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Ethical Aspects of Agricultural Biotechnology

Forew

ord

Ethics, as this report begins by explaining, is concerned
how we may decide what is morally right or wrong. It i
specific discipline which attempts to analyse the conceptg
principles used to justify our moral choices and actions
particular situations. Because the applications of mo
biotechnology impinge upon some of the most fundament
human situations - our health, our food, our environment, ¢
our very nature - they raise serious questions in our minds

It is important to remember that such questioning is not n
1998 commemorates the 25th anniversary of the discov
which made modern biotechnology possible and some o
early scientists were so concerned then that for a time
imposed a moratorium on their own research. It is
important to remember, as they did when they recomme
their research after assessing the potential risks, that to d
whether it is ethically justifiablaot to do something is equall
as crucial as to decide whether it is not ethically justifiable t
it.

The ethical argument for modern biotechnology, of cours
that it enables desired aims in healthcare, food productid
environmental protection to be met as soon as poss
Proponents of modern biotechnology maintain that these ¢
not be met without modern biotechnology or can be met n
easily, cheaply, safely, reasonably rapidly, or with less har
the environment with it. Following from this are the hopes
future generations may benefit from the present developm
Then there are the fears that, should these developmer
inhibited in certain countries, jobs, wealth creation (wh
determines living standards) and tax revenues (which pa
social systems) would be forsaken because of the glo
competitive nature of biotechnology and of trade. Eth
arguments against modern biotechnology, now as 25 years
need to be evaluated therefore both in their own right
against these aims, hopes and fears.

Whatis new is the public interest in biotechnology and the
in which these issues, especially to do with its application
agriculture and foods, have hit the headlines. Until relati
recently, say a decade or so ago, general public concern |
existed in Europe. The vast majority of people were virtu
unaware of biotechnology and content to remain so. The
real antagonism was from activists in the USA and in isol
incidents in Europe. With its continued growth a
commercialisation, however, resonating with other issue
society and taken up by public interest and political act
groupings together with the media, each with their g
agendas, biotechnology has been brought to the forefro
public attention.

In 1993, recognising this growing public attention,

Parliamentary Assembly of the Council of Europe issuec
Recommendation 1213 that its Committee of Ministers sh
extend its work on bioethics to include issues related tq
application of biotechnology in the agrofood sector and
European harmonisation of legislation in this field. It furt

wittommended the holding of a pan-European conference of all
5 mterested parties and the drawing up of a European Convention
alyering bioethical aspects of biotechnology in the agrofood
5 $ector. Such a Convention would go beyond tBeaft
deronvention for the protection of human rights and dignity of the
allefman being with regard to the application of biology and
evaedicine: Bioethics Conventiogsued in 1994 by the Steering
. Committee on Bioethics (CDBI) and ratified as the
“Convention on human rights and biomedicine”early 1998.
ewWhis Convention excludes animal and plant biology insofar as
etlesy do not concern human medicine or biology. In 1995 the
f emmittee of Ministers agreed on the convening of the
tiayropean conference which could prepare the way for
aldetermining the desirability of a European Convention covering
ndeoethical aspects of biotechnology applied to the agricultural
eaiole food sector since it could be based on studies dealing with
y the various issues involved. The conference will be held on 16-
p @& May 1999 in Oviedo, Spain and this report is a compilation
in concise form of independent studies, funded by the European
Commission under its Agriculture and Fisheries 1994-1998
e, pigramme.
n or
iblae report is the work of leading scientists, ethicists and experts
owmdthe patenting and regulatory fields concerned with
naqeplications of biotechnology in the agricultural and food areas
mftom throughout Europe. It commenced with a workshop in
thd@nuary 1996 to plan the studies and the main body of the work
emtas carried out between March 1997 and August 1998, The
tstbdies were carried out by five Working Groups encompassing
idhe food, industry, medicine, environment and developing
y dountries areas with ethics, patenting, regulation (safety) and
babonomic/political issues integrated across the five areas.
ic8kections drafted by each Working Group based on their studies
5 @age,combined in this report.
and
The intention in the report has been to produce a clear, concise
and balanced distillation of these studies in non-technical
vdgnguage for ease of understanding and use. The full studies on
sviich it is based are available separately. It begins with an
dhytroductory discussion of ethical and legal questions followed
aoglymore detailed analysis of the ethical implications of
albjotechnological applications in the various areas. It makes no
oalyempt to pass judgements. Whether it achieves these
atedentions is of course for the reader to decide. Please let us
nknow what you feel.
S in

AR

| @gvid J Bennett

ould

Beordinator & Secretary, European Federation of
tBéotechnology Task Group on Public Perceptions of
heBiotechnology




Keypoints

Keypoints

Ethics .2

Ethics can usefully be defined as the branch of
philosophy concerned with how we should decide what
is morally wrong and what is morally right.

Ethical conclusions need to be based on reason, take into
account historically well established ethical principles,3
be based on consensus, take account of minority
interests and be open to the possibility of change.

A useful tradition of ethical reasoning in the Europear
Union and elsewhere is beginning to accumulate about
moral questions concerning biotechnology.

The simplest approach to deciding whether an action
would be right or wrong is to look at what its
consequences would be. Controversy exists as to
whether that is all which is needed.

Traditionally, ethics has concentrated mainly upon
actions that take place between people at one point in
time. In recent decades, however, moral philosophy has
widened its scope by taking into account interspecific
and intergenerational issues.

Ethical decisions can be taken at a number of leveld
from the individual to the international.

Some general ethical questions which relate to all
applications of modern biotechnology include:
7
.1 How to weigh the potential benefits against the

possible costs?

.2 Do the processes themselves constitute| an
“unnatural” interference with Nature, particularly |
breaching natural species boundaries and violating
the integrity of species? 1

.3 What is ethically wrong with interfering with
Nature?

.4 Do the processes involve the taking of ethically
unjustifiable risks?

.5 From a religious viewpoint, is modern
biotechnology to be interpreted as “playing God" or
as collaborating in the on-going work of creation? .2

.6 Do these questions suggest any significant ethical
differences between modern biotechnology and
more traditional techniques?

Food 3

Agriculture has always depended on plant and animal
breeding and modern biotechnology provides new
possibilities.

Public perceptions of agro-food biotechnology are more
critical than of its applications in healthcare. This
probably results from the cultural and symbolic
functions of food together with most people’s relative
ignorance about modern agriculture and food
production.

The most important areas where biotechnology can
provide benefits for European consumers can be in
improved price, quality and nutritional value of foods.

Regulation has been mostly directed to the safety of
foods. Labelling is still a controversial issue at the
international level. The EC regulation on novel foods
and novel food ingredients (258/97) includes a labelling
requirement for a material not present in conventional
equivalent foods which “gives rise to ethical concerns”
to inform population groups with “well established”
food practices. In the USA the Food and Drug
Administration considers that no special labelling is
required.

Ethical considerations of agrofood biotechnology relate
to the environment, biodiversity, sustainability, animal
welfare and its socio-economic impacts.

Consumers rights concerning biotechnological food
products relate to the rights to health from safe foods, to
be informed and to choose genetically engineered
products or not.

It is crucial that balanced information is provided to the
public. Communication strategies should bring together
the scientific, industrial and general communities to
promote openness, dialogue and mutual understanding.

Environment

The current environmental problems that arise from
agriculture stem from modern, intensive agricultural

practices and not from the use of genetically modified
crops, as the latter are only currently being introduced
into European agriculture. The use of biotechnology
may either exacerbate or ameliorate these effects
depending on how it is applied.

It is therefore important, before applying new
biotechnology, to consider the precautionary principle,
the need for sustainable development and the need to
maintain and possibly enhance agriculturally-important
biodiversity.

The latter is emphasised in the two case studies, one on
the introduction of GMO crops into their centres of
origin (frost tolerant potato) and the other on the
importance of mediterranean biodiversity, taking the
case of Greece.
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Medicine

Biotechnology offers many opportunities for the
production of medicines, vaccines and other medical
products using agricultural sources for further
improvement of human and animal health.

New products can be developed using this technology,
or the production of already existing products made
more cost-effective.

The disadvantages of the use of biotechnology must not
be overlooked: although safety regulations do
unforeseen and unwanted consequences may still

other areas of ethics will help to give rise to some degre&0
of consensus in many of these novel areas, though it
must be recognised that ethical debate is characterised
by conflicting arguments and viewpoints.
A1
Developing Countries

The issues that are identified need to be addressed
regardless of the technology used to manufacture or
market a product; these need to be within the context of
(agricultural) need and/or food resources.

The view in countries where there is enough to eat, and
where choice of what to eat is assumed may| be
significantly different from that pertaining in other
countries. Choices need to be made by those who héve
to live with their consequences.
A
Many of the issues identified which are of ethical
concern are not specific to developing countries, |but
occur within parts of countries considered to |be
developed. The developing world is much too diverse to
be treated as a whole. The issues which result from
moving from “traditional” agriculture to industrialised
agriculture are those which need consideration.

Biotechnology per se does not lead to a loss
biodiversity; all modern agricultural techniques
contribute both positively and negatively.

Technology has the capacity to contribute to |the
empowerment of rural communities.

The increase in the world population will mainly occur
in the developing countries and therefore food increase
needs to occur in those countries. The developed world
is supplying food to the developing world. Furthermare,
governmental agencies control access to the staple crops
that form the major starch, oil and protein sources. |It is
important to provide a mechanism for sustainable food
production where and when needed.
3
Developing countries contribute significantly to the

added value made in agriculture. In this respect it could
therefore be beneficial for these to set up a balanced
system of intellectual property rights.

There are five major players that contribute to
agricultural research: governmental and public
institutions, international institutions, non-governmental
organisations and industry.

Developing countries should be free to use their land
according to their own view. The prejudices and views
on industrialised agriculture which colour the
“Northern” approach to agricultural produce should not
be imposed on those not getting enough to eat.

Developing countries should be helped to have access to
biotechnology based on their genetic resources
(Convention on Biological Diversity).

All parties to the Convention on Biological Diversity
have an obligation “to provide for the effective
participation in biotechnological research activities by
those Contracting Parties, especially developing
countries which provide the genetic resources for such
research, and where feasible in such Contracting
Parties”. There will be costs associated with maintaining
biodiversity within a centre of origin, which should be
borne by the international community.

Industry

Industrial development of biotechnology in Europe
varies both between different sectors of biotechnology
and different areas within Europe. Environmental and
food-related issues are more important in northern
European countries, whereas production and
employment tend to prevail in southern and eastern
countries.

The conclusions from public opinion surveys
concerning applications of biotechnology are that:

1 Usefulness is a precondition of support, in no case is
a “not useful” application given support.

2 People will accept some risk if the application is (a)
useful and (b) morally acceptable.

3 Moral concerns act as a veto regardless of views on
risk and use.

4 |If risk is less significant than moral acceptability in
shaping public perceptions, then public concerns are
unlikely to be alleviated by technically based
reassurances and other policy initiatives dealing
solely with risks.

Employment is in itself an ethical issue where
biotechnology in Europe is concerned.
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Chapter 1

Ethical and legal introduction

1.1 How can we make ethical decisions about
biotechnology?

realised; first, if the arguments that lead to the particular
conclusion are supported by reason, secondly, if the arguments
have been conducted within a well established ethical
Ethics can usually be defined as the branch of philosogingmework and thirdly, if a reasonable degree of consensus
concerned with how we should decide what is morally wrong exists about the validity of the conclusions, arising from a
morally right. It may be useful to distinguish at the outsptocess of democratic debate.
between ethics and morals, as the two are frequently confused,
mainly because both terms can be used in a number of diffefemight be supposed that reason alone is sufficient for one to be
though related senses. We all have to make moral decisioosfident about an ethical conclusion. However, there are
daily on matters great or (more often) small about what is g@blems in relying on reason alone when thinking ethically. In
right thing to do, and we may give much thought, little thougparticular, there still does not exist a single universally accepted
or practically no thought at all to these choices. Ethidsamework within which ethical questions can be decided by
however, is a specific discipline which tries to probe |threason. Indeed, it is unlikely that such a single universally
reasoning behind our moral life, particularly by criticallyaccepted framework will exist in the foreseeable future, if ever.
examining and analysing the concepts and principles which &tes is not to say that reason is unnecessary but to acknowledge
or could be used to justify our moral choices and actionstirat reason alone is insufficient. For instance, reason cannot
particular situations. Ethics, then, in this sense does not telldeside between an ethical system which looks only at the
what to do, but tries to clarify the range of arguments whicbnsequences of actions and one which considers whether
might be used to support or criticise what we do. certain actions are right or wrong in themselves, whatever their
conseguences.

Despite this rather purist definition of ethics, however, the e insufficiency of reason is a strong argument for conducting

“ethical” is used in a number of looser senses, sometim s ) .
esbates within well established ethical frameworks.

simply as an equivalent for “moral”, but also to refer|t " . .

. . .ra?|t|onally, the ethical frameworks most widely accepted
concerns, debates, decisions and conclusions about practica

€

moral questions which take into account or are based up [ose within systems of religious belief. Consider, for example,

e within syst
? i
discipline of ethics and its critical analysis of concepts aﬁde questionsls it wrong to steal? If so, why?"There was a

o o o . ime when the great majority of people would have accepted the
principles. It is in this wider sense that we shall be using the . . .
. L .y L nswer‘yYes. Because scripture forbids itNowadays, though,
terms “ethical decisions” and “ethical conclusions” in wha : .
X . Nat everyone accepts scripture as a source of authority. Another
follows. It must be emphasised, however, that ethics : L .
o . . . roblem, of particular relevance when considering the ethics of
discipline does not provide automatic moral expertis

r . . ; ; ,
authoritative answers to moral problems. Consequent iotechnology, is that while the various scriptures of the world’s

] ) .
function in this report is not to offer substantive solutions b trt%‘Tﬁg|ons have a great deal to say about such issues as telling

ilustrate and examine the moral issues at stake and lies, killing people and sexual behaviour, they are less directly

their’. e
underlying arguments. applicable to the debates that surround today’s biotechnology.

A further issue is that we live in an increasingly pluralistic
ociety. Within Europe there is no longer a single shared set of

The aim of this chapter, then, is to provide an introduction 10 . .S . .
. L . moral values. Even the various religions disagree on ethical
how ethical decisions may be made. An attempt will be made to

put forward a number of ethical principles that need t Eatters and many people no longer accept any religious

considered when trying to decide whether or not parti uaraCh'ng'

instances of biotechnology are morally acceptable| Nevertheless, there is still great value in taking seriously the
unacceptable. In the light of these principles, the practicevafrious traditions - religious and otherwise - that have given rise
biotechnology in the agrofood sector will be examined in later ethical conclusions. People do not live their lives in isolation:
chapters. they grow up within particular moral traditions. Even if we end
up departing somewhat from the values we received from our
families and those around us as we grew up, none of us derives
our moral beliefs from first principlegx nihilg as it were. In

the particular case of moral questions concerning
Ethics is a branch of knowledge just as other disciplines, suotbtechnology, a tradition of ethical reasoning is already
as science, mathematics and history, are. Ethical thinking is beginning to accumulate. Most member states of the European
wholly distinct from thinking in other disciplines but it cannoUnion have official committees or other bodies looking into the
simply be reduced to them. In particular, most people agree thidtical issues that surround at least some instances of
ethical conclusions cannot be unambiguously provided in thietechnology while the European Commission has a group of
way that a mathematical theorem can. However, this does adtisors on the ethical implications of biotechnology. The
mean that all ethical conclusions are equally valid. As iradition surrounding ethical reasoning in this field is nothing
branches of knowledge such as science and history sdike as long established as, for example, the traditions
conclusions are more likely to be valid than others. One candoerounding such questions as abortion, euthanasia, war and
most confident about an ethical conclusion if three criteria drade protectionism. Nevertheless, there is the beginning of such

1.1.1 The way ethics is done
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a tradition and similar questions are being debated in magitpation in which there are alternative courses of action, the
other countries across the globe. desirable ig right) action is the one which leads to the greatest
net increase in pleasure.

Given, then, the difficulties in relying solely on either reason or

any one particular ethical tradition, we are forced to consideéonsider the question as to whether or not we should tell the
the approach of consensus. It is true that consensus doedratit. A utilitarian would hesitate to provide a unqualifiges”

solve everything. After all, what does one do when consensissa universal answer. Utilitarians have no moral absolutes
cannot be arrived at? Nor can one be certain that consermyond the maximisation of pleasure principle. Instead, it
always arrives at the right answer - a consensus once exigtedld be necessary for a utilitarian to look in some detail at
that women should not have the vote. Nonetheless, there madicular cases and see in each of them whether telling the truth
good reasons both in principle and in practice in searching ¥owuld indeed lead to the greatest net increase in pleasure.
consensus. Such a consensus should be based on reason and

democratic debate and take into account long establisfidabre are two great strengths of utilitarianism. First, it provides
practices of ethical reasoning. At the same time, it should desingle ethical framework in which, in principle, any moral
open to criticism and refutation and the possibility of changguestion may be answered. It doesn’'t matter whether we are
Finally, consensus should not be equated with majority votirniglking about the legislation of cannabis, divorce or the
Consideration needs to be given to the interests of minoritipatenting of DNA; a utilitarian perspective exists. Secondly,
particularly if they are especially affected by the outcomes, autilitarianism takes pleasure seriously. The general public may
to those - such as young children, the mentally infirm and h@ometimes suspect that ethics is all about telling people what
humans - unable to participate in the decision-making progesst to do. Utilitarians simply say that people should do what
maximises the total amount of pleasure in the world.

1.1.2 Isit enough to look at consequences?
However, there are difficulties with utilitarianism as the sole
The simplest approach to deciding whether an action wouldarbiter in ethical decision making. For one thing, an extreme
right or wrong is to look at what its consequences would be, Norm of utilitarianism in which every possible course of action
one supposes that we can ignore the consequences of an|astiuid have to be analysed consciously in terms of its countless
before deciding whether or not it is right. This is obvious wheensequences would quickly bring all human activity to a stop.
we try to consider, for example, whether imprisonment is| thden there is the question as to how precisely can pleasure be
appropriate punishment for certain traffic offencegreckless| measured. For a start, is pleasure to be equated with well-being
driving. We would need to look at the consequences af happiness? And, anyway, what are its units? How can we
imprisonment, as opposed to alternative courses of action socoimpare different types of pleasure, for example sexual and
as imposing a fine or banning the offender from driving. Evasthetic? Then, is it always the case that two units of pleasure
when complete agreement exists about a moral questisimpuld outweigh one unit of displeasure? Suppose two people
consequences may still have been taken into account. Consédeh need a single kidney. Should one person (with two
the extreme example of the torture of children for pleasukédneys) be killed so that two may live (each with one kidney)?
Clearly there is overwhelming agreement that this is wrong/ and

no debate about this conclusion is normally needed. Howewdtilitarians claim to provide answers to all such objections. For
at least part of the reason why such a behaviour would be wrergmple, rule-based utilitarianism accepts that the best course
is that practically everyone can immediately see that| tbeaction is often served by following certain rules - such as
consequences in terms of the suffering of the children involv&dell the truth”, for example. Then, a deeper analysis of the
not to mention their families and the rest of us, far outwejgkisiney example suggests that if society really did allow one
any perverted pleasure or other benefit the torturers miglerson to be killed so that two others could live, many of us
receive. might spend so much of our time going around fearful that the

. . um total of human happiness would be less than if we outlawed
The deeper question is not whether we need to e .
ucth practices.

consequences into account when making ethical decisions U

whether that is all that we need to do. Are there certain a i?_ns o - G
: . or our purposes it is sufficient to note that utilitarianism is an
that are morally required - such as telling the truth - whatever

: ; important way of looking at ethical questions. It needs to be
their consequences? Are there other actions - such as bet |[f . . :
i . n seriously into account even if not everyone
confidences - that are wrong whatever their consequences TS stioninaly accents it
is about the most basic question that can be asked in ethics ol gy pis It

it might be expected by anyone who is not an ethicist thﬁfe major alternative to utilitarianism is a form of ethical

agree_:ment as to the answer quld ha_ve ansen. Unfortu a%ﬁﬁqking in which certain actions are considered right and others
this is not the case. There still exists genuine academic

. : wrang in themselvesje intrinsically, regardless of the
disagreement amongst moral philosophers as to whether or no . .
Lojlsequences. Consider, for example, the question as to
one needs only to know about the consequences of an actioh 10 . : . i
. L ! whether a society should introduce capital punishment. A
decide whether it is morally right or wrong. S . : .
utilitarian would decide whether or not capital punishment was
Those who believe that consequences alone are sufficient|tarletally right by attempting to quantify the effects it would have
one decide the rightness or otherwise of a course of action@rehe society. Large amounts of empirical data could need to
called consequentialists. The most widespread form lué collected comparing societies with capital punishment and
consequentialism is known as utilitarianism. Ultilitarianisiiose without it with regard to such things as crime rates, the
itself exists in various forms, but it begins with the assumptitevel of fear experienced by people worried about crime and the
that most actions lead to pleasure and/or displeasure.|Insa to which money saved by the introduction of capital
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punishment might be put. On the other hand, someone colitatepting that interspecific issues need to be considered leads
argue that regardless of the consequences of introducing capital to askHow?”. Need we only consider animal suffering?
punishment, it is simply wrong to take a person’s life, whatevéor example, would it be right to produce, whether by
the circumstances. Equally, someone could argue that certainventional breeding or modern biotechnology, a pig unable to
crimes, for example first degree murder, should result in thetect pain and unresponsive to other pigs? Such a pig would
death penalty - that this is simply the right way to punish sucbt be able to suffer and its use might well lead to significant
a crime. productivity gains: it might, for example, be possible to keep it
at very high stocking densities. Someone arguing that such a
There are a number of possible intrinsic ethical principles|amolrse of action would be wrong would not be able to argue
because these are normally concerned with rights | ahds on the grounds of animal suffering. Other criteria would
obligations of various kinds, this approach to ethics is ofteave to be invoked. It might be argued that such a course of
labelled “deontological”. Perhaps the most important are oftaction would be disrespectful to pigs or that it would involve
thought to be those of autonomy and justice. People #eiating them only as means to human ends and not, even to a
autonomously if they are able to make their own informdidhited extent, as ends in themselves. This example again
decisions and then put them into practice. At a common seilisistrates the distinction between utilitarian and deontological
level, the principle of autonomy is why people need to haf@ms of ethical reasoning, as the issue of pain can be separated
access to relevant information, for example before consentindgrtom that of rights and obligations in this case.

a medical procedure. Autonomy is concerned with|an

individual’'s rights. Justice is construed more broadlyntergenerational as well as interspecific considerations may
Essentially, justice is about fair treatment and the |faieed to be taken into account. Nowadays we are more aware of
distribution of resources or opportunities. Considerabtlee possibility that our actions may affect not only those a long
disagreement exists about what precisely counts as| fasty away from us in spaced acid rain produced in one
treatment and a fair distribution of resources. For exampbeuntry falling in another) but also those a long way away from
some people accept that an unequal distribution of certamin time €gincreasing atmospheric carbon dioxide levels may
resources €g educational opportunities) may be fair providedlter the climate for generations to come). Human nature being
certain other criteria are satisfieceg( the educational what itis, it is all too easy to forget the interests of those a long
opportunities are purchased with money earned or inherited)vay away from ourselves. Accordingly, a conscious effort
needs to be made so that we think about the consequences of our
Much energy can be wasted when utilitarians and deontolagesttions not only for those alive today, about whom it is easiest
argue between themselves. There is little if any common grodade most concerned.

on which the argument can take place though some modern

philosophers argue that there can be no theory of rights dntl4 The level at which ethical decisions are made
obligations without responsibility for consequences, and no

evaluation of consequences without reference to rights| dfidally, it needs to be recognised that ethical decisions can be
obligations. For our purposes we can conclude that we neetat@n at a number of levels. Ponder, for instance, the production
look both at the consequences of any proposed course of aaifoorganic vegetablesie vegetables grown without the use of
and at relevant intrinsic considerations before reaching antificial fertilisers and pesticides. As an individual | have to
ethical conclusion. choose whether to buy organic produce in preference to non-
organic produce. Some of the factors that affect my choice will
have little to do with morality, being instead to do with such
things as convenience (Does the shop at which | buy my
vegetables sell both types of produce, so that | can choose
Traditionally, ethics has concentrated mainly upon actions| thatween them?), upbringing (Was | used to both sorts of
take place between people at one point in time. In recenbduce as a child?) and aesthetics (Do | prefer the look or smell
decades, however, moral philosophy has widened its scopefione of these types of produce?). However, ethical factors
two important ways. First, interspecific issues are nomvay also affect my choice. For example, do | feel that pollution
increasingly taken into account. Secondly, intergeneratioigla moral issue and that more organic vegetables should be
issues are recognised as being of importance. grown in order that fewer pesticides should be used? Or, on the
other hand, do | feel that there is a moral argument for
maximising agricultural yields through the use of artificial
Interspecific issues are of obvious importance when considerfagilisers and pesticides, perhaps so that less farm land is
biotechnology. Put at its starkest, is it sufficient only to consideeeded for production, so reducing pressures on existing wild
humans or do other species need also to be taken into accoarg@s?

Consider, for example, the use of new practices (such as the use

of growth promoters or embryo transfer) to increase |thghical decisions are taken at levels other than that of the
productivity of farm animals. An increasing number of pegpladividual. Shops need to decide whether or not to stock organic
feel that the effects of such new practices on the farm anin@leduce. Again, many factors - especially, of course,
would need to be considered as at least part of the etha@hmercial ones - will affect such a decision but ethical factors
equation before reaching a conclusion. This is not, of coursgy enter too. At a still higher level, regional and national
necessarily to accept that the interests of non-humans are|egoa¢rnments and international bodies decide which sorts of
to those of humans. While some people do argue that this isabgculture to subsidise or support in other ways. Again, ethical
case, others accept that while non-humans have interests| theasiderations may enter. Then there are further subtleties. |
are generally less morally significant than those of humans. may choose only to purchase organic vegetables - thus

1.1.3 Widening the moral community




10

Ethical Aspects of Agricultural Biotechnology

forbidding myself non-organic ones. However, | may not b

favour of the sale of non-organic vegetables being prohik

altogether. This might be because | consider that the gains
the prohibition of the sale of non-organic goods would no

worth the loss of others’ autonomy. On the other hand, | ma

in favour of slavery being prohibited, considering that the g
from the prohibition of slavery (principally those to do wi

justice and the rights of all people) are sufficient to be worth
loss of autonomy of those who would still like to have slave

1.1.5 Conclusions

There is no single way in which ethical debates ak
biotechnology or almost any other matter can unambigug
be resolved. However, that does not mean that all et
arguments are equally valid. Ethical conclusions need t
based on reason, take into account historically well establi
ethical principles, be based, so far as possible on conse
take account of minority interests and be open to the possi
of change. Education and debate play an important role, he
to enable people to clarify their own thinking, express t
views and participate in the democratic process.

1.2  General ethical questions about biotechnology
Many of the ethical questions posed by modern biotechna
are concerned with specific applications of that technology,
so will need to be examined on a case-by-case basis i
following sections of this report. To do this will require
detailed technical analysis of the particular application an
most cases an assessment of the likely outcomes, for most
ethical questions here will focus upon the poss
consequences of various biotechnological innovations, w
ethical judgements have to be made about the value or pr
to be placed upon different possible costs and benefits
indeed about what is to be counted as a cost or a benefit. §
example, an examination of the ethical issues surroun
genetically engineered herbicide-tolerant crops will neeg
consider such factors as possible environmental risks
benefits and possible socio-economic effects; judgments
then be made about what is to be counted as a cost and a
in this case and how these are to be weighed and com
against each other, and these judgments will be specific tg
particular example.

There can also, however, be identified a number of n
general ethical questions which relate to all application
modern biotechnology, and as it would be repetitive
cumbersome to refer to them in each of the specific sectio
this report, they are best dealt with here in a separate
review.

