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PROLOGUE

Advances in molecular blology continue to proceed at a fast rate.
More and more genes responsible for specific diseases are being
identified and the first actual gene therapy program in man has been
, the U.S. Genes have been introduced into several plants
which make them resistant to herbicides and insects. Even chicken
resistant to Marek’s disease have been produced, by inserting DNA from

4 are a few of the examples which can be ac-
complished though blotechnology and they show how near the market
place some of them are. Actually, several genetically modified organisms
obtained through biotechnology have already been submitted to the
regulatory process required for large scale applications and commercial

mqukaynMyw.

The regulatory assessment of blotechnology products, speclally
live organisms, has become-one of the more important and costly phases
of the development of commercial products. This even when the safe-
guards and requirements have been simplified and reduced significantly,
as experience has shown that the initial fears regarding the safety of DNA
recombinant technologies and others may have been exaggerated.

No biotechnology regulations exist in Latin America and the

£

biotechnological techniques. This is not only because of the small
research effort currently being undertaken in the region, but also because
of the lack of political or public pressure to establish these regulations.
But with the rapid advent of commercial live products obtained through
biotechnology, & is urgent to establish in each country of the region
adequate mechanisms and narms to safeguard public health and the
environment from any foreseeable and significant risks. The guarantee of
standards equal to the ones applied In developed countries is an
important objective, so as to maintain the confidence of the sclentists and
the general public In the new technologies. This is in the best interest
also of companies and research institutes which need clear guidelines for
their work. The rapid access to the latest technology by Latin American



and Caribbean countries, essential for maintaining and increasing the
productivity and competitiveness of thelr agriculture and Industry, will
depend heavily on the existence of this regulatory framework.

The policy and approaches towards biosafety in developed
countries are not necessarily the most adequate for developing countries.
There is therefore a need for adapting them to the local circumstances,
on the basis of the experience of the more advanced countries. This can
be achieved best on a regional basis, due to the lack of national
expertise and resources, as the cooperative action of the inter American
Institute for Cooperation on Agriculture, the Pan American Sanitary
Bureau, the Organization of American States, the International Office of
Epizootics and the U.S. Department of Agriculture in this matter shows.

The first meeting of the Interamerican Study Group on The New
Biotechnologies, created by these organizations, held in San Jose, Costa
Rica in 1988, produced the Guidelines for the Use and Safety of Genetic
Engineering Techniques or Recombinant DNA Technology, widely distri-
buted In the region. The second meeting, held in Brasilia, May 30 to June
1st 1990, wrote and recommended the present guidelines for the release
into the environment of genetically modified organisms. They represent
the consensus view of the distinguished group of experts which attended
the meeting, and constitute a solid base for the establishment of any
national regulatory approach in the region.

The molecular methods are exciting and powerful and allow the
movement of genes across blological barriers. At the same time,
information on the ecology of such organisms and experience on their
introduction into the environment is limited. These ecological uncertainties
must be addressed scientifically. Possible adverse effects can be
minimized or eliminated by appropriate measures to assess and confine
the initial Introduction to a specific environment. There follows in the
Guidelines a framework for evaluating these risks prior to limited or
general release of products into the environment. We trust that the
treatment of these issues agreed upon by the Inter-American Study
Group, provide a basis for sound decision making processes in the
region.
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1. INTRODUCTION

The release of genetically modified organisms into the
environment has currently drawn much attention in many countries. In
many cases research and development in biotechnology have been
advanced up to the stage of field tests of the modified organisms, phase
previous to the final stage of commerclalization of these products.
Concern with potentially adverse effects these modified organisms may
have on the environment and on public heaith have been raised. In
many countries, this concemn has lead to regulations of field tests and
larger scale introductions of these organisms into the environment.

Efforts on research and development of the new blotechnologies
In Latin America has been significantly smaller than efforts undertaken by
countries belonging to the OECD. Nevertheless, as noticed in a recent
survey conducted by IICA, there are at least eight projects in the region
whose goal is to develop transgenic organisms (plants and

available in the intermational market. As an example, as
United States Department of Agriculture had approved 78 field tests of
transgenic These two facts justify the need for the rapid
introduction of approplate mechanisms to be used when assessing and
approving of field tests, and granting import and commercialization
licenses for these new products.

The present guidelines wish to offer the competent authorities as
well as sclentists and businessmen from Latin America and the Caribbean,
a detailled technical and operational framework which can be used by
them to assess the environmental risks assoclated with the release of
genetically modified organisms in the environment. These guldelines are
basedonmeworldsmostrecemeonthlsMer.panicUady

an approach followed by Canada. The Canadian approach was
analizedandmodiﬂedtomreglmalroqukemmdummameeﬂngdthe
interamerican Study Group on the New Biotechnologies conducted in
Brasllia on May, 1990. These guidelines are based on the tenet that any

&
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evaluation should focus on the product independently of the process by
which i was obtained. Given the little international experience presently
avalilable, they advice that any judgements and decisions should be made
on a case by case basis. This, in tum, suggests that a maximum degree
of flexbility should be maintained so that changes and novel concepts,
expected to arise with the advent of new developments in this topic, may
be incorporated.

The following methodology was used in the elaboration of these
guidelines. A first draft of the guidelines, made by IICA, was submitted
to the Interamerican Study Group on the New Biotechnologles. This
group was divided into four working units (human health, animal health,
plants, and microorganisms) who were to analize these guidelines for two
days. Each subgroup’s recommendations and conciusions were
presented in a Plenary session, during which additional recommendations
were made. Walter Jaffé and Jorrg‘e%b Incorporated all

to

i

conclusions and recommendations draft. A second draft of
the guidelines was sent to each of the members of the Study Group for
their review. The current and final draft includes all the observations

made during this second revision.

With the sole exception of one case In Mexico, in Latin America
andmeCaribbeanmerearenomoctnnhm.norbManyexponbe.
on the evaluation and regulation of the release of

organisms into the environment. wGoxpectthatthepresomouldelines
will represent a common and coordinated framework to be used in the

regulation of this important phase in the development of products

2. GENERAL ASPECTS OF THE REGULATION OF BIOTECHNOLOGY

DEFINITIONS

2.1. For the purpose of this document regulation is defined in the
broadest possible sense as an oversight term, which covers
principles, guidelines and standards, as well as legislation.




2.2.

23.

24.

11

*Plants® include: Gymnosperms, Anglosperms, and lower plants,
including fungl which form sporophores, algae and microalgae,
excluding cyanobacteria.

"Microorganisms” include: viruses, bacteria Including cyanobac-
teria, protozoa and fungi, excluding fungl which form sporo-

-phores, and other unlcallplar non-photosythetic organisms.

Veterinary blologics include animal vaccines, diagnostic reagents
and monocional antibodies used in the treatment of diseases and
include those produced by conventional and new techniques of
blotechnology.

OBJECTIVES OF REGULATION

25.

Primary considerations to be taken into account in the
development of regulatory policies, guidelines and directives
include: ,

protection of public health and the environment

addressing the legitimate concemns of the general public regarding
the safety of biotechnology

promotion of international trade and cooperation

the development of national capabiities in biotechnology,
including research and development, training and industry.

SCOPE AND GENERAL PRINCIPLES OF REGULATION

26.

27.

28.

This document applies to genetically modified organisms in
general, that is, organisms obtained by classical and by molecular
techniques of genetic modification.

No conceptual distinction exists between genetic modifications of
plants and microorganisms by classical methods or by molecular
methods that modify the DNA and transfer genes.

From the point of view of the introduction into the environment,
no conceptual distinction exists between a genetically modified
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29.

2.10.

organism and an exotic one (organisms not present in an
ecosystem or geographical location). These Guidelines apply
therefore to both cases.

Genetic engineering activities done at the laboratory, in contained
condhions, are regulated in many countries by a voluntary
notification to some competent authority at the organization or
national level. Genetic engineering activities in non-contained
conditions, such as field tests of genetically engineered
organisms, are regulated in some countries by legally competent
institutions, under existing laws, and in a few instances by special
laws. This regulation is generally through permits for fleld tests or
the licensing of products.

The use of recombinant DNA or other genetic engineering
techniques does as such, represent special risks which cannot be

a recombinant DNA (rDNA) modified organism should be based
on the nature of the organism and the environment into which
will be introduced, not on the method by which ik was modified.

REGULATION OF PLANT BIOTECHNOLOGY

2.11.

2.12.

2.13.

2.14,

Transgenic plants, krespective of where they were produced,
should be evaluated on safety aspects to ascertain the possible
impacts to man and the enwironment.

Most Latin American and Caribbean countries have plant
quarantine systems and regulations to deal with plant introduc-
tions which need to be supplemented both in infrastructure and
training to approach the new blotechnologies.

Latin American and Caribbean countries should seek a consensus
on their regulation to facliltate the assessment of these impacts.

Latin American and Caribbean countries are strongly advised to
obtain all information necessary for the evaluation of transgenic
plants from the institutions docally or internationally- from which

these plants were obtained, on a government to government
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basis, before any tests or releases are made.

REGULATION OF VETERINARY BIOTECHNOLOGY

2.15.

2.16.

in most Instances the regulation of veterinary biotechnology
products is covered by current legislation. It is therefore

appropriate to develop guidelines for regulating the biotechnology
products instead of proposing. new legislation.

Based on the biological characteristics of the new products and
on safety aspects, biotechnological veterinary biologics can be
classified as follows:

Class I:
Inactivated rDNA derived viral vaccines
Inactivated rDNA derived bacterial vaccines
Viral, bacterial, cytokines or other products
Monocional antibodies (hybridoma) products

Vaccines containing live organisms modified by gene deletion or
insertion (no foreign DNA).

Class NI
Vaccines using a live vector to carry recombinant derived foreign

Vaccines containing live organisms modified by gene insertion or
deletion (introduction of foreign DNA).

"rhedeﬂwonofeadwaproductsbprmmedMAppendlx

3. DEFINITION AND GENERAL PRINCIPLES OF PLANNED

RELEASES INTO THE ENVIRONMENT

DEFINITION OF PLANNED RELEASE

3.1.

A planned release is considered to be any experimental trial,
commercial production or use of product which involves the use

v
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3.2.

33.

of organisms (organisms new to the ecosystem, genetically
modified or otherwise), in non-contained conditions such as:

L in open fields, paddocks and natural ecosystems;

' in enclosed faciilties which are not contained, e.g. shade
house, animal pens;

These guidelines are intended also to encompass work which is
not intended for releases as such, but which is to be performed
in non-contained facilities or restricted field locations, since such
work may allow incidental releases to the environment.

