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GENETICALLY MODIFIED CROPS: THE ETHICAL AND SOCIAL ISSUES

Introduction

3.1 The question of whether we should be concerned about the distribution of the potential benefits
of genetically modified (GM) crops arises on two counts. The first count is that commercial
considerations will lead agrochemical and seed businesses to concentrate R&D predominantly on
markets in developed rather than developing countries. This is unlikely to encourage the prospect
of using genetic modification for a significant improvement in food security for the world’s poor. It
may also undermine a powerful argument in support of continued R&D on GM crops. The second
count is the fear that the commercial exploitation of GM crop research and development (R&D)
will only promote the profitability of a small group of large companies rather than the wider public
interests of consumers, farmers and researchers. In this chapter, we examine the ethical and social
implications of commercial development of GM crops for both the developed and developing world.

3.2 The primary responsibility of the private sector in the agriculture/food supply chain is to provide
safe and nutritious food in a culturally amenable form and at an acceptable price. It is obvious that
in order to do this, the commercial company must be able to stay in business. It must therefore
carefully manage not only its financial capital1 and human resources but also the raw materials in
the supply chain and the natural resources in the environment upon which it depends.

3.3 In the food sector, successful competition depends upon making products more attractive to
customers, for example in both price and quality, or by achieving more effective distribution.
Trading margins are relatively small in a market that is dominated by commodities and the trend is
to divide the market by differentiating food products away from the standard commodity product.
In the past, this trend has involved relatively basic agricultural and food technologies which have
allowed a wide range of commercial organisations to thrive.

Commercial investment in GM technologies

3.4 In recent years, however, large corporations have begun to introduce new, complex technologies
into their products and processes. This has led the larger agrochemical and seed companies to
acquire exclusive rights to new technologies which can be used in a variety of ways to establish
a strong market position. For example, they might be used as negotiating tools in the formation
of strategic alliances between firms, to maintain a high entry price to the markets, or to open up
licensing opportunities. The development of technologies which underpin plant genetic modification
has been timely for these industrial sectors. The scale of investment amongst leading members
of the agrochemical and seed industry to secure exclusive access to the important technologies in
this area amply illustrates their commercial confidence in its value, despite the costs of regulatory
compliance and uncertainties over consumer acceptance.

3.5 Although competition coupled with financial capital growth is a primary motivation for the
development and application of new GM technologies, corporate sustainability is also important.
The security of the raw materials supply chain, the conservation of productive natural resources
and ethical capital2 in the duty of care to customers are all primary commercial considerations.
Although there are differing opinions about the nature of the impact of the new GM technologies
on sustainability, the agricultural and food industries have taken a proactive and collective stand

1 Accountability and care for financial capital are generally seen in terms of profit and loss accounting, the dividends returned
to the investors and growth in the market capitalisation of the venture. Capitalisation value is a key indicator of company
sustainability and underpins the motive for competition between companies.

2 Ethical capital is invested in the quality control that supports the promotion of the brand in these terms. Such capital can
now extend to ‘GM-free’ food products (Iceland Frozen Foods), non-use of slave labour in the manufacture of Asian carpets
and sustainably-produced timber (B&Q).
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in spelling out the potential benefits through such trade organisations as the Green Industry
Biotechnology Platform.3 Many respondents to the public consultation commented on the ethical
responsibility of companies to ensure the safety of their GM products for consumers and the
environment. Some went further, suggesting that companies should be required to communicate
clearly to the public and regulatory bodies any risks associated with GM products. Other respondents
took the view that industry already accepted responsibility for their products in general.

3.6 Innovation, in the commercial world, broadly represents the process of producing a change in the
market place through novel products. Innovation starts with discovery, an exploratory process which
results in the acquisition of new knowledge. The agrochemical and seed industry has been highly
dependent upon GM-related discoveries from publicly funded research, to the point where most
universities and research institutes have established their own mechanisms for licensing inventions
based on such knowledge to the private sector. The creation of new inventions can take the
form of new methods, prototypes or new product designs. Inventions represent particular forms
of knowledge known as intellectual property. Subject to meeting formal requirements in terms of
novelty and utility (paragraph 3.23), intellectual property may be formalised as patents and thereafter
traded as a commodity. The ability to protect and trade inventions in this way is a key factor in the
selection and prioritisation of GM crop projects in commercial R&D programmes.

The growth of the commercial sector

3.7 The growth of plant biotechnology start-up companies in the early 1980s was based on this
approach. Their success, in terms of public flotation and continued investment, was measured
by the competitive value of their patent portfolios. Larger companies and universities with an
interest in the area were also drawn into the quest to apply for and license key patents. The
competitive nature of these early developments led to the prioritisation of simple targets such as
herbicide tolerance, which some critics now suggest to be relevant only to cost savings in large-scale
agriculture (paragraph 6.22). However, at the time they represented what was realistically achievable
within the limits and constraints of investment.

3.8 More recently, the leading agrochemical and seed companies have started the process of transferring
these early technical achievements into products in the market place (Table 2.2). This has meant
dealing with a range of national and international regulations and in some European countries,
cultural hurdles. Even now, although herbicide-tolerant soybeans are being widely planted in mid-
Western United States (US) agriculture, they are still very much a prototype in the international
food-supply chain. This phase of introducing GM crops into developed markets has imposed
increasing costs on the industry. The high costs of R&D and regulatory demands of implementation
have been influential in the recent consolidation of the industry (paragraphs 3.19–20).

3.9 While this account might portray a world driven by expediency and technological opportunism,
scarcely informed by agricultural needs or consumer awareness, it should be remembered that we
are in an early phase of the development of a new technology. Furthermore, the range of products
now reaching the market is based on the technical achievements of more than ten years ago.
Despite views to the contrary, these developments do not suggest a reckless dash for profit. This
phase has been important in providing practical examples of the significance of the technology, as
well as something concrete and agriculturally relevant on which to perform practical tests of safety,
efficacy and environmental impact.

3 The Green Industry Biotechnology Platform (GIBiP) represents the interests of 20 European member companies involved in
plant biotechnology. The GIBiP focuses on issues which ‘might pose hurdles to the introduction of seeds, plants and crops
that have been genetically modified to achieve benefits for the farmer, the end-customer and the grower’.
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3.10 The adoption of GM crops in Europe and the United Kingdom (UK) is likely to take several years.
Of nearly 1200 agricultural, horticultural and ornamental crop varieties currently under evaluation
for statutory registration in the UK, only 29 currently contain a transgenic modification.4 The GM
varieties include forage maize, oilseed rape and sugar beet. If a variety is to be commercialised, it
must either be on the UK National List or on the European Commission (EC) Common Catalogue
following testing in another Member State. All varieties of all major agricultural crops are tested
through a two-year trials programme to establish their value for cultivation and use. By the time any
GM variety is registered it will have to compete with the best conventionally bred varieties and, if it
is to be successfully adopted by farmers, it will need to offer additional benefits. At the current stage
in the development of GM varieties, their yields, as tested through the UK National List trial series,
are not superior to the best conventionally bred varieties and, taking all factors into account, current
estimates suggest that GM herbicide-tolerant oilseed rape will take three to five years to compete
effectively in the UK market. The technical development of GM cereals has been slower and more
complex and it may take eight to ten years before such GM varieties are commercially significant.