It is, of course, the case that while modern biotechnology
raise moral concerns, there are moral arguments in its fa
too. Arguments in favour of specific instances of mod
biotechnology will be considered in later sections as and v
they arise. Broadly speaking, though, the overarching argu
in favour of modern biotechnology is that it enables cer
desired ends to be met either for the first time or more e3
more cheaply or more safely. These desired ends includ
betterment of human health, the production of more food
the generation of new products, and many hope that fi
generations may benefit incrementally from research

e development initiated now. Arguments against the use of
viteabdern biotechnology, then, need to be evaluated both in
ftbemselves and against these intended benefits.
t be
yMeral concern can and does exist, however, not only about the
aipessible consequences of modern biotechnology but also about
thhe nature of the process itself. If the technology itself is thought
tteebe morally wrong for some reason, then all of its applications
cawill be affected by what some have callednaoral taint”.
These general moral concerns are of considerable importance
for this study, partly because of their wide-ranging nature and
partly because they appear to be felt by significant proportions
vooftthe general public in EU countries. In the following summary
uely these concerns there will, for reasons given in the
hizatoduction, be no attempt to pass judgment on their validity.
D Instead, the ethical basis of some of the possible moral positions
shalll be analysed and a number of key questions identified.
2NSUS,
bilitg.1 Tampering with Nature
Iping
héihere is evidence from studies in several EU countries that
people’s beliefs about Nature play a role in their evaluation of
the products of modern biotechnology. Though it is by no
means the only moral concern that can be identified, the belief
that, for example, genetic engineering is “unnatural” and
Iabereby wrong lies at the root of many people’s unease, and
asaleral studies have found that “unnaturalness” is an important
n daerminant of people’s underlying concern.
a
dTihis in turn helps to explain the wide disparity of views and
ofithimides concerning genetic engineering and other instances of
blaodern biotechnology, for conceptions of Nature and of what
hemunts as “natural” and “unnatural” are never merely
iodidscriptive. They embody values and prescriptions about what
#@ns morally right and wrong to do to the natural world and
socémsequently are open to diverse interpretations. These
doanceptions and interpretations may be for many people (other
] ttean philosophers and theologians) implicit rather than explicit,
dnd this does not lessen their influence upon people’s attitudes,
chioices and behaviour.
hbenefit
pakdht is the basis of this concern and what ethical principles
) thaes it imply? Reduced to its simplest form, the argument
seems to be as followsNature and all that is natural is
valuable and good in itself; all forms of biotechnology are
narenatural in that they go against and interfere with Nature,
s fdrticularly in the crossing of natural species boundaries; all
afekms of modern biotechnology are therefore intrinsically
nsvobng”.
brief
The ethical issues at stake here centre around the moral status of
Nature. Various possible positions can be distinguished. Nature
mzgn, for example, be conceived of as benevolent and
wimtirinsically good, or as hostile and intrinsically bad or as
emorally neutral. Each of these positions will have implications
vifen one’s attitude towards modern biotechnology, for each
meagresents a set of fundamental principles and assumptions
taivhich may be held in some cases consciously and explicitly, or
aisperhaps more often unconsciously and implicitly.
e the
aifidNature is seen as intrinsically good and so deserving of moral
ituespect, modern biotechnology becomes morally questionable
abelcause it can be interpreted as tampering at a very basic level
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with the structure of Nature. If Nature is seen as hostile| asglective breeding). Similarly, other techniques of modern
intrinsically bad, then the moral implications are reversed if|itlidotechnology such as tissue culture, cloning and embryo
our duty to try to reform that which is bad or imperfect and tmansfer have their origins either in Nature or in long-established
attempt to impose order upon chaos. If Nature is seen as mptallpnan practices. However, to argue thus may be to push the
neutral, simply as a factual situation which confronts us, theimilarities between modern biotechnology, on the one hand,
modern biotechnology per se also becomes morally neutral @and Nature and traditional biotechnology, on the other, too far.
technique or set of techniques which can be used for good|omillany useful sense modern biotechnology does involve a
to modify living organisms. significant departure from what has gone before. It therefore
lays itself open to the charge that it is “unnatural”.

Whichever of these positions is held, further ethical analysis

will be needed to clarify the concepts and principles involvégart from these conceptual issues we also need to take account
and to examine the structure of the arguments. of certain methodological considerations in making moral
judgments about how we should behave towards Nature,
however defined. To assume that we can simply deduce what is
morally right and wrong from certain facts about the world and
Before any of the above arguments can get off the ground, ab®ut Nature is to commit what philosophers have called the
have to be able to identify and agree about what is to countraguralistic fallacy”, often translated a%You can’t get an
“natural” and “unnatural”. This is no easy task. oughtfrom anis!” The logical point at issue here is really a very
simple one: simply because something happens in Nature does
Depending on the context in which it is used, the word “naturaldt mean that it is right or good, that it should be preserved or
may mean “usual”, “normal”, “right”, “fitting”, “appropriate”, protected. A specific example of the naturalistic fallacy can be
“uncultivated”, “innate”, “spontaneous”, and no doubt manfpund in the argument about breaching natural species barriers.
other things as well. Perhaps most commonly, “natural’ Esen if these barriers unequivocally can be identified (which
contrasted with “artificial” or “man-made”, but on the basig aippears unlikely), their mere existence provides no clear ethical
that distinction practically every element of our moderdirectives about what ought to be done about them. The English
Western life-style is “unnatural”. Nor can more traditionaChannel is a “natural” barrier between England and France, but
products and processes avoid such a charge of “unnaturalnegbsat, geographical fact tells us nothing about whether it is
for the progress of civilisation has been largely dependent upoorally right or wrong to cross from England to France.

our “interference” with Nature. Yet if every domestic or farm

animal, every garden plant or agricultural crop, every item Questions about the ethical status of Nature, therefore, are
food or clothing is thought of as unnatural because it interfefaadamental to any analysis of general moral concerns about
with Nature, as logically it must, then the concept| ahodern biotechnology. However, while it is possible as we have
“unnaturalness” may become so broad as to be meaninglesseen to hold that the technology is intrinsically wrong because
of the ways in which it tampers with Nature, this moral concern
The more specific and serious charge of “unnaturalness”| tlsabften related to the more pragmatic issue of safety. For some,
has been levelled against genetic engineering, however, is thah, “unnaturalness” may not be an intrinsic concern but rather
it breaches natural species boundaries and violates the nammather way of expressing fears about possible risky
integrity of species. A biologist might try to refute the argumenbnsequences. The argument here would béNtztire knows

that it is unnatural to breach the genetic boundaries betwéest” and that the natural world as we know it is the result of a
species on a number of grounds. For a start, such a view failotg evolutionary process with a well-established track record,
realise that the theory of evolution, on which all ouwhereas genetic engineers are gambling with their unproven
understanding of the nature of species is based, requires ititabductions.

species change over time. Every species alive today is believed

to be the direct descendant of the early single-celled species @ritcs of modern biotechnology may argue that we simply have
existed over three billion years ago. Species that currently exist had sufficient time to evaluate fully the risks it poses, and at
have passed through many, possibly hundreds, of sepacaie extreme apocalyptic scenarios may be painted in which
speciation (formation of a new biological species) events. danetically engineered species cause ecological devastation or
other words, species are not static; their genetic compositfmvel vaccines lead to terrible loss of human life. At the other
naturally changes over time. extreme, some of those in favour of modern biotechnology may
dismiss such fears assuring the public that they have nothing to
Further, a view of evolution that assumes that species renfaar and that modern biotechnology does not pose new risks but
genetically isolated from one another is out of date. We n@romises countless benefits.

realise that a number of distinct processes allow the movement

of genetic material from one species to another. Certain virusggain, the specifics of such arguments need to be examined for
for example, carry genetic material between species. Equafigrticular cases. In general, though, a few points can be made.
many bacteria have mechanisms that allow them to take Rigst of all, nothing in life is totally safe. Indeed, the equation
genetic material from other species and then integrate it| ibitween what is safe and what is morally right is not always
their own. In other words, for many species, their very natustraightforward. Perhaps the world would be safer if no one
ie their telos, includes the ability to cross species barriers. Swént skiing or drove their cars at speeds in excess of 40 kph.
is possible to argue that genetic engineering is |nDbes that mean that we should ban skiing or set speed limits of
fundamentally unnatural: it uses techniques which either exd&x kph? Secondly, and in opposition, it should be remembered
in Nature €gthe transfer of genetic material between specidsat history tells us that new technologies sometimes have a
via viruses) or have been used by humans for millerega habit of proving problematic in ways that were not, and

1.2.2 Naturalness and Unnaturalness




12

Ethical Aspects of Agricultural Biotechnology

sometimes could not have been, envisaged when
introduced. On the other hand, new technologies somet
have unforeseen benefits. Arguments about safety, then
rarely so conclusive as to lead to a complete ban or
unconditional acceptance of, a radically new technolog)
advance of careful, long-term empirical research
monitoring as to its actual consequences.

We do not need to say more about this subject at this
however, partly because technical questions of risk and s
will be examined in many (if not all) of the particul
applications of the technology to be described in this report
also partly because it can be argued that risk and safet
empirical matters rather than moral or ethical issues, th
they raise such issues when further questions a4
responsibility, accountability and justifiability enter in.

1.2.3 Blasphemy

The general moral concerns outlined above can in some
include a religious dimension, when they are accompanie
an underlying set of religious beliefs and principles concer
the relationships between God, Nature and human beings.

It is, for example, quite possible to hold religious views to
effect that modern biotechnology is blasphemous. These v
rest upon the assumption that God has created a perfect,
order; for humans to attempt to “improve” that order
manipulating DNA, the basic ingredient of all life, there
crossing species boundaries instituted by God, is not m
presumptuous but actually contemptuous of God. Such bé
reflect conceptions of God and Nature in which, since Gg
thought of as having a moral and rational character, hum

the end must submit tthings as they are’as the revelation of (1)

that goodness and wisdom.

The essence of this concern, then, is that modern biotechnplogy

is trying to“displace the first Creator”or to “play God".

By no means all religious believers would make these claims.
Different religions will have different perspectives upon the
nature of God and his creation, but even among Christiansthere
is no unanimous condemnation of modern biotechnology per se.

finglp to restore creation to a fuller, richer existence and so play
inl@simportant role without encroaching on the scope of divine
, aukvity.

or

y lincan perhaps be argued, in this vein, that humans may have a
anmgbral and theological responsibility, even a duty, to use genetic

engineering to root out imperfections in the natural world,
including those found in humans. Viewed in this light, genetic
o@rtgineering can be seen as a tool with the potential to eliminate

atedlymful genetic mutations, reduce suffering and restore creation
ato its full glory.

and

y Hre range of religious viewpoints which can be adopted on
ubkse issues is further broadened by the variety of positions held

bowytdifferent world religions. Even within Christianity there is no
agreement on which principles are applicable here, while other
religions such as Hinduism, Judaism and Buddhism have
distinctly different perspectives upon the nature of God and the
creation, and consequently upon what our attitude towards

caseation and its genetic foundations should be. Religious

dapproaches to modern biotechnology, then, may take the form

nin§ outright rejection, cautious neutrality or enthusiastic

acceptance, thus reflecting the possible positions already noted
above in connection with more secular moral concerns about
thampering with Nature.
iews
aluPaft Conclusions
by
byrising from the above brief survey, three key questions can be
englgntified which may help to clarify further the ethical
olipfmciples underlying the general moral and religious concerns
dwhich have been outlined.
ns in
Is there a significant ethical difference between modern
biotechnology and other more traditional techniques,
which might make this form of tampering with Nature
and playing God particularly and distinctively
objectionable? If so, what is the precise basis of this
difference? One possible answer to this would be that
modern biotechnology can, to a greater extent than
hitherto, breach natural species boundaries and violate
the natural integrity of species, in which case the second
guestion must be:

There is, for example, scriptural support for the view that

humans have been given by God an approved, privileged
position of “dominion” and control over Nature. Another

interpretation of how humans relate to the rest of the n

world is that, in some sense, we are co-creators, co-worke
co-explorers with God. The argument here is that our scier
understanding of the universe, in particular cosmology ang
biological theory of evolution, shows that creation is an ong
process. The universe has been in a continual stat
development for some fifteen thousand million years. Wi
just the last few thousand years, humans have b
consciously to influence the course of that continued creati
a way never before attained by any species. In any useful
of the term, therefore, we are co-creators with God, altering
future of the world year by year, hour by hour, as we c:
some species to become extinct and alter the ge
constitution of others by the traditional techniques of artifi
selection as well as by the newer approach of ge
engineering. Further, if genetic engineering can helg
overcome genetic defects caused by harmful mutations, it

What is the ethical status of species and what is it
legitimate and illegitimate for human beings to do to
them? Does the crossing of species boundaries also
introduce a new element of unjustifiable risk?

ural
2rs or
ntific
1 (83
DiNg
e of

Are some species of more ethical importance than
others, and if so, does this make the genetic modification
of human and animal material more suspect than that of

hin plants and microbes, a view that seems to be borne out
egun  in surveys of public opinion?

ON in

sdn3e Biotechnology, intellectual property, and morality

y the
AUES. 1
netic
cidhis section addresses the moral dimension of intellectual
ghioperty law as touching upon biotechnological innovation,
woth special reference to agricultural biotechnology. Within the
naaga of intellectual property as a whole, the primary emphasis

Introduction
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will be upon patent law as virtually unique in containing
specific moral provisions. However, some reference to plant
variety rights will be necessary as ancillary to the main theme.
The section will focus on the moral aspects of innovative
techniques used in or on behalf of the agricultural industry| and
the products to which such techniques give rise, these being the
proper subject matter of the patents which fall within our
purview. It is therefore beyond the scope of this section to

attempt to formulate a bioethical

perspective on |the

International Conventions and international policy agreements,
as such, which bear upon agricultural biotechnology (UPQV,

Convention on Biological Diversity, TRIPS Agreement).

1.3.2 Essential preliminary concepts

(1)

(@)

3)

A patent is a property right granted by State authority
which excludes others from the use or benefit of |tl{d)
patented invention without the consent of the patent-
holder. A patent may be considered as a “bargain”
between an inventor and the official authorities whergby
an inventor informs the public about the invention

(rather than keeping it secret) in return for a limited

period of legal protection against unauthorised third
parties. Secrecy, when possible, is an alternative
protective option for an inventor. Under the patent
system in many countries an inventor makes |the
disclosure available to the public long before it is certain
that protection will be granted. The open
informative function of patents is considered to spread
knowledge of new technology and to be generally in/the
public interest. Patenting is an adversarial process in
which (a) the examining authority has first to |be

convinced that the conditions of patentability have been
met and protection is appropriate, and (b) the patent, if
granted, can then be opposed by third parties.

The expression “patenting Life” is frequently used| as
shorthand for patenting in biotechnology as a whple.
This is an inaccurate and misleading expression whi¢)
does not help the general public to form a true
perception of patenting activity in this field

which is already in the possession of the public. It
follows that any biological material already in the public
domain cannot be privatised in this way. The traditional
microbial, plant or animal materials used by indigenous
rural communities, as well as their traditional
knowledge and agricultural practices, remain forever
available both to them and to their descendants. This
should be recalled when reference is made to “patenting
seeds” of rural communities. Patent procedure being
fallible, mistakes can occur and there have been recent
instances of traditional remedies being patented in
countries remote from the source of this knowledge.
Such mistakes are usually corrected once they have been
drawn to the attention of the proper authorities and the
full facts are known.

Patents are territorially limited to the jurisdiction under
which they are granted. A patent granted in Europe has
no direct effect in countries outside Europe.
Consequently if no corresponding patent has been
applied for in, say, a particular developing country, the
local industry and public are free to put the invention to
use within that country. However, they may or may not
be free to export the product to the “patent country”,
depending on what is covered by the patent (for this,
read the “claims” of the patent).

A patent gives the patent-holder no positive right to do
anything except seek from a court a remedy against
unauthorised use of the invention by others. This will be

explained further below. A patent-holder who takes such
action has to face the possibility that the defendant will

counter-claim that the patent is invalid and should

therefore be revoked. Instead of going to law, a patent-
holder will often choose to regulate the situation by

licensing the patent to the other party on reasonable
terms.

A patent has a limited duration after which anyone may
exploit the invention freely.

technology, and it will not be used here. “Life” cannat.3.3 Patenting and morality

be patented but living organisms can be patented if they

differ significantly from organisms as naturallyPatent law in many countries excludes certain kinds of
occurring. This principle has been established thrgugtvention from patentability. One such exclusion pertains to the
legal decisions at highest levels in the major industrialtjuestion of morality. In Europe the morality provision is

developed countries. In Europe, after ten year

obntained in the first part of Article 53 of the European Patent

intensive debate on successive drafts proposed by @@nvention (EPC) which reads:

European Commission, Directive 98/44/EC of the

European Parliament and of the Council on the LedaPC Article 53

Protection of Biotechnological Inventions (hereafter the
“patent Directive”) was issued on 6 July 1998.
European Community having concluded this matter
through the public and democratic process, no purpdsg
is served by attempting to re-open this particular
guestion or others related to it, including the

circumstances under which DNA and RNA sequences
may be patented.

A patent, though granted by a Patent Office, may (&
either valid or invalid. This is a matter which can |be

contested in a court or other appropriate tribunal. A
patent cannot be validly granted for a product or process

hEuropean patents shall not be granted in respect of:

inventions the publication or exploitation of which

would be contrary to ordre public or morality, provided

that the exploitation shall not be deemed to be so
contrary merely because it is prohibited by law or
regulation in some or all of the Contracting States:

plant or animal varieties or essentially biological
processes for the production of plants or animals: this
provision does not apply to microbiological processes or
the products thereof.
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The national laws of Member States of the EPC conta
comparable provision, although for the national equivaler
Article 53(a) some variations from the above wording are t
found.

No guidance has been provided by the legislators as ft¢
meaning of the ternficontrary to morality” in EPC Article
53(a) or the system of ethics by which the European

National patent authorities are to apply this provision. But
clear that, as far as the patent law itself is concerned, the

guestion applies to the act of publication or exploitation (us¢
the invention rather than to any other activity (see later).

The patent Directive identifies certain specific types
invention which are to be unpatentable as contrary to mor

injuatifies the use of animals genetically engineered to possess
titwreased sensitivity to carcinogens. As this case may not
D pwvide a useful precedent for transgenic farm animals, it is not
reported with the case studies given below. A decision of the
EPO Opposition Division has been awaited for some time and
D 1tagy now be expedited by the issuance of the patent Directive.

ande patent Directive, by Article 6.2 (d), denies patents for
it igrocesses for modifying the genetic identity of animals which
maral likely to cause them suffering without any substantial
2)roedical benefit to man or animal, and also animals resulting
from such processes.”

&o far there is no comparable test case in the EPO bearing on
alitgnsgenic farm animals. As to the ethics of novel animal

(see later). This Directive is addressed to EU Member Statebiieeding methods, some commentators (from outside the patent

respect of their own national patent laws, and not to the
directly, but it will undoubtedly affect patent practice under
EPC.

1.3.4 The interpretation of European patent law

The European Patent Office (EPO), through its Examir
Divisions and Appeal Boards, has primary responsibility for
interpretation of the EPC. However, applicants for patents
opponents of such patents are entitled to present n
arguments in dispute of particular official rulings. Furtherm
patents granted by the EPO can be challenged in national
on this as well as on other grounds.

The EPO official Guideline on Article 53(a) states tHEtis
provision is likely to be invoked only in rare and extreme cad
A fair test to apply is to consider whether it is probable that
public in general would regard the invention as so abhorr
that the grant of patent rights would be inconceivablEhis
statement accords with the principle established in [
jurisprudence of interpreting all exclusionary provisions in
narrowest sense possible.

The EPO is developing its position on this subject in conne
with a small number of disputed patent applications and p
some of which are discussed below. Formal opposi
proceedings on specific patents provide occasions for the
Opposition Division and Appeal Boards to interpret Arti
53(a) with reference to biotechnological inventions. It
doubtful whether any generally accepted moral principl
offended by the grant of patents on industrially applic
processes involving biological material or on such materia
se. As defined in the patent DirectiviBiological material
means any material containing genetic information and cap
of reproducing itself or being reproduced in a biologi
system”.This must include living organisms, viruses, genes
other forms of DNA and RNA. Recital 15 of the pat
Directive notes thatno prohibition or exclusion exists i
national or European law (Munich Convention) whi
precludes a priori the patentability of biological matter”.

Opponents of certain patents for transgenic plants and an
have raised objections based on risk to the environmen
animal suffering. The currently most important test case i
formal Opposition by certain special interest groups to
Harvard oncomouse patent, in which the primary m
qguestion is whether the potential benefit to cancer res

EBfficial or patent professional community) have suggested that
theertain types of genetic modification may give rise to “intrinsic
objections” which cannot be justified by appeal to potential
benefits. For example, modifications which subordinate the life
of the animal to human ends and over-ride what is natural to the
animal are viewed by some as immoral. It is unlikely to be a
nistraightforward matter for the patent authorities to discriminate
tletween acceptable and unacceptable modifications.
and
ndafore outlining some of the matters raised in opposition to
oreertain specific patents it is necessary briefly to consider a
coguisstion which continually enters the general debate on these
issues. This touches on the morality of the very act of patenting
certain kinds of invention in biotechnology.

s&s3.5 The morality of patenting
the
eAs indicated above, patent law is explicit in confining the
guestion to whether publication or use of the particular
“RWention is to be judged immoral. But at a deeper level it is
treonsidered by some commentators that, over and above the
permitted ground of objection under EPC Article 53(a), the very
act of patenting certain kinds of invention ranks as a moral issue
ction itself. This view deserves comment because of the
gmessistence of those who hold it strongly.
tion
BRe€xital (14) of the patent Directive notes tHatpatent for
l;mvention does not authorise the holder to implement that
isvention, but merely entitles him to prohibit third parties from
@sploiting it for industrial and commercial purposes.This is
bdecardinal principle of patent law and is relied on by those who
gerld the view that no moral principle is breached by the
acquisition of the legally-permitted rights of inventors to protect
lkeeir intellectual property against unauthorised use by others.
al
aftds important to emphasise, at this stage of the analysis, that it
ns the act of seeking and obtaining the legal right that is being
considered, not the manner in which a patent-holder might
lthoose to exploit or enforce it.

To hold the contrary position to that advanced above would
inegtail a substantial burden of logical proof. Few commentators
aralld try to extract the intellectual property procurement issue
finem the context in which it arises, namely, a programme of
thesearch, development, and exploitation. Thus, it would seem
raifficult to divorce this question from that of the morality of the
arebearch which precedes the invention. It is the research that
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leads to an invention and it is the subsequent patent applicatioh
that leads to the grant (or refusal) of a patent. As is clear from
EPC Article 53(a), the morality of doing the research does not
enter into the equation at all. But on general moral reasoning it

There was a public consensus that human genes should
not be patented.

would be possible to argue that if the research is moralljle Opposition Division decision

objectionable then to benefit in any way frorreig,by the grant
of a legally protected position, would also be unacceptab(B.
Biological scientists on the whole might be uncomfortable
the idea of research being immoral. It is also common among
the general public to find support for the position that life-

science research, though sometimes morally questionable,
could be justified if it is likely to generate important scientific

knowledge (a utilitarian approach). If so, would it be reasonable
to hold that the patenting of its practical application would Ifig)
morally reprehensible? In practice such a conclusion would
probably be rarely encountered.

As indicated above a moral distinction is possible between, on
the one hand, the obtaining of legal rights and, on the other, the
manner in which such rights are exercised. This distinction(iis)
familiar in the patent context from past provisions |on

Compulsory Licensing which were exercisable in rare cases of
abuse of monopoly in some countries and, in others more
routinely, to legalise manufacture by the local industry in

competition with imported products. In view of the change of

attitude towards this issue encouraged by the TRIRS)
Agreement, and the lack of experience of its implementatian so

The patent proprietor had stated that the tissue had been
provided with patient consent. This was an instance of a
general practice accepted and even welcomed by the
public, and approved by the (then) Draft Council of
Europe Bioethics Convention, provided the proper
information and consent procedures were followed.

The slavery argument betrayed a fundamental
misunderstanding of the effects of a patent. Gene patents
convey no rights to individual human beings. The only
stage at which the original human patient was involved
was as a voluntary source of relaxin m-RNA.

DNA is not “life” but a chemical substance which
carries information. A human being cannot be
reconstituted from the sum total of human genes. No
moral distinction is to be made between the patenting of
genes and the patenting of other human substances.

The patenting of human genes was a controversial issue
on which the opinion of society was not yet definitively

far, it is premature to try to develop this theme here.
1.3.6 Case studies
1.3.6.1 The Relaxin case

The Green Party opposed European patent 112.149 gran
the Howard Florey Institute of Experimental Physiology

Medicine for human H-2 relaxin, a hormone involved
reproduction, and a DNA sequence coding for the hormon

The facts

A patent for the first relaxin hormone to be discovered (rel
H-1) had been granted previously but was not in issue in
proceedings. The m-RNA coding for the H-2 relaxin pro
had been isolated from ovarian tissue removed in the treat
of an ectopic pregnancy.

The Opponents’ Arguments

The Opponents took objection on a number of grounds. T
concerning morality andrdre publicare summarised below.
0] It was alleged that it is an offence against morals
exploit the pregnancy condition of a woman

formed. It was held that “Only in those very limited
cases in which there appears to be an overwhelming
consensus that the exploitation or publication of an
invention would be immoral may an invention be
excluded from patentability under Article 53(a)”.

ed to

rnd3.6.2 The Plant Genetic Systems case (Decision T356/93)

in

.Plant Genetic Systems European patent 242,236 was directed to
transgenic plants containing in their cells a gene which
conferred resistance to the herbicRizsta.

*he most important claim:
hese

ﬁ:@l nt, non-biologically transformed, which possesses, stably
integrated into the genome of its cells, a foreign DNA
nucleotide sequence encoding a protein having non-variety-
specific enzymatic activity capable of neutralising or
inactivating a glutamine synthetase inhibitor under the control

ha$e promoter recognised by the polymerase of said cells”.

The patent also had claims to the methodology for transforming
5 the plant, vectors, plant cells, and seed. It is important to note
bthat the claims were not limited to particular plant species but

removing tissue from her ovary and using it as the basiderred to “plants” in general. Until this patent was challenged

of a profit-oriented technical process.
(i)  The use of the ovarian tissue for the purposes of
patent amounted to a form of slavery since it invol
dismemberment of women and their piecemeal sa
commercial enterprises. This infringed the human r
to self-determination.

(i)

patented, which was intrinsically immoral.

the EPO had been willing to allow patents for plants defined in
this generalised walg in non-variety specific terms.
the
vethe patent was opposed by Greenpeace under EPC Article 53.
eThe main attack on the patent was based on the morality and
ghtdre public provisions of Article 53 (a), the argument being
that it was immoral to “own” plants, which were the common
heritage of mankind. Greenpeace supported this by producing

To patent human genes meant that human life was benegults of surveys/opinion polls taken in Sweden (only farmers

were consulted) and Switzerland.




16

Ethical Aspects of Agricultural Biotechnology

The decision of the Technical Board of Appeal: (v)

The Technical Appeal Board considered the morality objection
in depth and rejected it. The Board set out the following
principles which they considered relevant to the assessment of

such objections:

@

(ii)

(iii)

(iv)

The relevance of the human cultural background.

The Board noted that those who drew up the EPC|had
recognised thaftthere was no European definition of
morality”, the same being said fardre public This
was therefore a matter for European Institutions. [The
Board considered it as generally accepted trdte
public covered the protection of public security, the

physical integrity of individuals, and the protection |of

the environment. The concept of morality was founded
on the totality of accepted norms deeply rooted in a
culture which, for the EPC, was the culture inherent in
European society and civilisation. Inventions whose
exploitation was not in conformity with conventionally, .
accepted standards of conduct pertaining to this cu tlg}’/(!’.)
were to be excluded from patentability as being contrary
to morality. The assessment of battdre publicand
morality was not dependent on national laws| or
regulations as stated in EPC Article 53 (a) second |half
sentence.

The concept of patentability in the EPC

For the EPC, the concept of patentability was to be as
wide as possible, and in the previous case law (including
cases relating to plant varieties) the exceptions to
patentability had been construed narrowly. In one such
case (the oncomouse) a previous Board had held that
“no general exclusion of inventions in the sphere| of

animate nature can be inferred from the EPCThat
Board had indicated a moral test based a careful
weighing up of the suffering of animals and possjble
risks to the environment on the one hand and|the
invention’s usefulness to mankind on the other.”

The issue of living matter

The Board held that seeds and plants cannot be excluded
from patentability merely because they are living matter
or because plant genetic resources are the heritage of
mankind. The patenting of wild type plant resources was
not in issue in the present case.

Public opinion

The Board considered that surveys and opinion polls did
not necessarily refleardre publicconcerns or moral
norms deeply rooted in European culture. They could
fluctuate or be easily influenced and controlled. Tg be
relevant in proceedings of the present kind, such surveys
would have to be directed to the specific invention in
dispute. A survey or opinion poll showing that| a
particular group of people or even a majority of the
people in some or all EPC contracting States
disapproved of the invention could not serve as a
sufficient criterion for these purposes.

The morality issue

Concerning the question of man’s dominion over the
natural world, technology which allows a better
understanding and control of natural phenomena linked
to plants is not intrinsically wrong. Plant biotechnology
per se cannot be regarded as more contrary to morality
than traditional selective breeding because both are
guided by the same motivation, which is to change the
properties of a plant by introducing into it novel genetic
material in order to obtain a new and possibly improved
plant.

The more powerful and accurate control which plant
biotechnology offers is at the origin of public concern
and apprehension, but this tool, like any other, can be
used for constructive or destructive purposes. Only in
the latter case should a patent be refused under Article
53 (a).

Judgment of the Board

The PGS patent was directed to the introduction of
herbicide resistance into plants. This could not be
considered wrong as such. None of the claims of the
patent related to a misuse or destructive use of plant
biotechnological techniques.

Conceding the opponent’s submission that patent offices
“are placed at the cross-roads of science and public
policy” the Board observed that such offi¢swand side

by side with other authorities and bodie#f.particular,
regulatory authorities and bodies exist whose function it
is, inter alia, to ensure that the exploitation of a given
technology, regardless of whether it is protected by
patent or not, takes place within the regulatory
framework by laws, international treaties, administrative
provisions etc..

On the question of risk assessment the Board referred to
the difficulties of making such assessments in relation to

pharmaceuticals, herbicides, insecticides etc and pointed
out that these matters are the province of other

specialised bodies, and are concluded usually long after
a patent has been granted. Moreover it would be difficult

to assess risk to the environment solely on the basis of
the patent specification. To revoke a patent on this

ground presupposed that the risk had been

“substantiated at the time the decision to revoke the

patent is taken by the EPO”.

The documents relied on by Greenpeace amounted to no
more than suggesting a “possibility” or “potential
effects” in this context. No conclusive evidence had
been produced by Greenpeace that exploitation of the
patent would‘seriously prejudice the environmentit
would be unjustified to deny a patent merely on the basis
of “possible, not yet conclusively-documented
hazards”.

