part 101.3)
and reveal all racts that are material in
light of repre.entations made or
.uggested by labeUna or with respect to
con""qlleftce. which may re.ult from
use (21 U.s.c. 343[a); 21 U.S.c. 321{n)J.
Thu.a. con.om.... must ba infonned, by
8.JlPTOpriat.labelinQ. if. rood derived
from a new plant variety diff.... from it.
traditlonal counterpart such that tha
common OJ' uaual name no longer
applie. lD Ihe nBW food. or I1s ••fel)l or
uaage issue exisll to which conoumera
must be alerted.

For example. ita tnmato has had.
peanat protein introduced intn it and
there i. insuffiCientlnfonnatinn to
demons!%ate that the introduced protein
could Dot cauae an allerslc reaction In a
suacepllble population. a label .
declaretlon would be required to alert
consumers who are allergic to peanuta
80 they could avoid that tomato. even i1
ita bailie teste aod laxtunlrematned
unchanged. Such information would be
a materiel fact whose omlasiol1 may
make the label of the tomato ml.leading
under sectlon 403(a) of the act (21 u.s.c.
343(alJ.

FDA hal also been aued whether
f<><><a developed u.ing teclmlquea such
a. recombinant DNA technique. would
be required to bear speclailabeJing to
reveel thst faet to conawnera. To date.
FDA he. not C01lIidered the methods
uoed to the develOj>1ll8l1t of a new plent
variety rauch e. hybrldtzation. chemical
or radiatlon·induced mutagenesis.
protoplest fusion. embJyo reec:ue.
tomeclonal variatiOll, orany other
method) to be 1Dlltarl.t lntonnaU""
wltbm the meening of NClIon ZOl{n} of

the act [21 U.S,C. 321[n)). ,\. di.CWI.ed
above. FDA believ.. that the new
techniques are extensions at the
molecular ievel of trndillonal methods
and will be ..ad 10 achieve the Bame
goal. as pursued with treditional plant
breedinJJ. The agency is nol aware of
any infonnaUon ahowlng that food.
derived by these new methode differ
from other foods ill any meaningful or
uniform way. or that••• 8 cIa... foods
developed by lhe new techniques
present Bny different or greBter ..fely
concern then food. daveJoped by
traditlonal plant breeding. For this
reBlon, the 8~encydoe. not believe that
the method of development of a Dew
plant variety (including the u.e of new
technique. inciuding recombinaot DNA
techniquea) is normally material
information within the meaDing of 21
u.s.c. 321{n) end would not uoually bB
required to be diacJosed In labeling for
the food.

The guldenc.. section [section VD.) of
this notice dilcussea certain
cil'cumStancel where queationa may
.risa about tha proper labeling of fooda
derived from new plant vari.tie.. FDA
requesta comments on the labeling of
foods darived from new plant varieties.
Including plant. developed with
recombinant DNA techniquas.

VB. CuldsD"" to lad...t>y too I"ooda
Derived From N.w PI.ont Verlelles

A. IntrodUCliDD
This lluidanc. uctlo" dumb... mA"y

of the acientiJic con.lderetlona for
evaluating the .afely and nutritional
aspect. of food from new plant verietl..
derived by traditional methoda lsuch ao
hybridization or mutagene.i.). tiune
culture methodslsuch a' somaclonal
vari.tlon and protoplast fu.ion). and
recombinant DNA methods. Althoush
som. of the safety conofderation. are
specific to indMdual technolngfes. many
88fety conaiderationa are similar
regardl... of the technology uaed.. ThIs
guldence section doe. not eUempt to
delineBte sccept.ble practice. for eech
specific technology. FDA expe<;ta plant
breede.. to adhere to currently accepted
aclentific .tandard. of practice withla
each technology. TbIo gWdance .ectlon
II based on existing prectlCt!ll foUowed
by thetraditl0D.81 plant breeders to
...... the wety and cutritiouel valu.
Dr new planl veri.tlea acd I. col
intecded to alter thne 10l12-ft1abllahed
p..ctlcet, or 10 create new~tory
obllgatlons for them.

TbIo guldanc<t aec1lon deacrtbe. food
wety and nutrltioaal conceru.re~
than performance charaClerlotica for '
wbtch the n..... plen. vaJiatl.. me, he...
been develope<i However. thI. guidance

section cannot identify aU safely end
nutritionel Queatiom that conId arise in
8 given situation and. while
comprebenatve. ,bonld nol be vi.wed eo
e><hau.live.1n some cues, additional
factors msy need to be coMidered.
while in orner titU8tioM,.S~ of the
factora may not .ppjy. Therefore, this
guidance """tion also describea
silwltiOl1l in which producers should
consult with FDA on sci.l1liflc iuu...
the design of appropriate test protocols.
requiremenla for labeling. end whe~ a
food additive petition may be re<julred.

Genetic modifications of pienta can
bava unintended or unexpected effeCIa
on the phenotype of :he plan~ .och ..
poor growth or reduced tolerance to
condition. of environmental.lress, that
are readily Bpps..nt aod can ba •
effectively menaged by appropriate
selection procedures. However. effects
such aa an alteration In the
concentration of Impo"et notrienta.
Incre•••• in the I<!vel of natural
toxicants. or the !%ansf.. of aUeTaO'1I
from one species to another may not be
re.dily dBtected WIthout .padflc tilt
procedareo. FDAbel~ thaI a
scientific basis should exl.t to ..t.bllsh
that new plant varieties do not exhibit
unacceptBble elfecls with reopect to
toxicants. nutritional value. or allergena.
In caeea wbere the bostplant hat little
or no hiatory of We usa. the uaell=t
of new plent var\etie. should Include
evidence th.t unI<nown toxicsnta are
not present in the new plent Yarie!Y at
level. that would be lDjuriOUl to bealth.

