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The mandate of the International Service for National Agricultural Research (ISNAR) is to
assist developing countries in bringing about lasting improvements in the performance of
their national agricultural research systems and organizations. It does this by promoting ap-
propriate agricultural research policies, sustainable research institutions, and improved re-
search management. ISNAR’s services to national research are ultimately intended to
benefit producers and consumers in developing countries and to safeguard the national en-
vironment for future generations.

ISNAR offers developing countries three types of service, supported by research and train-
ing:

*  Foralimited number of countries, ISNAR establishes long-term, comprehensive part-
nerships to support the development of sustainable national agricultural research sys-
tems and institutions.

*  Forawider range of countries, ISNAR gives support for strengthening specific policy
and management components within the research system or constituent entities.

®  Forall developing countries, as well as the international development community and
other interested parties, ISNAR disseminates knowledge and information about na-
tional agricultural research.

ISNAR was established in 1979 by the Consultative Group on International Agricultural
Research (CGIAR), on the basis of recommendations from an international task force. It be-
gan operating at its headquarters in The Hague, the Netherlands, on September 1, 1980.

ISNAR is a nonprofit autonomous institute, international in character, and apolitical in its
management, staffing, and operations. It is financially supported by a number of the mem-
bers of the CGIAR, an informal group of donors that includes countries, development
banks, international organizations, and foundations. Of the 16 centers in the CGIAR system
of international centers, ISNAR is the only one that focuses specifically on institutional de-
velopment with national agricultural research systems.

ISNAR’s Research Report series presents the findings of research conducted
by the institute and its partners in the area of agricultural research policy,
organization, and management.
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Introduction
e

The purpose of this document is toare in progress to foster the interna-
review the development of modern bio-tional harmonization of approaches to
technology and provide guidance forbiosafety. Supplementary information
policymakers and research managers contained in the appendices.
who need to ensure that new biotech-
nology products are used safely in theilThe constitution of a national biosafety
country. system is important both to foster the
development of modern biotechnology
Itis divided into four sections. The first within a country and to ensure access to
section describes the overall context fomodern biotechnology products gener-
modern biotechnologies. The secondhted elsewhere. The absence of a suit-
summarizes the broader themes of rislable regulatory framework for
assessment and management, as well B®technology also makes it difficult
safety regulation by governments, afor development agencies and private
distilled from existing authoritative companiesto investin biotechnology in
studies. The third provides specific sug-a particular country and to make the
gestions for policies and proceduregproducts of biotechnology available in
that national authorities may wish tothat country. Thus, a safe and efficient
consider in establishing a biosafety sysfegulatory process is in itself a compar-
tem tailored to their specific require- ative advantage in biotechnology and a
ments. The fourth section summarizeprerequisite for access to technology in
the various international activities thatthis rapidly expanding field.

Setting the Context

Biotechnology refers to any tech- Biotechnology consists of a gradient of

nique thauses living organisms or sub-technologies, ranging from the

stances from those organisms to makéng-established and widely used tech-

or modify a product, to improve plants niques of traditional biotechnology

or animals, or to develop microorgan- (e.g., food fermentation, biological

isms for specific uses control) through tomodern biotech-
nology, which is based on the use of




new techniques of recombinant-DNA another. This set of enabling techniques
technology (often callegenetic engi- isreferredto asecombinant-DNAtech-
neering, monoclonal antibodies, and nologyor genetic engineering

new cell- and tissue-culture methods

(figure 1). Over the past two decades there has

been an exponential increase in the
Biotechnologyis not a new science; number of significant advances in ge-
rather, it is a new term that has beemetics (figure 2). It is this increase in
given to the recent evolution of the sci-new techniques for understanding and
ence of genetics. This science originatmodifying the genetics of living organ-
ed in the late nineteenth century withismsthat has led to the greatly increased
the pioneering work of Gregor Mendel. interest and investments in biotechnol-

ogy over the past two decades.

During the 1970s scientists developed

new methods for combining portions of The principal effect of the new tech-
DNA (deoxyribonucleic acid, the bio- niques of modern biotechnology in ag-
chemical material in all living cells that riculture is to broaden the range of
conveys the instructions that govern hehereditary material that can be utilized
reditary characteristics) and for movingby conventional breeding programs in
portions of DNA from one organism to the production of new varieties of use-

Modern Biotechnology
Genetic engineering of plants

Genetic engineering of animals
Genetic engineering of microbes

Recombinant DNA technology
Monoclonal antibody production
Embryo transfer in‘animals

Plant tissue culture

Increasing Complexity ————

Biological nitrogen fixation

Microbial fermentation

Traditional Increasing Cost ————»
Biotechnology

Source Persley (1990)

Figure 1. Gradient of biotechnologies
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Figure 2. Biotechnology milestones, 1866-1992

ful plants, animals, and microbes. Theaxample, to transfer a trait from one
applications developed from these nev¢rop variety to another by conventional
methods place them firmly within the pjant breeding requires the crossing
continuum of techniques used in indus{hybridization) of two different variet-
try, agriculture, and food processingjes. This exchange of genetic material
throughout human history. Thus, whilejnyolves transferring not only the gene
modern biotechnology provides power-controlling the trait of interest, but also
ful new tools, these tools are used toapout half of all the genes from the vari-
generate products that fill essentiallyety carrying this trait. This, in turn,
the same roles as those produced withakes necessary a long and laborious
more traditional methods. The proper-process of backcrossing to eliminate as
ties of these prOdUCtS do not differ SUb-rnuch unwanted genetic material as pos-
stantially from those with which we are sible. Using conventional breeding
already familiar. techniques, undesirable characteristics
are often transmitted along with the trait
The most striking differences be- of interest, and most of the time and ef-
tween the techniques of modern bio- fortin a conventional breeding program
technology and those that have been is consumed in identifying and elimi-
used for many years lie in the in- nating such undesirable traits.
creased precision with which the for-
mer may be used, and the shorter Modern recombinant-DNA technology
time required to produce results.For  (genetic engineering enables plant




breeders to collaborate with molecularthrough extensive trials for yield, agro-
biologists to transfer to a popular andnomic characteristics, and quality at
highly developed crop variety only the different sites and over a number of sea-
one or two genes needed to impart aons, in the same manner as the prod-
new characteristic, such as a specifiazcts of conventional breeding programs
kind of pest resistance. This much moreare evaluated.

precise method of genetic transfer elim-

inates the need for time-consuming andConcerns have been raised about the
difficult backcrossing. It can reduce thenew techniques of modern biotechnolo-
total development time and cost for agy because their potential power is so
new variety substantially. The in- far-reaching, and the number of new
creased precision in plant (and animalproducts so greatt is important to
breeding translates into improved preprovide appropriate regulatory
dictability of the resulting products. Im- mechanisms to ensure that products
proved predictability, in turn, meansproduced by the use of new tech-
greater safety. In addition, the productsiques are as safe as the products of
of modern biotechnology must go traditional biotechnology.

