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—ntroduction

Bioctechnology is rapidly becoming an aiement of development strategies around
the world. The Agency for International Development (A.I.D.) is in the
process of establishing a Standing Commiz:iee to address the issues surrounding
this new area. The purpose of this report is o provide background
information for the Committee.

The informatiecn in this report is drawn from many sources: textbooks, media
reports, congressional records, and interviews. A complete list of references
and contacts is provided in the Reference section.

An effort has been made to develop a balanced presentation of the current
regulatory situation and suggestions have been made Lo stimulate discussion
within the A.I.D. on this important topic. The opinions in this ceport are the
author's. They do not represent those of A.I.D.

Prepared under contract: DPE - 1406 -0 -00 - 7005
Agsency for Intermational Development
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washington, D.C.
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Section 1 - Science, Products and Issues

Over the past several years, biotechnology has been the focus of an inordinate
amount of activity and excitement. Although neot a new area, advances in cell
and molecular biology have radically expanded the array of products which can
be designed. The mcthod which has generated the most excitement and potential
is recombinant DNA technology - the ability to manipulate the genetic make-up
of an organism. Its potential has been toted as the solution to an enormous.
range of problems and although the potential is genuine, the enthusiasm has
sometimes been premature. Currently biomedical products are appearing in-the
market and agricultural products are soon to follow.

The products of biotech present a new type of beast - different from srevious
products and therefore raising new environmental and ethical concerns. To
discuss these concerns and the policies which are evolving it is necessary
first to have an understanding of the science and products which comprise
biotechnology.

Classification and Cell Structure

The development of a classification system for all living organisms has been
one of the primary activities of biology. The classification system describes
all creatures into smaller and smaller groups based on specific
characteristics. The characteristics become more limiting as the
characterization proceeds from kingdom to species. The characteristic which
distinguishes one species from another is the ability to inter breed and
produce viable offspring. Genera are groups of related species. The
classifications of two common organisms are presented below: (1)

Common_name Giraffe Doniestic cattle
kingdom————~ animal animal
phyla~————ae chordata chordata
order-—————-— artiodactyla artiodactyla
suborder---——-- ruminantia ruminantia
family—————m——m giraffidae bovidae

g ONUS~—~—————— e giraffa bos

species——————mm—e—x cameloparadalis taurus



#ll organisms are composed cf z2lls - the basic unit of life. There ace
unicelliular organisms, vir:isaes, bacteria, protozoa, and multicellular
orzanisms, plants and animals. Despite the differeances in :hese organisms
there are basic similarities at the callulair level. Presented below are
dlagrams of an animal cell and a plant cell indicating the major structuras:(2)
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The nucleus is the that part of the c~ll where deoxyribonucleic acid (DNA) is
found. DNA carries the genetic information of the cell and in higher
organisms 1s packaged into chromosomes. The term genome is used to designate
all of the genetic information found in the cell - e.g. the human genome 1is
comprised of all DNA found in the chromosomes. OJNA is a double stranded
molecule made up of four nucleotides (or bases) organized in a linear
sequence. The bases are adenine, thymidine, guanadine, and cytosine,
represented by single letters, A,T,C,G.

The single strands of DNA are complementary - that is the nucleotides will
pair with only one other specific nucleotide. Adenine base pairs with
thymidine and guanadine with cytosine. This complementarizy of DNA allows the
DMA Lo serve 3s a template - the double strand opens and replicates,
reproduces itself, or transcribes, is copied into cibonucleic acid (RNA) for
protein production.

he information of the DNA is communicated to “he RNA and protein through -he
inear sequence of all the components. Three DNA nucleotides are “ransccibed
nto three RNA nucleotides which code for one amino acid. Proteins acre
composed of amino acids. The sequence of DNA which codes for one protein is
called a gene.
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The =lucidation of this genetic communication system is the basis for
recombinant DNA technology. The first steps in cDNA technology (aka zenetic
engineering or cloning) were taken in bacterial systems. Bacteria were used
to produce proteins of interest from other organisms. The gene of interest,
i.e. codinz for the a specific protein, is.searched for, identified and placed
in the bacteria.

A vehicle or vector is needed to carry the gene from its place of origin to
the bacteria. For this purpose plasmids are used. These are circular,
self-replicating pieces of DNA found in bacteria. Plasmids often code Sor
antibiotic resistance which serves as a useful marcker. The gene of interest
is placed in the plasmid which is taken up dy the bacteria - a process known
as transformation. The bdacteria then starts producing the plasmid and :he
protein of interest.



The schemztic below presents the cloning procass::. !
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The use of bacteria was the initial step in rDNA technology, ficrst
accomplished in 1973. Since that time numerable advances have been made in
the technology. Intense research in the identification of new vectors and the
regulatory mechanisms of gene expression have greatly expanded the ability to
utilize DNA.

Yany new vectors have bYeen identified which have Sroadered cDNp bteyond
bacteria. Viruses have proved particularly useful. Vicuses invade cells and
typically commandeer the host cell machinery to produce viral proteins. By
disarning the virus, i.e. removing its potentially harmful genes, it can be
used Lo carry non-viral genes. Viruses are being used to move genes in plants
and animals. Cauliflower mosaic virus is one of the viruses which is being
studisd as a plant vector. Retroviruses have been identified as potential
vectors for human gene therapy, where genetic disorders may be corrected with
the insertion s5¢ the appropriate gene. Vaccinia virus is being used as a
vector in designing new animal vaccines, with the potential of developing one
vaccine providing protection for multiple diseases. (An excellent discussion
of agriculturally useful vectors is pr-sented in a paper by Phyllis Moses,
National Academy of Science (4)).

Once a gene is moved from its original location to another it is placed under
a different system of controls. All of che genes of a cell are not active at
“he same time, but rather expressed 3as they are needed. The regulation ot
this expression is a complex system - still the subject of much

investigation. Some of the mechanisms of this process have been identified.
Promoters and enhancers, known as regulatory sequences, are'stretches of DNA
which do not code for protein but are involved in the activation of a gene for
expression. When these arsas of DNA zre activated, often by the reaction with
another cellular component, a sequence of events begins which result in gene
expression.

The discovery and understanding of cegulatory processes has been incocporated
into =DNA technology. Specific promoters are cloned into vectors in front of
the gene (n order to improve and/or sontrol expression. For example, the
promoter which regulates the heat sho-k proteins is a heat sensitive system.
«“hen this promoter is placed in fron. of a cloned gene the gene expression czan

be regulated by temperature.



In addition to rDNA techniques there are other methods which allow for the
movement of DNA. These include cell fusion and recombinant RNA methods.

Products

The development of rDNA technology is reflectuad in the products. The original
oroducts available were proteins produced in bacterial systems. Once the -
genes are identified and moved into bacteria, the bacteria serves as a small
factory producing the specified protein. Many proteins of importance have
been very difficult to obtain because the traditional srocess of purification
is tedious and results in very small yields. An additional protlem with
traditional purification methods is the possibility of contamination with an
adventitious agent. (It has rerently been determined *that growth hormone was
occdsionally contaminated with the Krutzfeld-Jacob vicus.) By moving a
specific gene into a bacterial system an unlimited supply of the protein
becomes available. Examples of such proteins include interferon, insulin, and
growth hormene. The cloned DHA i“self is also a useful product since it can
be used as a probe in diagnostic procedures.

The next level of products available through rDNA uses the engineered organism
as the product itself. The ability to move genes presented tle opportunity to
improve already beneficial organisms. Rhizobia which are capable of fixing
nitrogen are being engineered to be more efficient and competitive. Presently
a strain of rhizobium engineered to contain multiple copies of the nif gene,
which codes for the enzyme nitrogenase, is being reviewed by EPA for field
tests.

Additional areas of activity include the identification of genes responsible
for increased stress tolerance. Once these genes are identified it is hoped
that they can be successfully moved from one plant to another and
appropriately expressed. Vaccines are being developed which use live viruses
to carry the zenes from the pathogen which trigger the host's immune response.

Issues

Ethical and environmental questions have evolved along with the advances in
rDNA technology. The first flurcy of questions appeared with the realization
that scientists could manipulate DNA and therefcre alter an organism's genetic
composition. The questions were ethical and religious in nature. sShould
scientists play with genes? Could such a capability be used for destructive
purposes - i.e. the "engineering of a super-race? In retrospect these
questions sound rather dramatic but they are still the subject of controversy
in some zroups and the subject of discussion as technologies improve and human
gene therapy enters the testing phase.
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The scientific community raised their own questions when this new technology
appeared. 1In 1975 scientists gathered at the Asilomar conference:in
California to discuss the enormous potential and unknown dangers that rDNA
technology presented. The technology was in its infant stages at that time,
so concerns were Zocused at the laboratory level. The scientists agreed to
self-regulate their activities until their knowledge and experience grew.
These discussions. led to the establishment of the NIH regulatory system which
is discussed later. '

The questions surrounding rDNA have matured with the technology. Once
products became a reality issues of safety and quality control became

central. Before use of the initial products of rDNA, the proteins, e.g.
insvlin, it is necessary to ensure purity and lack of side reactions. Since
these proteins are produced in microorganisms it is necessary to eliminate all
bacterial contaminants. The use of genetically engineered organisms as
products presents the next level of complexity - raising complicated
environmental questions.

