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Chapter 31

Prospectsfor Public Plant Breeding
in a Small Country

Bob Lindner®?

Introduction

In an earlier paper | suggested that “the forthcoming biotechnology revolution is
not just the product of a scientific watershed flowing from the discovery of the double
helix, but dso the culmination of a more gradud evolutionary process over the past
century involving revison of intelectud property rights to biologicad ressarch. ... the
delinegtion of these property rights (i) an important determinant of the respective roles
of the public and private sectors in agricultura biotechnology research” (Lindner, 1992).

Since then, it has become increasingly evident that the biotechnology revolution is
being fuelled by the convergence of an exploson of knowledge about molecular biology
on the one hand, and by legd and policy devdopments on the other that have
dramaticaly expanded the scope of intellectua property rights in plant genetic resources.

Recent extensons to the definition of intdlectua property rights in plant genetic
resources have created the bads for the evolution for new markets, and set in tran
compstitive forces that are likdy to trandform the respective roles of public and private
sector plant breeding. As a result of a series of landmark court decisions in the USA, it is
now posshble to seek patent protection for geneticaly engineered life forms, from micro-
organisms to plants and animals, as wel as to many of the “building blocks’ needed to
enginer transgenic organisms.  New property rights create the basis for new markets,
and new commercid biotechnology companies have proliferated repidly during the last

twenty years.

If extended property rights create the foundation for new markets, the oppor-
tunities arisng from rgpid technicd change provide powerful incentives for firms to enter
these markets.  For biotechnology, the competitive forces unleashed by concurrent
scientific discoveries threaten to transform the production of new plant varietiess. Much
of the ownership of intdlectud property rights in plant genetic resources is now
concentrated in the hands of a smdl number of very large life sciences companies, and
they are investing huge sums in research and development. Some commentators believe
that public sector plant breeding and research organisations will be overwhemed in the
process.

The potentid implications for the generetion and commercidisation of new
technology in plant genetic resources and for the evolution of agriculture in smdl
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countries like Audrdia are poorly appreciated. Some of the questions that need to be
addressed include the following:

Will owners of intelectud property rights in key molecular technologies make
them avalable to public plant breeding programs in smal countries, and if
S0 on what terms?

Will private sector plant breeding “crowd out” public plant breeding R&D?

How serious are compliance and enforcement issues for dternative appropriation
mechanisms, such as seed roydties, technology fees, end-point royadlties,
and “Closed Loop Marketing Agreements’?

Convergent Trends

During the second hdf of the twentieth century, the exploson of knowledge
flowing from the fidd of molecular biology has trandformed the biologicd sciences, and
in partticular our understanding of “life processes’ and our capacity to intervene in nature.
During the lagt twenty-five years or so, there has been a pardld revolution in the legd
framework relaing to the assgnment of intdlectua property rights to plant genetic
resources. This has occurred within nations through decisons made by courts and by
conscious introduction of policy, and between nations via internaiond agreements,
undertakings, and conventions. Findly, after many unfulfilled promises and fase darts,
the consequent economic revolution has darted. This convergence of scientific, tech
nological, legd, policy and commercid developments will have a mgor impact on the
way in which knowledge is generated and commercidised, and on the evolution of
agriculture and our food system.

Scientific Trends: Key Elements of Molecular Biology and Genetic Engineering

Our underganding of the intricate and complex functioning of living organiams a
the molecular and cdlular leves is the outcome of the devdopment of new scientific
techniques and tools in the field of recombinant DNA technology. These developments
adso have accderated the accumulation of knowledge in such traditiona disciplines of
biology as genetics, plant physiology, and biochemistry.

A long time advocate in Audrdia of genetic engineering has described the
potentia benefits in the following terms (Peacock, 1992, pp. 311-12):

“as from now, it would dso be unthinkable to mount a programme in
agriculturd  research without consdering the opportunity for recombinant
DNA technology to be used. This is especidly true in the production of
improved cultivars. ... We are now able to consder either the addition or
subtraction of particular genes in the genetic make-up of a plant. We are
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dso able to modulate the level of expression of genes, thus influencing the
amount of a particular product being made. In the not too digtant future,
we will be able to consder gene replacement, so that we can upgrade the
exiding genetic software by replacing one verson of a gene with a newer,
improved verson for a more desrable product. These manipulations will
close the gap between yidd and potentid yield. They will provide plants
with more robust resstance to peds and disease. They will endble the
production of high performance hybrid seed in many crop species and will
dlow us to condruct plants whose seasond requirements are comple-
mentary to each other in agricultura production systems. As wdl as
providing a more flexible and vauable entry of plant products to the bod
production sector, genetic engineering will enable agriculturd production
to have a grester impact in the pharmaceuticd and indudtria business
sctors. ... Bascdly genetic engineering is the precise manipulation of
the genetic makeup of a plant, where the manipulation involves the
addition of aknown gene construct.”

A number of these predictions have subsequently come to pass, or are close to
redisation. Transformation processes have been developed for many broad-leafed plants,
and more recently condderable advances have been made in the ability to transform
magjor cered plants such aswheat and barley.

According to (Peacock, 1992, p. 312), three key advances have made genetic
enginegring possble.  They are the devdopment of technologies to adlow isolaion and
mass production of DNA segments, of systems to trandfer specific gene condructs into
recipient plants, and the means to introduce new genetic materid into a sngle cdl and
then recover a whole, tranggenic, plant from that single cel. Another mgor factor was
the discovery that a gene has two mgor components, a product-coding region that
dictates the specific amino-acid sequence of the gene product, and a control region that
determines the expression (use) of the coding segmernt.

Traits dready incorporated into transgenic plants that have been released, or are
close to commercid reease include:

pest control traits such as insect resstance, virad resstance, nematode
resistance, and herbicide tolerance;

post-harvest traits such as delayed ripening of tomatoes, melons, raspberries,
and other spoilage prone fruits,

agronomic traits such as nitrogen fixation and utilisation, restricted branching,
environmental stress tolerance;

mae and/or seed deility for hybrid syssems or other forms of genetic copy
protection;

output traits such as blue carnations, high-stearate and other speciaty oils
from rape or soybean, low-phytate corn, faity-acid-enriched vegetable oails,
coloured cotton, high-carotenoid canola, and functiond foods or
neutriceuticals.



Production of transgenic plants requires the use of a number of enabling tech
nologies An example of a pervadve enabling molecular technology is the Gus gene,
which is used worldwide in molecular biology laboratories to test which cels have been
successfully transformed.  Many of these technologies are proprietary, athough holders
of the intdlectuad property rights commonly make them available for research purposes
without charge.

More recently, genomics has emerged as an upstream enabling technology with
the potentid to further trandform the fidd of biotechnology. Genomics involves the
mapping, sequencing and andlyss of genomes to determine the structure and function of
every gene in an organism. James (1998) ligs the following components of genomics
research:

Structural genomics - the structure and organization of genomes

Functional genomics - relating genome structure and organization to plant function
Application genomics — use of genomic knowledge in the devdopment of improved
plants.

The mogt driking result to emerge from the study of comparative genomics is the
discovery that an abundance of genes are shared among dl life forms. Consequently, the
breadth of complementary technologies is far grester than previoudy thought, and some
of the bariers between the hedth sciences and other branches of biology have been
cumbling.  James (1998) notes that as consolidation continues in the agbiotech industry,
dl of the leading companies have made dgnificant investments in plant genomics.  In
1998, the USA launched a publidy funded Nationd Pant Genome Initigtive with
internationd links to other programs such as the Japanese Rice Genome Program.

Genomic information provides a more efficent base for genetic engineering to
improve ussful plant traits, as well as to provide a sustainable source of renewable energy
and a safer and hedthier environment. It not only dlows genetic materia to be studied,
but aso to be desgned and efficiently produced due to advances in robotics,
nanotechnology, high-throughput  screening,  photolithography,  spectroscopy, combina-
torid chemidry, transgenics, and bioinformatics (Enriquez, 1998). These technologies
have enabled the development of products that can anayze hundreds of thousands of
compounds Smultaneoudy rather than afew genesat atime.

National and International Legal Trendsin Intellectual Property Rights

The concept of intellectual property as it gpplies to plant genetic resources has
expanded considerably during the past two to three decades. In the United States, a series
of landmark legd decisons now provide complete peatent protection for geneticaly-
engineered life forms from microorganisms to plants and animas.  Perhgps more
importantly, it is now adso possble to patent parts of plants and other living organisms,
including key dements of the genetic congructs necessary to produce transgenic plants.
Many other countries have followed the precedents set by US courts, and others are now



under severe pressure to do s0 as a result of international agreements, most notably
TRIPS (Trade Related Intellectua Property Protection).

These developments have been crucid in providing the private sector with the
means to cgpture a financid return on invesment in genetic engineering and plant
breeding. As a result, corporate interest in patenting has increased markedly to cash in on
the possibility of more rapid development of a wide variety of new proprietary products
flowing from the new biotechnologies.

For the USA, Wright (1996, pp. 564-5) has summarised the legd measures
rdevant to the protection of intellectud property in agricultura genetic resources as
follows

Seed and Breed Certification

“Certification guarantees the nature and the genetic background of the
seed or breed. It does not prevent sale of amilar uncertified products by
competitors. Thusit ismore like a trademark than a patent”.

Trade Secrets

Trade secrets “can protect the proprigtary information useful to a firm
from disclosure to competitors.”

Plant Patents

“In the United States, asexualy reproduced plants ... may be patented ...
under the Plant Patent Act of 1930.”

Plant Variety Protection Certificates

PVPC's “protect varieties that are geneticdly uniform, digtinct from other
known varieties and breed true. ... farmers are dlowed to re-use their own
seed, and despite recent revison of the 1970 Act, the leskage to other
farmersis difficult to police”

Utility Patents

In 1980, the US Supreme Court ruled that the patent system covered iving
things

In 1982, a subsequent ruling confirmed that seeds, plants and tissue
culture could be patented, and patents have subsequently been awarded
over the “discovery” of genes. This extensgon of patent protection to life
forms has now spread to most other OECD countries, including Austrdia,
and even to many developing countries.



Most other countries do not have Plant Patents as a separate category of
intellectual property rights. Audrdia, and maybe others do adlow “new” plants to be
patented as an invention provided that they satisfy dl of the requirements for invention
under the (normd) patent Act. A number of countries have the equivdent of Plant
Vaiety Protection Certificates, dthough they often have different names. In Audrdia,
the corresponding form of intellectud property rights are Plant Breeder’ s Rights.

Recently, the thrust to extend propertty rights to plant genetic resources was
grengthened dramaticdly by annex 1c of the agreement on Trade Reated Intdlectud
Property Protection (TRIPS). This agreement was one outcome of the Uruguay Round of
trade negotiations, and established the World Trade Organization. It aso requires al
ggnatory countries to introduce, in most cases before 2000, patenting or some equivaent
form of intellectud property protection for plants.