In eddltlon. by nsing recombinant
DNA lechnfques. plant breed.... are now
capable theoreUcaUy ofin~
essentlaUy any traft led th...
.ubstance) whose molecular genetlo
Identity II mown into virtuaUy any
plant duo to the increased power and
precision of recombinant DNA
technlques. nu. guidance teClion.
however. di5""..... only protams.
carl>ohydrele.. aod fata 8Jld oib.ln th"
beneflbat theae ere the principal
substances that ere cumntly beinll
intentIonaUy modifled or introduced infO
new plant varieties. UslDg the new
techniqueo. it Is pouible to Intraduce a
gene that encodoa a protein thaI dlfCera
s1gnlf1cantly iIlslJuctore or fuftclloD. or
10 modify a carilohydrata. or fat or oil.
such that It dlIfers aigtlillcantly In
composltlon from Illch oubataDc:es
currently found In food. FDAbeli_
that planl bteedera moot carefully
ava!uate the potential for__
effects that could result from the
prHence of tbeae tubs_In D8W
plnt varletloa.

neoretlWly. geDetlc modIf!ca_
have the potential 10 activate ClJPtic

BEST/tVA/LABLE COpy
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pathways s}'IlthasWng unknown or
unexpected toxicants. or to increase
expression from .dive pathways thaI
ordinarily produce low or undetedable
levels of toxicants. However. thli
polential has been effectively managed
in the p••t by sound .gricultural
praclice•• The agency believes that the
use of host planll with a hlslory of oafe
use. coupled With e continuation of
BOund .gricullurBl practice. will
minimize the potenti.1 for adverse
public health consequence. Ih.1 m.y
.ri.e from increa.ed levell of unknown
or unexpected toxicants.

This guidance lIllCtion providel a ba.il
for determining whether Rew plant
varieties are BS aale and nutritious 8.
their parental varielies. The al"",smenl
&cherne focuses on c.haracteristics of the
new pldnt ,-ariety. baaed on
characteri.tics of the host and donor
,peel... the nature of the genetic
change. the identity and function of
newly intwduced aub:Hances. IUId
unexpected or unintended effects that
.ccomp.ny the gen.tic change. The
.'''''ment focu.e. on the following
considerations:

1. Toxicants known to ba
characteri.tic of the hosl and donor
species: \.

2. The potential that food .nergens
will be transferred from one fond source
to another.

3. The concI'ntration end
bio8vailability of important nutrients Cor
which a food crop i. ordinarily
consumed:

-1. The eafety and nutritional value or
newly introduced proteins. and

S. Th. idenlity. composition and
nutritional value of modilled
carbohydrates. or fats and oils.

The scientific concept. described in
lhi3guidance .ection are con.i.tent ....itn
the concept, of .ubstantialequlvalence
of new foods di.ellSlled in a document
under development by the Group of
National Expart. on Safety in
Biotechnology of the Organization for
Economic Cooperation and
Development (OECD). ThIa guidance
.e<:lion ia also consl.tent with the
principle. fat food safety as.esament
discu.,ed in the Report of a Joint Food
.nd Agriculture Organization/World
Health Organization Consultation (Ref.
6).

B. FlolV Charts
Th. Dow charta presented In sections

Vll.n. through Vll.F. [Figures z through
6) outline. serie' of Q1Ieetions related to
the safety and nutritional v.lue of food.
derived from the new plant variety. aDd
are Intended to proVIde general
guid.nce to breeders and developers.
FDA Intends that the.e flow charta be
u.ed In conjunction with other
fnlonnsuon and practices that breeders
and developers rely on to develop new
plant varieties. The.e reneet the cunent
Siale of scientific information and are
nOltntended 8S regulatory requirements.
As naw information Is developed. FDA
anticipates that the flow charts may
require modification.

The sununary now chart (l'lgure IJ
presented in this section is a synopsis of
rnA'. safety assessment process. It
describes. in a general way. the
tl:s~nment Cor unexpet;led or
unintended effects that may arise 88 8

result of the .pecillc characteristics that
are associate<! with the host planl and
donor{s). u well as the assessment of
the expeded or intended .Uecb.
Because Figure 1 Is a aummery. it should
not be relied upon for a safety
......""'eeL The boxes labeled rJgUre 2
Figure 3. F">gme 4. and Fignre. 5 and 6,
respectively. refer to more specific flow
charta that describe, in appropriate
detail. the safety a..e..ment from the
perapecti,.. of the host. donor. and new
aubotancea thlt are inlroduced toto the
new plant variety.

Sections vn.n. tluough vn.F. address
!he scientific considerations perta!nlng
10 the host plant. donor{B). and new
substancea In more detaiL Each section
describea information that relates to the
safety easessment. presentl • flow chart
th.IBllIt1Il1ari%ea the aarely aaaessment.
dtscuasea each of the queSllons to that
flow chart. and describes the endpoints
that are re.che<! in thet now chert.

There are three endpoinla in the flow
t;harts in lhb noUGC; (1) No concema, (2)
new variety not acceptable, and (3)
consult FDA. Tbe notes to each
individual flow chart discuss the
i.."'ltcrprcl4tion or thcx endpoints in
relation to that particular flow chart. I!1
general. t.I,e Interpretation of "'no
concerns" or ''new variety not
acceptable" i3 aimilar lor each now
chart. The endpoint "COlln!t FDA"
means that producers may need to
consult FDA on regnlatory questions. 
weh a& whether 0 food additive petition
or special labeling i. needed. or au
technical Q1Ie.lions. snch a. appropriate
Icstir..g protocol. or specific scientific
f.3lSUes.

IlUDfQ~.,...~
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Figure 1. safety Assessment of New Varieties: Summary
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C. Effects 0.'ProCl!$$;ng
Processing (e.g, cooking) may affect

the Mfd)" of .. auUs(snce. This is
particularly lmlM'rtant in the safety
a..eosment of proleins transferred from
one food source to another. For
example.leetins. which are jnaet!vated
by a><>kfns. would raise a safety
concem if transferred from kidney
bellll3, which ate eaten cooked. to
tomatoes, which may be eaten raw.~
effecta of any lM'tential differences in
food processing between the donor and
the new plant variety should be
carofully conaidered at each alase In the
aafety aasessment.

D. The Host Plont
A prem.ise ooic to thj~ guidance

aection is that a long hi.lory of safe use
of the hottspecies In food providM
much In!ormadon regard.tng the
potential of new plant varieties to
produce toxkanta and antinulrients
(substances that adversely affect the
nul1JlIooal quality of foodj.1n a..essing
the potential of the hoot plant to
contribute unexpected harmful
IUbstance.. producers ebould consider
attributes of the host plant and ita
progenitors euch as the foUowing:

L Taxonomy.
ao Varlaty name.
b.lCnawn phenotypes and relevant

8"aotypu.
2. Othe. epecies or varieties that ha...

pteviously contributed genetic
information 10 the hOBt.