Many of the genetically engineered organisms Jdeveloped as producis need Lo be
released into the environment to be useful. The first example of this is the
ice-minus mutant, developed by deleting a single gene from the bacteria
Pseudomonas syringae. This deletion presents one of the simplest approaches
of genetic engineering - no new genetic information is added to an organism,
nothing is moved around, the gene responsible for ice nucleation is simply
removed.

.

Vaccine and drug development is an active area in the health applications of
biotechnology. The testing of such items is a well developed field and it
appears that there is considerable less controversy surrounding these
applications of biotechnology than surrounding those concerning environmental
release. However human gene therapy still remains to be addressed and it is
likely that this subject will continue to generate substantial discussion.

A Tecent study (5) conducted by the Office of Technology Assessment (OTA)
indicates that the 56% of the public surveyed feel they understand the meaning
of genetic engineering and only 19% of those surveyed said that they had heard
of any potential dangers from genetically engineered products. Additionally
the survey asked participants to identify which applications of genetic
engineering they would strongly support under risk-free conditions. In order
of the application most strongly approved to that of the least strongly
approved these are:

New treatment of cancer

Hew vaccines

Cures for human genetic diseases

Disease resistant crops

Frost resistant crops

Mure productive farm animals

Larger game fish



Placing an engineered organism into the environment raises many concerns.
Some of these concerns which have been voiced by the environmental community
include:

- the changes in the orginal organism may affect its interactions with
other organisms; e.g. it may infect a broader range of hosts

- the genetic alterations may change a non-pathegenic organism into a
pathogen or may lead to interactions with other organisms that would -
result in the development of pathogencity

- the application of a large number of cngineered microorganisms to an
area may alter the ecological balance

- the geuetic alteration may give the organism a selective advantage,
allowing it to expand its geographical range

Despite the intemsity surrounding these issues a regulatory process has
emerged. The {undamental step in the development of a regulatory system is
definition. What is to be regulated? This has proved to be a complicated
process in biotechnolcgy, as advances and experience have generated new
knowledge and possibilities. The definitions of some of the critical terms,
recombinant DNA, foreign DNA, deliberate (environmental) release and
recombinant crganism, are still developing and each regulatory step includes a
refinement or adjustment in these terms. Additionally, until recently )
different Federal agencies had different definitions. The current "accepted”
definitions and the process used to arrive at them wiil be discussed in the
following sectionm.

At the center of the regulatory discussion is the question : "“How different
are genetically engineered organisms ?" Mutation, the alteration of genetic
make-up with time, is a natural process. Plant and animal breeding and
selection of the optimal microorganism have all depended on changes at the
genetic level. The difference is one of precision and knowledge. Whereas
earlier genetic manipulations were performed at the level of the organism, the
new manipulations are well defined and specific, performed at the molecular
level.

Does this specificity mean that these "new" organisms are more or less
predictable in the environment? Environmental Broups are urging extreme
caution in working with these unknowns, while U.S. industry and government
suggest that the precision used in making these new organisms really make them
more manageable and that testing should proceed. The result of these
opposing positions has been serious delays in moving laboratory results to the
field testing stage. Practically every government approval of a ‘ield test
has been challenged by a law suit, either at the national or local level. In
fact the entire Federal policy, the Coordinated Framework foc Regulation of
Biotechnology, has been challenged by a lawsuit (Jeremy Rifkin). The lawsuit
has has been thrown out of court since there as vet has been no organism
reviewed under the Framework. It is likely that with the first review the
suit will reappear.



Section 2 - U.S. Resulatury Policy

Due the nature of biotechnology and the range of products it offers, numerous
Federal agencies are involved with regulation. They are the National
Institutes of Health (NIH), National Science Foundation (NSF), the Food and
Drug Administration (¥DA), the Environmental Protection Agency (EPA),
Occupational Safety and Health Administration (OSHA), and United States
Department of Agriculture (USDA). The major regulatory agencies are discussed
individually in later sections. Presented here is a general discussion of the
latest effort in coordination of policy. ( The information in this section is
derived from the Coordinated Framework for Biotechnology

Regulation($6) and the most recent NIH Guidelines(7)).

Coordinated Framework for Resulation Biotechnology

The most recent U.S. regulatory policy on biotechnology was released in June
1986. This is the Coordinated Framework for Regulation of Biotechnology
developed by the Biotechnology Science Coordinating Committee, a committee of
the Domestic Policy Council Working Group on Biotechnology of the Office of
Science and Technology Policy. The Framework was pubiished last year in the
Federal Register for comment and became effective immediately.

The basic premise of the Framework is that biotechnology does not require new
«statutes to ensure adequate regulation. Rather, "Existing statutes provide a
basic network of agency jurisdiction over both research and products;..".

With this premise at its center the Framework provides guidance on the
following questions:

What products require regulation?
Who regulates what ?
How is regulation carried out?

To answer these questicns the Framework takes the following approach:
- presentation of some common definitions to be used by all agencies when
determining the level of regulation required
- discussion of the agencies specific jurisdiction and procedures o
followed in cases of overlapping jurisdiction
- discussion of the review process within the various 2gencies to ensure a
simlar approach and depth.

Definitions

To determine the level of regulation required, the Framework has established
two working definitions, accepted by the agencies. The document emphasizes
that this distinction does not imply that other modified organism should not
be carefully reviewed and appropriate procedures followed. However the policy
identifies the modified organisms which may pose potential hazards and
therefore require detailed review.

These definitions determine what is a "new" organism and what is a potentially
dangerous organism. To determine what is a "new” organism the Framework
considers the source and nature of the transferred DNA. To require full
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review, the policy has taken the genus subdivision as its boundary -
intergeneric crganisms require specific review. The definition provided
within the document is as follows: Intergeneric organism - "organisms formed
by deliberate combination of genetic materials from sources in different
genera. "

Hlowever, the Framework goes on to identify several exclusions to this rule.
These exclusions are based on the nature of the DWA transferred. Even if the
DNA is from another genus, full review is not required if the DNA "is well
che 1cterized and contains only non-coding regulatory regions."

The next term defined addresses the potential danger of the organism or the
transferred DNA - pathogen, any agent capable of causiig disease in other
living organisms. "This includes microorganisms that belong to a pathogenic
species or that contain genetic material from source organisms that are
pathogenic.” As with intergeneric organisms, there are also exceptions to
this classification, such as "organisms generally recognized as non-pathogenic
according to sources identified by a federal agency...".

These two BSCC definitions, intergeneric organism and pathogen, are the
criteria for regulatory review. Although agreed upcn by the agencies and now
part of established policy there is still much discussion about these
definitions. The environmental community questions the exemptions, for
example, of intergeneric organisms containing non-coding regulatory sequence.
This means that the transferred DNA does nct code for a protein but plays a
role in the expression of the protein gene it is associated with. 1Is the
manipulation of this regulatory sequence so well understood to be deregulated ?

An important definition which is still under discussion and the subject of
individual agency interpretation is "deliberate (environmental) release.”

Jurisdiection

The Framework states: "To the extent possible, responsibility for a product
will lie with a single agency. Where regulatory oversight or review for a
particular product is to be performed by more than one agency, the policy
establishes a lead agency..... ". Jurisdiction is determined either by the
source of funding cor final product use.

The regulation of biotechnology encompasses both research and product use,.
Presented on the next pages are the charts from the Framework which indicate
jurisdiction and lead agencies.
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Chart I

Coordinated Framework - Approval of Commercial Biotechnology Products

Subject

Responsible Agencies

Foods/Food additives

Human Drugs, Medical Devices, and Biologics
Animal Drugs

Animal Biologics

Other Contained Uses

Plants and Animals

Pesticide Microorganism Released in the
Environment

Other Uses (Microorganisms):
Intergeneric Combination

Intrageneric Combination:
Pathogenic Source Organism
1) Agricultural Use
2) Non-agricultural Use

No Pathogenic Source Organisms
Nonengineered Pathogens:
1) Agricultural Use
2) Non-agricuitural Use

Nonengineered Nonpathogens

Notes:
*Lead Agency

FDA*, FSIS(l)
FDA

FDA

APHIS

EPA

APHIS*, FSIS(1l), FDA(2)

EPA*, APHIS(3)

EPA*, APHIS(3)

APHIS

EPA*(4), APHIS(3)
EPA Report

APHIS

EPA(4), APHIS(3)

EPA Report

(1) F3IS, Food Safety and Inspection Service, under Assistant Secretary of
Agriculture for Marketing and Inspection Services is responsible for food use

(2) ¥DA is involved when in relation to food use

(3) APHIS, Animal and Plant Health Inspection Service, is involved when
microorganism is plant pest, animal pathogen or regulated article requiring a

permit

(4) EPA requirements will only apply to environmental release under a
"significant new use rule" that EPA intends to propese.
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Chart II
Coordinated Framework - Biotechnoloesy Researzh Jurisdiction

Subject Responsible Agencies

Contained Research, No Release in Environment:
1. Federally funded Funding agency(1l)
2. Non-Federally Funded NIY or S&E voluntary
R review, APHIS(2)
Foods/Food Additives, Human drugs,
Medical Devices,Animal Drugs: -
1) Federally Funded FDA*, NIH guidelines & roeview