In conclusion, Article 53(a) did not constitute a bar to
patentability in this case because none of the claims of
the patent comprised subject matter the exploitation of
which would be contrary tordre publicor morality.
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comparable model and so this is left to national laws and
regulations. Farmers can use purchased material for their own
2 ricultural use but not for purposes of further reproduction as
a commercial activity.

1.3.7 Other relevant issues in the patent Directive

Articles 4, 5, and 6 of the Directive identify other area
unpatentability. Most of these are concerned with human gené
sequences and other aspects of human biotechnolog Jfflr%)dS Conclusions
medicine. Article 6.2 (d) has been mentioned above (animal”

suffering). There is no proscription concerning pl

biotechnology inventions under the heading of morality. r]IIhe decisions summarised above are important for the purposes

prohibition of patents for plant varieties and essenti R the present study insofar as they show the positions held by

. . ) : e pan-European Institution on the moral aspects of new
biological processes is declaratory of EPC Article 53(b) a?éqchnrglogy Tr?e European patent system nowpoperative all
therefore largely superfluous. ) !

Member States of the European Union (and some non-Member
In Article 11.1 the well-known derogation for farmers in respeBtates also) is firmly established as the most important patent-
of farm-saved seed (under plant variety right law) is extendedyranting facility in Europe, which profoundly influences the
patent law. However, this freedom is no longer ensured ungesitions of national patent systems on the issues under study.
the UPQV Convention as revised in 1991 and now operativeOdh the specific cases outlined above, only the PGS case has
some UPOV Member States. It has also been modified undeen finally decided. When final decisions are reached in the
Article 14 of Regulation (EC) No 2100/94 on Europeaoncomouse and Relaxin cases these, together with the PGS
Community plant breeders’ rights. Royalty is now payable @ase, will provide representative samples of inventions which
farm-saved seed under both legal systems but“aermsibly | have been challenged across the field of plants, animals, and
lower” rate compared to the notional rate on purchased seedhaterials derived from human tissues. The European Parliament
and Council Directive on the Legal Protection of
Article 11.2 applies a similar derogation to animal farmeBiotechnological Inventions will also contribute to the final
except that no system of animal variety rights exists assettlement of these issues for the European public.
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Chapter 2
Food
2.1  Overview by consumers are illogical but rather to acknowledge the

2.1.1 Public acceptance of biotechnology and cultural
aspects of food

Agriculture has always over the last 10,000 years depe
heavily on plant and animal breeding. For millennia this

done by trial and error but since the beginning of this centur
a progressively more scientific basis. In the past 20 y
biotechnology, using the tools of molecular biology, has opé
up new possibilities, particularly in crop developme
Biotechnology, however, stimulates ethical concerns bot
professional ethicists and in the general public. Several op
surveys (among others, the Eurobarometers 35.1, 39.1, an
on Biotechnology) have shown that the public perceptio
food biotechnology is significantly different from that of oth
(eg medical) applications of biotechnology and geng
engineering. Why? One possible answer is the pec
characteristic of biotechnology (especially of geng
engineering) of touching upon deeply rooted cultural archet
(ie fundamental images inherited by everybody) related to
and death, reproduction and family relationships and
individual's body and identity (Wynnet al.,1997). The geneti
modification of plants, animals and microorganisms

therapeutic purposes is generally better accepted than for
food applications (Hamstra, 1993). The critical characte
public attitudes towards food biotechnology is probably
result of a synergy between the cultural and symbolic funct
of food, the capacity of genetic technologies to destab
cultural archetypes, and most people’s relative ignorance &
biology and how agriculture uses plant and animal breedi
improve crops and farm animals.

Food has always had a symbolic significance in all hu
cultures. It is one of the most important elements by whi

simultaneous existence in the same person of different cognitive
perspectives (Wynne, 1997).

The application of modern biotechnology to food production is
ndedhetimes subjected to careful scrutiny in order to assess
wahether other technological options might be preferable. A
yioeed for justification has clearly emerged in recent empirical
eaesearch (Wynne, 1997) and this need for genetically
2negineered food seems not to be required by large numbers of
ntonsumers because of perceived high risk to their health. The
h mrotivations underlying such demands to show that genetic
nteohnology in food production is really needed seem to be of a
d d6rfiplex nature. One is clearly lack of factual knowledge, as
n eemplified in Eurobarometer 46.1. How can the ethical
eimplications of genetical techniques be considered, if only one-
>titird of the population know that plants have genes? Informed
ulclebate depends on adequate knowledge. Surgglsstitute of
2tiGrocery Distribution, 1997) have suggested that most
yesisumers in their actual shopping behaviour do not reject or
nidhcept genetically modified foods on absolute criteria, rather

ey weigh the perceived benefits against the potential risks.
c Such perceived cost-benefit balance may have more to do with
fandividual tastes than with values and norms. The underlying
agrotivations seem also to be of a complex ethical nature.
r dbwever, few efforts to analyse them in an ethical perspective
thave been made so far.

logs | h d lyi
iAe Mmore genera argument for the need for applying
Elo%echnology in food production concerns the urgency to
abou ) .
Jhcrease the global food supply in the face of world population
ggrowth. However, as food shortage problems mostly affect

developing countries, ethical discussion of this issue is
T]g%ntained in the chapter on Developing Countries.

_hTﬁ most important areas where the use of biotechnology can

social group characterises itself as different from others. Fog

also functions in characterising certain religions by proscril
specific foods as taboo.

2.1.2 Biotechnology from a consumer point of view

In Europe, it has been suggested that public attitudes tov
food are increasingly characterised by anxieties, as consu
are becoming less and less familiar with their food and its o
and composition. Public concerns have led to the increg
importance of consumer movements calling for more comj
information, stricter safety controls, attention to the “eth
content” of food products and wider choice.

Consumer attitudes towards food biotechnology seem t
rather ambivalent in nature, as actual purchasing behav
may appear to contrast with stated opinions. This app:
inconsistency has often been observed in consumer res
leading to the conclusion that there is no neces
correspondence between social acceptance of biotechn
and consumer willingness to buy its products (Hamstra 19
This should not induce us to assume that the opinions expr

;iRrovide benefits from the European consumers’ point of view
can be:

(@) Price: in principle, all productivity-enhancing
innovations (for example, transgenic salmon with
increased growth rate) should lead to cost reductions.

vards However, cost reductions are not always automatically
mers transferred to consumers. Survegg Hamstra, 1993,
rigin FhG-ISI, 1998) suggest that no direct price decrease is
asing  expected by consumers for products made by means of
olete  biotechnology, but rather an improvement of the price-
cal performance ratio.

(b) Quality: biotechnology and genetic engineering can help
0 be toimprove various quality aspects of foods such as taste,
iours  flavour, colour, etc.. In addition, new analytical tools
arent  based on biotechnology can carry out quality control
parch, and monitoring more effectively.
sary
ole@y Health: biotechnology can help to design healthier food
)93).  products with improved nutritional value (Food and
essed Drink Federation, 1995), eg:
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modified fat foods: for example, genetically modified crg
(corn, soya, oilseed rape, canola) with reduced saturate
content of cooking oils);

protein content to address problems of poor nutrition du
lack of proteins;

higher vitamin foods: fruit and vegetables modified
contain higher levels of nutrients, for example vitamin
and E;

longer lasting fruit and vegetables: genetic modificat
can slow down softening providing fruits that last longe

In the case of the so-called functional foomsfdod products
designed to meet the nutritional needs of specific populg
groups such as the elderly, pregnant women, people affect
specific disorders, athletes), biotechnology may help to pre
health problems.

2.1.3 Institutional actions
The regulatory activities of international bodies and natic
governments have been mostly directed to addressing §
concerns. In the EU safety issues have recently assumed
greater importance following the BSE crisis and have le
change in Community policy towards consumers and
creation of a new Directorate-General (DG XXIV). This
responsible for controlling enforcement of relevant regulat
and promoting consumer information with eight scient
committees to assess the safety of different categorie
products for human and animal health. Safety consideration
central in the most important regulation concerning f
derived from biotechnology, the EC Regulation on Novel Fg
and Novel Food Ingredients (258/97). Ethical issues not re
to safety, however, have also been addressed. Article 8 ¢
Regulation establishes a specific labelling requiremen
inform population groups with “well established” food practi
of the presence in a novel food of a material which is not pre
in conventional equivalent foodstuffs and which “gives rise
ethical concerns”. Of course, distinguishing betwg
“established” and “not established” practices may give ris
controversies over interpretation. Determination of the eth

B

higher protein foods: for example, crops with highe

psxcluded the need for any special labelling but encouraged the

chfatvision of information on a voluntary basis “in response to
public interest”. A similar case-by-case approach can be found
in a report of the Australian House of Representatives Standing
8mmittee (House of Representatives Standing Committee on
Industry, Science and Technology, 1992) concluding that
“there should be labelling of some products which contain
t&MOs or which are produced by GMO$1owever, this should

[S]

s ke decided on a case-by-case basis.

ioqu the field of bioethics the applications of biotechnology and
genetic engineering in food production have generally received
less attention than in their medical uses. Debate on the ethical
implications of food biotechnology has been focused mostly on
1tiarr]1ima| welfare, particularly in Northern European countries.

Iocreasing concern for animal welfare in European societies has
e S .

%(qe erated several initiatives. The most important one at the

uropean level has been the decision of the Council of Europe
in 1991 to amend the European Convention for the protection of
animals kept for farming purposes of 10 March 1976, extending
the scope of the Convention to genetically modified animals.
The Protocol of Amendment included the requirement that
braibtechnological breeding programmes weénesigned to
afatyid foreseeable suffering or injury of the animals, such as
elifficult deliveries and lasting deformationsThis general
d panciple included the prohibition of breeding from genetically
theodified animals‘unless, in the light of available scientific
iknowledge and/or established experience... it could be
oreasonably expected that the animals, or the animals produced
ifiby these animals, would not suffer as a consequence of this
sbdeding”.
s are
pdlfith  Recommendation 1213 (1993), the Parliamentary
odssembly of the Council of Europe extended the scope of its
atdHical reflection to the broader field of biotechnology applied
ftthagriculture, by the following recommendations:
t to
ces
2sent *
> to
cen
e to
ical

=

<

* avoid any unnecessary suffering of animals;

ensure careful monitoring of risks;

*

pay special attention to the need for better and more
information to the public through the organisation of

information activities and exhibitions and through

appropriate labelling;

concerns which should be considered appears still open in a
social environment characterised by rapid cultural change and * protect biodiversity and ecosystems;
the spread of new religious practices in recent years. * implement technology assessments for biotechnology
Labelling is still a controversial regulatory issue at the inventions;
international level. In the United States, where no specific , . : . L -
. . . encourage the inclusion of bioethics in the training of
regulation of the labelling of biotechnology products has heen specialists in the field of biotechnolo
enacted, the Food and Drug Administration considers that, in P gy

the absence of any evidence that plant foods obtained by g
engineering present greater safety concerns, no special lab
is required. The process by which a new plant food is prod
is irrelevant to its safety assessment (FDA, 1992). Subsequ
the FDA announced its protocol for evaluating foods deri
from new plant varieties on chemical, biological and molec
considerations.

In the UK the Food Advisory Committee (FAC) which advis
the Ministry of Agriculture and the Department of Health
matters relating to food safety proposed to determine labe
requirements on a case-by-case basis. In January 1997, ad
the Government on a genetically modified cottonseed, the

e

eW&%in the EU, the most intensive institutional activity in this
|é]|dﬂ has probably been in the UK where the Report of the
o mmittee on the Ethics of Genetic Modification and Food Use
(E][ e Polkinghorne Committee, 1993) has addressed the ethical
ved ; .
aspects of food produced by genetic modification. The
ular . S .
ommittee found no justification for any general ethical

condemnation of the use of GMOs in food production, but
saecommended recognising the food sensitivities of different
oreligious groups by specific labelling provisions. For example,
llimgmbers of the Jewish faith have had separate production and
vidistgbution channels for kosher food for a long time. Other
F4fups may wish to do likewise for other food preferences.

c
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2.1.4 Does biotechnology raise new ethical questions (irfirst one, characterised as “shallow ecology”, does not question
food production? anthropocentrism and reduces the ecological crisis to a set of
concrete problems. The second, “deep ecology” is based on the
Another set of issues concerns the fundamental questi@tief that the human species cannot be separated from the rest
whether biotechnology applied to food production raises ethicél Nature (the ecocentric perspective). While the former
issues not raised by previous technologies. proposes “a careful management of resources”, the latter
upholds the “principle of non-interference” with Nature. Taken
From a scientific perspective, according to manwtface value and in its extremist interpretation, non-interference
biotechnology is basically a further development of traditionalould mean that humans would have to return to hunter-
techniques such as fermentation, baking, brewing, play#therer subsistence. Both views may support the ethical
breeding, etc.. Traditional and new techniques would penciple of respect for Nature and the environment.
“basically equivalent”, and the products of food biotechnology
would not pose specific problems compared with traditionBhe ontological difference between human and non-human
products. Breeding techniques inducing genetic variation beings leads to a different evaluation of biotechnological
plant and animal species have been known for thousandsamblications depending on whether they concern
years and have profoundly modified plants and animals. Naturatroorganisms, plants and animals or human beings. For
mutation and selection are powerful agents in evolution. Duriimgtance, the primacy of the human over the non-human has
the last 30 years techniques such as cell fusion have allowedden mitigated within the Catholic culture (see pontifical
crossing of plant or animal species across species boundamseals to greater respect for the environment such as John Paul
which would not interbreed naturally. The changes broughtThe Ecological Crisis a Common Responsibility, Message of
about by biotechnology differ insofar as one or few spectifitis Holiness for the celebration of the World Day of Peace,
DNA sequences of known function are transferred. The noveli§90) and replaced with the concept of human responsibility
is that the transferred genetic information may come from|atoyvards the environment (humans as the keepers of the
organism and is better controlled. The products of modeEneation). The rethinking of the relationship between human
biotechnology need to be analysed in a careful step-by-step beithgs and Nature suggested by environmental ethics suggests
case-by-case procedure. Many scientists may question whjneda need to adopt a stronger precautionary attitude towards
new variety was produced by traditional breeding, | lbshanges which are largely unknown in Nature. From a
biotechnology or by importing from anywhere else in the worfzerspective of responsible consumption, consumers have a right
into a new ecosystem (Am. Soc. of Ecology, 1988, Ammartn, be informed and to choose more environmentally friendly
1998). It is the rule, stated primitively, thdhe prophecy of| food products (including those food products derived from
doom is to be given greater heed than the prophecy of blisgénetically modified plants or animals with reduced
(Jonas, 1984). environmental impact from that of conventional products).

Such considerations are indirectly relevant also to the ethical

aspects of food consumption as some consumers are awarex@a2 Biodiversity

their consumption choices are capable of influencing decisions

made by producers, including their technological choices. Thé&®a possible consequence of diffusion of agro-biotechnologies,
has been debate for years around the concept of “respongitdey see risk of reduction of genetic diversity in agricultural
consumption” mostly in Central and Northern EuropeatosystemsCareless application of biotechnologies may have
countries. The purchase of organic foods has been increasamgimpact on biodiversity if a gene of economic interest were to
but these foods are still a product bought by a small minoritg associated with a very small number of varieti@@ECD
usually at premium prices. Most consumers are gujd&€98). On the other hand, biotechnology could contribute to
primarily by the price and the perceived quality of the productsiplogical diversity both by creating new organisms and by
and not by how the products are produced. providing new effective conservation techniques. There are two
It?vels of biodiversity to be considered: organisms in their
rnatural habitats, and plant and animal varieties developed by
fatmers over millennia. Modern farming practices have reduced
the range of plants used for food production, whilst on the other
hand the number of plant varieties has increased immensely.

In the following sections analysis of the ethical implications
biotechnology will be devoted to pre-farm gate and post-fa
gate stages of production and consumption.

2.2  Pre-farm gate: ethical implications of biotechnology
in food production Some authors forecast drastic reduction of crop genetic
diversity in agriculturally influenced ecosystems as a
Analysis at the pre-farm gate level addresses a wide rangeafsequence of agro-biotechnology. Cultivation of genetically
issues concerning the relationships between humans and atihedified crops is likely to expand if they are more
species, between present and future generations and betveeenomically competitive (by virtue of costs, incentives,
different social categories. The most important areas influstry pressures, pest resistance and yields) and they increase
bioethical reflection concerning biotechnology in foodustainability of farming. However, competition between the
production are discussed below in brief in order to stress thmany agricultural biotechnology companies and seed producers
indirect relevance to the ethical dimension of consumption| may lead to a wide variety of transgenic crops. It will often be
desirable to introduce new traits by gene transfer into landraces
2.2.1 Environmental ethics which are well adapted to local soil, climate, diseases, parasites
etc. and which have grown out of the local culture. From a
Within philosophical reflection on the relationship betweepiological point of view, it is inconceivable that only very few
humans and non-humans, two approaches can be identified. Vidreeties of a certain plant species can be grown successfully
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throughout the world, given the multitude of varying clima
soil type, local conditions, etc..

Intensive farming has also reduced the genetic diversity of

animals by inducing uniformity within species. Genetic

engineering is likely to have less impact on farm animals

on plant crops not only for scientific and technical reasons b

also due to public perceptions which are critical of increa
the productivity of farm animals by any means possi

However, other techniques of modern biology impact on anim

breeding, such am vitro fertilisation, embryo transfer an
cloning.

One specific ethical aspect concerns the strong link betwee
diversity of local crops and animal breeds and the cult
diversity (traditions, food habits, values and beliefs) whic
rooted in, and contributes to preserve, biological diversity.
loss of traditional biodiversity entails a loss of cultural herita
This is the reason why traditional landraces and breeds
qualitatively different from industrial cultivars and bree
intended to be replaced periodically by new, improved one
this sense, it cannot be assumed that loss of traditional var
will be compensated by creation of new varieties. Howeve
must be realised that urban societies could only develop
farmers could produce more food than they needed
themselves and that world population growth can only
sustained by continued increase in food production.

2.2.3 Sustainability

The concept of sustainability has primarily to do with

relationship between present and future generati
Biotechnology could effectively contribute to the food sup
of future generations. However, like any new technolog
involves a certain degree of uncertainty and the precautig
principle requires that other existing technological options
carefully preserved. Our concern for survival of fut
generations should suggest promoting diversification of f
production technologies. In addition, agricultural technolo
using conventional organisms (such as organic agriculture)
even be seen as cost-effective and self-suppartisiu (in the
field) conservation activities compared with cos#x-situ
conservation facilities (gene banks). The two important is
are farming techniques that allow the soil to be used year
year and conservation of germplasm. Modern methods of
breeding can lead to crops that require less tilling and the
lead to less soil erosion. Experimental transgenic plants
also been developed that resist drought, tolerate

concentrations of aluminium or that can take up toxic mate
such as cadmium from the soil. Transgenic crops already i
field use fewer insecticides and fewer herbicides, the
reducing need for agrochemicals. One of the most impo
threats to plants in their natural habitats is the spread of w
plants which were imported from overseas by horticultur
and which have become serious competitors to indige
plants. While potential weediness of transgenic plants nee
be considered, it may not be a significant problem bec
weediness depends on the selective advantage of many
functioning in combination which are unrelated to ge
introduced for agronomic reasons. The second point t
considered in the context of sustainability is the preservatig
germplasm for future breeding purposes, lwtituand in seed
and tissue banks.

tidn some cases the spread of pollen from transgenic crops may
be seen as a threat to biodiversity and thereby raise ethical
concerns. Ever since plant breeding has been practised, there
farr]m . .
(has been a spread of genes from cultivated crops to related wild
%pecies, a phenomenon called “introgression”. In the centres of
than~ . . ) .
origin, ie the geographic areas where wild relatives of crop
SiPllllants are found, introgression leads to hybrid formation and
Row change of the original, natural species. Introgression has
blﬁ

ajd much less spectacular effects on ecosystems than the
introduction of foreign, horticulturally attractive plants.
Introgression has been difficult to observe because changes are
subtle but some have been demonstratpdetween sugarbeet

Hd Beta maritima.One real concern using transgenic crops is
nthe . . oS :
uF spread of a new trait, for instance herbicide resistance,
Which might give a related weed selective advantage. If
reésistance to a herbicide is introduced into oats, for example,
| HNere might be a spread of this resistance to wild oats, which are
Sificult to eradicate. The worst consequence would be that the
dE}articular herbicide no longer acts against the weed. Where
 (ere is possibility of introgression, releases therefore need to be
ie'?.\é%luated on a case-by-case basis. In principle these arguments
)ra?tso hold for non-transgenic crop varieties.

d

> -

D

after . L
any common crops do not have close wild relatives in Europe,

maize, potato and soya, and therefore introgression is of no

relevance. However, another argument comes into play here:
organic farmers may worry that their non-transgenic crops may,
to a small extent, be pollinated from a transgenic crop on a
neighbouring field, thus threatening the organic status of their
crops. With adequate distances between fields the likelihood of
then unwanted transfer can be reduced very considerably. The
ofrequency of transfer would then be very low and below an
plgstablished threshold value.
y it
nBor some years to come the suppliers of food from crops that
arave not been genetically modified will be organic farmers.
uréheir organisations have on a world-wide basis decided not to
opthnt genetically modified crops. In the future some organic
giéErmers may not consider this position ethically tenable, since
ngenetically modified crops may make considerable
contributions to a more sustainable agriculture and may prove
to make a substantial difference to world food security. Once
suitbe new technology is seen to make important contributions to
aftelp solve these problems, its ethical appreciation may become
plaety different.
reby
have.4 Animal rights
high
rismsindustrialised countries animals are increasingly considered
n dseindividual subjects of rights at both ethical and legal levels.
reBpntemporary ethics has developed a variety of theoretical
rtgerspectives concerning animal welfare. Such ethical concerns
eéatyfarm animals involve biotechnology in two ways. Ethical
isamalysis addresses firstly new animal drugs and feed additives
ngueduced using biotechnological techniques which have the
dpatential to improve or harm animal health and nutrition
aysecisely like drugs or feeds produced through conventional
gareens and therefore seem not to have novel ethical
n@splications. Secondly, creation of transgenic animals which,
D drethe contrary, has both direct (animal health and welfare) and
nidirect ethical implicationseg helping to find new therapies

for previously incurable human diseases or paving the way to

genetic interventions on human beings. Ethical concerns have




22

Ethical Aspects of Agricultural Biotechnology

also been expressed about the potential for animal suffe
lack of respect for animals as sentient creatures and exces
instrumental modifications of their natures. Key ethi
guestions include:Do particular applications of gen
technology cause animal suffering or harm animals?
animal interests given due consideration when comparing ¢
and benefits? Is the essential nature or telos of some an
being changed or disregarded®l these questions need to |
analysed on a case-hy-case basis.

In one important way, the same arguments hold for anima
for plants. Whether a new property of an animal arises thr
genetic engineering or through traditional breeding, se
irrelevant. In both cases genetic information has b
rearranged, either in the laboratory or through sexual exch
but only the rearrangements that Nature accepts will sur
What is important are the properties of the new variety tha
been bred, not the mode by which genetic information

exchanged. This can be seen by discussing three
experimental situations.

@) Many young farm animals suffer in the first few days
their lives from infections by Rota-viruses. The
viruses damage the intestinal mucosa and lead to h
diarrhoea, which in the extreme can be fatal. Farn
lose considerable numbers of animals due to

infection. The animals succumb, because there

receptors on the intestinal wall, which allow the virus to
enter into the tissue and to multiply there. If these

receptors could be eliminated by genetic enginee
without any secondary effect, this would be benefi
for the animal's health and it would be economicsa
advantageous to farmers. There appears to bg
obvious ethical reason for not including gene

engineering in animal breeding, if this proceduré

improves the animal’'s health. However, some wag
argue that many of the health problems suffered by {
animals are themselves the result of ethically dub
farming practices and should not be resolved by ger
engineering.

(b) Several proteins used in human medicine may sod
produced in farm animals after genes for these hu
proteins have been transferred into the genome o
animals. In this way there are herds of sheep that se
human alpha-antitrypsin (AAT) in their milk. The mi
of these animals is collected and the substance iso
from milk and purified. Several proteins produced
this manner are now in clinical evaluation. It is diffic
or impossible to produce these proteins in any other
and they are used as life-saving pharmaceuticals.
sheep, goats or cows that are used are perfectly ng
in their physiology and behaviour. From an ethical p
of view this use of animals is arguably little differe
from the use made of farm animals to produce nor
milk, a procedure which is acceptable to most people
course there are other people who refuse to cons
milk products and for them the production of medici
in milk may also be ethically unacceptable. One n
wonder what an emphysema patient would do if he
she were a strict vegetarian and knew that his or he
depended on having injections of ATA.

ri(w,
sively
cal

a)

Are
sOSts
mals
ne

In a famous experiment in the USA some ten years ago
scientists introduced additional gene copies for growth
hormone into pigs. The offspring of these animals did
grow faster, but they also suffered from several
malformations which lead amongst other things to
severe arthritis. Because of the undesirable side effects
these experiments were discontinued. It is clear from an
ethical point of view that the productivity of farm
animals must not be increased by animals suffering and
such breeding products are ethically unacceptable. It
should be noted that individuals in several breeds of
dogs, for example, have serious health defects and their
breeding should, from an ethical point of view, be
discontinued.

Is as
bugh
ems
een
ange,
vifdhese examples show that genetic engineering of animals is
mesther good nor bad, but products of breeding need to be
wassessed from an ethical point of view on a case-by-case basis.
rBlad consensus is that animal breeders have to take into account
sentient animal experiences and avoid unnecessary suffering.

c%2.5 Socio-economic impacts

:g\tlhical assessment of agro-biotechnology must also take into
Sosideration possible impacts at the socio-economic level and
ners . : i ) )
identify the social groups which are likely to be differently
tha't?fected Positive im [ i ivi
. pacts include increased productivity and
3LFmers’ income, while negative impacts include market
concentration and increased unemployment in the agro-food
‘rira]md related service sectors. The need to take into consideration
i ssible socio-economic impacts of biotechnological
;”mnovation has been acknowledged by some for the first time
ith the introduction of bovine somatotropin (rBST). Following
ears of intense debate, the European Commission stated that in
exceptional cases the three traditional assessment criteria of
fety, quality and efficacy may not be sufficient
ommunication SEC (91) 629). A different approach has
oBgevailed in the USA where the US Executive Branch
1e%oncluded a review of Ilte_ratur_e on the social impacts of rBST,
With the statementAt no time in the past has the US Federal
Government prevented a technology from being adopted on the
basis of socio-economic consequencf@sS Executive Office
ndfehe President 1994). It is still open whether the WTO will
miaterate such differences in the regulatory approach in different
f tmuntries, since they might be seen as indirect trade barriers.
crete
kThe social impacts of biotechnology in agriculture and food
lgpedduction have been classified into three major categories
ifThompson, 1997):
ult
wizlypacts on small farms: the most debated ethical issue in this
Tdantext concerns the possibility that biotechnological
rpralductivity-enhancing  products might induce market
pigbncentration and threaten the survival of small farms;
nt
matpacts on the economies of developing countries: many
. @fthors have forecast serious impacts on rural economies of the
udeeloping world with a redistribution of benefits from small to
ndarge and relatively better-off farmers according to the same
naattern predicted for the industrialised world. According to
o others, poor farmers too might benefit from the development of
r lifi@technology. The overall impact is controversial, difficult to
foresee, even if the majority of authors agree on focusing on

3]
ti
i

u
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issues with relevant ethical implications. These incl
technology transfer from industrialised to developing count
and to increased economic and technological dependen
developing countries;

Impacts on the scientific community: many authors h
predicted that increasing commercialisation of science w|
shift the focus of research from publicly-supported program
aimed at publicly beneficial objectives to more profita
corporate activities. These predictions have raised et
concerns about scientific purity, the social function of scie
and public trust in scientists (Thompson, 1997). However, t
concerns are not restricted to food biotechnology.

2.3 Post-farm gate: ethics of the consumption o
biotechnology food products

2.3.1 Relevant principles concerning the responsibility of
the producer

In agriculture and food production, the producer is not ¢
directly responsible to consumers for the safety of products
also indirectly for the possible consequences of ge
engineering on the environment, animals, and fu
generations.

Concerns about risk and safety are often given prominen
discussions about the ethics of food biotechnology. Howe
risk and safety are not ethical issues in themselves. What
attach to a particular food is an empirical question, no
ethical one. That it is, for example, more risky to eat shel
than potatoes is a matter of statistical fact, not an et
problem. Risk and safety can have an ethical dimension
become matters of moral concern when they raise fu
guestions about responsibility, accountability and justifiabi
Moral concern is appropriate when unjustifiable risks are ta
which may result in harm to innocent parties.

A food producer has the moral and legal obligation to guars
the safety of products. If insufficient care results in an un
product which causes harm, the producer could be held

morally culpable and legally accountable. This approach tg
principle of responsibility is complicated by the fact that
product or process can ever be guaranteed to be 100% sat
can only talk in terms of likelihoods. With new a
unpredictable technologies, uncertainty about poss
outcomes is inevitable. In the case of food biotechnol
therefore, the moral responsibility of the producer can onl
to ensure that all reasonable care is taken in the light of cu
knowledge. This in turn implies that the principles

transparency and openness are closely linked to tha
responsibility.

Accountability is a more concrete requirement involving
possibility of being held answerable for the consequence
one’'s own actions. Liability is a more specific legal cong
involving the possibility for producers to be forced to ans
and compensate for negative consequences of their activiti
consumers’ health.