Implications for Biosafety
|

Biotechnology Products

The products of modern biotechnol-The products of modern biotechnology
ogy in agriculture are used in the envi-in agriculture include plants, animals,
ronment and for human consumptionand microbes with, for example, in-
Here, the characteristics of the productgreased resistance to diseases or pests,
themselves determine their safety. Thaltered nutritional requirements, or
processes used to generate the produatsodified performance characteristics.
are relevant only insofar as they de-Some have expressed concernthatthese
scribe product qualities or characterisproducts require special scrutiny be-
tics. This principle has been reiteratecdcause of the means used to produce
in several extensive studies which haveéhem. This is necessary, itis argued, be-
examined the implications of the use ofcause of the difficulty in predicting their
modern biotechnologies in medicine,behavior, particularly when they are re-
agriculture, and the environment (e.g.Jeased into the environment. Several of
NRC 1989; OECD 1986, 1990, 1991,the studies listed above have examined
1992; OTA 1988; Tiedje et al. 1989). these questions and have concluded that
the characteristics of modern bio-




technology products that have al- assuring experience accumulates. This
ready been produced, are now under has been the case with the US National
development, or are anticipated are Institutes of Health guidelines, which
generally similar to those produced are widely used for laboratory-based re-
with traditional techniques, and are search with recombinant DNA. Proce-
consequently familiar to regulatory —dures for assessing and managing the

authorities (e.g., NRC 1989; OECD risks of biotechnology products intend-
1991). ed for uncontained use began with a

similarly cautious approach. By
Modern biotechnology products are de/Mid-1992, over 400 small-scale field
rived primarily from materials with tests were conducted, which include a
which we have long experience in agri-fange of plant species (e.g., cotton,
culture, industry, and commerce. Furmaize, potatoes, rapeseed, rice, toma-
thermore, given the challenges into€s, and soybeans) and microorgan-
producing genetically engineered or-Sms. In light of the experience gained
ganisms that will survive in the environ- in these trials, procedures are being de-
ment long enough to perform theVeloped to govern large-scale releases
desired functions, researchers have @fgenetically engineered organisms for
powerful incentive to work with commercial use in agriculture. In addi-
well-characterized systems and organtion, regulatory processes are being re-
isms as much as possible. viewed to increase their efficiency and

to provide a better link between the de-

The evolution of regulatory policies in 9ree of regulation required and a de-
countries that have accrued the mostexnonstrable degree of hazard (US
perience with biotechnology productsPresident's Council on Competitive-
demonstrates a pattern of initial strin-ness 1991; US Office of Science and
gency and caution followed by lessTechnology Policy 1992).

stringent regulatory requirements as re-

Risk Assessment

Tiedje etal. (1989), in their study for terest and value to regulators (Millis

the Ecological Society of America, 1990).

present a list of important criteria to

considerregarding the safety of planned’he US National Academy of Science
introductions. They also develop (NAS) and its National Research Coun-
risk-assessment criteria established igil (NRC) have released a report on es-
Australia and shows how such criteriatablishing a framework for decisions on
might be linked together in a flexible re- the introduction of genetically modified
view scheme that should be of great inimicroorganisms and plants into the en-




vironment (NRC 1989). The study was1.

charged with identifying criteria for de-
fining risk categories and recommend-
ing ways to assess the potential risks
associated with introducing modified
organisms into the environment.

The report reiterates the principle of the
earlier document thasafety assess-
ment of a recombinant-DNA-modi-

fied organism “should be based on 5.

the nature of the organism and the
environment into which it will be in-

troduced, not on the method by
which itwas modified” (NAS 1987). It
also points out that although genetic
modification by molecular methods

may be more powerful and capable of
producing a wider range of phenotypes,
“no conceptual distinction exists be-
tween genetic modification of plants
and microorganisms by classical
methods or by molecular methods
that modify DNA and transfer genes”

(NAS 1987).

The NRC also recognizes that there is a
long history of utility and safety in the
use of plants and microorganismSo-
ciety has benefitted greatly from the
use of genetically modified microor-
ganisms and plants, and field testing
is essential to increase our knowledge
about the relative safety or risk of
large-scale use of genetically modi-
fied organisms and to determine the
potential utility of the modified or-
ganisms” (NRC 1989).

With regard to thdield-testing of ge-
netically modified plants, the NRC re-
port concludes that

3.

4.

Plants modified by classical genetic
methods are judged safe for field
testing on the basis of experience
with hundreds of millions of geno-
types field-tested over decades. The
current means for making decisions
about the introductions of classical-
ly bred plants are entirely appropri-
ate and no additional oversight is
needed or suggested.

Crops modified by molecular and
cellular methods should pose risks
no different from those madified by
classical genetic methods for simi-
lar traits. As the molecular methods
are more specific, users of these
methods will be more certain about
the traits they introduce into the
plants. Traits that are unfamiliar in
the specific plant will require care-
ful evaluation in small-scale field
tests where plants exhibiting unde-
sirable phenotypes can be de-
stroyed.

The potential for enhanced weedi-
ness is the major environmental risk
perceived for introductions of ge-
netically modified plants. The like-
lihood of enhanced weediness is
low for genetically modified, highly
domesticated crop plants, on the ba-
sis of our knowledge of their mor-
phology, reproductive systems,
growth requirements, and unsuit-
ability for self-perpetuation without
human intervention.

Confinement is the primary condi-
tion for ensuring the safety of field
introductions of classically modi-
fied plants.




5.

Depending on the crop species,
proven confinement options include
biological, chemical, physical, spa-
tial, environmental, and temporal
isolation, as well as size of field plot.

Plants grown in field confinement
for experimental purposes rarely, if
ever, escape to cause problems in
the natural ecosystem.

Established confinement options
are as applicable to field introduc-
tions of plants modified by molecu- 4.
lar and cellular methods as they are
to introductions of plants modified
by classical genetic methods.

With regard to thdield testing of ge-
netically modified microorganisms,
the NRC report concludes that

1.

The precision of many molecular

compared with that regarding
plants. No adverse effects have de-
veloped from introductions of ge-
netically modified microorganisms
to date. Ecological uncertainties can
be addressed scientifically regard-
ing the genetic and phenotypic char-
acteristics of microorganisms as
well as by considering environmen-
tal attributes such as nutrient avail-
ability.

The likelihood of possible adverse
effects can be minimized or elimi-
nated by appropriate measures to
confine the introduced microorgan-
ism to the target environment, for
example, by introducing “suicide”
genes, as they become practicable,
into the organisms.

The NRC report also provides frame-

methods allows scientists to makeworks for the evaluation of risk for the

genetic modifications in microbia
strains that can be fully character-
ized, in some cases to the determina-
tion of specific alterations of bases

in the DNA nucleotide sequence. 1.

The molecular methods have great
power because they enable scien-
tists to isolate genes and to transfer

them across biological barriers. 2.

Although field experience provides

considerable information about3.

some microorganisms (e.g.,
rhizobia, mycorrhizae, and many
plant pathogens and biocontrol
agents), information regarding the
ecology of microorganisms and ex-

I release of plants and microorganisms.
These frameworks are based on the fol-
lowing criteria:

Are we familiar with the properties
of the organism and the environ-
ment into which it may be intro-
duced?

Can we confine or control the or-
ganism effectively?