2)Non~Federally Funded FDAX, NIH voluntary raview
Plants, Animals and Animal Biologics: '

1)Federally Funded Funding Agency(1l)*, APYIS

2) Non-Federally Funded APHIS*,S&E voluntary review

Pesticide Microorgznisms:
Genetically Engineered:

Interg=neric EPAX, APHIS(Z), S&E
voluntary review

Pathogenic Intrageneric EPA*, APHIS(1),S&E voluntary
review

Intrageneric nonpathogenic EPA*, S&E voluntary review

Nonengineered:

Wonindigenous Pathogens EPAX, APHIS

Indigenous Pathogens EPA*(3), APHIS

Nonindigenous Nonpathogen EPAX

Other Uses (Microorganisms) Released in the Environment
Genetically Engineered:
Intergeneric Organisms:

1)Federally Funded Funding Agency*(1l),APHIS(2),
EPA (4)
2)Commercially Funded EPA, APHIS, S&E

valuntary review
Intrageneric Organisms:
Pathogenic Source Organism:

1) Federally Funded Funding Agency*(1l),
APHIS(2), EPA(4)
2)Commercially Funded APHIS(2) ,EPA(*If non-

agricultural use)
Intrageneric Combination:
No Pai:ogenic Source Organisms EPA Report
Nonengineered EPA Report*, APHIS(2)

Notes

*Lead Agency; S&E-Science and 7ducation, USDA

(1) Review and approval of ressarch protocols conducted by NIH, S&E, or NSF
(2) APHIS issues permits fo- che importation and domestic shipment of certain
plants and animals, plant pests and animal pathogens, and for the shipment or
release in the environment of regulated articles

(3) EPA jurisdiction for research on a plot greater that 10 acres

(4) EPA reviews federally funded environmental research only when it is for
commercial purposes.
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dealth and Human Services - National Iastitutes of Health (NIH)

Statute Providing Regulatory Authority - NIH is not a regulatory agency. It
has developed "Guidelines” to be used by laboratories which it funds and this
support 1s contingent on compliance with these Guidelines. Other public
institutions and private research companies, not funded by NIH, follow these
Guidelines on a voluntary basis.

Biotechnology originated in the laborvatory, through basic research and it was
there that the initial regulatory questions arose. The first set of NIH
Guidelines for Recombinant DNA were released in 1976. Af that time
recombinant DNA was viewed simply as a research technique - the products had
not yet appeared. The issues were concerned with laboratory safety and
ensuring that the organisms under study remained in the laboratory. The focus
of the guidelines was therefore on containment and laboratory practices.

Since 1976 the NIH Guidelines have been revised and expanded several times and
have become less restrictive as experience with DNA has accumulated. The
Tost recent publication was in May 1986. The NIH Guidelines have served as
the foundation -for the current regulatory policy and other agencies, e.g.
USDA, have incorporated similar approaches. They have also served as a model
for other countries, which have often simply adopted them. )

As the first agency to grapple with rDNA, NIH established definitions,
internal agency mechanisms, institutional mechanisms and containment
conditions as the basis fcr regulatory procedures. The central definition for
the NIH Guidelines is recombinant DNA molecules. These "are defined as either
(1) molecules which are constructed outside living cells by joining natural or
svnthetic DNA segments to DNA molecules that can replicate in a living cell,
or (ii) DNA molecules that result from the replication of those described in
(i) above."

The NIH has alsc struggled with the definition of "deliberate release.” A new
definition is under discussion for "deliberate releases into the environment
as the planned introduction of recombinant DNA-ccntaining microorganisms,
plants or animals." (8)

Containment is the result of specific barciers which can be of varying

nature. 1n recombinant DNA work the barriers are both biological and
physical. 3iological barriers are those inherent to the organism. For
example, due to biological requirements a bacteria may not be able to survive
outside of the laboratory. Specific biological barriers exist which "limit
either {i) the infectivity of a vector or vehicle (piasmid or virus) for
specific hosts or (ii) its dissemination and survival in the environment."
Physical barriers are those impoused on the research procerures. These include
both research practices and physical structures.
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The NIH Guidelines define laboratory practices and the containment level
required. Four levels of physical containment have been described, identified
as Biosafety level 1 (BL1) through (BL4), = there BL4 is the most stringent
level of containment. The Guidelines provides a classification of organisms
and host vector systems as well.

The review structure established through the NIY Guidelines is composed of .
different levels of review, dependent on :he nature of the experiment and the
organisms involved. The review can range from the local level to the Director
of NIH who has the final decision. To advise and assist in *this process the
Recombinant DNA Advisory Committee (RAC) was created. This committee contains
scientists and non-scientists, with a total of 25 members. NIH has also
established an Office of Recombinant DNA (ORDA) which coordinates all
activities in this area.

On the local level, each institution where rDNA research is being carried out
rust have an Institutional Biosafety Committee (IBC). This committee is
comprised of at least 5 members with expertise in rDNA. An additional 2
members must be unaffiliated with the institute, representing the communities
interest. ORDA is responsible for the approval of the membership of IBCs.

The May 1986 NIH Guidelines have defined four classes of experiments:

1. Experiments which require specific RAC review and NIH and IBC approval
before initiation of the experiment; .

2. Experiments which require IBC approval before initiation of the
experiment;

3. Ixperiments which require IBC notification at the time of initiation of
the experiment; and

4. Experiments which are exempt from the procedures of the Guidelines.

For example, in category 2, experiments whirh require IBC approval before
initiation, includes experiments using human of animal pathogens (Class 2,
Clasu 3, Class 4, or Class 5 Agents as Kcst-Vector Systems).

As rDNA research has advanced, movement out of the laboratory and into the
testing stage has occurred. For such exyeriments NIH requires that each
experiment be reviewed by RAC and a fina. decision made by the Director. This
procedure was adequate a few years ago, but the number of proposed field
tests/environmental releases has grown dramatically and additional Federal
agencies have become involved. It is the purpose of the Framework and the
BSCC to coordinate these regulatory processes. NIH requests that institutions
submitting release experiments for review indicate what other agency is
involved in the review and then a decision is made as to whether both Teviews
are necessary.
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Food and Drug Administration (FDA)

Statutes Providing Regulatory Authoritv - Public Health Service Act

Food, Drug and Cosmetic Act

The FDA does not view products developed through biotechnology as different
from any other. "The agency believes that each product must undergo adequate
and appropriate testing and review to ensure that it is safe and effective
regardless of the technology employed."

The agency's established methods for approval of new drugs or food additives
are applied to rDNA products. No new prccedures are proposed. Therefore
before marketing a new drug application (NDA), a biological product license,
or 2 new animal drug application (NADA) must be approved. For new medical
devices, a premarket approval application (PMA) is required. Each of these
approvals requires specific information on the proposed new product.

The FDA has an established system of steps for the approval of new drugs.
These include:
1. Phase I trials - drug toxicity assessed
2. Phase II trials - therapeutic efficacy is assessed, and
3. Phase III trials - the role of the new therapeutic approach
is defined and it is compared with
existing approaches.

The process is a long and costly one. To bring a new anti-cancer drug to
market it is estimated that 6 -10 years of development are required at a cost
of $60 - 100 million. (9)



Environmental Protection Agencv (EPA)

Statutes Providing Regulatory Authority - Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA)
- Toxic Substances Control Act (TSCA)

-

Recombinant DNA technology has developed many products/organisms which will
useful as insecticides, fertilizers, or leaching agents. Such products fall
under the jurisdiction of EPA and the products final use determine which
statute and procedures are appropriate. EPA, under FIFRA and TSCA, is
particularly concerned with "microorganisms that:

1. are used in the environment,

2. are pathogenic or contain material from pathogens, or

3. contain new combinations of traits..... "

& biotechnology Science Advisory Committee is being established by the Agency
to provide peer review of special cases and advise on technical matters.

E

b3

Under FIFRA, EPA has authority to regulate the products of biotechnology used
as pesticides. As with all pesticides, these must be registered with the
agency. This process requires that a complete evaluation and review be
conducted before registration by the agency. Testing of a pesticide requires
a Experimental Use Permit (EPU), which under certain circumstances are waived.

EPA has determined that the EPU process is required for "any field testing of
genetically altered or nonindigenous microbial pesticides". However, the
agency has distinguished two levels of this process, requiring different types
of information, based on the nature of the microorganism. Level 1, requires a
limited amount of information, and is appropriate for microorganisms defined
by EPA as less likely to pose environmental hazards. Level 2 review, full
notification requirements, is concerned with "microbial pesticides formed by
deliberately combining genetic material form organisms of different genera and
genetically engineered or nonindigenous microbial vesticides derived from
pathogenic source organism."



TSCA
The products subject to TSCA cover a wide range: "all microorganisms produced
for environmental, industrial, or consumer uses are potentially regulable
under TSCA.". The exceptions include microbes used as food, food additives,
drugs, cosmetics, medical devices, and pesticides as well as plants and
animals. Under. TSCA a Premanufacture Notification (PMN) requirements must

be met for any "new" organism. EPA uses intergeneric as the definition of
"new", supporting this decision with the following justifications: )

-"the degree of human intervention involved

- the significant likelihood of creating new combination of traits

- the greater uncertainty resarding potentiml risks...."
EPA accepts the general exclusion, put forth in the framewark, for
intergeneric organisms generated using only well-defined regulatory
sequences. EPA has developed a detailed list of information required for the
PMN .