BOX 3.1 Seed registration in the UK

The process of developing new varieties is complex and takes time: from initial crossing it will take the
breeder, depending on the crop, between seven and nine generations to select, stabilise and multiply
sufficient uniform seed to enter a new variety into the registration process. All new varieties of the main
agricultural and horticultural species must be on the UK National List or on the EC Common Catalogue
before they can be commercialised and marketed. As part of National Listing new varieties are grown
for two years to be assessed for DUS (Distinctness, Uniformity and Stability). Concurrently, all major
agricultural crops undergo two years of field trials to measure performance in terms of yield, quality,
resistance to pests and diseases (VCU, Value for Cultivation and Use). These processes are statutory
requirements under UK and EC regulations and are funded by fees paid by the applicants.

In the UK, a further stage of non-statutory evaluation of varieties is carried out with industry funding
and co-ordinated by the National Institute of Agricultural Botany (NIAB). These trials, over a further
two or three years, result in Recommended or Descriptive Lists for all major crops: the criteria for
recommendation is high and only varieties which are ‘as good as, or better than, the best’ are added.
Over 90% of all crops are sown with these selected varieties tested for up to five years.

Source: NIAB Cambridge 1999

3.11 Uptake of GM soya and cotton has been much faster in the US because of the specific advantages
offered by these new varieties. For example, Bt cotton offers cheaper and more efficient control of
Boll Weevil which is a serious pest across much of the US.5 GM soya has increased yields, lower
costs and an absence of phytotoxic effects on the soya beans.6 In addition, many US farmers are
contracted to grow crops for large buyers and it is the buyers rather than the farmers who influence
which crop variety is planted. This means that new varieties can be adopted very quickly if they offer
significant advantages over existing ones. In the UK, only sugar beet, where the company British
Sugar buys most of the UK crop, falls into this category. Given the time taken for evaluation of
varieties and significant market penetration (see Box 3.1), it is clear that there is sufficient time to
assess the implications of novel GM traits for best agricultural practice in the UK. This should help

4 Ministry of Agriculture, Fisheries and Food (MAFF), Plant Varieties and Seeds Division, 1 March 1999.
5 Merritt C R (1998) The commercialisation of transgenic crops – the Bt experience. 1998 BCPC Symposium Proceedings

No. 71. Biotechnology in Crop Protection: facts and fallacies, 79–86.
6 MacLeod J (1999) Personal communication, NIAB.
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to reduce some of the immediate concerns about the pace of change and provide an opportunity
for reflection.

3.12 The development of real products rather than ‘potential’ or ‘predicted’ innovations has sharpened
the debate concerning the institutional reforms necessary to secure ‘best practice’. As an example
we can cite herbicide tolerance, which, while not threatening to the environment in itself, promises,
in the opinion of some ecologists, to make weed control so effective that populations of farmland
birds will be compromised (paragraphs 6.35–37). This has generated pressure for a re-examination
of strategies for herbicide deployment in general.

3.13 The arrival of GM products in the market place has further alerted a wider set of stakeholders
to the need for their participation in the process to identify ‘best practice’ for GM technologies.
Wider consultation with stakeholders could make an important contribution towards the transparent,
informed and responsible development and implementation of the technology. We recommend
that the UK government departments, through their advisory committees, the
agrochemical and seed industry and relevant trade associations, consult widely among
consumers, farmers, environmental groups and the proposed stakeholder advisory
group (see paragraph 8.24) to ensure that the future goals for the technology take
account of the wider issues.7

3.14 Beyond this set of industry-centred issues lie a set of effects, consequences, threats and opportunities
relevant to developing countries and other silent or invisible stakeholders. In this context it is relevant
to ask questions about ownership and fairness in access to the technology and its benefits, as well
as institutional and regulatory oversight. Although control of GM technology is concentrated in a
few commercial organisations, implementation of GM crop technology involves complex networks
of diverse organisations, some active and some passive, within the agriculture/food-supply chain.

Where are the decisions taken regarding the goals for GM technology?

3.15 Historically, much of the plant breeding industry grew out of farmers’ co-operatives which saw
the benefits of sharing both the risks and the rewards of the continuous development of new
varieties adapted to their needs. In fact, some plant breeding concerns are still owned in part by
co-operatives. Decisions about crop development were very much in the hands of the breeders and
farmers. The advent of F1 hybrid maize technology in the 1930s was the first break in the loop
linking the two. This development produced a sharp and enduring division of labour, which shifted
crop development increasingly towards breeders and their commercial framework.8

3.16 The new GM technologies have tended to move the decision-making processes even further away
from farmer groups and to shift it to an interaction between technologists, market analysts and
regulatory institutions. The general tendency is to contain decision making within a similarly informed
set of individuals.9 The rationale for this approach is probably partly explained by the difficulties

7 We recognise that the term ‘stakeholder’ in current usage tends to make the assumption of a dominant set of cultural
norms which enable stakeholder involvement to be defined in terms of established practitioner groups (NGOs, regulators
and the production chain). However we are obliged to accept that within a multicultural society like the UK, or within
the broader international community, this represents an over-simplification, which could have the effect of maintaining and
isolating the debate within the existing institutional framework. Ideally, stakeholder involvement should engage a deeper
search for the diversity of cultural perceptions of problems, both the problems which the GM technologies are asked to
address, and the problems related to the acceptance of technological and social change. This should then form the basis of
our informed debate concerning the goals of technology. This approach was exemplified by the UK National Consensus
Conference on Plant Biotechnology (Anon (1994) Final Report of the UK National Consensus Conference on
Plant Biotechnology, The Science Museum, London) and the preparation of this report.

8 Kloppenberg J (1998) First the Seed, Cambridge University Press, Cambridge.
9 Douglas M (1986) How Institutions Think, Syracuse University Press, Syracuse, New York.
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of apportionment of accountability among members of more open, extended and transparent
decision-making bodies.10

3.17 Industrial organisations throughout the agriculture/food-supply chain are considering the questions
of participatory and socially informed decision making as well as ethical accountability. In general,
most are still in the phase of confidence building and seeking plausible models or methodologies to
work with. Limited progress has been made in terms of accountability for environmental impacts
where tools such as product life-cycle analysis and impact profiling are being developed. Furthermore,
many companies are consulting with non-governmental organisations (NGOs) and interest groups
about the practical processes of auditing their environmental accountability. This experience may
help to build the confidence necessary for the extra step towards ethical accountability.

3.18 With the advent of technologies such as herbicide tolerance and insect resistance, where changes
in agricultural practice are required, it is particularly important that farmers contribute to the debate
concerning herbicide usage and the deployment of systems to avoid the emergence of resistant pest
populations. Advances in both transgenic and conventional plant breeding are likely to continue
this trend and bring about the need for further changes in agronomic practice. We welcome
the role already being played by UK farmers and their representatives (as well as others in the
agricultural/food supply industry) in the SCIMAC (Supply Chain Initiative on Modified Agricultural
Crops) initiative to determine best practice for the introduction of GM crops.11 We recommend
that the SCIMAC approach to best practice for the introduction of herbicide-tolerant
crops be extended to the broader issues of transitions in agronomic practice raised by
GM plant varieties which have significant potential environmental impact.