What are the probable effects on the
environment should the introduced
organism or a genetic trait persist
longer than intended or spread to
nontarget environments?

perience with planned environmen-When the familiarity standard for a
tal introductions of genetically plant or microorganism has been satis-
modified microorganisms is limited fied such that there is reasonable assur-




ance that the organism and the othefied plants and microorganisms and de-
conditions of an introduction are essen{ermine the degree of familiarity of a
tially similar to known introductions, particular caseis shown inappendixD.
and when these have proven to present
negligible risk, the introduction is as- Regulators may therefore use the crite-
sumed to be suitable for field testing ac—rion of familiarity as a guide: How fa-
cording to established practice. miliar are we with products of this type?
How familiar are we with the starting
The familiarity criterion is central to materials? How familiar is the behavior
the Suggested evaluation framework. of similar products in the environment
It permits decision makers to draw for which itis intended? If the level of
on past experience introducing familia_rity iS high,_then_th_e product can
plants and microorganisms into the be reviewed within existing regulatory
environment, and it provides flexibil-  OF safety assurance systems. As areas of

ity. As field tests are performed, infor- increasing unfamiliarity emerge, ap-
mation will continue to accumulate Propriate adaptations to existing review

about the organisms, their phenotypid’focedures may become necessary.
expression and their interactions with

the environment. Eventually, entire The possible types of risks to be as-
classes of introductions may become fasessed in agricultural biotechnology are

miliar enough to require minimal over- the likelihood of the product showing
sight. characteristics of

potential for the plants to become

Familiar does not necessarily mean
weeds;

safe. Rather, to be familiar with the
elements of an introduction means to likely toxicity of plants and plant ma-
have enough information to be able to terials;

judge its safety or risk. _ o _
potential pathogenicity of microor-

When knowledge of the type of modifi- ganisms;

cation, the species being modified, or potential for animals to become
the target environment is insufficientto  pests.
meet the familiarity criterion, the pro-

posed introduction must be evaluatedrhese risks are similar to those assessed
according to whether the organism cafyhen an exotic plant, animal, or micro-
be confined or controlled, as well as theorganism is to be introduced into any
or control it — which define the rela- control of a pest. In many instances in
tive safety or risk of the introduction. the use of modern biotechnology, we
will be much morefamiliar with the
An NRC-recommended framework tolikely behavior of the genetically modi-
assess field testing of genetically modified organism, if it is based on a sin-




gle-gene madification of its parent, thanrisks of the technologies with which
if it were an exotic organism with which they will compet@ . . . What are the
we areunfamiliarin this environment. risks posed by overregulating or failing
to fully develop new technologies?
It follows that, if problems arise in con- How do we weigh costs and benefits?”
junction with the use of modern bio-
technology products, they are mostit would be unfortunate if concerns
likely to be similar to problems with over the potential impact of planned
which we are already familiar and expe-introductions of genetically engi-
rienced as a result of using traditionallyneered organisms, which may be
generated products in similar settingsafer than the competing chemical
(NRC 1989). technologies they could displace, lead
to such a stringent and expensive reg-
In evall_Jating the potential risks ?‘SSOCi‘uIatory approach that economics
ated with these new technologies, th§qce continued reliance on older, less

appropriate question is not “HOW Cangage technologies, such as the wide-

we f‘edﬁce the %otenfla! risks Iio Z?r?‘?”spread use of chemical pesticides in
but “What are the relative risks of the o o vironment.

new technologies compared with the

Possible National or Regional

Biosafety Systems
|

The approach a country takes to en- effectiveness while assuring the
sure the safety of modern biotechnol-  protection of public health and envi-
ogy products will depend on the ronmental safety.

regulatory structures in place. Five
principles that merit consideration by
national policymakers are listed below:

3. Any additional regulatory require-
ments for new biotechnology prod-
ucts should be integrated into the
overall regulatory systems that gov-
ern the release of new products in
the relevant sector.

1. Regulatory review should focus on
the characteristics and risks of the
biotechnology product — not the
process by which it is created. 4. Regulatory programs should be

flexible and capable of adapting

2. For biotechnology products requir- quickly to new knowledge and un-

ing review, the review process
should be set up for efficiency and




derstanding produced by the rapid
advances in biotechnology.

5. To create opportunities for the ap-
plication of innovative biotechnol-
ogy products, all regulation in

Biosafety Guidelines

There are advantages in incorporat-
ing biotechnology regulation in exist-
ing legislation and institutional
arrangements to avoid creating a new
regulatory infrastructure specifically
for biotechnology. New guidelines,
usually linked with relevant existing
legislation, can be formulated and im-
plemented to cover laboratory prac-
tices, small-scale field trials, and
commercial releases. This often re-
quires establishing a national biosafety
committee, supported by an institu-
tional biosafety committee in each re-
search institute dealing with modern
biotechnology.

Based on the following, Millis (1990)
described the advantages of this ap-
proach to the development of biosafety
guidelines:

Flexible guidelines that can readily
be amended in response to new tech-
nigues.

Practicing scientists (e.g., molecular
biologists, microbiologists,
epidemiologists, ecologists) can

environmental and health areas —
whether or not they address biotech-
nology — should use performance
standards rather than rigid controls
or specific design requirements.

Laws always lag behind events, and
in this area of science, the expansion
of knowledge is rapid.

Laws are designed to be interpreted
precisely; guidelines set out the spirit
of the restraints as well as detailed re-
guirements.

Guidelines are acceptable in a court
of law in judging whether an actionis
dangerous or negligent.

Employers have legal responsibility
for their employees, and employers
can require employees to abide by
the guidelines.

Government employment, research
supported by government money,
and all tax or other concessions
granted by government to industry
can be made conditional upon the
beneficiary abiding by the guide-
lines.

In most countries there is legislation
(in addition to common-law provi-
sions) that could control new tech-

serve on the assessment committees nology. New legislation may

on a part-time basis, thus ensuring
that current expertise is always avail-
able.

duplicate existing regulations and, at
worst, cause conflicts between dif-
ferent regulating bodies.
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The hazards of genetic manipulation than laws, which are generally de-
are still conjectural and, hence, signed to address a specific, defined
guidelines seem more appropriate problem.

National Biosafety Committee

T he first step in developing appropri- tory and field research and establish the
ate policies and procedures for the regunecessary structures and responsibili-
lation of biotechnology is to establish aties to see that these are implemented by
national biosafety advisory committee.the relevant organizations in the coun-

Possible terms of reference for such dry.

committee are givenin table 1. The pur-

pose of the national committee is to sefzn jmportant consideration in dealing
policy and procedures at the nationalyitp requests for permission to
level and to provide technical advice tofie|d-test or market modern biotechnol-
the regulatory authorities and the insti-ogy products for commercial applica-
tutions responsible for the regulation oftjgns is to determine whether existing
biotechnology in the country. safety-assurance mechanisms are ade-
quate to evaluate biotechnology (or
The national biosafety committee mayginer new) products. These issues are
be a subcommittee of a national bio-pest considered by governments well in
technology committee, where one ex-dyance of receiving requests for per-
ists. It should contain members with amission to test or market new products
range of relevant scientific disciplinesin order to avoid regulatory uncertainty
(e.g., microbiologist, geneticist, ecolo-or yndue delay in considering the poten-

gist) in addition to nontechnical mem- tj5| applications of biotechnology in the
bers representative of communitycoyntry.

interests.
The situations a national biosafetycom-':Or example, if there are appropriate

mittee is likely to have to deal with areregulatory mechanisms m-country_ to
govern the release of new plant variet-

. . _ies, the sale of vaccines and pesticides,
assessment and regulation of in- :
] and the release of biocontrol agents, the
country research; )

same mechanisms can be used to regu-

assessment of safety ofimported biodate the use of modern biotechnology

technology products. products. If not, then appropriate legis-

lation and regulations need to be intro-

For in-country research, this requiresduced to establish a suitable regulatory

that the national biosafety committeeframework for the agriculture sector as

set out required guidelines for labora-a whole, not just for biotechnology.