EPA is proposing to extend its jurisdiction under TSCA with the development of
a Significant New Use Rule (SNUR). This will be an effort to include
organisms that although not strictly "new", and therefore excluded under TSCA,
may still present a potential hazard. Specifically, pathogens and
microorganisms containing pathogenic material fall into this category. Other
groups of microorganisms, nonindigenous and those which degrade structural
components of nature (e.g. cellulose) are being considered for inclusion in
the proposed SNUR. Until the SNUR is developed EPA expects voluntary
compliance.
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United States Department of Asriculture (USDA)

Virus-Serum Toxin Act

- Federal Plant Pest Act

- Plant Quarantine Act

- Organic Act

- Federal Noxious Weed Act

- Federal Seed Act

- Plant Variety Protection Act

- Federal Meat Inspection Act

- Poultry Products Protection Act
- Food Security Act

Statutes Providing Regulatorv Authority

USDA is in a unique position as an agency with both research and product
regulatory responsibilities. (This has generated considerable discussion
cegarding USDA's objectivity in regulatory development.) In comparison, NIH
serves solely as a research institution and defines regulation there and FDA
serves solely as a regulatory agency for products used as foods, food
additives, or drugs. USDA has established the Committee on- Biotechnology in
Agriculture "which will function as both a policy body in the USDs and a
bridge between its research and regulating structures."

Regulation of Research

USDA is in the process of developing a regulatory system for research
activities similar to that of NIH. At the local insti*utional level, %his
system will depend on Institutional Biosafety Committees (IBC). An
Agriculture Bictechnology Recombinant DNA Advisory Committee (ABRAC) will
serve as a final review for research believed to be potentially more
hazardous.

As in the NIH system, containment levels and classification of experiments are
defined. <Containment levels have been identified for both laboratory studies
(Biosafety Levels 1-4) and large scale research or production, 10 liters or
greater, (Blosafety Levels 1-3, Large Scale). The four classes of
experiments, which determine the containment and procedural requirements, are
as follows:

1. Agricultural research that is exempt

2. Agricultural research that requires IBC notification at initiation

3. Agricultural research that requires IBC approval and USDA registration
before initiation

4. Agricultural research that requires USDA and TBC approval before
initiation: Release of organisms
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Product Regulation

USDA has regulatory authority in one form or another over the movement into
the U.S or interstate of veterinary biological products, plants and plant
products, meat and poultry products, and seeds. Such movement requires a
license or permit for which specific information has been identified.

USDA has 2lso established a new category for regulation, as an extension of
the Federal Plant Pest Act (FPPA) and Plant Quarantine Act (PQA). This class
includes "introduction of organisms and products altered through genetic
engineering which are plant pests or which there is reason to believe are
plant pests.” In this discussion USDA has defined introduction broadly as ™
to move into the United States, to release into the environment, or to move
interstate, or any attempt thereat."
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Section_3 - International Regulatoryv Policies

Organization of Economic Cooperation and Develoomen: (OECD)

The members of OECD are:

Austria Belgium

Canada Denmarck

France Federal Republic of Germany
Greece Iceland

Ireland Ttaly

Luxenmbourg Netherlands

Norway Portugal

Spain Sweden

Switzerland Turkey

United Kingdom United States

In July of 1983 the Ad Hoc Group on Safety and Regulations in Biotechnology,
of the Committee for Scientific and Technological Policy, began work on an
international framework for regulation. 1In May 1986 a document was
distributed entitled, "Recombinant DNA Safety Considerations - Safety
Considerations for Industrial, Agricultural and Environmental Application of
Organism Derived by Recombinant DNA Techniques.” This document , (10) discusses
general procedures and approaches to the use of recombinant DNA engineered *
organisms. "They are not standards for regulating applications or products,
but a first step towards recommendations for eventual harmonization on these
1ssues."”

The document discusses the general issues of regulation - the potential uses
of engineered organisms, potential risks, evaluation of the organism, and
containment. The central premise of the document is that good industrial
large scale practices (GILSP) are adecuate for industrial uses of recombinant
organisms. However, in the areas of environmental and agricultural use there
is less experience and therefors a less developed procedure for risk
assessment. In these areas it emphasizes that there is useful data available
from studies in ecology, pathology, taxonomy, and physiology. The report
discusses steps and information required for an assessment.

As with the U.S Coordinated Framework, the OECD policy emphasizes that new
legislation is not required for regulation. In the final recommendations of
the report its underlying policy is clearly stated:

"There 1s ro scientific basis for specific legislation for the
implementation of rDNA techniques and application. Member countries
should examine their existing oversight and review mechanisms to ensure
that adequate review and control any be applied while avoiding undue
burdens that may hamper technological developments in this field.

Any approach to implementing guidelines should not impede future
developments in tDNA techniques. Internal harmonization should recognize
this need.”
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State Department Working Grouo - The Biotechnology Science Coordinating
Committee has established a working group to discuss international
regulation. This group has met met approximately three times and'is focusing
on the developed world. Specifically the group is discussing regulatory
documents designed by the OECD and the European Community (EC). This
attention to the developed world reflects the U.S. concern with trade
barriers, which may restrict the growth of the new industry and the related
topic of U.S. competitiveness, which is currently a central issue.

In the U.S Coordinated Framewnrk for Resulation of Biotechnology the various
agencies have indicated there acceptance of the OECD recommendations. NIH (7)
has specifically described regulations applicable to funding overseas:

"The Guidelines are alsu applicable to projects done abroad if they are
supported by NIH funds. If the host country, however, has established
rules for the conduct of recombinant DNA projects, then a certificate of
compliance with those rules may be submitted to NIH in lieu of compliance
with the NIH Guidelines. The NIH reserves the right to withhold funding
if the safety practices to be employed abroad not reasonably consistent
with NIH Guidelines."

A summary of some specific regulatory policies in developed countries is
presented below.

West Germany - A five year moratorium on all experiments involving the
environmental release of genetically engineered organisms has been recommended
by a parliamentary commission. Also it has been suggested that all
experiments on human embryos, capable of achieving full maturity, and genetiec
screening of newborn babies for untreatable genetic diseases be banned. The
comuittee which made the proposals had conducted a two year study of the
issues. The committee was comprised of representatives of the four main
political parties, and representatives of the scientific, religious and
industrial communities. The proposals were broadly endorsed by the members of
the committee with one exception, the Green varty, Germany's environmentalist
party, which supports an even more extreme position.. The government's
response to the proposals is expected in several months. (11)

England - Environmental testing of some products has begun.

France - Summary tables (12) of France's regulatory approach are presented in
Appendix 1.

Japan - Biotechnology in Japan is the the subject of recent report prepared
for the Department of Commerce. Included in this report (13) is a discussion
of regulation indicating that numerous agencies have developed guidelines,
Lypically based on thecse of NIH and OECD. A summary table from that report on
regulation is presentad in Appendix 1.
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Information on Developing Countries Regulatory Policy

Information on the regulatory policy in developing countries is not readily
available. This is due to the fact that such policies either do not exist or
are in the formative stages.

Asia/Near East

Thailand - The Ministry of Science, Technology, and Energy has established
Thai guidelines through its National Center for Genetic Engineering and
Biotechnology. The zuidelines in use presently are extremely broad - " which
call attention to potential envirommental hazards DNA urge individual grantees
to make responsible decisions in the management of their NCGEB supported
projects."”

A committee has been established to develop more detailed guidelines. The
Director of NCGEB believes that the Thai regulation will be less restrictive
but derived from the NIH guidelines. A.1.D./Thailand's large Science and
Technology and Development Program will most likely follow the NCGEB
guldelines, but what their role will be in national policy is unclear. (14)

India - India is active in Biotechnology and in the process of developing
regulations. No final document has arpeared.

Phillipines - The Philippine Institute of Biotechnology will develop
guidelines. (15)

Indonesia - The National Academy of Sciences has been active in the
identification of priorities in Indonesia where biotechnology would be

useful. Recently a workshop was conducted on this topic. There appears to be
no regulatory structure in place yet.(1l6)

Latin America - Discussions have indicated that the development of regulations
Latin America are not well advanced. A group from Brazil recently visited the
U.S. to discuss biotechnology, including regulatory considerations.(17)

Africa - No information on regulation in Africa has been obtained.
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UNIDO_Biotechnology Centers (17) - The United Nations Industrial Development
Organization (UNIDO) has supported the development of international centers in
biotechnology which will "promote the development of and peaceful application
of zenetic ergineering and biotechnology, especially for developing

countries The center is known as the International Center for Genetic
Engineering and Biotechnology (ICGEB). This activity is supported by 36
countries (excluding the United States). The center will have two locations,
one in New Delhi, India and the other in Trieste, Italy. A director has been
chosen Dr. Gonzales, of Illinois, and staff is being recruited.

While the center is in the process of being established a working group has
been developed among U.N. agencies (World Health Organization WHO, UNIDO, and
United Nations Environment Programme UNEP) to discuss the risks of
biotechnology. Presented in Appendix 2 is a discussion, prepared for UNIDO
(17), on the proposed role of the ICGEB and the informal working group in the
development of intermational regulation.