However, there are severd international agreements reating to intelectua prop-
erty rights, and/or access to, and utilisation of plant genetic resources and plant breeding.
The following brief overview of the key internationd agreements, and their man
features, has been taken from Bragdon, S. H. and Downes, D. R. (1998) Recent policy
trends and developments related to the conservation, use and development of genetic
resources, 1ssues in Genetic Resources No. 7, IPGRI, Rome.

The International Undertaking on Plant Genetic Resources (1U)

Firs adopted in 1983 to promote the conservation, exchange, and use of
plant genetic resources for food and agriculture. It is currently being
renegotiated to bring it into harmony with the CBD.

The International Union for the Protection of New Varieties of Plants
(UPQV)

UPOV ams to maximise plant-breeding efforts, and provides a modd for
securing protection for plant breeders' rights for plant varieties.

The Convention on Biological Diversity (CBD)

The objectives of the CBD are:

Conservation of biodiversity

Sugtainable use of its components

Far and equitable sharing of the benefits arisng from use of genetic
resources

The Agreement on Trade Related Aspects of Intellectual Property Rights
(TRIPS

The raison dére of the World Trade Organisation (WTO) and related
agreements is trade liberdisation. The TRIPS Agreement requires dl
paties to meet cetan minimum sandards for protecting intelectud



property rights. In particular, parties are required to protect plant varieties
gther by paents or by an “effective sui generis sysem or by any
combination thereof.” Many countries, incuding Audrdia, deayed
sgning TRIPS because of concerns about its consequences.

The 1994 FAO/CGIAR Agreements and 1998 External Review of CGIAR

Agreements between CGIAR and FAO placed desgnated materid in CG
collections under the auspices of FAO and in trust for the world
community. The agreement will be reviewed in the light of the U
negotiations.

The World Intellectual Property Rights Organisation (WIPO)

WIPO was egtablished in 1967 to promote the protection of intellectua
property worldwide. From 1998, it will address biodiversity, human rights
and indigenous rights.

Evolving Market Structurein the® Life Sciences Industry”

Beginning in 1976 with the founding of Genetech, the firs wave of the
biotechnology boom saw the rgpid proliferation of upstat commercid biotechnology
companies. By the 1990s, over a thousand companies existed worldwide, and a
subganti number were involved in agriculture.  In the second wave, large multinationa
chemicd and phameceutica corporaions have invested dgnificantly in - molecular
biology research and development, and have merged with or taken over multinationa
agribusnessfirms.

It is impossible to present a completely up to date account of the dtate of the life
sciences industry. Mergers, tekeovers, and deds with private and publicly funded
partners are being done and undone a such a pace that anything written on the topic is
practicaly out of date before it can be published. Mo of the following excerpts have
been taken from Enriquez (1998).

One measure of the impact of advances in genomics is the number of patert
goplications for nucleic acid sequences to the U.S. Paent and Trademark Office
(USPTO), which received 4000 requests in 1991 and 500,000 in 1996. This flood of
information with proprietary potentid is changing dSgnificant portions of the world's
economy as biotech, chemica, pharmaceutica, and agribusiness companies seek to lock
in patents and licenang agreements to protect their investments in molecular technologies
by megamergers, takeovers, and outright acquisitions. CibaGelgy and Sandoz recently
merged to create Novartis, valued a over $100 billion, and the largest pharmaceutica
conglomerate to that date. Alone, it has enough money and breadth of R&D to compete
not just in hedlth care, but dso in nutrition and agri-business.
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“The genomics-driven metamorphosis of chemicd companies is even
greater than that which is occurring in pharmaceuticals.  Monsanto, a
traditional chemicd company, reinvented itsdf as a life science company.
Starting in 1985, it began spinning off many of its core businesses. Since
1997, Monsanto has invested $6.6 billion in biotech and genomics. This
drategy assumes that molecular ressarch in plants and animas will be
goplicable in the short term to agribusness. In May 1998, Monsanto
bought DeKadb Genetics and Ddta & Pine Land for $4.2 billion and
created a joint venture with Cargill, one of the world's largest private
companies, to process and package genetically engineered foods.”
Enriquez (1998, pp. 925-6).

Other chemica companies and mgor food processors dso are restructuring and
cregting joint ventures to verticadly integrate the production, disgtribution, and processng
of geneticdly engineered crops. Dow Chemicd intends to become a life science
company, and spent $900 million to buy Eli Lilly's 40% share of a joint venture to
modify crops and foods. Hoechst formed an agribusness venture with Schering-AgrEvo,
and bought Plant Genetic Systems for $600 million. This is cresting a new indudria
sector, agriceuticals.

Certain implications of the ongoing changes in business dructure are discussed in
more detall later in this paper.

Portentsfor “ Public Plant Breeding” in a*“ Small Country”

Pant breeding in Audrdia has traditionaly been conducted in “public’ research
organistions which  higoricdly receved most of ther funding from consolidated
revenue. While indudtry derived funding has gradudly been subdituting for government
funding over the past two decades, plant breeding has continued to be conducted mainly
in gate government Departments of Agriculture, with sdected universties and CSIRO
aso playing arolein some aress.

In this paper, the term public plant breeding is used in a farly loose sense to
include any plant breeding program that is not conducted on a “for profit” bass. In
essence, it excdudes only plant breeding by profit meking firms who sdl seed, or
otherwise gppropriacte some or dl of the net benefits generated from growing improved
vaieties.  Public plant breeding includes most other types of program, including publicly
funded plant breeding conducted by universties or government agencies, or even
contracted out to private inditutions. It dso includes plant breeding programs funded
collectively by indutry.

A Kkey characterigic of such programs has been that new cultivars from the
breeding program were released as “public varieties’ available to dl farmers, and that no
price premium was chaged for the intdlectud capitd embodied in these varieties
Implicit in such a non-commercid approach has been the presumption that decisons



about the levd of investment in plant breeding should be based on the principle of
maximisng socid wdfare, or a leest maximising industry welfare.

Of course, the description above does not recognise that publicly funded rurd
research has been under pressure for at least the last two decades. Government now
demands greater accountsbility & the same time that it reduces funding for agricultura
research and extenson. As a result, many “public’ inditutions are under pressure to
become a least patidly sdf-funding, and are sarting to charge for sdected goods and
savices.  Public research inditutions dso seek to patent and/or commercidise discov-
eries made in the course of government funded research, or pursue opportunities to
license technologies to the private sector.

Public plant breeding programs have not been immune to government pressure to
generate revenue from their activities. Like private busness, their capacity to capture a
high proportion of the net benefits of new varieties depend on:

a legd basis to edtablish ownership of the intdlectua property embodied in
the variety,

the capacity to exclude potentid users who are not willing to pay the
nominated price,

the cogts of monitoring and enforcing compliance,

the capacity for price discrimination.

In Audraia, charging for the products of plant breeding programs is now feasble
given the introduction of Plant Breeder's Rights legidation, and the ability to protect
plant genetic resources as well as plants per se with patents. As a result, seed royalties,
Technology User Agreements (TUA), end point roydties (EPR), and “Closed Loop
Marketing Agreements’ (CLMA) ae high on the agenda. Pricing practice by public
inditutions are 4ill evolving. If they dart charging sgnificant fees a levels goproaching
full cost recovery, and exclude farmers unwilling to pay these fees from access to new
vaidties, then they cease to be public plant breeding organisations within the meaning of
the term in this paper.

The development of hybrid corn provided the first foretaste of the way that
genetic copy protection could dlow private plant breeders to appropriate much of the
benefit of improved germplasm, and 0 create the incentive for private investment in
plant breeding to “crowd out” public plant breeding. However, for many years the
difficulty of developing hybrid technology for most other mgor crops made hybrid corn
seem to be the exception that proved the rule that plant breeding would reman
predominantly a public sector activity.

More recently, the extremely rapid spread of transgenic crops, dmost dl of which
has been the reault of private plant breeding programs highlights the posshbility of
private plant breeding of other crops. In a recent gobd review of commercidized
transgenic crops, James (1998) summarised the Situation as follows:
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“Between 1996 and 1998, eight countries, 5 industrid and 3 developing,
have contributed to more than a fifteen fold incresse in the globd area of
tranggenic crops.  Adoption rates for transgenic crops are some of the
highet for new technologies by agriculturd industry dandards.  High
adoption rates reflect grower satisfection with the products that offer
ggnificant benefits ranging from more flexible crop management, higher
productivity and a safer environment through decreased use of conven
tional pedicides, which collectively contribute to a more sudtainable
agriculture.  In 1998, the globa area of transgenic crops increased by 16.8
million hectares to 27.8 million hectares, from 11.0 million hectares in
1997. Five principd transgenic crops were grown in eight countries in
1998, three of which, Spain, France and South Africa, grew transgenic
crops for the firg timein 1998.”

The aea of tranggenic crop in the USA in 1998 was 205 million hectares
representing 74% of the globd aea  Other countries with dgnificant areas were
Argentina with 4.3 million hectares; Canada with 2.8 million hectares, Audrdia with 0.1
million hectares; and Mexico, Spain, France and South Africa each with <0.1 million
hectares.  Industria countries accounted for about 84 of the total area planted to
transgenic crops, which was approximately the same as 1997.

The five principd transgenic crops grown in 1998 were soybean, corn/maize,
cotton, canolalrapeseed, and potato. In 1998, transgenic soybean and corn accounted for
52% and 30% of globa transgenic area respectively, while cotton and canola each
occupied 9% of globd area Principd transgenic traits in 1997 and 1998 were herbicide
tolerance, increasing from 63% in 1997 to 71% in 1998, and insect resstant crops, which
decreased from 36% in 1997 to 28% in 1998. Stacked genes for insect resistance and
herbicide tolerance increased from <0.1 hectares in 1997 to 0.3 million hectares in 1998.
Quadlity traits occupied less than 0.1 million hectaresin both 1997 and 1998.

The rapid privatisation of canola breeding in Canada provides a further indicator
of the possble future for other public plant breeding programs, and has been
comprehengvely documented and andysed by Phillips (1999). The following brief
overview of sdected highlights was summarised from his recent report.

As recently as 1982, there were only sx canola cultivars actively grown in the
world, dl bred by public sector indtitutions in Canada. The plant breeding program used
largely non-proprietary technologies, and al seeds produced and sold were in the public
domain. The rate of development of new vaieties was dso rddively dow, with an
average of one new variety every two years, and the average lifepan of a cultivar was
about 10 years.

In the mid 1980's, four key factors led to the infuson of private money. Fird,
hedth research and market development efforts throughout the 1980s opened the market
for expanded production. Second, breskthroughs in breeding methodologies improved
the economics of private sector breeding. Third, financid deregulation in the early 1980s
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in North America led to a large pool of capitd seeking new investment opportunities,
which coincided with the budget crunch in univerdties and public inditutes and new
pressures to commercidize new technologies for profit. The fourth and perhaps most
crucid factor was the introduction of intellectua property rights for biologicad inventions.

Between 1982 and 1997, a number of new proprietary technologies replaced the
publicly developed breeding methods and more than 125 new varieties were introduced.
By 1996, private companies developed more than 75% of the new \arieties, while public
inditutions only developed about one quarter of the seed sold in Canada. The average
active lifespan of acultivar declined to about three years by 1997.