11



Table 1. Suggested Terms of Reference for a National Biosafety

Committee (NBC)

Having regard to the Government’s wish for asystem for technical and biosafety
advice to be provided to the Ministers and other appropriate governmental
authorities on the continuing assessment of the risks and benefits, associated w
the production and/or application of biological materials produced in laboratories
and which occur in nature,the Committee shall:

1.

The Scientific Subcommittee shall:

1.

. Review relevant proposals, except those that relate to research under

Establish and review, as necessary, Guidelines for both physical and biologicgl
containment and/or control procedures appropriate to the level of assessed
risk involved in relevant research, development and application activities.

contained laboratory conditions, and recommend any conditions under which
this work should be carried out, or that the work not be undertaken.

Consult with relevant government agencies and other organizations a
appropriate.

Report to the Minister and other responsible governmental authorities at leas
annually, and also report promptly after any breaches of the Guidelines
referred to in 1 above, and on other relevant matters referred to them.

Establish contact and maintain liaison with such monitoring bodies in other
countries and with international organizations, as is appropriate.

As necessary, advise on the training of personnel with regard to safet
procedures.

Collect and disseminate information relevant to the above, having due regard
to the special circumstance relating to proprietary information.

Establish and oversee the work of a scientific subcommittee, whose guidelings
follow and whose role and function include not only participation in items 3, 5,
6, 7, above, but also all research performed under contained laboratory
conditions.

7]

<

Be formed to support the work of the NBC. It shall enter into discussions
directly with scientists and institutions where they work, and with
fund-granting bodies in determining the conditions under which research
should be carried out.

Review proposals for such research and recommend any conditions under
which experiments should be carried out, or that work not be undertaken.

Provide technical advice to theNBC and contribute to its functions in relation
to laboratory contained research.

Sources:Adapted from IICA (1988) and Millis (1990).
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For imported biotechnology products,for any further local testing of the prod-
the regulatory responsibility should restuct prior to its commercial use. In these
with the relevant regulatory agency thatassessments, the national committee
monitors the importation of biological may wish to draw on expert advice from
agents into the country (e.g., the animabutside the country from those familiar
and plant quarantine service). The nawith the characteristics and behavior of
tional biosafety committee should playthe product in its country of origin. A
an active advisory role to this agency tadlist of possible sources of additional in-
assist in assessing the adequacy of thiermation and advice forthe assessment
tests done in the product’s country ofof specific casesis giveninappendix A.
origin and determining if there is a need

Institutional Biosafety Committees

The National Biosafety Committee enough scientific expertise so that it is
(NBC) should request that each institu-not totally dependent on the advice of a
tion in the country conducting researchproject supervisor to make assessments
in modern biotechnology establish anof that supervisor’s projects. The insti-
institutional biosafety committee (IBC) tute may also wish to consider the inclu-
and designate a biological safety offi-sion of persons with a broader
cer. background — one not necessarily

technical — on the committee. In addi-
Table 2 gives terms of reference for artion, the national biosafety committee
institutional biosafety committee. Themay consider it desirable to appoint
responsibilities of a biological safety some persons from outside the organi-
officer are described in table 3. zation to the IBC.

The IBC'’s terms of reference and a listlt is recognized that some organiza-
of its members and their qualificationstions, particularly smaller ones, may
should be widely circulated within the have difficulties setting up an institu-
institution and to the national commit- tional biosafety committee with the reg-
tee, aswellas made publicly available. uisite breadth of expertise. In such
cases, the national biosafety committee
The membership of an institutional could provide the necessary advice and
biosafety committee should includeassistance to fulfill the role of the IBC
members with the appropriate technicafor the institution. Alternatively, the
expertise as well as external experts antliBC could arrange for several smaller
lay members. The IBC should haveorganizations to constitute a common
institutional biosafety committee.

13



Table 2. Suggested Terms of Reference for an Institutional Biosafet

Committee (IBC)

9.

To review and endorse applications;

To consult with and request approvals from the National Biosafety Committeg
(NBC);

To implement the recommendations of thelBC;

To establish a program of inspections to ensure that the physical containmer
facilities continue to meet requirements and that the other procedures ang
practices specified in these guidelines are followed;

To ensure that all personnel involved in the work have sufficient training and
experience;

To maintain a list of project supervisors and other supervisors approved by
the IBC as competent to perform supervisory duties for particular projects;

To maintain individual records and files of individual research projects;

To investigate and report promptly to the NBC all accidents, unexplained
absences and illnesses;

To provide an annual report to theNBC.

Source:Adapted from IICA (1988).

—

Table 3. Suggested Terms of Reference for a Biological Safety Office

(BSO)

1.

The officer should be familiar with the biosafety requirements for the
recombinant -DNA work and facilities, and be able to make checks and advis
on biosafety issues on a day-to-day basis.

The officer should be given sufficient independence and authority to ensur
that biosafety is not compromised by other considerations.

The officer may be amember of the Institutional Biosafety Committeel8C).

A report from the officer should form part of the IBC‘s annual report to the
National Biosafety Committee.

Source:Adapted from 1ICA (1988).

=

11%

D

14



Project Supervisors

For each project concerned withprotocols must exist. Workers must be
modern biotechnology, there should bdamiliar with any hazards in the work
a designated project supervisor responarea and be informed of the purpose of
sible for all aspects of the work. This these guidelines.

person should take full responsibility

for accurately and completely describ-The project supervisor, and indeed all
ing the proposed project to the IBC andpersons who will at some time super-
for carrying out the work in accordancevise the work, must be approved by the
with this description. The project super-IBC as having the requisite compe-
visor must also ensure that all workergence. The IBC should maintain a list of
are suitably trained for the tasks theyapproved supervisors. If the project su-
will perform, as well as in safety and pervisor is changed, the IBC should be
emergency procedures, for which clealadvised promptly.

International Harmonization
e

I nternational harmonization of discussion in several fora, primarily in
biosafety guidelines is the subject ofthe OECD and several UN agencies.