Consolidation of the plant biotechnology industry

3.19 Over the last two years a major consolidation of the plant biotechnology industry has taken place.
Many of the small discovery-driven plant biotechnology companies have been acquired by the
major multinational agrochemical companies. This has concentrated ownership of most of the
GM technologies and much of the corresponding intellectual property in the hands of the larger
corporations. The question has been raised as to whether this consolidation is, in fact, part of
the overall trend of corporate globalisation or whether it is a specific consequence of the novel
nature and investment costs of GM technology and its need for regulatory oversight. Regulatory
constraints and procedural hurdles have led to delays which have raised the costs of bringing
GM products to market12 and made it difficult for smaller companies to maintain an independent
strategy. The implications of this concentration have yet to be evaluated. A central issue is whether
access to the technologies held by these corporations will be granted to smaller organisations,
particularly those in the developing world. Licensing strategy is a complex field influenced by

10 Accountability for remote outcomes such as the consequences arising from the flow of crop by-products into animal feed
and into animal-derived food products.

11 The five member organisations of SCIMAC are the British Society of Plant Breeders, the National Farmers’ Union, the
British Agrochemicals Association, the United Kingdom Agricultural Supply Trade Association and the British Sugar Beet
Seed Producers Association. These organisations believe that modern plant biotechnology (including GM crops) will bring
advances to the agricultural industry and benefits to consumers, environment, farmers and industry. SCIMAC states that it is
committed to ensuring that all sides of the GM debate are considered but feels that a delay in the commercial introduction
of GM crops in the UK would be ‘unscientific and unjustified’. Its overriding objective is to ensure that any introduction of
GM crops is managed responsibly and openly and it has developed proposals for a controlled introduction of GM crops.
At the time of going to press the proposals for joint stewardship are being considered by Government and are intended to
complement regulatory controls in place to approve the commercial use of GM crops. The core aims of this initiative are
to provide identity preservation for GM crops, so facilitating consumer choice, and to ensure effective integration of the
technology onto UK farms through best practice guidelines. In addition, the proposals are designed to enable the longer-term
implications of growing these crops on a larger scale to be monitored and assessed.

12 House of Lords Select Committee on the European Communities (1999) EC Regulation of Genetic Modification in
Agriculture (Session 1998–99 2nd Report), p. 11. The Stationery Office, London.
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counter-currents of commercial risk and opportunism as well as the politics of international trade
and protectionism. We discuss licensing in relation to patents and other forms of intellectual property
below (paragraphs 3.53–56).

3.20 Ownership of the GM technologies has played a central role in shaping the structure of the industry
and also the overall direction of research and investment. Researchers in the public sector play a
significant role in making the discoveries on which the next phases of technological development
are based. At the same time, it has been recognised that the UK has in the past been much more
effective at scientific discovery than commercial development. This has led to much recent emphasis
on wealth creation in the prioritisation of research targets.13 This has in turn been reinforced by
the need to secure additional research funding from industry. Consequently, there is an increasing
trend for commercial objectives to influence the priorities of publicly-funded research and this has
increased awareness of the need to capture knowledge as intellectual property. Intellectual property
rights are set to become critical to the future development and application of GM technology as the
plant genomics field matures. In the next section we consider the ethical and social issues raised by
the development of patents to protect GM crops and the associated technologies.

The concept of property rights

3.21 Without property rights, economic life is impossible. Unless we know who owns what, we cannot
expect to see goods produced or delivered and we cannot expect to be paid for what we do or
produce. But property rights confer on their owners a power over both things and other people that
raise wide-ranging moral questions about what can be owned and what rights ownership confers.
For example, it is now agreed in all civilised countries that owners of historic buildings have duties
of conservation to other members of society.

3.22 A special problem with property rights arises in the case of monopoly suppliers of goods and
services. A monopolist’s price is dependent on the alternatives available. Where a product is similar
to existing products, consumers should have the benefits of price competition. Where a product is
new, monopolists are able to raise prices above what would be charged in a competitive market.
Without some element of monopoly, however, investors are less likely to finance the development
costs of new inventions if competition prevents them from recovering start-up costs. In the case
of GM crops, intellectual property is particularly important because the products, i.e. seeds, can
easily be multiplied by farmers and growers. Without patent protection, farmers and growers would
be able to freely multiply fertile seed of approved GM crops and start up costs would not be
recoverable.

3.23 The overall aim of the patent system is to stimulate innovation for the public good. By rewarding the
inventor with a monopoly on his invention for a fixed term, the system aims to provide investors with
a means of recouping returns on investments in R&D. It also encourages disclosure of inventions
so that others may benefit from the knowledge and further the field. To be granted a patent, an
invention must meet three criteria of patentability. It must be novel, inventive and show utility or
industrial application.

3.24 In the case of GM crops, two public concerns have been visible. One has been with the legitimacy
of ‘owning life’. Various interest groups have been campaigning, on ethical grounds, against the

13 Department of Trade and Industry and the Office of Science and Technology (1993) Realizing our Potential: A Strategy
for Science, Engineering and Technology, Cm 2250, HMSO, London.

43



GENETICALLY MODIFIED CROPS: THE ETHICAL AND SOCIAL ISSUES

concept that property rights can exist in genetic material or activities associated with it.14,15 While
some of these objections can be attributed to deeply held beliefs (paragraphs 1.32–40), in others,
a misunderstanding of the patent system may play a part. Owning a patent which includes a claim
to a plant or plant DNA does not in fact allow the assignee ownership per se. It only allows the
patent holder the right to defend his monopoly against infringement (i.e. the unlicensed competitive
commercial exploitation of the invention by others). Moreover, the invention must allow for an
inventive step and cannot be granted for naturally occurring species, nor simply genes alone. For
example, a patent application which claimed the DNA sequence of a particular gene would also
have to claim the use of that gene, such as conferring insect resistance on a plant.

3.25 The other concern, more amenable to the fine-tuning of legal arrangements, has been with the
patenting of GMOs (GM organisms) and the research techniques associated with the development of
GM crops. Patent-holders may be reluctant to license patents with broad claims to key technologies
to their competitors or to public sector research institutions. Companies may seek patents that will
not advance research or production, but which deter competitors and prevent research in areas that
threaten their monopoly. We should be equally concerned about the implications of many public
organisations being involved in the intensive patenting of plant technologies and research tools.
Public laboratories are increasingly demanding a royalty on future commercial developments from
their publicly funded colleagues in their terms for licensing access to research tools. Researchers tied
to such agreements will find it difficult to secure industrial collaboration. The prospect of a complex
web of licensing deals may deter some researchers and their potential industrial collaborators.

The development of intellectual property in the life sciences

3.26 Advances in genetics and molecular biology over the past 20 years have brought intellectual property
issues to the fore in the life sciences. Prior to these developments, protection of agrochemical and
pharmaceutical inventions through patents was largely limited to chemical compounds, chemical
processes and medical devices. In the case of plants, an alternative form of protection for plant
varieties has been used by plant breeders (paragraph 3.59). The modification of living organisms
though genetic engineering in the 1970s and 1980s opened up new possibilities for novel products
and processes. By inserting foreign or synthetic genes directly into an organism, scientists were
able to contemplate the creation of novel genetically engineered drugs based on human genes,
crops with new or enhanced properties and GM animals for use in research and agriculture. These
early developments led to a rapid appreciation of the commercial possibilities arising from genetic
modification and the need for appropriate intellectual property protection.

3.27 Legal experts have sometimes used the ‘purification’ concept to allow patenting of a ‘natural
product’. Natural products cannot be patented because they are not new or inventive and an
applicant could not describe how to make them. If the purification results in new qualities or a new
substance, then it may meet the criteria for patentability. The more human intervention needed to
produce the invention, the greater the chances of it being patentable. Applicants must be able to
demonstrate that the invention is new, and describe how it can be made.

