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Executive Summary

A wide range of sectors undertake research andafeeemmercial products from genetic
resources. They include the pharmaceutical, biokgogy, seed, crop protection, horticulture,
cosmetic and personal care, fragrance and flawbdanicals, and food and beverage industries.
Each sector is part of a unique market, undertedgsarch and development in distinct ways, and
uses genetic resources and demands access todbeseces very differently. Incorporation of
these factors into ABS regulatory frameworks iseasial.

This paper begins with a review of trends in maskedsearch and development, and demand for
access to genetic resources in five sectors: pltaumiaals, biotechnology, seed, crop protection,
and horticulture. It then reviews broader trendsenefit-sharing across sectors and reports on
the impact of the CBD, and national ABS policied aegulations, on industry demand for
genetic resources. It concludes with recommendsifienmore effective ABS policy.

Demand for access to genetic resources

The industries of which bioprospecting is a pagtr@search intensive, and driven by rapid
advances in science and technology. While manigetectors are dominated by large multi-
national companies, a significant and growing portf research and development — particularly
in the earlier discovery stages — is done by smadienpanies. Large companies then license-in
promising products, or acquire smaller companiek imteresting pipelines. Thus, there is a
range and variety of companies and business mttsisiemand access to genetic resources.

Demand for access to genetic resources in mosirsdas changed in recent years in response to
market demand and scientific and technological ades. For example, over the last 10 years,
scientific and technological advances have resiitteddecline in demand for natural products on
the part of the pharmaceutical industry, as othber@aches looked more promising, efficient, and
cost-effective. Today, however, new technologies stientific understanding are once again
making natural products of interest as sourcesuyf hovel molecular diversity, particularly as

the alternative approaches, such as combinatdréahistry, have not lived up to their promise.
The diversity found in microorganisms is of partacuand increasing interest to pharmaceutical
and biotechnology companies.

In the seed industry, there has been reduced defoandd genetic resources and greater
reliance orex-situand private collections but demand continues whputs are needed on

guality, to meet consumer demands for reduced uskeemicals, and to reduce vulnerability to
pests and diseases. Demand for wild genetic resstioc vegetables and flowers is also greater
than that for commodity crops. The crop protectmgmetic and personal care, and food and
beverage industries continue to demand accessigeesources to meet consumer demand for
‘natural’ products, and reduced use of chemicatbsymthetic ingredients. The ornamental
horticulture industry has a low dependence upod ganetic resources, and instead largely relies
on creative use of existing germplasm in collectidtiowever some companies, usually smaller
in size, continue to hunt for material to introdumssv ornamental species, and some companies
involved in breeding rely on wild germplasm to go®/new variations of color and other
character traits.

New scientific and technological developments Haeditated research on biodiversity, but have
also made it possible to look with new eyes at vilh&tund in companies’ ‘backyards’ and to
generate more diversity in the laboratory, wheiistex) genome sequences and databases can
yield novel structures. The full impact of these@lepments on demand for access to genetic
resources is still unfolding, but it is likely thaéture will continue to be a source for original
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novelty and complexity that will then be modifiedthe laboratory. The ways genetic resources
are used, and thus the nature of demand for ace#issyolve alongside science and technology,
and it behooves providers to stay abreast of tregsd changes. The clarity and workability of
ABS policies and laws is also considered to hasigificant impact on future industry demand
for genetic resources, with many reporting dampenigdest in the face of regulatory uncertainty
and difficulties.

Trends in benefit-sharing

Benefit sharing varies by sector, but since adoptiothe CBD standards for best practice in
benefit-sharing have become widely accepted. Tésbieen a significant and positive
achievement of the CBD and ABS policy dialogue gearor socially responsible companies
today do not generally consider genetic resounaesyf available, or the ‘common heritage of
mankind'.

Groups with the most experience in benefit-shaeimgphasize the importance of non-monetary
benefits and ‘front-loading’ benefit-sharing pac&ago ensure that provider countries receive a
stream of benefits through the discovery and dewveémnt phases, given the small odds of any
one partnership yielding a commercial product. Whadsponsible users of genetic resources
understand that providers must benefit, there nesndébate about appropriate monetary benefits,
in particular up front payments and royalties. g heart of this debate are different concepts of
the value of genetic resources to commercial priodiscovery and development. A regular
feature in current industry commentary on the CBD ABS measures is the need to match
expectations of value with commercial realitiesj &mappropriately value genetic resources in
negotiations with companies.

Many companies seek the benefits of better-develape longer-term partnerships with source
country institutions. Partnerships allow compamgeaccess local expertise and resources in areas
of interest, and in some cases companies buil@reseapacity to undertake a greater share of
discovery, more affordably, in provider countriBsrtnerships also provide more insurance to
companies that the resources they access areylegdiined. Partnerships also enhance the
benefits accruing to provider countries and thagtitutions, particularly those that build the
scientific and technological capacity of counttiesindertake research on their own biological
diversity. Because provider country scientists @dstrger role in discovery when part of
partnerships, it also means that financial bendétéved from any commercial product will be
more significant. Better-established partnerships help provider countries monitor the ways
samples are collected and used; this is partiguliamportant as scientific and technological
advances mean that companies often do not neadtiadgk to providers to re-collect promising
species.

Industry perceptions of the CBD and ABS

Industry and researcher perceptions of the CBD ABfdl in particular, have become increasingly
negative in the last decade. Some continue tdlet@ositive role the CBD can play in promoting
equitable relationships, conservation and bestipegcin industry, but many more consider the
negative impacts to far outweigh the positive. Bathan coming together over the last 13 years
to create simple, workable legal and regulatorgngeorks for access and benefit-sharing,
providers and users of genetic resources are isiagig estranged, and the environment in which
bioprospecting takes place is often characterizeatisunderstanding, mistrust, and regulatory
confusion. Researchers in both academia and indalsio expressed significant concern about
the negative impact ABS is having upon basic s@ema upon traditions of trust and
collaboration among scientists.
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Recommendations

During the course of this project, a range of rec@mdations were made by industry and
researchers on ways to improve the ABS policy gec€hey include those to provider country
governments on how to make ABS measures more eetd user country governments on the
need to provide ABS support and information torthedustries; and to CBD Parties to undertake
an on-going process of informing decision-makeisuakhe nature of commercial use of
biodiversity.
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1. Introduction

This paper provides an overview of recent markdtrasearch trends that impact industry
demand for genetic resources. It also identifiesds in benefit-sharing, and — 13 years after the
CBD entered into force — the impact the CBD, antibnal ABS policies and regulations, have
had on industry demand for and research on geresiizirces. The paper also reports on industry
and researcher perspectives on the strengths aakchesses of the CBD, and ABS measures in
particular.