European Community (EC)

The EEC Council released directivesber 1991 by all member countries.
in April 1990 on the contained use andHowever, several countries have en-
deliberate release into the environmentountered difficulties in interpreting

of genetically modified organisms. and implementing these directives into
These were to be implemented by Octonational law.
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Organization for Economic Cooperation
and Development (OECD)

The Organization for Economic Co- ria and guidelines for “good industrial
operation and Development (OECD)large-scale practice” for the handling of
has sponsored continuing collaborationow-risk recombinant-DNA microor-
among its member countries on safetyganisms in industrial production
in biotechnology since the early 1980s(OECD 1992). It also describes good
It prepares guidance documents that ardevelopment principles for the design
broadly accepted by all OECD memberof safe, small-scale field trials with ge-
countries, and which are often used imetically modified plants and microor-
shaping national policies and guide-ganisms, endorsed by the OECD. The
linesin many OECD member countries.OECD is presently considering similar
guidelines for large-scale field trials of
Two principal publications have beengenetically modified plants and micro-
prepared by an OECD committee of na-organisms.
tional experts from 25 countries. The
first is the 1986 study oRecombinant Intended to be scientifically based, the
DNA Safety ConsiderationfOECD OECD documents have the broadest
1986). It contained recommendationssupport of any of the intergovernmental
on safety considerations on the applicaer international guidance documents
tions of recombinant-DNA organisms presently availableThey are recom-
in industry, agriculture, and the envi-mended as a basis for the develop-
ronment which were endorsed by thement of national policies and
OECD Council (table 4). procedures.

The second documentis a 1992 publica-
tion that provides updated safety crite-

UNIDO/UNEP/WHO/FAO Working
Group on Biosafety

A ninformal working group of repre- has prepared a voluntaigternational
sentatives from four UN agencies hasode of conduct for release of organ-
been reviewing biosafety issues oveisms into the environmend group of
the past several years. On behalf of thénternationally recognized experts from
working group, the UNIDO Secretariat several countries met twice in 1990-91
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Table 4. Recommendations ofoECD's Council Concerning Safety Con-
siderations for Applications of RecombinantbNA Organisms in
Industry, Agriculture, and the Environment

The Council,

Considering that recombinant-DNA techniques have opened up new and promising
possibilities in a wide range of applications and can be expected to bring
considerable benefits to mankind:

Recognizing, in particular, the contribution of these techniques tg
improvement of human health and that the extent of this contribution is
expected to increase significantly in the near future;

Considering that a common understanding of the safety issues raised Qy
recombinant-DNA techniques will provide the basis for taking initial steps
towards international consensus, the protection of health and thg
environment, the promotion of international commerce and the reduction of
national barriers to trade in the field of biotechnology;

Considering that the vast majority of large-scale, industrial,
recombinant-DNA applications will use organisms of intrinsically low risk that
warrant only minimal containment consistent with good industrial large-scale
practice (GILSP);

Considering that the technology of physical containment is well known tg
industry and has successfully been used to contain pathogenic organisms fpr
many years;

Recognizing that, when it is necessary to use recombinamNA organisms of
higher risk, additional criteria for risk assessment can be identified and that
these organisms can also be handled safely under appropriate physical and/pr
biological containment;

Considering the assessment of potential risks of recombinamNA organisms
for environmental or agricultural applications is less developed than the|
assessment of potential risks for industrial applications;

Recognizing the assessment of potential risk to the environment of
environmental and agricultural applications of recombinant-DNA organisms
should be approached with reference to, and in accordance with, informatior
held in the existing data base, gained from the extensive use of traditionally
modified organisms in agriculture and the environment generally, and that
with step-by-step assessment during the research and development process
potential risk should be minimized;

Considering the present state of scientific knowledge;

Recognizing that the development of general international guideline
governing agricultural and environmental applications of recombinantDNA
organisms is considered premature at this time;

174
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Table 4. (continued)

11

Recognizing that there is no scientific basis for specific legislation to regulat
the use of recombinantBNA organisms;

On the proposal of the Committee for Scientific and Technological Policy:
1. RECOMMENDS that Member countries

a. share, as freely as possible, information on principles or guidelines fo
national regulations, on developments in risk analysis and on practical
experience in risk management with a view to facilitating harmonization of
approaches to recombinantbNA techniques;

=

b. examine their existing oversight and review mechanisms to ensure that
adequate review and control of the implementation of recombinanBNA
techniques and applications can be achieved while avoiding any undye
burdens that may hamper technological developments in this field;

c. recognize, when aiming atinternational harmonization, that any approach
to implementing guidelines should not impede future developments in
recombinant-DNA techniques;

d. examine at both national and international levels further developments
such as testing methods, equipment design and knowledge of microbigl
taxonomy to facilitate data exchange and minimize trade barriers betweer
countries. Due account should be taken of ongoing work on standards
within international organizations, e.g.,WHO, CEC, ISO, FAO, MSDN; 2

e. make special efforts to improve public understanding of the various
aspects of recombinan®NA techniques;

f. watch the development of recombinant DNA techniques for applications in
industry, agriculture, and the environment, while recognizing that for
certain industrial applications, and for environmental and agricultural
applications of recombinant DNA organisms, some countries may wish tp
have a notification scheme;

g. ensurethe assessmentand review procedures protect intellectual property
and confidentiality interests in applications of recombinant DNA,
recognizing the need for innovation while still ensuring that all necessary
information is made available to assess safety.

2. RECOMMENDS, with specific reference to industrial applications, the
Member countries:

a. ensure, in large-scale industrial applications of recombinant DNA
techniques, that organisms which are of intrinsically low risk are used
wherever possible, and handled under the conditions of Good Industria
Large-Scale Practice (GILSP) described in the report;
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Table 4. (continued)

b.

RECOMMENDS, with specific reference to agricultural and environmental
applications, that Member countries

a. use the existing considerable data on the environmental and human health

INSTRUCTS the Committee for Scientific and Technological Policy to:
a.

—

ensure that, when a risk assessment using the criteria defined in the repo
indicates that a recombinant DNA organism cannot be handled merely by
GILSP, appropriate containment measures, in addition to GILSP, and
corresponding to the risk assessment are applied;

encourage, in large-scale industrial applications requiring physica
containment, further research to improve techniques for monitoring and
controlling nonintentional release of recombinantbNA organisms.

effects of living organisms to guide risk assessments;

ensure that recombinantbNA organisms are evaluated for potential risk,
prior to applications in agriculture and the environment by means of an
independent review of potential risks on a case—by—ca{%basis;

conduct the development of recombinanBNA organisms for agricultural
or environmental applications in a stepwise fashion, moving, where
appropriate, from the laboratory to the growth chamber and greenhouse,
to limited field testing and finally, to large-scale field testing;

encourage further research to improve the prediction, evaluation, and
monitoring of the outcome of applications of recombinantbNA organisms.

review the experience of Member countries in implementing the principles
contained in the report;

review actions taken by Member countries in pursuance of the
Recommendation and to report thereon to the Council;

consult with other appropriate Committees of theOECD in developing
proposals for a coordinated future work program in biotechnology.

Source:OECD (1986).
wHo = World Health Organization, cec = Commission of the European Communities,
IS0 = International Standards Organization, FAO = Food and Agriculture Organization
of the United Nations,msbN = Microbial Strains Data Network.

Case-by-case means an individual review of each proposal against assessment crite
thatare relevant to that particular proposal. This is not intended to imply that every case
will require review by a national or other authority since various classes of proposals
may be excluded.

a.