3. Hi.tory of eafe use.
a. £>.lent of pre1.ious experience.
b. The part of the plant llSed u food.
Co The presence and Identity of

potenllally barmful constituenta ouch as
toxicanta and antinutnents.

do Typical methods of pro<X!ISU1g and
the Impact of this proceaalng on the
reduction or enhancement ofeffects
from potentiaUy harmful """"t1tuen...

4. The identity and level ofnulrienls
for which the food Is consumed

Fi$ure2

The numbers abo,,,, each box in the
Dow cIuut refer 10 accompanylog noles
that Immediately foUow the flow chart.
8tUllIQ COD!.~
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toxIcant leY... In the Nonew prent variety do
not pr...nt a ,,'ely

concern?

....

VIS

~..
,. the concantrellOn 5e

58
and bloavallablllly Of

1mponant nutrlanls In
CQnsuIt

~V's
the new varlely wlllUn NoNo concerns the rang. OrdInarily FDA

IIIn In the host
spec...?

iOIII Figure 2. safety Assessment of New Varieties: The Host Plant

OIl
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Notes 10 P1gmaz conaullinformally with the 113ency on 1. Donor Plana
l-Doe.lbe hasl.o;;.odn have a 1I".ling pro.ocola for whol. f""'" wben Allr;b."" of the donor p1l1Dt aDd lis

biliary of safe ....1 .pproprlale. progenilora, lOch 81 the following.
'thil guidance aection is primarily 4-Jllbe collCeDtralion aDd lhouid be CODIIdered:

designed for the doyeiopment of new bioav.i1abillly of Important nutrients In ,. TaxoJ1OtIl¥.
varieties of currently consumed food the new variety wlthln the range a. Variety name.
plants whose lafety hal been ordinarily leen In lb. hoal lpeciel? b. Known phenotype. end relevant
establlsbed by a hislory of ...a. Ifexollc II the nallveleve!a of Iznportent gena~..
apeciel are used e. hoala, teillng may nutrienll for which a food Ie widely 2. ... apecI.. or varlell.. tIltt have
b. needed 10 assure the ...fety and consumed ..... not within the rang. prevloUJIy contribuled genetic
wholesomen"l of Ibe food. ordinarily aeen In the halt Ipecles. lnfonnaUon 10 the donor plant.

z-Do cbarecleriltlca of the hall Ippropriate labellrlg may be nlqolted.ln 3. H1Blory of I18e (as applicable).
speel... related apecie... or progenilor a. The pari of the plant .-ae food.
lin....errant analytical or toxlcologlcal eddllion. clulnse' In bloaveilabWty of a b. The p....ence and identity of
lelts? nutrienl due to changelln form of the potentially IwmfuI conaIiloenta auch 81.... il is not p088lble 10 eelabUsh a nutrienl or the presence of Increaled 10xicants. enllnotrienla, and allergens.
complete 1l.1 of aD toxlcanta that should level. of other constltulenls thot affeci Co Typical methods ofPtQC8IBins and
~ con9~dQredlor euch plant species. In absorption or metaboU.m. 01 nutrtent. the impact of this proceIalDg an the
general the toxicanla thai are of highest moet b. conold.red for pot.ntial reductlon or enhencernent of effecta
concern in any particular apecl.. are nutritlonallznpact. &om potentially IwmfuI conatituenta.
those that heve been documented 10 5-Endpolnle In Flgma 2. 2. Frasm"''' of Donor Genetic Materialcause han:a in nonn.aI or animal diets. or sa-Na concerns.
that hava been found at UIloafe levela In Wh.n thIa .ndpolnl)a reached. eefety Attributel of each danor. and ita
some lines or varieties of that species or end nutritional concena relative 10 the Jlftl8enltoro wben appropriate. 80eb a.
related sped... hool plant wID generally have been the foDowins. should be CODJidered:

In many caae-. chuacteriatic 1. Taxonomy.
propertiel rluch aa e bitler leat. oatislied. 2. Other epeclea or "arietl.. that have
associoled with alkaloid.) are known 10 5b-New variely nolaCC8plabl•• prevloo.ly contrlbuled genetic

'"' occompany elevated l.v.l. of .pecilic Thl. ondpalnll. r.oched when t••1 lnformatlon 10 the donor(st
natural toxicants. If aucla c:haracterietic resul.. Indicate thAt food derived from 3. Hi.lory of uIBra. app ·cable).
provide an assurance that then tha new pion! variety may be unsafe- a. The part of the donor{.) uoed ..
toxicants havs not been elevated to •.g., if it contoina unacceptable levels of food.
unsafe 1.1'.1.. analytical or toxicological toxicants. b. Tha pre.once and Id.ntlty of- tests may not be neeetJury. 5c-Cons.lt FDA. potenl1aUy herm!ul conltituent.. such aa

3-00 te.1 re.ulta proVIde .Vld.nce
Producero Ihould conaultlnformaUy

toxicanlL antlnutrienla, end aIlergena.
thatloxieanllev.lo in th. new planl Co Typical m.thod. ofproceaalDg and
voriety da not preo.nt a oatety concern? with FDA when the concentration or the impac1 ot this proceoaing on tha... If a host plant or related APPr.i~. is bioavai1abllUy or important numente t. reductlon or enhancement of effects
known to conlain toxicants whose nol within the range ordinarily oeen in tram poteotially hannfuI constituents.
presence must be aeessed.. analytical the host .peclea. FDA wID work with the d. Th. a.sociation of the trenafened
!ests may be appropriate to establish producen on 8 case-by--ca.ae basi. to geDetic material v.ith harmful
,hat L~e toxicant levell ere In a .afe sdrlN!". ~quit'OmQnt8web as lobclin81 conaUluenla.... ran~e. There is. however. a wide or ath.r issu.s relallng to nutritional 4. Addltlonallnformatlon comi.leut
varialion in the level ot nalaral concerns. with cunently accepted ocianlifi.c
toxicants within and between varieties