As part of the research for this paper, approxityat@ interviews were undertaken in 2005 with
a wide range of academic and industry researcagngell as company executives, government
officials, and individuals working on ABS issues /GOs and other groups. The breakdown of
interviews with researchers and industry represertaby sector is as follows: pharmaceuticals:
7; biotechnology: 4 ; seed and crop protectiormdsticulture: 3; personal care and cosmetic
(including fragrance): 4; botanicals: 4; food arddrage: 1.

This paper is an overview of the state of the ftelday, and in no way can be considered
comprehensive. While it identifies the broad par@nseof current trends that should impact the
design, development, and implementation of effecBBBS measures, a far more comprehensive
study, or an on-going effort on behalf of the Rexrtio the CBD to track these developments and
perspectives, is warranted.

The paper begins with a review of trends in marketsearch and development, and demand for
access to genetic resources in five sectors: pltauiaals, biotechnology, seed, crop protection,
and horticulture. Drawing on perspectives from@abler range of industries - including the
cosmetic and personal care, botanical, fragramekf@od and beverage - it then reviews trends in
benefit-sharing across sectors and reports omtpadat of the CBD, and national ABS policies
and regulations, on industry demand for genetiougss. It concludes with recommendations
for more effective ABS policy.

2. Industry Profiles

A wide range of sectors undertake research andafeeemmercial products from genetic
resources. They include the pharmaceutical, biok@ogy, seed, crop protection, horticulture,
cosmetic and personal care, fragrance and flawbdanicals, and food and beverage industries.
Each sector is part of a unique market, underted@sarch and development in distinct ways, and
uses genetic resources and demands access todbeseces very differently. Incorporation of
these factors into ABS regulatory frameworks isasial.

Following is a brief overview of five sectors — pimaceuticals, biotechnology, seed, crop
protection and horticulture - that highlights soofi¢he recent market and scientific and
technological trends, and the ways they impact dehfiar access.

2.1 The Pharmaceutical Industry

Market Trends

Pharmaceutical industry global revenues in 2004e&d#$500 billion, dominated by sales in
North America, Europe and Japan (Table 1). Thedtrglus also concentrated in the US and
Europe (Table 3), followed by Japan. Despite pesearch and development productivity, the
loss of patent protection for some major productecent years, and pressures for containment
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of drug costs, the industry grew around 9% in 2(l4ss, 2004). Companies are adapting to
changes in the market and regulatory environmeatriomber of ways, including moving away
from the ‘blockbuster’ model to smaller niche maskeith still significant sales, although 85
blockbusters are expected to account for 30% dfajlsales in 2005, up from 69 in 1993 (Lewis
et al, 2005).

The top 10 companies in 2003 accounted for hadfllofiorldwide sales, but their relative
contribution to overall industry growth declined4b% in 2003 from 53% in 2001. The greatest
rates of growth were seen in generic and biotedyyotompanies (Class, 2004). Biotechnology
products account for an increasing share of théahawith 17% growth in 2004. Eighty percent
of the bio}echnology market was held by just temgi, with Amgen the leading player (Lewis et
al, 2005).

There is continued consolidation in the pharmacauthdustry, although the rate of mergers and
acquisitions has slowed in the last few years. Reocgegamergers’ have produced mixed results,
with many of the top companies having lower actoaiket shares in 2003 than the sum of their
components in 1998 (Table 2). It has become evithan mergers can actually have a negative
impact on R&D productivity, previously cited as @eocof the main drivers of mergers and
acquisitions. Many analysts now believe that thinogd number of scientists for a successful
R&D program is 300-800, with any more being unmaadode. Large companies like Glaxo
SmithKline and Lilly are breaking their researcartes into therapy areas to promote an
‘independent, entrepreneurial spirit’ (Class, 2004)

Targeted acquisitions of small biotechnology fitmgain access to a specific product or
technology are increasing in importance, as aem$ing deals, to make up for unproductive
R&D programs in large companies. In 2001, in-li@@hproducts accounted for 16-20% of the
top 20 companies’ revenue; by 2007 this figurexjgzeeted to reach 40%. Some predict that the
industry will divide into two, with small R&D bouwgues providing candidates for large
companies that focus on development, sales andetiragl(Class, 2004). This means that
smaller companies may be more likely than the Eirgeeseek access to genetic resources for
their discovery programs, and that promising commgsuvill then be licensed to the larger
companies for development.

Trends in Research and Development

Pharmaceutical R&D falls intdiscovery- the process by which a lead is found, includivey
acquisition of materials for screening — atevelopment which includes chemical
improvements to a drug molecule and animal andcdirstudies. It takes roughly 10-15 years for
a compound to make its way through discovery amgldpment into commercialization, and
roughly one in 10,000 compounds screened are coometized (Table 4; see Laird and ten Kate,
1999 for a discussion of the components of R&D).

Despite continual increases in R&D expenditureduising the highest-ever investment in R&D
in 2004, pharmaceutical industry productivity is signifitey lower than in recent years. The
number of new chemical entities (NCEs) launcheddvade in 2004 was the lowest for 10 years
(Lewis et al, 2005). Of the New Drug Applicatiorgpeoved by the FDA in 2002, only 22% were
for NCEs, with the majority being ‘me-too’ drugsatrare new formulations or line extensions of

! In 2004 Amgen saw 30% growth and has five of érettiotechnology blockbusters — Epogen
(erythropoietin), Aranesp (darbepoietin alpha), iehetanercept), Neulasta (pegfilgrastim), and
Neupogen (filgrastim) (Lewis et al, 2005).