19

ia



to prepare the proposed code of contechnology products. This document
duct. This document outlines generakhould be valuable to those seeking to
principles or standards of practice applace biotechnology products and their
plicable to the introduction of organ- risks and benefits in an appropriate per-
isms or their products/metabolites intospective. It provides an international
the environment. It sets out basic guideperspective from which to develop fur-
lines for both governments and scienther national policies and procedures as
tists. The guidelines are framed toappropriate.

encourage the commercial use of bio-

United Nations Conference on the
Environment and Development (UNCED)

T he environmentally sound manage-ulation of pesticides, the production of
ment of biotechnology is one of the pri- vaccines, and the use of biocontrol
ority areas being examined inrelation toagents, as well as biosafety.

UNCED. A series of initiatives are be-

ing proposed in a document entitled _ _ .
“Agenda 21,” to be considered at the©One option under discussion is to con-

UNCED conference in Brazil in June Sider the need for, and the feasibility of,
1992. Five program areas are proposedn international code of conduct (or le-
(1) increasing the availability of food, 9al instrument) on biosafety. To estab-
fuel, and renewable raw materials; (2)lish international legal means of control
improving human health; (3) protecting for biosafety would be a departure from
the environment; (4) improving safety the experience acquired during the de-
and international cooperative mechavelopment of biotechnology in OECD
nisms; (5) establishing mechanisms focountries. All OECD countries regulate
the development and environmentallybiotechnology on the basis of guide-
sound application of biotechnology. lines or national legislation. Further,
different approaches are being taken by
If biotechnology is to be used safely andvarious OECD members, based on the
effectively, its regulation needs to be aOECD Council’s guidance documents
component of the national regulatoryon “good development practices,”
framework in the relevant sector. It iswhich provide the basis for the develop-
this that is necessary to ensure the safgent of national approaches.
and timely introduction of new prod-

ucts, not the biosafety componen . . . .
y P LI'he imposition of an international legal

alone. For example, in the agricultural . .
gamework on regulating biotechnol-

sector, the regulatory system needs t b by individual tri
cover plant and animal quarantine, the?9Y May be Seen by Individualcountries

approval of new plant varieties, the reg-"JIS a “top-down” approach — rather

than enabling each to determine its own
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strategies in light of the available infor- A useful outcome from UNCED would
mation, the accumulating experience irbe for all countries to examine
modern biotechnology, and nationalUNIDO’s voluntary International
priorities for the use of biotechnology in Code of Conduct on the Release of Or-
medicine, agriculture, and the environ-ganisms into the Environmeaitd to es-
ment. The strategies chosen are likely tdablish an “enabling mechanism” to
differ, depending on the size of theprovide advice, on request, to individ-
country, the environmental and devel-ual countries seeking to establish a na-
opment challenges it faces, the strengtktional regulatory framework for the use
of its science and technology sectorpf biotechnology.

and whether it is primarily a developer

or an importer of technology.
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Appendix A

Additional Sources of Information
e

Africa
Cote d'lvoire

Dr. Gaston Grenier

Director General

Kenya

Dr. John Doyle

Deputy Director
General

Dr. Calestous Juma

Director

Zimbabwe

Prof. C. Chetsanga

Pro-Vice-Chancellor

Asia
ASEAN

Prof. Yongyuth

Yuthavong
Chair

India

Dr. S. Ramachandran

Secretary

Dr. Manju Sharma

Senior Advisor

Dr. H. K. Srivastava

Project Coordinator

Institut International de Recherche  Telephone: 225-454170

Scientifique pour le Developpement Fax: 225-456828
en Afrique (IIRSDA)

B. P. V51 Abidjan, Cote d’lvoire

International Laboratory for Research Telephone: 254-2-63211
in Animal Diseases (ILRAD) Fax: 254-2-631499
Nairobi, Kenya

African Centre for Technology StudiesTelephone: 254-2-744047
P. O. Box 45917 Fax: 254-2-743995
Nairobi, Kenya

University of Zimbabwe Telephone: 263-4-303211
P. O. Box MP167 Fax: 263-4-732828
Mount Pleasant

Harare, Zimbabwe

ASEAN Subcommittee on Telephone: 66-2-245-2498
Biotechnology Fax: 66-2-246-4850
National Center for Genetic

Engineering and Biotechnology

National Science and Technology

Development Agency

Rama VI Road

Bangkok 10400, Thailand

Department of Biotechnology Telephone: 99-11-360598
Ministry of Science and Technology Fax: 91-11-362884
Block 2, 7th Floor, CGO Complex

Longi Road

New Delhi 110003, India
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Indonesia

Central Research Institute for Food
Crops (CRIFC)

Jalan Merdeka 147

Bogor 16111, Indonesia

Dr. Ibrahim Manwan

Dr. Setijati R&D Centre for Biotechnology
Sastrapradja Indonesian Institute of Sciences
Botanist P. O. Box 323

Bogor Indonesia
Australia

Dr. Nancy F. Millis
Chairperson

Australian Genetic Manipulation
Advisory Committee
Department of Microbiology
University of Melbourne
Parkville, Victoria 3052 Australia

Telephone: 62-251-324089
Fax: 62-251-325251

Telephone: 62-251-321038

Fax: 62-251-321039
Telephone:

61-62-3344-504
9
Fax:

61-62-3344-510
4

Inter-American Institute for Cooperation in Agriculture (IICA), Costa Rica

Dr. Eduardo Trigo Technology Generation & Transfer

Director Program
Dr. Walter Jaffe Inter-American Institute for
Specialist Cooperation on Agriculture

Box 55, 2200 Coronada
San Jose, Costa Rica

Telephone: 506-290-222
Fax: 506-294-741

International Service for National Agricultural Research (ISNAR), The Hague

Dr. Barry Nestel
Director

Research Policies and System
Strategies

International Service for National
Agricultural Research

P.O. Box 93375

Telephone: 31-70-349-6149
Fax: 31-70-381-9677

2509 AJ The Hague, The Netherlands

Organization for Economic Cooperation and Development (OECD), Paris

Dr. Peter Kearns Organization for Economic
Dr. Victor Morgenroth Cooperation and Development
Dr. Bruna Teso 2, Rue André Pascal

75775 Paris Cedex 16, France

Rockefeller Foundation

Dr. Gary Toenniessen The Rockefeller Foundation
1133 Avenue of the Americas
New York, NY 10036, USA

Telephone:

33-1-45-24-16-
77
Fax:

33-1-45-24-16-
75

Telephone: 1-212-869-8500
Fax: 1-212-764-3468
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Stanford University

Prof. John Barton Stanford Law School Telephone: 1-415-723-2691
Stanford University Fax: 1-415-723-0253
Stanford, CA 94305-8610, USA

United Nations Industrial Development Organization (UNIDO), Vienna

Dr. George Tzotzos International Centre for Genetic Telephone: 43-1-211310
Science Coordinator Engineering and Biotechnology Fax: 43-1-232156
(ICGEB)
Vienna International Centre
P.O. Box 300

Wadramer Strasse 5
A-1400 Vienna, Austria

United States Agency for International Development (USAID), Washington, DC

Dr. Joel Cohen Room 412, SA-18, Office of Telephone: 1-703-875-4219
Biotechnology and  Agriculture Fax: 1-703-875-5490
Genetic Resource  Bureau for Research & Development
Specialist US Agency for International

Development
Washington, DC 20523-1809, USA

Dr. John Dodds USAID Project Telephone: 1-517-336-1641
Managing Director  Agricultural Biotechnology for Fax: 1-517-336-1982
Sustainable Productivity
Michigan State University
416 Plant and Soil Science Building
East Lansing, MI 48823, USA

United States Department of Agriculture (USDA), Washington, DC

Mr. Terry Medley, Esq. Biotechnology, Biologics, & Telephone: 1-301-436-7601
Director Environmental Protection Fax: 1-301-436-8724
Dr. John Payne Animal & Plant Health Inspection

Associate Director Service

Dr. L. Val Giddings U.S. Department of Agriculture
Senior Geneticist 6505 Belcrest Rd.