Eo The Donorfs)
pracUces. "'ch eo:

of a species. due to differences in a. HiDtory and derlvatlon ofmoleculer... genetic mak.up and in environmental In samo ca.... the donor wiD nol heve conatrucl.. IllCh a. paooage through
condillons during growth. harvesL and a history of safe use In food. For microbial hosts.
storage. Due to this natural variation. example, lb. donor may be a wild b. Known acUvi!lee at any Introduced
analyticall.sto. if neceaoary. should ha >peelea that IB re!Bted 10 tha ho.1 planL rcaulatory sequences. auch as

... performed Dlmg as a control the
or may be a mlcroarganlam with no

envlronmental. developmenlel and
parenla; variety Ihat he. been grown. 1ieI"....peclfic effects on promD1er
harvested. and stored under the lame hislory of " .. In food. lba potential of aellnty.
conditions as the n.w planl variety. the donor{s) to contribut. und.sirable Co The pretencemex~open

In .om. caseo, enalytical method. cbaraclen.tlcs io the new plant variety readlr1g frame.. end the polenllal for
IilIi alolU! may nol ba availabl•• proctlcal, or .hould be .....Ied. In aosesalDg the trenocriptlon and 8Xp<emoo of theae

sufficient for aU toxicant. whose levels poI.ntial of th. donor 10 contribute additional open readlr1g frame..
are needed to be aueaaed. In lOch un.xpecled harmfulaubltonces.

Figure 3SllUatlCn.. comparative toxicological producers .hawd conoider altributeo ot

iiiil
tesle on the n.w and parental pianl the donor planL or of frogmenle of The numbert ahove .ech box in tha
vari.U.s may provide aaauran.. thel the g.nolle matertal &om on" or multiple Row chart rerer to eccompanl/iJlt nole.
new variety io .ate. FDA encourages donors, to th. extent that .uch lhetbnmodialo!y follow thallow chut.
produc.... of new planl varielle. 10 Informotion fa oveilable (aee Figma 3). aLINO ecce ....,..

...
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6

IS food from tile donor Vos
commonly allergenic? t------ -----.,

No
6

...

t+---Ves----;

7

DO charaeterlsllcs of
1he donor species,
related species. or

progenitor lines
warrant analyllcal or
toxicological lests?

Ves

Can It be demonstrated that fhe
allergenic detormlnanl has not

been transferred to the new
variety of host?

No

Consult FDA on
protocols for

811ergenlclty tesllng
andlor labeling

8

00 test results
No prOVide evidence thai

toxicant levels In the
new varlely do not

present a safely
concern?

Ivr
98

~ No concerns

I---NO--I~

9b--.---

...

.... .•... ..

Figure 3. Safety Assessment of New Varieties: The DonOr(5)
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...

.111

...

...

Noles 10 Figure 3

&-1slood from the donor commonly
allergenicl If yes. can It be
demornl\;ated L,atthe allergenic
determinant has not been transretted to
lbe new variety of host planl?

£ome examules or foods that
commOnly cause an allergenic response
are milk. e~gs. fish. cruslacea. molluscs.
tree nula, wheal and legumes
(parti...1larly peanulll and soybeans).
Allergens from these common sources
may be knowingly or unknowingly
transferred from 8 donor to a new
variety or host piant. Knowledge of the
identity c:' the allergenic determinant of
the donor. coupled with appropriate
knOWledge 01 the genetic frasmenllhat
has bean translerred hom the donot 10
the new plant variety. may provide
sufficient evidence that the allergenic
detenoinant has Dot been transferred to
the new variety of the host planL.

7-00 characteristics of the donor
species. related specie., or progenitor
lines warrant anal}llcal or toxicological
teste?

It Is possIble thst a toxicant present In
the donor may be transferred 10 the
husL e.g.• durtng hybridization of a
cullivaled variety with a wild.
poiaonoUi relative. However. it Js also
possible to use a toxic douor safely. For
example. a gene cod1ng for an enzyme
that is not toxic sod does Dol yield toxic
products may be isolated hom
pethogenic bacteria end sarely
1:1'4na,fened to It pIO:int.

The potential that toxicants known to
"xlst in the donor. related species. or

progenitor Hnel will be present in Ibe
new plant variety Ihould be addressed
as described previously for the host
plant (I.ction VlI.D.]. Unless there il
sufficient evidence that the toxicant bas
not been transferred to the new variety
of hOlt plant. auch transfer should be
assumed. and analytical and/or
toxicological tests may be warranted.

&-00 test resullll provide evidence
that toxicant levels in the new variety
do not present a safety concem?

When the presence of donor
associated to>dcantll must be assessed.
analytical or toxicological aludies may
provide assurance that the new variety
Is safe as described previously for the
host epeeles (seclion VlIn.). FDA.
encourages producers of new plant
"arielles to conow! with the agency on
testing protocols.

9-Endpoints in Figure 3.
9a-No concerns..
When this endpoint Is reached, ea£ety

concerns relative to the donor will
generally have been satisfied.

9l>-.~ewvariety Dol acceptable.
This endpoint II reached when lest

results indicate that load derived from
lba new plant variety may be unsaf..
e.g., If It contains unacceptable leveu of
toxJcant•.

9c-Consult FDA.
Approprialely dellgned lesls may

pro,ide evidence that tha suspected
allergen in the donor was not
transferred 10 the new planl variety. or
il not Bllergenic in the neW variety~

Producers should coosult Informally
with FDA on protocols thet are dellgned

to assels aller-genidty. FDA will work
with the producer ou a case-by-case
basis to address requirements such as
labeling.

F. SubstanceslnlroducedlnlD tlu1 Host
PIC11!t From the Donor(s)

Safety aa.eument shoWd address the
~pec:ificriso anod.ted with the lWW

substances introduced from the danor(s)
to a degree that is conslsteot with
currently accepted scientific ptaetices.

1. Proteins

Depending upon the d1Cltll1Stances,
safety assessment of an introdoced
proleln should be hued on:

1. Presence aod level in the food
producL

Z. OrigIn.
3. Known or suspected alIargenicity.
4. Evidence of consumption In other

loods at similar levels sod under similar
conditions of procesllng (e.g. eaten
cooked or uncooked).