Stages in the introduction of organisms:

Laboratory/Greenhouse

Small scale field research

Large scale field research
Commercial production and distribution

in the case of Ilive biotechnology veterinary products:

Laboratory research and development
Controlled contalnment

lntheeaseofiesearchhhumans,thefollowhgstagesare
common:

Laboratory trials
Preclinical studies
Clinical studies Phase |, Phase il and Phase Ill.

REGULATION OF RELEASES

3.4.

The limit for each stage must be defined on a case by case
basis, depending on the nature of the organism. Case-by-case
means an individual review of a proposal against assessment
criteria which are relevant to the particular proposal.



3.5.

3.6.

3.7.

3.8.

3.9

3.10.

3.11.

The oversight procedure should be taken in accordance with the
level of the risk involved in each case, based on the nature of the
organisms, the scale of the trial and whether dinical trials in
humans are involved. ‘

Review of potential risks should be conducted on a case-by-
case basis, prior to application; this is not intended to imply that
every case will require review by national or other authorities
since various classes of proposals may be excluded.

The regulatory conditions to be met for each stage in the case
of blotecmdogb( ical veterinary biologics are summarized in
Appendix il.

ltlsrecomendedmathﬂnoasesof'cllnlcaltrialsinvdvtng
human beings the ethical code of the World Health Organization

The review and oversight of releases into the environment should
be the responsibllity of the Institutional Biosafety Committees
(1BC) on the level of the institutions, and of the National Biosafety
and Technical Advisory Committee (NBTAC) on a national level.

For the definition and terms of reference of the IBC and the

NBTAC the Guidelines for the Use and Safety of Genetic

Engineering Techniques or Recombinant DNA Technology,

prepared by the Inter American Study Group on the New

Eeiote::dnologles and published by IICA/PAHO/OAS/OIE should
used.
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4. SMALL SCALE FIELD TRIALS

PRINCIPLES AND PRACTICES OF FIELD RESEARCH:
GOOD DEVELOPMENTAL PRACTICES

4.1.

4.2,

43.

4.4,

in the case of small scale field trials with plants and micro-
organisms the concept of Good Developmental Practices for
Small Scale Research with Genetically Modified Plants and
Microorganisms, proposed by the OECD, should be used.

The Good Developmental Practices (GDP) are intended as
sclentific guides for the performance of iow or negligible risk field
research for whatever purposes, including basic and applied
research. They are not intended to preclude individual national
approaches to regulation of field research with plants and
microorganisms. '

The concept embodied in GDP is that a set of experimental
conditions can be identified under which small scale field
research of low or negligible risk can be conducted with a
specific genetically modified organism. The key factors in
determining the safety of any specific experiment are:

. the characteristics of the organism(s) used;

. the characteristics of the research site; and

li. the use of appropriate, scientifically acceptable, and
environmentally sound experimental practices.

The first working assumption for GDP is that certain scientific
principles relate to the organism, the research site, and the ex-
perimental practices have varied relative importance in
determining whether an experiment is of low or negligible risk.

A second assumption is that a conclusion regarding risk of an
experiment can be reached by evaluating the relevant factors and
their interaction under the conditions of the experiment.

The third assumption is that the interaction of these factors is
easler to address in small-scale field experiments because of their

limited scope.




iv.

the reproductive biology of the plant, such as its flowers,
pollination requirements and seed characteristics, and an
extended history of controllable reproduction with lack of
dissemination and establishment in an environment
comparable to the research site;

the poesiblity of hybridization between genetically
modified plants and their wild relatives. A list of known
and suspected reiatives should be requested;

the mode of action, persistence, and degradation of any
newly acquired toxic compound;

the nature of blological vectors used in transferring DNA
to plants.

4.8. Microorganism - As distinct from plants, tests with microor-
ganisms usually invalve large populations, some portion of which
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myperslst.Thehdlvldualorganlsmhﬂmpopdaﬂonscamot
always be genetically isolated, e.g. the possibility of horizontal
DNA transfer cannot always be excluded in microorganisms.

Microorganisms must be thought of in statistical terms that

4.10.

from

important ecological

relative to safety in the specific geographical location (e.g.
highwater table, heavy field run-off, etc.);

. an appropriate geographical location in relation to
proximity to specific biota that could be affected.

The safety of research can be augmented by choosing a site




4.11.  Like any other research, scientifically acceptable and environmen-

- 412,  Emnvironmental sound practices for such research Include:

monitoring, mitigation; designing
applicable to the .research; developing suitable safety and
handling procedures for application of contingency plans in the
event of the need for early termination of an experiment. .

OPERATION OF GOP
413.  This section outiines the operation of GDP to conduct safely




4.15.

Exercise measures to limkt dispersal and establishment
from the source and to supplement these measures when

appropriate.

Test for the presence of established organisms or, where
appropriate, transferred genetic information, outside of the
primary research sie;

Applyooﬁrolormltigatlonmeasuos(seeAppeMb(ln)
¥ appropriate and necessary adverse
mmeﬁmmbedﬁnprmwmsearchm

Develop procedures for termination of the experiment and
waste disposal.

Provide appropriate safeguards/education and training for
all personnel involved in research.

Maintain records regarding the results and conduct of
their trials.

Experiments with Plants

The safety of small scale field research with plants can be deter-
mined by analyzing the characteristics of the organism and the
research site; and by employing appropriate, sclentifically

and environmentally sound

practices.
The following discussion of GDP for plants includes characteris-
tics of the organism and assumes the prudent choice of research



4.16.

4.17.

4.18.

site and experimental practices.
The intent of GDP is to design fleld experiments so that: (1) the

lsolatedfmmmemypodrepfeoormd compatible
plants outside the experimental site; (2) genes or genetically
modified will not be released the environment

GDP can be achieved in one or both of the following ways:
(1) The experimental design allows for contral of reproduction.

(a) An experiment restriction or Intrinsic biological
limitation makes the plant incapable of reproduction; or

(b) Reproductive isolation or the functional equivalent
minimizes the likellhood of reproduction outside of the
experimental plot. -

(2) The experimental design limits the likelihood of harm to (or
a significant impact on) the environment.

(a) There is minimal likelihood that the plant will survive,
disperse or become established beyond the research site;

(b) Any taxic compound newly acquired or enhanced by
the plant has a minimal likellhood of detrimental effects
on managed or natural ecosystems; or

(c)Genetharvoetors present risk of injury,
disease or damage to the plam been adequately
dlaamwdmd/orelmrmed from the plant.



4.19.

4.20.

4.21.

4.22,

4.23.

Experiments with Microorganisms

The safety of small scale fleld research with microorganisms can
be determined by analyzing the characteristics of the organisms
and the research site, and by employing appropriate experimental

ThemdeDPbtodedmﬁddWwM(i)

tion of microorganisms containing that genetic material is controli-
ed; or (3) there are no unintended, uncontrolied adverse effects
on other organism even though transfer and dissemination may
OCCUT.

Dissemination comprises the concepts of “movement/dispersal”
and “establishment® beyond the test site.

The abilty of a microorganism to disseminate into the environ-
ment and to transfer genetic material to other organisms, and the
avallabliity of suitable, reachable habktats/niches in the vicinity of
the research site will, thus, be important factors in evaluating
safety. Appendix V specifically discusses sclentific principles for
microorganisms.

GDP can be achieved in the following ways:

(1)Thoexpedmeﬂaldnigndlmhreomddtransferd
genetic material and dissemination beyond the research site:

(a)Ttnbldogydﬂwuganbmlizuﬂwprobablly
horizontal gene transfer or measures are taken to
pnvoﬁornwmttoﬂ\ommweslblo and

(b)mudogydmorgammnmuamyto
compete; and

(c) Measures are taken to minimize movomem/dispenal
of the microorganism from the test site; or

(d) Measures are taken -to prevent or mitigate (see
Appendix Ill) establishment beyond the test site ¥
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(b) The experiment should be designed to monitor for
effects on other organisms (e.g. plant or animal health,
communities,

microbial ecosystem processes, other

blological systems) and to control or mitigate such

effects, should they occur.
REVIEW AND OVERSIGHT

4.24,

4.25.

4.26.

4.27.

the
While & is advisable that ICBs and oversight committees be es-
tablished as outlined above, when thig is not practical or feasible,
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k is suggested that adviee be sought, as desired, from other
reglonal or international organizations.

ASSESSMENT

4.28.

4.29.

4.30.

4.31.

For the assessment of small scale fleld trials the following
framework, proposed by the National Research Councll of the
U.S. (US NRC) should be used:

Are we familiar with the properties of the organism and the
environment into which it may be introduced?

Can we confine or contral the organism effectively?

What are the probable effects on the environment should the

introduced organism or a genetic trak persist longer than
intended or spreed to non-target environments?

The major concemns with plants produced by genstically engineer-
ing are “weediness’, the toxiclty of edible plants, the
production of plants with undesirable characteristics and the
effects of transferring undesirable tralts to other plants.
COnﬁnemhttnpmnaryoondllontoassuresdetydtheW

under this category.
in the case of microorganisms the influence of the
alteration on their phenotype and the mobllity of the modified
are aspects which should be assessed with special care.
In the case of plants, the following information for the review
assessment of small scale field trials is required (presented
more detall in Appendix V1):

1. Characteristics of plant material.

2. Gene donor, insort specification, expression vector and

1

5




7.
8.

applicable.
Proposed teet site(s).

Reproductive isolation or biological containment
measures.

Harvest and sie monltoring.
Post harvest land treatment and site monitoring.

4.32. In the case of microorganisme, the following information for the
review and assessment of small scale field trials is required

(presented in more detall in Appendix ViI):

1.
2

o 0 »2 o

Wild-type or reciplent identification and characterization.

c&mwamummuorm
ly engineered microorganism.

Environmental impact assessment.
Pathogenicity and toxicity assessment.
Mm/mﬂlvmd
Fleld monktoring.

4.33. In the case of biotechnological veterinary biologics, small scale
field trials using target species call for an environmental
assessment which is described in Appendix Vil entitied Environ-
mental Assessment Requirements.

MONITORING

434. In the case of plants, the small scale field trials should be
monltored coneidering the following factors:

1.

isolation of the genetically altered crop from related
species by ekther physical or cultural means.



2. The presence of similar species and weedy relatives in
the test area.

3. xdﬁwcydmonltorhgprocedurecuseddudngm

4. The general appearance and conditions of the trial.

5. LARGE SCALE FIELD RESEARCH OR SCALE-UP FIELD TESTS

5.1.