Part I7 ~ Regulation of Biotechnolcgy and A.T.D.

General Discussion

As A.I.D. begins to discuss its support of biotechnology and the regulatory
considerations invelved it is essential that certain observations be
discussed. First among these is the nature of regulation in the United

tates. Although the Coordinated Framework for Regulation of Biotechnology
was Teleased in June 1986, the regulatory structure set forth in “hat document
is far from established. The Framework has beei challenged in court and
debated within the environmental community. The first environmental release
to be reviewed using the Framework has yet to be completed.

The U.3. Regulatory Framework is based on the history and authorities of six
federal agencies. As discussed eariier, much of the affort of the BSCC has
been to develop some concensus of definition and approach among these
agencies. Each agency however still maintains its own procedures. Although
the definitions and zlassifications, if acceptable, may serve as important
starting point, the U.S. system is not readily transfarable to the
internatiocnal arena. On the international level OECD's document presents a
philosophical and "harmonizing" approach rather than the development of any
specific regulations.

The review process in the U.S. is not running smoothly yet. Although some
field testing of genetically engineered plants has been approved and is
underway, those involving microorganisms are moving slowlvy. The now famous
ice-minus bacteria spent almost five years in the regulatory matcix before
field tests were finally begun in April 1987 (18).

The {irst case to be reviewed through the Coordinated Framework structure
involves an improved rhizobium strain. Although EPA has stated that the tests
proposed by Biotechnica, Inc. "will not pose unrcasonable risks'", the review
has been extended for another 50 days (19). I 1s likely, given the number of
requests for testing approval and the staffing problems of the agencies
involved, that the review process will remain quite slow. Additionally, the
U.S. regulatory process will most likely proceed on a case by case basis for
quite some time.

Secondly, in biotechneology regulation the issues are basically worker safety
and envirommental questions. What effect will a released organism have on the
environment? Are containment facilities and procedures adequate? A.I.D. has
developed procedures in its project design, review and evaluation proucess to
address environmental concerns. These mechanisms are in place but it would be
difficult to simply incorporate biotechnology projects and provide adequate
review,
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This difficulty would arise due to the evolving nature of biotechnology and
its regulations and the expertise required to identify the nature of the -isk
presented by the organism and procedures involved, as well as evaluating
containment facilities. If an A.I.D. review process is developed based on the
environmental system now in place, it is essential that expertise be brought
in during the early phases of project design -and review. A.I.D. is currently
in the process of developing animal use guidelines. The process developed for
this different type, but somewhat overlapping regulatory issue may be useful
in the biotechnology discussions.

Finally, the complexity of biotechnology - both the science involved and the
emerging industry present important issues. The most successful scientific
feat in gene manipulaction may not be the applicable in the developing world.
Although the result is a scientific achievement it may net have any impact or
even have a negative impact on a situation. An excellent example of this is
the transfer of herbicide resistance from one organism to a plant. Such an
"improved" plant is capable of withstanding increased amounts of herbicide,
but 1s such a goal desirable in the developing world ?

In addition to presenting new approaches to difficult research problems,
biotechnology presents an avenue for the stimulation of the private sector.

In the United States the biotechnology industry has grown dramatically. Since
1978 there have been 287 new businesses started in the area. As the industry,
has grown so has the industry's interest in new markets, including the
developing world. A.I.D.'s support of joint ventures and limited R&D
partnerships are beginning to include biotechnology activities. Regulatory
responsibility and liability should be discussed in the design of such efforts.
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Section 1 - Technical considerations in a biotechnologv project

In considering a biotechnclogy project for support it is necessary to consider
the following points:

1. What i1s the rarge of effort of the project ?

2. What organisms and systems are being.used ?

3. What will be the end product use ?

Range of Effort

The first step in assessing the regulatory aspects of a biotechnology project
is to determine what the project end point is. Although biotechnology has
shortened the time span between bench research and product use the basic steps
in the process remain the same. To develop a useful product includes the
following steps:

1) Basic research

2) Contained testing

3) Field testing

4) Marketing and/or distribution

Dependent on project design, any one or all of these steps may be supported by
A.I.D. Each one of these steps, in the United States, is subject to Federal
regulation in some form or another. As discussed in Part 1, the Coordinated
Framework defines jurisdiction. Typically the NIH Guidelines for Reccombinant
DNA would apply to the basic research, unless it was agricultural research.
Steps 2,3 and 4 would be subject to USDA, EPA or FDA dependent on the final
product use.

Crganisms and systems to be used

An equally important consideration in biotechnoloy projects is the nature of
the organisms being studied and used. These include the organisms used as the
source for DNA, the organism which is the recipient, and the vector system
used to transfer the DNA.

As emphasized throughout the Coordinated Framework, the use of pathogens for
any of the above must be carefully serutinized. Pathogencity, the ability to
cause disease, is a broad characterization which determines the potential
hazard of an organism or a gene. An additional hazardous group which may or
may not be considered a pathogen subgroup, are the oncogenic (or tumor)
viruses or the genes responsible for causing neoplastic transformation.



- 27 -

Neoplastic transformation is that process whereby a normal cell, with specific
characteristics, including controlled growth is transformed into a cancer
cell, with uncontrollable growth. Certain viruses, known as oncogenic or
tumor viruses are associated with this process. Specific genes, oncogenes,
are responsibie for the transformation and typically these genes resemble
normal cellular genes. The hypothesis is that transformation occurs as a
result of the over expression of the normal cellular proteins responsible for -
the growth regulation. The relationship between oncogenes and cancer has been
reinforced with the isolation of such genes from human tumors. The ability of
oncogenes to shift from normal cellular zenes to transforming agents is not
understood. These genes present a possible illustration of a beneficial gene
which becomes deleterious based on dosage.

The identification of an organism as pathogenic, either naturally occurring or
recombinant, is a process which has been under study by many agencies for
numerous years. In their recent guidelines EPA refers questions to
appropriate sources, such as Pathogenesis of Invertebrate Microbial Diseases,
Davidson, E. ed. The agency is developing an expanded list of resources and
considering developing a list of pathogenic species.

In comparison NIH has identified five classes of microorganisms based on
hazard. Class 5, the most hazardous group, includes animal disease organisms
and vectors which are forbidden in the United States by law, e.g. Fowl plague
virus. 1In class 4, oncogenic viruses are grouped according to risk, e.g. low
risk - Murine leukemia virus and moderate risk - Feline leukemia virus. NIH
has also deve.oped an elaborate classification system for vectors.

The organisms used in a project should also be considered in context. This is
of critical importance when overseas work is conducted. Despite the lack of
pathogenicity or intergeneric DNA, the use of an exogenous organism in the
proposed country may have far ranging effect.

End Product Use

The final goal of biotechnology research is to develop useful products. These
products however may require special education for proper use or an increased
sensitivity to quality control in the manufacturing process. Additionally the
waste products in the manufacturing process often require specific handling
measures. Liters and liters of recombinant organisms used to produce some
protein must be disposed of properly. Regulations for such disposal have been
desigried in the United States.
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Sectiuw 2 -~ Regulatorv Aooroach at A.I.D

Historic lersvective

A.1.D.'s treatment of regulatory matters in projects which support genatic
engineering activities has paralleled U.S. regulatory growth Projects »
initially have been subject to the standard environmental review and typically
adherence to NIH Guidelines for Recombinant DNA has been suggested. A recent
report (20) has been prepared which catalogues A.I.D.'s activities in this
area and indicates that repulatory guidance is not treated uniformly
throughout the Agency. '

Two offices which have had considerably more experience with bictechnology
regulation than other 4.I1.D. offices are the Office of the Science Advisor and
the Office of Agriculture, S&T. The Science Advisor's program supports
research grants throughout the world. The use of recombinant LJA technology
nas been a component of many of these grants and the office has included
Tegulatory considerations in their list of project check points.

The office requires that the grantee certify that NIH or equivalent national
guidelines are in place. Originally this was requested in the “Additional
Information" form. A newer version of this form entitled "Special Concerns"
goes beyond the NIH Guidelines and identifies the introduction of the products
of genetic engineering as special concern which must be discussed. Both forms
are attached in Appendix 3.

The O0ffice of Agriculture recently began support of an animal vaccine project
to develop an improved vaccine to rinderpest using genetic engineering. In
the process of developing that project regulatory directions were outlined.
Basically adherence to U.S. guidelines and written approvals from the host
country government and A.I.D. are required. The language has been amended to
all projects in the Office of Agriculture which support genetic engineering
activities,
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A.I.D.'s Regulatory Needs - sugeested approaches

A.1.D. needs to address the question of guidelines and procedures in order to
ensure that adequate precautions and safeguards are included in biotechnology
programs. Presented and discussed below are some possible approaches which
the Agency may pursue.

1. 4.7.D. could cease to support biotechnology activities.

This possibilty would greatly simplify A.I.D.'s responsibilities, limiting the
Agency to those projects which are already in place. However it does not
take into consideration the enormous impact biotechnology may have on
development. Developing countriass are eager to become involved in this new
area, problems that were previously unapproachable, though still complex can
be attacked with the new methods, and industry supportive of biotechnology is
beginning to see potential partners in the developing world. Although
discouraging support in biotechnology is a simplistic approach to the
complications posed by regulation of biotechnology, it is also naive and would
exclude an area which offers unique potential. Even though biotechnology is
very much a buzz word, its applications and impact are genuine.