In this context the priority condition to ensure respect
consumers’ rights is the willingness of producers to pro
consumers with correct and complete information about

uadaracteristics of the product and of the process by which it is
ridsrived (openness). Such information, rather than being focused
cyorofpossible risks for human health (which are still to a large

extent unknown given the current level of scientific

knowledge), should describe the aims, the methods and the
adetails of the genetic modification in question. Only with access
owddfull information can the consumer be said to freely consent to
masy and consume any genetically modified product. This
blmformation may be provided in different forms, such as
hizdbrmation brochures, leaflets, customer phone service etc.
nbgormed consent, then, is the relevant ethical principle here.
hese

2.3.2 Consumer’s rights

f Basic consumer claims concerning consumption of
biotechnological food products are about safety and
information. Actually the two issues appear intertwined as the
consumer may claim a right to be informed in order to decide
whether or not to accept the risk involved in consuming novel
food products. The most relevant question to be addressed here

onily what information should be provided to consumers so that

, they can make informed choices, considering that different

legioups have different concerns for ethical, religious and

uneedical reasons.

2.3.2.1 Right to health
ce in
2VArfirst set of problems concerns food safety and the right of
riskesumers to have their health protected from possible hazards
dariving from consumption of food products obtained from
fiibtechnology. According to the OECD definition, the concept
hiodfood safety is based da reasonable certainty that no harm
avitl result from intended use under the anticipated condition of
rttlemsumption”. Three main areas of concern have been
itydentified in this context: toxicity, allergenicity and nutritional
akeglue.

In general, risk analysts distinguish two different conditions of
ngegentific ignorance leading to different approaches to the
safimblems of risk and uncertainty: Risk analysis takes place
towdeen possible harmful consequences can be identified

treforehand and the probability of their occurrence can be
nguantified. Risk assessment is a process that requires the
erapacity to imagine scenarios and mechanisms that can end in
ndharm. By definition, the scenario that no one thinks of will not
ilde included in the risk assessed in this manner. Entirely
pgynanticipated scenarios are unlikely once scientists have
y berked diligently to anticipate all possible risks. However, it is
rmeoit reasonable to conclude that they do not exist. Individuals
adiccept risks to which they have given informed consent. The
aitcohsumer should therefore be made capable of understanding

foreseeable risks and realise that no human action is without
risk. In the presence of uncertainty, the capacity to quantify risk
the reduced. The level of scientific uncertainty affecting issues
2ssath as food allergies represents a challenge to safety
epssessment of foods produced traditionally or by biotechnology.
weor example, will people who are allergic to shellfish or peanut
eduoiter become allergic to any food in which a fish or peanut
gene has been inserted? Not necessarily, because it depends on
the nature of the transferred gene and because only very specific
pfoteins cause allergies and these proteins can be identified and
id@alysed by standard laboratory procedures. In addition, genetic
temgineering offers the possibility of removing allergens from
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foods in a very directed manner, which has not been pos
before. Although uncertainty with respect to food safety
controlled in part because product liability laws make f
companies careful about introducing a novel product in
absence of strong scientific evidence documenting its safet
human consumption, economic interests may induce pote
abuses of food technology. On the other hand, too stringent
of regulations may prevent useful innovation, in the absen
any real risks. Reinforced public surveillance can help to re
uncertainty and consequent public anxieties, particularly
relation to long term effects.

Most, if not all, of the institutional reports and proposals
food safety evaluation produced since 1990 by, among ot
FAO/WHO, OECD, the EU, the UK, the USA, the Netherlan
Australia and Japan agree that genetically engineered
products are not inherently less safe for human consum
than traditional foods, and do not require a different standal
safety. Established systems of risk assessment can theref
employed. A case-by-case approach based on the scig
concept of substantial equivalence is usually recommer
The FlavrSavr tomato developed by Calgene was the
genetically modified food to be approved and underw
extensive evaluation by the FDA before its release in 1
Subsequently, case-by-case registrations of several crop
their products have gone through the regulatory process in
countries and no specific problems related to the ge
engineering of the seeds have shown up.

Concerning the concept of substantial equivalence, the
joint FAO/WHO consultation has established that
comparison of the final product with an existing one having
acceptable standard of safety provides an important eleme
safety assessment. OECD has elaborated this co
concluding that the concept of substantial equivalence is
most practical approach to address the safety evaluatic
foods or food components derived by biotechnology. Howve
the establishment of substantial equivalence is held to mea
“further safety or nutritional concerns are expected to
insignificant” (OECD, 1993), though the novel or modifie
product has been obtained using totally different and n
processes. In other words, the concept focuses on the pr
rather than the process.

2.3.2.2 Right to be informed

Another relevant issue in food biotechnology is the righ
consumers to be informed of the natural or genetically mod
character of food products. Supporters of the principle
“substantial equivalence” do not deem it necessary to pra
information on the nature of food products. This is, for exam
the position of the FDA in the USA. Others consider it of v
importance that the consumer is enabled to identify geneti
modified materials through appropriate labels. However,
even the labelling of genetically engineered foods is consid
sufficient by some who require more detailed informat
which may also be supplied by separate leaflets, broch
consumer hotlines, etc.

The ethical principles of individual freedom and autonomy
involved in food choices. Consumers, therefore, n
information about the foods offered to them in order to m
informed choice. A major source of that information is lab

siimvever even labelling may be insufficient (Wynne, 1997) in
ke presence of widespread lack of awareness and basic
oatientific knowledge. Educational initiatives are crucial in
thesing public awareness of the issues surrounding genetically
yrioodified foods. On the other hand, education should be
npiedvided also to the scientific community and the industry about
dlsetnature and relevance of public concerns. It is crucial to
ceeobure the balanced and unbiased nature of the information
dynrevided to the public. Communication strategies should bring
y together the scientific and general community in order to
promote openness, dialogue and collaboration.

dviow that the European Union has decided in the Regulation on
h&teyel Foods and Novel Food Ingredients (258/97) that, in
dprinciple, labelling of food from genetically modified crops will
fbedmandatory, two particular problems with ethical implications
ptraed to be considered. One issue is the “negative list”, which
rdraficates which products from genetically modified organisms
ordobrot need to be labelled because no trace of recombinant-
NBA or protein can be detected. The other question concerns
démk need to label second generation products such as meat from
fisstimals fed with transgenic maize and soya, or soft drinks
ecntaining fructose produced with the help of enzymes made
9%m genetically modified microorganisms. Labelling second
s gameration products might in a very few years lead to the
mkabelling of a vast number of food items. The second point
hatancerns threshold values for compulsory labelling. Since
detection methods for genetically modified crops are highly
sensitive, trace amounts of contaminants could make it
19@@essary to label a food item, even if it contained only a small
themount of a product derived from a GMO. Contamination may
y aome from a small amount of genetically modified material
nifbich had previously been transported in the same container or
naapthe same conveyer belt. Therefore threshold values of a few
percent are necessary, otherwise even products from organic
nfavfers might require labelling. Most of the other general
eviegulations on food safety use the concept of threshold values
n thamany undesirable compounds.
be
22.3.2.3 Right to choose
ovel
pddictther right concerns the individual's right to choose to
consume or to avoid genetically engineered products. Though
apparently it coincides with the right to information, this
concept is autonomous in some ways. The choice to consume or
not a genetically modified product may depend upon non-
etientific reasons. This freedom, which must also be
fisdfeguarded, may be a matter of religion, morality, taste or,
wiore generally, of opinion.
vide
plEhe history of food-related cultural beliefs has produced a rich
itarray of religious and ethnically based beliefs about what is and
caflynot food, rooted in motives which have little to do with
mairrent food safety issues. However, no one challenges the right
ewddreligious and ethnic minorities to establish food rules that
iamight also be more restrictive than those stipulated in legal
uesjes. Kosher and halal practices, respectively Jewish and
Islamic dietary rules, require specific dietary restrictions. While
Jewish representatives have found the use of genetically
ae|gineered food acceptable, Muslim representatives have found
eddobjectionable. However such positions are not definitive as
alladaic and Islamic religious authority is widely distributed
elacross many rabbis and mullahs, each of whom might interpret
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the rules differently. Other religious confessions have rele
statements about the lawfulness of genetically modified fo
Explicit rejections have been expressed by representativ
Sikh, Hindu and Buddhist religions. Rejection may be base
the presence of forbidden substances in genetically engin

foods or on their non-natural origin. Some Christian churc

have expressed relatively minor concern over gen

asad likely to find the presence of even a single copy gene of

odsimal origin in a plant species to be unacceptable. However if

eshef animal genes involved are “synthetic” this might be
daecceptable to some individuals who avoid eating meat solely
edrechuse of concern about animal suffering.

hes
ekmally, the concept that any consumer, even if not supporting

modification. A particular problem would be raised if genes specific beliefs, must be granted the freedom to choose, appears
human origin started to be inserted in foods. Some people fagionally tenable both as an application of the principles of fair

that this would be tantamount to cannibalism, which
forbidden by the world’s major religions and conside
abhorrent by many without a religious faith. On the other h
it can be argued that most ‘human’ genes are similar or ider
to homologous genes in other species so that a char
cannibalism is inappropriate. There is some evidence that
people with a strong religious faith would find it perfec
acceptable, for such reasons, to eat food with ‘human’ gen

There is also no reason to deny a right to reject geneti
modified foods when it is supported by non-religio
ideological or life-style reasons such as the positions
vegetarian and naturalist groups. Considerable diversit
dietary practice is found within vegetarianism. Thg
vegetarians who avoid the consumption of all animal prod

teeatment and of respect for the autonomy of others (including

redembers of minorities), and as an acknowledgement of the fact
artdat the mere safety of the product is not the only relevant
nticanponent of consumers’ choice.

ge of

sqme

tl

oSsible limitations of freedom of choice are also likely to be
Ynfluenced by the dynamics of competition. Choice is assumed
es. : . " ) .

0 be provided only if competition effectively exists and

catipnopolistic positions are excluded. This indicates an ethical
usieed to preserve existing alternatives in food production to

fevent the emergence of conflicts of rights between different

y aaftegories of consumers with specific wants (for example,
hseonsumers who want tomatoes with prolonged shelf life and

ucnsumers who want naturally ripening tomatoes).
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Chapter 3

Enviro

nment

3.1 Introduction

The environment is everything around us. For a bacterium i
be a crumb of sail, while for a large bird of prey it can be m
square kilometres or moorland and forest. For almost
creatures, other than humans, disturbance to a spé
environment can lead to loss of food supplies, breeding terr

and eventually the species itself. Humans are very adapta

and have changed their environment to an enormous exte
that in most of Europe there are few undisturbed environm
for humans, plants and most animals. Indeed, most of
European landscapes we so admire are the produc
agriculture and other forms of human intervention that h
taken place over the last few thousand years. For exar
forests have been destroyed and land taken into plant prodt
since before the Greek and Roman civilisations. Even area,
have had no direct impact from human intervention
undergoing subtle changes arising from climate cha
atmospheric pollution, and the deposition of large amoun
fixed nitrogen in rainwater. Thus when discussing
environment in Europe and our interest in it we must remer
that the wellbeing of almost every environment and specie
might want to preserve is in some way dependent on hu
activity. This is particularly true for the great variety of pla
and animals whose presence in Europe since the last ice a
been very dependent upon the opening-up of the countr
through the introduction of agriculture. This does not make t
preservation less desirable, but does to a large extent de
that measures to preserve them will require agricult
practices, or similar forms of interference, that will enable t
habitats to be preserved and enhanced. In fact, one of the
important reasons why there has been such a large decl
wild plants and animals in Western Europe compared to Eq
Europe and less developed regions in the EU is that agricu
practices have enhanced the efficiency of food production t
detriment of wildlife.

The pressing need in European countries to halt the decli
biodiversity and reductions in populations of wild anima
plants and other organisms that result from the highly inten
and efficient agricultural practices we use today is well kng
It will require changes to existing agricultural practice. But

the introduction of genetically modified (GM) crops

agriculture make the situation worse? The intention of
report is to look at agricultural biotechnology from the poin
view of its possible impact in the environment. It presen
concise review of the issues involved illustrated by two ¢
studies which follow: of biodiversity in the Mediterrane
region and the development of frost-tolerant potatoes. W
not intend to promote or condemn the use of biotechnology
to offer a range of opinions on ways in which it may
beneficial or detrimental.

3.2  Ethical considerations

In considering the ethical aspects of agricultural biotechno
in relation to the environment, the intrinsic “rightness”
“wrongness” of biotechnology will not be addressed. Like

other technology, it will be regarded to be neutral. It is
tée}:{:rl](nowledged that modern biotechnology_ma_y rgise moral
concerns, but moral arguments also exist in its favour.
Ptechnology can be a tool for the improvement of human
| hiealth, to increase the food supply and in the achievement of
2CifIC, . .
itS}Jstamable development.. It can be .argued FhaF b|otechnology
PR b_reach natgral species boundaries and infringe the genetic
ngns%gnty of species. If it is ;olely used to promote mgnocultures
e|ttgqn eqhance the eX|st|ng. problem of the erosion both of
|8d|ver3|ty and of the ecological environment; it can equally be
1 USE d to enhance mixed cultivation and to allow sustainable
aegriculture with lower inputs.
mplee ethical dimension exists primarily in the tensions that occur
idbietween rich and poor (on an individual and on an international
s kbael); between present and future generations; between
arumankind and Nature; between the need to facilitate
ngeoduction and the need to allow democratic participation in
sdefcision making. Decisions about the application of
tH@otechnology should take account of public concerns, which
nioesly be allayed by improved communication and public
s @drication, though studies have shown that greater knowledge
nukres not necessarily lead to greater acceptance.

nts

[
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s;%l 3 > The Precautionary Principle
hE"rrin iple 15 or the Rio Declaration statés; order to protect

S}gn environment, the precautionary approach shall be widely

h ée}PpIied by States according to their capabilities. Where there
maaestthreats of serious or irreversible damage, lack of full

n(sacientiﬁc cgrtainty shall not be used as areason for postpo.ning
<698 —gffecuve: measures to prevent_enwronmen_tal degradation.”
Itu?aPO'ng so _|t evokes the. pre_cgutlongry prmgplg, one of the
D ﬁ(]aentral pnnuple; of sustamablhty. .ThIS principle is expressed
IN a number of international treaties such as The North Sea
Declaration and the Maastricht Treaty of the EU.
ne in
alg,he precautionary principle, by implication, puts a high value
sive nature and on future generations and, therefore, on
wsustainability. However, it is essentially a political axiom and
vithay be open to interpretation. It implies that public risk must be
iminimised. It demands a new way of managing uncertainty and
thgnorance by all parties involved in environmental policy, but
t @fllows for a variability of approach according to the case in
tshand. The precautionary principle may supersede or conflict
casith other principles, such as environmental capacity or cost
abenefit. It is useful to identify a set of preconditions where the
e mtecautionary principle might be applied. The following are
, buggested:
be
* there is a reasonable assumption that a significant threat
to the environment or biodiversity may exist;

* there exist major uncertainties;

logy
or * greatvalue is attached to the preservation of the existing
any species mix in an environment.
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In applying these it will be necessary to consider how
impact will differ from effects already introduced by traditior
methods and, if it does not, whether such an impact still ren
acceptable.

3.4  Sustainable development

Sustainable development aims to combine an economic a
environmental objective: stable, non-inflationary internatig
economic growth and long-term conservation of nat
resources and biodiversity. The importance of the environi
was declared at international level by the UNED |
Declaration (1992) accompanied by an agreement on
application of the precautionary principle; demanding
scientific certainty when threats of serious or irrevers
damage to the environment may occur. The importanc
biodiversity as a component of the environmental objective
sustainable development was also declared and a framewq
co-operation and actions was agreed (UNED CBD, 1992).
using productivity-enhancing technologies would have adyv
consequences for biodiversity, environment and sustaina
given growing world population and finite area for cultivatid

Problems of modern agriculture derive from the cultivation
few high-yielding, genetically uniform and input-respons
varieties (monocultures), as opposed to the diversi
cultivation of a large number of traditional cultivars. This le
to loss of valuable genetic material, the gene pool on wi
crop improvement is based. It also leads to international d¢
on the rights of farmers and breeders to genetic resources
is a continued source of friction between the gene-rich S
and the technology-rich North. The FAO Commission on P
Genetic Resources established in 1983 achieved an agre
for placing the genetic material collections of the twe
Centres of the Consultative Group on International Agricult
Research under the auspices of FAO in 1994 to se
unobstructed research utilisation. The World Information

Early Warning System on Plant Genetic Resources has
been established to facilitate exchange of information on |
genetic resources collections and related technologies a
report on the state of the world’'s plant genetic resources.
continuous loss of traditional cultivars and the impoverishn
of the available genetic pool however, still needs urgent ag
On the other hand the ethical concept of Farmers’ Rights
defined by the 1989 FAO Conference, but the matter is sti
from resolved especially concerning the Agreement on Tri
Related Aspects of Intellectual Property Rights which has

signed by over 100 countries.

In agriculture, the environmental objective for sustaina
development focuses primarily on the conservation
biological diversity and natural resources in agriculty
ecosystems. The unique feature of biological diversity
applied to agriculture is the emphasis on its utility to hu
beings (UNED CBD, 1996). This utility includes food secu
and human health security through the food production ck
The conservation of natural resources as applied to agricy
demands low energy inputs, increased biotic and strug
diversity at the landscape level (UNED CBD, 1996) ¢
meeting the challenge of increasing production with
expanding agriculture to marginally suitable land (Agenda
Chapter 14).

tF@od and ecosystem security is perceived as food and
nadcosystem safety by the public in developed countries. It could
gieshaps be better guaranteed by exploiting and improving
classical agricultural production methodologies, focusing on
integrated pest management, lower fertiliser inputs and disease
resistant - stress tolerant and perhaps lower productivity plant
varieties. High income and low population pressure allows
consumers to pay a higher price for indigenous or imported
negraducts complying with the above production characteristics.
nkbr developing countries however food and ecosystem safety is
urah urgent matter of quantity security (food and land) rather than
mesk assessment and safety.
Rio
fifee theoretical potential of biotechnological applications
fulelated to genetic engineering appears to be enormous and
béxperimental results are encouraging. However, it is too early to
e kobw if in practice there will be greater long-term increases in
» fmod supplies compared to conventional agricultural practice
riafad technology improvements. Neither has the latter been fully
Nodploited. Finally, protection of markets and subsidised food
em@pluses in the North undermines food production in
piiyveloping countries in a way unrelated to technological
nimprovement.

@feveloping countries demand full exploitation of technological
ivianovation, such as the application of GMOs, in their effort to
fiadhieve both short- and long-term food security and are in
adgeneral more willing to accept environmental risk. On the other
nittand, acceptance of GMOs may help developed countries to by-
clyzdes the need to use traditional gene tools to produce improved
5, lAabgical material and to avoid pressures from developing
owgthuntries for financial rewards for providing germplasm.
lant
erfastainable development demands that we should not exceed
Ivibe limits of ecosystem function, while securing economic
urglowth. Genetic engineering solutions should therefore be
capplied in agriculture according to the precautionary principle
aand following strict application of orientated and diversified

alsk assessment methodologies. It is advisable that: (1) genetic
ol@migineering applications are assessed in independent case by
ndase studies and funds are supplied for long term
TExperimentation and (2) alternative technologies, agronomic
ngoractices and economic policies are encouraged. For example,
titme linkage between sustainable utilisation of crop genetic
wasources and conservation of biodiversity could be
| ®rengthened by supporting local/regional plant breeding
ageegrammes, either funded publicly or by industry.
been
3.5 Biodiversity
abiRodiversity has value both for theological, i.e. ethical, reasons

ahd for biological, i.e. selfish, ones. Humans exploit it for food,
ralecessary for their own survival, and for a fast increasing series

ab non-food products for industry. Biodiversity, as well as
nanoviding attractive landscapes, plays a very important role in
itthe avoidance of desertification, hydrogeologic structure and
haimoderating dynamics, soil erosion, water and soil pollution, fire
iln@nagement and global environmental changes.
tural
arlt is worth considering therefore, how biotechnology in
oagriculture might affect biodiversity. Changes in crop plant
Zjenomes may allow the extension of agriculture and the

corresponding destruction of “natural” ecosystems. Improved
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crop plants, animals and microorganisms may success
compete with natural populations. Gene flow from cultivg
crops or modified microbes to “natural” species may chag
equilibria of existing populations eventually opening new w,
to evolution.

A further cause of concern in the fact that biotechnolod
innovation may, if it is very profitable, have dangerous effs
on already very weak agricultural economies leading to fur
intensification thereby inducing significant losses in in-g
conservation capability.
3.6  Societies’ interests in the environment
It is helpful to look at the environment in terms of how ped
in Western Europe perceive it, and thus to examine wha
need to do to ensure that changes we make in the future ¢
lead to changes that are unacceptable. To help in this it is (
to have an indication of what are perceived to be impo
indicators of a desirable environment, remembering that
Europeans live in cities and are not biologists. Table 1
some indicators we have chosen on the basis that they are
that most people will see from the windows of their c
Clearly they are not those often used by regulatory autho
to monitor environmental health, which would inclu
amphibians, lichens and other species whose population
highly sensitive monitors of change, but they are those tha
would expect non-biologists to recognise and in so doin
aware of change. As almost all the indicators have been sy
to major change in most environments throughout Europe
not surprising that public concerns about the health of
environment have been so clearly and forcibly articulate
recent years.

Table 1 Subjective indicators of a "desirable”
environment in Europe.

Birds Present in sufficient numbers
Well-known species

Songbirds

Present in sufficient numbers
Well-known species Diversity
Distribution
Mature

Trees

Present in sufficient numbers
Well-known species
Sufficient colour in the environment

Flowers

flﬂH)éy are by the preference of individual farmers, and there are
t%‘irong incentives to be as efficient as possible. It is for this
INgAson that there is so much concern about the impact of the
aSommon Agricultural Policy on biodiversity, particularly in
Eastern Europe and the less intensively cultivated areas within
) thle existing EU. (See paragraph 3.9.)
ica
2Qlfost of the indicators in Table 1 can be met by very
t_hs%nificantly reducing the intensity of agriculture, allowing
Siteeds to produce seeds and leaving larger areas of land for
mixed woodland and rough pasture. While this is entirely
feasible, it is unrealistic to believe that if all farmland was
converted to low intensity agriculture sufficient food could be
roduced for present eating habits, and equally unrealistic to
P¥ssume that eating habits will change rapidly, if at all.
t B§rthermore, there is little likelihood that farmers would adopt
losieh methods without major financial support. It is important,
Is@fetefore, to see how existing farming practices can be modified
&y that food production is maintained in an environment that is
M&#fendly” for wildlife, while at the same time allowing
ligfsfricient productivity from agricultural land to maintain farm
es. As damage to populations of plants and animals has
Algiready occurred, and is considered to be serious, the changes
M48&t will be needed will initially be independent of the
déhtroduction of biotechnology because GM crops have not yet
S€&n grown commercially in Europe. However, it is important
[ @R&t as GM crops enter commerce their environmental impact is

J l%ﬂ?en into consideration.
Ibject

—~

iBi¥  Some examples of GM crops and possible
dthe environmental impacts
in

If, as promised, GM crops are bred for stable resistance to pests
and diseases the input of pesticides will decline rapidly
everywhere which might be reflected in an increase in species
that are considered to be harmed by their use. If this were the
case there would be good reasons for encouraging GM crops.
However, we need to consider that if crops are completely
resistant to attack by all types of insect, fewer insects will be
found in the countryside. Fewer insects mean fewer butterflies
and other “desirable” insect species, as well as pests. As insects
are a very important component of the diet of birds there would
also be a decline in the population of birds. Thus, in respect of
the impact of insect-resistant GM crops on the environment,
there are both possible advantages and disadvantages. The
challenge will be to learn how to obtain the benefits of reducing
the use of pesticides without introducing another procedure that
will lead to environmental harm.

d

Unspoilt areas  Land not growing crops and unmana
grassland

Managed nature reserves

When thinking about the role of biotechnology

environmental change it is useful to look at a “public view’
listed in Table 1 and then to consider more comyf
components of a “healthy environment” that are equ
important, if less visible. Most of the indicators in Table 1
affected very dramatically by changes in traditional agricul
and will continue to change independently of the introductio
GM crops and animals as long as farming in Europe is drive
commercial and political needs. For example, the types of
grown are more determined by policy decisions in Brussels

Perhaps one of the most harmful agricultural treatments for
wildlife is the efficient use of herbicides on crops. They are

used to reduce competition between crops and weeds so that the
_crop has the maximum access to water, sunlight and nutrients.
I"\s a result yields are higher than untreated crops. From the
Foint of view of seed-eating birds and other wild animals such
|%¥ops become essentially deserts because the weedy species that
alYould otherwise flower and set seeds throughout the year are
akthsent. It is unlikely that agriculture can do without herbicides
lUERd thus the availability of seed-bearing weed species in crops
Nl remain low to the detriment of a range of bird and small
NA¥mmal species, and to those who wish to see colourful
CiRidflowers in farmers’ fields. It is for this reason that
thefVironmentalists’ concerns about herbicide-tolerant crops are
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difficult to dismiss as alarmist. However, the concerns ra
are far from being specific to GM crops because all crops
naturally tolerant to some herbicides and new herbicide-tole
varieties derived from traditional breeding are becom
available, and it is hard to see how weed control in existing
transgenic wheat crops could be more efficient. On a n
positive note we should be aware that the herbicides to w
tolerant crops are being produced are those that have
levels of adverse effects in water, and stability in
environment, than some of the herbicides that would no lo
be needed.

Another possible impact of herbicide-tolerant crops is that
might breed with wild weedy species causing environme
problems. It is indeed true that some crops have related w
species with which they can cross-pollinate. Cross-polling
of neighbouring compatible crops will always occur if they
within pollination range. The possible harm that such evi
could cause to the environment is almost totally associated
problems that will be caused to the farmers concerned.
extremely unlikely that plants receiving herbicide-tolera
genes would become invasive of undisturbed habitats. Muc
most important impact will be that seed shed by the crops
produce herbicide-tolerant plants that will grow in the follow,
crop. Any sensible farmer will be prepared for this eventus
and will use other herbicides to control the problem. In ti
with the use of different herbicide-tolerant crops, the seed
in the soil will produce plants with a range of differe
tolerances, further compromising weed control. The pos
response will be to increase again the range of herbicides
but in practice with sensible management the problen
unlikely to become serious. From the point of view of wild
a worst case position in relation to herbicide-tolerant we
would be one in which weed control was so compromised
fields became more weedy, which would be of gr
environmental benefit to wildlife. It is also feasible that if we
and volunteer plants tolerant to a variety of herbicides beg
a problem there will be an increase in the amount and ran
herbicides used.

As well as influencing the diversity and populations of pla
and animals, developments in agricultural biotechnology F
the possibility to affect microorganisms and other “unse
organisms in soil. These changes can result from the cha
nature of the crops that are grown and also from spe
treatments to soil to influence organisms within it. Obviou
relative proportions and numbers of the different specie
bacteria and fungi change when fields are ploughed, o
subjected to any form of agricultural treatment. Likew
changes in the crops grown will have an impact by altering
amount of different chemicals exuded into soil and m
intimate relationships that occur among specific groups
plants and microbes. An example of such relationships is
involved in the formation of mycorrhizas, which 3
associations of roots and fungi. Cereal crops are mycorr
(unless too much phosphate fertiliser is added), but oilseed
is not. Thus for these fungi their ability to grow is veé
constrained by the presence of host plants. Similar effects

arise from the use of GM crops that contain genes making
resistant to fungi, but would this matter? It could matter for
plants concerned because their ability to extract phosphate
soil is greatly enhanced by forming mycorrhizal associati
but can be redressed by the use of phosphate fertil

iseldwever, anything that might reduce the populations of these
&wagi should be viewed with some concern, even if the impact
zramthe same a growing a non-mycorrhizal crop.