Privatisation of plant breeding is not necessarily a bad thing, paticulally for a
large country. For instance, private seed companies have dominated plant breeding for
decades in one of the most highly productive agriculturd indudtries in the world, namdy
the corn indugry in the US. In this predominantly private sysem, the rate of investment
and vaiety devdopment have arguably been greater than for the counterfactud of a
solely public sysem. Pat of the extra potentia net benefit has been disspated due to
price excluson, and part has been gppropriated by seed companies. On bdance it is
arguable whether the farm sector has benefited from retaining a smaler proportion of a
larger ceke. From a nationd perspective though, the Pareto potentiad gain from
privatisation has dmogt certainly been postive. However, for a smal country, there are
no trandfers to domestic IP owners to compensate for the payments made by farmers as
rents to intellectud property. Instead, intellectua property rents are exported in the form
of seed company profits.

The term “smadl country” is used in an equivaently loose way in this paper to the
term “public plant breeding’. Above dl dse, it differentiates between “large countries’
such as the USA and the EU whose companies control most of the intdlectud property
rights in plant genetic resources, and “smal countries’ comprising most of the rest of the
world. By ddfinition then, a smdl country is any country with a minority dake in
ownership of plant related intellectua property rights.

It is different from the definition used in the internationd trade literature, but it
has overtones of that meaning. Because of the dominant role of the USA and the EU in
world trade, any firm exporting its products has to ensure that they do not infringe patents
or other intelectud property rights granted under the jurisdiction of those “large
countries’.  Hence smdl countries effectively are “policy tekers’ when it comes to
intelectud property rights policies, because even if they could buck the trend toward
dandardisation of such palicies, it is the policies of “large countries’ which prevall when
it comesto trade in intellectua property.®

Patly for this reason, wefare of “smdl countries’ is likely to be of less concern
to the multinationd life science companies.  “Lage countries’ effectively set the
intellectual property rules by which life science companies operate, S0 they need to be
paticularly sendtive to the internd politics of these countries  Conversdy, there is less
incentive to be sendtive to the politics of “smal countries’. “Large countries’ dso
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comprise the largest markets for agribusiness, so “smdl countries’ are more likely to
auffer from what is known as the “orphan commodity” problem. Crops that are grown on
relativdly small aress on a world scae, and/or are grown primarily by poor farmers with
very limited capacity to pay for improved productivity, are of little or no interest to large
life science companies, and for this reason have been dubbed “orphan commodities’.
Bananas, sweet potatoes, cassava, and yams, and lentils and lupins, are examples of
“orphan commodities’.

Ealy evidence supporting this hypothess of an asymmelry in sengtivity to
domegtic policy concerns in large countries vis-avis smdl countries comes from the
commercidisation of B cotton by Monsanto in the USA and in Audrdia. Bt cotton was
one of the firg transgenic crops, and was commercidly introduced in the USA in ealy
1996, and later the same year in Audrdia in time for the 1996/97 growing season. The
plant was geneticdly engineered to express a biologicad insecticide, the Bt endotoxin
from the bacterium, Bacillus thuringiensis. This new biotechnology has the potentid to
increase yields and/or decrease applications of herbicide, and so increase grower profits.
It also has the potentiad to reduce offdte externalities associated with chemicd pest
control.

Monsanto Corporation is the patent holder for the Bt technology, and effectively
commissoned Ddta and Pine Land in the USA, and an Ausraian seed company, Cotton
Seed Didributors as wdl as Ddta and Pine Land in Audrdia, to help it deveop
transgenic cotton varieties.  Although the Bt gene was introgressed into different
gemplasm in the USA from that in Audrdia Monsanto kept close control of the
commerciaisation process in both countries.

According to Marra, Hubbell, and Carlson (1999), enough Bt cotton seed was
avaladde in the USA in 1996 to plant 1.8 million acres naionwide.  Monsanto
Corporation sought to appropriste the benefits generated by its intellectud property
through a technology fee charged a a rate of US $32/ acre (about US $80/ha). While the
price charged by Delta and Pine Land for Bt cotton seed was about US $1.50/acre above
conventiond cotton seed, mogt if not al of this premium could be attributed to the extra
seed production costs for transgenic cotton. In addition, adopters of Bt cotton had to
agree to set asde some of their acreage to be used to manage potential insect resstance
build-up to the Bt dsran. Despite these relatively high adoption costs and redtrictions,
experimenta  results were promisng, and interest in Bt cotton in ealy 1996 was
widespread.

Based on a farmer survey, Carlson, Marra, and Hubbel (1998) found that on
average yields for Bt cotton were 11.4 percent higher than for non-Bt cotton, insecticide
gpplications were 72% lower, and net profits before paying technology fees and extra
seed costs were grester by US $233.45/ha Edimated tota extra costs for the Bt
technology (license fee and seed cost) was US $91.79/ha, so on average Monsanto was
appropriating about 40% of value added by the Bt technology. It needs to be stressed that
these average figures conced very condgderable regiond, as wdl as inter-farm variaion.
Some sense of this variation can be gained from the fact that adoption rates for Bt cotton
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in Alabama in 1996 were exceptionaly high for the first year of rdease (74%), but as low
as 6% in North Carolina (Traxler, 1999). Further evidence that benefits were greater in
southern regions than northern regions is provided by the fact that in 1997 Monsanto
offered a discount on the technology fee of $10/acre (US $24.80/ha) for the first 50 acres
per fam for new adopters in the Carolinas. Even so, dthough Bt cottonseed was
avalable for planting 7.5 million acres in 1997, only 55 million acres were actudly
planted (Hubbell, Marra, and Carlson 1998).

The pricing arangements in Audrdia for the commercidisation of what was
cdled INGARD® cotton were generdly smilar, only the levels were different. Initidly
Monsanto set the technology fee at A $245/ha, which at current exchange rates trandated
to about US $70/acre or approximately double the levd st in the USA. Under some
pressure from the domestic industry, Monsanto subsequently agreed to what was caled a
vaue guarantee program. When the farmer’s technology fee exceeded his reduction in
insecticide costs on INGARD® cotton vis-avis conventiond cotton, this scheme
compensated him for the difference in cost. Monsanto has refused to release data on
payouts under this scheme, dthough they acknowledge that they have been subgantid.
The company retained the scheme (in dightly modified form) for the second growing
season, but grower exploitation of mord hazard opportunities forced the company to drop
it before the third growing season.

In the second growing season, the technology fee was retained a the same levd,
but an audit rebate of A $35ha was introduced for farmers who complied with a
government mandated insecticide resstance management scheme.  As compliance with
the audit requirement was effectively 100%, this represented a reduction of A $35/ha in
the technology fee. For the third growing season, Monsanto has reduced the technology
fee to A $185/ha, and the audit ebate to A $30/ha, thus reducing the effective technology
fee to A $155/ha. However, for 1999, the technology fee in the USA has been reduced to
US $20/acre, or about A $76/ha.

Despite these high codts, growers planted the maximum area permitted by the
nationd regulatory authority. In 1996, the maximum permitted area was 30,000 ha,
which was increased to 65,000 ha and then 75,000 ha in the second and third growing
seasons respectively.  In most areas, the maximum area permitted to be planted to Bt
cotton has been about 20% of total area, so it has not been difficult for growers to comply
with requirements for refuges as part of integrated pest management schemes.

For the firg two years of commercia reease of Bt cotton, inter-country com
parisons are complicated by the operation of the vaue guarantee program. EStimates
made from surveys by cotton consultants for the firs two years of commercid plantings
of Bt cotton in Audrdia suggest that a mgority of cotton farmers incurred a net financid
loss from growing and paying for INGARD® cotton in these years (Hancock, Harrison,
and OBrien, 1999). On the one hand, this could be viewed smply as a case where most
cotton growers picked Monsanto's pocket. On the other hand, it could be viewed as an
attempt by Monsanto to practice dmost perfect price discrimination because the net price
pad for Bt technology by each grower was equd to the technology fee minus any
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repayment under the vaue guarantee program. For the mgority of growers, the
technology fee was greater than the saving in insecticide cos, so the net price
appropriated 100% of the net benefit of growing INGARD® cotton.

From an Audrdian perspective, there are several concerns with this scenario.
Fird, the practice of inter-country price discrimination by Monsanto puts Audrdian
cotton growers a a cost disadvantage in competing with their American counterparts.
Second, the practice of sdtting a higher price for the technology in Audrdia limits the
level of adoption of the technology. Third, the pricing practice by Monsanto in Audrdia
seems designed to gppropriate dmogt dl of the benefit from the technology, and to leave
amog none of the benefit with growers. If Monsanto was an Audrdian company, this
would smply be a didributive issue, but given tha Monsanto profits are repatriated
offshore, it d o affects nationa socid wdfare,

However, it is the difficulty of securing freedom to operate that arguably poses
the most ominous threat to public plant breeding in a smdl country. The experience of
an Audrdian organisation, CLIMA, when it sought to commercidise a transgenic lupin
variety, provides an example of the problem. When it commenced research on transfor-
mation of lupins CLIMA sought and obtained permisson from AgrEvo/PGS to use the
bar gene that provides tolerance to the herbicide, glufosinate. After this research was
successful, CLIMA sought to negotiste a license to release a transgenic lupin variety
contaning the bar gene, but AgrEvo/PGS refused to negotiate a license.  Without
permisson of the owner of a patent to use a proprietary molecular technology embodied
in the transgenic variety, CLIMA could not proceed with plans to commercidise this
variety. This threat to public plant breeding can be characterised as “shutting out” rather
than “crowding out”.

Future Prospects

Plant Breeding at the Crossroads

Pant breeding is a a pivotd point in its evolution. Tranggenic crops have
reached farmers fidds, and have been adopted at record rates by farmers. Subject to one
or two cavedts, transgenic crops seem certain to become pervasve in commercia
agriculture, at least in developed countries. Consumer acceptance is of course the biggest
guesion mark hanging over the future of transgenic technology, but the posshility of
widespread and continued reection of GMO's is a separate issue in its own right, and
will not be considered further in this paper.

For the foressedble future, new traits dready in the technology pipeline that can
be introduced into crops usng recombinant DNA techniques promise to deliver grester
productivity gains on average than traditional plant breeding methods. Even where
ggnificant progress does result from traditiond methods, as for ingance with new
breeding lines from the CIMMYT wheat program, the incressng ease with which
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desrable tranggenic traits can be introgressed into most dite germplasm means that
tranggenic varietieswill ultimately dominate non-transgenic varieties.

From an economic standpoint, it is just as sgnificant that patents can be used to
protect the molecular technologies incorporated into transgenic crops. Paents are the
grongest form of intelectud propety protection avalable to inventors but very few
countries alow plants to be patented. Where it is possble to patent plants, it is not easy
for plant breeders to satisfy the requirements for a patent to be issued. In most countries,
it is not possible to protect plants per se by patents, and therefore not possible to obtain
patent protection for varieties bred by conventiona means. Therefore plant breeders
usng conventionad means have to rdy on other forms of intdlectud property rights to
protect new varieties from their breeding program. The fact that transgenic crops can be
protected by patents, while only weeker forms of intellectual property rights are available
to protect varieties bred by conventiond methods, merely reinforces the tendency toward
an emerging dominance of transgenic technology in plant breeding programs.