2. A.1.D. could develop its own specific suidelines.

This approach presents an ocverwhelming and somewhat redundant task. The level
of effort and expertise required would be difficult to find within the Agency
and the U.S. scientific agencies have established definitions and methods
which are likely to serve as a model system worldwide (if the NIH Guidelines
are any indication). Although A.I.D.'s ties to the developing world presents
expertise the Agency lacks the scientific character to adequately review and
develop standard worldwide regulations for its programs. Additionally it
would be inappropriate for A.I.D to establish such guidelines, given the
current effort on both the national and international scence to develop
"harmonization™.

3. The establishment of repulation and review orocesses could be developed and
conducted by vutside expertise.

This approach would provide the Agency with the expertise it lacks and it
could draw on established U.S. and international regulation. However it would
also stunt the development of any internal expertise in biotechnology and it
may result in a decentralized and diffuse approach, with each office
developing its own resource contacts and process. Such a diffuse approach
would be difficult to monitor.
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This problem could be avoided with the establishment of one external group for
the review of all biotechnology projects. However, given the nature of
biotechnology regulation it may difficult to find such a group. (The
establishment and maintenance of such a group would also be extremely costly.)

It is unlikely to assume that one of the U.S. scientific agencies, e.g. EPA
would :3sume review responsibilities for A.I.D. projects. These agencies are
already over burdened with U.S. project reviews and they are unfamwmiliar with
the international considerations, especially those in the developing world.

4. Develooment of A.I.D. proceadures hased on host country and U.S. regulation,
using in-house expertise with outside expertise for detailed review.

This process would allow for the development of some Agency expertise in the
area, centralization and continuity of Agency experience in the area and
utilization of the developed U.S. regulatory structure and expertise. It
would appear to best fit A.I.D.'s needs while providing the Agency with an
important role in the process but guided by the necessary scientific
expertise. This approach can be considered a fusion of the approaches
described in numbers 2 ana 3 above. .

What follows in the next few pages is a discussion of ‘he requirements for
establishing a regulatory procedure. using approach #4 as a possibility. (The
same functions could be addressed using the other approaches, with the
exception of #1, and may be carried out entirely within A.I.D. (##2) or outside
of A.I.D. (#3).)

To adequately incorporate regulatory considerations into A.I.D. biotechnology
projects three discrete stages can be envisioned:

1. the collection of complete and appropriate information concerning the
proposed project,

2. an assessment of that information in terms of regulations required and

3. monitoring activities to ensure that facilities are sufficient and
regulations are followed.

These stages indicate not only a temporal flow in the project process but also
present increasingly difficult activities for A.I.D. The complexity and
expense of regulatiom will increase as it proceeds from information gathering
to monitoring. It will be essential to consider these expenses during the
project design phase.
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Collection of Proiect Information

As mary A.I.D. staff are unfamiliar with genetic engineering, it is necessary
to develop a standardized method of obtaining project information. The
Science Advisor's forms are a useful model which can be expanded upon. An
example of the type of information requested in presented in the
"Biotechnology Informaticn Form" in Appendix 3. The topics and questions are
based on the current information requested by EPA and NIH during their review
processes. As the U.S. agencies have not developed a finalized information
list it will be ne-zessary to work closely with these expert groups.

An additional use of the proposed form is to collect up to the date
information on the regulatory policy of the hcst countries. A.I.D. is in a
unique position to obtain this information from the developing world. It is
likely that regulatory policies will evolve with time as the U.S. policy has
and will continue to do, based on the expanding experience with recombinant
organisms.

Assessment of Information

The assessment of the project information and host country regulations needs
to be thoroughly understood and reviewed. As geretic engineering projects may
contain many levels and types of experimentation, it will be difficult to
depend solely on an in-house raview. However the first step in the process
will require that A.I.D. possess the ability to recognize certain genera.
levels of experimentation and the risk involved.

Two specific methods may be used to develop this ability:

1. increased education of the A.I.D. staff in the biotechnology and
2. the establishment of a group within A.I.D. with a more significant
uaderstanding of biotechnology and the issues surrounding it.

The first of these methods has already started. There have been workshops
both overseas and in Washington on the topic of biotechnology. Additionally
the topic was addressed at last year's ADO conference and was also
incorporated into the recent State of the Art training courses. Although .l1
of these activities did not focus solely on regulation, the increased
discussion of biotechnology is an important first step. Increased awareness
about the subject should lead to consideration of the issues it raises - a. 8-
regulation.

The second method is also under discussion at the Agency. The establishrent
of an intra-agency committee is underway. This committee may serve as the
Agency loci for the develor.uent of more advanced expertise in biotechnology or
it may identify some alternative location for this expertise. Regardless, the
A.L.D. expert group should contain agency-wide representation and techmi-~al
competence.
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This group can learn, through interaction with the U.S. scientific agencies
and expertise, to identify the researeh and/or testing procedures which
require special attention. The group can do z preliminary screening of
biotechnology projects or simply provide a discussion group and training
ground for the office representative who will be responsible the project
review. It will ensure some uniformity in the Agency approach to
biotechnology projects. - '

Cnce a project has been identified as requiring significant review, it is
likely that an external review will be needed. Such an external review will
define the necessary safeguards and procedures to be followed. Dependent on
the potential risk involved, it may also be necessary to support a visit to
the host country to evaluate facilities.

The external expert group should also review, if available, the host country
regulations as compared to U.S. regulations and determine if they are
equivalent. On this point, A.I.D. needs to determine what its overall policy
will be. Considered in this decision must be a balance between the respect
for the host country's policies and the application of safe procedures. One
possibility is that the most stringent of the regulations in place, either the
host =ountry or U.S., be the one utilized.

Monitoring Activities

A description of regulztory issues should be included in all project reports.
Additionally, based on the risk involved, the project site should be visited
as needed. This need will be determined by the external expertise group, who
will also suggest appropriate individuals. In its review of the project the
excternal expertise group may require that specific information be suppliad
during the progress of the project.

Site visits by the expert group will also allow the A.I.D. field staff to
become more familiar with the requirements and regulations. For smaller
projects, such as the Science Advisor's program, perhaps an annual regional
trip by an expert group would suffice to review several projects.

The process may seem cumbersome but it is erucial that A.I.D. support only
safe research and testing. The unknown quality of the produvcts of genetic
engineering and the constantly expanding nature of biotechnology makes ‘his a
complicated process. However, with time the process will simplify as greater
and greater experience with engineered organisms is acquired and as countries
establish their regulatory procedures.
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Section 3 - Suggested Topics for the Standing Committee on Biotechnology

Specific topics which need to be addressed by the Committee are:

1. What is the def:nition of biotechnology in A.I.D. ?

- A working definition is needed for project. classification. Such a
discussion should take into consideration the discussions happening in other
Federal agencies. OTA will be devoting an entire chapter in onez of its next
reports on the issue of definitions.

-Additionally, an Asency definition iz needed in order that field personnel
may compare their host country's definition with that of A.I.D. Often host
countries’ definitions of biotachnology are extremely broad.

2. What is the best method of interaction with the BSCC and the U.S.
regulatory agencies ?

3. How can A.T.D. interact with the ICGEB °?

- The ICGEP, although only moving slowly toward establishment, will be an
important rescurce for information on biotechnology in the developing world.
Several of the countries which A.I.D. works with, e.g. India, are strong
supporters of the center. However, there is some ambiguity concerning the
U.S¢ interest and involvement in the center which needs to be resolved before
official communication can commence. A.I.D. needs to clearly define its
relationship to the center.

4. What is the best method for ensuring that the field is informed of
developments in biotechnology ?

- The field needs to know what is happening, in biotechnology in general and
specifically in regulation. One possibility may be a regular, perhaps
monthly, newsletter.
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Appendix 1
Biotechnology Regulations - France and Japan



Legislatian; Requlatian/

Guidelines

—~
N
~

MMARY OF 310

TABLE L

——— -y L~ PN
= oANOLDGh

-

FRANCE

Description

De

i

H

aducts Zrrcassas -

Atfectad

Licensing and Other Pre-Markasting Requirements

A. Lagaratary Aesearch
and Jevelapmant

| Jecommant ONA
Research Duigennes
‘Regies cancernant fes
sxpenences Je
7BCOMEINAISCNS geneliques
W1 iz m%imes 300piess
0ar 13 Jomaussian
Natonale 2e Classement Ju
‘Ainistere 3g 13 Recnercne
2 1213 T2¢nhncioge,
Cacemder, "5384)

AJreament Zetween
S8aICN HASIIUL2S 300
‘ne Jeleganian Generaie :
3 =2cnercne Scerntue
et Techmque (OGRST,

g
o]

8. Pharmacauticais

Fuaiic Heautn Coge.
Artictes L 596-605. of
Fapruary 1, 1959, as
maoditied Dy :ne Decree of
Segtemper 22 1367
TAPPENDIY

C. Qthers

. Suphc Heaitn Cade

Joox Five, irucles L 338
Sarts 1210 135 toung m
Articte 2 3t *he Law No.
75804 ot Luiv 10 '979)
CAPPENCIX A