5.2

53.

Scale-up field tests should be reviewed based on the resuits of
small scale field tests. The conditions will be determined on a
case by case basis. -

in the case of microorganisms, the basic principles of Good
Industrial Large Scale Practice (GILSP), proposed by the OECD,
ﬁmendedaapplbdtomusuhlsw&upwmmerclﬂ

The hazards assocliated with fDNA microorganisms can be
assessed and managed in a similar way to those assoclated with
other organisms. It should be recognized that, for organisms
considered to be of low risk, only minimal controls and
containment procedures are necessary. This will be the case for
the vast majority of rDNA organisme used in industrial large scale
production. For this reason, we endorse the concept of Good
Industrial Large-Scale Practice (GILSP) for organisms which may
be handled at a minimal level of control.

For organisms manipulated by rDNA techniques, criteria
forallowing use of GILSP (see appendix IX) can be identified for
the parental (host) organism, for the rDNA-engineered organism,
and for the vector/insert employed:

1. The host organism should be non-pathogenic; should not
contain adventitious agents; and should have an extended
history of safe industrial use, or have buiit-in environ-
mental limitations that permk optimum growth in the
industrial setting but limited adverse consequences in the




6. LICENSING OF GENETICALLY MODIFIED PRODUCTS

GENERAL PRINCIPLES

6.1. Lleenshgwlldepmdonlimowdeﬁddteﬂsmdwlbo
reviewed on a case by case basis. »

6.2. A new product coming into a country which is approved

6.3. Mechanisms that exdst in the countrigs for licensing of products
may be adequate for genetically modified organiams, when there
is an acceptable degree of familiarity with the proposal.

6.4. The famillarity of the proposal can be determined using the
decision framework proposed by the US NRC, shown in Appendix
X for plants and in Appendix XiI for microorganisms.
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INFORMATION REQUIREMENTS

6.5.

6.6.

6.7.

For licensing of biotechnological veterinary biologics, the
submission must include, in addition to the information for
environmental assessment, resuits from the restricted field trials
to demonstrate that the product is pure, safe, potent and
emcaciom.TheserequkmmlbtedmAppmdb(Xllalong
with those for physical requirements of the faclilty, sanitation and

security.

In the case of transgenic plants contalning or expressing toxins
at levels that may be hazardous to man or animal health, labelling

and packaging precautions must be accordingly provided.

The national regulatory institution should be Informed on the
licensing or registration of a product in the country of origin,
when this product Is seeking registration in a determined country.

The exporting countries of a genetically modified organism that
was not allowed field testing in that country, should provide the
reasons and Information for that position to another country
where & is intended to be exported, when required by it.

NEED FOR LOCAL TESTS

6.9.

Local tests and assessments may be needed to grant a license
or permit the commerclal use of an organism to be introduced
in a determined country. This should be decided on a case by
case basis. The assessment framework proposed by the US NRC
can be used to decide K these local tests are needed.

ROLE OF RESEARCH INSTITUTES AND INTERNATIONAL
ORGANIZATIONS

6.10.

6.11.

Research institutes should play no role at this stage unless
required by a regulatory authority.

Regional organizations should play a role in harmonizing
principles and procedures for commercilalization and licensing of




6.12. Where there I8 no regulatory infrastructure adviee should be
sought, as desired, from other regional or national authorities.
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APPENDIX |
CLASSIFICATION OF BIOTECHNOLOGY VETERINARY BIOLOGICS

Source: Agriculture Canada (1968), Guidelines for the
Regulation of Veterinary Biologics produced by Biotechnology.






CLASS |
- Inactivated rDNA derived viral vaccines.

-.  Inactivated rDNA derived bacterial
vaccines.

- Viral, bacterial, cytokines or other
subunits.

- Monoclonal antibody (hybridoma)
products.

- Vaccines containing live organisms
modified by gene Insertion or deletion
(no introduction of “foreign™ DNA).

CLASS Il

- Vaccines using a live vector to carry recom-
binant derived foreign genes.

- Vaccines containing live organisms
modified by gene Insertion or deletion
(introduction of “foreign™ DNA).

Class | includes products prepared frc
inactivated organisms such as viruses, bacterik
subunits or bacterial subunits, cytokines, mono
used prophylactically, therapeutically or compo
These nonviable products pose no risk to the ¢
no new or unusual safety concems. Live
containing organisms resulting from deletions, s _  __.
rearrangements within a single gene, mayneeddatatoestabllsh
environmental safety. These products are almost equivalent to modified
live vaccines which have been used without any unexpected risks for
decades.

Class |l includes products containing live microorganisms that
have been modified and involve introduction of DNA from different

organisms or different strains of the same organism; this class consists
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of products using live vectors to carry one or more recombinant derived
foreign genes that code for Immunizing antigens and/or immune
stimulants. Live vectors may carry multiple recombinant derived foreign
genes and are capable of efficiently infecting and Immunizing host
animals. Deleted genes in Class | or Class |l live products may code for
virulence, oncogenicity, enzyme activity, or other biochemical functions.
Addedmnesmyresdthﬂwm(preeslondunlquemrkerantlgensor
the production of novel biochemical by-products.

Precautions must be taken to ensure that this addition or
deletion of specific genetic information does not impart increased viru-
lence, pathogenicity, or survival advantages in these organisms, greater
than those found in natural or wild-type forms. Modification must not
impart undesirable new or increased adhesive or Invasive factors,
colonization properties, or different survival within the host. It Is
important that genes added or deleted do not compromise the safety
characterigtics of these organisms. In most cases their safety
characteristics are improved, so that they cannot pose any new threat to
humans, or other animal species, or to the environment.

The genetic information to be added or deleted must consist of
well characterized DNA segments. Required licensing data may include
base pair analysis, sequence information, restriction endonuciease sites,
as well as phenotypic characterization of the altered organism. A
comparison is also required between the engineered organism and its
parent strain with respect to biochemical pathways, virulence tralts, or
other factors affecting pathogenicity. When used as live vectors of
foreign genes, the new rDNA organisms must be fully recharacterized
and compared with the parent virus. Concerns for safety to humans and
animals, and impact on the environment, must be addressed in an
environmental assessment or environmental impact study to be evaluated
by and Ad Hoc Committee before live products can be considered for
limited field trial or licensing.




APPENDIX Il

REQUIREMENTS FOR DEVELOPMENT, FIELD TESTING AND
LICENSING OF LIVING, GENETICALLY MODIFIED ORGANISMS
AS VETERINARY VACCINES

Source: Agricuiture Canada (1980), Guidelines for the |
Regulation of Veterinary Biologics produced by Biotechnology.
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STAGE |
Laboratory Research and Development follow OECD-Safety
Guidelines.

STAGE Il

Controlied containment experiments using target and non-target
animal species,

STAGE Wi
Limited field trial on target species,

Submission of data for environment assessment and field trial to
Regulatory Agency.

Negotiation on case-by-case basis may need Ad--HHoc Committee
evaluation.

STAGE IV
Complete submission including field trial results for product
license.

License issued ¥ requirements are met.

The authorization of procedures and guidelines for the review of
application for experiments at stages 24 will be evaluated on a case-
. by-case basis by the appropriste regulatory agency.

The physical containment faclities for the second stage will be
almost equivalent to those for Stage | but the conditions can be negotiat-
ed upon the review of the data generated at Stage |.

The movement of the live-recombinant DNA product from Stage

Il to Stage il level, for a limited fleld trial outside the controlled
containment facilities, will require a complete submission of all avallable
data on the product, including safety data from Stage | and Stage Il
At this stage, it will be decided whether an Ad-Hoc Com-

mittee is needed to evaluate this data and assess environmental impact






APPENDIX IV
SCIENTIFIC PRINCIPLES FOR FIELD RESEARCH WITH PLANTS

Source: OECD (1980), Good Developmental Practices for
Small Scale Fleld Research with Genetically Modified
Plants and Microorganisms, Paris
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The following sections give the sclentific principles underlying
GDP conditions for field research with genetically modified plants. The
size of field experimental plots will more than likely be determined by the
chamcteristlcsofthee)medmemalplantsae orchard crops will require
larger experimental plots, while grain crops could be adequately
evaluated using smaller experimental plots). While selective plant
breeding has been practiced in some form for thousands of years, it was
only after the rediscovery of Gregor Mendel's work in 1900 that the type
of scientific genetic modification now practiced by plant breeders became
widespread. Observations made by sclentists, based on a knowledge of
plantgenetlcs,plantmorphdogy plant reproductive biology and plant
physiology have resulted in the practices now used by plant breeders to
ensure the genetic integrity of thelr experimental material. This
experience and that gained from the controlled field tests of genetically
modified plants helps to identify plant characteristics and experimental
conditions that allow the safe conduct of small scale field research.

1. Small scale field research with genetically modified plants is
to the small scale fleld research already conducted by
plant breeders in evaluating potentlally useful new varieties. The
genetic modifications achieved through conventional plant
breading techniques have produced single or multiple gene
mutations and changee in chromosome number through:
chemical treatment or ionizing radiation; crosses between
cuitivars of a crop species; and interspecific crosses, including
crosses between cultivated species and crosses between
cultivated species and related noncultivated species. When
conducting conventional plant breeding research, attention is
often given to preventing possible genetic interactions between
plants in the research plot and any nearby sexually compatible
plants. Natural transfer of genetic material from plants to other
organisms has not been demonstrated.

2 Conventional small scale field research evaluates the
characteristics of a new plant variety and its interaction with the
environment. Field experiments of new plant varieties produced
byoomemlonalplantbreedhgmemodshaveshwnmatnnst

new plants are usually inferior to at best, no better than the
parent varieties. Manyplantsareofnopmct use and are
discarded, with no effect on olthertheonvlrom\ent

or on
subsequent plant breeding. Only a very small proportion of new



germ plasm lines produced by plant breeders warrants further
research or eventual commerclal release.

There have been some instances where the intentional or
accidental introduction of a foreign plant species into a new
onvionment has had an adverse emnvironmental Impact.
Examples include Johnsongrass (Sorghum halepense) introduced
into South Carolina, U.S., as a forage plant in the 1830s, and
waterhyacinth (Eichhornia crassipes) introduced into Florida,
U.S., as an aquatic omament. Many other important weeds
(Canada thistle, yellow starthistie, field bindweed), now present in
the United States, are the result of the accidental introductions
of foreign plant species. In Europe, there have been similar
problems as a result of intentional or accidental introductions of
forelgnplamapedessuchassmﬂm(ﬁallamhusannuus)and

common ragweed (Ambrosia artemisiifolia). These examples
involve the uncontrolled release of a complete genome rather
than the controlled transfer into plants of single or few genes
which Is the current case with genetically modified
Therefore, the fleld testing of genetically modified plants
conducted under the principles described for GDP should not
be considered analogous to uncontrolied introductions of foreign
plants into entirely new environments.