5. EfIecIlI of processlng (e.g.. aKlldng).
6. BIological functlon.
'7. Known Of potential toxicity.
8. Chemical difteren<:es and

simllarities 10 edible proteins.
9. The presence ofholt-lpeclfic

poatuanslal!onal mod1.ficsoODL

Figure4

The numbers above each box In the
now chart refer to accompanying note.
that immediately follow the flow chart.
tlUJNG COOl 411O-OHII

/0'1
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10

.-----No----l
IS the newly Introduced
protein present In food
derived from the plant?

1t

Is the proteIn derived from
a food source, or

substantiallY similar to an
edible protein?

v••

No

17ce-,/
FDA

• 15

Does the
bIological functIon
of the Introduced

H~ proteIn raise any -safety concern, or
Is the Introduced

proteIn reported to
be toxic?

NO

!--No

13

No..

Ve.

12

Will the Intake of Ihe
1I0nor protein In new
varlely be generally

comparable to the
Inlake 01 Iha sam" or

similar protein In
donor or other food?

IS the Introduced
protein reported 10 be

tOXiC?

•

..-v••

, 11

Is lood from tho
donor commonly

allergenIc? No

.- 11

Can It be- r!demonstrated
that the

allergenic
determinant has -

not ~n
transferred to

the new variety
of host?

..l; 17b

JConsull FDA
7

on protocols
for

allergenfclly L-
testing
andlor

I
labeling

I

..

16

• 17a

NO concerns No

IS the Introduced
protein likely to be a
macroconstltuent In
the human or animal

dlel?

1---V••--4.-/ ConSUlt
FDA

Figure 4. Safety Assessment of New Varieties: Proteins Introduced from Donor(sl
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Notes 10 Figure 4 b. The inla" of Ihe Introduced prolein 17a-No concerns.

16-11; the np.wly introduced Pl'OloUl in the new variaty is not comparable 10 Wl'1f'!:n this endpoint I.e tQa~8d.. wely
lbe intake of the same or similar protein cancem. relative to Inlcntionally

present in food derived from the plant? in the donor or other fODd. Introduced proteinS will seneralJy han
For example. an emyme introduced to . 15-0oes the biological runctlon of the been .alillfied.

alter Ihe ratty acid composition of an at! introduced prolein raise Bny s.fely 171>-Conault FDk All.~...... may be removed from the oil aa II reault cDncems~or Is the introduced protein Producers sbould consult infor.nal!y
of processing. A1tematively. an emyme reported to be toxic? with FDA on protocols that sre designed
introduced to conrer antibiotic In general. proteins that funcllon aa to assess aUergenicity. FDA ..ill work
re,istance for use 88 a selectable marker ellZ)'"Ule. do not faise concem 1 with the producer on a eaae-by.caae
may be present in lood producrs. Exception. include enzymca thai basil to address requirements such as... 11-1f an introduced protein I. derived produce .ubalancea thai are nol labeling.
from a food sourte.lhe queslion of ordinarily digeated and metabolized by 110-C0ll8U!t FDA: TOXicity.
allergeniclty must be addr"..ed in the vertebrales. or that produce toxic Produeore .hould eonault infotmally
s.me f••hion aB Was discussed from tho subatances [e.g.• lbe emymes thai with FDA when a protein is~ed to... perllpective or the donor al a whole• convert cyanogenic glycosides to be toxic or wben the safety of 8Il

12-1. the introduced prolein thetis
cyanlde). Introduced protein is dependent on

Other function. th.t could raise procenfng .uch 81 cooking. FDA willderived from 8 food 80urce. or ia concern include .ny reponed toxidly. determine on a cese-by·cace boll•• ubat.ntiaUy a!nllI.,.to.n edible such .a known toxic ectivlly loward whether It will review the food addillve
1M proleln. reported to be toxic? vertebret... known loxic acth1ty .latuJ ofthese proteina. or whether theFor exampl.. !Ome lectin. are toxic low.rd nonvertebrale. when the protem. are unaeeeptablb in tho new

unIen fnaetlvatod by cooking_ U a ahscnce olloxlc activUy 10 \'enebrates planl veriety.
protein who.e safety ia dependent on i. nol ealabli.hed. end IIIlUlu.1 17d-Conaull FDA: Funclioll and

Iiii
proce.sing such .s cookins h.s been properties thetlndicale lbal the protein loxldly.
transferred from a speciea that 10 is slgnlflcenUy different from other Prod...,... ollonld corauIt W""",,1Iy
comJXU)n1y cooked bofOJ'e conaumption proteins fonnd In the diet. U tho function with FDA on scientific 1...88 and de.lgn
to a species that may be eaten raw, 01 the protein II nol known. lee note of approprlete teal prolocolo when lbe
lafety questions may arise. 17d. function or the protein raiJel com:em or.... I)-If the Intake of an inlreduced 16-11 the Introduced proleln likely to I. not known. or the protein fa reported
protein that t. derived Cram a food be • macroconatituent in the human or 10 be toxic. FDA ",1U deter.nine on aanimal diet?source. or th.1 i. subatontl.Uy 1lml1.rto From a nutrltion.1 st.ndpolnl, lbe ca....by-ce18 beals whether It will
tllI edible protein. Is not genefaUy amount .nd quality of total protem in review the food edditive .I.ha ollbeaa.. comparable 10 the InIB" of the ..me lit tho dial, ,..thor than of aDy partl."lar protems.
similar protein In the donor or IIlber prot.1n. Is of greB'B.1 aignlfiCtlllcs. 11<>-<:onsolt FDA: MBcroconstilUenla
food, the biological function of the However. whlla mo.t individual proteino in the diet.
prot.ln ohould be .......ec!. (e.g., enzymes) lbet might be Introduced Producers .bould consult Informally.. 14-The biological function of the Into food d.rived from plonla will ba with FDA ""'.n e protcln is expected to
introduced protein ohould be e.....ed If preaent at relatively low concentl'etlon.. becoml!t a mScrocon.Jitituent of the diet.
either 01 the following occur. acme proteins [e.g.. aeed ItOl1!88 whether 81 a result or its presence in

a. The introduced prolein I. nol proteinS) • may become high level. In one food or .. a result of
it. UN in maD)' fooda. FDA will.. derived from 8 food SOllJ'C8. 01' t. not m8croeon.titu.n~ of the plant-derived
determine on a C8ae--by~.e basissubstantl.Uy a!mil... to .n edible food. Other proteinl (e.g.. enzyme. u.ed

prolein: • al selectable marker senes) may b. whether It wlU review the food additive
Introduced inlo many plantl and statua of these proteinS.

