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GENETIC MODIFICATION

RISKS AND SAFEGUARDS












A sample fube containing a
pellet of human DNA (white)

Flowers can be genefically engineered fo produce different colours

nature of the organism, to give it new and beneficial characteristies or to remove harmful
or undesirable ones.

Genetic modification is possible only up to a point. We can make tomatoes that
keep longer, chrysanthemums with a different colour, and bacteria that can break down

pollutants, but not mermaids or dinosaurs,

")

PLANTS: modification of some plant cells
makes use of vectors derived from
plasmids found in @ common plant
pathogen called Agrobacterium which

can inject DNA into a plant cell.

ANIMALS: many important studies on
human disease or new pharmaceuticals
use animal, including human, cells
cultured in the laboratory. Vectors for
such cells, and for whele animals and
human therapy, are often derived from
viruses. Because most viruses are
pathogenic, it is impertant to ensure that

they are properly disarmed and are safe.

Most vectors include a method of
detecting their presence in the cell. Such
markers can include antibiofic resistance
genes or enzymes which produce a colour
change in the presence of certain
chemicals. Marker genes may also raise
concerns over safefy if they give the
madified organisms potentially
undesirable characteristics.







crop plants which are immune to diseases

or herbicide folerant;

tomatoes which do not produce the
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bacteria specifically modified to degrade

toxic environmental pellutants such as

PCBs and dioxins;

@ scientific
research into major diseases such as

cancer and AIDS.




PRINCIPLES OF RISK

There is a widely accepted structure for
carrying out a risk assessment. It is broken
down into defined stages as follows:

1 Identity all of the possible harmful
events that could be associated with the

organism or the work being dene.

2 Estimate how likely it is that these
events will actually occur, by considering
the properties of the organism, the
people, plants, animals and environment
that could be affected, and the type of

work and equipment being used.

3 Determine for each event how
serious it would be if it were fo occur:
would it be frivial or very damaging, or

somewhere in between?

4 Decide on the overall level of risk -
1y combining all the above factors for all
the hazards,

5 Finally, adopt appropriate safeguards
and check that they will adequately
control the risks.

RISK ASSESSMENT ApLR'ERN N

RISK ASSESSMENT Before the right controls can be chosen for a risk it
must be assessed. That means coming t a judgement about three things: what might
happen; how likely it is that it will happen; and if it did, how serious thar would be.

These judgements are becoming easier in genetic modification, but were quite
difficult in the beginning. It was hard to be confident thar all of the possible harmful
effects had been thought of, and for those that had been, their likelihood was often not
well understood. And sometimes there is still disagreement about how much a particular
alteration of the natural or human-made environment would matter, and even about
whether it should count as harmful or beneficial.

In other words, one of the leading features of risk assessment in genetic

modification was, and to a degree siill is, uncertainty.

DEALING WITH UNCERTAINTY:
PRECAUTION OR PREVENTION? Health and safety law, or law
aimed at protecting the environment, is often introduced after something has gone
wrong, for example because a particular machine has caused accidents or because a
chemical has harmed people or wildlife. The law can then be targeted at a known risk
and the effects of it can be measured. In other words it is introduced in reaction to events
and to prevent harm that we know will otherwise happen.

The law relating to genetic modification has for the most part not been like that.
Because of the uncertainty it has faced, it has had to be precautionary; that is, an attempt
to make sure that possible and even unforeseen dangers (if any) do not cause actual harm
before they can be fully understood. Gradually, as knowledge increases, precautionary
safeguards can be replaced by better targeted, preventative ones based on scientific

understanding of real possibilities.

Researcher using a
micrescope lo examine a cell
culture taken from o patient

affected by a genelic disease

Cryogenic sforage of DNA:

tissues containing DNA for
research are sfored in liquid
nifrogen at -196 degrees

centigrade



ARB BN BIMENT OF CONTROLS

THE DEVELOPMENT OF CONTROLS The early fears about
genetically modified organisms provoked a strong reaction. Scientists working in the field
were themselves alarmed, and 1974 saw the unusual situation of scientists restricting their
own research, by voluntarily banning work on certain organisms while the risks were

assessed and controls put in place. Governments anxious to make sure that nothing went

wrong began to introduce safeguards in a process that is continuing to this day.
This process over the last twenty years has been one of refining such controls in
parallel with the growth of knowledge abour the true risks. Greater understanding has

meant that while not all of the early fears have entirely gone away they are now seen as »

THE UK - A LITTLE HISTORY

In 1974 the government set up a working
party under Lord Ashby to consider what
should be done in the UK. if gave the new
technology the ‘amber light’,
recommending that with sirict safeguards
it should be allowed to continue because

of the potentially great benefits.