2 Oecree at 75 Aper 1812
rmagifies under the tecree
st 12 Feoruary 1373 unoer
e 13w 2t 0 dygust 305
<y ier aout 1305 sur
'd rearessign qes fraudes
en le qui Zoncefne ‘es
procuits chimiques 3ans
i"aimentation numaineg 3(
'es mg3tenaux el sorets au
10n1act ges lenrees
200QuIts 24 20issons
gestines 5 | dwmentation
Je ‘homme 2! Jes armaux
aInst que ‘es Jroceges ot
25 Ioauwils Ltinses Jour

l2 nettavage ge ces
Matertaux ! obiets).
(APPENDIX N)

1 Guidehnes cover all
jovernment.funged
‘ecombinant ONA researcn:
anvsical and biological
containment speciitec;
detegation of review
resconsiothties given to
local committees

2 A tormal agreemeat
reguining nstitubions to
aghity the JGRST o
zeniain recomoinant JNA
dxperiments

! Esianhisnes
requirements for 1he
manulacture ang saie of
Jenerai pharmaceusicals
ano special medications

1 Estaphsnes
requirements or he
manutacture ang sdie 3
cosmencs ang personal
Nygrene droducts

2 Regulates processing
{echniques and cnemicai
agaitives 'n tood and
feec aagitves

I These Guiaehnes
represent 3 revision af

ine 1980 quidelines of the
Zontroi Commussien. JGRST
aogroval af zertam types
of experiments must be
20tained trom the Cantrol
Commissign, aview 5t
ather approved ¢rgenments
20N0uct20 Dy igcal satety
committees: voiuniary
comphance a* quidennes

Iy ingustry

i Manulacturers must 2e
authonzed to sell they
products, authorization
requires venficaton of
sreduct safety and
athicacy. £C protocors 1o
anaiytical “oxicalogicai.
ang cnarmaceuticas tasts
and ci:mcal ti3is were
30epted in 1375

! Manutaciurers myst
maintain 53ta which
lemonsirates croduct

53 ly. contents must oe
«Lenbhied and sisclosad
13 authorities.

2 Oniy autnonized
chemical additives zan O
added 2 toodfeeq siuf's

[ P59

v



TABLE ~

——

FRANCE

SUMMARY OF 3107 SCHNCLCCGY REGULATIONS

Legisl:<ian/Ragulation/

Guicasinas

®roducts, Frocesse:

Oescription Affactad

Nates

0. Chemicals

1 Chemicais Controt Law
flaw Na. 77.7T1 or 12 July
1977} (APPENDIX D)

2. Jecree No. 79.35 of 12
January 19739 on the
Contret at Chemical
Products. {APPENDIX 3)

3 Agrieulturai Chemicals
Cantrot {aw 1o Ng 222
2u 2 Novemopre 1543
‘elalive a i'organisation
Ju cantrole ges aroduits
Intparasiaires a usage
agnicole). (APPENDIX 2)

Post Markating Requirements

A. Workar Health and Sdfety

! French Labour Code,
Articles 1.221.37
{APPENDIX Q)

2. French Laoour Code,
Anticles {.232.}
{APPENOIX Q)

8. Enviranmaent

1 Law on Installations
Classitied for Purgoses of
Enviranmantal Protection
iLaw No. 76-563 of 19 Juy
1976) {APPENDIX R)

2. Agmimistration ang
Classiiicatian of Waters
and the Control of ‘Woter
Pollution Law (Dscret Ng
§7-1094 du 15 cecembre

1. Requiates commercial
manufactunng or
importation of cnemicals,
erther i naturai state or
mdustrially produced.

2. Describes techmical
data 10 be submited with
3 nutice 9f 3 new
chemicat

3 Reguiation of saies and
distridution Gf
qricnemicals; requires
loucalogrcal testing of
product.

I. Regulations in the
workplace where
potentially hazardous
matenials are
manufactured.

2. Health requiations in
the waorkplace,

1. Regulation of
factories. buiidings, etc.
where location may
threaten, or e a danger
to, the neighbothoads,
gublic heaith,
enviranment, agnicultural
actvities, etc,

¢ Reguiates industnal
actvties relating o
waler oallution,

1 Joes nat spouy to
chemicals yseq tor.
research purposes,
pesucides, foad additives
and pnarmaceuticals,
dredates the £EC 6th
Arendment; after review of
data on use, toxteology,
and manufactunng, the
Droduct may be alaced an g
Izt of oroducts foyna
Jangesous 10 man or the
2nvironment.

1A suilding cosratos
must 3pply for an
authorizatian «f sych
danger or thrsat is {g be
Jrevented,



IOTEZCHNCLOGY RESLLATIONS

Oy

agiciaticn,'Reguiztion;

Guidalines

Descnigtion

Products,Prr-assas
Affected

Notes

1967 sanctonnant ies
inteactons a 13 i No

541245 qu 16 gecemare 1364
reialive au regime et 3 .3
fe0arution des aaux ef 3

13 lutte cantre teur

Joiiution).

2 Wasts Oisposal and
Recovery 6! Mateniais Law
Law No 75-832 of 'S Juty
1S75; (APPENCIX )

0. Export/impart

Admimstzative a.ions.
nCisQing st 9t 2epon
items requinng ficenses
‘Mimstry of £conemics 3g
rinance)

£. Patants

I Patent Law af 2 January
1958 (Law No 53.1
amendec ! 2 Juty 1979 35
Law No. 78-742).
{APPENDIX T)

2 Law on the Protecuon

af New PMlant Yaretes

iLaw No. 70.489 ot !1 June
1970).

3. Reulates the handling
ana disposal of ndustnal
wastes.

1. Microorganisms per se,
and mmicroorganising
produced by 3 delined
Orocess e orotected.
some plant species can be
patented.

2. Covers sexually ang
asexually produced plants
of Jil species; samgles
3re to he leftin 3
coiiecuion; confers the
fght to produce. :mpont,
and sell all or pant af

the reqisterad piant.

2. Jecree No. 77 at 19
August 1977 dentihes
five major ciasses of
harargous waste: 27
arascroed cuastancrs;
famoactive waste: paint,
ail. and hyurocarpon
stugges; waste from
certain tachnologies, nd
metai finistung.

' AN 2epart ucense is
reguired fo atecnnatogy
o10Qucts used n
nologicat wartare; aa
2xpon license is not
aeeded for anudiotics,
ather medicina! proaucts,
and cultures of
non-pathogemc organisms.

1 Three man categones

of microarganisms inciude;
n3tural, oure cuitures

from natwrally occurnng
2rgamsms. ing
micragrganisms Jroouced by
classical or genetic
ingineering methods.

Z. Plant zpecres
soecthically prowvded fo
under the law are excluded
‘rom patent protection.

3. Wastes from
‘a0oratones,
anarmaceutical, and
iemical compaves are
asted i the decree.

I France 15 3 memper of
*he turopean Paent
convention (EPC).

2. France has ratified the
1861 UPOV Caonvention Text,

and 15 3 sgnatery of the
1978 Text.




/ ‘{0
TABLE ¥

SENERAL RULES REGARDING RECOMBINANT ONA EXPERIMENTS IN VITRO

Chapter i—List of Experiments Requiring the Prior Approval by the Commission

Cloning genes coding for toxin molecules.

Transfer of yenes coding for resistance to antibioucs into arganisms which do not naturally possess
such resistance. Experiments utilizing vector systems, 81 or 82, or tne introduction of resistant,
genes into aukaryotic cells in culture are nat incluced in tnis category.

Zxpanments utilizing DNA from non-defective genomes of organisms recognized as pathogens to
man or amimal, and classified under the classification 2, 3, 4, and § according to the NIH reguiations.

introduction into human cells of recombinant DNA molecules containing complete genes of potentially
oncogenic viruses or ransformed genes.

Introguction inte animal cells of unidentified DNA molecules axtracted from either cancer cells or in
vitro transformed cells.

Uulization of complete viral genomes, or sub-genomic fragments that are potentially oncogenic, as
vectors for the introduction of recombinant DNA inlo amimal cells.

“'se of non-cerufied host vacter systems for cloning in micrcorganisms of fOME ot G wRan tha
nast or the vector are denved from microorganisms recognizea as pathogens.

Sxpenments uulizing culture volumes larger than 20 iiters.
Transfer of genes cloned or not into prokaryotic or eukaryotc organisms non-certified HB1 and HB2

leading to the establishing of new organism strains capable, or potentially capable, of autonomous
reoroduction following their deliberate release in the environment.

The projects pertaining tc the categories described above will be examined on a case-by-case basis.

Source: Mimistere da la Recherche et de Ia Tacnhnologie, Commussion de Classemant Recombmaisons Genetques In Virro, 1984
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GENERAL RULES REGARDING RECOMBINANT DNA ZXPERIMENTS IN VITRC

CHAPTER ll—Experiments That Can be Performed After Notifying the Classirying
Commission

The experiments cescribed in this section which 30 not enter into the experiment list described in Chapter
[ can be taken after simple notification to the Commission. These are;

II.1 Propagauon into prokaryouc svstems, certified as 81 ar B2. of DNA molecules which do not pertain
10 the categories described in Chapter |. These experiments can be undertaken in iabs classified as
L'. However, when the saurce of DNA (o ne propagated is derived from messenger RNA or
transformed cancerous cells tne level of biological containment must be 8 1 or B2.