22004 R&D investment was $49.3 billion for PhRMA miger companies alonexvw.PhRMA.org.
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existing products. Biotechnology is making an imsiag contribution to the industry’s bottom
line, and biotechnology research tools and tectesgue central features of pharmaceutical
discovery and development today. Eight of the yiWCEs launched in 2003 were
biotechnology-derived, and 27% of active compoundedustry’s pipeline were biotechnology-
based (Class, 2004).

Advances in molecular biology, cellular biology agehomics in the 1990s deconstructed disease
pathways and processes into their molecular andtgeromponents to identify the exact point of
malfunction, and the point in need of therapeuttenvention. The result was an increase of
molecular targets that may be applied to the disgowef novel tools for the diagnosis, prevention
and treatment of human diseases from approxim&t#yo more than 10,000 targets (Class,
2004; Newman et al, 2003; Bio, 2005).

The development of high-throughput screens basaedadecular targets led to demand for large
libraries of compounds that might inhibit or acteza specific biological target, such as a cell-
surface receptor or enzyme. For much of the 199fientists thought the best way to generate
compounds for the screens was through mass-proaweabinatorial libraries (Newman et al,
2003; Koehn and Carter, 2005). The importance tfrahproducts as a source of molecular
diversity for drug discovery and development wasrskiadowed by chemical approaches that use
combinatorial chemistry and biological approacheshsas the manipulation of biosynthetic
pathways of microbial metabolites through combiriatdiosynthetic techniques (Cragg et al,
2005). Natural products were considered too slowcbstly, and too problematic from both a
scientific perspective (for example, the additiostalps needed to identify and isolate active
components in mixtures), and for the legal andipuklations uncertainties associated with
gaining access to genetic resources as a redhié @onvention on Biological Diversity. This
latter point is dealt with in Section 4.

Box 1. Reasons for the decline in pharmaceutical dustry
natural products research in the last decade
(Koehn and Carter, 2005)
Introduction of high-throughput screening agairefirted molecular targets (and the move from
natural products extract libraries to ‘screen-fdlghsynthetic libraries);
2. Development of combinatorial chemistry, which appédao offer more drug-like screening
libraries of wide chemical diversity;
3. Advances in molecular biology, cellular biologydagenomics, which increased the number of
molecular targets and prompted shorter drug disgaimelines;
4. Declining emphasis among major pharmaceutical coegaon infectious disease therapy, a
traditional strength of natural products;
5. Possibly uncertainties with regard to collectiorbmmaterials as a result of the Convention on
Biological Diversity.

=

3 Biotechnology is transforming drug discovery angledlepment, including high-throughput screening that
has revolutionized the process of target identiiice DNA sequencing machines that shaved yeartheff
mapping of the human genome, and monoclonal arigldtat transformed the diagnostics industry and
are now used in treatments (Ernst and Young, 2@l6)echnology techniques used in drug discovery an
development include: bioprocessing (using livinisces manufacture products such as human insulin);
monoclonal antibody technology (using immune systefis that make antibodies to target treatments to
specific cells); molecular cloning (creating geoelly identical DNA molecules); and recombinant DNA
technology (combining and modifying genes to crewe therapies) (PhRMA, 2005).
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Despite the contributions of natural products @ustry’s bottom lin&(see Chart 1), particularly

in categories like infectious disease and caneatural products experienced a slow decline over
the past two decades due to both scientific andmwential considerations (Koehn and Carter,
2005; See box 1). Disease categories for whichralgtuoducts are well suited — in particular
infectious disease — lost ground within compankasefn and Carter, 2005; Handelsman, 2005).
The US pharmaceutical industry essentially abandiaméibiotic discovery around 1990, even as
resistance problems were emerging. Antibiotics Hiawigéed profitability (compared with those
taken over long periods of time for chronic coradig) and there was a misplaced belief of having
conquered infectious diseases. Wyeth's tigecy-ckteased in 2005 is the first new class of
antibiotics to be introduced to the market in 2@rggHandelsman, 2005).

After a multi-billion dollar investment in combiratal chemistry since the late 1980s, however,
large pharmaceutical companies have found velg littthe way of new structurally diverse
entities, and their pipelines are all but emptye Percentage of synthetics as hew chemical
entities (NCEs) has remained roughly the sameCbeet 2; Newman, 2005). It is now widely
agreed that while combinatorial chemistry is a ahla development tool for optimization of
leads, including those from natural products, gsloot yield much in the way of new molecular
diversity.

At the same time the limitations of combinatoribémistry have become evident, breakthroughs
in technologies (eg in separation and structurerd@hation) have made screening mixtures of
structurally complex natural product molecules eéasind have expanded the potential role of
natural chemical diversity in the drug discovergqess (Koehn and Carter, 2005). Expanded
understanding of the genes involved in secondataiodite biosynthesis also mean that
researchers can now discern the complex chemicaltgte of a secondary metabolite which will
result from the enzymes produced following exp@ssif a particular set of genomic sequences.
This makes “genome mining” of even well-known natyroducts a potentially powerful new
approach to natural product discovery (McAlpin@leR005). Advances in synthetic chemistry
have revolutionized the process of material supplking it possible to recreate almost any
compound in the laboratory, and addressing onkeofundamental concerns in natural product
discovery, the ‘supply issue’ (Koehn and CarteQ%)0The result of these developments is
renewed interest in natural products as a sourcharhical diversity and lead generation, and a
view of natural products and combinatorial synth@s complementary rather than stand-alone
approaches (Koehn and Carter, 2005).