Another working party under Professor
Robert Williams took things forward in 1976.
It drew up a code of practice for laboratory
work with GMOs. It recommended the
formation of @ Genefic Modification
Advisory Group (GMAG) o examine
proposals for GMO work, and saw this as a
way to build up a body of experience and
‘casedaw’. It proposed that regulations
under the Health and Safety at Work etc.
Act 1974 (HSW Act) should make
notification to GMAG compulsory.

GMAG was set up and in the following
years published @ number of influential
reports (listed in the Further information
section) which laid the foundations for
current guidance on risk assessment and

control. Notification regulations were »




» infroduced in 1978 covering the actual

madification of organisms.

In 1984, GMAG became the Health and
Salety Commission’s Advisory Committee
on Genetic Modification (ACGM). In 1989,
the regulations were extended o cover
also the use of GMOs and the release of
GMOs to the environment, though the
purpose of the legislation was restricted
1o the protection of human health. EC
directives on GMOs led in 1993 to the two
sels of regulations that we have now,
dealing separately with confained use
and deliberate release, and with the
protection of both human health and the

natural environment.

As the deliberate release of GMOs into the
environment became a real issue in the
|ote 1980s, o new commitiee split off from
ACGM to deal with this area: the Advisory
Committee on Releases to the Environment
(ACRE). The two commitiees are now
largely independent, with ACGM
overseeing genetic modification

activities in containment and ACRE the
release of GMOs and the

marketing of GMO products.

P less likely to be realised in a disastrously uncontrolled way, especially as far as human
health risks are concerned.

There are two main reasons for this. One is that it is increasingly clear that the
combination of events that would be necessary to produce a harmful organism
accidentally is very improbable. The other is a growing confidence in the controllabiliry
of the technology - the degree to which organisms can be designed to be safe.

This has changed the way in which risk is assessed. For example, in the early days ic
was thought that the unpredictable effects of transferring genertic material from one species
to a very different one, or using an ‘impure’ mixture of DNA fragments, were the things to
be most worried about. Oudandish results were feared. Now we are more interested in
assessing the effects of planned and relatively small changes to a familiar organism.

As a result, the regulation and control of genetic modification have become more
and more like those of other potentially hazardous activities. They are increasingly
concerned with the foreseeable consequences of intentional acts, as the area of the

unforeseen and unpredictable grows smaller.

Production of genetically
engineered pharmaceuficals
(reproduced by permission

of British Bio-fechnology

Group pic)
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DNA electrophores nfist
looking at DNA fragments in
an electrophoresis cell. The
fragments have been stained
with ethidium bromide. This

fi es under UV light and
makes viewing easier. A face
visor is worn for eye

protection from the UV light.

"W HAT DOES

ACGM is one of a number of advisory committees ser up by the Health and Safery
Commission (HSC) to advise it on a range of industrial sectors and types of acriviry.
Some of ACGM’s members represent employers and workers, and others are
independent Ié:xperts in the science and technology of genetic modification (sec Appendix
for details of ACGM'’s membership since 1984). ACGM does three things:

D prepares guidance on how to work safely;

D examines proposals from people who want to work with GMOs;

0 advises the HSC and the government on policy and law.

ACGM GUIDANCE ACGM guidance has been developed into a
compendium of guidance notes, covering principles of risk assessment, the selection of
control measures, and special advice on particular kinds of GMO work. They are

summarised in the box.