Dr. Sally McCammon Hyattsville, MD 20782, USA
Senior Plant
Pathologist

World Bank, Washington, DC

Dr. Gabrielle Persley Agriculture and Rural Development Telephone: 1-202-473-0353
Biotechnology Department Fax: 1-202-334-0568
Manager The World Bank

1818 H Street, NW
Washington, DC 20043, USA
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Hall, P. 1991. Applying Biotechnology in tion on Agriculture. 137pp.
Developing Countries: Biosafety and
Risk Assessment Issues in International
Biotechnology Transfer. (mimeo) 166p.
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the release into the environment of ge-
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Risk Assessment in Genetic Engi-
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DC: National Academy of Sciences, OECD. 1991. A Discussion Paper on Per-

National Academy Press.

This booklet outlines the findings of a

National Academy of Sciences study on
the scientific basis of field releases of

genetically engineered organisms.

NRC. 1989. Field Testing Genetically

Modified Organisms: Framework for
Decisions. Washington, DC: National
Research Council, National Academy
Press.

formance Trials for the Development of
Plant Cultivars. Paris: Organization for
Economic Cooperation and Develop-
ment. 56pp.

This discussion paper builds on the ear-
lier OECD papers on small-scale field
tests to provide guidance for the next
major step — large-scale or perfor-
mance-trial plantings of genetically
modified organisms.

Produced by the US National AcademyoECD. 1992. Safety Considerations for

of Sciences, this study examines the re-
lationship between products of the tech-
niques of modern biotechnology and
more traditional methods and points out
factors helpful to regulatory decision
makers in assuring safety.

OECD. 1986. Recombinant DNA Safety

Considerations. Paris: Organization for
Economic Cooperation and Develop-
ment. 67pp.

This document outlines an approach to
safety assurance/risk assessment and
management that has been formally
adopted by OECD member countries. It
represents the first major step towards
international harmonization of ap-
proaches to safety assurance for bio-
technology products and outlines a
rational approach based on sound sci-
ence and effective regulatory strategies.

Biotechnology — 1992. Paris: Organi-
zation for Economic Cooperation and
Development.

This documentis a follow-up to the 1986
OECD publication of the first interna-
tional safety guidelines for biotechnol-
ogy. The document elaborates on safety
criteria for good industrial large-scale
practice (GILSP) for the handling of
low-risk recombinant-DNA microor-
ganisms and cell cultures in industrial
production. It also defines good devel-
opment principles (GDP) for the design
of safe, small-scale field research with
genetically modified plants and micro-
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developing safe and effective biosafety
procedures in the laboratory and in the
field.

OTA. 1988. Field-Testing Engineered Or-

OECD. 1990. Good Developmental Princi-

ples: Guidance for the Design of
Small-Scale Field Research with Ge-
netically Modified Plants and Mi-
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operation and Development. 30pp.
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for safety assurance in small-scale field
tests of genetically modified organisms.
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Lancaster, PA: Technomic Publishing
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as New Developments in Biotechnol-
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Environment. Vienna: United Nations
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group on biosafety.
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Appendix C

Glossary
|

Amino Acid Biosafety

Any one of a group of 20 chemicals that areThe policies and procedures adopted to en-
linked together in various combinations tosure the environmentally safe applications
form proteins. Each protein is made up of aof biotechnology.

specific sequence of these chemicals. This

unique sequence is coded for byeme Biotechnology . _
Any technique that uses living organisms or

substances from these organisms to make or

modify a product, to improve plants or ani-

mals, or to develop microorganisms for spe-
e?IfIC uses.

Anticodon

A particular combination of threkasesin
transfer RNA that is complementary to a
specific three-base codon in messeng
RNA. Alignment of codons and anticodons

is the basis for organizing amino acids into 8The smallest component of life. A mem-

specific sequence in a protein chain. brane-bound protoplasmic body capable of
_ carrying on all essential life processes. A

Bacterium single cell unit is a complex collection of

Any one of a group of one-celled microor- melecules with many different activities.
ganisms having round, rodlike, spiral, or fil-

amentous bodies that are enclosed by a cefdNA sequencing
wall or membrane and lack fully differenti- Determination of the order of bases in a
ated nuclei. DNA molecule.

Base Enzyme

The units of a nucleic acid. In DNA, the four A Protein that accelerates a specific chemi-
bases are adenine (A), guanine (G), Cytog:al reaction, withoutitself being destroyed.
sine (C), and thymine (T). In RNA, the base
uracil (U) replaces thymine. Bases ar
sometimes calleducleotides

Gene

®r'he fundamental physical and functional
unit of heredity, the portion of a DNA mole-

o cule that is made up of an ordered sequence

Base-pairing rule of nucleotide base pairs that produce a spe-

Two bases, one in each strand of a doUgific product or have an assigned function.
ble-stranded DNA molecule, are attracted

to one another on the basis of their chemicaisenetic code

structure: G (guanine) always pairs with CThe code that translates information con-
(cytosine), and A (adenine) pairs with T tained in messenger RNA into amino acids.
(thymine) in DNA or with U (uracil) in  Different triplets of bases (called codons)

RNA. Based on the sequence of bases in ongode for each of 20 different amino acids.
strand of DNA, it is possible to predict the

sequence in the opposite, complementaryGenetic engineering
strand. Technologies (including recombi-
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nant-DNA technologies) used to isolateRestriction enzyme
genes from an organism, manipulate thenBacterial enzymes that recognize specific
in the laboratory, and insert them into an-short sequences of DNA and cut the DNA

other organism. where these sites occur.

Genotype RFLP

The genetic constitution of an organism asgestriction fragment length

distinguished from its physical appearancgolymorphisms — fragments of differing

(phenotype). lengths of DNA that distinguish individu-
als, produced by cutting with restriction en-

Germ plasm zymes. They result from variations in the

The total genetic variability, represented byDNA sequence and can be detected with ra-
germ cells or seeds, available to a particuladioactive probes and used as markers in
population of organisms. breeding.

Hybrid RNA (ribonucleic acid)
An offspring of a cross between two geneti-Nycleic acid complementary to DNA — the
cally unlike individual plants or animals.  three kinds of RNA importantin the genetic
processes in cells are messenger RNA

Hybridoma (mRNA), ribosomal RNA (rRNA) and
A new cell resulting from the fusion of a transfer RNA (tRNA).
myeloma cell (a type of tumor cell that di-
vides continuously in culture) with a lym- .
phocyte (an antibody-producing cell). Species . . .