'r)%qother possible impact of altering the balance of microbes in
ngroil is that some species of bacteria and fungi that are associated
With roots help to protect the host plant from colonisation by

>
[®)

Q{',)\%}rhogens. Clearly an unexpected side effect of genetic
A @odification (or traditional breeding) could be to affect such

n grlancgs. We must assume that risks of harr_n for food
roduction are very small because almost anything we can
imagine will shift the balance of populations of soil
thrgicroorganisms, but we have no history of major adverse
ects arising from plant breeding, changing rotations or soil

o]

,eegetments that can be attributed to shifting the balance.

tlg% Conclusions
are
eWI RSt of the environmental problems we have in the EU today
are the result of the impact of enormous populations of humans
hrough increased efficiency in agriculture, urbanisation,
ce . o o
o(lalutlon and the exploitation of natural resources. (This is
shown very clearly in the case study of biodiversity in the
n editerranean region which follows.) However, the
A nvironment is largely dependent on agricultural practices that
er the opportunity for halting and redressing the harm that is
me, . . : )
éklng done. As yet, biotechnological agriculture has had no
ban
[ Jmpact on the problem because GM crops are only now
[.becoming available.
siblé
ulte, clear that GM crops offer opportunities to enhance the
n efficiency of agriculture and thus indirectly put further pressure
ifen wild plants and animals. Some GM crops might have direct
rddspacts by killing, or preventing the growth of, insects and
tladhher animals and depending how they are used and developed
eabuld cause harm, or reduce the harm resulting from the use of
pgesticides. Another possibility is that the use of GM crops that
oamhance yields could enable larger areas to be set aside to
gemtourage biodiversity. In this respect, the case study on
potatoes (following) shows clearly that there are few simple
nswers to questions about the risks or benefits of new

:g%echnologies, and it would be foolish of us to pretend otherwise.

eklVe have concentrated very little of our efforts in identifying the
ngitlycal problems of the impact of agriculture on the
cifisvironment. In part this is because the ethical problems are
sljostly at the level of the “rights or wrongs” of the use of
s btechnology in agriculture and are addressed in chapter 4.
Also it is because the use of biotechnology is not in itself an
sethical issue if one takes the viewpoint that humans may use
tbelective breeding to enhance the production of crops and
oamimals. The really big ethical issues are about the “right” we
5 ldive to displace and even eliminate other species. In part this
thaght” is assumed every time we uproot a weed or kill a
renosquito, but it is clear it only extends so far. In practice to date
hizdlas been extended to the right to farm as desired and to make
rap@sssive changes to natural landscapes. What may or may not be
2rethical in future is further confused by the situation within
nightope where deforestation centuries ago has produced areas of
theeny high biodiversity that could only be harmed by the re-
tirtroduction of tree species. Whether we like it or not, there is
frooresolution to ethical or environmental concerns that can be
omesolved by “allowing nature to take its own course”. Somehow
sars.must find ways of changing agricultural practices in ways

[
n
h
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that ensure adequate safe food production, the livelihogdsefrere problem. Previous EU agricultural policies have led to a
people working on the land, and the enhancement faét and irreversible loss of old poorly managed pastures and
biodiversity over large areas of the EU. Biotechnology will betheir associated fungi. Increased exploitation of forests has put
tool that can be used well, badly, or inefficiently, and in this Wit risk the few remaining ancient forests with their characteristic
be little different from many other things we do that impact amood-inhabiting fungi. Draining peat bogs has affected their
agriculture and the environment. few but strongly specialised fungi, and the strong pressures of
recreation and expansion of towns have jeopardised the
existence of coastal sand dunes with their striking
gasteromycetes.

3.9 Biodiversity in the Mediterranean region, with
special reference to Greece
3.9.1 Introduction 3.9.3 Myxomycetes
Concerns about the impact of agricultural biotechnology @espite the abundance and worldwide occurrence of
biodiversity need to be related to the extent of the existiMyxomycetes (plasmodial slime moulds), floristic studies in the
biodiversity in Europe, the degree of our knowledge about Neediterranean region are lacking and there are still some totally
extent, and how it is already threatened. This brief reviamexplored countries. Knowledge is fragmentary, as indicated
indicates some of the information that we have for the regiby the variation in number of species recorded in each area.
within Europe that has the greatest biodiversity. We haRelatively well studied are France, Italy, Morocco, Portugal and
concentrated much of the report on Greece because this &pain; little studied are Algeria, Greece, Israel, Tunisia and
country for which we have detailed information. Turkey; while practically no information exists from Albania,
Cyprus, Egypt, Lebanon, Libya, Malta, Syria and the former
The Mediterranean area has a surface area of approx. 2,300Ya@fbslavia. The region provides a wide range of climatic and
km2. It is very heterogeneous with rugged massifs oftenological conditions, which support one of the richest
fragmented by deep narrow valleys, highlands and enormddygxomycete flora in the world. According to a recently
sedimentary basins, jagged and winding coastlines waktablished database, 413 species representing approx. 70% of
numerous islands. The very wide ranges of climatic atite known world species are reported from this area.
ecological conditions have produced the highest level of
biodiversity in Europe. 3.9.4 Flora of Greece
3.9.2 Fungi Greece participates in most international conventions on
environmental protection issues and has undertaken specific
About 300 species of macrofungi are considered to heernational commitments towards the protection and
endangered throughout Europe, on the basis of publisletservation of its natural heritage. Special reference must be
national and regional lists. They are arranged in four categorieade to the Ramsar Convention, in which 11 Greek areas were
depending on the degree and geographical extent imfluded among the internationally most important areas. The
endangerment. The evidence of losses is biased towards ceriirst,National Park, created in 1938, was Mt. Olympus. In 1971
western and northern Europe, because for the southern t@md National Parks, 19 Aesthetic Forests and 51 protected
eastern regions of the continent data are scarce and fragmeniational Monuments were designated to protect the flora,
For the Mediterranean countries in particular, no red data list fauna, forest and natural formations. Specific protection
fungi is available for Albania, Cyprus, France, Greece, ltalyjeasures were also taken through the application of the “Natura
Portugal, Spain, Turkey and the former Yugoslav regions. [TR800" project, whose aim is to ensure biodiversity by means of
striking absence of information means that any conclusiahg establishment of a network of protected sites, and by the
drawn about overall declines are at best tentative. Any Ibtection of specific habitats deemed of high conservation
should be expected to change rapidly during a period of rapiibrity or of interest to the EU.
climatic change to which the fungi are among the first
organisms to respond. Large gaps exist in our knowledge Tdre Red Data Book of Plants contains 263 species and
microfungi too, except of some groups of economic importanselbspecies of vascular plants from the Greek flora, classified
Conservational aspects of microfungi are more difficult to studypder Extinct (6 species), Endangered (36), Vulnerable (146)
due to methodological problems. and Rare (75). IUCN (1982) estimates the total number of
endemic species and subspecies in Greece to be 739, out of
Air pollution threatens ectomycorrhizal fungi and presentswhich 5 are Extinct, 21 Endangered, 37 Vulnerable and 355

Table 2 Number of Greek Taxa (Species-subspecies) per category as included in different description classes
Total Endemic Red Data Book Rare Vulnerable Endangered Extinct

Plants 6308 1275 263 75 146 36 6

Mammals 102 28 60

Reptiles 176 74 8 7

Amphibians 18 3 1

Freshwater fish 107 39 21

Invertebrates 25000 2000

Birds 425 100
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Rare (Table 2). The work that is currently conducted

compiling theFlora Hellenicashows that the known numbe

of species and subspecies in Greek flora, as well as the nu

of endemic and rare plants, are constantly changing. In

Flora Hellenicathe number was calculated to be 6,308
Denmark with about 1,300 and Great Britain with about 1,8
The most recent figure for the number of endemic taxa is 1

or 20.2% of the total Greek flora, and is the highest figure

any territory of a comparable size in Europe, or
Mediterranean area (cf. mainland Spain has 501 end
species and Morocco 536).

3.9.5 Fauna of Greece

The fauna of Greece is very rich compared to that of the

European States. However, the presence of humans and
activities have created pressures on many populations an

driven several species and subspecies to extinction. The H

Directive, although not as complete as would have &

expected, is a good opportunity to conserve what still e
today. The animal species listed in the Annexes to Direc
92/43/EEC and 79/409/EEC are in Table 3.

Table 3 Number of Greek species per category as
included in Directives 791409/EEC(Annex )
and 92143/EEC (Annexes Il, IV and V).

Annex | Annex Il Annex IV Annex V
Mammals 22 52 4
Reptiles/Amphibians 51 2
Freshwater Fish 49 2 13
Invertebrates 21 8
Birds 129
Totals 129 71 126 27

World-wide, mammals are a very diverse group comprising
4,000 species that have adapted to diverse environments
wild mammal fauna in Greece consists of 100 of the 190 sp
in Europe. Among these, two species (the insecti@ooeidura
zimmermannand the roderAcomys minoysand 26 subspecie
are endemic. In addition three priority species are include
the “Natura 2000” projectUrsus arctos, Canis lupyusand
Monachus monachudhe taxa have been recorded in all
zoogeographical regions of Greece.

Greece offers habitats to a number of mammal species th
threatened with extinction, or are already extinct in of
European countriese§ otter, wolf, brown bear, and jacka
However, mammal populations and their habitats also
serious threats in Greece. During the last 100 years specie
as the beaver, brown bear, wolf, lynx, or the deer K
disappeared from most, or all, of areas in Greece. The re
for their reduction are attributed to various human activit
such as illegal hunting and fishing, deforestation, intensifica
of agriculture, pollution, excessive use of pesticides
fertilisers, road construction, destructive interference
wetlands and urbanisation.

Greece is one of the richest countries in Europe as far ¢
avifauna is concerned. According to recent unpublished
425 bird species (100 of which are included in the Red
Book) have been recorded in Greece. Most of these specie

f@b%) breed in Greece, while the rest are migratory; winter in

IGreece, or are present during migration periods. The high

MBR/Srsity in Greece is due to overwintering birds, its
graphical position at the crossroads of several migratory

orridors, the wide diversity of habitats, and the quality of the

O@hpitats.
275' B . - . . -
ibpe Greek reptile fauna is very diverse, comprising 59 species

t[fihd 117 subspecies of chelonians and squamates (as compared
efgi@ver 95 species of reptiles in Europe). There are eight species
of chelonians, 28 of lizards, and 22 of snakes. There are nine
endemic reptile species in Greece; six of them are lizards and
three are snakes. Perhaps the most serious threat to the reptiles
of Greece is the alteration or destruction of their habitats,
sigmmer fires, pollution, and collection for trade. However, very
fgyyrof them are threatened with extinction, and in the Red Data
dBerk only seven reptile species are mentioned.
abitat
cbnGreece, there are 18 amphibian species, as compared to about
vi9Q species in Europe. The anurans are represented by 12 species
iwdstoads and frogs, while all five of the six tailed amphibians
belong to two genera of the family Salamandridae. At least 2-3
subspecies are considered to be endemic to Greece. During the
last 30 years an obvious decline in all European species of
amphibians has been noted, which is due to nategadeing
of lakes and ponds) or anthropogenic degradation (habitats
destruction, pollution, disturbance, over-collection, etc.). The
status of the amphibians in Greece is not well known. At the
species level, only one, the Luschan’s salamafiertensiella
luschani),is mentioned as “rare” in the Red Data Book of
Threatened Vertebrates of Greece.

According to recent investigations on the freshwater fish fauna
of Greece, 112 fish species have been found in the rivers and
lakes of the country. Of these, 21 are euryhaline, while the
remaining live exclusively in freshwater. Among them, 81

y Recies are autochthonous primary freshwater, of which 39 are
_gfgemic to Greece and some to the southern parts of
c&igighbouring countries; there are also 40 endemic subspecies.

sThe group of invertebrates is the least represented in the EU
dhOiectives. It is estimated that approximately 25,000 species of

invertebrates are found in Greece, of these at least 2,000 are
thendemic (some have been recorded in only one site). About
10% of the species have very small populations, or are
threatened with extinction. However, only 33 species found in
~iGeece have been included in the various Annexes to the EU
hBirective.

)
f

SWﬁy areas of non-intensive agriculture in Greece are
a¥Raracterised by significant species richness, both in fauna and
AQJKa, which is often comparable to that of adjacent “natural”
I&cosystems. Many agricultural areas are of particular aesthetic
U8Ad ecological value, mainly in mountainous regions and in
a[!ﬂ’ands. The co-existence of agro-ecosystems with “natural”
Htosystems reinforces the land variability and contributes to the
conservation of biodiversity. They often produce a dense
network of ecological pathways that facilitate species mobility.

396 Agricultural biodiversity

as its

H3taGreece, a large number of plant species and varieties are
D@{@tivated which have been selected locally by farmers. Most of

Stiféke varieties represent mixed populations and this prevents
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them from being included in the European and Natig
Conservation Lists (they can not be declared as “uniq
“uniform”, and “stable”). Hence today, there are only about
plant varieties registered in the National List out of about
known varieties (non-qualifying populations), and an estim
existing total of about 1,000. All of them are conserved
farms in scattered and confined geographical regions, W
they thrive under very heterogeneous conditions and
undergoing constant change. In contrast, there are ca.

varieties of cultivated plants that are conserved in gene b
but unfortunately the maintenance conditions are not ig
Sixty-three species and 281 varieties of cultivated plants
about 100 species, subspecies and varieties of impd
autochthonous plants in 35,000 hectares of agricultural lan
about to be included in a conservation programme.

Pertinent to the issue of the protection of the Greek flora is
a group of species of special interest, namely that of tradit
plantation trees. Beyond any sentimental value they m
evoke, these species are of scientific interest as gene rese
Typical examples are the oli®lea europea)the fig (Ficus
carica), the apple(Malus sylvestris),and the carob tre
(Ceratonia siliguajwhich have formed a significant element
agricultural production for centuries.

Rare and endangered species and tribes of farm animals a
a concern. EU Directive 2078/92/EEC and the ST
Commission of the EU have provided a framework for tk
protection and conservation. In Greece today, there are 6
of cattle (Extinct: 4, Endangered: 1, and Vulnerable: 1),
tribes of sheep (Extinct: 7, Endangered: 3, and Vulnerable
1 tribe of goats (Vulnerable), and 6 tribes of horses (Exting
Endangered: 3). It is expected that poultry and pigs wil
added in the first update of 2078/.

It is clear from this brief survey that the Mediterranean reg
is one in which there is great biodiversity and some of the
areas in Europe in which “traditional” agricultural practig
allow the persistence of a high degree of natural diversity,
also diversity in the genotypes of many crops. Thus, this i
area within the EU in which economic pressure and “advan
in the efficiency of agriculture could have a disproportig
impact on biodiversity. The introduction of very popular
crops could further add pressure to reduce the number of
mixed genotypes of a variety of field crops. It is not
business to discuss how socio-economic policy shoulg
planned within the EU, nor to suggest how to protect s
“traditional” farmers. However, unless action is taken the ¢
from the land of such people will inevitable result in the eros
of extremely important and visually attractive centres
biodiversity.

3.10 Frost tolerant potatoes
3.10.1 Background

The potato is one of the major world crops, particularly
temperate regions. For example, in 1994 twelve EU coun
produced about 45 million tonnes of potatoes, of which
thirds were used for human food. Potato production is affe
by disease, insects and frost. While the first two can
controlled chemically, frost damage can only be avoideq
planting tubers when spring frosts have finished, with the

nafrequent risk that late frosts will devastate crop production.
u€loning genes encoding antifreeze proteins could produce frost-
156lerant potatoes, but no fully frost resistant crops have been
500tained using antifreeze proteins (AFP) from fish. This is
atbdcause fish AFPs can only reduce the freezing temperature by
dnO to 1.5°C. They can also inhibit ice crystal formation and
hexduce the harm caused by late spring frosts.
are
7,580 more active antifreeze proteins are found in insect larvae.
arltse genes for two such proteins, usually called THP (for
lethlermal hysteresis proteins) have recently been isolated from
ahd spruce budworm and from the common mealworm beetle.
rt@nese insect THPs are 10 to 100 times more effective than fish
d AFPS. Until THP plants are available there is a role for AFP
potatoes in regions where spring frosts are a problem. In Russia,
for instance, morning frost in the spring can severely damage
atsoly potato seedlings, and the only solution is to replant the
ofialds with new plant material. Therefore, even the limited
ighotection conferred by fish AFPs could be beneficial. In the
rvodat future, frost resistant transgenic plants will express insect
THP genes encoding superior antifreeze proteins. Such
e problems as safety for humans and animals as well as
oéllergenicity will have to be elucidated. As the flounder is a
common part of the human diet, it is likely that AFPs will be
fairly rapidly accepted as safe, but for the insect proteins it is
relifdsly that there will be a need for very extensive studies of their
Apotential toxicity and allergenicity.
neir
triBd®.2 Environmental risks
18
: Ble most obvious risk to the environment is that a greatly
t:rdduced sensitivity to frost damage could make potatoes into
beceds that will cause problems for farmers, and if they became
invasive could cause harm to undisturbed environments. We do
not know the extent to which these two sources of harm could
jitklmppen. However, we do know that potatoes are not a pest in
|&sfyptian agriculture, and that weedy native potatoes exist in the
zeAndes that are very frost tolerant and, as wild plants, obviously
drale genes that enable their existence outside of arable
sagriculture. Itis logical to assume that the GM cultivars are very
cesilikely to pose as much of a risk as these wild plants.
nal
5NPerhaps of more concern in the long term is the possibility that
Id8M potatoes will transfer the genes for frost resistance to very
oweedy wild relatives whose weedy properties are kept in check
ibecold areas by frost. While no such relatives exist in Europe,
mtlis could give rise to problems in the Andes. However, if
drgelection for frost tolerance is so strong, why is it that over the
sitest few thousand years cross pollination under natural
abnditions has not produced such weedy hybrids? The fact that
the frost tolerant phenotype of the GM potatoes is determined
by a single dominant gene enhances the frequency with which
the phenotype can be inherited compared to the native
resistance, which is likely to be polygenic. It can only enhance
an existing probability. The obvious way to avoid any possible
problem is to prohibit the cultivation of GM frost resistant crops
rlose to wild populations of potatoes; something that is almost
triegossible to demand, let alone enforce, if hungry people are
tvable to gain access to frost tolerant tubers. It is important to
ctethember that farmers are not stupid and that they will wish to
take advantage of valuable sources of new germplasm and will
tg so without regard to laws that they may know nothing about.
rfedr example, there is evidence that Mexican small farmers who
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take casual work in the USA are bringing home seed from|Gidrresponding loss of the ranges of flavour and other culinary
insect-resistant maize. characteristics that they have become accustomed to. Who is to
judge whether it is better to retain diversity and be hungry, than

btge%e well fed and lose the benefits of choice and variety?

Ever since it was first grown on a large scale the potato has
treelfnogenr';'ti drea?or?g:?gfmtshsf tr::gsr:urp:]rggrug]tclviofcigdth;tr% oreimportant secondary benefit arising from the cultivation of
P 9 ; peopie t "}0st tolerant potatoes that will influence the likely spread of
fed per hectare of cultivated land. From the point of view o tlae . . i
! . . . seases is that colder regions are less conducive to the
environment such h'.gh productivity potentially has gre evelopment of large aphid populations greatly reducing the
advantages because it reduces the area needed to feed

. . T oténtial for the transmission of virus diseases. Just how
population. In a perfect world with no population increase, . . . . . . .
; . mportant this might be in reducing the risks inherent in the
would be reflected in an ability of farmers to release lan

.. replacement of diverse genotypes, as discussed above, is
other uses, and would decrease the pressure for utilisin . .
: . . ... unclear. We have experience from northern Europe in that seed
previously uncultivated areas for agriculture. In reality it IS . i
X N . . . potatoes for the UK are produced in Scotland because aphid
likely that potato cultivation would expand into areas in whi ; P . .
. . . : pulations, and thus virus infection, are much lower than in the
they have not previously been cultivated. While this would . . .
elatively warmer England. However, potato blight, which does

likely be at the expense of other crops there might stil gt need an insect vector, spread very effectively throughout

~—+
—h_
S5maagRa

adverse impacts on the environment. This is becaus e .

N . X : cotland in the 1840s.
cultivation of potatoes is very effective for reducing wee
problems. However, from the point of view of birds and othémnother important impact is likely to be a significant shift of the
animals the loss of weeds leads to starvation and significanltivation of potatoes for the high value “early potato” market.
population declines. In balance it would appear that|ti@us, exporting countries such as Egypt might lose important
introduction of frost tolerant potatoes will offer majoEuropean markets because early potatoes can be cultivated
advantages to farmers whose production is highly susceptiblevithin Europe, benefiting some of the poorer areas on the far
spring frosts, but may be of less benefit to farmers whosest of Europe that presently produce a limited amount of
problems with potatoes acting as weeds in following crops srefatively early potatoes with production being very dependent
more concern than frost damage. on the absence of late spring frosts. The benefit to these farmers
would be in direct conflict with the need for a relatively poor
neighbour to generate foreign earnings. It is very unlikely that
genetically modified potatoes would be the only crops whose

. . Lo culture would become possible in Europe causing a series of
A major concern arising from the cultivation of any staple gra . . . . . o .
licts of interest. It is hard to imagine that artificial barriers,

; . . f
is overdependence, so that serious diseases, such as pO?é}r?as those used to control the production of corn starch syrup

. ; . e SUC
blight, can cause major famines as occurred within Europe’in . : .

aréd provide access to cane sugar, will have a place in world

ade agreements in the 21st century.

3.10.3 Socio-economic issues

the 1840s. The other likely cause of crop failures, frost da
should be obviated by the use of frost tolerant potatoes unless
the areas cultivated expand to regions in which temperatures are

marginal for the tolerance mechanism. It is very hard to see héilether or not we should be concerned about socioeconomic
this would not happen as people living in marginal areas, suctpacts will depend as much upon our political views as so-
as the high Andes, will want to maximise the production oflled level headed scientific judgement. There is a clear
potatoes and will inevitably wish to plant in cooler situationproblem of malnutrition in parts of the Andes that can be
The likely long-term outcome will be the ability to supporaddressed now by the cultivation of frost-tolerant potatoes, but
increased populations in environments that could not sustamwith all such problems associated with poverty, increasing
them without frost tolerant potato varieties. Greater dependepeeples’ opportunities to generate wealth is probably the only
could produce a situation in which a serious outbreak of disebs®-term solution.

could lead to malnutrition. How likely it is that disease

epidemics would develop will to a great extent depend on the

genetic diversity of the frost tolerant varieties being introducédmuch more interesting problem is: who has the responsibility
into agriculture. to decide whether or not genetically modified potatoes should
be cultivated in regions, such as the high Andes? Two concerns
Just how much diversity will be available will be determined re important in examining this problem, The first is related to
the amount of breeding done for farmers in marginal arett®& environmental damage that such potatoes could cause when
Present experience suggests that this will be very limited, whiaclmajor constraint to their ability to overwinter and spread is
will have two major adverse effects. The first will be theemoved. How important is frost damage in killing tubers left in
cultivation of a very restricted range of genotypes, greatlye soil and in harming growth in the early spring? If people are
enhancing the risks from disease. The other will be a declindhimgry does it matter that potatoes may spread and become
the number of local landraces grown because they will not haveeds in farmers’ fields, or even become invasive in
the same desirable frost tolerant characteristics. The lossunéultivated land? It seems unlikely that they would become
landraces has occurred everywhere and is not a particilaasive, but even if they did would it be unreasonable to allow
problem arising from the use of GM crops. However, if GNheir cultivation? Risk assessment procedures as practised in
varieties do have significantly greater advantages over existifigrope are ill equipped to make this type of decision and should
landraces than conventional varieties, they will be expectedntat be assumed to be copied by countries that have serious food
speed-up the rate of loss of species diversity. From the poinslefrtages. We should recognise that the development of much
view of the farmers and people who eat potatoes there will befahe technology that could be useful to alleviate hunger in
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areas of the world with poor soils or adverse climatic conditjoasd thus novel crops with probable risks are unlikely ever

to be

will be in Europe and other regions of the world with strorgpproved for cultivation? Will it be seen to be unethical to
research environments. But, will scientists be encouragedptoduce crops for the developing world that could not be grown
isolate appropriate genes and develop suitable crops for hurigtyhome”, or unethical not to help to solve other countries’

regions in an environment in which food is essentially unlimitéshmediate problems?
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Chapter 4

Med

icine

4.1 Introduction

The Group has confined its remit to a number of key a
within the general field of medicinal products produced us

biotechnology and intended for use in human and/or veteri
medicine. Within this field it has considered products, in
widest sense, which originate from an agricultural sou
Review papers which include the present state-of-the-art
been commissioned from a number of experts in the rele
fields (xenotransplantation, vaccines, plant biotechnolg
prospects for producing human/animal medicines by ge
engineering and cloning) and these are available separate
this report we consider the following aspects for each key

* The science

The technologies

Safety, including risk/benefit
Socio-economic aspects
Regulatory framework

Social acceptability and education.

Crucial to the study are the ethical issues raised by the va
topics studied. Rather than having an ethical view on
individual area, we have chosen to provide an overview so
avoid needless repetition and also to make clear the key e
issues. This overview follows the sector reviews.

4.2  Products from transgenic animals

4.2.1 The techniques used in animal biotechnology

A few basic and increasingly straightforward techniques
required to isolate genes, sequence DNA, cleave DNA
fragments and reassociate them in different ways to gen
new genes, which can be micro-injected into fertilised e
thereby producing transgenic animals. The spec
amplification of a given gene region can easily be achieve
using the polymerase chain reaction (PCR). Reproduction
essential technique to generate animals and also to multip
best genomes. Biotechnology can contribute in a numbe
ways. Artificial insemination has been in use for many dec
and superovulation, embryo collection, freezing and trar
largely contribute to accelerate genetic selection. For insta
a cow can provide up to 300 embryos whereas she can ge
no more than 10 calves during her lifetirevitro, mechanical
splitting of early embryos can give rise to multiple offspri
Nuclear transfer into the cytoplasm of enucleated oocytes
generate genetically identical animals from the same indivig
Such transfers can be efficient as there is the possibilit
selecting only those cells which express the transplanted

Whilst over the last ten years cloning of embryos has only

achieved using fresh embryonic cells as the nuclear so

recent progress has shown it is possible also with cultured

embryonic, fetal and possibly adult cells. So the reproduction of
rdasge numbers of genetically identical animals is now virtually
sipssible. Such techniques as gene transfer in most cultured cells
naan now be done with little difficulty, although if the aim is to
tlenerate animals with additional genetic material this is much
raaore difficult. The cloning of embryos from cultured cells
hateuld greatly simplify gene transfer.

vant

i)

neti

lyl_'olgk' . . .

L rs9oking to the futgre, milk products from tranggenlc ammalg
might become an important source of recombinant proteins in
the next century. Such proteins may potentially be
pharmaceuticals for humans and animals, antigens for
vaccination or tools for diagnosis. Improvement of animal
production is theoretically possible by gene transfer. The
optimisation of milk composition could also contribute to
reduce the presence of allergens, to express the best alleles of
milk protein genes and to add factors capable of reducing
infection in animal or human consumers. A number of products
are at or near the marketing stagghuman a-glucosidase for
treating Pompe’s disease, Factor VIII & Factor IX for
haemophilia types A & B, al-antitrypsin for cystic fibrosis,
fibrinogen for surgery, insulin for diabetes, human growth

ribaemone.

pach

a . N i
th?fct§|3 Safety including risk/benefit

’CZ.Z Production of pharmaceutical products

In general recombinant DNA technology has aroused
considerable fears over safety. The most likely risk is
environmental with the possibility of the release or escape of a
bio-engineered animal which might disrupt a local ecosystem
by competing with or destroying other species. However, it
should be stressed that the alterations made to animals using
aexombinant techniques are relatively minor and for the
immoduction of human proteins by transgenic cattle for instance
ethterisk of the cattle escaping is low especially when stringent
gdencing precautions are used. A crucial issue is the safety of
sifscich bio-engineered medicines for humans: there are stringent
dtlegting procedures for such drugs and they can only be marketed
isimnthe European Union when licensed by the European
yNMedicines Evaluation Agency following the demonstration of
orpodven safety and efficacy. It is noteworthy that the majority of
adesteins likely to be produced by transgenic animals are human
sfepteins and so not foreign to the human body. This fact is of
anoayrse highly beneficial when human proteins are being
nenatéuced especially when the likelihood is that such products
should be safer - no danger of virus or prion infection in the
ngaroduct - and can be produced in large quantities.
can
lual2.4 Social acceptability
y of
gétrevided the transgenic animals used to generate products
bempear healthy and well looked after, social acceptability is
utdely to be widespread. However, there is bound to be a
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significant minority for whom the production of transge
animals is unacceptable.

4.3  Expression of pharmaceuticals in plants

4.3.1 The science

Many products used in human health care have traditio
been isolated from blood, placenta or other tissues. Ofte
products can only be produced in small quantities and it mal
be possible to guarantee their freedom from unwa
contaminants such as viruses or prions, thus potentially lez
to pathogen transmission. Genetic engineering has parti
advantages here. After isolation, the gene of interest ca
introduced into a heterologous system where the prote
subsequently expressed. Genetic engineering in plan
creating an attractive and cost-effective alternative for
production of biomolecules. There are examples of succe
plant expression in a number of fields. Albumin for instance
be produced successfully in tobacco and potato - althoug
amount of recombinant protein is small. Commercial effort
use cereals for this purpose have been successful
antitrypsin being expressed in genetically engineered
plants. It may become possible to produce vaccine cand
antigens in transgenic plants. A most promising develop
here is the demonstration that a recombinant tobacco
monoclonal secretory antibody can be used successful
provide specific protection in humans against oral streptocg
colonisation. Considerable progress has also been ma
engineering immunogenic proteins into transgenic plants.
raises the possibility that human or animal consumed fruit
bananas) or other plant parts could have suitable vac
engineered into them for the immunotherapeutic preventig
mucosal infections in humans and animals although much
remains to be done in this area. It has been shown that f
and tobacco plants can synthesise and assemble Norwalk
capsid protein, hepatitis B surface antigen and certain bac
antitoxins. Eating uncooked potato tubers synthesising or
these enterotoxins has been shown to induce both system
mucosal responses in human volunteers. Recombinant
technology has also been demonstrated to allow the produ
of industrial enzymes, carbohydrates and lipids tailored
particular purposes.