Demand for Access to Genetic Resources

Despite renewed interest in natural products, famge companies are not at present expanding
their in-house natural products programs, but #ireylicensing in, or forming partnerships, with
small companies and universities that generateasiieg leads from natural products discovery
research. However, the same technological andtg@edevelopments that make natural
products more interesting again, also mean tha¢a geal of research can be done in

* See, for example, Newman et al, 2003; Newman, 28688/man and Laird, 1999.

® In addition to infectious diseases, cancer drugsvdheavily upon natural products, and companiéis wi
aggressive oncology programs, like Novartis andtBriMyers Squibb, maintain natural products R&D
programs in this area. Newman et al (2003) undkréostudy of natural products as sources of neysiru
from 1981-2002 and found drugs of natural origiadmminate in certain disease categories like caaruer
infectious disease, despite the expansion of coabiiial chemistry in the 1990s.

® Newman et al (2003) suggest the best solutioheéatrrent productivity crisis is “...a multidiscipary
approach to drug discovery that involves the gdiwraf truly novel molecular diversity from natlira
product sources, combined with total and combinalteynthetic methodologies, and including the
manipulation of biosynthetic pathways (so-callechbinatorial biosynthesis).” (p 1036).
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laboratories or on a computer looking at the germai@lready known organisms. Analysis,
using new scientific and technological tools, & genome of the well-characterized
microorganisnStreptomyces aizunensier example, produced novel and highly defined
structures (McAlpine et al, 2005). Demand for asdesnew’ natural products is therefore
different in approach and character to that of jmev cycles of natural products research.

Microorganisms

While plants, insects, marine and other organismstll of interest to natural products
researchers, the trend over the last 5-10 ye&osvesrds microorganisms. Metagenomic
technology allows researchers to extract DNA diyefcom microorganisms found in
environmental samples, making available the 99%iofobial diversity previously inaccessible
through traditional cultures, while at the sameetidiscovering a far greater number of secondary
metabolities in a given organism by ‘genome minifigaandelsman, 2005; McAlpine et al, 2005;
see section 2.2 for a discussion of micororganisiii® genomes of micoroganisms can be more
easily sequenced than those of plants or inseutisgan be grown in culture, rather than collected
(eg plants), which makes it easier for companieget with supply issues as research progresses
(although synthetic chemistry is making it possiblg@roduce most compounds in the
laboratory).

Marine organisms

The last 10 years have also seen a surge of intenesrine organisms. Marine chemistry is new
to natural products chemists, but already approtein@0 marine natural products are in clinical
trials, and 34 of the 36 phyla of our planet’s bwedsity is found in oceans (only 17 are found on
land) (William Fenical, SCRIPPS, pers.comm.., 200% US National Cancer Institute has
reduced its interest in plants and is now focugimgollections on marine organisms. Although
plants can still provide invaluable leads for otisease categories, they have not been as
promising for anti-cancer agents. Marine organiwesin extremely hostile environments, and
in a perpetual state of ‘chemical warfare’ thatduees potent toxins, and a number of novel
compounds that work in a way similar to existing-gancer agents have been found (David
Newman, NCI, pers comm., 2005).

Complex associations between organisms

It is also increasingly recognized that distincidietween organisms — plant, marine,
invertebrate, microorganism — are not always otedy-and that promising compounds may in
fact be produced by symbiotic microbial speciesaf@ret al, 2005). For example, in 1972
researchers working with the US National Cancetitirie isolated maytansines from an extract
of Maytenus serrataollected in Ethiopia, and subsequently found tiewtherMaytenusand
Putterlickiaspecies. However, recollections of the plants, mdtures, and greenhouse-grown
plants did not yield the active compounds. In régears, it was found that microorganisms
isolated from the rhizophere appear to be resptaniib producing the active compounds,
perhaps with plants playing a role in determining final chemical structures (Yu and Floss,
2005). Toxins in birds feathers or secreted byileephave been found to originate in insects they
eat; promising compounds from insects are tracel teathe microorganisms living in their gut;
and marine invertebrates have been found to urdgette bulk of the chemistry that produces an
interesting compound, which is then modified byoagsed microorganisms, or vice-versa.
Through co-evolution a spectrum of complex commuagsociations, rather than single
organisms, appear to be the source of many prognggimpounds.
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Demand for diversity

These associations get to the heart of anothepmggliscussion within natural products
research: the need for accessing ‘new’ biologioz ity to fuel discovery. New research tools
mean that diversity found in one’s ‘backyard’, pararly that found in the previously
inaccessible genomes of microorganisms, and ewese thf known microorganisms (eg
McAlpine et al, 2005), can keep researchers busyuiber of researchers feel that for
microorganisms “every species is everywhere” aatitthere is enough at home, or in a few
provider countries, to fuel research for many yeéarsome. But as Jo Handelsman of the
University of Wisconsin-Madison put it (pers.com2005): “Until very recently | used to think
that ‘everything is everywhere’, and it is truettaing into any backyard is like going to Mars.
But even if every species is everywhere, membetiseoame species will produce different
secondary metabolites in different places, andhktkt is unlikely that all species are indeed
everywhere. Insects, for example, have highly djgeassociations with microorganisms, with
some microorganisms known only to exist inside gmecies of insect. No one would argue that
insect diversity in the tropics is not unique, smacrodiversity is unique, it is likely that the
associated microdiversity is as well. We really’td&now, and it is premature to make those
judgements, because we are so far from having pletencensus of the microbial world. It is
very possible that most microorganism species a&gyehere, but that the most interesting
strains are not.” The same advances in sciencéeahdology that currently make many research
programs focus on existing collections or matergasily available at home, may very well lead
to expanded interest once again in a broader raiigielogical diversity.

Supply issues

A decade ago, the unknown associations betweemisrga created issues with re-supply, and
researchers at times faced difficulties re-locatimttividual plants or marine organisms that
produced the active compounds. However, today DdNi&alated and expressed in an external
host for mass production, so this circumvents éhanent of the supply issue. The technology is
still developing, and all genes cannot be express#us way, so there is still some demand for
re-supply along a continuum from full synthesissémni-synthesis from a precursor taken from
the raw material produced in culture, and so orwéi@r, the need for re-supply of material for
research and development, and in some cases coralzeton, was until recently an important
component of the relationship between providersissas, and served as a useful incentive for
users to establish solid partnerships with prowdérhile advances in technologies also make it
easier to trace plant, marine and other compouadk to the source, it is much more difficult to
do this with microorganisms. The need for providard users to develop strong partnerships as a
way of monitoring development of natural produanpounds is far greater today than even a
few years ago, and will continue to grow in impade.