• ,.". iu_ ol polential~ty vt Gil' 11.. thel'etore be COltNmod at a substantial 2. Carbohydr.te•
1M protem (ta oppoMd to1ha~t7u. prot_ level Dietary sxpoaore to ouch proteina

Sarety a.....",..,t of a ""'" ordtnvod &=. bcwo ......ot.ne.a-llt should btl considered.
modified carbohydrate should be baudfnquenl1,. NiHd. FDA~thAl~ 17-EndpoiDlS In F'J8Ur't"

pt'OClldidd fortel1f.q roods dftoMd hmlleWplant on the ....lunI 01 the cuboh,dra'. or
Y.~If:#t&.Io~oI~.n..-.,.

'_Illd 'oolBt lllof. '1 no.. that.." low
modlBcetion.

IIt/ Bot alJ1'I1)Uy avtiJabl•. lllM: dorxx bit DO hlttorr
oI_iBlood.ll>e_ 01all_.....-bo tox£c ..... bave t:n:zyIMtU: properties. ~tlont FigureS
addNsMcf ott: lh1Ilbn. CompaJ'l.eta of poe JDdlide clipblberi& 10XiB aDd una!ft: nzyma bs ths

The numbers above each box In the_ ..... '."".. baobol.......~_
_or_~

'beccmMt inc:Num,J,: -.NJ ..1M talClCCloetiqa OIl -1"be DIItrlUOftd cm-.t or Mf'Ci ,son..prctaIne lIow chart rerer to occompanyiDg notes
IUds PJ'OII'lnI apuda. JlDA bMteaCOlMlimIt OIl from ..... aopt It pu!l<llIvly _ fa 1M thatlnlmediately follow the now cha.rt.:

1M I!I:8tbodt tbl.1 bUlJ bI uaillblt to addNM !be' t.oe c._olaabul &t4. .... otM croplMJfmDIIh.
cl~..oI... _ .. 1codo. ..bo1aaal_c(1M clIel. ...... COOl: f-...oHl

...
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Has there been an Intentional
alteration In tt. atruetura.

composition, or laVal of
cartlOllydrat.. In tlla new

variety?

v••

No

Hava any atructunl ,aatul'ls
or functloMl group. been

Introduced Into the
cartlOllydrate" tnat dO not

normally occur In food
carbOhydrate.?

No

111

He... th_ been any
alterations tnat could affect
digestlblllty or nutrttlonal

qualltle. In a eamahydrate tllat
II likelY to be a

macroconstltuant In the dial?

No
20.

No concerns

Yes

Ye.

""

figure 5. safely ASHssment 0' New Varieties: Ne. or Modified CarbOhydratel!l

.._ _ _ --..__ ..- . .....- . ----_.._----
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Noles 10 F11lJ1'1 &

:a8--Have any structuzaJ Features or
functional group. been introduced Into
the carbohydrate thai do nol normally
occur in food carbohydrates?

For example, developmenla that affecl
carbohydrales will frequently be
modifications of food .tuches,
presumably affecting the ccnlanl of
amylose end emylopectln. .. weD as the
branching or amylope.1ln. Such
modified starches are likely 10 be
functionally and physiolQJlicelly
equivelentlo s..rches commonly found
in food and th... would not suggest any
specific safety concerns. However. If
funclional groUP' Or .tructural f.alures
that normally do nol occur in foad
carbohydrate. ar.lntroduced. such
modifieatiollll should be evaluated with

reopectlo any safely concems thaI may
arlse.

ill-Have there bem any allerallon•
thaI could affect digestibility or
nutritional qualltlealn a cerbohydrale
thai i. likellllo be a m.CIOCOD8tiluenlln
the dlel?

If a vegelable or a ftullls modified 10
produce high levels of an Indlgestible
carbohydrala thaI normally occurs al
very low levela. or 10 convert a normally
dlgealible carbohydralelo an
indlgeatible form. nutritional quesUolll
may arise.

2O-Endpolnla in Figure 5.
2Oa-No ccncems.
When Ws endpolnl ts reached. ..fety

and nutritional concerns relative to
Inlenlional modificationa of food
carbohydralea will seneraUy have been
sallsned.

2Ilb-Consull FDA.

Producers may conault Informally
with FDA on _Iiflc laues. FDA will
determine on a case-by_ buhl
whether il will ..mew the food addltive
alaro. ofthMe carbohydnlles. and will
work with the 8pOll&Ot on. ca.ac-by
cue bUla 10 addnaa requlremeDla auch
as labeling.

3. Fala and 0I1a
Safety a&sessmenl ofa new Or

modified Cat or aU ahould be based on
lIa composition and the presence ofany
UDUatud (;QIDponeDts at level. that
wonld cause aaCely concern.

Figure 6

The numbers abo"a each box In lbe
flow chart reCer 10 accompanying nol..
thallmmedlately foUow tha Dow chart.
8ILI.IIa ccc. ....,.,.
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21

Has thera been an Intentional
alteration In the Identity.

structure, or composition of
fats or oils In the naw variety?

Yes

21
23b

...
Have the Inlentlonal

alterations been In a fat or 011 I--V••-.w Consult FDA
that will be a macroeonatltuem

In the die'?

...
No No

22

Are llny unusual or toxle fatty
acilis prolluclKl In the new

variety?

No

23.

No concerna

Yes Consult FDA

23b

...

Figure 6. safety Assessment of New Varieties: New or Modlfled Fats or Oils
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Noles 10 Figure 6

21-Ha& there been an inlention..,i
alteration in th<! ide-ntitv. structure. or
composllion cf fats or oils thai are likely
to be 11 rn3cr~COn9lilup.nt i:-:. the diet?

Some altc:'Otions in the compo3ition or
structure cf fals and ods.. such as 8....\

aiteration 1I1 the ralio of selurated 10
unsatut3ted liuty acids. m3V have
8ignificant nutritional cona~qucn..cc,.or
result in markerl changes in digestibility.
Other changes may produce a fal or oil
lhat has been altered such that illS no
longer to!,,1'GQentativ& of fate aDd oils
from the hoSl species.