14 See Dworkin G (1997) Property rights in genes, Philosophical Transactions of the Royal Society of London Series
B (Biological Sciences), 352: 1077–1086.

15 A recent document, known as the Blue Mountain Declaration, sums up the set of concerns about the exploitation of
indigenous people that have been articulated by a wide range of interest groups and religious bodies:
‘Indigenous peoples, their knowledge and resources are the primary target for the commodification of genetic resources. We
call upon individuals and organisations to recognise these people’s sovereign rights to self-determination and territorial rights
and to support their efforts to protect themselves, their lands and genetic resources from commodification and manipulation.’
For text of the declaration see: http://www.web.net/¾CSC/text/Bluemoun.htm.
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Patenting living organisms

3.28 Prior to the development of GM, patents on plants were not widely granted in the US or Europe.16

In the US, the Patents Act defines the patent law. The broad classes of patentable matter which
were framed in the eighteenth century to encourage a liberal approach to patentability remain in
the Act.17 According to the Product of Nature doctrine, any naturally occurring material or law of
nature is excluded from patent protection. The patent applicant was only allowed to claim materials
or processes which were novel and inventive. In Europe, the European Patent Convention (EPC)
explicitly forbids patents on plant or animal varieties.

3.29 The development of techniques for the genetic modification of micro-organisms, animals and plants,
has challenged the concepts of what is and is not patentable. In general, the US has been more
responsive to these new developments and has led in the creation of legal precedents which have
broadened the scope of patentable materials. In 1978, the Diamond v. Chakrabarty18 case in the
US allowed a patent on a novel genetically engineered micro-organism. This was widely interpreted
as a signal to the nascent biotechnology industry that it could expect strong and broad intellectual
property protection for inventions involving GM organisms. As a result of the Chakrabarty decision,
the US Patent and Trademark Office (USPTO) received over 7000 patent applications for inventions
involving biotechnology. Further legal precedents followed and in 1985, In re Hibberd resulted
in a patent on maize plants which had raised levels of the amino acid tryptophan.19 Over 200
US patents in the ‘plant biotechnology’ category have now been granted.20 Many of these include
claims for plants themselves, as well as for plant DNA, proteins or other biochemical compounds. In
1988, a patent was granted for a mouse which had been genetically engineered for a predisposition
to develop cancer.21

3.30 In Europe the development of patents for living organisms has been slower.22 The only means by
which plant varieties can be protected in Europe has been under the UPOV Convention (Union
for the Protection of New Varieties of Plants). Under UPOV, which was founded to provide
international protection to the plant breeding industry, the breeder is awarded an exclusive right
to sell the reproductive material for 20–25 years (paragraphs 3.58–62). There are two important
exemptions to the plant variety protection afforded by UPOV. First, other breeders may use the
variety to develop new varieties under the research exemption provision. Secondly, farmers may
save seed for crop production though not for sale to other farmers, under the farmer’s exemption
provision.

3.31 Nevertheless, a number of plant patents have been allowed in Europe after protracted debate over
whether the plants concerned were varieties or not. However, a decision in 1995 by the European
Patent Office (EPO) somewhat reversed this emerging policy by refusing a patent on a GM crop,
restricting instead the allowable claims to GM cells.23 No further EPO patents on plants have since
been issued although a test case under consideration should resolve the issue.24 The recent European

16 Patents on living organisms are not unique to GM and biotechnology. Micro-organisms in particular have commonly been
patented. As far back as the nineteenth century, Pasteur was granted a patent on a strain of yeast in both France and the
US. Plant patents were occasionally granted prior to the first UPOV Convention in 1961 which specifically excluded the
granting of both patents and plant variety rights for the same plant variety.

17 The 1956 US Patent Act provides that ‘Whoever invents or discovers any new and useful process, machine, manufacture or
composition of matter, or any new and useful improvement thereof, may obtain a patent therefore’, S101 USC (1976).

18 Diamond v Chakrabarty [447 U.S. 303, 206 USPQ 193 (1980)].
19 In 1987, the USPTO announced that ‘the PTO now considers non-naturally occurring, non-human, multicellular living

organisms, including animals, to be patentable subject matter within the scope of 35 USC S.101’.
20 USPTO, see http://www.uspto.gov/
21 The claims in the Harvard ‘oncomouse’ patent (USP 4736866) referred to ‘non-human’ mammals’.
22 Article 53(b) of the European Patent Convention states that patents shall not be granted in respect of ‘plant or animal

varieties or essentially biological processes for the production of plant or animals’.
23 The applicant was Plant Genetic Systems.
24 A patent application from Novartis (G01/98) will be considered by the EPO Enlarged Board of Appeal.
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Directive on the Protection of Biological Inventions allows patents on plants and animals if the
invention is applicable to more than one variety. Generic inventions such as wheat modified with
the Bt gene are not plant varieties eligible for protection under UPOV and are therefore patentable.

Patenting DNA

3.32 The debate on patenting issues in biotechnology has not been confined to patentability of living
organisms. Identifying, characterising and patenting biological molecules has been a central research
activity, particularly in the commercial plant biotechnology sector. In terms of meeting existing criteria
for eligibility, patenting biological molecules has not presented particular difficulties to the courts.
These compounds are essentially chemical in nature and reliance has therefore been placed on the
very extensive case law for chemical compounds which extends well back into the previous century.
Despite the special status afforded to nucleic acids as the biological molecules which forms the basis
for ‘life’, for the purposes of patentability they are, nevertheless, chemical entities.

3.33 Much of plant GM technology revolves around the identification and characterisation of particular
genes. By understanding how a particular characteristic or process is controlled in genetic terms,
scientists may gain the potential to modify that process or characteristic by modifying the gene
itself. Such a gene, either in its modified or unmodified state, may then be introduced into other
organisms to create GM (transgenic) organisms (see Chapter 2).

3.34 A substantial number of patents have been filed and granted for unmodified DNA sequences derived
from humans, animals, plants and micro-organisms.25 In a recent analysis, several hundred patent
applications on plant DNA sequences covering over 50 species were filed between 1985 and 1995
worldwide. About half of these had been granted. Although most of these plant DNA patents cover
crop species, model species, such as tobacco and Arabidopsis which are used in research, have
also been important.26 Both the public and private sector have been active in filing these patents.
However, it is the companies which have the dominant position.

Patents on basic technologies

3.35 The ownership of patents on GM technologies is a complex area. Several important patents are
owned by more than 17 leading agrochemical and seed companies.27 There has been a tendency
for these owners to respect each others’ intellectual property and not to challenge these patents.
There have, however, been four notable exceptions to this. These include the protracted litigation on
antisense technology between the US companies Calgene (now Monsanto) and Enzo; the European
opposition to the Lubrizol (Agrigenetics) broad claims on gene/promotor constructs used in plant
transformation and the European opposition to Monsanto’s broad claims on viral promotors and
the kanamycin resistance marker gene. In these examples, common sense seems to have prevailed
and unreasonable broad claims have not been upheld. In the fourth case, which concerns the broad
claims in the Agracetus (now Monsanto) patent on cotton transformation, the USPTO reconsidered
its judgement at the request of the US Department of Agriculture and restricted the breadth. The
case is under appeal.