Demand for traditional knowledge

The role of traditional knowledge in pharmaceutitiscovery has been relatively small in recent
decades (see Laird and ten Kate, 1999), but appehesgrowing smaller. In part this is due to
the emphasis of pharmaceutical drug developmedismase categories that do not feature
prominently in traditional medicine, but it is aldae to the increasing role of microorganisms,
and the diminished role of plants, in discovéry.is also the case that new research approaches
do not easily integrate the type of informationikde through traditional knowledge, however
companies will still consult the literature andatsses following a promising lead.

" However, many traditional healers collect fromyprecise locations and make distinctions between
individual plants that do not correspond to taxoiwodifferences. Individual plants found in a pautar
location, for example, will have properties that aot found in other locations, quite possibly tiue
microorganism associations.
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The CBD

Although scientific and technological developmeats] commercial considerations, have
resulted in increased interest in microorganismd,raarine organisms, it also appears that the
CBD and concerns associated with gaining accestegatltitle to material, and re-supply of raw
material for research, have played a role. Wedigituss these issues further in Section 4, but it
is important to note that many researchers inctliffieulties in gaining access to materials as a
factor driving research away from the bioprospegtitodels of the 1980s and 1990s (see Koehn
and Carter, 2005; Box 1).

2.2 The Biotechnology Industry

Biotechnology is the application of science andhitetogy to living organisms, as well as parts,
products and models thereof, to alter living or-tigimg materials for the production of
knowledge, goods, and services (OECD,2005). luihes$ a diverse collection of technologies
that manipulate cellular, sub-cellular, or moleca@amponents in living things to make products
or discover new knowledge about the molecular areetc basis of life, or to modify plants,
animals, and micro-organisms (US Department of Cerom 2003).

The biotechnology industry spans a wide range cibsg, and can be broken down into
industrial, agricultural, and healthcare biotecloggl Agricultural biotechnology (see section
2.3) comprises 7% of European and 5% of US biotelclgy companies (EuropaBio, 2005).
Health care biotechnology (see section 2.1) iddtgest and most profitable sector, comprising
51% of European and 60% of US biotechnology comgsarand accounting for a majority of
industry revenues (EuropaBio, 2005). Following scdssion of market trends for all elements of
the biotechnology industry, this section focusesnastrial biotechnology, which uses living
cells like moulds, yeasts or bacteria, as wellreymes, to produce goods and services. Industrial
biotechnology applications may create more efficaerd cost-effective industrial processes that
produce less waste, and use less energy and wagech sectors as chemicals, pulp and paper,
textiles, food, energy, and metals and minerals,(B005; EuropaBio, 2005). In some cases,
environmental biotechnology products make it pdedib clean up hazardous waste more
efficiesrgtly by harnessing pollution-eating microbeishout the use of caustic chemicals. (Bio,
2005):

Market Trends

The global biotechnology industry had revenuessdf.& billion in 2004, a 17% increase over
2003. The US dominates the industry, accounting 886 of global public company revenues,
followed by Europe at 14%, Canada at 4% and the-Rsicific region at 4% (Ernst and Young,
2005; Table 5). In 2005, the top 12 biotechnologyntries, ranked by number of biotechnology
companies (private and public), were: the US, Can&&rmany, UK, Australia, France, Sweden,
Israel, China and Hong King, Switzerland, India din@ Netherlands (Ernst and Young, 2005).
The largest companies are primarily found in the(kk Table 6).

Biotechnology firms vary greatly in size and scapeging from small, dedicated biotechnology
companies that are R&D-intensive to large, diveditompanies that have greater in-house
resources and well-established production andiloigion systems. In a survey undertaken of the

8 Industrial and specialty enzymes produced an estith$3.6 billion in revenue in 2000
(www.Diversa.org, 2005).
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US biotechnology industry, 90% of firms had 50Gewer employees, and only 19 (2%) had
more than 15,000 (US Department of Commerce, 2003).

The majority of biotechnology companies operatenprily on venture capital, grants, initial
public offerings and collaborative agreements, thedstate of this research-intensive industry
depends heavily upon the availability of these ®ohfinancing (US Department of Commerce,
2003). Biotechnology companies need external dapitact as a catalyst for growth in early
years, fund R&D, and allow them to build on theiteilectual property without the need to
develop a separate infrastructure to generate vegesto fuel the business (EuropaBio, 2005).

After the collapse of the boom market for biotedbgg companies in 2001, the investment cycle
entered a ‘bust’ phase and investors stayed away tine sector. Companies responded by
restructuring, spinning off assets, reducing cash bates, refocusing their business models to
place more emphasis on product development and eotiatization and less on technology
platforms, and forming alliances with other comganiEuropaBio, 2005; Ernst and Young,
2005)™° By 2004, a surge of products in the late-stagelfsie and product approviisas well

as better-articulated company paths to productgasiidability, had drawn investors back to
what is now considered a more mature industry ¢Emd Young, 2005, At the same time,
partnerships between biotechnology companies, atvagen biotechnology and pharmaceutical
companies, continue. Biotechnology companies napdat and pharmaceutical companies,
concerned about the effect their innovation defigiill have on future earnings, need products
(EuropaBio, 2005).