REPRODUCTIVE ISOLATION OF GENETICALLY MODIFIED PLANTS

4.

To prevent effects on the environment, conventional plant
breeding experiments have reproductively isolated plants in the
research plots in addition to limiting the size of the plots.
Employing practices that ensure reproductive or genetic Isolation
of the modified plants is an excellent method for preventing the
inadvertent dissemination of genetic material from the test plant
into other members of the same or related species.

In considering natural mechanisms for reproductive or genetic
isolation on the evolution of plant species, Stebbins (1950) em-
phasized those characteristics identified as “prezygotic"
(occurring prior to mating), since they can usually be controlled
by manipulating the experimental plants or the environment into
which the plants are to be introduced. Plants manipulated in this
way can be made incapable of producing and/or disseminating







the environment.

Although reproductive isolation Is likely to be the main safety
concern for most small scale field tests, there may be cases in
which additional measures to ensure reproductive isolation as
well as other factors would be considered. For example, the
plants to be field tested may have been modified to contain or
express toxins, or to contain biological vectors capable of
transferring genetic material. The following two sections outline
the nature of the problems that may be encountered in the cases
of toxing and of some biological vectors, and provide factors to
be evaluated when these types of field tests are anticipated.

PLANTS GENETICALLY MODIFIED TO CONTAIN OR EXPRESS TOXINS

10.

1.

compounds or to cause toxic compounds native to the plant to
be expressed at much higher than naturally occurring levels. In
many cases, field research involving plants expressing these
toxing will be safe because enough will be known about an
introduced toxin, its mode of action, the potential effects of the
toxin on target and non-target organisms, and the techniques for
incorporating the gene or genes coding for the toxin into the

There Is some possibility of environmental risk in small scale field
research involving plants modified to contain toxins, even ¥ the
plant’s genetic material remains confined to the experimental site,
since these plants might affect organisms entering the site, or
have some residual, unintended effects on non-target organisms
that were exposed to these plants or their products after the
plants themselves have been removed from the field

shte. It Is possible to conduct research safely with plants
genetically modified to contain some toxic compound or to
express some native toxic compound at higher levels. There
should be sufficient information about issues such as the mode
of action, persistence, and degradation of the toxin to be able to




PLANTS GENETICALLY MODIFIED THROUGH THE USE OF

12.

13.

include the use of electroporation, microinjection, ballistic
microprojectiies, blological organisms, or portions of biological
organisms (plasmids). The first three techniques cited above are
mechanical procedur

formed plant.

well characterized and unlikely to be transmitted after entering
the plant (disarmed Agrobacterium tumefaciens Ti plasmid meets
this ); (b) transferred from the same or closely



14.

15.

Currently, the vector system most widely used to transfer DNA
into a plant cell Is naturally present in the bacterium
Agrobacterium tumefaciens and is commonly referred to as the
Tlplasmld There Is now a considerable body of evidence based

conducted under laboratory and greenhouse
oondltlons establishing the safety of this vector system. In most
of the field research with genetically engineered plants conducted
to date, the vector systems derived from A. tumefaciens have
had the genes assoclated with the pathological response to
infection physically deleted. In addition, the transformations have
been conducted in such a way that no vector sequences
involved in pathogenicity are present in the transformed plant,
and the vector agent, the bacterium, does not survive. In this
way, the possibility of the vector being able to cause any transfer
of genetic material from the modified plant has been eliminated.

The following are examples of current experimental practices
which are used to maintain reproductive isolation in plants:

I The most common method used to isolate plants from
sexually compatible plant populations Is spatial
separation. Most requirements for growing certified seed
include some specification as to the distance the field

from any field containing plants of the same
species. Thespeclﬂcdistancerequlfedwlldependon

plants. An example of the use of this method is
mechanical detasseling in seed corn production. By
removing the tassel (containing the polien producing
male flowers) ik is possible to entirely eliminate the
source of genetic material from the male that can be
transferred via pollen.
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A variation of the technique discussed above involves the

|
iv.






APPENDIX V
SCIENTIFIC PRINCIPLES FOR FIELD RESEARCH WITH MICROORGANISMS

Source: OECD (1990), Good Developmental Practices for Small
Scale Field Research with Genetically Modified Plants and
Microorganisms, Paris






APPLICATION IN THE ENVIRONMENT

1.

One of the primary assumptions in GDP s that limited small
scale field trials present a situation where the issues to be
addressed are constrained by the relatively small size of the
experimental plot as compared to large scale testing or use, or
with unlimited application. In small scale research, the frequency
of application and the number of organisms applied would
generally be lower than during large-scale testing or commercial
use, and research would normally occur at only a single or a few
geographic locations. The resuits of research on biological
control agenms as a means of controlling agricultural pests,
indicate that the scale and frequency of introduction appear to
be Important factors in determining whether the microorganism
will become established and the effect of the introduced
microorganism on the environment.

In a limited small scale field experiment, the potentially affected
environment is, in general, more locallzed, and R Is therefore
easler to identify the important ecological/environmental
considerations which should be evaluated to devise a safe
experiment. Moreover, because of the small size of the
experiment, procedures and experimental designs to confine the
experimental organisms may be effectively used.

The methods for applying the organism and the amount of in-
oculum are important considerations in determining the safety of
fleld research. "The location and nature of the site of applica-
tion, and the magnitude of the application are important for
assessing safety” (OECD, 1986).

Microorganisms are generally applied in small scale field research
as soll amendments, as follar "sprays”, or as inocula introduced

into the vascular tissues of plants. While organisms may be
introduced using other methods, the process for evaluating
relevant safety considerations Is expected to be similar in all
cases. Therefore, the discussion of sclentific principles can focus
on these few as the most commonly used.

Greater dispersion of the microorganisms from the field plot
would be expected with those application methods that involve



creation of aerosols. Consequently, relatively larger border areas
(bwoutrlpeoﬂand)nﬁgubepmdmeﬂeldmwohdeslgn
for an experiment involving follar sprays. Alternatively, aeroeol
formation may be minimized by the choice of drip, rather than
spray applications or krigation.

DISSEMINATION, INCLUDING SURVIVAL AND MULTIPLICATION IN THE
ENVIRONMENT

“The relative abllity of the organism to survive and muitiply in the
environment in which R is applied and to be disseminated to
new environments is an important consideration for assessing the
safety of the release®” (OECD, 1966).

Most of the data that form the basis for a discussion of the
following considerations and, consequently, for the development
of an appropriate field research design, are based on

derived from the studies of pathogens (ekher plant or
mammalian) or Rhizobium species. Limited information Is
available on the dissemination of saprophytic organisms (except
for some that interact with plant pathogens, e.g. Agrobacterium

rhizogenes).

These studies show that dissemination depends on three factors:
(1) the rate of population growth (.e. survival and muitiplication);
(2)themovm\t/dlspend properties of the population; and(s)

the availabllity of suitable habitats or niches. "Dissemination” Is
composed of the concepts of “movement/dispersal® and “esta-
blishment”. “Establishment® encompasses “survival and
multiplication®, as well as "movement/dispersal”.

in evaluating field research, k Is not possible to completely
separate the concept of "dispersal” from the concept of “estabilis-
hment". Rather these concepts must be considered in concert.
For example, i R Is accepted that an organism will not become
established, dispersal from the experimental plot would be of
lesser concern and methods of controlling dispersal assume a
position of lesser importance. On the other hand, ¥ dispersal
from the experiment piot Is low, either because of the
characteristics of the experimental organism or because
measures to control movement/dispersal have been
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implemented, the probability of establishment may be less.

a. Rate of Population Growth

10.

1.

12

13.

The rate of population growth of an experimental microorganism
is dependent on a number of factors. At this time, Rk Is not

" possible to describe all the factors influencing the rate of growth

of a microorganism in the environmemt. However, some
predictions of likely behavior can be made based on existing
knowledgeandempirledobservatlonsgeneratedfromanumber
sources; greenhouse testing, microcosm testing, knowledge of
the bohavlor of closely related organisms (e.g., parental
organisms) and the intended function of the introduced trait i the
experimental organism is genetically modified.

Whether the microorganism can increase in numbers at the site
of application Is an important factor influencing dissemination. A
microorganism that Is not able to increase its numbers several
orders of magnitude at the research site, will not likely have a
high probability of being able to disseminate to other sites.

This prediction Is based on the assumptions that the microor-
ganism must be in sufficlently high numbers at the research site
to disperse minimum effective inoculum to other sites, and that
some dilution of inoculum will occur as the microorganism leaves
the research site. Dilution would probably increase as the
microorganism moves further from the test sihe without
encountering a sultable habitat. These assumptions appear to
be supported by plant pathology studies which have shown that
dissemination Is directly proportional to the size of the source-
pool (in this discussion, the source-pool I8 considered to be
equivalent to the number of microorganisms of the test strain in
the original research site).

it should be noted that the number constituting minimum
effective inoculum can vary considerably from organism to
organism, and thus no single standard number of organisms can
be cited as a minimum effective inoculum. It can be assumed
that for some organisms, a small number of them would be an
effective inoculum, while for other organisms very large numbers

are neceesary.



14.

The number of organisme constituting a minimum effective in-
oculum varies for a number of reasons. In some cases, for
example, competition or other pressures (e.g., predation) can be
overcome only by a large incoming population. What would
constitute a minimum effective inoculum must, thus, be
determined on a case-by-case basis.

Instituting measures to lower the number of microorganisms
leaving the research site, however, would lower the probability
that a number of organisms sufficient for a minimum effective
inoculum would arrive at other skes. An experimental plan
designed to use such measures can be implemented for small
scale field research.

b. Movement/Dispersal Properties

15.

16.

17.

18.

The rate of dissemination is edremely sensitive to the
effectiveness of movement/dispersal. It appears that, in general,
the more effective movement/dispersal, the faster dissemination
can OCCur.