3.36 Consolidation in the agrochemical and seed industry continues to shorten the list of owners of the
important ‘enabling’ intellectual property for plant genetic modification and plant molecular genetics.

25 Thomas SM, Brady M, Birtwistle NJ and Burke JF (1997) Public-sector patents on human DNA, Nature, 388: 709.
26 Thomas S, Birtwistle N, Brady M and Burke J unpublished data and Anon (1999), Nature, 392:525.
27 Nuffield Council on Bioethics, unpublished data.
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There are now six major industrial groups who between them control most of the technology which
gives freedom to undertake commercial R&D in the area of GM crops. These are:

Agrevo/Plant Genetic Systems (PGS);

Du Pont / Pioneer;

ELM / DNAP / Asgrow / Seminis;

Monsanto / Calgene / Delkalb / Agracetus / PBI / Hybritech / Delta and Pine Lane Co.;28

Novartis;

Zeneca / Mogen / Avanta.

They have made sufficient cross-licensing agreements to be able to supply a full technology ‘package’
to clients.29 Below we discuss the implications of patent ownership for three key GM technologies:
Agrobacterium transformation, GURT technology and apomixis.

3.37 The development of the Agrobacterium vector system provided the initial impetus for the genetic
modification of plants (paragraphs 2.14–15). The system itself represents the concerted work over
ten or more years of a number of laboratories in Europe, the US and Australia. The supporting initial
research was exclusively in the public sector but the private sector became more heavily engaged
as the system came closer to realisation. Ultimately the knowledge contained in the working system
was protected by a small number of key patents now assigned to major corporations. These
effectively control access to major sectors of plant GM technology. The parallel route to genetic
modification known as particle bombardment or biolistics is similarly covered by patents owned
by major corporations (paragraph 2.16). Antisense technology provides a means for the selective
silencing of unwanted genes, such as those which cause post-harvest deterioration (paragraph 2.22).
While the precise ownership of this technology is still under litigation, it still seems likely that this
technology may also be used to maintain an entry barrier.

3.38 Gene use restriction technology (GURT), dubbed ‘Terminator’ refers to a set of genetic switches
which may be activated to ensure that, as in F1 hybrid crops, the grain from GM varieties is of no
use to the farmer as seed (paragraph 2.26). If effective in practice, this would ensure that farmers
would be unable to save their own seed. It would also remove the need for monitoring patent
infringements. Both GURT and novel F1 hybrids raise questions in relation to the ethical principles
embodied in the UPOV Convention discussed below. However, it should be noted that the same
technology could equally in principle be applied to the prevention of transgene escape into wild
relatives of crop species.

3.39 Apomixis is a process which could prevent valuable combinations of genes being lost in the 50:50
redistribution of genes which happens through sexual reproduction. It could allow certain GM traits
to be perpetuated even if farmers bred their own second generation crops rather than buying new
GM seed each season. Apomixis occurs because the normal part of sexual reproduction where
parental genomes are combined in gamete (egg and pollen) fusion is absent. Once established by the
selection of desirable offspring from an initial cross or mating, the desirable maternal genotype is
conserved. If apomixis technology can be developed in a form which is applicable to the major staple

28 Delta and Pine Land Co. is under offer from Monsanto.
29 The Monsanto group control an impressive combined intellectual property portfolio on several important technologies

including Agrobacterium transformation, promotors (seed specific and CaMV35s), GURT (owned by Delta and Pine,
currently under offer from Monsanto), biolistics, cotton transformation, selection markers, gametocide F1 hybrid and
antisense. Zeneca/Avanta have intellectual property on antisense, Agrobacterium transformation and promotors, while
Du Pont/Pioneer have patents on biolistics, herbicide tolerance and selection markers. The ELM/DNAP/Seminis group
have patents on the sensum marker gene and herbicide tolerance. Other multinationals who do not appear to be part of
these groups also have relevant intellectual property, for example, Novartis has patents on Bt (as does Agrevo/PGS) and
cereal transformation and Japan Tobacco has patents on rice transformation and Agrobacterium transformation.
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crops, it will be extremely valuable to local breeders and for the maintenance of within-crop genetic
diversity. Under such circumstances, this technology would need to be widely available, particularly
to breeders in developing countries. There is concern from some scientists that, once patented,
access to the technology would be restricted to the major multinational organisations. At the same
time, it is possible that the string of inventions and discoveries necessary to engineer such a complex
trait as facultative apomixis, will be such that intellectual property will be distributed between several
organisations. Provided that some of these are independent of the major corporations, there should
be an opportunity for the negotiation of broad and equitable access to the technology.30

Patenting and the impact of genomics

3.40 The definitive analysis of the genetic make up of organisms through the DNA sequencing of entire
genomes is already having a major impact on research in the life sciences. The best known of these
is the human genome which is currently being sequenced in both the public and the private sector.
The entire complement of human genes is expected to be sequenced by 2000. This structural
characterisation is already revealing many genes of unknown function and the next stage of the
project will be functional analysis. The genome of yeast has already been completely sequenced
and a large-scale collaborative research project to determine the function of unknown genes is in
progress. The fact that many genes from a wide range of organisms show homology underlines the
value of this approach where the genome of a model organism is sequenced. In other words, some
of the genes identified and studied in the model organism can be matched with genes having the
same or very similar structure in other organisms.

3.41 A large-scale global DNA sequencing effort is now also in progress in a model plant, Arabidopsis.
This species has much more DNA than yeast and will be completed by the end of 2001. Functional
analysis of the results will spread over the next 10–15 years. However, these estimates may well be
reduced as DNA sequencing and microarray technologies improve. As particular genes are identified
in the model species, so too will homologous genes be identified in a wide range of crop species.
The fact that the genomes of some related species such as the cereals show extensive homology
or synteny means that there will be further economies of scale through the Japanese public rice
genome sequencing project.

3.42 In the human genome, two broadly opposing information strategies have been pursued. The
large public sector sequencing programmes have viewed DNA sequence information as pre-
competitive and have accordingly released the data rapidly into the public domain. In contrast,
the private sector, together with some public sector institutions, has instead been filing patents on
partial and full length gene sequences. A similar pattern is emerging in plant genomics research
programmes.

3.43 Recent private sector initiatives to apply more rapid ‘shotgun’ genome sequencing techniques to
the human genome and the rice genome have met with a mixed reaction. The US company Celera
plans to sequence the human genome by 2001, four to five years earlier than the publicly funded
international collaborative project intended. It now intends to ‘sequence the rice genome’ in a few
weeks, eight years ahead of the Japanese-led public sector US$200 million rice project.31 What are
the implications of these developments? Celera’s proposed method of analysis, while much quicker,

30 The Bellagio Apomixis Declaration was formulated on April 27–May 1 1998. The signatories shared a concern that the
‘current trend towards consolidation of plant biotechnology ownership in a few hands may severely restrict access to
affordable apomixis technology’ especially for resource-poor farmers. Consequently they urged ‘widespread adoption of the
principle of broad and equitable access to plant biotechnologies, especially apomixis technology’ and ‘the development of
novel approaches for technology generation, patenting, and licensing that can achieve this goal’. See Bellagio Apomixis
Declaration http://billie.harvard.edu/apomixis.