EXAMINATION OF PROPOSALS FOR GENETIC
MODIFICATION WORK
advising on whether or not they were likely o be safe was GMAG's original purpose, and
has always been an important part of GMAG's and then ACGM's work. This is where the

Looking at proposals for GMO work and

commitree acts most directly as a safeguard against mishap. In the early days any proposal
to undertake genetic modification was discussed in detail. As
knowledge of the risks and guidance on assessment was developed,
the need to scrutinise low-risk work was reduced. At present, ACGM
examines only proposals for high-risk or particularly novel work and
much of this is done by postal circulation or in specialist sub-groups
of the committee. As a result of this scrutinising role, GMAG and
then ACGM have berween them been closely involved in a number
of key stages in the development of genetic modification technology.

1 T

D O?

ACGM GUIDANCE NOTES
Note 1 - Work with cancer genes

Note 2 - Safe host and veclors

(now in Note 7)

Note 3 - Deliberate release of GMOs

(now withdrawn)

Note 4 - Health surveillance

Note 5 - Risk assessment for viruses
Nole é - Large-scale work

Note 7 - Risk assessment for bacteria
Note B - Laboratory safety

Note 9 - Modified animals

Note 10 - Modified plants

Note 11 - local safefy commitiees

The latest compendium of guidance notes

can be obtained from the ACGM
Secrefarial. See the Further information

section for details.




ACGM GUIDANCE FOR
RESEARCH WORK

There are three main ACGM guidance
documents which give advice on how to
assess the risks to human health and the

environment and how to control any risks.

ACGM Note 7 covers the risk assessment
of work with genetic modification
bacteria and the selection of confrol
measures, to protect both the health of
researchers within the establishment and
the wider environment against escape of
the organism. Much of the guidance is
aimed at encouraging the use of
infrinsically safe (disabled) host
bacteria and vectors.

ACGM Note 5 provides similar guidance
for work with viruses, including those that

are pathogenic for humans or animals.

MAIN ACTIVITIEE

RESEARCH: WHERE IT ALL BEGINS Much of the work carried out
so far using genetic modification has been in research and development, either as the first
stage in the development of a practical application or with the rechniques of modificarion
being used as a wol in fundamental biological research. This field has therefore up to now
been the main focus of attention for regulation and control, and early requirements and
guidelines were largely aimed at the laboratory.

Even so, most laboratory work is low risk, involving for example the cloning of
genes into bacteria so that their coded information can be examined (DNA sequencing).
Higher risk work might involve the modification of arganisms that are already human
pathogens, or the insertion of genetic material thar is itself potentially harmful, for
example genes that are associated with cancer.

Genetic modification is widely used in academic, medical, agricultural and
commercial research and development. Most universities, large hospitals and research
institutes together with commercial companies engaged in pharmaceuricals,
biotechnology or plant breeding have notified genetic modification work to HSE. In
1993 there were 420 notified premises where 3500 new projects were started at the
lowest level of risk. About 75 research projects, mainly on disease prevention, were
notified at the higher levels of risk. In total, there are approximartely 20 000 projects
involving genetic modification research in the UK.

GMAG and ACGM have also naturally spent much of their time developing
guidance on risk assessment and containment for research activities, and scrutinising
research proposals. As the technology has developed, attention has shifted from work
involving bacteria to the modification of viruses, animals and plants.
LARGE-SCALE WORK To secure all the benefits of genetic modification, the
technology must be exploited in commercial and industrial processes. Some of these will be
small-scale (for example some medical applications and production of fine chemicals) and

little different from rescarch in the safety problems they create. But often we want as much

A mechanism for replicafion
of DNA. The two anliparaliel
strands of nucleotides are