4.3.2 Safety, including risk/benefit

The essential feature is to determine how the transgenes

alter the environment compared to the non-transgenic sto
major concern is that the inserted information may
transferred to wild populations and hence give rise to
transmission of undesirable traits. However, it would apj
that such hybridisation, if it does occur, typically leads to ste
hybrids so that the resulting gene flow is likely to be hig
restricted. Studies of gene flow from transgenic rape to

show that while the possibility cannot be excluded signifig
instances should be infrequent. A further concern is
possibility of horizontal gene transfer from genetic materia
has been proven between different bacteria. Whilst horizg
gene transfer from plants to micro-organisms may be ¢
frequent, the likelihood of stable inheritance is very low.

nid.3.3 Socio-economic aspects

Transgenic plants extend the advances achieved by
conventional plant breeding and apart from the possibility of
producing pharmaceutical products can lead to the
improvement of crop products. The world’s fourth largest crop
is bananas. It is an ideal plant species for vaccine production
especially in tropical/semitropical areas where enteric
infectious disease is endemic.

nally

n 4he.4 Social acceptability

y not

nt8drveys throughout Europe suggest that the use of plants for the

adimgduction of pharmaceuticals is likely to be acceptable to the

cglerat majority of citizens. Only those who object to any form of

ngeeetic engineering find this aspect of the technology ethically

npisblematic.

ts is

thed Vaccines
ssful
cart.1 The science

h the
s Recombinant DNA technology offers opportunities to create
- atlenuated organisms by deliberate molecular manipulation and
riweclone and express genes encoding immunogenic proteins for
idage in vaccination. It enables the development of genetically
naitered live vector vaccines. (In the future it seems possible that
plautbunit or peptide vaccines may be introduced. These could
yheove considerable advantages over conventional vaccines in
ccahtrolling or eradicating animal disease.) These vaccines can
denaw be developed due to increased knowledge of the immune
Thisstem, in particular increased knowledge of the immune
(edector mechanisms, antigen recognition, the presentation of
cinaigens to the immune system and the different cells which are
naafive in the immune system. In addition, knowledge of the
wodsis of microbial pathogenicitiethe interaction between host
yodaid pathogen) has increased as has the identification of the
\antggenic components of pathogens which induce immune
tepi@itection. This permits the production of designer vaccines by
1epathogen modification. The newly developed vaccines usually
calludv the possibility of discriminating between vaccinated and
DMfected animals, as these vaccines include a marker protein
ctidmnich provokes a detectable antibody response. Such marker
fesccines provide a potentially powerful tool for future disease
control strategies as their use does not prevent the serological
identification of infected animals and thus allows combined
vaccination and eradication programmes.

4.4.2 The technologies

might

ckSéveral approaches to vaccine design by modification of the
imathogen can be envisaged using modern molecular
ttechnologies:

bear
2rile
hly
wild
ant

* The production of attenuated mutant organisms by
deliberate molecular manipulation. For instance, a strain
of pseudorabies virus is marketed in which the genes
encoding the GI glycoprotein and thymidine kinase have

the been disrupted. This has been shown to be avirulent and
| as to stimulate immunity against challenge with native

ontal  virus. Targeted mutation(s) in a pathogenic organism
Juite can result in altered virulence, which negates the

possibility of reversion to virulence.
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4.4.3

Creation of subunit vaccines, using antige
components of pathogens that can be used to in
protective immune responses. Purified recombin
proteins can be used for vaccination if the speg
antigenic capacity of the protein has been identif
(The human hepatitis B vaccine recombinant viral ¢
protein is the most notable success in this an

nid.4.4 Benefits

duce

aviaccines have been of major importance in controlling or
iffreventing several diseasesg(clostridial diseases, bovine
ellingworm infection and many viral diseases). However, this has
ordt always been the case: in some diseases vaccines have turned
ealt either to have been relatively ineffectiveg fespiratory

However, these proteins usually need to be administessghcytial virus) or unavailablegAfrican swine fever virus). A

in a potent adjuvant.

Use of non-infectious viral capsids by expressing al

the capsid proteins in a single construct which leads 1o

an immune reaction. The four main structural protein

bluetongue virus have been incorporated in this way|a|

have been shown to be immunogenic in sheep.

Use of modified viruses or bacteria as “live vectors”
vaccination. The modified organisms may expri
antigens of more than one pathogen.

Using DNA injection in animals. Vaccination of mig
influenz
haemagglutination gene has been shown to resul

with plasmids containing the

protection against virus challenge.

disadvantage of classic vaccines is the impossibility of
distinguishing between a vaccinated and an infected animal. It
ci)? difficult to provide accurate cost benefit analyses of disease
ontrol and these will vary for different diseases. However, the
S%?sts of a disease outbreak can be huge (one has only to
caonsider the enormous outlay for the control of mad cow

ISease to see the potential savings) and the animal health and
welfare problems are considerable. Prevention of the outbreak
of a disease by vaccination is recognised as one of the most
foefficient and cost effective tools for the control of certain

essansmissible diseases.
4.45 Risks

e . . .
Vaccines can cause adverse reactions which can vary from a
mild local reaction at the injection site to anaphylactic shock.
e incidence of such side effects is low. Vaccines may show
residual virulence (due to improper inactivation or inadequate
attenuation), reversion to virulence (due to recombination in

—~_ 9

Stimulation of protective responses at mucosal surfacasimals co-infected with virus complementing other gene

using attenuated organisms as vectors

The time may come when it will be feasible
manipulate host genomes so that hosts become

resistant to diseases. As this would entail gene therg

of animals or humans, such procedures are likel
prove ethically contentious.

Safety

deletions; multiple gene deletions should eliminate this
possibility), contamination - which is preventable; shedding or
A ersistence of the organisms which is usually transitory and of

ittle consequence. (It should be noted that in some

mare . ) _ o
circumstances, for instance in polio immunisation, spread of the

=

iRdculated virus is of value for the development of population
immunity.) The risk of environmental contamination and the
damaging effect of long term infection is present.

y

4.4.6 Social acceptability

Vaccines are widely accepted and there is every chance that the

For human or veterinary use an ideal vaccine would encompass of new technologies to produce them will be socially
some or all of the following:

*

effective against all variants of the pathogen and spe

safe with low incidence of side effects

acceptable provided their development is not seen as being a
technological “fix” to problems that could be tackled by more
cmventional means.

Vaccines are socially accepted for use in animal populations
and are usually seen as a more acceptable alternative to disease

highly immunogenic conferring long lasting protectioncontrol than the use of antibiotics and chemotherapeutic agents.

efficient with as few doses as possible
rapidly protective

stable at ambient temperatures
economically acceptable

biologically stable

not interfering with diagnostic tests for the natural

disease

easy to administer.

But if vaccines are used to prevent or cover up problems caused
by the housing or husbandry system, the acceptability of such
use is questionable. In some situations the origin of the vaccine
(the way it has been produced) may lead to adverse public
reaction. For example, the production of rubella vaccine for
human use from a cell line originally derived from an aborted
fetus caused considerable controversy.

4.4.7 Regulatory framework

* Veterinary medicines have to be effective and safe for
both animals and humans.

* Veterinary medications: Directive 81/852 as later
modified and extended.
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* Veterinary medications produced by “high technolog

such as biotechnology: Directive 93/41.

* Procedures: Regulations: 2309/93 and 542/95.

* QOthers: Specific biotechnology directives: Directiv

90/219 and 90/220.

4.5  Xenotransplantation

This review has been restricted to the possibility of us
agricultural animals as a source of organs for transplant
into humans. To set this review in context we noted that
demand for organs for transplantati@g kidney, liver, lung,
heart, from human donors far outstrips the possible supp
seems most unlikely that however widely or enthusiastic
organ donation from humans is pursued supply from this sg
alone will ever match demand. This means that the possi
of breeding agricultural animals to provide a larger suppl
organs demands most careful consideration. Other pos
applications include pancreatic islet cells from pigs be
transplanted into humans for type 1 diabetes, porcine fetal
cells being used to produce dopamine in patients
Parkinson’s Disease, baboon bone marrow being transplan
help restore a failing immune system and the applicatio
porcine skin as a temporary dressing.

4.5.1 The science

It seems likely that organs from genetically modified aniragl
pigs or monkeys (the latter being outside the scope of
paper) can provide adequate substitutes for human heart
lungs. Livers and kidneys are more complex. The n
promising animal source is the pig though porcine pancre
cells may have only a short life span in humans. However
very real problems associated with immune responses @
host have not as yet been wholly solved. Nonetheless ther
been some success and future progress can be anticipate
problems of possible rejection are much less where iso
cells are transplanted rather than whole organs. The

worrying aspect is whether the safety of the transplant fron
point of view of transmitting infection - whether from zoona
fungi, bacteria or, especially, viruses including retroviruse
can be guaranteed.

4.5.2 The technologies

A diverse range of technologies underlies the scier
described. Setting aside well established techniques su
methods of organ storage, surgical procedures and anaes
techniques, there are a number of key novel technologies. ]
may be described under two general headings:

i. Molecular technology. Transgenic manipulation
source animals has generated animal tissues whic
expressing human regulators of complement acti
apparently do not stimulate hyperacute rejection. M
recently, nuclear transfer offers further possibilities
targeted alteration of genes in species such as pigs
this technology which has stimulated public concert
relation to “cloning” of animals or humans.

Animal production technologies. Producing source f
of appropriate health status involves a range

procedures: eg surgical methods of embryo transfer,
early weaning of offspring, removal of biopsy samples
for genetic testing, birth induction by hysterectomy, and
isolation of offspring from their mother at birth. Such
procedures involve an element of harm to the animals. It
is clearly desirable that there are suitable stringent
regulatory frameworks to control such activities.

)y

es

45.3 Safety, including risk/benefit
5ing
atiidme key issue here relates to the risk of infection arising in
themans from xenotransplantation. Whilst the risk may well be
greater if primates were used as the source, it is still a significant
ypiibblem for other species such as pigs. Infection may be
altpnfined to the recipient. But, perhaps of even greater concern
uicehe spread of infection to a wider population. This may be
bitysociated with new variants of the infecting organism
y epecially in relation to viruses. In addition an organism or
silddant may reinfect the animal population with increased
im@thogenicity. A particular problem is with respect to the risks
brafiviruses. They may cause more serious iliness if transmitted to
withnew species; screening techniques especially for unknown
tedriases may be inadequate and treatment problematic. Of
n esfpecial concern here is whether retroviruses may present an
insurmountable problem. Strategies designed to minimise these
problems can be designed. Nevertheless some risk will remain
and this will have to be balanced against the prospective benefit
of this form of treatment to human beings.
D
this.4 Socio-economic aspects
s and
nast
patic

There will be animal wastage: not all harvested organs
will be suitable for a particular recipient and a back up

, the  organ will be required.

f the

eihas The use of xenotransplants may lead to a reduction in
d. The the rate of human donation - and may also lead to
ated reduced funding of research into other alternatives.
most

nthie  The costs to a health care system will be massive.

tic

pgV- The likelihood of researchers somewhere going ahead

suggests that some form of control of possible research
implants is desirable.

m%g.S Intellectual property rights including patenting

f:kerei?slctment of the amended Directive on the Legal Protection of

i rélo[;echnological Inventions would appear to confirm the

rhes[e o ; . .
paténtability of many gene sequences involved in the genetic
manipulation of pigs for xenotransplantation.

of

h,dy.6 Regulatory framework

ity,

ohe the EC: Directive 86/609/EEC. However, this only covers the

farse of animals for experimental and scientific purposes. If

. ka@motransplantation became an accepted clinical procedure, the

n MDirective would not apply. Neither does it follow that animals
bred for xenotransplantation purposes would be covered by
legislation covering agricultural animals, whilst laws designed

ide prevent animal cruelty would not necessarily be adequately
dfawn. It seems likely that no existing legislation would contain
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the necessary provisions both to protect human health andidman insulin in their structures. However, there have been
ensure the stringent health monitoring of the source animalsme reported problems with genetically engineered human
Some guidelines already exist for the conduct of clinical tridtssulins. Some diabetics have reported that the symptoms they
in various countries - but these may not apply| Experience when their blood sugar levels become too low
xenotransplantation. (“having a hypo”) now differ. The significance of these changed
symptoms is controversial but the important point to note is
that, as is so often the case, a new technology, while being
beneficial overall, may have some unforeseen and unwanted
The social acceptability of any new technology is extremeatpnsequences.

difficult to predict. Heart transplants are a case in point.

Initially, these operations gave rise to considerable pubkew people object to the use of genetically modified plants for
concern. Within a relatively short space of time, though, théhe production of medicines. Provided the new products are
became widely accepted in many countries. However, hefadnd to work and to be safe, they are likely to be widely
transplants are still almost unknown in some countries, notahtcepted and few ethical objections to them can be raised. There
Japan, for reasons that are entirely due to social acceptabiliy potential risks from the use of transgenic plants in open field
rather than anything else. Public debate and consultations alsdugtions. However, precautions can be taken to prevent
xenotransplantation suggest a considerable diversity of viewspseading of introduced genes. One possibility is if breeding is
to the acceptability of the practice. The debate is likely tlone so as to make the plants male sterile to prevent unwanted
intensify should trials become widespread. One presumes thate flow. In addition the areas likely to be planted are
patient groups and those with relatives and friends whose |livekatively small and the value of the crops very considerable
are saved through xenotransplantation will be positive about thi@ich should make monitoring and containment more feasible.
technology while those against the increasing use of animals for

human ends will remain opposed to the practice. The situatidme situation with regard to the use of genetically modified
is further complicated by the fact that the animal most likely &mimals for the manufacture of medicines is more complicated.
be used is the pig, an animal considered unclean by two of Tihe surgical and other procedures needed to produce transgenic
world’s great religions, by the uncertainties surrounding |tlamimals (superovulation, collecting of eggs, microinjection) are
safety of the practice given our continuing lack of certajnigvasive and must cause a certain, limited amount of pain and
about the seriousness of the risk of viral infections and by tdiscomfort. On the plus side, though, such animals are
difficulty of predicting how people will feel about theextremely well looked after, though some would argue that the
consumption or non-consumption of animals containing genestural, social behaviour of many animals is affected by the
of human origin. It seems inconceivable that the cadaverschbiical environment in which they may be kept. Nevertheless,
pigs from whom organs have been removed would end up intihesomeone who objects on principle to the use of animals for
human food chain. However, it is feasible that surplus animalsman ends, such practices are unacceptable whatever the
- which may or may not have been genetically modified - mighiiman benefits that may flow. Indeed, there will be those who
become available for human consumption. Public educatiaccept certain uses of animals but reject any genetic engineering
about xenotransplantation is likely to take place throughofanimals, for example on the grounds that this would be a
number of media. Already, school examination questions on thelation of their integrity. At the same time, medicines
subject can be found in some European countries while debatesluced from genetically modified animals may prevent much
on the television and radio and in newspapers and magazimaman suffering and save many lives and these are, obviously,
are considerable, if spasmodic. powerful arguments against forbidding their use.

4.5.7 Social acceptability and education

4.6 Ethical overview 4.6.2 Vaccines

The case studies considered here raise a large number of etfiteal use of farm animals and plants for the manufacture of
arguments both for and against the use of biotechnology andascines raises few ethical issues beyond those already
yet it may be premature to expect to see widespread consensusidered in the use of genetically modified animals and plants
on many of the issues raised. Nevertheless, many of the ethicahake medicines. The use of vaccines, both for humans and
issues raised are not new. Those that are most contentious rélegstock, is very widely accepted. The main issue to have given
mainly to our use of animals but even here, while disagreemeargs to ethical debate is the extent to which pressure should be
exist, some agreement is possible. put on individuals to be vaccinated, or to have their children
vaccinated, when the benefits to them may be small whereas the
benefits to society as a whole may be significant. Some
vaccines carry a very small but non-zero health risk to the
individual being vaccinated with the result that, when a disease
As yet the production of medical products from genetically scarce, people may choose not to be vaccinated. However,
modified animals and plants is at the research stage thotlgh autonomous behaviour can permit the disease to maintain
clinical trials are in progress. It is worth noting the lessonsitligelf in the population leading, eventually, to more overall
can be learnt from the use of “human insulin” made frohuman misery than if vaccination had been compulsory. In
genetically engineered bacteria and yeasts. For over a deamtries where certain diseases have been all but eliminated
such genetically engineered human insulins have been widéough vaccination, people can be unaware of how damaging
taken. On the whole, their introduction has been a consideradee of these diseases may be. A further ethical issue raised by
success. Such insulins are identical to human insulins whergsuse of vaccines for farm animals is that such usage can be a
animal-derived insulin (bovine and porcine) differ slightly frormeans of “covering up” problems of poor husbandry or

4.6.1 Medical products from genetically modified animal
or plants
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excessively intensive production methods rather than

addressing the underlying cause of disease transmission.

However, even the best managed farm animal systems camsatg agricultural sources. New products can be developed
entirely eradicate all infectious diseases. using this technology, or the production of already existing
products made more cost-effective.

4.6.3 Xenotransplantation

Xenotransplantation raises a considerable number of ethitdabs a very promising technology for further improvement of
issues. On the one hand, those in favour of the technology rhagnan and animal health in the future.
see the prospect of tens of thousands of human lives being saved

each year through a procedure which causes less suffer ng to

animals than they endure on many farms. On the other an%pllcatlon of plant molecular biology to prgventlve me;dmme
mf’i\y enhance the health of humans and agricultural animals.

those opposed to the technology may object to the increasing
instrumental view with which we regard animals, to the blurring

of the distinction between what it is to be human and what)ifTike disadvantages of the use of biotechnology must not be
to be non-human, to our failure to increase the use of grgaerlooked: although safety regulations do exist unforeseen and
donor cards, to the dangers that may follow the transmissiorunfvanted consequences may still occur.

certain viruses from farm animals to humans and to the fact that

we are f[rymg to red.uce, for example, mor'bldlty from h aﬁ1e continued development of biotechnology in relation to the
disease in this complicated and very expensive way rather than

: : Hse of agriculture for medicine will undoubtedly raise new
encouraging people to take more exercise and eat healt tﬁr . . .
diets. ethical questions and controversies. However, there is good

reason to expect that the very considerable body of expertise
that exists in relation to medical and other areas of ethics will
help to give rise to some degree of consensus in many of these
Biotechnology offers many new opportunities for theovel areas, though it must be recognised that ethical debate is
production of medicines, vaccines and other medical produck&racterised by conflicting arguments and viewpoints

4.7 Conclusions
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Chapter 5

Developing Countries

billion by 2050 (Kendallet al 1997; Vasil, 1998). These
projections indicate that the quantity of food produced will
The term “Developing countries” is used to refer to much ofcreasingly lag behind that required to provide sufficient for
Africa, Asia and South America and contrasts these wahrvival of a very large proportion of those alive. It is argued
“industrialised countries” where industry and agriculture |ateat biotechnology may provide one means, in addition to
more industrially advanced (Bulawayo, 1997). Agriculture iredistribution, of increasing the availability of nutritious food
the “developing” countries may be industrialised in a mann@otrykis, 1997). The analysis provided the following figures
similar to that in the “West”, or not. Where the agriculturdbr current consumptiofibid):
practices are md_ustrlahsed, the issues ralged in this cha.pter MaY.g00 million people are hungry eating 1800 kcal/day
not be appropriate. There remain agricultural practices in

“industrialised” countries which many associate with 3400 million survive on 2230 kcal/day
subsistence agriculture. 730 million have sufficient at 2910 kcal/day

800 million enjoy 3400 kcal/day”

5.1 Introduction

This chapter will attempt to identify those issues which are of

prime importance to developing countries and those whiShich data is approximate since desirable population intakes
impact on the “developed” world’s relationships with othenay be estimated in different ways, may vary from actual
countries while not addressing issues which are in the domatitisation and may not be readily applicable world-wide (see
of other chapters. for example Department of Health, 1991, Table 1.1 Estimated
Average Requirements for Energy). The Potrykis study
This distinction between “developed” and “developingtoncluded that agriculture has to produce much more food,
countries is largely artificial, especially with regard to thehere it is needed and under sustained conditions.

transfer of a technology such as biotechnology, which|has

relatively low entry barriers. Within the “developing world”,| itlt may be that the concerns and fears regarding safety of foods
is possible to distinguish at least the following groups pfoduced by modern biotechnology will stifle or slow the
countries that each have a quite different situatiera-visthe | development of the technology within the Developing
transfer of biotechnology: Countries, which would result in condemning many to

* Large countries such as China and India, which a%arvanon(lmd).

developed fully integrated research and develop
chains from basic molecular biology to the application
the field and in medical practice.

e.HInere is need to increase food production markedly for the

in . . : . )

expected increase in the world’s population. The increase would

have to be at a greater rate than the rate of increase in

* The newly industrialised countries in Asia and Latipopulation. (Engelman & LeRoy, 1995; Plunkett, 1995)
America, most of which have formed a strong
biotechnology base as part of their efforts in building
manpower skill bases for all modern technologies.

“The task of meeting world food needs to 2010 by the use
of existing technology may prove difficult, not only because
of the historically unprecedented increments to world
* The intermediate countries that would find it difficult to  population that seem inevitable during this period, but also

develop a fully integrated biotechnology sector, but have because problems of resource degradation and

the agricultural research and extension systems into which mismanagement are emerging. Such problems call into

products of biotechnology can be integrated. guestion the sustainability of the key technological
paradigms on which much of the expansion of food
production since 1960 has dependd@®@ram & Hojjatti,
1995)

* The least developed countries, most of which are| so
resource poor that they often lack the basic agricultural
research and extension facilities which are essential to

bring the products of biotechnology to the farmer. There are many who argue that an insistence on “biosafety” and

. . . . tlae precautionary principle is an expensive luxury which cannot
An increasing fraction of the population of less develo . ) . ) :
AN, ) o o e sustained where such a large increase in food is needed in
countries is living in cities, sometimes in “mega-cities”, that O . .
der to feed millions who would die of starvation unless

” ; 0
neeq large quant|t.|es of agricultural produce. These cann ta t%mpts are made to ensure that sufficient food is available in
provided by subsistence farmers alone. The less developed . . .

%e right place at the right time.

countries also need cash crops for export in order to pay for
necessary imports. Such cash crops are often produced ilagre are also concerns that the new technology will lead to
industrialised agricultural structure. *  exploitation of those living in the “developing” countries

It is agreed that those living in the “developed world” have monopoly control of chemicals used in agriculture and of
more than enough to eat, yet the majority of the world’'s seeds which allow plants to resist these chemicals might be
population do not. World population, currently 5.8 billion, is exploitative and place a strain on the economy of
projected to reach 8 billion by 2020 and stabilise around 10 developing countries
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* major changes in social structures which might sequent
affect the types of agriculture and needs for distributio
foods and food products.

Although modern biotechnology (while not specific to it)
often seen as providing a means for integrating the proce
agriculture, many in the non-industrialised countries view
technology as providing (Cohex al, 1998):

*

Disease-free planting material. Tissue culture technig
are used in laboratories to allow the micropropagatio
plant material which is free of disease and can be prov
to farmers. This technology is not only important for cr
traditionally cultivated using vegetative propagat
(banana, potato) but also coffee, cocoa, oil palm and s
cane.

Biocontrol agents which are not integrated into the pla
but may be used directly.

Diagnostics and vaccines for livestock diseases. Diagn
tests and rDNA vaccines for rinderpest, cowdrig
(heartwater), theileriosis (East Coast fever) and foot-
mouth disease have been developed.

Plant varieties which offer disease resistance, ei
through traditional breeding and selection technique
through the introduction of genes from other organism

5.2 Is Biotechnology an economic or regulatory issue fg

Developing Countries?

The ability to ensure that the products of biotechnology w
are intended for food or feed use are as safe ag
corresponding traditional products is critical to the developn

of the technology and to consumer acceptance of produc

whether in the developing or developed countries. This is n
assume that biotechnology products are more risky

traditional products, simply that procedures need to be in
to ensure the safety of both.

The UNEP Guidelines on Biosafety (UNEP, 1996a) provide a

baseline on which guidelines or regulatory frameworks ma
built within countries willing to provide a framework for tk
safe use of biotechnology. These Guidelines provide for
provision of internal structures within countries. If a protocg
produced by the Conference of the Parties to the Biodive
Convention, it will apply to the transport of modified organis
across international boundaries.

The Guidelines indicate the points that need to be consider
a risk assessment to identify the risk management proce
that may be needed to ensure the safe use of the product d
from the use of biotechnology. In general, risk managen
procedures may be required during field trials, depending o
knowledge available about a specific crop. If a new variety,
been extensively tested and/or successfully gr
commercially, then a risk management procedure may
superfluous. There is a recognition that the management o

at the testing stage is different from that which may be requir;

when the product is marketed. The UNEP Guidelines ide
general precautions as:

*

appropriate information and training for those handling

monitoring procedures to allow appropriate action in the
event of unexpected events

afly
n of

*

control of the dissemination of the released organism

& controlled access to the release site and then specify
ss of precautions specific for plants, animals and micro-
the organisms.

Where a risk assessment has been done under similar conditions
ues ) .
Ih.another country and the new variety has been recognised to
nof . . . .

. Pe, risk-free, a further detailed risk assessment procedure is

)K{)%dely to be unnecessary, unless the geographic or climatic
Ronditions and the presence of weedy relatives indicate that the
risk assessment is not adequate. Risk assessments are costly in

Aot they require considerable skilled personnel.

o
=]

U

nfBhere is evidence that major international companies are wary
of marketing the products of genetic modification in countries
JSiHCWhiCh there are no guidelines or regulatory structures.
S’_Euis issue is more important because of the impact of the GATT
seneral Agreement on Tariffs and Trade) Treaty. The transport
of goods between countries may only be resisted on the basis of
thgood scientific evidence. The assessment of risk associated with
s aproduct produced in a country, however, takes account only
s.the environmental issues which might be of significance in that
country. Absence of close relatives of a particular species, for
example, may lead to a finding of minimal risk for release of
that organism within the borders of the country but the risk
assessment may not be applicable in other countries to which
1i(t:rrl]e product is exported.

H@he product is a major commodity crop, the problems of
nent = " « . e
u|crient|fy|ng the product as “genetically modified” become
eénse. Importing countries may have regulatory requirements
Ouift

A %{nerent from the country of export, but the nature of world
r}rade makes it virtually impossible to control its movement
nlace ) .

across national boundaries. The regulatory structures could be
used in particular to stop imports from countries which have not

instituted regulatory systems, as the scientific basis of the

155}

=

v %%cision to stop imports is not easily challenged.

I
X
lis

rsity

Are there any other International Conventions
which deal with biotechnology as it relates to the
Developing World?

MPhe Convention on Biological Diversity (Rio de Janeiro, 1992)
includes a number of Articles which deal directly with issues
(r]elating to “developing” countries. Access to Genetic Resources

ed’in . . : .
IS_covered in Article 15 of the Convention. It requires

dures : X . - . .

o IVoen&ractmg parties to provide conditions which facilitate access

nEo genetic resources for environmentally sound uses by other

A haerties to the Convention. Access must be on mutually agreed

grms and where possible, any research conducted on material

:V\\‘Iﬁg)m other States must be with the full participation (and where

%ossible in) those States. Article 16 identifies conditions for
2 i .
\ccess to and Transfer of Technology (including

iotechnology). Article 19 relates to the handling of

@;technology and distribution of benefitSach Contracting

rty shall take legislative, administrative or policy measures,
as appropriate, to provide for the effective participation in

tHEotechnological research activities by those Contracting

f
hi
nt

organisms

Parties, especially developing countries, which provide the
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genetic resources for such research, and where feasible in
Contracting Parties.”

Chapter 16 of Agenda 21 (adopted at the United Natf
Conference on Environment and Development in Rio de Ja
in 1992) required Governments to consider internatig
cooperation on the “Environmentally Sound Managemen
Biotechnology”. It also required Governments to ta
appropriate measures to ensure that developing countries
effective participation in biotechnological research activi
and have priority access to the results and benefit
biotechnology on a fair and equitable basis. The conferen
the Parties to the Convention on Biodiversity decided
develop a protocol for biosafety, specifically focusing
transboundary movements. This protocol is still be
considered. The UNEP Guidelines on Biosafety attemp
provide a uniform baseline for the regulation of biotechnol
throughout the world. The Guidelineseek to ensure safety i
biotechnology development, application, exchange and tra
through international agreement on principles to be applieg
risk assessment and management”.

The European Convention for the Protection of Human Ri
and dignity of the Human being with regard to the applica
of Biology and Medicine (Convention on Human Rights &
Biomedicine, 1996) makes no reference to any differe
between those living in the “developed” and “less-develop
world. There is also a European Convention on the hun
treatment of farm animals. The European Convention on

Liability for Damage resulting from Activities Dangerous to t
Environment (1993) specifically defines “Genetically modif
organisms” asany organism in which the genetic material h
been altered in a way which does not occur naturally by ma
and/or natural recombination”but excludes:

*

organisms obtained by mutagenesis on condition that
genetic modification does not involve the use of genetig
modified organisms as recipient organisms

plants obtained by cell fusion (including protoplast fusi
if the resulting plant can also be produced by traditic
breeding methods and on condition that the gen
modification does not involve the use of genetica
modified organisms as parental organisms.