Given this fundamentd shift in breeding methodology, an atempt is made below
to discern future prospects for plant breeding by discussng some of the key factors likey
to influence the future evolution of the indusry. The dating premise is tha further
advances in fundamentd scientific knowledge will be less important for future evolution
of the indugtry than the extent of market power semming from control over intellectud
property rightsin key technologies based on the current stock of scientific knowledge.

In the short run, condderations likely to shape industry development include the
following:

the degree of concentration of ownership of intellectua property rights,

the commitment by governments to continue to fund public plant breeding
programs,

the commitment by industry to collectivdy fund plant breeding programs
from compulsory levies and

the capacity of private and public organisations to capture enough of the
benefits from commerciadising proprietary technologies.

In the longer run, the degree to which the market remains contestable will be
pivotd. In turn, contetability is the key to continued investment in biotechnology,
technological progressin plant breeding, and growth in agricultural production.

The way in which patent law operates for biotechnology inventions will shape and
influence the resolution of a least some of the issues above. This is an evolving and
highly specidised area of law requiring detailed knowledge both of the rdlevant areas of
stience as wdl as the legd basis for intelectud property protection. Discusson of
posshle scenarios necessxily involves condderation of scientific as wel as legd
questions. Selected aspects of each are outlined below as a precursor to discusson of the
above issues.
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The US Patent System

The operation of the paent sysem within any given country is a complex topic
demanding specidised knowledge and expertise.  Further complicating the Stuation in
many smal countries is the fact that patent law in other jurisdictions may be as important
as domedtic law in determining the possbility of infringement of patents on proprigtary
molecular technologies. For reasons outlined esaewhere, the US system is pivotd. The
following brief discusson of the US sysem is based on ad hoc sampling from expert
sources, but without any legd expertise whatsoever for the interpretation.

According to Merges and Nelson (1990), a patent application has two main parts.
One pat is the specification of the invention describing the problem, and a precise
charecterisation of the ‘best mode of solving the problem. The second part is a set of
clams defining the technologicd territory to which the inventor lays dam. Each part
serves different functions, and is examined accordingly.

The Paent Office examiner reviews the gpplication to determine whether the
“invention” is patentable.  Inter alia, the specification in America must satisfy the
requirements for novety, utility, and norrobviousness. The equivadent conditions which
must be satisfied for an Audrdian patent to be issued ae that it is a 'manner of
manufacture, and novel, and inventive, and useful, and has not been the subject of secret
use. In addition, the invention must be described in sufficient detail so that it stidfies the
endblement doctrine.  For any invention, endblement is satisfied when, by reading the
patent application, an individua who is “skilled in the rdevant at” (i.e has ill in the
relevant technology, such as molecular biology) would have been able to make and use
the invention as intended without undue experimentation. Imitation of the invention
without undue experimentation provides grounds for the patent holder to bring a case for
infringement of the patent.

In the second part, the scope of the clam details the territory over which control is
sought.  Patent scope is ddiberatdy not limited to the specific embodiment of the
invention described in the specification, and can be as broad as the principle on which the
invention is based. This approach is judtified on the ground that an inventor who has
discovered a new principle that enables a broad new range of gpplications should be
entitled to gppropriate at least part of the consequentid benefits. Otherwise it would be
far too easy for imitators to “invent around” a patent, and the protection provided by the
patent would in most cases be virtualy worthless. However, the scope of the cdam
cannot extend to inventions that are not enabled by the disclosure of the specification of
the invention in the patent application.

In evaluating a patent application, the examiner will consder whether the damed
scope is overbroad, in the sense that the method of invention disclosed in the patent
specification would not enable manufacture of dl potentid inventions within the scope of
the patent cdlams.  Where the application is judged to have not met this doctrine of
enablement, it will be rgected.
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However, given the intrindc speculaive nature of predicting future possble
inventions based on a disclosed broad principle, it would seem prudent for patent
examings to give the benefit of the doubt to clamants when evduding the scope of
cdams agang the enablement doctrine.  Severd experienced observers of the patent
process in the US suggest that this is in fact how examiners operate. Recent statements
by the USPTO a0 suggest that examiners subscribe to this or asimilar philosophy.

Thus the courts provide the main checks and balances on a naturd tendency by
goplicants to make clams that are overbroad in scope. This can occur ether when a
potentid imitator chalenges the vdidity of the scope of cams for a patent, or when the
patent holder brings a cam for infringement againg a competitor. In ether case, any
rulings by the courts based on the doctrine of enablement st the standards for future
patent gpplications. When a case for infringement is being adjudicated, the standards for
patent scope for particular technologies may be further eaborated by court rulings based
on the doctrines of infringement, induding literd infringement, the interpretation of
equivdents, and reverse equivdents. Merges & Neson (1990) discuss the various
doctrines of infringement in consderable detall, and readers who desre more detall are
referred to that paper.

Proprietary Transgenic Technology for Plants

Successfully managing a product development process for transgenic plants
involves scientific and legd congderations, each of which is more complex than might at
firdg be gpparent. For ingance, many different technologies in addition to the gene
expressing the desred trait are required to produce a transgenic plant, and most if not all
are likely to be proprietary.

Firg the gene, or genes, coding for the trait(s) in question need to be identified
and cloned. At least some of the methods for doing so may be proprietary. While genes
that code for specific trait(s) are the primary genetic ‘ingredients for the transgenic plant,
they are just one dement of the “cassette” that makes up the required technology profile.
Functiond genetic units will include a least a promoter sequence, the sructurd coding
sequence (i.e. the ‘gene), and the terminaor region. Apat from the gene itsdf, the
promoter that controls expresson of the gene is a key ement. In some cases, more than
one regulatory sequence will be used to control gene expresson. The functiond genetic
units dso may include other eements, such as an enhancer, any trangt peptide, and any
introns.

In addition to one or more functional genetic units for agronomic and/or product
traits, a least one or more extra functional genetic units will be required for the sdlectable
marker(s). The core of a sdectable marker unit is a gene that enables the identification of
cdl lines with gable integrated foreign DNA, but & a minimum it dso will include its
own promoter and terminator sequence. One or more selectable markers may be used,
and the individua components for each selectable marker may or may not be proprietary.
Even where the individua components are not protected, a patent may protect use of the
combination as a selectable marker.
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The trandormation system is another essentid molecular technology that
typicdly is proprietary. Once the transformed cdls are identified, they are grown into
full plants for seed production, testing, multiplication and/or breeding purposes.
Required technologies, such as tissue culture, regeneration, propagation, and anayticd
assays, are generdly not proprietary, but there are exceptions.

Increesing use dso is being made of proprietary molecular technologies to
produce hybrid varieties in crops where previoudy it was infeasible and/or uneconomic
to do s0. As previoudy noted, hybrids provide a form of genetic copy protection that
enhances and complements lega means to protect intellectua property rights.

Depending on the complexity of the transgenic product, there could be 15 to 40
identifiable tangible components involved, each comprisng subject matter of a kind
likely to be clamed in a patent or patent application. Thus to successfully commercidize
a new transgenic crop, a plant breeder must drategicadly develop legd access to all
enabling technologies in order to have the freedom to operate’. The devil is in the detall
because the freedom to operateislimited by severd factors, including:

the large number of technologies used in developing asingle product;

the fact that many of these technologies are patented;

many different patent holders typicaly control the st of required tech
nologies,

condgderable uncertainty about ownership of many of these technologies,
(due to the number of pending paent applications, and to overlapping
clamswhich are subject to litigation even after the patents are issued).

As a resut, plant breeders face formidable transaction costs in negotiating with
multiple patent holders over avalability and terms for licenang with different degrees of
exclusvity and other attributes. In theory, these transaction costs can be reduced to
manegeable levels by credting industry-wide inditutional conventions that foster markets
for trading and lessng intellectud property rights. The market for leasng copyright to
musica scores is an example where transaction cods for trading in intellectual property
rights have been minimised. Presumably necessary conditions for the evolution of such a
desrable outcome are a degree of maurity in the gpplication of the scientific technology
to industry, and a degree of certainty about the gpplication of patent law to the technology
in question. It would seem that neither necessary condition is currently being met for the
goplication of biotechnology to plant breeding. Consequently the evolution of market
power in aframework of legd uncertainty isamétter for conjecture.

Concentration of Ownership of Core Intellectual Property

As noted above, the first phase of the biotechnology boom was characterised by
large numbers of smal startup companies. In the second phase, Lesser (1998), Enriquez
(1998), and others have documented and commented on a shift to consolidation through
mergers acquidtions and joint venture arangements. By the time of writing in early
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1999, sx large multinationd chemicd and pharmaceuticd corporatiions dominated the
industry. Based on a variety of sources, Table 1 ligts these sx conglomerates and at least
some of the companies that have been subsumed by them during the past few years.

It is widdy believed tha this smdl group of large life science companies controls
somewhere between 60% and 85% of the intellectual property rights over the key
proprietary molecular technologies applicable to plant breeding. However, it is impos
gble to establish the precise extent to which they monopolise control of this IP. Much of
the required data is commercidly sendtive, or is not in the public doman for other
reasons. Patent databases record original ownership, but not subsequent transfers of
ownership.  Licendang agreements or other commerciad transactions that influence the
extent to which key companies dominate an industry aso are not a matter of public
record. Moreover, even if dl of the above information were available, it would be
difficult to keep track of because the situation changes from day to day.

While it is difficult to establish the dtuation for dl technologies, the trait of insect
ressance conferred by transgenic Bt plant technology is a topica and illuminating
example. As a case dudy, it ds0 illusraes how scientific and legd congderations
interact to influence economic outcomes. In addition, a lot of information about Bt
transgenic technology is publicly available. For indance, in a recent peper Kratiger
(1997) documents, inter alia, the degree of concentration of ownership of intellectud
property rights for Bt technology. His andyds of Bt-rdated patents issued in OECD
countries over the last 11 years reveded some 410 patents, of which approximately one
third relate to Bt biopedticides rather than novel Bt genes. Abbott-Laboratories (27),
Ecogen (19), Toa (25), and severd other Japanese corporations hold most of these patents
relating to Bt biopesticides.

Large life science companies dominate holdings of gene based patents related to
Bt tranggenic technology. The sx mgor company groups hold about 60% of these
patents, with Dow (81), Novartis (33), Aventis (22) and Monsanto (20) the largest
holders. Ownership of the remainder is widdy dispersed. Apart from other companies,
univerdsities and public research agencies dso have been working on identifying and
patenting novel Bt genes. With very few exceptions, these other organisations do not
hold more than four patents. In aggregate, the number of paents held by these other
organisations is ggnificant, and the widdy dispersed ownerghip, particularly by public
inditutions (see Table 2 and appended footnote below), would seem to satisfy necessary
conditions for this market to be contestable.