joined through hydregen

bonding between the bases

adenine (A), thymine (T),

guanine (G) and cytosine (C)
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of a product as production engineering can provide, and that means large-scale processes.
In the early days there were understandable fears about scaling up, simply because it
is intrinsically more difficult to contain large quantities of anything. Bur two other
factors have lessened those fears:
O large-scale processes are not embarked upon unil they have been tried and tested
and understood. The equipment is designed to be reliable and there is strong
commercial pressure for it to be operated safely and reliably;
the great advantage of genetic modification is that the genes having the sought-after
effect can be put into organisms tailored for safery (production of the heparitis
vaccine mentioned on page 4 is an example). In fact it will generally be true that
controls are needed more to protect the process and product from the outside world
than vice versa.
For these reasons, although large-scale work is certainly seen as having its own
features and place in the regulatory framework, it is not now regarded as especially
hazardous in itself.
Early attention was given by the Organisation for Economic Co-operation and
Development {(OECD) to the setting down of principles of safe working on a large scale.
It drew up a set of influential guidelines in a 1986 publication called Recombinant DNA
safety considerations. This covered the control measures thar should be applied, and also
established criteria for identifying genetically modified organisms that could be used
without special containment measures, because they were no more dangerous than
naturally occurring non-pathogenic organisms. This range of organisms was
Scientists to be covered by what was described in the OECD guidelines as ‘good
examining DNA 4 industrial large-scale practice’ (GILSP). Members of ACGM and HSE
sequencing ol played an important part in shaping these guidelines and they reflected to a
autoradiogram over large extent the principles that had been developed by ACGM and GMAG
a light box {) } A together with UK industry. In turn, the later EC directives on genetic

modification were partly based on the OECD guidelines.

ACGM Mote 8 details the safety measures
required in four, increasingly stringent,
levels of laboratory containment (ACGM
levels 1 10 4). Level 1 is the most widely
used and is for harmless organisms (such
as yeast or non-pathogenic bacteria),
and the containment measures increase
through level 2 (for work with pathogens
such as the virus that couses common
colds), level 3 (for work with pathogens
which cause diseases such as anthrax
and AIDS) to the maximum level 4
laberatories (for rare and dangerous
diseases such as Lassa fever). There have
not been any genetic modification
aclivities requiring level 4 containment in

the UK.
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T H E [ N TE R N pguml

The potential of genetic modification technology for changing the world, and for its
economic and biological effects to spill over frontiers, has meant that it has been considered
in a number of international sertings. ACGM and GMAG Members have contributed to
these, either by attending the meetings or by advising the officials who have taken parr.

THE EUROPEAN COMMUNITY During the 1980s, the European Com-

mission also turned its attention to genetic modification. There were two main reasons:

O the wish of member states o ensure
adequate protection across the Community
for human health and the environment;

O the need to harmonise standards and set up
procedures for the clearance of products for
the marker, to avoid barriers to trade.

The outcome was the adoption in 1990 of
two Council directives on genetic modification,
one dealing with acrivities in containment and the
other with release and marketing. Both of them:

O set up procedures for the notification to

I

" . u ] ‘-l
national authorities of proposals to work A . ( 4
with or release genetically modified e _.‘f-rf
organisms, and for consent to be required L " L e

in cerrain cases;
O require the assessment of risk and the provision of suitable control measures;
D make arrangements for an exchange of information between member states, and for

the collective agreement of member states before a product can be marketed.

The directives have ro be pur into effect in each member state by means of narional

law. The implementing legislation in the UK is described on page 16.




DI M EN S 1 O N

THE OECD The guidelines prepared by the OECD in 1986, on industrial,
agricultural and environmental applications of genetic modification, have already been
mentioned. They were drawn up by the Group of National Experts on Safety in
Eimechnotog:y, established by the OECD's Committes on Science and Technology
Policy. The same group went on to study and produce reports and guidance on a
number of other subjects such as good developmental principles for experimental
releases, the scale up of crop plant releases (to cover large trials of potential new crop
varieties), the safery evaluation of novel foods, aspects of vaccine safety and other areas of
deliberate release.

Recently the Group of National Experts has been reformed as a new Working Party
on Biotechnology, with a remit extending beyond the safety aspects upon which it
previously concentrated. Among other subjects it will consider the use of genetically
madified organisms in bioremediation, the use of transgenic animals in medicine, and

intellecrual property rights associated with biotechnology innovation.

UNITED NATIONS The pressures that have broughr generic modification
before the OECD and the EC have also thrust it on to the global stage. The United
Nations Conference on Environment and Development (UNCED), held at Rio in June
1992, devoted some of its proceedings to biotechnology. Chapter 16 of Agenda 21
recognised that biotechnology could contribute substantially to sustainable development
by improvements in food supply, health care and environmental protection.