ZZ-Are any unusual or toxic fatty
actds produced in the new variety?

For exumplp.. SarP.fy qUleAliana may
arise as a resull of Ihe presence of fatty
acids with chain length grealer than e
Z2, fally acids with cyclic aub.tituenl5.
fatty ecids with lunctionalllfOUJlI not
nonnllly present In dietary fall and oils.
and fatty acida of known loxicily [e.g.,
erucic acid).

23-Endpoints in Figure a
23a-No concerns.
When thia endpoinl is reached. ••fety

and nutritional eoncema relative to
intenlional modification. offat. and oila
will generaUy bave been satisfied.

23b--Consull FDA.
Producers may consulllnformaUy

With FDA on scientific iaauea. FDA will
detennlne on a CBs8-by..csse balll
wbatber it will review the food additive
.talus of these fala or alia. and will work
with the spomor on a C8ae-by.c,as8'
basis to address requlremena such 88
labeling.

G. Toxicology
Feeding studies or other toxicological

lell. may be warranted when the
characteristics of tho plant or the nature
or !he modification 1'"aiae .aiety concems
that cannot be msolvcd by analytical
method•. FDA recognize. that feedlng
a1udies on whole foods have limited
aenaittvity because of thi! inability to
adminj-.tor oxasgoJ"Qlod don:•. Beoouee
of Ihe difficulty of dealgnlng llU!aningfuI
'ludie.. FDA encoUla!!" companies to
conlult Informally With thea_
about teat protocol•.

H. OtherInformation
The Informabon described below lJ

nol di1ectly addressed In the now charla
bUI Ihould be conlidered during the
davelopmenl of new planl varieties.

1. Nucleic Acida

lnttaduced nucleic aclda.ln attd of
themaelye.. do not raiaa oefety
ccmcem.. Thus. for example. the
Introducllotl of • gene oncocIlng an anti
....... rlbonuclelc acid (RNAI would Itat
raI... conceml about either the lI"Ite or

the anti·sense R"IA. Any safely
C".onsiIJen.tion.. wnuld foemlon the
lotended effect. of the anll·lense RNA.
Hence. conlinuing the example. if the
anti¥sense R...~A wen! used to auppress
an enzyme. llien jn.1 as for any other
method intended to suppress an enz~"me.

such as deletion or nonsense mulaUont.
the melabolic effects on lhe hoat pb-! of
auch enzyme sUPll1'8slion .hould be .
considered at the conceptual liege of
developmenl and manilored. when
appropriale and feasible.

t. Metabolic Considerations

The effects of an intentional nlteration
of a hiochemical pathway should ba
conlidered at the conceptual .lage of
development. end monitored when
appropriate and fea.ible. For exampl..
are there any toxic .ffects of a
melabolic imbalance with respecllo
en2yme substrate depietion and product
accumulation? Me any aaxillary
pathway. likely to be affected?

3. SI.bility

The genetic slabilily of the new plant
variety and the Inheritance of the
Introduced genetic materialao a single
MendeUau trait are Lmponant latety
considerations. A safety asseslment of
food derived from early generations of
the new variety may not bit valid if th.
new geneUc muterlll113 expre..ed at
substantiaUy different levela In
.ubaequenlgeneralions. Factors that
favor stability include a minimum
number of <:opit:3 uf the intcucJuc;ed
genetic material. and inaertion at a
lingle .ile.

I. Fulun> Workshop on Scientifio Issues
FDA recognizea the delirability of

e.tabli.hing COll8llnSIa within the
Indu.try. the Iclentiflc community, and
tho public on tho agency·, eclontinc
aaoesamenlapproach 10 food lafely
pre.ented In thll guidance .ection. For
thi. reason. IDA plan.s to announce. In a
Eulure J'ocIenJ Rogktv ..otl"". a
workahop 10 disco.. specille scientific'
laauea. The notice announcing the
workohop wiD Include I deacrtption of
1M ldentifie lalDH to be di«C'\dted.
FDA InVlll!. comment on Inpica thll
mlgltt be addrealBd alaueb • workshop.

vm. EtnitotIma..W CotlolcIaratlon:
JlppbbWly of NUA

NEPA requi1e1 FDA 10 cotlSider In Ita
declsionmaking the environmental
impact of Ita major Faderal aellona that
'JsnlflC8lltly affect the quality of the
buman environment. Tha promulgation
of. food addillve feIUlallon Is an .
agency action thai ordinarily trIsgers the
Nl!PA tequi1emenl for devel"opmetll of
an anv!roltmental ......"'801(21 CPR

ZS.2Z(a}(IOII and. if the agency does not
mAIc~ A finrlinp of no aignificant
environmentsl impacL an environmental
impact sl3:emenl is prepared (21 CPR
:!5.11fbll·

on;'? Ccunetl on Ern.-ironmental QUAlirl"
(CEQ) tel!';;n'icr.s (40 CFR 1500 throug:1
1508) ;",mde tilat in complying with
~'EPJ".~n a~ency should ayold
unnecessa:,.,.· duplication and shoultt ripr
ita "'EPA ..atamenta with thoae of oliler
agencies to eliminate repetill\-e
discussions of the same issuea and to
fnell. nn the actual i'-UN ripe for
eeci.ion at eech level of environmental
review (40 CFR 1502.20 and 1501l.28).

Other agencies. particularly USDA
..nd RPA. r.tay prepare. NEPA and other
environmental documentation before
products are presented 10 FDA for e
decision. FDA intenda to rely on sncb
documenration to the: maximum p.xtp.nt
possible.

Under regulations admlnisler2d by the
Anlmal and Plant Health lnapeetIon
Servi"" fAPHIS) In USDA (7 CPR pari
3401. me majarily of planll developed by
recombinant DNA techniquea thailln!
being commercially developed bave
been considp,red ·'regulated al'tidea."
The action mat reaulll in a permil for
lntrodnction of a feIUlated article Into
the environment ia subject 10 NEPA
J'f!ViP.W'. At .omp. "AgP. nf rP.A2srt'n and
development of a regulated article. an
lolerested party will request from
APHIS a delerminallon of the article'.
l'P.gUlalory atatu.. APHIS hallnformed
FDA that when APHJS receives a
petition or otller requelt illntenda 10
consull with other agencies. Thla should
enable FDA to Identify the type of data
thai would be useful if any subsequent
environmental review is to be prepared
for actions onder FDA jurladlcUon.