However, merdly looking a the totd number of paents for Bt transgenic
technology gives a mideading picture of the degree of market power exerted by the large
life science companies for several reasons.  Firdt, as Krattiger(1997) explains, Bt trans-
genic technology is a generic technology covering many different specific gpplications.
Thus only a smdl proportion of the totd number of the patents discussed above will be
goplicable to a specific gpplication. In fact there are many different srains of the bac-
terium Bacillus thuringiensis that produce a large number of smilar but different endo-
toxins, or Cry proteins. Moreover, each endotoxin has a dightly different mode of action,
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TABLE 1 Life Science Groups and Companies Subsumed by Merger and Acquisition

Parent Company

Subsumed Companies

Aventis*

(Rhone-Poulenc

(Agrevo* (previoudy Hoeschst + Schering)
Fisons

Gene Logic

Applied Immune Sciences
Biogemma

Marion Merrdl Dow

Pant Genetic Systems
Roussdl Uclaf

Nunherns (Sunned)

Sun Seeds

Cargill Seeds North America*
Cotton Seed International**

Dow

Mycogen Seeds

Dow AgroSciences (ex Dow Elanco)
Bli Lilly

Agrigenetics

Agriseeds

Dinamilho

Carol Products Agricolas

Buna Sow Leuna Olefinverbund
Morgan Seeds

Sentrachem

[llinois Foundation Seeds

DuPont

Protein Technologies International
Pioneer H-Bred International*
Herbert’ s (coatings)

Griffin** (crop protection)

Monsanto

Cdgene

Kelco

Agracetus

Asgrow Agronomics & Seeds
DeKab Genetics

Holden' s Foundation Seeds
Corn States Hybrid Service
Detaand Pine Land
Suregrow

Plant Breeding International Cambridge
Sementes Agroceres

Cargill Seeds Internationa

Novartis

Sandoz,
Ciba-Geigy and Ciba Seeds
Northrup-King Seeds

Advanta

Zeneca**
Roya Vanderhave**
Mogen

*Not yet finalised, and may not proceed. ** Joint Venture.




and consquentidly is only effective agang a very limited number of the estimated
67,000 pests that plague agricultural crops worldwide. At least 50 Cry proteins have been
identified, and genes coding for 28 proteins that are active againg insects have been
decribed in detal and isolated from 14 different Bt subspecies. Research on the
manipulation of the cry genes dso is leading to the discovery of new binding Sites.

TABLE 2 Identifiable Public Ingtitutions Holding Two or More Bt-Related Patents

(Patents issued from 1986 to December 1996)

Institution Country Total
Agency for Industrid Science Japan 2
Agrartudomanyi- Egetem Hungary 2
Audrdian Nationd Universty Augrdia 3
CSIRO Audrdia 3
Drexd Universty USA 2
Ingtitut Pasteur France 11
Kamenek L K Russa 2
Nationa Research Council Canada 2
National Environmenta Research Council (NERC) UK 2
State Research Indtitutes Russa 18
Univergty of Cdifornia USA 4
Universty of Wyoming USA 2
USDA USA 2
Wageningen University Netherlands 2
Washington Research Foundation USA 3
TOTAL 60

Compiled from patent offices of various countries by Krattiger (1997). Joint
goplications of two organizations are lised under the first applicant only and the table
does not take into account purchases of patents nor licenses, except those through the
purchase of or merger with companies.

Other organizations which are probably public, and who hold one patent each are:

Alko, USA; Bejing Universty of Agriculture, China; Berd-Chem Works, Russa;
Berdsk-Fact. Biol. Prep., Russa Biotechnology Applications, Itady; Boyce-
Thompson Inditute, USA; Canadian Patent Development, Canada, Cantacuzino-
Inst.,, Romaniaz Cornel Universty, USA; CRC, Itdy; Finnish Nationa Public
Hedth Ingitute, Finland, Harvard College, USA; INRA, France, INRS, Canada;
Indtitute of Zoology, Khazakhstan; Lim. Technol. Lab., USA; Michigan State
Universty, USA; Min. Coord. Iniziaive, Itay; Nationd Universty of Singapore,
Snggpore  Pant Cdl Research Inditute, USA; Rurd  Development
Adminigration, Koregyz Sdk Inditute of Biologicd Studies, USA; Serres R A,
USA; SimaanTandba, Japan;, Stanford Universty, USA; Tregtech
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Management, USA; Universty of Georgia, USA; Universty of Houston, USA;
Universty of Lavd, Canada;, Universty of Memphis USA; Universty of
Western Ontario, Canada.

As a corallary, only a smdl fraction of the patents referred to above will cover the
gene(s) agpplicable to the control of a particular pest in a specific crop. For instance,
according to Krattiger (1997), most current development of transgenic crops utilises only
the following Bt genes

TABLE 3 Corporations Developing Bt Technology by Bt Gene and Target |nsect
Pests*

Companies Gene Origin Major Target I nsects
(Bt subspecies)

Monsanto crylA®@) kur staki Silk worm, Tobacco horn

worm, European corn borer

Aventis, DuPont, Mon crylA(b) berlineri Taobacco horn worm,

santo, Novartis, Hunt Cabbage worm, Mosquito

Wesson, Rohm & Haas

American Cyanamid, crylA(c) kur staki Tobacco budworm, Cabbage

DowElanco, Miles, lopper, Cotton bollworm

Monsanto

Frito Lay, Monsanto cylllA(a) | tenebrionis Colorado potato besetle

Caqgill, Genetic CBI-Bt** | Not known Not known

Enterprises, Monsanto

* Adapted from Krattiger (1997).
**Confidentia Business Information.

Furthermore, this only gives a patid picture of the dominance of the large life
science companies, as many have entered collaborative arrangements for the develop-
ment of crops protected againgt insects. For instance, Monsanto is developing crops
usng some of the 10,000 or more Bt accessons of Ecogen, and Mycogen and Pioneer
Hi-Bred Internationd dso have a collaboration agreement to develop transgenic crops.
Krattiger (1997) concludes that the magor players with ther own technologies in
transgenic Bt plant technology are Monsanto, Novartis, Mycogen (Dow), and AgrEvo
(Aventis).

Of these four companies, the first three dready have severd Bt products on the
market and many more in the pipdine. The potentid extent of market dominance tha
these companies currently enjoy through the concentration of ownership or control of
intellectual property rights in proprigtary molecular technology is even more gpparent
from the following table, which ligs the companies controlling commercid releases of
transgenic crops by country for 1995 to 1997.
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TABLE 4 Companies Releasing Transgenic Crops by Crop, Country, & Bt Gene

Used*
Bt Gene
Crop | Country cylA@) | cylA(b) crylA(c) crylllA(a)
Corn | Argenting, USA, Monsanto, Novartis
Japan, EU, Novartis
Canada Monsanto,
Mycogen, Novartis
Cotto | Audrdia Monsanto
n Mexico Monsanto
Sh. Africa Monsanto
USA Monsanto Monsanto
Potato | Canada Monsanto
Japan Monsanto
Mexico Monsanto
USA Monsanto

* Adapted from Krattiger (1997)

The degree of market dominance depicted in Table 4 is likely to be short lived, as
other companies will enter these markets by one means or another.
companies have entered

In some cases,
licenang agreements with the paent holders to endble

commercid use of the technology, while in other cases firms are seeking to develop
dternative technologies that will not infringe current patents  Attempts to “invent
around” exigting patents range from:

Apat from atempting to “invent around’

research to obtain better expression from currently used Bt genes,

research to discover other Bt genes that are effective for the same insect
Species,

research to modify existing Bt genes tha code for endotoxins with dightly
different modes of action (i.e. binding Stesin the insect gut), and

research on entirdy different methods of introducing transgenic  insect
ressance in crops. For indtance, the discovery of a different class of
insecticidd  toxins produced by Photorhabdus luminescens has recently been
announced. In addition to insect toxins, other methods under investigation
include those based on morpologicd bariers to insects, production of
replent proteins by the plantand novel agoproaches such as exploiting
programmed cell death in plants.

exiging Bt transgenic technology

patents, most of the mgor companies dso are mounting court chdlenges to the legdity of
patents held by busness rivdls. The issues in these court chdlenges are essentidly lega
rather than scientific, and will be discussed briefly in the subsequent section.



The degree of concentration of ownership of intellectud property over genes
coding for a paticular trait is just one aspect determining market dominance by the large
life science companies.  According to Shimoda (1995), the ability of companies to
commercidize new agbiotech products depends on drategicaly developing the "freedom
to operate’. A necessay, but not sufficient condition for a competitive market postion is
legal access to a number of required pieces of intellectua property, the most important of
which are

Trait specific genes, which control specific characteristics, such as tolerance
of abiotic dress, insect, fungd or vird resstance, herbicides tolerance, and
ripening control.

Enabling technologies, induding:

(& trandormation technology by which a gene which codes for a specific
characteristic isinsarted into plant cdls;

(b) promoter(s) which are used to control expresson of the genein plants;

(o) <Hectable markers which are genes used to determine which plant cdls
have been successfully transformed to show the desired characteridtic;
and

(d) gere glencing or regulding technologies, such as anti-sense and sense,
which can be used to suppress or modify gene expression in plants.

Method patents, which control broad techniques used in the genetic engi-
nering of plants such as the molecular method for transforming specific
crops.

Many <cientids ae more concerned about monopolisaion of  enabling
technologies than they are about monopoly control of trait specific genes.  The mere
belief that there may be a bottleneck in enabling technology is simulaing a lot of
research. No doubt some of it is motivated by the potentid financid returns to be gained
by controlling the intdlectud property rights to a transgenic technology with such
widespread applicability. For other research groups, the motivation is to ensure that
disadvantaged countries and peoples are not shut out from the potentid benefits of this
technology. Whatever the motivation, the key issue is whether such research is likey to
be successful.

As illugrated by the discusson of genes for insect resstance discussed above,
usudly there are a number of dternative means by which science can achieve a given
end. While it may be difficult to discover scientific subgtitutes for some traits, such as
the production of specidty oils, even in these cases there typicdly are end-product
dternatives which limit the degree of market power conferred by control over the
intellectua property rightsto a gene for aparticuler trait.

Whether there are an equivaently wide range of scientific dterndives for some or
dl of the endbling technologies is a moot point. To date, the two most widely used



methods for trandforming plants ether involve the use of Agrobacterium tumefaciens to
“infect” the target cdls with a plasmid incorporating the gene for the dedred trait, or the
biolistic approach, whereby a modified gun is used to shoot DNA particles into cdls.
Other methods have been developed, but to date have not achieved high enough success
rates to be used economicaly in the commercia development of transgenic crops. Some
scientists are concerned that lack of dternative transformation technologies will prove to
be a mgor bottleneck in the deveopment of transgenic crops. However, growing
experience with the above two techniques has resulted in continuing improvements in
success rates as people experiment with and discover improved variations on the basc
methods. Drawing an anadlogy with cookery might be unfar, but the record to date does
give grounds for hope that it is smply a matter of time before a number of successful
recipes are discovered. If dl dse fals, it may be necessary to wait the remaning years
until the technology comes “off patent”.