1.2 Utilization of host-vector systems consisting of cells in cuiture and vectors, either non-viral or
containing defective viral genomes, for the propagation of CNA molecules not pertaining to the

categortes descnioed in Chapter |.

Sor experiments zlassified in Chapter Il, the laporatories can asa for an authornzation to undertake all :he
2xpernments Jefined under :his category proviced that ey will mamtain with the ©oaemiie o Sogmt o e ge
Sacurnita {.3.. tne iocal safety anc nygigne commission which s mamntaine~ dy Bvory Srony somnsny or

1ab) a list of all the experiments which have been undertaken.

Source Mimistere de la Racnerche st de la Tecnnologie, Commussion Je Classement Recombinaisons Geneuques /n Vitro, 1984
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TABLE 6

Major Japanese Govermment Ministries and Agencies involved in Biotectmology

Laws and Repulationg

Cabinet MESC STA MITI MHW MAFF
Patent - - + - -
Standards - - + - -
Tec DNA

guidelines + + + + +
seed protection - - - - -

Pharmaczutical,

approval - - - - -
MITI = Ministr; of International Trade and Industry

MAFF = Ministry of Agriculture, Forestry and Fisheries

MESC = Ministry of Education, Science and Culture

MHW = Ministry of Health and Welfare
STA = Science and Technology Agency
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. Appendix 2
The Role of ICGEB and the Informal Working Group
u.y. (I¥)



mma R0ie of =he TCSEB and =he Informal Working Group

The ICGEB could play a major roie in addressing the
unanswered questions about the nature and extent of any risks
presented by genetic engineering and how o deal with those risks.
Before thc ICGEB is operating organizations such as UNIDO, WEO
and UNEP have bequn to address the most pressing safety issues.
However, the Centre should take the ilead once it is able, and

the international organizations shouid provide expertise, advice,

44

and assistance. The fciliowing are actions that should be undertaken:

1. Act as a forum fur infcrmation exchange and debate;

2. Study potentiali risks and make findings regarding
actual hazards or areas where additional research is
needed;

3. Develop risk assessment methodology:

4. Conduct risk assessment;

S. Davelop safety guidelines for the various categories of
applications of genetically engineered organisms;

6. Assist other countries, especially less developed
countries, in adapting these guidelines to their own
special needs; and !

7. Train sclentists, technicians, workers, and other sup-
port staff to handle genetically engineered organisms
safely.

Forum for Information EZxchange

It should be recognized that the execution of some of these
activities would invoive the use of consultants or groups c¢I

experts under the direction of the Centre or the international

organizations.



The ICGZB shouid act as a forum for information exchange and
debate cn biotechnology safetv issues. This is a natural consa-
gquence of being an international centre and a catalyst for the
develcpment of biotechnology.

The Informal Working Group has ac<ted in this capacity and
shiculd continue to do so. Even after the Centre initiates its
own efforts, the international organizations should con<inue
exchanging information about the activities of its member agencies
in the area of biotechnology safety and should take steps to coordi-

nate thcse activities with each agency and with the Zenczre.
Risk Identification and Asgssessment

Fér the ICGE3 to be involved with safety issues in a major
way, it should identify and study potential risks in order zo de-
termine actual hazards. This aztivity wouid naturally lead to
risk assessment, to the extent possibie, and to further develiop-
ment of risk assessment methodolegy. It would aiso lead %o the
idencification of issues where further research on risk and risk
assessment methodology is needed. With the experience gained in
risk assessment and given the scientific facilities and talent of
the Centre, it would be appropriate for the ICGEB to conduct risk

assessment experiments.



Safety Guidelines

A major activity for the Informail Working Group should be to
begin work immecdiately on the safety guidelines that will govern
laboratory-scale research at the Centre. It should look ini-
tially to existing statutes and guidelines of the countries that
will host the ICGZB and affiliated centres. After the Centre
Secomes operational, it might modify these guidelines, based
On its experience.

Acdditional types of guidelines, such as those covering
large-scale applications, environmental applications, or the han-
dling of biowastes, could be develouped in stages by the Centre as
it gains experience in those areas and is able %o commit the nec-
essary resources. Ultimately, the Centre's guidelines could
serve as a model for any country where genetic engifeering is
conducted. A relatecd role for the Centre wculd be to assist
other countries, especially less developed countries, in adaptinag
the guicdelines to their own special needs.

Care shouid be taken in the development of guidelines meant
to serve as models so that ail interested parties have an oppor-
tunity to parcicipate in the process and the final gquidelines
Tepresent consensus practices. In addition, such guidelines
should be based upon sufficient data and rigorous scientific
analysis. The ability of the Centre to persuade countries

to follow its recommendations with regard to safety will



depend ultimately upen the quality of its work ané tzhe cogency

of its reasoning.

Training

Safety training is an activity most appropriate for the
ICGEB, and 2 major effort should be made. Such training sheould
Se incorporated into the scientific training already being

pianned for the Centre,
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Appendix 3
Project Information Sheets
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ADDITIONAL INFORMATION — SC |
Please also provide the additional information requested below:
Proposals Involviza Juman EXperimentation. Please include

a statement similar to the following from your institution's
ethics committee: -

"The Human Experimentation-Plan for this proposal has
been reviewed and approved by:

Institution Ethics Committee (Date)

Prooosals Involving Research on _Recombinant DNA. Please
submit certification by appropriate institutional commit-
tees (in each country involved) that *=ne bDroposed research
meets NIH DNA guidelines or, in the case of foreign coun-
tries, national guidelines essentially equivalent to the
NIH guidelines. Please specify your plans for containment.,

Pronosals Involving Potential Environmental Jazards.
Please submit certification DY appropriate institutional
committees (in each country involved) that the proposed
research does not present Unacceptable environmental
hazards. Please specify your environmental safequards and
Plans for containment. All release of exotic and/or
genetically engineered organisms most definitely fits
within this category.

U.S. Princiral Investigator (Only). DPlease include your
institution's DUNS (Data Universal Numbering System) number.

PROPOSALS RECEIVED WITH COMPLETE DOCUMENTATION =-- INCLUDING ALL

CVs, LETTERS OF COLLABORATION AND REQUIRED CERTIFICATIONS =-- WILL
BE CONSIDERED FIRST.

REMINDER: PLEASE 3E SURE TO INCLUDE OUR IDENTIFICATION NUMBER ON
THE FRONT OF EVERY DOCUMENT SUBMITTED. THANK YOU,.

1125a
May 1986



SPECIAL CONCERNS — SC |/

Agency policv requires that the following issues be addressed

where appropriate.

Our reviewers have checked those which they

already think may apply. Please discuss your technical and ’
administrative safeguards to meet the safety, ethics and/or legal

concern

raised. Projects cannot be funded until these issues are

adequately addressed.

HUMAN SUBJECTS: Research involving human subjects
requires initial approval and continuing review py the
appropriate medical ethics committee of all applicanc
organizations. The proposal must include their formal
certification that the protocol has been reviewed and
accepted, (Reference: U.S. Code of Federal Regulations,
Title 45, Par:t 46.)

RECOMBINANT DNA: Research proposal must include
certification by appropriate institutional commitees ard/or
national entities that the proposed research meets National
Institute of Health DNA cguidelines (or, in the case of
foreign countries, equivalent national guidelines).

Describe plans for containment in considerable detail.

ENVIRONMENT: Please address any potential of this
research (or its success) to affect the environment.
Please Specify any plans for containment or pPlanned prior
fesearch to assure environmental safety. The introduction
of exotic organisms, toxic chemicals, radiation or the
products of genetic engineering are special concerns.
(Reference: U.g,. Environmental Protection Act.)

ENDANGERED SPECIES: Dlease provide full scientific names
of all species to be used, and specify safequards to
ETotect :those which have been officially declared
endangered (Reference: U.S. Endangered Species Act ané the
international Conven-ion on the Export of Encangered
Specias, etc.).

LABORATORY ANIMALS: Specify safequards to assure humane
treatment of research animals. (Reference: U.S. National
Research Council "Guide for the Care and Use of Laboratory
Animals" and various U.§S. Animal Welfare Acts, etc.). If
your institution reguires a committee review, tlease include
a copy of their certification.

2523
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A.Z.D. Bintechnology Proiants — Required Information

Parental Organisms (donor and recipient)

- taxonomy

- source

- reproductive cycle

-~ habitat - geographic distribution

- pathogenicity, infectivity, virulence

- host range

- capacity for genetic transfer

-~ laboratory conditions specified for working with the organism

Modified organism

- new trait obtained

- amount and type of inserted/deleted genetic material
- vector construction

stability

test data - potential for survival

Production Process

- conditions for gro :ch

- sites

- amount to be manufactured

- processing, storage, disposal of wastes

Containment
- physical containment facilities available
- emergency backup systems

Field Trials

-~ purpose and intended effect

~ site of application - geographic, physical, chemical and biological
- introduction protocols

- emergency procedures

Monitoring

- detection procedures (including their limitations)
- sampling prncedures

- periodicity

Host Country Regulations

- Ministries/departments responsible for regulation
- applicable regulations

- review procedures and notifications required

-~ monitoring requirements