EPA haa .uthorily. onder the Federal
In.ecllcid.. FungIcide. altd Rodenticide
Act [FIFRAJ (1 U.s.c. ]38 etseq.).to
regulate all pestiddea. no matter how
they 818 made or their mode of action.
Under the aet. EPA baa ellthority to
feIUlale peoticide realduoa In foods. An)
relevant review thai EPA CO<Iducta
under F1FRA. tha aet. or any other ofIts
alatutea, Inynlvins an ....._Itl of
potential effects on human bealth attd
the mvlronmenl will be aysUable to
FDA.

FDA Intends to work c1ooe1y with
USDA attd EPA to mb>lmholdupllcaUon
of environmental revte....11re agency
will, 10 the extenl poujbbt,lnYoke the
tiering provl.lona In the CEQ ~llo!IS
and. In FDA's envfronmetltal
aue,,.,enta. rely Oft APHIS NEPA
~ atId other &Ddt documaItta. at
wei! II relev....t enYl:otJtttentaJ
dooum8Ola COtIIlderad by EPA. Fmthar•
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FDA "ill provide informal guidsnce on
environmental iuual to aui&t
individuals who are preparing food
additive petilions to meet FDA's
requirements for environmental
osseg~menlt.

FDA doc. n<>t consider that the
activities it may undertake with respect
to foods from new plant ,"arieties other
than promulgation of rood addilh.re
regulations. such a. consultalion with
producers on safety issue, and
providing advice on lhe regulatory
status oi foods from new plant varioties.
will constitute agency act!on under
"'EPA.
IX. Coordination Will> £1'..\, Pesticide
COnsideratIOn.

Questinns have been raised
concerning whether FDA or EPA would
have iurisdiction when plants arc
modified to e<p'.... pe.ticidal
suostance~rnA and EPA are agreed
that substances that are pesticides as
defined by 1'1fR..... (7 U.S.c. section
136{u)). are liuojectto EP.....•• regulatory
authori.y. The agencies also 8gree that
FDA's authoritv under the act extend!! to
Bt!y nonpcstitide substance that may be
introduced into a new plant variety and
that is expected to become a comp<;nent
of food.

EPA and FDA are aware that there
may be cases in which the jurisdictional
responsibility lor a substance is not
clear. Decause pesticides. 8' defined by
FIFRA. are subject to EPA'. jurisdiction.
t~e agencies (,!lcourage producers who
l~a"'e such qUl=sHons 10 contact EP:\.
fnA and EP.'\ inlend to consu!t closely
on such jurisdictional Questions. as weU
us en sCientific J:l.atters where
ccnsuhalion"wiit be helpful in rcsol\'ir.g
safety questions.

The agencies ere also cm"are that. in
Borne circumstar.ces. evaluation of B
pArticular substance introduced into a
plant may require the expertise ofboL~

I-:PA and FDA. Both asencies agree that
F..PA win addre!~under itl regulatory
jurisdiction the food safely issue,
associated wi1h the pesticide. includir.g
marker llenes used to coaf"", Ihe

presence of the pesticidal gene. Any
food safely question. beyond those
associated y,ith the pesticide.•uch as
those raised by unexpected or
unintended compDsilior..al change:!. are
under FDA', jurisdiction and should be
addressed under the policy .e' for-.h
elsewhere in this noliee.

Based upon the agencie,' cutrent
knowledge, examples of subslane,," that
fall under I'DA's authority include: 11)
Suhal8nces intended to alter the
nutrillonal composllion of the food (e.g.•
amino acids or carbohydrates]: 121
aubstan""s intended 10 er_~s"ce the
planf. resistance to chctnic31 herbicides
le.g. bromoxynil. glypho58te. and
.ulfonylurea}: end (3) suhatance.
intended to aUer the fl.vor or Ihe
lexlure of the food.

SimHarly. buod upon the ag"ocies'
current knowledge of new planl
varielle. being developed using the new
technologies of gene lransfer, EPA is in
the procc-3a of evaluating hO\y or if it
'will exert irs oversight for the follov.'ing
examples subject to its jurisdiction
under FIFRA and therefore not under
FDA'sJurlsdictlon: (t) Substances thaI
are inlended to kill insect.le.g. Bacillus
lhuringiensis delta-endoloxin):

{2J Sub,lsnce. inlended to protect
planta from viral. fungal. or oacter:al
lnfeclion (e.g. cecropin): and (3)
substances that are plant regulators and
thus "pesticldes" under F1fRA.

X. Envlronmentallmpect

The agency ha. determined under :1
CFR 2S.24(a)(9}lhat thi9 action ic of a
!ype that doe, not ir.dividusUy or
oimulati'o'el)' ha\'e 8 signific.:mt effect on
the human environmenL n:.crefore.
r.oithol' an cn"'ironmontal assessment
nor an environmental impact stateolent
is required.

This act.:on is inlended to pro\.ide
guiu.l:lfI(;e tu tleltcJupef3 by deS(;obJng
the scientific con.idera!ions for the safe
development of foods derived from new
plant \'"8rieties.

BEST AVAILABLE copy

XI. Commenb
Interested persons rns!". on or before

AuS'""t 27. 1992. submit to the Dockets
Management Branch [address abovel
written comments regarding this notice.
TWo copies of any comments are to be
submitted. except that indi\'iduais may
submit one copy. ComrrK:nrs are to be
Idontified with the dockel nillllber found
In brade.. In the heading of this
documenL Received commenls may be
seen in t.'le office aDo\"e between 9 a.m.
and 4 p.m. ~londay L~_'Ough Friday.

xu. Re!eJe""",
The followin~ refe:encc.s ha"'e been

placed on display in !t:e Dockets
~wn8gemer.t Drane:.iG~s abo~el

and may be seen by inrerested perscm.
between 9 a.m. ar;d ~ p.m_ ~(onday

through Friday.
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