A promoter sequence that causes expression in the desred manner dso is an
essentidl ingredient for producing transgenic crops.  Peatents protect virtualy dl known
promoters, so getting freedom to operate has to include securing legd access to
intelectud property rights to an effective promoter sequence. Promoters differ widdy in
function and effectiveness in specific dtudions. Different types of promoter may cause
expresson in al plant tissues (conditutive), in specific tissues, or in response to a
goecific imulus (inducible). The gppropriate type will depend on the requirements of
the particular transgenic technology being developed.

To date, one of the mostly widdly used promoters has been CaMV 35S, both
because it is a condtitutive promoter, and because higher levels of expresson have been
achieved with it than with other avalable dternaives Monsanto holds the principa
patent, but has quite freely approved use for “research purposes’. It adso has licensed
severd other companies to use it in commercid releases of transgenic crops. However,
some public inditutions have had difficulty in obtaining permisson to use it in transgenic
crops for commercia release.

Pending the outcome of further genomic and related research, it is difficult to
know how many promoters exist in naure. Even if the absolute number is large, there
may be few naurdly occurring dternatives for a specific application. If this proves to be
the case, ensuring contestability may depend on the ingenuity of scientists in “manufac-
turing” synthetic promoters.

Patents over selectable marker genes and functiond genetic units are another area
of concern about monopoly control of enabling transgenic technology. Commonly used
marker genes confer resstance to antibiotics (e.g. the nptll gene confers resistance to
kanamycin, neomycin, and G-418), or to herbicides (e.g. the so-cdled bar gene confers
resdance to glufosinate), or express cetan chemicds for visud identification of
transformed cdlls (e.g. *glucoronidase or GUS). Even if these genes are not proprietary,
ther use in a functiond genetic unit may be protected. For instance, one plant cell
sdection technique that has been used commercidly is the kanR sdlectable marker. This
marker is based on the nptll gene that encodes an enzyme that confers resstance to the



antibiotic kanamycin.  The functiond genetic unit dso includes a generic promoter and
terminator.  While dl the three condituent components are generic and not patented,
Monsanto has a patent on the combination of the three components. Anecdota evidence
suggests that this rather bizare dtuation has simulated more than enough research to
lead to the likely development of a variety of dternative sdectable markers in the near
future.

The last category in Shimodds lig of enabling technologies is gere dlencing or
regulating technologies. Petenting this type of technology, as well as other more generic
and “upgsream” technologies such as genomic information, involves legd issues. These
include patent scope and cognate matters more closdly related b those of concern about
method patents that control broad techniques used in the transgenic technology.

Problems of Patent Scope and Potential Gridlock

According to Barton (1998), the possibilities for patenting plant genetic resources
inthe USA are among the most broad anywhere, and include obtaining a patent on:

agene and its gpplication in a plant,
on the plant itsdf, and
on basic biologica processes and inventions.

In the first group, patents covering a gene, and transformed plants usng the gene,
are often written with multiple cdlams.  “These may cover, for example, an isolated or
purified protein, the isolated nucleic acids having a sequence that codes for the protein,
plasmids and transformation vectors containing the gene sequence, plants (or seeds for
such plants) transformed with such vectors and containing the gene sequence, and the
progeny (or seeds) of such plants. This clam dtructure protects the patent holder against
use of the gene by another biotechnologist, but leaves anyone fee to use and breed with
organisms containing the gene naturdly.” (Barton, 1998, p. 85)

Writing the daims in this manner is intended to obtain effective business control
of the proprietary gene, and to keep other parties from inserting the gene into other
vaieties. This may not be contentious s0 long as the scope of the patent is limited to
insrtion of the gene into varieties of the same species usng established technology.
However, some commentators have expressed concern when the scope of the patent
extends to cover transformation of other species, and when the method to do so was
developed AFTER filing of the patent, and when the development of the post patent
technology required sgnificant additiond inventive effort.

The second group of patents provides coverage for finished plants. If TRIPS is
implemented as currently planned, al sgnatory countries to the WTO mugt adopt some
form of intdlectud property rights to provide coverage for finished plants The US
practice of extending the coverage of utility patents to finished plants has led to certain
practices that have attracted criticism. For instance, there are concerns that clams to a



specific hybrid variety identified by a deposit might be used to prevent access by other
breeders to germplasm in tha variety. This is despite the fact tha genomic research
uggests tha the overwheming mgority of genetic code in any given pecies is not
unique to that species. Hence the germplasm in the deposited variety will duplicate that
in other public varieties dmog entirdy. In the opinion of Barton (1998), this use of the
patent system is unlikely to be accepted in other countries, not least because it effectively
prevents use of the protected variety both for breeding purposes and for reuse by farmers,
actionswhich are explicitly permitted under plant variety protection laws.

For reasons to be discussed in some detail below, the granting of patents that
clam coverage over broad groups of tranggenic plants, such as the Agracetus patents on
all tranggenic cotton and all transgenic soybean plants, has been the subject of even more
severe criticiam (p.86). This not just an US issue, as initidly the European Patent Office
(EPO) dso granted Agracetus a broad patent covering geneticaly engineered soybean,
dthough the vdidity of this patent was subsequently challenged.

Companies holding such paents would seem idedly placed to monopolise
production of an entire crop, but the matter is not quite so smple.  Other conditions
necessary for Monsanto to be able to trandae this potentid monopoly postion into
actua market domination include:

effective business control of the gene(s) needed to produce transgenic crops
with “killer traits’ (i.e. traits that reduce farmers costs and/or create product
price premiums that farmers regard as essentia for business surviva);

for each agro-ecologica zone in the indudtry, access to suitably adepted dite
germplasm into which “killer trait” genes can be inserted;

undisputed ownership of the enabling proprietary molecular technologies for
these traits.

Satidfying the firg condition is quite draghtforward.  Concelvably the second
condition could be achieved through drategic dliances with exising breeding programs
and seed companies, dthough the logidica difficulty of doing so should not be
underestimated. However, no company has, or conceivably could have undisputed
ownership of dl enabling proprietary molecular technologies. Hence there can be no
freedom to oper atewithout resolution of patent rights.

This problem of freedom to operate is especidly critical because of the third
pattern of agbiotech patents identified by Barton (1998). Applications for such patents
involve ambitious attempts to protect basic processes and inventions that are critica
enabling technologies for further research, as wdl as for an extremely broad range of
opportunities to commercidise more specific “inventions’.  Examples of such “invent
tions’ that are covered by the many important patents in this class include transformeation
processes, conditutive promoters, generalised methods of conferring virus resstance, and
antisense technology. The variety and scope of cdlams made in this class of patents are so
broad that there is a danger of patent gridlock developing where it is virtudly impossble
to develop new transgenic plants without infringing one or other of these patents.
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Apprehension about patent gridlock has dimulated debate about the scope of
clams being dlowed by the USPTO when paent gpplications are examined. While
patent coverage is less broad in most other territories, any action for dleged infringement
of proprigtary transgenic technology by production of internationaly traded commodities
is likely to be bought in a court under US jurisdiction, and tried on the basis of US patent
law (Parker, 1997). It is dways possble that the scope of clams made in the patent
goplication might be disdlowed, or a least redtricted by subsequent court decisons, but
in the interim potentid competitors must operate a best in a climae of extreme
uncertainty, and at worgt in aclimate of outright intimidation.

One scenario portrayed by Heller and Eisenberg (1998) is the so called tragedy of
the “anticommons’ in which people underuse scarce resources because too0 many owners
have conflicting clams to the common resource, and can block each others attempts to
exploit the resource. They argue that granting patents on outcomes of upstream research,
such as on gene fragments, to many different owners, and with overlapping dams, is
likely to block further research that needs access to multiple patented inputs to creste a
sngle ussful product. Each upgream patent on enabling technology dlows its owner to
seek to license it for product development, tus adding to the cost and dowing the pace
of downstream innovation.

Such outcomes are not without precedent. Merges and Nelson (1990) cite early
development in dectricd lighting, automobiles, arplanes, radio, semiconductors and
computers as examples of cumulative technologies where patents of wide scope on basic
inventions were granted, and where the potentid for paent blockages to impede
technological progress existed. In some cases, inditutionalised cross licensng
arrangement emerged sooner han later, but in other cases progress languished until basic
patent(s) expired. Whether this scenario will unfold for the life sciences indudtry is a
topic of intense debate at present.

Litigation over paent infringement, and in particular over dleged infringement of
rights to enabling technology, does seem to be a hdlmark of the life sciences indudry a
its current state of evolution. Barton (1998) chronicles some 47 separate cases of litiga-
tion over plant agbiotechnology, many of which involve nore than two parties. Based on
a study of these cases, he suggedts that there are two kinds of dispute. In the fird s, the
key issue involves infringement of a reaively narow patent, such as one on a pedfic
grain of Bacillus thuringiensis, and litigation seeks to enforce the exclusive right to mar-
ket combinations of novel genes and traditiona background materid to farmers where the
vadue adding is redised. “This ds0 is the way tha patent sysem is currently working in
the pharmaceuticd area, where the typical current patent license dispute is between
severa firms engaged in arace to develop the same product.” (Barton, 1998, p. 92).

In most of the other cases, the actions involve dleged infringement of patents
where firms are asserting broad rights over basc enabling technology in an gpparent
attempt to create a podtion of dominant market power. For ingtance, in disclosures
dating between 1983 and 1990, severd firms, including Mycogen, Plant Genetic
Systems, Novartis, and DeKalb, ught broad rights over the use of Bt in crop plants. In



this and other examples cited by Barton (1998), the filing of patent gpplications follows a
sequence from abdtract conception to concrete implementation.  From an  economic
perspective, the key question posed by this and smilar cases is where in the sequence
should the rights be assgned?

Such quedtions are up to the courts to resolve, and recent court decisons may
have dready resolved much of the initid uncertainty over this issue. For ingance, Parker
(1997) clams that some clear trends on a wide variety of biotechnology patent issues,
such as prior at condderations, enablement, inventorship, and infringement, are now
evident from decisons by the Federad Circuit over the past decade. He argues that an
overriding theme in these rulings is tha biotechnology inventions ded with subject
meatter that is inherently “unpredictable” and thus are being held to a drict disclosure
dandard, both for paentability and for infringement purposes. In severa cases, biotech
patent clams have been invdidated on the basis of "overbreadth” of the clams, and even
where clams are found to be enabled, they have sometimes been interpreted narrowly for

literd infringement purposes.

The 1991 case of Amgen, Inc. v. Chuga Pharmaceutical Co. Ltd. is cited as an
example of the courts drict trestment of biotechnology patents in terms of enablement.
The court ruled that Amgen's broad clams were generic in scope, yet the specification
contained little enabling disclosure of how to make paticular andogs.  This finding by
the Federa Circuit that the generd principle of overbreadth is a basis for invdidity hes
established a precedent for amost al subsequent biotech cases. For instance, in a recent
case dleging infringement by Cdgends FLAVR SAVRJ tomatoes of a paent by Enzo
Biochem Inc., the Didrict of Delaware held that broad clams to antisense technology in
generd were invalid. The grounds were that the Enzo patents demondtrated the use of the
technique only in the context of the bacterium E. coli, and that “undue experimentation”
would have had to be practiced to achieve antisense in plant cdls  The cases of the
Regents of the Univergty of Cdifornia v. Eli Lilly & Co., and Genentech, Inc. v. Novo-
Nordisk, are other examples cited by Parker (1997) of courts being smilarly grict with
respect to the enablement issue.