The WTO Agreement on Sanitary and Phytosanitary Meas
(SPS) is a measure resulting from the Uruguay Roun
Multilateral Trade Negotiations. This agreement is intende
ensure that Governments are able to provide health prote
within their boundaries but not if they inhibit internatior
trade. The agreement attempts to ensure that sanitary
phytosanitary measures only apply to ensure the safety of
or animal and plant health. The agreement allows an indivi

Government to protect its “inhabitants” (including humans

animals and plants) from pests and diseases resulting fro
import or inclusion in imports. The scope includes

protection of the inhabitants from additives, contamina
toxins or disease-causing organisms in foods or feeds,
allows Governments to limit or prevent damage arising frorm
entry, establishment or spread of pests within their territori

The WTO Agreement on Trade Related Aspects of Intelleg
Property Rights (TRIPS) (GATT TRIPS Agreement, 1994)
further measure resulting from the Uruguay Round

shtzhitilateral Trade Negotiations which may have an impact on
the use and protection of products derived from modern
biotechnology within the “developing” world. The agreement
iomarmonises patent law within Member States so that both
ngirocess and product may be patented and tightly regulates
ynadmpulsory licensing of product for members of the WTO. The
t DRIPS agreement does allow Member States to exclude from
akgatentability: (1) diagnostic, therapeutic and surgical methods
Harvehe treatment of humans or animals, and (2) plants and
tiemimals other than microorganisms, and essentially biological
s ppbcesses for the production of plants or animals other than non-
cebimlogical and microbiological processes. However, there is the
tbligation to offer at leassui generis protection under the
obPOV convention. The second of these categories is to be
imgviewed four years after the entry into force of the WTO
t Agreement.
ogy
nThe International Plant Protection Convention (IPPC) is in
ngbtace in order to improve international cooperation to control
@ests and plant disease. IPPC may cover genetically modified
organisms if they are pests, but the agreement does not provide
a mechanism for the assessment of risk associated with plant
glssts, assuming that the “country of origin” is aware of the
tigotential to cause disease.
and
2n€he FAO Code of Conduct on Plant Germplasm Collecting and
edifansfer (1994)aims to promote the rational collection and
naustainable use of genetic resources, to prevent genetic erosion,
Cigitd to protect the interests of both donors and collectors of
hgermplasm” The objectives of the code which relate
edpecifically to the topics of this chapter include Article 1.2
asvhich stresses the need to foster direct participation of farmers,
tingientists and organisations in countries where germplasm is
collected in programmes to conserve and use plant genetic
fesources; and Article 1.2 which aims to promote the sharing of
enefits derived from plant genetic resources between the
nors and users. The code stresses in Article 6 that States have
a right and responsibility to establish and implement policies for
orthe use of their genetic resources which includes the provision
nad permits to collectors.
etic
allyhe FAO International Undertaking on Plant Genetic Resources
is currently being renegotiated to take account of the
Convention on Biological Diversity (FAO, 1997a). The original
uagpears in Resolution 8/83 of the 22nd Session of the FAO
d @dnference. Rome, 5-23 November 1983.
d to
cboh

al

Is Biosafety an ethical issue?

]algio afety evaluation is an investigation of the impact of a

f(;)iacr)n duct or process. In the context of biotechnology it is often
dﬂ%le"ed to as risk assessment, which is incomplete. The

environmental impacts of any technological development

>

n"f\(m:(laUde positive as well as negative elements.
thié is necessary to distinguish between biodiversity of natural
nisppulations and that of crops. The former will only be
amgintained if tropical rain forests (and a few other natural
theosystems) are not destroyed, for example by the expanding
edarming. Man-made biodiversity of crops may be increased by
biotechnology because new breeding options are available. This
twles not mean that certain traditional breeds of crops should not
iskee maintained. However, storage facilities for crop variéties
eftu and seedstcin germplasm banks are always limited.
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A risk assessment which identifies the management procedudrescrops must be modified (by modern biotechnology or by
needed for ensuring minimal risk for any use or release of the traditional means) so as to provide food when and where
products of biotechnology is usually required in most countries needed.

which have regulatory structures or guidelines in place. These

risk assessments invariably only consider the likely risk withirhe causes of malnutrition are seen either as a social problem
their borders. Risk assessments, therefore, are not necessatiribution of income) or as an agricultural problem
applicable in other countries. (production). This is a false dichotomy as both causes operate
and are inextricably linked economically. Any increase in
Is the stress on biosafety and ensuring that as little harmaasess to food through better distribution of income or of
possible is caused to the environment likely to affect|tiplysical distribution has to be met with an increase of
availability of food in areas of the world where people lamroduction. If it is not, it will be met with an increase in price.
starving? If so, is it ethically justfiable to deny the fruits of the

possibly untested technology to the hungry? The most important means of providing aid to those living in
countries which rely on subsistence agriculture is to ensure
The major difference between developed and developiadequate food and clean water. There are very important
countries may be the capacity to assess impact, managebtheefits that may accrue from the provision of technological
minimisation of any risk, and ensure that the infrastructure isarpertise.

place to assure countries to which the products are exported that

a proper consideration of the risk has been conducted. Modern biotechnology is easy to “transport” - the “entry fees”
which enable use of the technology are low when compared to
the costs of implementing many other new technologies.
Transfer of knowledge should not only include scientific
The importance attached to issues associated with the usexgiertise, but all the skills necessary to implement the
modern biotechnology may be very different in “developedéchnology, to assess and manage the impact, and to identify the
countries where there is already a surfeit of food. There athical issues which arise within a country from the exploitation
many positive benefits which will accrue if biotechnology iand use of biotechnology. In order to be successful, the
able to provide the means for food and feed to be availabfmlication of biotechnology requiréa broad research and
where needed. However, the technology is often seenkaswledge base in biology, breeding, agronomy, physiology,
controlled by powerful financial interests and its use inevitaldbochemistry and genetics'The developing countries must
(Grove-Whiteet al, 1997). The same researchers report thdévelop the infrastructure and need financial support and
“perhaps progress was going too far and that technicaixpertise to allow development of biotechnology (Moffat,
innovation should develop more cautiously” 1994).

5.5  What are the issues for the Developing World?

There are significant concerns being expressed regarding Ahmajority of the world’s resource-poor farmers are women.
use of this technology, and many of these relate to theiorld-wide, women produce more than 50% of all the food that
application within the “developing world”. There are significaris grown. In many developing countries, this percentage can be
benefits that may result from this technology as well as risks Ioutich higher. For instance, it is estimated that women produce
the intention here is to identify both positive and negatiB®% of the food grown in sub-Saharan Africa, 50-60% in Asia,
issues. 46% in the Caribbean, 31% in North Africa and the Middle East
and about 30% in Latin America. The advent of modern crops
may release those working in the fields from much of the

Modern biotechnology promises much. The slogan asso iatt%((jj'um of subsistence agriculture.

with some of the expectations from the technology has indicate#.2 Exploitation?

a potential to “feed the world”. This is an obvious

oversimplification since no single measure, technical, politidal terms of control over genetic resources or food resources,
or otherwise - will on its own resolve the problem. Althougtwo quite different types of exploitation of a position of power
there is a perception within Europe that more than sufficianay be distinguished:

food is produced there is obvious malnutrition in much of|the

world, and the population is growing rapidly. There is a belief “blocking access” to products or to technology. Some fear
amongst many of those who form opinion in Europe that that this will happen on a significant scale by the abuse of
“organic” agriculture is a “good thing”, yet there is little  the IPR systems in place. Although this is theoretically
appreciation that a sustainable reversion to organic farming conceivable, it does go against the primary interest that
within Europe would require a substantial reduction| in owners of IPR have, which is to make money out of their
population. If enough food is to be available to feed the world’s ownership by selling the product.

population, then: .

5.5.1 Empowerment

“dumping unwanted products” that have not been properly

*  crops which are important within local economies must be tested, or that are not approved in the industrialised
made more readily available; countries.

R . ]
yields of current crops must be increased, The crops which have so far been modified and tested in field

* foods need to be able to withstand the rigours| ¢fials or marketed are those which are of importance in the
distribution from the point of production to the towns antileveloped” world. The vast majority of releases in Europe
villages where they are consumed; have been maize, oil seed rape, potatoes, and sugar beet. Most
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of the modifications made so far have been designed to inc
yield, either directly or indirectly through pest resistance
herbicide tolerance. Many are at the same time designed {
fewer insecticides, fungicides or herbicides. Examples w
have been quoted as directly affecting the rural populatig
Africa involve the use of herbicide-resistant crops. There
arguments as to whether this would be beneficial or harmf
the economies within developing countries. To some, relie
those currently spending much of their time weeding ta
other, useful or less arduous work is important; to others
increased poverty that might result where labour is no lo
needed to weed, and therefore, the increased depopulat
rural areas and over-population of urban areas is the 1
issue. Irrespective of this hypothetical negative impact
biotechnology, there is and has for a long time been a
increase in population and a massive migration to the ¢
whose inhabitants need feeding.

“It is often stated that only 30 crops “feed the world”. These are

the crops which provide 95% of dietary energy (calories
protein. Wheat, rice and maize alone provide more than ha
the global plant-derived energy intake. These are the ¢
which have received the most investment in terms
conservation and improvement. A further six crops,
commodities, sorghum, millet, potatoes, sweet potat
soybean, and sugar (cane/beet), bring the total to 75% g
energy intake. This information is based on data for nati
food energy supplies aggregated at the global level (H
1996).

When food energy supplies are analysed at the sub-reg
level, however, a greater number of crops emerge as signif
For example, cassava supplies over half of plant-derived er
in Central Africa, although at a global level, the figure is @
1.6%. Beans and plantain also emerge as very important s
in particular sub-regions. These major food crops, as we
others such as groundnut, pigeon pea, lentils, cowpea and
are the dietary staples of millions of the world’s poorer peg
though they receive relatively little research and develop
attention(lbid).

Resource-poor farmers constitute over half the world’s far
and produce 15 - 20% of the world’s food. These farmers
not benefited as much as others from modern high-yiel
varieties. It is estimated that some 1,400 million peo
approximately 100 million in Latin America, 300 million

Africa and 1,000 million in Asia, are now dependent
resource-poor farming systems in marginal environments.

5.5.3 Socio-economic Issues

Many regional crops have importance on a world scale bec
of the availability of particular chemicals. The possibility
modifying common industrial, commodity crops grown
temperate climates to produce higher value chemical pro
may have devastating impacts on the original products
producers.

Case Studies:
Many “case studies” on the effects of biotechnology on sg

economic structures are oversimplifications. An exampleg
illustrate the point:

onal

nergy

taples

D

refaselt has become common wisdom that High Fructose Corn
and Syrup (HFCS) produced from starch with enzymes has
0 usedestroyed much of the export industry for cane sugar from
hich developing countries during the seventies by undermining
n in world sugar prices. The production of HFCS is a much less
are important reason than the massive production price
ul to subsidies given in the EU and the USA for sugar beet
f for production which left these countries with large surpluses
do of sugar that were then dumped on the world market.

ng: There are a range of problems associated with coconut

(Nichterlein, 1997):
on of

AT o conut provides about 5% of the world supply of

aoifd vegetable oil. Copra, the dried kernel of coconut, contains
tigs 65-72% oil which is used for a wide range of edible and

industrial purposes. The main advantage of this oil is its
high lauric acid content. Lauric acid is a short chaip)(C
saturated acid which constitutes 45-50% of the fatty acids

or found in the oil from coconut

alffof The Philippines are the largest exporter of coconut oil,
rops producing about 40% of copra and 70% of the oil for sale
of on world markets. 29% of the cultivated land in the
or Philippines is used for coconut production. The oil is also
oes, important in the economies of Malaysia, Indonesia and
f the India.

The industry has not modernised, palms tend to be low in
productivity and replanting is not taking place in an
organised fashion. There are also viral diseases (“Cadang-
Cadang”) which kill many of the trees each year. Little
research has been done in South-East Asia on the genetic
variety of the coconut, nor has there been much work on
diversification of the products which are available from this
“tree of life”. The competitive downfall of Philippines
coconut as the major world supplier of high lauric acid oils

I'as is due to two factors:
yams

pte, The age of the coconut plantations in the Philippines. The

AO

ional
cant.

nly

nent average age of the trees is well over 50 years. They are of

old genetic stock and in the declining years of their growth
cycle. From the sixties until recently, the Philippines have

ners not had an agricultural policy in place to renew their crop
have base by systematic replanting with new generations of high
ding yielding palms.

ple. At the same time came the enormous growth of the oil palm
sector in Malaysia and Indonesia. This development was
underpinned by a heavy investment in breeding for new
elite planting material and rapid replanting of old
plantations. As a result, the average oil palm estate in
Malaysia or Indonesia yields 5-8 times more oil/ha than the
average coconut planting in the Philippines.

=

on

ause
of There is strong competition between coconut oil and palm-
in  kernel oil which is also high in lauric acid. The oil palm is

jJucts farmed intensively and two different oils may be extracted

and (palm-kernel and palm mesocarp) which are raw materials
for the food and detergent industries.

*

The largest user of coconut or palm-kernel oil is the USA,
with a market of approximately US$350 million.

cio- Genetic modification has made the production of high
to lauric-acid oils in commaodity crops possible. A transgenic
variety of rapeseed producing lauric acid oils has been
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produced by Calgene by the insertion of a thioesterase
the seed of the California bay tree. Initially the
contained about 38% lauric acid, but in the rese:
laboratory this has been raised to about 60% by
insertion of multiple copies of the gene and selection
high yielding transgenic varieties. These new products
eventually, displace the coconut and palm-kernel
Costs are still high because of the need for segregati
these new, high-value oil products.

There is controversy over whether the impact on
coconut industry of the introduction of high lauric acid
in oil seed rape is likely to be significant:

It is likely that the genes from the coconut (rather than
bay) will be used to further improve the new prody
Although oil is not the only product available frg
coconut, the production of lauric acid oils from otk
sources could result in the loss of the industry. Investn
and research are needed to improve productivity of
coconut, to develop existing and new products an
restructure the industry to meet the challenge.

High lauric acid oil in oilseed rape (current projecte

production up to 100000 tonnes per year) is not likel

frorternational Rice Research Institutes (IRRI) for instance is in
othe Philippines, wheat and maize research is carried out at
ar€iMMYT in Mexico and research on potatoes in Peru. The
theality of the research done at CGIAR is of the highest
forternational standards. Wherever appropriate, modern
witiotechnology is made use of, for instance to produce improved
Dilsrop varieties. Many CGIAR institutes have joint projects with
omuflecular biology and agronomy laboratories of universities in
industrialised countries Also UNIDO, the United Nations
International Development Organisation, supports agricultural
the . . : ;

résearch in third world countries and runs its own research

programmes.

o

ti8everal organisations initiated in the industrialised countries are

icspecifically devoted to technology transfer to developing

ncountries. Once such institution is ISAAA, the International

neBervice for the Acquisition of Agri-Biotech Applications.

nent

tihbe role of the private sector in Research and Development for

j dgriculture, and in technology transfer generally, is often

ignored. Companies developed in developing countries as well
s multinational corporations are key contributors to technology

@Oansfer and to capacity building in developing countries.

become a major competitor for coconut oil. The

aj .
competitor is and will remain palm kernel oil. 555 Intellectual Property Rights

High lauric acid oil is essentially a by-product of oil palnOne of the perceived advantages of subsistence farming is that
production. It is the oil produced by crushing the oil palfiarmers save their own propagation material (seeds, tubers,
kernel after the main crop, palm oil, has been extractedittingsetc) for their crops. This does not take into account two
During production of the 20 million tonnes per year| afosts however;

palm oil, 3-4 million tonnes of palm kernel oil are
automatically produced as well. As it is a by-product, it
may win any price competition, whatever the price of |the
other sources.

First the cost of keeping back this part of the harvest from
the food supply of the family. In case of tuber crops, the
propagation material that has to be saved for the next year
often makes up more than 20% of the harvest.

For oilseed rape and coconut the situation is different. High
lauric acid oil is their main product. If prices slip, this
effectively puts them out of the market.

Second, planting material is usually contaminated with
diseases and pests from the previous crop.

One of the biggest jumps in productivity in any agricultural
system is always made by the supply of seed material that has
Most developing countries have their own national agricultutaéen grown in special conditions where disease infections are
research establishments, which are often linked to an extengiarticularly controlled. In Europe, the high potato yields of 50
service. The extension services are intended to analyse whatdhaes/ha or more would never be possible without the annual
farmers are doing, find out what their main technical amsdipply of disease free seed potatoes from special fields. The
economic problems are and communicate research resultin¢oease in yield and in crop security is so large that farmers are
them. The performance of the research establishments prepared to pay up to a third of their total production costs of
extension services varies a great deal, depending amongst qib&toes for this seed material. In several developing countries,
things on the financial situation of countries. In addition, marlye crop security of small farmers has been revolutionised by
international aid organisations and NGOs are aimed at helpihg supply of disease free planting materég lfananas in the
small farmers to improve their performance. Some developiRbilippines, sweet potatoes in Zimbabwe).

countries are specifically targeting modern biotechnology to

improve productivity and economic competitiveness and haVkere are concerns that as a result of new Intellectual Property
already brought their own transgenic crops to the farmeRights over seeds the cost to the subsistence farmer would be
fields. too great. It is important to distinguish between subsistence
farmers’ own varieties, which can of course be saved freely, and
In addition to the national research establishments| thenetically modified seeds which may be the subject of
Consultative Group on International Agricultural Resegréhtellectual property rights in the country concerned. To the
(CGIAR) does much in developing countries. CGIAR| ipresent, very few of the plant genetic improvement inventions
financed by the World Bank and by separate contributionstave in fact been patent-applied-for in developing countries.
most industrialised countries. The Rockefeller Foundation| HEse 1991 revision of the UPOV convention will also have an
also been a long term supporter. The CGIAR institutes, iofpact on the rights of plant breeders to use existing varieties as
which there are 18 in total, are spread all over the developthg starting point for making new varieties. This may have an
world and each institute has a specific mission. Tlmportantimpact on the economics of developing new varieties

5.5.4 Research & Development for Agriculture
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in the “developing” world. This revision also allows thégnorance of their effects on the subsequent development of
protection of inventions using both this plant protection systésotechnology”. He continued:

and patents. However, the WTO agreements do not oblige
countries to introduce a patenting system for plants whsue |a
generissystem (such as that in the UPOV Convention) exists.
In addition, the most important agricultural institutions in less

deyeloped cogntrles, tho_se_ belonging to CGIAR, give a A evidence of the benefits of biotechnology. Yet, the mistakes
their seeds without restrictions and at no cost. However it ; .
f earlier years were not only repeated in the TRIPS

should be recognised that the current scale of use of save See(igreement they were compounded even further. In Article
deprives the breeder of significant legitimate income. 27 paragra{ph 3 of that Agreement biotechnologjy has not

merely been forced to take a back seat it has virtually been
forced out of the arena altogether.

“There was little excuse, however, to perpetuate this
unreasonable prejudice against biotechnology in the late
80s and early 90s, other than an unwillingness to review
and revise earlier-held views despite overwhelming

The protection offered by Plant Variety Registration (UPO

some countries, both developing and industrialised, may be

important as information relating to the plant variety must be ...This development is an international giant step backward

disclosed. This may be of importance as discussed in the sectionas far as biotechnology is concerned ... Thankfully, Article

on “genetic diversity” below. 27 of the TRIPS Agreement contains a clause mandating its
review in 1999. It is our fervent hope that our negotiating

of partners will finally be convinced by then that their

providing finance for the implementation of the technology. It previous actions regarding Biotechnology were not in their

is believed that Patents and Plant Variety Rights provide the best interests and that the patent system should not be used

incentive for development of the technology. Several patents as a tool to satisfy concerns that could easily be addressed

have been taken out by public institutions involved| in through other means.(Gallochat, 1995)

biotechnology in the less developed countries.

Protection of Intellectual Property is seen as a mean

The public-sector is seen as being extremely important in
The European Patent Convention differs from Patent La dﬁvelopment of products derived using pmtechnology in many
o L : veloping countries. However, the public sector may be unable
many countries in that it incorporates a requirement that p tents )

on'its own to meet the costs of developing new products, and the

be not granted if the invention is seen to offend on moral . . S ) :
eng:arhse available from multi-national companies may be vital

grounds. This particular clause has only been used for produt e exploitation of biotechnology. Multi-national companies

) - . in
res“.'?'”g from_ the appllcatlor_l of moden pmtechnology. ! ave provided countries with the genes and cassettes to enable
addition certain products which have medical uses ar

eir insertion into crops of local importance. Where “gene-

capable of being patented under this Convention. These clausés N . ; S |
cassettes” have been synthesised for insertion into major crop

may be important in restricting the availability of protection forlants the availability of the genes for insertion into locally

inventions outside the borders of member countries. .
. . . important crops may be crucial to the development. In order to
exclusion of plant varieties may relate to the protection

available to all member countries by the UPOV Conventio use th_ese phenotypes some form of mtellectual property
protection may be essential. Many agricultural crops and

innovations in developing countries are exempted from national

Although patents are important in spreading a technolo islation governing intellectual property (Cohen, 1994). In a

because of the necessity for disclosure, the requirement t T ) )
. number of cases, multi-national companies have provided

royalties may inhibit the use of biotechnology in developin untries with the genes and cassettes to enable their insertion
countries. The TRIPS agreement, and the virtual prohibition.Q 9

) . S . : info crops of local importance. In some instances genes and
compulsory licensing may inhibit use in countries where . . . L .
. . . cassettes are being used in the less-industrialised countries
currency is not readily available.

without clear knowledge or information regarding the

The TRIPS Agreement may threaten plant genetic res ulfr&%gllectual Property Rights (Coheal, 1998). It appears that

. , 1IN CGIAR centres more thaf85% of the applications are
conservation and farmers’ rights. Intellectual Property Rights. . . .
: . . eing used without any written agreement. This leaves centers
are seen by some as having bédaveloped by industria

T ) . in an unclear position as to their legal responsibilities, both to
societies in order to reward inventors of machinery. They|are i
. : . he owner of the technology and to other research partners
hardly appropriate for life forms, such as plants which have . ;
: : id). There are also likely to be problems for those in the non-
been developed over centuries and are constantly changing: ... 7" . . . o
ndustrialised countries failing to protect their intellectual

also disregards the traditional rights of indigenous and loca . _— L .
communiti%s over their resourcgs and kno%vledgﬂ’adely property resulting possibl{from lack of familiarity with IPR

1996). Others argue that that there is no reason not to allo issues, the fact that suitable IPR options are not yet developed

) . . o and approved, and the traditional reliance on goods and
protection of intellectual property in a specific, ne

developed field such as biotechnology. Indigenous, traditi nal VIces developed as international public goods” (Ibid).

knowledge should not be affected, as only inventions not in thiee Convention on Biological Diversity (CBD), by recognising
public domain can be protected. On the other hand, many thee sovereign right of states over their genetic resources and
concerned that the “temporary” exclusion of plants and animallbowing access only upon the prior informed consent of the
from the TRIPS Agreement is a problem. Bruce Lehmasgurce country, has necessitated a re-examination of the
Commissioner of Patents and Trademarks of the US PTQ bammonly-held view that intellectual property law is irrelevant
been extremely critical. At the Pasteur Centennial Colloquiumdiscussions on access and use of genetic resources. The CBD
in 1995 “He criticised the exclusions in the European Patemxpressly recognises thdpatents and other intellectual
Convention and the Patent Cooperation Treaty, althqugtoperty rights may have an influence [the treaty’s]
acknowledging that that at the time they were made implementation”(Ochave, 1997).
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A number of countries, notably India, have raised concert
what they see as conflict between the TRIPS Agreement arn
Convention on Biological Diversity, although this remains td
established. India has indicated that the TRIPS Agree
should be modified to remove inconsistencies with the (
(WTO, 1997). In particular India has suggested that the cha
should require that applications for patents should cle
mention the biological source material in the country of or
and that there be prior informed consent of the countr
origin. In line with the Convention, where the biologiq
material involves traditional or indigenous knowledge, th
should be an obligation on the rights holder to share benefi
Paper was prepared for the third meeting of the Conferen
the Parties to the Convention on Biological Diversity held
Buenos Aires in November 1996 which examined
relationships and synergies of the CBD and the TR
Agreement (UNEP, 1996b). The document reports that
treatment of Intellectual Property during the debates which
to the CBD was contentious. Many developing countries
argued that the IPR systems hinder the transfer of technolg
the developing world and unfairly disregard the contribution
generations of farmers to the world’'s plant genetic resou
These countries objected to the expansion of IPR to new
varieties and products based on their genetic resources (U
1996¢).

5.5.6 Crop Genetic Diversity

Intensive agriculture may result in the use of a particular val
of plant (or animal) which may lead to the loss of ot
varieties. Use of a small number of varieties may ca
problems when a significant part of the total area plante
uniformly susceptible to a pest or environmental haz&de
of the main causes of genetic vulnerability is the widesp
replacement of diverse varieties by homogeneous mg
varieties” (FAO, 1996).

Genetic Diversity has three values - portfolio, option
exploration(lbid):

* Portfolio: “stability for farming systems at the locg
national and global levels by smoothing yield variabi
through the maintenance of a wide range of crops
intra-crop diversity.”

* QOption: “provides insurance (Option Value) against futu
adverse conditions as needs are constantly changing
because genetic resources may later prove to pro
useful characteristics, such as resistance to new dise
or adaptability to changed climatic conditions.”

* Exploration: “genetic diversity represents areasure
chest’ of potentially valuable but as yet unknov
resources.”

“In The Netherlands, for example, the three top varietie
nine major crops covered from 81 to 99% of the respe
areas planted. One cultivar accounted for 94% of

spring barley planted. In 1982, the rice variétiR36’ was
grown on 11 million hectares in Asia. Over 67% of

wheat fields in Bangladesh were planted to a single w
cultivar ‘Sonalika’in 1983, and 30% of Indian wheat fiel

to the same cultivar in 1984. Reports from the USA in 1

and 1991 indicate that for each of eight major crops fe

than nine varieties made up between 50% and 75% 0

1S at total. Ireland’s Country Report cites 90% of its total wheat

d thearea sown to just six varieties. The accumulated anecdotal
be evidence from various sources suggests that there are large

ment areas planted to a small number of varieties, and although
IBD in some major wheat producing areas the situation is

ngesimproving, it is still worthy of concern. The case of
arly bananas provides another example of the costs of genetic
gin uniformity. All five major varieties used for commercial

y of production derive from one original banana variety
cal

(Cavendish). All these varieties are highly susceptible to
ere the fungal disease black Sigatoka which can only be
ts. A controlled by regular chemical applications. The cost of
ce of controlling the disease is high, surpassing US$350 million
in in fewer than eight years in Central America, Columbia
the and Mexico. Moreover, small landowners cannot control
IPS the disease in their fields as they lack both the equipment
the and the funds required for fungicide applications. Yield
led losses approaching 47% have been reported in Honduras
had and other Central American countries. The disease is also
gy to causing major losses to plantain producers in West
s of Africa.” (Ibid)
rces.
crop “The improvements in agricultural production brought
NEP,about through the use of modem varieties have been
possible because of the rich and varied genetic diversity in
farmers landraces, and of wild and weedy species.” (Ibid)

Plant breeders have used species of plants sexually compatible
rietith important crop plants to acquire new and desired traits.
her
ause “The initial stages of breeding for most crops have been
d is based on locally adapted landraces. For instance, the
wheat varietyMarquis’, which was grown across 90% of
read the spring wheat acreage of the North American Great
dern Plains originated from a cross between the Indian landrace
‘Hard Red Calcutta’and the European landractked
Fife’. Similarly, the breeding of winter wheat in Europe is
and historically based on a large pool of selections derived
from numerous wheat landraces from many countries. It
has been estimated that 11 landraces contributed to the
malting barley genepool, while the prominent commercial
alfalfa ecotype, AWPXS3, is known to have originated from
13 ecotypes collected in nine countries. The development of
improved breeding lines for many crops which are in the
re early stages of formal plant breedingg(fonio, amaranth,
and Chenopodium spp, tefto) also relies heavily on the use of
vide land-races.” (lbid)
ases

I!
ity
and

Several major incidents related to the narrowing genetic base of
staple crops occurred in the seventies. The Southern Corn
viBlight in the USA is probably the most notorious one. It
destroyed a major part of the US maize crop in 1972-1973. This
S Wwas due to the fact that most of the US maize production was
:ti\ggpendent on a single cytoplasmic genotype.

the

From that period on, diversification of the gene pool base for
therops has been a priority for all major breeding programmes,
heatd over the past decade, we begin to see the result of this in a
dssteady widening of the genetic base of these crops. With the
9ddvent of molecular marker assisted breeding, this effort is
whkely to quicken, as the technique allows selection for many
f there traits simultaneously than in the past.
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The FAO report suggests that about half the specta
increase in yields of rice and wheat in the last 30 years
been obtained through the use of plant genetic resources.
is seen to be a need for:-

*

The collection and storage of the germplasm of a w
variety of landraces and plant varieties will form a ban
genetic resource invaluable in the improvement
protection of crop plants.

Protection and characterisation of wild relatives
currently cultivated plants. They have evolved ove
longer period of time than domesticates and have
evolved with pests and diseases.

Increased use of a small set of plant varieties, which |
been modified to improve yield, modify nutritive value
resistance to depredation. This would increase
vulnerability of the crop to other predators or diseases

The Balay Declaration of the Southeast Asian NGO Confer
on Trade and Food Security in February 1996 issued a statem
on genetic diversity“Protecting community control ove
genetic resources is both a moral and food security issue|.
must prevent the earth’s genetic pool from falling under
control of transnational corporations. We strongly oppose |t
patenting of life forms ... We strongly urge Southeast Asi
countries to cooperate with farmers and NGOs in developi
sui generis systems of control over genetic resour@dately,
1996).

5.5.7 Genetic Erosion

“Genetic erosion is the loss of genetic diversity, includ
the loss of individual genes, and the loss of particy
combinations of geneie(of gene-complexes) such as thg
manifested as locally-adapted landrace@~AO, 1996)

The main cause of genetic erosion in crops, as reporte
almost all countries, is the replacement of local varieties
improved or exotic varieties and species. This is mainly du
the replacement of a large number of varieties by a g
number of new varieties.

“In China, in 1949, nearly 10,000 wheat varieties wer
used in production. By the 1970s, only about 1,
varieties remained in use. Statistics from the 1950s shg
that local varieties accounted for 81% of productic
locally produced improved varieties made up 15%

introduced varieties 4%. By the 1970s, these figures
changed drastically: locally produced improved variet
accounted for 91% of production, introduced varieties 4
and local varieties only 5%" (lbid)

The production of new modified varieties of crops will contin
to result in genetic erosion. This may not be important as
as the germplasm of a vast range of varieties is maintained
maintenance of such static libraries, however, does not s
the need to evolve and adapt to changing environments.