31 Saegusa A (1999) US firm’s bid to sequence rice genome causes stir in Japan, Nature, 398: 545.
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is much less thorough in that it will yield partial rather than full gene sequences. Although it is too
early to assess the impact of Celera’s plans, the company intends to patent some of the human and
rice DNA sequences and make most of them available in due course by database subscription. The
leading public sector funding agencies for the human genome project have responded by providing
a substantial increase in funding to bring forward their own completion date to the year 2000. The
prospect of a similar response from the plant sequencing community would appear less likely as the
funding agencies involved are more fragmented. This would make it difficult for potential sponsors
to react quickly enough to match Celera’s plans.

3.44 The large agrochemical and seed companies are also investing heavily in genome sequencing
programmes. For example, the Du Pont-Pioneer sequencing project in maize, plans to sequence
200,000 partial gene sequences or ESTs (expressed sequence tags).32 The prospects of patents
being allowed for partial gene sequences of unknown function has alarmed many researchers.
Although the USPTO rejected a patent application for human ESTs with no known genetic function
in 1991, a similar patent has recently been granted in the US.33 The USPTO has indicated
that EST patents are allowable in the context of inventions using partial DNA sequences as
molecular markers or probes to identify specific sequences. The Working Party considers partial
DNA sequences such as ESTs or SNPs (single nucleotide polymorphisms)34 are research tools
and as such should not be patented. The Working Party welcomes the recent initiative involving
a consortium of ten pharmaceutical companies and the biomedical charity, the UK Wellcome
Trust and the NIH, to pool efforts to create a public SNP map of the human genome. The
non-profit SNP Consortium will accelerate the search for disease-associated genes by making the
map available to all researchers. The initiative will also avoid duplication of effort and prevent those
companies developing private maps from tying up large areas of the human genome with patent
claims.35 We consider that the extension of this approach to other genome projects may be worth
pursuing.

3.45 There is concern over the extent to which patents on partial gene sequences may impose
dependency or ‘reach through’ to subsequent patent applications with full-length DNA sequences
and functional genetic data. A proliferation of patents on individual ESTs held by different owners
would require costly future transactions to bundle licences together before a firm could acquire the
rights to develop future commercial products.36 The ‘reach-through’ licence agreements essentially
give the owner of a patented invention used in early (upstream) research, rights in subsequent
(downstream) development. Although it has been suggested that benefits may accrue to patent
holders, who gain licensees, and researchers, who gain access to the technology, there are fears
that a patent ‘stacking’ effect may inhibit innovation downstream. Upstream owners risk stacking
overlapping and inconsistent claims which may be difficult and expensive to resolve. We therefore
recommend that national patent offices, the EPO and the World Intellectual Property
Organisation (WIPO), limit patent claims for ESTs strictly to their specified uses to
avoid dependency on subsequent patents which have overlapping DNA sequences. We
further recommend that WIPO and the EC37 closely monitor the development of EST
patents worldwide.

32 ESTs are partial DNA sequences which represent genes that are turned on in a particular tissue type or organism.
33 The US company Incyte was granted a patent in 1999 for human kinase homologues based on 12 EST sequences for use

as molecular probes (US patent US5817479).
34 SNPs are single DNA base pair mutations. In the human genome project they are being used as markers to locate disease

genes. Most SNPs fall within the non-coding regions of human DNA and make no difference to the individual. A given set
of SNPs is likely to be inherited with a particular gene and can be used to identify it.

35 Masood E (1999) Consortium plans free SNP map of human genome, Nature, 398: 545–546.
36 Heller M and Eisenberg R (1998) Can patents deter innovation? The anticommons in biomedical research, Science,

280:698–701.
37 The EC has a specific duty to report annually to the European Parliament on ‘the development and implications of patent

law in the field of biotechnology and genetic engineering’ (Directive 98/44/EC Article 16 (c)).
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Patents and commercialisation issues

3.46 The limitation of access to materials and processes by restriction of licensing is a major concern for
organisations outside the main group of agrochemical multinational companies. We have already
noted that most of the basic technologies of genetic modification are patented and that these
patents are owned by the larger companies (paragraphs 3.35–39). Provided that these companies
license their patents to each other (cross-license), the continued development of plant biotechnology
should not be impeded by lack of access to patented technologies. However, not all companies
are willing to cross-license all of their patents as some wish to retain a property advantage over
their competitors and enjoy the benefits that patent monopoly brings. Fortunately, researchers have
proved very able at circumventing the patents of others by creating similar but different inventions.
It is precisely in this context that we have recommended in paragraph 3.57 the rejection of broad
patents which prevent the development of second generation products.

3.47 To mitigate the potentially negative effects of monopolies on key plant technologies we recommend
that public sector institutions which hold such patents serve the wider public interest
by retaining their intellectual property and licensing it in a fair and equitable manner
so that key technologies are not tied up in exclusive and inaccessible licence deals.
By acting as a ‘gatekeeper’, the public institution is well placed to make the technology or product
available and obtain a return on its investment. We further consider it highly undesirable that a single
commercial organisation should have the intellectual property rights for several key technologies
relating to one crop solely under its control. For example, Monsanto’s (Agracetus) broad patent for
technology to produce transgenic cotton has been twice challenged unsuccessfully. Furthermore,
the fact that the company is apparently unwilling to license the patent illustrates the danger of broad
patents for important crops. We therefore recommend that national patent offices, the
EPO and WIPO discourage patent applications which allow extensive control over a
single crop species. Rather, these offices should seek to restrict any such applications
to the particular type of technology or products in the crop concerned.

3.48 There have also been fears that consumer choice could be limited if extensive vertical integration
within the agriculture/food-supply chain becomes an objective for the large-scale breeders of the
staple and commodity crops. In other words, the linkage of seed, agrochemical and food-processing
companies through acquisition or joint ventures could reduce the diversity of food products which
ultimately reach the supermarket shelves. The possible restriction of consumer choice may be inter-
preted as an infringement of consumer welfare or as a denial of a consumer right. However, it appears
unlikely that most agrochemical companies will seek to become extensively vertically integrated.

3.49 Beyond this set of industrialised country issues lie a set of impacts and consequences relevant to
developing countries. Many respondents to our consultation, while agreeing that GM crops would
be beneficial to the developing world, expressed concern over the equitable sharing of intellectual
property and revenues, especially where genetic resources from the developing world were involved.
This issue is dealt with in Chapter 4 in relation to trade agreements and the Convention on Biological
Diversity (CBD).

Commercialisation and developing countries issues

3.50 The majority of developing countries are likely to be disadvantaged in negotiating licence terms.
In terms of economic transactions, these are issues about fairness and justice between parties. The
high prices paid for the acquisition of rights to GM technologies which control access to the field as a
whole (often via the acquisition of whole companies) limit new entrants. It seems unlikely, therefore,
that much consideration will be given to making the technology accessible to developing countries or
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to supporting an infrastructure which will allow resource-poor agriculturists in developing countries
to pursue local goals for the technology.

3.51 It is vital that international agencies take up the challenge of providing access to the technology, both
by supporting the development of appropriate derivatives of the technology for local application
and by promotion of a climate for unrestrictive licensing (paragraphs 3.46–47). We therefore
recommend a sustained programme supported by increased inputs from donors to
support the International Agricultural Research Centres (IARC) system,38 bilateral
programmes and organisations such as International Service for The Acquisition
of Agri-biotech Applications (ISAAA) and CAMBIA (Centre for the Application of
Molecular Biology in International Agriculture) to develop and distribute enabling
technologies in a form which is appropriate to the agricultural needs of the developing
countries. This can be achieved more effectively in partnership with industry (paragraph 3.50).