Effectiveness of movement/dispersal generally depends on
several factors. These include: mode of movement/dispersal,
mechanism of achieving transport (including ability to adhere to
soll or other particles); ability to infect vectors; ability to adhere
to potential means of mechanical transport (e.g., animals,
humans and their toois); abllity to survive transport. These
factors are dependent on the biological characteristics of the
experimental organism. Biological characteristics of the test
microorganism must thus be considered in evaluating the safety
of field research.

Microorganisms are transported by a variety of routes: (1) by
wind; (2) by water; (3) by mechanical means (e.g., humans,
insects, animals); and (4) by biological vectors.

While some microorganisms are dispersed by several means,
others may be restricted to one or a few modes of movement.

In general, the more highly adapted a microorganism is to
movement by one route, the poorer are its chances of movement
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21.



24.

25.

27.

28.

by wind, can also be employed at a test sie.
(2) Water

In water, dlspersdlslrﬂumcedpm\arlybytmtransponpropor-
ties of the suspending medium. Thus, the hydrology of sol

borne dispersal from a terrestrial experimental plot.

Rain or krrigation water can also serve as a means of transport.
Bacteria, viruses, and spores, sclerotia, and mycelial fragments
of fungl can be dispersed by rain or krigation water that washes
the surfaces of plants or moves over or through the soll.

Rain splashes can throw droplets, potentially microorganism-

The research piot can be designed to address and limit dispersal
through these potential routes. For example, buffer areas around
the research skte can be used to isolate plants within the
research plot and thus prevent microorganisms contained in
splash generated droplets from encountering suitable habitats
proximal to the test plot. Design features such as avoidance of
an overhead irrigation system or the inclusion of tile drains in the
test piot can be implemented.

Moreover, the research plot can be skuated 8o as to limit access

of the test microorganism to groundwater or open bodies of
water under either average or exceptional climatic conditions.

(3) Mechanical Means
Human Activities. Humans disperse all kinds of microorganisms

over short and long distances in a variety of ways. Within a
field, humans disperse microorganisms through the successive
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procedures appropriate for limiting dispersal. Mechanical distur-
bances can be limited in a number of ways, such as by the
choice of crop (e.g., no-tll varieties) or procedures. Finally, the

of contaminated materiale can be restricted by use of
appropriate procedures.

Animals. In nature, a variety of animals may come into contact
with and serve as vectors for microorganisme. For example,

i
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are closely assoclated on plant surfaces, contamination of fungal
propagules by bacteria is possible and may be a means of pas-
sive aerial dispersal for bacteria.

(4) Blological Vectors
Microorganisms can be transmitted by insects during feeding

The relationship between the vector and the microorganism can
be either persistent (circulative and propagative) or non-persis-
tent. The persistent or circulative type of vector/microorganism
relationship occurs when the insect is able to transmit the
microrganism over an extended period of time, and the
microorganism may muitiply in the insect. Non-persistence refers
to a relationship in which the vector acquires the microorganism
after a short feeding period on the plant, can transmit the agent
to ancther plant immediately after feeding and then rapidly
(minutes) loses the microorganism.

The common insect vectors are aphids and leafhoppers, but
white flies, mealy bugs, beetles, dipterans, psyila, thrips, mites
and others have also been documented as vectors. Aphids and
leafhoppers are by far the most important vectors of plant
viruses and mycoplasmas (bacteria without cell walls).

Insects can vector microorganisms for both short and long
distances. Insects like leathoppers are strong fliers. Some




c. Avalilabiiity of Suitable Habitats
41.
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by wind. Even insects which are strong fllers can
microorganisms over long distances since these alrborme insects
can be carried hundreds of kiiometers by wind
Field research design can be used to address potential vectoring
test by insects. For example, ¥ k is known
that the test microorganism is transmitted by aphids, a judicious
choice of site might locate the test at an altitude where aphids
are not present or when the aphid population is low. Using
aphid repellents or denying vectors access to plants by netting
are methods that could also be employed in

|

One of the most important considerations in determining
a microorganism will be disseminated is whether habitats and/or
niches in which the microorganism will become established are

The distribution and number of potential habitats in an area to
which the microorganism may be moved/dispersed are important
determinants of establishment. The number, distribution, size,
and susceptibilty of the habitats influence the probabilty that a
wil be successful in encountering and
establishing in suitable habitats.

If the density of potential habitats is low and the habitats are
separated by relatively large distances, the probabilky of success-
ful dissemination is greatly reduced, and indeed may approach
zero. Strategies based on habitat density are used in agriculture
to control pathogen dissemination. For example, fields can be
planted with "muitilines” of a crop. "Muitllines" consist of several

:
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The phenomena of (1) competition and (2) selection are

important considerations in evaluating a submission and
safe field research. In this paper the phenomenon of

*finding a new niche” will be treated as a facet of selection.

(1) Competiion

Negative interactions within a microblal community in a habitat
are termed "competition”. Competition Is used here in a broad
sense to include competition for avallable substrates and other
negative interactions such as those resulting from production of
toxic substances. Members of a microbial community in a
habitat are able to utilize the same substrates; they occupy the
same hiche. Competition occurs when several populations are
striving for the same resource, whether ik be space, light, hosts,
etc., or a limiting nutrient. In natural habitats with very low
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in a second type of nutritional , the host-obligate
micr obtains nutrients from a plant by killing the host
tissue in advance of .

Many of the factors free-living soll
can be seen in host-obligate microorganisms.

These include competition for space, for
environmental stress, and antibiosls. In addition to
dealing with these factors, both epiphytic and host-
must also find and colonlze/infect

Seloctive pressure s exerted by the environment and favors
features. The best known ex-

is promoted by the use of antibiotics by diniclans, in animal
feed, and for agricultural purposes. Ancther example of
selection is the increase in the numbers of microorganisms
capable of degrading certain man-made synthetic-organic
compounds (e.g., pesticides). In this instance, selection is
promoted by the introduction of large amounts of these man-
mede compounds to the environment.

For the purposes of this paper, "discovery of a new niche" is
treated as a form of selection. It occurs when a microorganism



develops the capability of performing a “new” function within an
It can also occur when a microorganism performing
a function which the indigenous community does not perform is
introduced into an ecosystem (e.g., the Introduction of
Ceratocystis ulmi to the North American continent).

Selective pressures affect the ability of an organism to survive,
mdtlplymdtolncnaselsrelatwepropomonofmecommmhy

thus, can have an important influence on move-
ment/dlspersdandmblumam,aswdasonmtvdand

multiplication.

microorganism
ecosystem from which &
isolated. In such a siuation neither the introduced gene nor the
introduced microorganism will be new
environment, although the frequency at which the
gene/microorganism combination occurs in that site subsequent
to application may differ from that generally observed.

The added gene/microorganism combination would be in
compaetition with the indigenous population of microorganisms.
Whie this does not guarantee that the added
gene/microorganism combination wil not be an effective
competitor in the test environment, k does set some limit on the
types of risk scenarios to be considered. In this type of
research situation a knowledge of the function of the added gene
and the behavior of the parental organiems can be used to
predict the likely response of the gene/microorganism
combination to factors such as competition for nutrients,
predation and environmental stress, selection, and antiblosis.

Given present knomledge, however, the competitive ability of the
experimental microorganism will frequently have to be tested
empirically. Data generated in the laboratory, greenhouse or
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microcosm may therefore form an important element in an
evaluation of small scale fleld research.

That the inoculum used in limited small scale field research Iis
frequently insignificant when compared to the indigenous popula-
tion also plays a role in determining the likely fate of the
gene/microorganism combination. When relatively small
numbers of the gene/microorganism combination are added to
an experimental ske, & is probable that the competitive

lies with the indigenous population. In addition,
when the application involves a relatively small number of
organisms, the probabllity that sufficient genetic variation will
exist from which genotypes can be selected is less.

In some instances, the microorganism or the added gene may
be isolated from environments other than the environment of the
research ske. In this situation, a careful comparison of competi-
ﬂveablhydﬂngene/uﬂeroo:ganlsmoombkmloncanbebw
on research in controlied environments such as greenhouses,
microcoems etc. The intended function of the added gene and
the behavior of the reciplent parental microorganism are also

To illustrate the approach, the following example is offered. In
1987/1988 in the U.S. a field experiment was performed with a
Pseudomas aureofaciens modified to contain the genes from Es-
cherichia coli K-12 that code for the production of lactose per-
mease and beta-galactosidase (lacZY). This modification permits
the organism to grow on lactose, unlike other pssudomonades.
Durhgmrlskmmdmolimkedﬁeldwme
probabliity that the modification would confer a competitive or
selective advantage on this Pseudomonas was evaluated. A
prediction that the modification would not confer a competitive
advantage was in part based on: (1) the expectation that the
ingserted genes confer the abllity to metabolize only a limited
number of sugars (primarily lactose, with the possibility that
mannose and xylose would serve as substrates); (2) the fact that
few sites would favor the experimental organism (l.e., commonly
available substrates would be limiting but lactose would be abun-
dant) should the organism disperse from the experimental plot;



INTERACTIONS OF THE MICROORGANISM WITH OTHER SPECIES
AND/OR BIOLOGICAL SYSTEMS IN THE ENVIRONMENT

7.

In small scale field research can

considerations about them. These considerations can also be
related to field research design.

a. Target or Non-Target organisms

72.

Many of the microorganisms that are tested in field plots are
intended to have effects on another organism, the target
. For decades, plant pathologists have used
nism that cause plant disease in the field to evaluate
plants for disease resistance. Other plant pathogens have been

microorganisms such as Bacillus thuringiensis are used routinely
in the environment as biological control agents for some
lepidopteran insects. Umited small scale research using
unmodified microorganisms have been conducted with little ad-
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b. Gene Transfer
The

75.



79.

7

factors to be considered in analyzing the effects of gene
theonthes.alfetyofaﬁenetit:allymodllodmlcfoomanlsm

(1) What is the probablity of horizontal transfer of the
genetic material?

i

(2) If the gene Is transferred, will the new genetic information
be maintained and expressed?

(3) If known, what does the transferable material code for?

(4) If the transformed microorganism moves beyond the
point of introduction, hwwllltaﬂoct.namutdﬂn
transformation, the sumrounding populations
mles of plants, animals, and lndlgenous

Gene transfer refers to the dissemination of genetic material
through natural genetic mechanisms. The mechanisms by which
plasmids and/or chromosomal genes are transferred include
conjugation, transformation, transduction, and cell fusion. Al-
though these mechanisms have been studied in the laboratory,
littie Is known about the frequency of genetic exchange in nature.
Logically, we expect that genetic transfer frequencies are lower
in nature compared to the laboratory, but frequencies in nature
have not been extensively studied. A few exchanges of genetic
material in nature o simulated natural settings have been docu-
mented.