In parallel, the relevance of genetic modification to global biodiversity has brought
it within the scope of the UN Environment Programme’s Convention on Biological
Diversity. Important political questions arise from the uneven distribution of biological
resources and advanced technological expertise among the countries of the world. Efforts
are being made to establish principles of international co-operation that will take account

of this, to ensure that organisms and knowledge can be shared for the common good.




C URRENT S T R LIS

The current UK law on genetic modification is divided into two main areas, covering:
) activities in which organisms are prevented from escaping, or ‘contained use’;

D the deliberate release of modified organisms or the marketing of products

containing them.

Classify:

It is closely modelled on EC directives which divide in the same way. ¢ criguiin low-risk

In contrast to earlier UK legislation it requires the protection not only of others

human health bur also the environment, and forbids certain contained uses the activity laboratory scale

and all releases unless consent has been obtained. large-scale/commercial

CONTAINED USE Contained use is dealt with by the Genetically Modified Notify HSE of:

Organisms (Contained Use) Regulations 1992 which are made under the HSW Act. The all new premises
emphasis in them is on risk assessment and the selection of suitable containment subsequent activifies
measures, with notification requirements to allow this to be checked. The main elements except low-risk, small-scale
of the Regulations and the duties they impose on the user and on HSE are shown in the
diagram; fuller details can be found in the latest Guide to the Contained Use Regulations

(see Further information section).

RELEASE AND MARKETING Release and marketing are dealt with Request any clarificafion and
mainly by the Environmental Protection Act 1990 in combination with the Genetically when nofification satisfactory,
Modified Organisms (Deliberate Release) Regulations 1992. The emphasis here is on Gran Consen (1f negdar)

risk assessment and consent, because of the impossibility of recalling most
organisms once they have been released. Before a genetically modified Examine nolification, circulate
organism may be released, a dossier of information about the organism and to ACGM and other bodies

its effects must be submitted to the Secretary of State, and his consent given.
Notice of the application is also given to other bodies concerned with environmental

protection. There are provisions for making information available to the public and for

the exchange of information within the EC.
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Products which are to be placed on the market must pass through a similar consent

process, but in this case the agreement of other EC member states must also be obtained, as

the product will be freely traded within the Community. The
marketing of some products containing genetically modified
organisms is covered by separate legislation specific to those
products and dealing with risks other than those associated with
genetic modification (medicines for example), and this approach
is likely to be used more in the future.

ENFORCEMENT The enforcement of the law
dealing specifically with genetic modification is carried out by
the Health and Safety Executive. For the legislation on release
this is done on behalf of the DoE under a special arrangement.
HSE has a team of specialist inspectors who are allocated
specifically to this work. They inspect premises where
contained use activities are carried out and where releases rake

place, checking the adequacy of safeguards and thar consent

conditions are being complied with. They have available to them a range of

powers and enforcement sanctions for use if advice and persuasion fail.
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W HERE NEXT?

Making detailed predictions in a revolutionary field like genetic modificarion is rash, bur
some things can be said with a fair amount of confidence.

The science and technology will continue to develop rapidly, and in unforeseen
directions. (We might compare the modern proliferation of microchips
and computers with the early days of electronic computers. Who could
have foreseen where that would lead?) Knowledge of the processes that
take place at molecular level within the living cell, and our ability to
manipulate and harness them, will increase many-fold. Some of this
research, such as the study of human or animal disease, may involve some
new risks, but the deeper uncertainties and corresponding anxieties of the
past are unlikely to recur.

As genetic modification becomes established i will increasingly spread
from the research sphere into the release and marketing of organisms and
products, and into mainstream industrial processes and other broad fields
of application, for example in medicine. It is likely to become
commonplace, underlying other activities in the way that, say, computers
and microchips are now components of many everyday appliances.

Legislative controls will become increasingly refined where they are
applied specifically to genetic modification, bu it is likely also thar some
activities, rechniques and classes of organism will be dealt with by more
general health, safery and environmental legislation as they are no longer

Campu!ergruphic. seen to need special treatment. There will need to be some further globalisation of
representation of a shorf regulatory and other controls, in recognition of the needs of international trade and the

section of DNA difficulty of containing living organisms behind frontiers.

It is important as this process takes place that sound and scientifically based safety
principles are worked out and incorporated into law where necessary. ACGM will play a

key role in developing those principles.
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