Trends in Research and Development

Biotechnology is one of the most research-intengidastries in the world. In the US,
biotechnology-related R&D accounted for roughly 16#4ll US industry R&D in 2001 (US
Department of Commerce, 2003). New biotechnologgaech tools have enabled researchers to
tease apart cellular and genetic processes, ambtrstand biological systems at the molecular
level. Biotechnology research tools have changedadbearch questions scientists ask, the
problems they tackle, and the methods they usettargswers (Bio, 2005). Biotechnology
includes bioprocessing technology, monoclonal axligs, cell culture, recombinant DNA
technology, cloning, protein engineering, biosesspanobiotechnology, and microarrays. The
need to integrate the pieces of data generateilgchnology into an understanding of whole

° A study by EuropaBio found that the biggest bardedevelopment of the European biotechnology
industry was the lack of a suitable financial istracture later in the business cycle. While US pamnies
raised $2.4 billion in venture capital in 2004,cseh additional $3.3 billion worth of equity in 200and
raised a further $3.3 billion in debt in 2004, Epgan companies raised $771 million in venture afpit
$1.3 billion through equity, and $820 million inktdinancing in the same year (EuropaBio, 2005).

19 Examples of biotechnology/biotechnology dealstidels Idec Pharmaceuticals $4.2 billion all-share
merger with Biogen, Amgen’s $7.8 billion acquisitiof Immunex, and the range of acquisitions made by
Genzyme Corp in recent years. Pharmaceutical gsantis as Novartis, Pfizer and Johnson & Johnsoa hav
also acquired biotechnology companies in recentsydat the most common relationship between
pharmaceutical and biotechnology companies renthstseet biopartnerships (EuropaBio, 2005).

1n the US, 365 products were in Phase Il clintdals in December 2004, compared with 290 the
previous year, and as of early 2005 there wereesbdrug application submissions under review at the
FDA. European companies brought 9 products to niamk2004, compared with 6 in 2003 (Ernst and
Young, 2005).

2 The global biotechnology industry raised $21.#dsilin venture capital in 2004, a 15% increaserove
the capital raised in 2003, and IPOs raised $hilh the US, Europe, and Canada in 2004, compared
with $450 million in 2003. Asia-Pacific companiessed about $500 million through Initial Public
Offerings in 2004, led by offerings in Australi@apan, and India (Ernst and Young, 2005).
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systems and organisms has given rise to other mienmation technologies called the “omics” -
genomics, proteomics, metabolomics, immunomics,teargcriptomics. At the same time, new
bioinformatics technology uses computational tqotsvzided by the information technology
revolution - such as statistical software, grapbiozulation, algorithms and database
management — to consistently organize, accesseggpand integrate data from different sources
(Bio, 2005)."

These new technologies have changed new producivis/, and identified new uses for
existing products, by helping researchers undedlstam basic biology of the processes they want
to control or change, and manage vast quantitiesiaf. They have also made product
development quicker and often cheaper. For examppkrmaceutical companies can better
identify molecular targets, pinpoint winning compads far earlier in the discovery process, and
use cell culture and microarray technology to tiestsafety and efficacy of drugs and observe
adverse side effects early in the drug developmpertess; agricultural biotechnology companies
developing insect-resistant plants can measurartimint of protective protein that a plant cell
produces and avoid having to raise the plants toniya(Bio, 2005). Combined, these
technologies are leading to synthesis of livingamigms from scratch. Venter (2005) notes how
science is moving from “reading the genetic coderiting it”, predicting that within 2 years it
will be possible to synthesize bacteria, and witthryears single-cell eukaryotes. Increasingly,
technological changes are enabling biological nlteto exist in a ‘virtual’ as well as an actual
state (Parry, 1999).

The Role of Genetic Resources in Biotechnology R&D

The ways biotechnology companies use genetic reeswary significantly by sector. Some
companies develop specialty enzymes, enhanced,gar@sall molecules for use in crop
protection and drug development; others develayraes that act as biological catalysts in the
production of polymers and specialty chemicaldpouse in industrial processing; and others
might insert genes that impart desirable traits arbps. The pharmaceutical, crop protection, and
seed industries are dealt with in other sectiohs. fEmaining biotechnology market is primarily
focused on the use of enzymes, which we will reviene.

Enzymes are proteins found in every living organgrd are the ‘tools of nature”, ie they cut and
paste products and speed up vital biological psEes cells. They have been used for more
than 60 years by textile, detergent, food, feedathdr industries, to make higher-quality
products and make production processes more destigé and efficient, and therefore more
environmentally-sound by minimizing the use of wataw materials and energy. Since they are
biodegradable, enzymes are also a more environityestaind substitute for synthetic chemicals
(Novozymes.org, 2005).

Enzymes used by industry are usually found in naiganisms, in particular bacteria and fungi.
Microorganisms are the world’'s most geneticallyetlse organisms, and include bacteria, archae,
fungi, yeasts, and viruses. Through billions ofrgeat natural selection in dissimilar
environments, microbes have developed broader ame waried characteristics than those
observed in plants or animals, while silently eimaphnd supporting life for larger plants and
animals (Mathur et al, 2004).

Microorganisms called extremophiles are of particubterest to researchers today because they
live in environments similar to those required bgustrial processes, and reflect the necessary

13 For a full description of these technologies aralrtapplications, se&uide to Biotechnology
Biotechnology Industry Associatiomww.bio.org 2005.
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range of conditions - for example, extreme hotadd temperatures, or acidic or salty conditions.
For example, starch and baking require high tentpe¥s and low pH; textiles, pulp and paper,

and detergents a high temperature and high pHdaing and food a low temperature and low pH
(Lange, 2004). As technologies to collect and stextyemophiles advance, commercialization of
processes and products derived from extremoplslisaly to increase (Arice and Salpin, 2005).

Recent advances in bio- and information technokgllew target compounds from

environmental samples to be identified much mopédha. Microorganisms were traditionally
isolated and cultured in laboratories, a proceasrédquires scientists to recreate the environments
in which the target microbe lives, and as a rdsgk than 1% of the billion plus microbial species
have been studied (Mathur et al, 2004). Today,gusiatagenomics — the culture-independent
analysis of assemblages of uncultured microorgaisBNA is extracted directly from a soil,
water or other environmental sample, it is cut wéktriction enzymes, and cloned into a
culturable host such &scherichia col{Handelsman, 2005). The host organism will then
produce the biochemicals from which commerciallljpahle enzymes and other biomolecules
are developed. Using computer-assisted techniquetsas massive parallelism and randomness,
genome sequencing can now occur at a speed pravioiseard of. In 1995, for example the

first genome sequence was describedEfarol) — a task that then took 15 years and today could
be done in less than a day (Venter, 2005).