More recently, there have been smilar findings relaing to broad patents for Bt
transgenic technology. In February 1998, the Deaware U.S. Digrict Court found that
Monsanto, Delta & Pine Land, and DeKdb had not infringed Mycogen's two patents
cdaming methods for making synthetic Bt genes, and usng them to develop insect
resstant plants and seeds, by marketing geneticaly engineered cotton, potatoes, and corn.
Four months later, the same court excused proven infringement of Monsanto's patent
cdaming methods of modifying Bt toxin genes to achieve higher leves of expresson in
tranggenic plants, which effectively neutrdized the paent. Findly, a Deavare federd
jury decided that a Novartis Seeds patent claming coverage of al insect-resstant corn
produced with Bt technology was invdid.

However, many questions about the gpplication of patent law to biotechnology
cases remain, not least including the debate currently raging over whether DNA
sequences can be patented. The process of resolving these matters through court



processes will take many years to settle. Business cannot afford to wait so long to exploit
vauable proprietary technologies that have a finite life, and by one means or another the
life science companies have moved to bypass the uncertainty surrounding patent issues.
For indance, even while firms engage in litigation in the courts, they have smultaneoudy
reeched explicit or tacit agreement on many crosslicensng arangements to ensure
freedom to operate In other cases where transaction costs have been too high, and/or
where expectations have been too disparate to alow such agreements to be reached, firms
have resorted to mergers, takeovers, and joint ventures that interndise patent disputes and
gmilar impediments to commercia progress.  Judging by the number of mergers and
takeovers in the indudry in recent years, it would seem tha the costs of reaching
licensing agreements have been prohibitively high in many cases.

Private/Public Alliances

While busness has maintained freedom to operate by these means, such devices
are not commonly available to public plant breeding organisations. Moreover, as noted
by (Barton, 1998), the intdlectud property Strategies which firms adopt to preserve ther
own freedom to operate include the acquistion of broad and fundamentd patents that
other firms are likely to infringe. Such drategies dso cregte perverse incentives to more
vigoroudy litigate againg infringement by “outsders’, induding public organisgtions,
than to sue other existing mgor participants in the industry who could respond in kind.

In some cases, public research and plant breeding organisations have sought to
avoid the above problems by forming dliances with one or more of the mgor players in
the life sciences indudry. Last year, in an unprecedented move the Universty of
Cdifornia-Berkeley negotiated an agreement with Novartis, reportedly for $50 million in
financid support plus access to genomic technology. Under the terms of the ded,
Novartis will be able to observe the work of 31 faculty members and nearly 200 graduate
sudents and postdoctoral fellows.  Novartis aso will have the firsd opportunity to
negotiate the rights to take a proportion of the department's discoveries to market.

In June 1998, AgrEvo and CSIRO announced a five-year drategic dliance to
collaborate in specific areas of agriculturd biotechnology research. The agreement gives
CSIRO ownership of intellectud property associated with the research projects, while
AgrEvo will obtain licenses for a range of crops, including cereds, vegetables, oilseeds
and cotton. Another development is the partnership formed between Monsanto and the
Victorian Department of Naturd Resources and Environment to breed “Roundup Ready”
canola for Audrdian agriculture.  However, such arangements are unlikey to be an
option for most universties or public plant breeding programs.

Money Matters

Business developments in the so-cdled life sciences industry are recelving a lot of
publicity a the moment, but a the end of the day the huge invetments in intdlectua
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property must be converted into products which consumers will demand. Current market
vauations of life stience companies ae very high, and some commercid blockbuster
products will have to be created quickly to meet market expectations. As aready noted,
much of this invesment has been made to exploit advances in knowledge of molecular
biology, and especidly in the rdatively new fidd of genomics Mog companies ae
seeking to exploit this common scientific knowledge base in a range of “end product”
markets spanning severd indudtries, of which agricutureisonly one.

This section of the paper is limited to the commercidisaion of proprietary
molecular technologies by “breeding” transgenic varieties for broadacre crops. Ther
potentia vaue will depend primarily on how quickly varieties can be developed which
either lower production codts, or return higher product prices, or both. The second
ggnificant chalenges facing life sciences companies is how to gppropriste enough of the
potential value embodied in these transgenic crops to redise a profitable return on their
investment.

Public plant breeding agencies dso need to capture a commercid return on their
efforts, dbeit for somewhat different reasons induding declining public funding. In
Ausdralia, most of the debate in recent years has been based on the premise that the Plant
Breeders Rights Act 1994 would provide the necessary intellectual property protection
to commercidise varieties produced by breeding programs. This is now in doubt. Partly
this is due to legd chdlenges to the \didity of the Plant Breeders Rights Act 1994, and
partly due to growing gppreciaion of the difficulty of reying on the provisons of the Act
to enforce intellectua property rights. In part, it dso reflects an emerging understanding
of the ggnificace of intellectuad property protection for other forms of plant genetic
resources.

Thus the capacity to gppropriate the benefits of intdlectud property ownership is
an issue for both the private and public sectors. The ability to gppropriate benefits has at
least two aspects. One is the ability to exclude potentid users from utilizing those bits of
produced knowledge for which they do not pay. The second is the ability of the
knowledge producer to exercise price discrimination.

In practice, there are limits both to the ability of the producer to exclude dl
potentid users from dl units of knowledge for which they do not pay, and to practice
perfect price discrimination.  Limits on the cgpacity for price excluson are likdy to
depend on the costs of imitation by competitors, the costs of detection of imitation, and
the cogts of enforcing property rights againgt imitators, once detected. The fact that
paents and Plant Breeder's Rights both have a finite term of 20 years further limits the
capacity for price excluson. Even after dlowing for more efficient breeding programs, it
is likely to teke at least five years to get a new cultivar to market. Hence an upper bound
on the effective period for price excluson will be 15 years, and often the actud period
will be subgantidly shorter. To ensure that the latest technological advances are taken
up rapidly by seed producers, many conglomerates have bought up seed companies.
DuPont, for example, has mounted a takeover for Pioneer Hi-Bred Internationa to speed
up the discovery, development and delivery of new crops.
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Intdllectud property rights may be infringed by imitation by busness rivas,
and/or by “piracy” by potentiad customers. For improved varieties bred by conventiond
means, both imitation by other breeders and non-compliance by farmers may be difficult
and codtly to detect. Wright (1996, p. 573) notes that “In a decentralised competitive
farming sector, policing of replanting by farmers seems to be a chalenge. Private wheet
seed markets are reported to thrive only in parts of the United States where farmers have
no onfam dorage” This may explan, a least in pat, why both public and private
sectors are making extensve use of contract law and Maerid Transfer Agreements
(MTA) to commerciadise cultivars protected by Plant Breeder’ s Rights.

Detecting imitation by other breeders is likdy to be farly sraightforward for
transgenic crops, but the costs of detecting piracy and enforcing property rights by
famers is fa from draightforward. If the early experience of Monsanto is any guide,
this aspect of intellectua property rights in plant genetic resources has not received the
atention it desarves  To defend its intellectud property rights in severa transgenic
crops, Monsanto requires farmers to sign a Technology User Agreement that gives it the
right to take plant samples from fields for three years dafter last purchase of seeds. Apart
from any adminidration cods, this measure done has a dgnificant cost in customer
goodwill. For transgenic canola in Canada, other reported* measures include a toll free
tip lineg, radio advertisements in which Monsanto names farmers who have been caught
saving seed; and hiring full-time Pinkerton investigetors to ded with a growing workload
(as a February 1999) of 525 cases of suspected infringement. About haf of these cases
have been setled dready, and many involved payment to Monsanto of tens and even
hundreds of thousands of dollars each. Monsanto predicts that cases Hill to be settled
could involve stlements in excess of a million dollars. Neverthdess, the cods of
errfor%ement ae expected to far outweigh payments for settlement of proven infringe-
ment.

In generd, redrictive trade practices legidation will limit the scope for firms to
practice firsd degree price discrimination between customers, but lower order forms of
price discrimingtion might be feasble Internationdly there are fewer condraints. An
example of price discrimination between the US and Audrdia cotton growers for Bt
transgenic technology has been documented. Usage charges via some form of licensang
arangement dso may provide opportunities for price discrimination, but the feashility of
doing so is likely to be limited to upsream technologies. Where licensng agreements are
used, a wide range of dternative pricing practices are possble in theory, athough
practicd consderations of monitoring use, and ensuring compliance with the terms of the
contract may well preclude some or dl options.

At the farm leved, most intdlectud propety in plant genetic resources is
embodied in new plant varieties In many cases, the complexity of discriminating
between users on the bads of degree of utilization of technology, and/or practica
problems in preventing arbitrage precludes charging different prices to different users.
However, if the benefits from use of intellectua property are appropriated via a seed
price premium, then the amount of benefit gppropriated from each user will be
approximately proportional to ther level of technology use Reédive to charging the
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same price to each famer, this is one way of introducing an dement of price
discrimination. However, it digorts factor price ratios, thus leading to efficiency losses
gmilar to those caused by sdective taxes on factor use.  End point royaties involving a
technology user fee st as a proportion of crop returns avoids this efficiency loss. It dso
provides a closer approximation to pefect price discriminaion, as wdl as sharing
production and product price risks between the owner of the intellectua property rights
and the famer. However, there are likdy to be subgtantid problems with monitoring
compliance and ensuring enforcement.

“Freedom to Operate” in a*“ Small Country”

The term “crowding out” is used to characterise Stuations where the two sectors
potentialy could compete for the same market, but one is dominant because of a
competitive advantage of one form or ancther. For ingance, it can be argued that in
Audrdia, “public’ extenson services “crowded out” private agricultura technology and
farm management advisory services for many years because the former were subsidised.
Conversdy, in the US private hybrid corn breeders have largdy “crowded out” public
corn breeders, presumably because private firms have an advantage in the prosecution of
commerce that more than offsets any subsidy to public agencies. In essence, “crowding
out” isthe outcome of competitive processes.

An dternative to “crowding out” can occur where one sector uses monopoly
control of the rights to certain essentid inputs to deny access to the other sector. This has
been termed “shutting out” to digtinguish it from cases where dominance is achieved by
compstition in the market place rather than in the courts. In the context of this paper,
there have been cases where life science companies have effectively “shut out” public
agencies from breeding transgenic crops by denying them access to key proprietary
technologies. One example is the case of CLIMA described above.  Another case
involving devdopment of geneticaly engineered tomatoes in Cdifornia is described in
Wright (1998). Anecdotdly, there are accounts of other cases of “shutting out” of public
agencies in other countries. Life science companies have confirmed that they may deny
public inditutions access to proprietary molecular technologies even though the same
technologies have been licensed to other companies.  Conceptudly “shutting out” is
fundamentaly anti-competitive.