3.52 Intellectual property and its ownership are essential drivers for the investment which will sustain the
further development and support the implementation of new GM technologies. At the same time,
it should be recognised that there are two main types of patent, those which enable the technology,
and application patents which cover specific traits for improving plants but which are dependent on
the enabling patents for their implementation. The possibility of very broad claims to large sectors
of the enabling technology may lead to embarrassing and undesirable monopolies.

Licensing

3.53 Developing countries are faced with serious potential difficulties over the patenting of key plant
technologies, having few bargaining counters with which to negotiate. Under normal circumstances
companies who own the rights to such patents are likely to be reluctant to license them to commercial
developing country organisations at a cost they can afford. However, they are not obliged to license
their competitors or any other commercial organisation. Where a technology is very powerful,
companies will be keen to exploit its full potential. Experience with patenting and licensing of the
polymerase chain reaction (PCR) shows that multinationals, in this case Hoffman la Roche, can be
expected to be vigilant in pursuing patent infringement.

3.54 In the past, several developing countries such as India copied many patented pharmaceutical
products and processes from overseas without paying licence fees. Since the TRIPS39 agreement
(see paragraph 4.71), such options are being phased out. Countries which are signatories to the
TRIPS agreement will have trade sanctions applied to them by the World Trade Organisation
(WTO) if they do not allow intellectual property rights to foreign patent holders. Although research
is generally exempt from licence requirements, developing countries will not be able to export
goods which have been produced with unlicensed patented technology regardless of whether the
relevant patent rights have been granted in that country or not. While this may not restrict locally
consumed and traded commodities, it does deny access to the international commodity market for
occasional surpluses or by-products. International exhaustion of patent rights which allows for the
unhindered trading of the products of licensed technologies, could provide a mechanism for relaxing
this constraint. However, it is possible that such an imposition would have the counter-effect of
making corporations more insistent on international patent coverage and less liberal in their licensing
policies.

38 IARCs are international agricultural research centres run by the Consultative Group for International Agricultural Research
(CGIAR).

39 The Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) is currently the most comprehensive
multilateral agreement on intellectual property. It came into effect on 1 January 1995.
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3.55 We acknowledge that without the competitive investment which technology ownership has
promoted, GM technology would either not be available at all or its development would be
very much delayed. Some argue that its natural custodians are, therefore, the major agrochemical
and seed multinational companies, since even the ‘realistic’ entry price is too high for the developing
world. Others have argued that the costs of implementation of the technology, appropriately
developed, are on the contrary, not too expensive for developing countries, and that the issue of
access is governed simply by licensing. We conclude that there is an urgent need for a realistic
assessment of the likely availability of licensed, patented technologies for developing countries.
We recommend that those leading companies (and others) holding such patents work
in collective partnership with a consortium of appropriate international organisations
(such as the CGIAR, ISAAA and the Rockefeller Foundation) to identify and implement
practical strategies for broad licensing terms for developing countries. While these should
not restrict either the developing world for application to local crops and food security, or the smaller
breeders in the developed world, they would, however, need to provide protection to the large
corporations in their own competitive markets.

Compulsory licensing

3.56 Where the non-availability of patented products or processes has gone against the public interest,
governments have, from time to time, taken steps to force patent holders to share their inventions
through compulsory licensing. Where international monopolies based on exclusive ownership of
enabling technologies restrict further innovation, fair access and trade, compulsory licensing could,
under some circumstances, be considered as an appropriate response. However, we do not
recommend the wholesale imposition of compulsory licensing, since in this sector the
outcome could be a decline in willingness to invest in research and development and to
share knowledge with scientists in the public domain. Consistent with our recommendation
in paragraph 3.55, we would prefer to see a set of intermediary negotiators willing to devise
licensing arrangements. Compulsory licensing should be seen as a last resort in the creation of a
climate for licensing this important technology.

Broad claims

3.57 Broad claims are an issue in themselves in relation to the ethical intent of patent law. The intent of
patent law is that the right to exploit should be set against the encouragement of further invention.
Excessively broad claims could, because they can block the route to implementation, act contrary to
this intent. Here, once again, welfare issues and issues of fairness in the marketplace are intertwined.
We take the view that excessively broad patents will diminish useful research and so diminish welfare.
We accept that they are the means whereby some economic users secure benefits they deny to others.
The Working Party concludes that on balance broad claims within a patent are only justified where
the invention is truly supported by correspondingly broad examples and deserves the reward of broad
claims. We recommend that national patent offices, the EPO and the WIPO draw up new
guidelines for patent offices to discourage the over-generous granting of patents with
broad claims that have become a feature of both plant and other areas of biotechnology.

Patented technologies which override the UPOV Convention

3.58 Plant breeders’ rights under the UPOV Convention established in 1961, have played an important
role in supporting the development of private plant-breeding companies and have the benefit of

52



ISSUES RELATED TO COMMERCIAL IMPLEMENTATION

being non-exclusive and not favouring large-scale producers. This form of intellectual property
protection, described below, could play an important role in the developing world in giving support
to local breeding industries, especially in the context of approaches to breeding that are locally
informed and culturally sensitive.

3.59 Plant varieties have been protected internationally under the UPOV Convention by a system of
plant variety rights or plant breeder’s rights, which are analogous to, and which did not anticipate,
patents granted on living organisms. Plant breeders’ rights differ from contemporary patent law
since the right of ownership in the product (in this case the plant and its seed) is not exhausted
when the product is sold. This enables the breeder to collect royalties from seedsmen and growers
for each batch of seed multiplied or traded, the only exemption being the farmers’ privilege of
saving seed from their own crops for their own use. The duration of this protection depends on
the individual crop and has a minimum of 20 years extending to 25 years for trees and vines.40

In order to be registered for plant breeders’ rights the variety has to meet certain requirements for
distinctness from other varieties, uniformity and stability (DUS). These requirements are analogous,
although different, to the requirements under patent law for a full disclosure of the invention and
the demonstration of originality and utility.

3.60 When a plant breeder exercises the monopoly granted by plant breeders’ rights by placing a variety
on the market, the variety automatically becomes available to other breeders. This ensures that
the variety becomes available not only for cultivation but importantly, for further breeding. This
obligation is viewed as an ethical quid pro quo to the granting of a temporary monopoly by
way of royalty rights, which secures further breeding initiatives and encourages competition. Since
the parental lines of F1 hybrids are not themselves placed on the market they need not become
available for further development and can become effectively the equivalent of a trade secret.
Newly-derived GM hybrid systems are beneficial to the breeder who can avoid the requirement to
release the developed germplasm embodied in the parental lines. This provides the breeder with
exclusivity.

3.61 New GM F1 hybrid systems and the recently publicised GURT technology offer to major breeders
the possibility of ensuring that no fertile seeds can be collected by farmers from their varieties.
We have noted further concern that the possibility of new varieties being presented for registration
with the benefit of both plant variety rights and patent protection could limit the mechanism by
which germplasm (and therefore, genetic diversity) is shared among breeders. This potential locking
up of genetic variation would be contrary to the spirit and intent of plant variety rights. We are
obliged to wait and see the extent to which a burgeoning influence of patents in the exploitation of
plant varieties will restrict access to proven germplasm. We recommend, however, that WIPO,
the EC, UPOV, CGIAR and International Plant Genetic Resources Institute (IPGRI)
together closely monitor the impact of patents on the availability of germplasm to
plant breeders.