Demand for Access to Genetic Resources

A striking trend over the past five years has kbervigorous attention given to micro-
organisms. The astounding numbers and diversityiofobes, combined with their all-pervasive
existence — from thermal vents to the subglacigirenments of Antarctica — and advances in
technological development, have led to reneweddstén their use for energy saving, climate
control, pollution control, biomaterials, and maotizer applications.

Biotechnology companies continue to demand acoegsrtetic resources, which are either
collected from nature or acquired through extecadlections. Microorganism samples needed
for biotechnology research tend to be small — glpia few grams of soil or milliliters of water -
and recollection is not usually necessary. The ritgjof companies and research institutes
maintain in-house collections of genetic resouroediding microorganisms, plants, insects,
human genetic material, animals, fungi, bactena, @erivatives of these resources such as
enzymes, purified compounds, and extracts. Resei@etcessx situmaterials from the
collections of companies, universities, nationdiure collections, and international collections
(eg the International Mycological Institute) (teat€, 1999).

Most collections made by biotechnology companidsida of pharmaceuticals and agriculture
are microorganisms. Insects, plants, animals, rarganisms and others continue to hold
interest, although often for their associated nooganisms. Biotechnology companies do not
incorporate traditional knowledge into their cotlag programs, in part due to their emphasis on
microorganisms, but also because their researatoagipes and technologies do not lend
themselves to incorporation of this type of infotioa (Lange, 2004; Mathur, 2004).

When collecting from nature, companies are intecest samples from diverse and extreme
environments and ecological niches (eg salt ladkeserts, caves, hyrothermal vents, cold seeps
in the deep seabed), as well as areas with midrdiviersity associated with endemic flora (eg
epiphytes, endophytes and pathogens) and fauriadegts, pathogens and endosymbionts)
(Lange, 2004, Arico and Salpin, 2005). The objext¥ micro-organism collection is
biochemicaldiversity, which can be found not only by collegtin areas with high species
diversity, but also in extreme environments or usigcological niches (Lange, 2004). To access
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regions high in microbial diversity, for exampleiyBrsa, a publicly traded US biotechnology
company whose business involves the discovery aoldition of novel genes and genetic
pathways from unique environmental sources, hasetinto 18 partnerships with groups
providing access to genetic resources in 10 camatross six continents, and to all
international waters around the world (Diversa,$00

The Venter Institute has likewise, through ‘Sorcéfeembarked upon a global expedition to
sample microbial abundance and diversity in maaimg coastal environments describing, in its
initial findings a situation where 85% of data eclled is unique to each site. Findings from the
Sorcerer II's voyage will be used, among othergino: design and engineer species to replace
petro-chemicals; better understand reef healtHyamarinking water and air quality; track and
avoid emerging viruses; and understand the eftédiallast water, where ships flush micro-
organisms from one part of the world into the se#feenother (Venter, 20057 he related ‘Air
Genome Project’ of the Venter Institute aims teed®eine the numbers of new protein families
from air-borne bacteria. Initiatives such as thésew up a host of new questions and challenges
with regard to access and benefit-sharing, in @a&r relating to the sovereignty of microbes and
the difficulties of ascribing ownership.

While initiatives such as these signify an acceéégtancrease in collecting microbes at a global
scale, there are also companies that believe évatsnientific and technological developments,
coupled with the astounding diversity often foundheir own ‘backyards’ or in existing
collections, do not necessitate prospecting oversea

Recent trends in science and technology have iragatgmand for genetic resources from
nature in both positive and negative ways. The gbowing of combinatorial chemistry and
synthetic compounds over the last decade, limitatio protein engineering, and a realization
that natural solutions to the pressures of evaiutiave come up with things that could not be
engineered in the laboratory, have made genet@urees in nature more attractive candidates
for discovery. The ability to isolate DNA directisom samples, without resorting to culturing,
also means that the vast genetic diversity in noigganisms can be accessed. At the same time,
however, new scientific and technological developtaenean that more diversity can be
generated in the laboratory through molecular lgglshuffling, and protein evolution, and tools
like bioinformatics allow researchers to hunt, mohature, but in existing genome sequences
and databases, for novel proteins and enzymesifBiaiatics and sophisticated molecular
biology tools also mean that for each sample ctba great deal more information is gleaned,
and so only a few strains are needed to keep @speograms busy in a given year.

Novozymes, the leader in biotechnology-based engyand microorganisms, with more than 700
different products, net turnover of DKK 6,024 nahi in 2004, and 4,000 employees, has long-
standing partnerships in Thailand and other coesifior sample collection (novozymes.org,
2005; Lange, 2004). Although patents have beed fileinteresting developments, no new
products have been developed from collections rsambe the CBD entered into force. The 5-6
new products that come out each year primarilyadriom a handful of well-known strains that
continue to yield valuable products (Lange, persam., 2005).

Diversa, on the other hand, has developed a nuailveEw products from its collections
undertaken with partners overseas. For examplejiasa - which enhances the reactivity of
pulp fiber to bleaching chemicals and reduces dwsirfor chlorine dioxide and the cost of pulp
processing - was developed from a microbe discovera thermal feature in Kamchatka, as part
of a research partnership between the companyhen@enter for Ecological Research and
BioResources Development (CERBRD) in Russia. Davetimates the potential market for
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Luminase at $200 million. Another Diversa produ€pttonase, reduces the use of harsh
chemicals, extreme temperatures and large volumeater in cotton scouring (diversa.com,
2005)."