On the face of it, such behaviour is difficult to explan by conventiond economic
theory. While the firm may percelve that there are costs associated with sub-licensing,
they should ill be willing to license the technology on ressonable commercial terms. In
the absence of explanaions from the life science companies, it is only possble to
speculate about possible reasons for such behaviour.

There are formidable costs in bringing transgenic crops to market. Apart from the
initid research and subsequent commercia development codts, other costs include those
of seeking and defending intellectud property rights over key technologies as wel as
gaining regulatory gpprovd. Monsanto has estimated that it takes up to 10 years and a
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totd of (US)$300 million to commercidise a new technology® Estimates to adapt and
introduce an edablished technology to a “smdl country” range from $2 million to $5
million for further reseerch and development, plus Smilar amounts for patenting and to
gan regulatory approva. These estimates are based on the pathbreaking experience with
the first transgenic crops.  Codts ae likdy to fdl as scientists become more proficient
with transformation processes and achieving desired levels of expresson of genes as
companies gan experience in commercidisng tranggenic crops, and as regulaory
authorities develop standardised procedures and protocols for approving release of
geneticdly modified organisms

Firms dso ae acutdy conscious of the contingent costs deriving from the
commercid risks of devdopment. In the context of contracting to license intellectud
property, prior to any license being granted, the holder of the IP has the ability to manage
riks associated with commercidisation of the technology. Granting a nonexclusve
license reduces this capacity for risk management. Moreover, the more nonexclusve
licenses that are granted, the greater the risks to the company of an action on the grounds
of product liability.

The potentid for so caled hold-up problems is now generaly recognised in the
literature. It is described by Milgrom and Roberts (1992, p. 136) as

“the generd business problem in which each party to a contract worries
about being forced to accept disadvantageous terms later, after it has sunk
an invetment, or worries that its invesment may be devdued by the
actions of others’

Once an IP holder grants a non-exclusve license to any party, it forgoes the
opportunity for an excdusve license with any other paty. Snce only large firms ae
likely to have the capacity to fully exploit an exclusve license, the vaue of such a license
will typicaly exceed by severd orders of magnitude the vaue of any possble non
exclusve license.  Where the nonrexclusve licensee is a smdl or public organisation, the
opportunity cost of such alicense may be prohibitive.

The magnitude of any or dl of the above codts is not sufficient explanation per se
for a firm to deny public plant breeding programs access to key technologies, dthough it
could be used to judtify license fees that public organisations would find prohibitive.

“Shutting out” on the ground tha the crop is an orphan commodity is a closdy
related judtification that adso does not bear close scrutiny. For the mgor companies in the
seed business, there are a few “core crops’, defined mainly by the actuad or potentia
vadue of the market for seed. These “core crops’ include maize, rice, wheat, soybeans,
canola, cotton, sugar beet, and tomatoes. Other crops that, on a world scale, are grown on
rlatively smdl aeass, andlor are grown primaily by poor famers with very limited
capacity to pay for improved productivity, are of no interest to big life science
companies. Such crops have been dubbed “orphan commodities’, and include bananas,
Sveet potatoes, cassava, yams, lentils, and lupins.  While development of transgenic

54



vaieties for these crops may be commercidly unattractive to multinationa companies,
agan this does not judify “shutting out” public plant breeding programs willing to
undertake development for non-commercia reasons.

Where ownership of intellectud property rights to primary and/or enabling
technologies is widely didributed, the transaction costs of negotiating freedom to operate
will be ggnificant. The recent spate of mergers in the life sciences industry provides
supporting evidence for this propodtion. A perception that the transaction costs of
negotiating licenang agreements with public organisations are higher than those with
profit maximigng busnesses, together with concerns about dlegations of discriminatory
pricing in licenang arangements, could conceivably explain why firms “shut out” public
plant breeding programs. Decison-making processes in many public organisations give
this explanation some credibility. In addition, the fact that firms often crosslicense
rights to proprietary technologies to each other lends further indirect support to this
hypothess.

However, perhaps the smplest explandtion is the best. A riva company “shut
out” by a competitor most probably would sue on the grounds of anti-competitive
behaviour. A public organisation faced with the same circumstance most probably would
not.

In the Long Run

This paper has focused on short run rather than long run issues. Clearly the latter
adso ae important, maybe more so. One key long run issue is the degree to which
markets in intelectua property rights to propritary molecular technology are
contestable. Inter alia, this will depend on future changes to the legd and inditutiond
framework for intellectud property rights, and above dl ese on how evolving industry
gructure will impact on the supply of new entrants to the industry.

To give just one example of the former posshility, it was reported in The Wal
Street Journd of 3 March 1999 that a Federd Appeds Court has agreed to rule on a
chdlenge to the patentability of modified plants. Apparently an lowa seed merchant,
who is being sued by Pioneer Hi-Bred Internationd for unauthorised sde of seed covered
by plant patents, is arguing in defense that the U.S. Paent and Trademark ered in
granting patents on modifications to plants. While the U.S. Didrict judge regjected the
request for the case to be dismissed, he considered the contention to be serious enough to
warrant the attention of a higher court. The federal gppedls court in Washington that
specidisesin patent law has decided to hear argument on the patent legality issue.

Perhaps the latter possbility deserves greater attention. At this sage in the
evolution of the life scdences indudry, the dominant multinational companies have
bought most of the smdl agbiotech firms. On the basis of past evidence, the advantage of
large companies is in late-stage research and product development, in commercidisation
and marketing of new technologies, and in marshaling the necessary financid resources.
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They are inferior to new smadl biotechnology companies in providing the basc credtive
research and innovations necessary to open up new aress of technology for commercid
exploitation. If the large life science companies use blocking patents and smilar means
under their control by virtue of ownership of most enabling technologies to prevent entry
by new dart-up companies, then there is the prospect of a future vacuum in the
technology pipdline.

From a public sector perspective, there is growing recognition that they hold just
two primary assets with which to bargan with the business sector for access to key
enabling technologies. One is gernplasm, and in paticular dite breeding lines, The
other is an edtablished capacity for fidd based sdection and evaudtion activities Of
these two assts the capacity for fidd based plant breeding activities is highly
contestable, so the life science companies can only be expected to value it at replacement
cod. This puts a limit on the amount and type of proprietary technologies which can be
leveraged on the basis of this asset.

Under some circumstances, germplasm might be more valuable. The key issue is
the ability to assat and mantan ownership of germplasm, and in particular to exclude
those parties unwilling to meet dipulated conditions for access. The firg problem in
assarting, let done maintaining property rights to most of the world's germplasm, is that
it has dready been rdeased as “public varieties’ that are not protected by any form of
intelectud property rights. The second problem is that it was developed by public plant
breeders who fredly exchanged it among themselves, as well as with private sector plant
breeders. Consequently, there is no bads for ownership of this germplasm gpart from
physca possesson of the materid held by a particular agency. As the private sector dso
is in legd possession of, or a least has ready access to the overwhelming bulk of extant
gemplasm, it is legdly free to use it in whaever way it wishes induding the
development of transgenic crops. Thus it is only recently developed germplasm which
might be protected in some manner. Of couse, such maerid is potentidly the most
vauable, but this vaue can only be captured if legd rights to the intellectud property it
embodies can be successfully established and defended.

In many countries, one option is to regiser such a variety under an intellectud
property right regime varioudy known as plant variety protection, plant breeders rights,
or dmilar terms.  As noted above, this form of intellectud property protection is
generaly wesker than that afforded by a patent. Protecting a varigly in this way may
facilitate charging farmers for the right to grow it, but even this property right is severdy
attenuated when, as is commonly the case, there is an exemption for famer saved seed.
However, typicdly there is a further exemption commonly termed breeders rights. This
exemption normdly renders Plant Breeder’'s Rights ineffective as a bass for excluding
private (or other public) breeders from utilisng the materiad for the production of
tranggenic (or conventiond) varieties. The only caveet is that the transgenic variety fals
outsde the definition of an essentidly derived variety. In those few countries that dlow
plants to be protected by patents, including Audrdia and the USA, it might be possible to
avoid this problem of breeders rights by applying for a patent on newly developed
germplasm.  However, for mog varieties, it is likey to prove difficult if not impossible to
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satidfy the requirements for a ‘patentable invention, and in particular the requirement for
inventiveness in Audrdia, and for non-obviousness in the USA.

Hence for most varieties in most countries, the options for protecting newly
derived varieties reduce to ownership by virtue of physica possesson of the germplasm,
supplemented by protecting the 1P embodied in the germplasm by trade secrets. Where it
IS necessary to pass possession of some of the germplasm to other parties, trade secrets
can be protected under contract law by usng MTA’s to impose obligations on recipients.
The effectiveness of such an gpproach in protecting intellectud property remans to be
seen, but it seems inevitable that one consequence of the impetus to such measures will
be to choke off the intranaiond and internationad flow of germplasm. The long run
impact on the rddive competitive podtion of private vis-avis public plant breeding is a
moot point which only time will resolve.

Conclusion

In concluson, intelectua property protection cuts two ways for plant breeders. It
fecilitates the gppropriation of benefits derived by farmers from growing new cultivars
However, it dso protects the rights of the owners of protected technologies that are inputs
to plant breeding. In paticular, there is a threet that public agencies will be “shut out”
from access to pivotd technologies that ether confer overwhdming superiority to new
cultivars, or are essentia to efficient breeding of competitive cultivars.

Endnotes

This paper has been written while the author is on research leave from the
postion of Executive Dean, Faculty of Agriculture, The Univerdty of Western Audrdia
It is part of ongoing collaborative research with Dr. Phil Pardey and his group a IFPRI.
Financid support from ACIAR, GRDC, and CLIMA is gratefully acknowledged.

>The materid for this paper has been collected from published sources, and by
interviewing a range of expets in various fidds Individuds interviewed included scien
tigs specidisng in molecular biology, academic lawyers specidisng in  intelectud
property rights, representatives of farmer organisations, daff in Universty technology
transfer offices, and present and previous employees of private biotechnology and seed
companies involved in ressarch and/or plant breeding, dtaff in Interngtiond Agriculturad
Research Centres, and fellow economists with cognate interests but more expertise in this
topic. Given the commercid sengtivity of specific matters in this area, some individuds
were bound by confidentidity agreements that precluded them from discussng particular
projects.  Neverthdess many individuds in this pogtion were able and willing to
regoond to many quedtions in generd terms, and thus to provide vauable ingghts into
topicswhich areintringcdly difficult to conduct empirical research.
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3Parker (1997) cites a recent case involving the overseas practice of a biotech
process where the US Federd Circuit issued an opinion on the scope of infringement
under the so-cdled "product-by-process’ provisons of the Patent Statutes. (U.S.C.
271(g)). Under this statute, process patents are given product coverage over products that
are made by the patented process, to the extent that such products are not materidly
changed by subsequent processes. The Federal Circuit construed the *product-by-
process’ provisons broadly, and found infringement based upon the importation of a
subsequent product not directly set forth in the claim.

“The Washington Post, February 3, 1999, pp. A1, A6.
®Anon, pers comm.

®The Washington Post, February 3, 1999, pp. A1, A6.
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