Accurate prediction of genetic dissemination or escape requires
that the frequency of genetic transfer be known. However, a
few generalizations can be offered concerning genetic transfer
in simulated or natural habitats. Genetic transfer occurs at
lower frequency in soll and water habitats than in vitro culture

systems.

Otheriadonthat may affect transfer are the presence or
absence of: (1) large bacterial densities that enhance mating;
(2) free DNA that ma ypromotetransformaﬂa\ and (3) clay




comparison to transfers which occur in nature, will, for the
moment, likely have to be evaluated on a

EFFECTS OF FIELD RESEARCH ON THE ENVIRONMENT

81. The OECD report "Recombinant DNA Safety Considerations”
deecribes the factors that should be considered in evaluating
potential effects on the environment as “(1) effects on other

such as pathogenicity, infectivity, and effects on com-

petitors, prey, hosts, symbionts, etc., (2) known or predicted
blogeochemical such as mineral
nitrogen fixation, etc., (3) genetic or phenotypic stability
of released organisms, (4) probabity of transfer of genetic
material to other organisms in the ecosystem, (5) the effect of
msm.lnum in numbers of organisms following the

i
i

%

82. However, the limitations which would be placed on field research

are specifically addressed at reducing the possibility of environ-
mentally adverse effects.

ROUTES OF TRANSMISSION FOR VIRUSES, BACTERIA, AND FUNGI

83. Many bacteria are remarkably well adapted to passive transmis-
sion by wind-splashed rain, seeds, Insects, vegetatively
propagated stock, irigation water, cultural implements or other
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Algae and protozoa have no special mechanisms for aerial
dispersal, buwedhpenodbyanlmdvectors.oradvamnous

disturbance. The processes by which yeasts disperse
aerially have not been in general studied, dthoughtheyare
abundant in the alr. The characteristics of the experimental

microorganism affect the probability of the experimental microor-
ganiem being transported from the research plot.




APPENDIX V1

INFORMATION TO BE REQUESTED IN APPLICATIONS FOR
FIELD TESTING OF GENETICALLY MODIFIED PLANTS

Source: Kalous M.J.; Duke LH. (1989), The Regulation of

Plant Biotechnology in Canada, Part 2, The Environmental

Release of Genetically Altered Plant Material, Seed Division,
Agricuiture Canada, Ottawa, Ontario, pp. 20-26






INFORMATION REQUESTED

: The information requested in applications for the fleld testing of
genetically altered plant material is based on information that the
scientists will have gathered in laboratory experiments and environmen-
tal release protocol preparations. By excluding extravagant teeting
requirements, the financial burden that could be incurred by completion
of an appilication is greatly decreased. The information in an application
is considered confidential and is not released to other Industry
representatives or researchers. In cases where there is public inquire,
the company or researcher will be contacted to identify proprietary
information and this will not be disclosed.

Plant Material

The plant material must be fully characterized. The species and
a brief botanical description should be included on the application. The
ability to cross pollinate with members of the same species and native

be included when appropriate. The description should be sufficlent
allow the regulator to identify any potential problems such as toxin
production or weedy traits.

The gene inserted and its promotors and terminators should

identified. There is currently debate among federal regulatory agencies
as to whether base pair sequences must be provided. There is also

g
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or microblal regulators on integrated or native DNA.

if known, the gene product and the affected pathway should be
identified. The impact of the gene product on the plant material (e.g.
insect resistance), tissue specificity and secondary metabolites should
dsof‘;b:didemlﬂed to allow assessment of plant material which may enter
the chain.
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Transformation System

The transformation system must be detalled, e.g., protoplast
fusion, mutagenesis or DNA transformation. Vectors must be identified
and a plasmid map must be included ¥ this type of system was used.
Plasmid characteristics such as marker gene, and whether disarming has
occuired (which genes have been removed) must be included.

The characteristics of the transformation system allow the
regulator to decide what questions to ask when reviewing the application.
This Is not an attempt to regulate the process but the process must be
considered for a proper assessment. Generic reviews will not work,
specifically for this reason. It would be impractical to ask all researchers
to answer the same questions because the applicability of the questions
would vary greatly and a set of questions that covered every possible
circumstance would be burdensome.

Laboratory and Greenhouse Assays

Any chemical, biochemical, and progeny tests and analyses per-
formed on the plant material should be described. These types of tests
will denote gene copy number, stabllity, and any adverse effects to the

plant.

The researcher should provide data on any greenhouse experi-
ments. Of particular importance are tests for weediness. Weediness
can be seen in the greenhouse by excessive seed shattering, weak seed
dormancy, and a great degree of competitiveness.

Test Site(s)

A description of the proposed test site(s) including exact map
location(s), size and number of plot(s), quantity of seed (grams) to be
imported and planted, proposed control variety(s) and isolation distances.
The regulator must know of all field trials taking place within the country
with the material In question. If the plants are grown to flowering, the
current isolation distance required between the genetically altered plant
material and similar species and weedy relatives is twice the isolation
distance required for pedigreed seed production. These distances may
be adjusted for individual trials depending on the protocol. For example,

¥ an outcrossing study is being performed, the genetically altered plant




Genetically altered plant material may be isolated reproductively,
as well as physically, from simllar species or related weedy relatives.
This may be achieved in several ways.

1. Reproductive isolation may be obtained by placing
glascine bags over flowering plants to prevent the
dispersal of polien.

2. Many weeds will flower well before the agricultural crops.
This allows weeds to be easlly identified and removed
from the field, thus achleving isolation. This type of
isolation requires more work because the fields must be
continually monitored and rouged. In this case; isolation
distances are stil required to non- transformed plant
species because they will flower at the same time as the
genetically altered plant material.

3. The genetically altered plant material may be harvested before

the flowering stage. In this case, there is little concermn over

and the isolation distances recommended are not

required as long as adequate monitoring procedures are used

to ensure that the plant material does not reach the flowering
stage.

Post Harvest Land Treatment and Site Monitoring

Plant material remaining after the trial should be treated in some
manner. Usually the area Is treated with herbicides or tilled to destroy
any plant material that might have remained. This must be identified in
the trial protocol. It is possible that volunteer plants will arise at the field
trial site. In order to assure that these plants are destroyed, a procedure
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Fate of Harvested Plant Material



APPENDIX ViI

INFORMATION REQUIREMENTS FOR OVERSIGHT OF FIELD TESTING
OF GENETICALLY MODIFIED MICROORGANISMS

Source: Major D.W.; Hart D.R.; Lush D.L. (1988), Release
of Genetically Engineered Microorganisms into the Environment,
Beak Consultants Limited, Canada






AIMS OF THESE INFORMATION REQUIREMENTS

The general aim of these proposals for information requirements
is to ensure provision of sufficient information on the rGEM(s) or GEM(s)
$0 as to permit the oversight agency to assess the relative safety and/or
merits of releasing, for field trial purposes, rGEM(s) or GEM(s), and to
provide the researcher(s) petitioner(s) a guide concerning the factors that
will be used to reach a decision. The term rGEM(s) in this document will
apply to those microorganism that have been genetically altered by rDNA
techniques Involving insertion or deletion of specific nucleotides sequen-
ces such that these inserted/deleted sequences can be defined in terms
of nucleotide sequences and function. Whereas, the term GEM(s) will
apply to microorganism that have been genetically modified by cell fusion
or other technologles resulting in genetic modificatios or transfer, that are
not documented to occur in nature, which cannot be completely
discerned or described genctipically. Recipient refers to microorganism
that genetic material will be inserted into, donor refers to the micro-
organism that serves as the source of genetic materials, and parent refers
to either recipient or donor microorganisms. These guidelines should be
considered as general information requirements only and individuals
submitting information should do so taking into consideration:

- the nature of the product that they are intending to produce;
- its intended application; and

- the nature of the open environment into which It is likely to be
tested.

These three considerations will help determine what specific
information is appropriate in order to allow field trial approval, which in
turn will determine the appropriate protocols that will be employed to
evaluate the safety and environmental risks of releasing the rGEM(s) or
GEM(s). Evaluations will be tiered, with increasing testing of the rGEM(s)
or GEM(s) required ¥ initial tests indicate a question of safety to human/-
animal or environment.

Much of the information that Is requested here should already
be available to the individuals or company producing the rGEM(s) or
GEM(s) as a result of the research leading to product development.
Thus the time required should be no more than a few weeks for anyone
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familiar with the rGEM(s) or GEM(s) to provide the agency with the
requested background information. Depending upon the nature of the
rGEM or GEM, the genetic alteration carred out, and the intended
application, microcosm or contained greenhouse tests may be required
prior to field test approval.

The release of rGEM(s) of GEM(s) will be considered in light of
the balance between the rationale for their use, feasibllity, efficacy and
potential benefits in comparison to other available approaches, and
analysis of potential human and environmental hazard potential.

The information required will help address these Issues and can
be arranged in the following categories:

- Identification and characterization of the reciplent/donor wild-
type strain(s) in terms of physiology, ecology, genotype and
phenotype. This will also ensure proper registration of the
rGEM(s) or GEM(s);

- description of the inserted or deleted genetic material (for rGEMs)
in terms of its source, nucleotide sequence, function, expression,
current or previous location in the parent (i.e. chromosomal,
plasmid) and insertion or deletion points (i.e. flanking nucleotides,
restriction markers) and description of any other assoclated
genetic material or properties that may be used for identification
(e.g., marker genes which code for specific enzymes or which
can be detected by genetic probes) or environmental control
(e.g., suicide genes);

- comparison of the rGEM(s) or GEM(s) to the recipient and/or
donor(s) in terms of identification and characterization;

- Impact of the rGEM(s) or GEM(s) on the environment
with emphasis on the ecological contrast between the
recipient/donor(s) and the rGEM(s) or GEM(s); and

- quality assurance/quality control (QA/QC).

SPECIFIC INFORMATION REQUIREMENTS




1. Wild-type or Recipient identification and Characterization
Rationale

Acunpleteaspocslblemdaﬂandlngoﬂhephyaldogyecology
genotypic and phenotypic expressions of the recipient microorganism is
essential since the dominant traits of the rGEM(s) will be that of the
recipient. Thus as much information as possible on the recipient will aid
in the prediction of the fate of the rGEM(s) after field trial release. This
information will serve as baseline data for comparison to the rGEM(s).
This information s also applicable to the donor microorganisms used in
cell fusion or other techniques that transfer large amounts of DNA, non-
specifically (Le., GEM(s). The information required will include:

- identification: This is a key issue since accurate identification
permltsavalablemmmlon(mbhat/physldogygmoharac
toristics, pathogenicity) on the organism to be collected from the
avallable literature. Identification of the microorganism must
include a taxonomic name and a reference to a culture that is
avallable either as part of a culture collection or maintained in-
house. How the reciplent microorganism(s) is maintained and
identified must be included as part of the QA/QC documenta-
tion. If the host microorganism I8 a new isolate k must be
classified and a culture must be placed in a recognized culture
collection or maintained In-house.