/" Reproductive communities and populations
Cultures of such cells are capable of contin-

e that are distinguished by their collective
uous growth and specific (i.e., monoclonal) . . L ,
. ; manifestation of ranges of variations with
antibody production.

respect to many different characteristics

and qualities.
Intellectual property

That area of the law involving patents,

copyrights, trademarks, trade secrets, andissue culture _
plant variety protection. The propagation of tissue removed from or-

ganisms in a laboratory environment that
has strict sterility, temperature, and nutrient

Ligase requirements.

An enzyme that joins the ends of DNA mol-
ecules together. These enzymes are essen-

tial tools in genetic engineering. Transcription
The process of converting information in
Monoclonal antibodies DNA into information contained in messen-

Identical antibodies that recognize a single e RNA.
specific antigen and are produced by a clone

of specialized cells. Transfer RNA (tRNA)

RNA that is used to position amino acids in
PCA the correct order during protein construc-
Polymerase chain reaction. tion.
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Transformation Translation
Introduction and assimilation of DNA from The process of converting the information
one organism to another via uptake of nakedh messenger RNA into protein.
DNA.

Vector
Transgenic animals or plants A carrier or transmission agent. In the con-
Animals or plants whose hereditary DNA text of recombinant-DNA technology, a
has been augmented by the addition of/ector is the DNA molecule used to intro-
DNA from a source other than parentalduce foreign DNA into host cells. Recombi-
germ plasm, in a laboratory using recombi-nant-DNA vectors include plasmids,
nant-DNA techniques. bacteriophages, and other forms of DNA.

Source:Persley (1990b).
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Appendix D
Framework for Risk Assessment

Is there FAMILIARITY based on past
introductions with safe history?

Yes No
Field test according to Is there adequate
established practice CONFINEMENT?

(manageable by
accepted standards).

Not certain Yes
Evaluate potential Field test under
ENVIRONMENTAL EFFECTS. appropriate confinement.

Source:Modified from NRC (1989).

Appendix Figure 1. Framework to assess field testing of genetically
maodified plants




Is the genetically modified plant a product
of classical genetic methods?

No Yes

Yes

Is the genetically modified plant phenotypically > » Regard as FAMILIAR
equivalent to a product of a classical method?

No Yes

Is the plant modified only by the addition of
a marker gene or DNA sequence that will have
no agricultural or environmental effect?

No

Regard as NOT FAMILIAR

Source: Adapted from NRC (1989)

Appendix Figure 2. Familiarity tests for genetically modified plants

33



Are cross-hybridizing
species present?

Yes or
No uncertain
Yes or .
Can the genetically modified plant uncertain > > Evaluate potential
escape confinement? ENVIRONMENTAL
EFFECTS
Yes or
No uncertain
Is the genetic modification
mobile or otherwise unstable?
No
FIELD TEST
Source:Modified from NRC (1989).
Appendix Figure 3. Confinement tests for genetically modified plants
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— s there potential for negative impact on managed
ecosystems?

Does the plant have altered resistance to insects or
pathogens?

Does the plant have new weed characteristics?

Does the plant pose hazards to local fauna or
flora?

—— Is there potential for negative impact on natural

ecosystems?
Perform field test under Are cross-hybridizing relatives present?
appropriate confinement +— Y 9 P
level based on potential Can the new trait impart increased competitiveness
environmental effects to weedy relatives?
Does the genetically modified plant have new weed
characteristics that could make it successful
outside of the managed ecosystem?
o
o

o
L (Other potential environmental effects)

Source:Modified from NRC (1989).

Appendix Figure 4. Potential environmental effects:
appropriate questions for specific applications to be
added by users of the framework for release of ge-
netically modified plants
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Is there FAMILIARITY based on past
introductions with safe history?

Yes No

Field test according to Is there adequate CONTROL after introduction?
established practice

Yes No
Yes Low uncertainty Moderate uncertainty
Have significant adverse
environmental EFFECTS
been reasonably excluded? . . .
No Moderate uncertainty High uncertainty
Source:Modified from NRC (1989).
Appendix Figure 5. Framework to assess field testing of genetically

modified microorganisms

36



Is the organism
used in past i

A

Is the intended
to those used in p

similar to those
ntroductions?

Yes
4

function similar
ast introductions?

Yes

A

4

Is the target environment similar

to those used in p

ast introductions?

Yes

A

Accept as

4
FAMILIAR

No

No »  Regardas
NOT FAMILIAR

v

No

Source:Adapted from NRC (1989).

Appendix Figure 6.

Familiarity tests for genetically modified microor-
ganisms
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Is the introduced organism
adequately biologically controlled?

Yes
No
Is gene exchange 4No> — Regard as
adequately limited? NOT ADEQUATELY
CONTROLLED
No

Yes

Is spread to nontarget
environments controlled?

Yes

Accept as ADEQUATELY CONTROLLED

Source:Modified from NRC (1989).

Appendix Figure 7. Control:
Appropriate questions for specific applications to be
added by users of the framework for the release of
genetically modified microorganisms
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Is the microorganism killed
before introduction?

No

Has the microorganism been effectively Yes

disabled, for example, by incorporating Yes
an effective "sujcide" function?
Accept as
—® ADEQUATELY

No
CONFINED

\

. . - es
Has the microorganism been modified to

limit its ecological niche?
Yes

No

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

No

Regard as NOT ADEQUATELY CONFINED

Source:Modified from NRC (1989).
Note: With respect to substrate utilization, host range, physiological tolerance, resistance, or competitiveness.

Appendix Figure 8. Biological confinement:
Appropriate questions for specific applications to be
added by users of the framework for the release of
genetically modified microorganisms
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What is the intended function of the introduced organism?

—— Microbial enhancement of plant nutrition
For example, is the intended function, if carried out in excess,
potentially detrimental to the target environment?

—— Microbial biodegradation of toxic pollutants

For example, is it possible that toxic compounds could be produced
as by-products of the microorganism's biodegradative activities?

— Microbial biocontrol of pest populations

For example, is the biocontrol agent specific to the target pest
population or might it also be toxic or pathogenic to other
organisms (including plants, invertebrates, or vertebrates) in
the environment?

FOOO

(Other potential environmental effects)

Source:Modified from NRC (1989).

Appendix Figure 9. Potential environmental effects:
Appropriate questions for specific applications to
be added by users of the framework for the release
of genetically modified microorganisms

40



N

&)

Covers: Chlorine-free paper
Inside pages: Recycled paper

Produced by ISNAR Publications Services

Text editor:  Kathleen Sheridan
Printer: Rapporten Service Drukkerij B.V., Rijswijk, The Netherlands



ISBN 92 9118 005 X

@
o
2
2,
@®

<
3
3
[
=
@
>

=]
=
=
£
g
=5
@
=3
3
g
s
o

8

<
>

=
a
@
2
3
o
2
S
3
@
=

snar

International Service for National Agricultural Research

Headquarters

Laan van Nieuw Oost Indié 133, 2593 BM The Hague, The Netherlands

Correspondence

P.O. Box 93375, 2509 AJ The Hague, The Netherlands

Communications

Tel: (31) (70) 349-6100, Fax: (31) (70) 381-9677, Telex: 33746, Email: Dialcom (CGNET): 157:CGI601 or Internet: ISNAR@CGNET.COM