5.5.8 Biodiversity

It is often stated that fauna and flora of industrialised coun
tends to be much poorer in diversity and better characte
than that of developing countries. Both statements

B
r

pI

D@ég

;\;]\(Elper mystheticumyhich is the basis for a ceremonial drink in

s

lon

cilar The knowledge of fauna and flora in the North relates

have mostly to higher animals and plants. Other groups of

Thereorganisms, which make up the bulk of the biodiversity in
most industrialised countries are by no means well

, characterised.

ide

of

and Several industrialised countries have vast expanses of

tropical rainforest €g Australia) and/or coral reefsd
Australia, the USA), the two types of ecosystems that are
of seen to harbour the highest levels of complexity and
r a biodiversity in the world.
co-
Much of the debate on the sustainable creation of wealth from
) k\)/igdiversity focuses on medicinal products. This ignores the
act that many other uses of biodiversity can be promoted that
{pave smaller overall markets than the much coveted drugs, but
at can keep a much larger part of the added value in the
country or region of origin because the development risks are

much smaller, for example, ornamentals, newly domesticated

oo

ence

animals, flavours and fragrances, biological pesticides, building
Mhate rials, newly domesticated tree crops.

e

td search for new sources of genes with characteristics
2
e
s
erm

nsferable to varieties grown in industrialised countries or
e products which can be used in foods and medicines is
i ed “bioprospecting”. The Biodiversity Treaty attempts to
efAsure that countries from which such products are obtained are
compensated. Until the Convention on Biological Diversity
“living organisms were considered a common heritage of
humankind; this Convention presents them as a sovereign
property of the nation state(Madely, 1996).

ing

uldtr may be possible to identify genes from plants and other
psgrganisms which have not been identified before and use these

in foods and medicines. The contribution of the source country
to the “costs” of identification and safety-assurance may be
dréatively small, and the benefit which could be derived may

s therefore also be small. There are, however, uses of biological

enaterial by indigenous peoples which guide “bioprospecting”.
mHfle knowledge of food or medicinal properties of plants and
micro-organisms may have been gained over centuries and not
be fully understood by those using them, but still form a
nificant “intellectual property”. An example provided by
Fl (a pressure group opposed to patenting) may be Kava

ri‘gany Pacific countriesDrug Companies are racing to patent

hS 8vas many beneficial uses. ... patented the use of Kava to

ereduce hair loss"(RAFI, 1998). They provide other examples,
ncludmg turmeric Curcuma longa which has been patented
6y researchers at a University in the US farethods of
promoting healing of a wound by administering turmeric to a

patient afflicted with the woundRAFI argue that this has been

ue_ ., . i

used“For thousands of years, Indians have applied ground

meric root to cuts and scrapes to prevent healing, ... The

fan Council of Scientific and Industrial Research has asked

at{ﬁ US to revoke the patent.” (Ibid)

Many non-governmental
bioprospecting

organisations
“bio-piracy”. “Bio-piracy

(NGOs) term
is cheating

tridsveloping countries and their indigenous peoples out of $4.5
rigdtion a year” according to a RAFI report prepared for the

ddeited Nations Development Programme (RAFI, 1994). Some

misleading.

countries have imposed national legislation to prevent the
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unauthorised collection of germplasm (including Ethiopia, Irah, the scope of application with reference to definitions on
Irag and China) (Madely, 1996). However, other developing which genetic resources are covered (plants, animals or
countries have made contracts with industries from the North to microbial, wild or domesticated lifeforms)

allow the collection of materials in exchange for compensatign
which could include training of personnel, setting up of research
facilities, sharing of possible future profits resulting from the
exploitation of the collected materiatc. * regulations for derivatives prepared from biological
organisms (not modified or modified chemical compounds,
associated materials, services derived, models,
chromatographic tracesc)

considerations relating to organisms, either in whole or in
part

“At present there is immense interest in the bioprospegting
for new drugs from plant sources. In developed countries,
up to 25% of all pharmaceuticals are substances extracted
from plants, very frequently on the basis of the indigenotis considerations relating to the sources of genetic resources:
knowledge of the peoples where they originated. The so- in situ and ex situ sources, land ownership: publicly,
called “hit-rate” for useful drugs in bioprospecting can be  privately or communally owned, protected or unprotected
made up to 5000 times more effective by incorporating the areas

indigenous knowledge of traditional cultural groups intg

the screening process(RAFI, 1994) considerations relating to the use and free exchange of

genetic resources for the economic, religious and cultural
The use by companies of such “community-based knowledge” well-being of indigenous and local communities

for profit motives leads to complex ethical questions regardipg
the value of, protection of, and compensation for the use of
indigenous knowledge. Most such ethnobotanical prospectihg export restrictions and sanctions and penalties
occurs in the tropical and sub-tropical areas rich in biological
diversity, where most developing countries are located
(Esquinas-Alcéazar, 1995).

designation of institutions to oversee access to resources

consideration of the establishment of the necessary
financial support to ensure and enforce the regulatory
scheme as well as the management of the financial benefits
It may be that a European Convention would have to identify from bioprospecting” (Sittenfeld, 1997; Sittenfield and
the manner in which bio-prospecting is regulated so that all Villers, 1993).

attain the maximum benefit from the genetic heritage. 559 Centres of Origin

A number of developing countries have introduced legislatidie introduction of modified crops in centres of origin may
or guidelines for “bioprospecting”. An example are the Rulg®se problems. In some, the farmers’ landraces provide a well
and Guidelines which have been put into place in |tloé genetic resource which is worthy of protection. Farmers in
Philippines (BINAS, 1998). The Philippines argues thdéltese countries, however, may wish to use varieties which are
countries which have “genetic resources” should obtain somebefter able to resist predation and which offer better yield,
the benefits from thénature and content of their contractual leading to genetic erosion. If there are to be controls over the
relations with prospective bioprospectors” rather than fronrmtroduction of modified varieties within centres of origin, an
attempting to use the patent systef@thave, 1997). international system of compensation for not being allowed to
use “better” varieties may have to be implemented. The draft

. S . .
The Philippines, acting pursuant to Article 19 of hzfvision of the International Undertaking on Plant Genetic

Convention on Biological Diversity (Rio de Janeiro, 1992 csources suggests that Governments will “organise” (or
have introduced Rules and Regulations on the Prospectin 99 9

of Biological and Genetic Resources. (BINAS, 1998) T %}e}glltate) missions, of exploration to |Qent|fy potennally.

. . aluable plant genetic resources that are in danger of becoming
have decided thdtt shall be the policy of the State to . " . o .

. ; 4 .extinct in their territory:‘In particular
regulate the prospecting of biological and genetic
resources so that these resources are protected |a@a) known land races or cultivars in danger of becoming
conserved, are developed and put to the sustainable use extinct due to their abandonment in favour of the
and benefit of the national interestThey have alsa cultivation of new cultivars;
required that such prospecting shall be allowed only
the “prior informed consent of indigenous cultural
communities, obtained in accordance with the customary
laws of the concerned community”. (c) species which are not actually cultivated but may be used
for the benefit of mankind as a source of food or raw

. X materials such as fibres, chemical compounds, medicine or
restricted, anda complete set of all specimens collected

shall be deposited by the Commercial / Academic Collector timber.” (FAQ, 1997b)

with the National Museum or a duly designateBunding is needed fdiresearch activities that will result in
governmental entity”.There is a requirement that thescientifically substantiated estimates of the environmental
Collector must inform the Government and the lgcahpact of transgenic crops in centers of origiiFredericket
communities if a commercial product is derived fromal., 1995)

specimens gathered within the Philippines.

'{B) the wild relatives of cultivated plants in areas identified as
centres of genetic diversity or natural distribution;

*  The rights of the “collector” to collect samples are severely

There is a need to quantify the environmental impact in centres
?f diversity, and research is needed on traits which might have

efic A . e .
néutral, low or high impacts on fitness. Issues of biodiversity
and the potential impact of undesirable traits being transferred
to the “ancestral” plants need consideratidinid)

Legislation relating to National Policies for access to ge
resources may contain:

*  sections on principles, objectives and definitions
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There has been little contamination of landraces of maize in

Mexico from the high-yield varieties of United States corgonsideration of the scientific safety of the product transferred

grown in Mexico for more than 50 years. This is seen by som&@ween countries regardless of the process by which it is
scientists as an argument for allowing the new varieties to fa@nufactured.

grown in the centres of origin. (Braun, 1997)

5.6 Conclusions

There is a need tgprotect, promote and compensate the use of

knowledge, innovations and practices of farmers relevant fpe issues that are identified in this paper need to be addressed
the conservation and sustainable use of plant genetic resoUrggsardless of the technology used to manufacture or market a

for food and agriculture...'(FAO, 1997a)
5.5.10 Liability

The European Convention on Civil Liability for Damal
resulting from Activities Dangerous to the Environm

(Lugano, 1993) identifies any activity involving genetically

product; these need to be within the context of (agricultural)
need and/or food resources.

The view in countries where there is enough to eat, and where
choice of what to eat is assumed may be significantly different
?{om that pertaining in other countries. Choices need to be made
rby those who have to live with their consequences.

modified Organisms (production’ Cu|turing, hand"ng7 stor gM@ﬂy of the issues identified which are of ethical concern are

use, destruction, disposal, release) dédamgerous activity”

The Convention requires that the operésirall be liable for
the damage caused by the activity as a result of incidents

time or during the period when he was exercising control of
activity.” (Article 6, para 1). There is nothing in the Convent
relating to the liability of a multi-national company based
Europe in the event of damage in a developing cou
Currently this Convention has been signed by 9 countrie
Europe, of which 6 are members of the European Union. T
may well be implications where a product, produced i
country which requires strict liability, is then grown in a cour
which does not have the requirements.

5.5.11 Monitoring

There are many concerns related to the introduction of
genes into organisms that could not have been natu
achieved. There may be a need for some sort of internat
monitoring. This could, however, be seen as interference b
industrialised countries rather than as an international effg
ensure the safe use of the technology.

There is a clear need perceived within the scientific commu
to monitor releases of novel organisms particularly wit
centres of diversity (Frederiokt al, 1995). It is possible t
identify problems which although unlikely, may occur with t
introduction of organisms into new habitats, and scheme
monitoring to ensure that these do not occur (or are corre
may be able to be put in place.

5.5.12 Uniformity

Uniformity of regulations is seen as a primary concern ma
to ensure that trade barriers are not used as a mea
discriminating against countries which do not have
resources to determine the impact of modified prod@ibid).
The UNEP Guidelines (UNEP, 1996a) were an attemp
provide a baseline. A protocol is being developed relating s
to transboundary movements of the products of biotechng
which may succeed in providing a common definition @
“living modified organism” and a workable system of “Pr
Informed Consent”. Products derived from but not containir
viable organism are not within the scope of the protocol.
operation of the WTO may well be the major force beh
ensuring uniformity. The GATT rules will enforce

not specific to developing countries, but occur within parts of
countries considered to be developed. The developing world is
tAméch too diverse to be treated as a whole. The issues which
tiesult from moving from “traditional” agriculture to
owmdustrialised agriculture are those which need consideration.

iBiotechnologyper sedoes not lead to a loss of biodiversity; all
1tﬁglodern agricultural techniques contribute both positively and
Snégatively.

h?reechnology has the capacity to contribute to the empowerment

of rural communities.
try

The increase in the world population will mainly occur in the

developing countries and therefore food increase needs to occur

in those countries. According to the figures in the Montreal
netatistical yearbook the developed world is supplying food to
radhg developing world. Furthermore, Governmental Agencies
igetrol access to the staple crops that form the major starch, oil
y @il protein sources. It is important to provide a mechanism for
risi¢stainable food production where and when needed.

=)

Developing countries contribute significantly to the added value
made in agriculture. In this respect it could therefore be
INg¥neficial for these to set up a balanced system of IPR.

hI‘Phere are five major players that contribute to agricultural

0 ) o : ;
research: Governmental and Public Institutions, international

he ™=~ .

L %srtltutlons, NGOs and industry.

ctegyeloping countries should be free to use their land according
to their own view. The prejudices and views on industrialised
agriculture which colour the “Northern” approach to
agricultural produce should not be imposed on those not getting
enough to eat.

n

n loping countries should be helped to have access to
tfpiotechnology based on their genetic resources (Convention on
Biological Diversity).

t Adl parties to the Convention on Biological Diversity have an
plelyligation “to provide for the effective participation in
Idggtechnological research activities by those Contracting
f Barties, especially developing countries which provide the
ogenetic resources for such research, and where feasible in such
ngCantracting Parties (Convention on Biological Biodiversity)”.
Thhere will be costs associated with maintaining biodiversity
ingithin a centre of origin, which should be borne by the
ainternational community.
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Chapter 6

Industry

6.1 Introduction

Biotechnology is employed in thre
main sectors of industry: healthca
agriculture and food production, ar
environmental protection. There is 1
single “biotechnology industry” a
such. “Industrial biotechnology
consists of a number of scientific af
technological techniques which a
used, together with other no
biotechnological techniques, in the li
science or bio-industries. Thes
include:

- therapeutic substances for t
treatment of human and anim
diseases;

- diagnostics for identifying huma
and animal diseases;

Moderate

support

Neutral

Figure 1: Support for six applications of modern biotechnology
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- platform technologies with broad application in the

science industries, e.g. combinatorial chemistry, genom

- agricultural biotechnology genetically modifying crop pla
and animals to produce desirable properties such as
resistance, improved nutritional profiles or to make high-

pharmaceuticals and chemicals more economically;

- environmental biotechnology using biological technique
protect environmental resources, including bioremedia
and other technigques to monitor or prevent pollution

means of microorganisms;

- food processing using techniques such as geneti

modified enzymes to improve food quality.

ife
Cfor 1997 it was estimated that Europe’s small and medium-
htaized life science companies employed some 39,000 people,
Mpared with 27,500 in 1996, reported revenues of ECU 2.7
cdaiflion compared with ECU 1.7 billion in the previous year and
increased R&D spending by 27% to ECU 1.9 billion. The US
industry is much larger than Europe’s. US companies invested
SECU 8.3 billion in R&D in 1997, employed 140,000 people and
ligBnerated revenues of ECU 16 billion (Ernst & Young, 1998).
Bultinational pharmaceutical and agrochemical companies are
not included since data for their biotechnology-related
3agmployment, investment and revenue is not readily available
but probably exceed small and medium-sized companies both in
Europe and USA.

Table 1: LEVEL OF ENCOURAGEMENT FOR SIX APPLICATIONS OF BIOTECHNOLOGY
NEGATIVE d==—==—= ====—====» POSITIVE
-1 -0.5 ] 0.5 1.0 1.5
A F CcT A MG A
CcH T A F C G M CH
NO T ¥ CA G M NO
D A T F|C G M D
s ¥ AT C G M S
DE F T A C G M DE
EUR T FA C M G EUR
LUX FTA|C G M LUX
IRL T A|F C M G IRL
NL. T A|F C M G NL
UK TA ¥ C M G UK
FR F T | A C ki G FR
B AT |F C G M B
GR FT AC M G GR
I TF|A C L G I
FIN T A F CM G FIN
USA A F CG ML USA
E AFTC M G E
P T F A CM G P
CAN T F A CG M CAN
-1 -0.5 0 0.5 1.0 1.5
F - Food A - Lab animals DM - Medicines
C - Crop Plants T — Transplants G - Genetic Testing
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Public attitudes to the different applications of biotechnol
together with the different bio-industry sectors, v

considerably between applications and countries. This has
shown by many public opinion surveys (Hamstra, 1998). Fi
1 compares the support for six applications of mo
biotechnology in Europe, USA and Canada and Tabl
compares the level of encouragement for six applicatio
biotechnology between European countries using data fro
Eurobarometer 1996 survey (Duramtal. 1998). These autho
conclude that the implications of such studies are that:

1 Usefulness is a precondition of support, in no case is a

useful” application given support.

People will accept some risk if the application is (a) us
and (b) morally acceptable.

Moral concerns act as a veto regardless of views on ris
use.

If risk is less significant than moral acceptability in sha
public perceptions, then public concerns are unlikely t
alleviated by technically based reassurances and other
initiatives dealing solely with risks.

6.2 Competitive performance

The entrepreneurial bioscience sector is based on the foll

three types of companies: small research-intensive busin
larger-scale enterprises and suppliers of specialist mat

services and equipment. These companies form a critical p
the innovation system for biotechnology. They are also a s
of new and highly skilled jobs and additional output

investment in the economy. (EuropaBio, 1997)

European companies operate in a global market in which th
has been most successful in creating a biotechnology-k
industry. The US government may be investing 5-6 time
much in research as Europe. Similarly, the Japa
government is increasing greatly its support for life sciences
technologies research, but Japan has been less successf
the European and US biotech industry (Ernst & Young, 199
EuropaBio, 1998).

For the period 1996 to early 1997 it can be concluded th
creating a new biotechnology industry, the US has been
successful followed by Europe and Japan being the

successful. In Table 2 the specialist biotechnology sect¢

Table 2 Comparison of the biotechnology sector in
Europe and the US

Europe us
Turnover 1,700 11,700
R&D expenditure (ECU in billions) 1,910 8,268
Net loss (ECU in billions) 2.0 3.8
Number of companies 1036 1274
Number of publicly quoted companies 50 300
Number of employees 39,045  140,00(

Source: Ernst & Young 1998, EuropaBio 1997

g Table 3 Number of biotechnology patent applications
i and biotechnology granted patents over the
b period 1990 - 1996.
1
el Patent Granted Percentagse
e applications patents granted patents
S| 1990 2850 829 29%
s| 1991 2758 1210 44%
1992 3200 1827 57%
‘| 1993 3219 1951 61%
1994 3389 1889 56%
e
1995 3844 1729 45%
1996 4142 1695 41%
| Source: European Patent Office, Statistics on
" Biotechnology

Ofig¥ope and the US are compared for 1997. Nearly 80% of the
biotechnology companies in Europe have been founded after
1986, while many companies in the US were founded in the
1980’s resulting in many relatively young specialist companies
in Europe.

wing

SRABwledge-based industries, such as biotechnology, are the key

rifdSeconomic growth. The most successful economies are those
thek are best able to adopt new technologies and to use them

Ugrectively. The US has been able to do so, while Europe has

Néteated obstacles to structural growth and therefore has reduced
competitiveness, growth and employment. (EuropaBio, 1997)
The number of biotechnology patent applications is used as an

eiHdicator of commercialiseable activity and the annual total

DagRle at the European patent office increased over the period

S B30 to 1996 but the number of biotechnology granted patents

1Eiﬁégiked in 1993 and decreased afterwards (Table 3).

an

UlEth&Bpreneurial bioscience companies are unevenly distributed

7i& Europe, with most of Europe’s leading biotechnology
companies being located in Britain, Germany, France, Sweden
and the Netherlands. Until recently, southern and eastern

aEQ0rope have had few start-up biotechnology companies

M@hough this has changed for Spain and Portugal over the last

|e?_é&r where biotechnology companies are beginning to emerge.

DrdBandinavian companies have been very successful in

developing biotechnology. Finland is home to many pulp and

paper and forestry industries, while Norway applies
biotechnology in relation to the fishing industry.

In addition to the efforts of the European Commission many
national and regional governments have been working to
promote the development of domestic biotechnology activities.
Britain, Germany and France are making the most efforts in
launching programmes to stimulate further developments and
new start-up companies and to nurture their fledging
bioindustries. In each case the transfer of biotechnology
knowledge from the laboratory to the market is a key target.

More than half of the European biotech companies are based in
the UK and in comparison to other European countries the UK
had the most start-up companies. The UK government has




Industry

57

Table 4 Number of companies and employees in the bioscience

employed in it. It is important in this context
especially for its creation of highly skilled jobs,
second only to information technology, and in the

1993 1994 1995 1996 199} maintenance of facilities for training people for
them.
Number of biotech companies 386 485 584 716 1036
6.4 Maize case study
Employees 16,100 17,200 27,000 39,0DGyrope is an important maize producer ranking

Source: Ernst & Young 1997

second in the world. Within the EU, France is the
largest maize growing country with 41.5% of both

invested heavily in a number of biotechnology specg
initiatives. Germany has gone through a major attitude ch
towards biotechnology from previously being fairly hostile.

recent years the German government has developed se

programmes to achieve the goal of becoming a lea
biotechnology country in Europe and this trend has contin
France has been very supportive of fundamental researc
this has not been reflected in the strength of the coun
entrepreneurial bioscience sector. In short, governm
throughout Europe are making the financing of biotechnolg
based research a priority.

6.3 Employment

Depending on the definition of entrepreneurial bioscie

companies, data on numbers of companies, employees
finances can vary greatly. Here bioscience companieg
defined as those using modern biological, rather 1
conventional, techniques to develop commercial products
the human and animal healthcare, agricultural production,
processing and environmental services sectors. In 1997

entrepreneurial bioscience companies were identified in Eu

employing some 39,000 people and investing more that
1.9 billion in R&D (Ernst & Young, 1997). Table 4 gives
overview of these companies and the number of pe
employed in the biotechnology sector over the last 5 yea
should be noted that these figures do not include t

employed in biotechnological activities in large, usug

multinational, companies for which data is not available
their numbers probably exceed those employed in small
medium-sized enterprises.

Employment has not been considered generally as an e
issue in itself. Biotechnology is characterised by
comparatively high skill levels of the majority of tho

the total maize area and the total yield (in 1996/7
from an EU total of 34.8 Mt grown on 4.1 Mha, France
roduced 14.45 Mt on 1.7 Mha). The Association Générale des
Bducteurs de Mais (AGPM) represents the interest of maize
rowers and coordinates the interests of French maize breeders
I industries. The AGPM represents some 300,000 maize
! %wers, predominantly medium-sized and larger farmers on
N 9eas of arable land of 500ha, of which 130,000 are principally

" mslize growers.
try’s

I
a

=

d

emsthe EU, and consequently in France, it is currently not
)gé(éssible to grow transgenic maize, although there are three
cultivars available and approved by EU authorities. Under
pressure from the Austrian government there was a ban until
recently on these varieties so that they could not be grown in
n€sance. Conflicting legislation between the World Trade
5 @ngianisation (WTO) and European Union GMO regulations is
kikely to lead in the short term to disadvantageous effects in the
haaonomy of agricultural chains. Under the WTO regulations,

5 fbe EU cannot prevent the importation of US maize, including

fagehetically modified maize, into the EU. This maize is cheaper
1,088 European maize, so disrupting the European maize chain.
répensequently, medium-sized and large-sized farmers suffer
Foadly from this situation and sometimes face bankruptcy.
an
ople further aspect of this situation is the lobby by
rsemvironmentalists to prevent France, and other countries, from
hageepting transgenic maize products into the food chain. This
allgesults in an ambiguous policy: on the one hand promoting a
bgood agricultural position as strongly as possible and on the
ariber hand blocking any global position by banning competitive
varieties from being grown by medium- and large-scale
farmers. This ambiguous attitude by several European countries
thiealses uncertainty which harms the public debate and
theerception on whether or not to accept genetically modified
s@lants and foods and, if so, under what conditions.
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Glossary
Allele One of several alternate forms of a gene occupying a given locus on chromosome, which controls
expression (of product) in different ways.
Antigen Also called an immunogen. Any large molecule or small organism whose entry into the body provokes

Bioaugmentation

Biochip
Biodegradable

Biomass

Biopreservation

Bioremediation

Biotechnology

Chromosome

DNA

Electroporation

Enzyme

Eukaryote

Expression

Gene therapy

Gene

Genetic code

Genetic engineering

Genetic modification

synthesis of an antibody or immunoglobulin (i.e. an immune system response).

Increasing the activity of bacteria that break down pollutants by adding more of their kind. A technique
used in bioremediation.

Electronic device that uses organic molecules to form a semiconductor

Describes any material that can be broken down by biological action (e.g. dissimilation, digestion,
denitrification, etc.). The breakdown of material (chemicals) by microorganisms (bacteria, fungus, etc.).

The totality of biological matter in a given area. As commonly used in biotechnology, refers to the use ¢
cellulose, a renuwable resource, for the production of chemicals that can be used to generate energy or
alternative feedstocks for the chemical industry to reduce dependence on renewable fossil fuels.

The control of technologies, technical processes and equipment used in the application of
biotechnological procedures in the production processes to avoid or reduce environmental and health
costs.

The use of microorganisms in the management of hazardous waste. The waste substances are degrad
by the microbes into nontoxic substances.

The application of biological knowledge and techniques to develop products and services. Production
may be carried out by using intact organisms, such as yeasts and bacteria, or plants or animals, culture:
of their cells, or substances (e.g. enzymes) from organisms.

Discrete unit of a genome carrying many genes, consisting of (histone) proteins and a very long
molecule of DNA. Found in the nucleus of most plant and animal cells.

(Deoxyribonucleic acid) The molecule that carries the genetic information for most living systems. The
DNA molecule consists of four bases (adenine, cytosine, guanine and thymine) and a sugar-phosphate
backbone, arranged in two connected strands to form a double helix.

The creation of reversible small holes in a cell wall or membrane through which foreign DNA can pass.
This DNA can then integrate into the cell's genome.

A protein catalyst that facilitates specific chemical or metabolic reactions necessary for cell growth and
reproduction. Many enzymes can be isolated and used for industrial purposes.

A cell or organism containing a true nucleus, with a well-defined membrane surrounding the nucleus. A
organisms except bacteria, viruses and blue-green algae are eukaryotes.

In genetics, manifestation of a characteristic that is specified by a gene. With some hereditary diseases
for example, a person can carry the gene for the disease but not actually have the disease. In this case,
the gene is present but not expressed. In industrial biotechnology, the term is often used to mean the
production of a protein by a gene that has been inserted into a new host organism.

The replacement of a defective gene in an organism suffering from a genetic disease. Recombinant DI
techniques are used to isolate the functioning gene and insert it into cells. More than 300 single-gene
disorders have been identified in humans. A significant percentage of these may be amenable to gene
therapy.

A segment of a chromosome. Genes direct the synthesis of proteins.

The mechanism by which genetic information is stored in living organisms. The code uses sets of three
nucleotide bases (codons) to make the amino acids that, in turn, constitute proteins.

A technology used to alter the genetic material of living cells in order to make them capable of
producing new substances or performing new functions.

See genetic engineering
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Genetic manipulation See genetic engineering

Genome The total hereditary material of a cell, containing the entire chromosomal set found in each nucleus of ¢
given species.

Germplasm The total genetic variability, represented by germ cells or seeds, available to a particular population of
organisms.

Host A cell or organism used for the growth of a virus, plasmid or other form of foreign DNA, or for the

protection of cloned substances.
In situ remediation Treatment of a hazardous waste site entailing no excavation or removal of soil or water.
Introgression The incorporation of transgenes (genes from transgenic organisms) into a wild type organism’s genom:e
Locus The position of a gene on a chromosome.

Monoclonal antibodies Monoclonal antibodies are antibodies derived from a single source or clone of cells (MABS)
that recognise only one kind of antigen.

Nucleic acids Large molecules, generally found in the cell's nucleus and/or cytoplasm, that are made up of nucleotide
The two kinds of nucleic acids are DNA and RNA.

Nucleotides The building blocks of nucleic acids. Each nucleotide is composed of sugar, phosphate and one of four
nitrogen bases. The sequence of the bases within the nucleic acid determines what proteins will be mad

Nucleus The structure within eucaryotic cells that contains chromosomal DNA.

Phenotype Observable characteristics, resulting from the interaction between an organism’s genetic makeup and

environment.
Polyclonal Respons@f immune system to a given pathogen)

Because a given pathogen generally has several antigenic sites on its surface, the B lymphocytes
(activated by helper T-cells in response to a pathogen invading the body) synthesise several antibodies
against that pathogen. Since the antibodies are made by different cells the response is known as
poly(many)clonal.

Protein From the Greek proteios, meaning “the first” or “the most important”. High molecular weight
compounds composed of amino acids, including enzymes, antibodies, hormones etc.

Recombinant DNA  The DNA formed by combining segments of DNA from different types of organisms.

Regulatory gene A gene that acts to control the protein-synthesising activity of other genes.

Ribonucleic acid (Also called RNA) A molecule similar to DNA that functions primarily to decode the instructions for
protein synthesis that are carried by genes and carries it to the protein synthesing machinery of the cell.

Splicing The removal of introns (nonfunctioning part of the DNA molecule) and joining of exons (codes for a
specific domain of a protein) to form a continuous coding sequence in RNA.

Structural gene A gene coding for a protein.

Suppressor gene A gene that can suppress the effect of another gene.

Transformation Change in the genetic structure of an organism by the incorporation of foreign DNA.

Transgenic organism An organism whose gamete cells (sperm/egg) contain genetic material originally derived from an
organism other than the parents or in addition to the parental genetic material.

Wild type The form of an organism that occurs most frequently in nature.

Xenobiotics From the Greek word xenos, meaning “stranger”. Man-made chemicals originally not occurring in
Nature and frequently resistant to environmental degradation. A branch of biotechnology called
bioremediation is seeking to develop biological methods to degrade such compounds by adapting micro:
organisms to metabolising them.

Xenotransplant Xenotransplant is the implantation of a tissue or an organ from one species to another organism in a
different species. Rejection of the transplant by the recipient’s immune system is a common response,
which biotechnology seeks to resolve.
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