- Habitat/Physiology: Geographical distribution, habitat, factors

dispersal rates are required. This information can usually be
supplied by a search of the literature and laboratory experience.

- Genetic Characteristics (when applicable): Strain history with
respect to previous genetic manipulations is required, with
presence or absence of mobile genetic elements such as
plasmids and transposons indicated. Information Is also
requested on the transfer rates of the inserted genetic material
between the recipient and known or suspected organisms that
conjugate with the reciplent or have in common the same



vectors. Information is also requested on the transfer rates of
the inserted genetic material between the reciplent and any other
organisms with which the reciplent can form a symbiotic

. The conditions during transfer, and the mechanisms
of transfer should be provided along with the transfer rates.

- Pathogenicity: This characteristic of the recipient Is a
key Issue and serves as a flag for pathogenicity testing
of the rGEM(s) or GEM(s). Accurate identification of the
recipient or donor(s) will determine K the recipient of
donor(s) are placed in a group of microorganisms that
are known to be pathogens or closely related to plant,
animal or human pathogens. It will also indicate ¥ the
reciplent or donor(s) is a non-pathogenic strain of a
pathogenic organism, in which case toxicity/patho-
genicity testing of the rGEM(s) or GEM(s) will be
required. [ the recipient or donor(s) is a known
pathogen or is related to a known pathogen then
information on its host range, route of transmission and
mechanism of infection should be provided.

2. Characterization of Inserted Genetic Material (where applicable)
Rationale

Genetic engineering utilizing rDNA technology allows the excision
of specific nucleotide sequences and insertion of excised or synthesized
sequences into the reciplent microorganism. Since the new trait(s) that
will be expressed in the recipient arises only from the information
transferred to the recipient, it I8 necessary only to characterize the
transferred genetic material. This is only true, however, ¥ sufficient
QA/QC exists to prove the characteristics of the inserted genetic material.
The information requested on the genetic material includes:

- description of the function (Le. non-coding regulatory
region, coding region, proteins coded for);

- nuclectide sequence including any flanking nucleotides;
- source of genetic material;

- description of the anticipated or actual expression of the
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genetic material in the rGEM(s);

- determination that inserted/deleted genetic material Is
the smallest possible number of nucleotides needed to

give the desired phenotypic expression; and

- documentation of the location of the inserted genetic
material in the host genome (i.e., chromosomal, plasmid,
flanking nucleotides, other nearby coding genes, trans-
posons, mobille genetic elements and regulatory non-
.coding regions that could affect the function, expression
or transfer of the inserted genetic material).

3. rGEM or GEM Characterization and Comparison to the Recipient
Rationale for rtGEM

ic expression would be that of the parent minus the phenotypic expres-
sion of the deleted genetic material. However, the insertion or deletion
of new material may well allow the rGEM to behave differently than
expected. The information required to address this concern includes:

- comparison of the expression of the inserted genetic
material in the recipient to its expression in the donor
and description of any differences;

- documentation and description of any changes in the
rGEM that are different from the recipient in terms of the
reciplent’s baseline phenotypic expression, whether

- taxonomic classification of the rGEM to determine ¥ the
inserted genetic material causes a shift, as defined by a
referencedtaxonomlcprotocol into a new species or
genus of the recipient.

Rationale for GEM



Since there is little control over the outcome of the genetic
modification in fusion, microinjection or other similar technologies that
produce GEMs, & is currently impoesible to characterize the genotypic
changes that have occurred in the produced GEM. Thus the GEM as a
final product must be characterized in terms of its phenotypic expression.
The information that should be provided will contrast the GEM to the
parent organism(s) and includes:

- taxonomic classification of the GEM to determine what
relationship i has with naturally occurring microorganisms; and

- documentation and description of any changes in the GEM that
are different from the parent organisms in terms of the parents’
phenotypic expression, whether intended or not.

4. Comparison of the rGEM to the recipient or GEM to the parent
organisms in terms of environmental considerations.

Environmental Fate of rtGEM or GEM.

There must be a comparison carried out between the rGEM and
the recipient and the GEM and the parents in their respective abilities to
survive, grow and disseminate. The information obtained will aid in the
prediction of the fate of the rGEM(s) or GEM(s) in the environment. If
the rGEM(s) or GEM(s) can survive and proliferate in the environment as
well as or better than the recipient or parents, respectively, then the
questions that must be addressed include:

- comparison of the rGEM(s) to the recipient or the GEM(s) to the
pafemsastouuvlvd proliferation and dissemination in various
environments under various physico-chemical conditions; and

- determination of what factors will allow establishment of the
rGEM(s) or GEM(s) in the environment where applied.

Environmental impact of the rGEM of GEM
TheremmbelnfonmﬂonontmmpactdtherGEM()

GEM(s) on the ecosystem in the area in which field testing is to
carried out. The questions that must be addressed include:




whether the presence of the rGEM(s) or GEM(s) causes a sig-
a'nl?é:ant,non-tm'get.cﬁsmptlonofthees:ologylntheshort-term;

whether there are unintended long term effects on important
ecological processes.

The information to answer the above questions will require, first,

microcosm and then subsequent field testing. Before the approval of a
ﬁddtest,nﬂorooounand/oroomamdgrmmmwlhave
to provide the following information

effect of the rGEM(s) or GEM(s) on ecological communities in
terms of structure and function (e.g., diversity, productivity and
blogeochemical processes). The target function of the rGEM of
GEM must be considered since their function may be to disrupt

the ecology In a specific manner;

effect of the frequency and size of rtGEM or GEM applications
over extended periods; :

transfer and consequence of transfer and expression of genetic
material from the rGEM(s) to other organisms. This should be
addressed i the lkelihood or rate of transfer of genetic material
is high, or the stability of the inserted genetic material is high;

information on target and non-target organisms in terms of
known and predicted effects; and

stabllity of the inserted genetic material in the rGEM in terms of
expression and changes in expression over time under various
physico-chemical conditions

QUALITY ASSURANCE/QUALITY CONTROL

The following information Is requested to help the oversight agency to
better understand and assess the potential impacts and adequacy of
release/monitoring methods assoclated with the rGEM(s) or GEM(s)
application for field testing:

product purity test methods and identity of any biological con-



taminants and byproducts which have been found;

- construction methods of all components and the final con-
struction of the rGEM(s) or GEM(s);

- method, sensitivity and rellabllity of detection in the environment
of the contalnment, transport, contingency, eradication and
disposal procedures for all areas of production, distribution and
application.

PROPOSED FIELD TRIALS
The information required pertains to the nature, application,

methods and magnitude of the rGEM(s) or GEM(s) application, and the
containment and decontamination procedures that will be used at the
field trial site.
1. Site(s) information:

- exact location;

- environmental nature of the site including surrounding

area (significant climatic, geological, edaphic and other
environmental aspects);

- physical and biological proximity to human and/or other
significant biota; and

- description of the dominant native fiora/fauna.

2. Crop(s), animals etc. andnumberofhecmesand/ororganlsmto
be treated at the site.

3. Experimental design

4. Methods and arrangements for producing the required quantity of
microorganism(s) product(s) and for transport to the site.

5. Date(s) and/or period(s) of the test(s).
6. Introduction Protocol:
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- formulation to be tested;
- total quantity to be applied;

- method of introduction including rates(s),

frequency, and (where applicable)
duration of application;

- target organism(s); and
- crop/animal husbandry practices (e.g
isruption of the

plans for mechanical d
sol, krigation etc.).

7. On-site safety procedures including containment, decontamination,
accidental release plans, microbial and inserted DNA monitoring.
The microblal and inserted DNA monitoring information should
include sensitivity and method of detection.

8. Security and contingency plans.






APPENDIX Viil

NVIRONMENTAL ASSESSMENT REQUIREMENTS FOR LIVING BIOTECHNOLOGICAL
VETERINARY BIOLOGICS

Source: Agriculture Canada (1989), Guidelines for the
Regulation of Veterinary Biologics produced by Biotechnology






ENVIRONMENTAL ASSESSMENT (EA) REQUIREMENTS
I. Purpose and need
Describe proposed action.

- Include concise statement of problem Identified and agency
program/action designed to deal with problem.

Il. Describe the organism and its properties compared to the non-
engineered parents

Characterigtics of parent.
a) Identification, sources, and strains.
b) Reproduction and capacity of genetic transfer.

Source, description, and function of foreign genetic
material.

Method of accomplishing genetic modification.

Genetic stability, expression, and potential for recom-
bination of the vaccine microorganism.

Advantages and disadvantages of the modified organisms
compared to conventional products.

Comparison of the modified organisms to paren-
tal properties.

Route of administration.

lll. Human safety

Probability of human exposure.
Possible outcomes of human exposures.



Pathogenicity of parent microorganisms in man.
Effect of gene manipulation on pathogenicity in
man.

Risk assoclated with widespread use of the
vaccine.

IV. Animal safety

Fate of the vaccine in target and non-target
species.

Potentlal of shed and/or spread from vaccinate to
contact target and non-target animals.

Reversion to virulence resulting from back passage in
animals.

Effect of overdose in target and potential non-target
specles.

Relative safety when compared to conventional vaccines.

The extent of the host range and the degree of mobillity
of the vector.

Safety in pregnant animals and to offspring nursing
vaccinated animals.

V. Affected environment

Identify.

Discuss effects of alternatives on each aspect of the
environment.

Ecological concerns.
Extent of release into the environment.
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- Persistence of the vector in the environment.

- Bxent of exposure of non-target specles.

- Behavior of parent microorganisms and vector in non-
target species.

- Potential of vector to infect non-vertebrate organisms.

- Physical and chemical factors which can affect survival,
reproduction, and dispersal.

VI. Environmental consequences

- Discuss program action problems/benefits/potential
hazards.

- When considering R-DNA live vaccines, compare benefits
and problems of the experimental vaccine with licensed
products.

- ldmlyproposeddtemttves.

- Discuss selection criteria and weight given to each.