3.62 At the same time we note that many conventionally-bred modern varieties are the products
of substantial technical investment (for instance in the use of genomics and molecular marker
technology in the introduction of disease resistances, see paragraphs 2.2–7). We conclude that
it would be unfair to the breeder of such a variety for it to pass directly into the breeding
programme of a competitor without some form of recompense. In this instance, patents could
provide a basis for negotiating recompense provided that the intent of the UPOV Convention is
respected.

40 These terms are specified in the 1991 revision of the UPOV Convention. In the UK, rights are now granted a term of
25 years for all species except tress, vines and potatoes which have a term of 30 years.
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Consequences of raw material substitution

3.63 Raw material substitution has been an historic fact of life in a technologically changing world.
Examples include the switch from metals to recyclable plastics (composites) in the manufacture of
automobiles or the replacement of plant-derived dyestuffs by synthetic chemicals. Although some of
these instances have relieved pressure on finite resources, substitution has generally been a response
to manufacturing changes or to changing consumer product demand.

3.64 Plant genetic modification will provide, in the longer term, the opportunity for acquiring the raw
materials normally derived from a particular crop from the products of another modified crop. This
kind of development can improve production efficiency and security of supply. An example would
be the production of coconut oil (copra) with modified oil derived from oilseed rape. However,
the original producers, who lose a market for a cash crop, potentially suffer economic loss when
such a substitution is made. What are the ethical implications of such substitutions depriving
developing world producers of their livelihoods and their ability to generate foreign exchange?
These are especially difficult to assess where, for example, the new crop might be produced via
more sustainable agricultural practices than the old.

3.65 It could be argued that there is an obligation on developed countries to buffer the developing
world against the consequences of changes in trading patterns brought about by such changes
in technology. Should accountability extend to the foreseeable consequences of substitutions, for
example by providing the loser with an alternative cash crop? In practice these issues are very
complex, and individual crops probably have to be considered on a case-by-case basis. Furthermore,
not all of the consequences are likely to be predictable, nor is the party responsible for the
introduction of a substitution crop likely to be qualified to assess or intervene in the economic or
social networks of the affected party. In the context of this complexity, it is difficult to prescribe an
institutional mechanism for ensuring justice in relation to substitution crops, and this issue is likely
to remain contested.

3.66 In this context some respondents to the consultation suggested that companies have a duty to repair
any damage caused by their crops, including the loss of income to other farmers as a consequence
of GM crop introductions (for example, to organic farmers). It should be noted that the question
of compensation for the negative economic and social consequences of the introduction of GMOs
is very much on the agenda of the Conference of the Parties in the negotiation of the Biosafety
Protocol of the CBD (paragraphs 4.63–65). However, the Working Party acknowledges that a major
rationale for the implementation of genetic modification is to enhance the efficiency, effectiveness
and competitiveness of farmers who plant such crops. Under normal circumstances it would be hard
to justify recompense other than via higher prices for non-GM products in the market place for
those farmers who elect not to do so.

3.67 With pressure on the developed world to develop and switch to renewable sources of feedstocks for
manufacture, one could foresee a trend towards the engineering of specific crops for this purpose.41

This could provide, on the one hand, the opportunity for new export cash-crops for the developing
world. On the other, it might be seen as tempting farmers away from local food production.
Nevertheless, there may be positive opportunities here for the constructive use of international
aid, and we urge aid agencies to give support to this aspect of agricultural diversification. We
conclude that international aid funds need to be allocated for valid projects aimed
at diversification of cash crops and for the building of the technical capacity to
achieve this.

41 Shewry P (1998), Engineering Crops for Industrial Use, Portland Press, London.
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Globalisation and commodification

3.68 Recent international trading agreements, intended to liberalise the movement of goods within and
between the major trading blocks, have supported the so-called globalisation of the food chain as
well as the trend towards commodification. Commodification means that crop products are traded
on international markets on the basis of the expectation of future fluctuations in supply and demand,
regardless of provenance or the local value systems of the farmers and societies that produced
them.42 Despite this trend, we may expect to see an increased demand for GM crop products to
be segregated or traceable. While segregation is required or desirable this may help to suspend the
impact of commodification.

Accountability in the international dimension

3.69 It has become a truism that the consequences of plant breeding do not respect national or local
boundaries. The diffusion of social and economic consequences along the global food supply chain
or the local wind dispersal of GM pollen are good examples of these effects. However, the majority
of attempts at regulatory or ethical oversight are formulated on a national basis. In the international
dimension, the field is highly polarised. From one perspective, the efforts of the Organisation for
Economic Co-operation and Development (OECD) to harmonise regulatory frameworks might be
interpreted as supporting the interests of the industrial base of developed trading nations. From
another perspective, the codes of practice proposed within the framework of the FAO (Food and
Agricultural Organisation of the United Nations) and the CBD appear to represent the agendas of
campaigning groups such as Third World Network and Rural Advancement Foundation International
(RAFI). This poses a complex operating environment for those industries involved in the international
food trade. It leaves the issue of accountability across diverse national jurisdictions very much in
the domain of individual corporate responsibilities and relies on their ability to define their own
boundaries of accountability.

3.70 One specific aspect of international transgene deployment may merit special consideration. This
relates to the planting of GM crops, modified for fitness traits, within the geographical centre of
diversity of the crop itself (i.e. where there is an enhanced opportunity for out-crossing into wild
species). These centres of diversity as defined by Vavilov43 are of immeasurable global value as
in situ germplasm collections for the future of plant breeding. We recommend that the IPGRI
and others entrusted with stewardship of plant genetic resources consider the risk
implications of introgression of genetically modified traits into the centres of diversity
for the main temperate and tropical crop species and decide whether additional
measures are needed to protect these genetic resources through ex situ and/or in situ
conservation.

Conclusions

3.71 The commercialisation of plant biotechnology has advanced rapidly over the past five years. It
is now clear that intellectual property rights, mainly in the form of patents, are fundamental
to the commercial development of the technology. Although patenting in biotechnology is now

42 This framework has its advantages and disadvantages. It does not provide a sound basis for the reform of agricultural practice
or the means for persuading farmers to adopt attitudes which are more environmentally accountable or sustainable.

43 Nikolai Vavilov was a Russian botanist in the early twentieth century who took part in over 100 international plant-collecting
missions. From the resulting collections he determined where each crop was most diverse and identified 12 centres of
diversity in the world.
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generally widely practised by public and private sector researchers alike, excessively broad claims
and restrictive licensing remain a potential threat to innovation. With regard to GM crops, the
implications of patenting of important new technologies involving plant transformation, such as
apomixis, will depend largely on the licensing strategies of the companies involved.

3.72 The agrochemical and seed industry is tightly consolidated around a small number of multinational
companies. Although this structure has attracted a good deal of negative comment, we conclude that
it is the consequences of that structure rather than the structure itself which should be scrutinised. If
there is non-exclusive licensing on key patents and the needs of developing countries are addressed
in an open and realistic dialogue with international agricultural organisations, the consolidated
structure need not be a cause of concern. If, by contrast, the consolidation process continues further
and the major companies acquire control of specific crops, then the contestability of developed and
developing country markets could be compromised. The Working Party concludes that there is a
need for the relevant competition authorities to keep this sector under close review. We consider
the application of GM technology in the developing world in the next chapter.
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