- Justify selection of proposed alternatives.

VIl. Consultation and coordination with other agencies, organiza-
tions, and persons

- List all contacts.
- Identify comments, ¥ any.
VIil. Conclusion and summary
IX. References
- List all references cited or relied upon.
- include personal communications.



ADDITIONAL REQUIREMENTS

in addition to above information for environmental assessment
the manufacturer must submit all necessary information, including resuits
from the restricted field trials, to demonetrate that the product is pure,
safe and potent and efficacious.

Each submission must contain the following information:

1. Adewlpﬂmofﬂnpmduet.whlmbenofproduatobe
used, recommendations for use, and resuits of preliminary
research conducted in containment, including satisfactory purity
and safety test results for each serial of product to be used.

2. A proposed general plan covering the methods and procedures
for evaluating the products and for maintaining records of the
quantity of experimental product prepared, shipped, and used.
in the event of unanticipated adverse effects of the modified
organism, proposed methods of biological or physical control
and retrieval should be included in this plan.

3. A tentative list of the names and addresses of the proposed
recipients and quantity of experimental product which is to be
shipped to each individual.

4. Copies of labels or label sketches with the statement “Notice!
For Experimental Use Only - Not For Sale” or equivalent.

animal health authorities at the national level will
negotiate with the appropriate regional authorities in which the trial is
going to be conducted. If needed, the necessary advice will be sought
from other federal regulatory agencies. Restricted field trial studies will
be conducted under quarantine conditions acceptable to the Animal
Health Authorities where there is adequate evidence of biological and/or
physical control of the recombinant-DNA organism. Note that each study
in this category will be conducted only in quarantine facilities already
approved. Facllities shall be maintained and operated in an appropriate
way to prevent the dissemination of any communicable disease. Test
facilities may be inspected by a Veterinary Officer of the regulatory
agency to determine whether they comply with the following guidelines:




Physical requirements of the facility
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APPENDIX 1X

SUGGESTED CRITERIA FOR rDNA GILSP
(GOOD INDUSTRIAL LARGE SCALE PRACTICE) MICROORGANISMS

Source: OECD (1986), Recombinant DNA Safety Considerations, Paris.
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APPENDIX X
‘RAMEWORK TO ASSESS FIELD TESTING OF GENETICALLY MODIFIED PLANTS

Source: National Research Councll (1989), Field Testing
Genetically Modified Organisms: Framework for Decisions, Wash. D.C.






All plants can be confined, some more readily than others. The
plamslsprobeblythoboetwmphdeesydootﬂnablly,
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FIGURE 1

FRAMEWORK TO ASSESS FIELD TESTING OF GENETICALLY MODIFIED PLANTS

Yoo

Fleld test according to ls there adequate
established practice. CONFINEMENT ?
(See Fig. 3) (Manageable by acoepted
standards).
Not Certain Yes
ENVIRONMENTAL EFFECTS test under appro-
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FAMILARITY

the genetically modified plant  yee

s
a product of classical genetic
methods ? o
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FIGURE 4

AL EFFECTS.

POTENTIAL ENVIRONMENT.
APPROPRIATE QUESTIONS FOR SPECIFIC APPLICATIONS
TO BE ADDED BY USERS OF THE FRAMEWORK
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(Other potential environmental effects)




APPENDIX XI

FRAMEWORK TO ASSESS FIELD TESTING OF
GENETICALLY MODIFIED MICROORGANISMS

Source: National Research Councll (1989), Fleld Testing
Genetically Modified Orm gramework for Decisions,
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Mankind has a long history of using microorganisms in food
processing, agricuiture, waste treatment, and in other beneficial applica-
tions. New molecular methods for genetically modifying microorganisms
will expand the range of beneficial applications, for example, in control of
plant disease and in blodegradation of toxic poliutants.

In many respects, molecular methods resemble the classical
methods for modifying particular straine of microorganisms, but many of
the new methods have two features that make them even more useful
than the classical methods. Precision allows scientists to make genetic
modifications in microbial straine that can be characterized more fully, in
some cases to the level of the DNA sequence. This reduces the degree
of uncertainty assoclated with any intended application. The new
- methods have greater power because they enable scientists to isolate
genes and transfer them across natural barriers.

The power of these new techniques creates the opportunity for
new applications of microorganisme. Despite some Initial concerns over
the use of recombinant methods in laboratory research, k is now clear
that these methods in themselves are not intrinsically dangerous.

franwworkfordochlomonﬁeldtasﬁnghasboenaprkm:ypurposeh
this report. No adverse effects of introductions have been seen and an
extensive body of information documents safe introductions of some
microorganisms, such as the rhizobia, mycorryhizal fungi, baculoviruses,
Bacillus thuringiensis, and Agrobacterium. However, less Is known
about fleld tests of microorganisms than of plants. Thus, for unfamiliar
applications, k is prudent to prepare for the control of the introduced
microorganisme.

Questions conceming the effects of an introduced microor-
ganism arise whenever the intended introduction differs substantially from
those with an established record of safety. Such questions as
unintended persistence and possible adverse effects should be addressed
scientifically, and as the sclentific community continues to accumulate
information regarding the safety or risk of environmental applications of
microorganisms in field tests, levels of oversight can be tuned to the
needs of particular situations.
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in the recommendations thet follow, a framework has been

indigenous microfiora, and (3) environmental effects, including potential
adverse effects assoclated with the introduction.

The framework does not distinguish between classical and
molecular methods of genetic manipulation, nor between modified and

noncoding regions of the genome have been modified. The
of using, whenever possible, simple and readily identifiable criteria for
oversight is recognized.

Terms such as “uncertainty”, “sufficient”, and “significant” are used
in the framework without precisely defining their quantitative limits. Any
specific numerical values assigned would be arbitrary and subject to

precisely. In the final analysis, assignment of risk categories must
include a rational examination of the relevant sclentific knowledge for
each introduction.

in the framework, assessments of potential risks arising from the
introduction of microorganisms into the environment are made according
to the three major criteria of familiarity, control, and effects.  Upon
evaluation of these three criteria, a proposed introduction can be fleid-
tested according to established practice or k can be assigned to one of



117

i 1L A o
il e i
it i T
i il sl el it
15 s ol
TR T Hined

0 T Wmm it




118



119

FAGURE 1

FRAMEWORK TO ASSESS FIELD TESTING OF GENETICALLY MODIFIED MICROORGANISMS

introductions with safe history?
w |
Small-scale field test acoording Is there adequate after
© . : Introduction? (see Fig. 3)
Yes No
Have significant adverse
M""""I"i""”h“' m“, Yoo Low unocertainty | Moderate unocertainty
(see Fig. 5)
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FIGURE 2

FAMILIARITY
Is the organism similer t0 those used in past
introductions?

Yes

|
In the intended function similer 1o those used __No

Yoo

Accept as FAMILIAR

-~ Regard as NOT FAMILIAR
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FIGURE 3

CONTROL.
APPROPRIATE QUESTIONS FOR SPECIFIC APPLICATIONS
TO BE ADDED BY USERS OF THE FRAMEWORK

No
is the introduced oiganism
biological confined? (see Fig. 4)
Yes

i
Is gene exchange adequately limited?

: " Regard as .
NOT ADEQUATELY CONTROLLED

Yes

|
Is the spread 10 non-target environments
controlied? _No |

Yeos

Accept as ADEQUATELY CONTROLLED
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FIGURE 4

o BIOLOGICAL CONFINEMENT,
APPROPRIATE QUESTIONS FOR SPECIFIC APPLICATIONS
TO BE ADDED BY USERS OF THE FRAMEWORK

' Yes
Is the microorganism killed before
Introduction?

No
Has the microorganism been effectively

disabled, for example, by incorporating Y |
an effective “suicide’ function 7 ,
No

the microorganism been modified 10 _ Yes Accept as
its ecological niche? : m"

Has
Kmit

Is the microorganism intended for introduction Yes
demonstrably less fit than its unmodified
counterpart?

Regard as NOT ADEQUATELY CONFINED Yoo
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FIGURE &
POTENTIAL ENVIRONMENTAL EFFECTS.
APPROPRIATE QUESTIONS FOR SPECIFIC APPLICATIONS

" TO BE ADDED BY USERS OF THE FRAMEWORK

What is the intended function of the introduced microorganism?

of plant nutrition, e.g., Is the intended
potentially detrimental to







APPENDIX Xii

REQUIREMENTS FOR LICENSING OF VETERINARY
BIOLOGICS PRODUCED BY NEW TECHNIQUES OF
BIOTECHNOLOGY

Source: Agriculture Canada (1989), Guidelines for the Regulation
of Veterinary Biologics Produced by Biotechnology






127
GENERAL LICENSING REQUIREMENTS

Preparation and certification of master seed(bacterial or virus)

Manufacture of experimental product to minimum outline
specifications

Host animal efficacy (immunization and challenge)
Preparation of three consistency serials
Feld safety tests

Satisfactory completion of all test requirements in “Outiine of
Production”

Submission of samples to Veterinary Blologies Evaluation
Laboratory for confirmatory testing

Accept labels
Ucensing
Release of prelicensing serials

Veterinary biologies produced by new techniques of biotech-
nology such as rDNA, chemical synthesls, hybridoma technology may
requlroapeehlmyﬂofpow\cyand stablity determinations. Additional
tests may be required to assure safety, especially when live
microorganisms are present.

In order to maintain uniformity of production, manufacturers are
required to obtain seed materials for production from a lot of seed
material which is defined as the Master Seed. Master Seed and final

product are tested to assure purity, safety, identity and immunogenicity.

The Master Seed for rDNA derived products will consist of a
plasmid or virus carrying the inserted gene. The constructed plasmid is
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then introduced into the appropriate eukaryotic or prokaryotic expression
system selocted for vacine production. Genomic DNA may also be
transferred directly into a variety of mammalian cells. Altenatively, in
such cases, the stable transfected cell will be considered as the Master

Recombinant DNA Master Seeds will be characterized by provid-
ing a construction map of the bacterial plasmid containing the new gene.
Background information conceming the rDNA procedures used to isolate,
purify and identify genetic material from one source and the modification
used for the insertion of this material into a new host is required. The
manufacturer must provide a nucleotide sequence analysis in order to
characterize adequately the foreign DNA used to code for a particular

The manufacturer must prepare "Outlines of Production® that
include procedures to ensure consistency and recovery of specific

mapping, antibiotic resistance, metabolic markers, molecular welight,
activity, and percent protein.

For each serial release of the final biotechnology products testing
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