2.3 The Seed, Crop Protection and Plant Biotechnaly Industries

The seed, crop protection and plant biotechnolagystries all use wild genetic resources,
although their dependence on these resources eamasgerably across and within each sector.
The seed sector in general is far more reliantreeding material from its own private
collections or from genebanks than from that codlddrom the wild, whereas the crop protection
sector has a greater interest in wild genetic nessufor chemical protection or plant
improvement. All however share a focus on the I#ies responsible for feeding humankind
and in many cases those crops cultivated on a &o@e. This needs to be considered in the
context of just nine crops — wheat, rice, maizeldyasorghum/millet, potato, sweet potato/yam,
sugarcane and soybean — accounting for over thurasegs of the plant kingdom’s contribution to
human energy, with wheat, rice and maize providitgge than half of this amount (Fowler &
Mooney, 1990).

Industry Overview and Market Trends

The use of genetic resources in the breeding dadsagricultural products involves a diverse
group of players, including the private sectoryversities and other research institutions, public
and private genebanks, farmers and a variety @rattganisations. A notable trend since the
1930s has been a shift towards increased involveaig¢he commercial sector, culminating in
the 1990s with the integration of the seed indusiiy food and agrichemical companies and the
formation of the so-called ‘life science giantg€r{tKate, 1999).

The seed industry is characterized by three lexfat®mpanies: life science giants, large
multinational firms, and small and medium-sizedceemtises. The first two tiers play a central

role in the seed trade, but small and medium-séeedl companies, of which there are several
thousand, are also significant and occupy diffensaitket niches. For larger companies, the
emphasis is on high value seed such as maize, @oybetton and canola, and vegetables such as
tomatoes, peppers and melons (Smolders, 2005)l&8rmampanies in contrast focus on
vegetables, grasses and more marginal crops. Mtst ¢targer companies also have active
interests in agrichemicals and pharmaceuticals.

An intensifying trend over the past decade has Heeoontinued consolidation of the seed, crop
protection and plant biotechnology industries, eadsequent increase in the available genepool
(Bijman, 2001, ten Kate, 1999). Currently, just tempanies control 49% of the global seed
market, with an increased trend towards acquisitemmd mergers (Table 7). There is a great deal
of overlap between seed and agrichemical comp&8&ss Tables 7 and 8).

Higher levels of concentration are evident at éwel of crop, region or trait. For example,
Monsanto alone — through licensing or direct saklscounted for 88% of total genetically
modified (GM) crop area worldwide: 91% of GM soyhea97% of GM maize; 64% of GM
cotton; and 59% of GM canola (ETC, 2005).

14 Cottonase grew from the companies’ collaboratiith the National Institute of Biodiversity (InBid)
Costa Rica (Leif Christofferson, pers. comm., 2005)
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The crop protection industry likewise is concemdain the hands of only a small number of
multinational companies (Table 8). They pursuergesof approaches to crop protection,
including chemical control — which uses chemicahpounds to kill pests; biological control —
which uses living organisms; and genetic modifaratdf the crop plant itself — which introduces
diseases and herbicide resistance into crops thrGhd and traditional crop breeding techniques.
As ten Kate (1999) notes, all three approachesnequcess to genetic resources.

In 2004, global commercial seed sales were estahatbetween $21 billion (ETC, 2005) and
$30 billion (International Seed Federation, 20Q8a&ple 7). GM seed — predominantly soya,
maize, cotton and canola - comprises about 16%istriade, based on a total trade figure of $30
billion (James, 2004). Major seed companies repagrioss profit of about 50% or higher and aim
to have a mid-term EBITDA (Earnings before Inter@sixes, Depreciation and Amortization) of
25% on sales or higher. Table 9 gives a breakd@awriop of the value of exported seed of
major crops, indicating the high relative valuer@ize, herbage crops, potato and beet.

In the crop protection sector, sales were US$2Mi@drbin 2002, representing an overall decline
of 12% over five years (Agrow, 2003). Herbicideesatonstitute the bulk of sales, accounting for
almost 50% of the total crop protection market®2, with insecticides comprising 25.3%,
fungicides 21.6% and others about 3.4% (CropLiferimational, 2002). In 2003, genetically
modified crops represented 15% of the global cragpegtion market (James, 2004).

The rapid uptake of GM crops has been one of th& profound industry trends over the past 5-
10 years, escalating at a rate that surpasse®tfznry new technology ever embraced by the
agricultural industry. From 1996 (the first yearcoimmercial plantings) to 2004, the global area
of GM crops increased more than 47 fold, from lilion hectares in 1996 to 81 million
hectares in 2004 (James, 2004). Leading growe@\wtrops are dominated in the main by the
United States (59% of the global total) and Argeani{20% of the global total) (Table 10). The
most commonly planted GM crop is soya, and 55 pat of the world's soya crop, covering 48.4
million hectares, is how genetically modified (J&mn2004). GM maize was planted on 19.3
million hectares worldwide in 2004, an increase gjuarter over the previous year; GM cotton
was grown on 9 million hectares; and GM canola pexi4.3 million hectares.

In 2004, the global market value of genetically ified crops was $4.70 billion, calculated on
the basis of the sale price of GM seed plus artyniglogy fees that apply (James, 2004). The
value of GM crops since they were first commerzediin 1996, is an estimated $24 billion
(James,2004).

Trends in Research and Development

In common with other areas of the life sciencestalhave been substantial scientific and
technological changes in the seed and crop protectdustries over the past 5-10 years,
stimulated in the main by advances in genomics bioatorial chemistry, information
technology and DNA technology.

Traits that improve performance and farming efficig for major crops have comprised a major
focus area for large seed companies, with the dprent of high value commercial lines
through advanced marker-assisted selection andibgetechniques (Smolders, 2005). For
smaller seed companies, levels of technologicastment have in contrast been much lower,
with the development of DNA markers, for examplet, Ibeing pursued for varieties where
margins are low (eg grasses) (Noome, Advanta Seeds, comm., 2005).
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In the crop protection industry, chemical discovieag been aided significantly through the use
of genomics to identify suitable product candidaéesl combinatorial chemistry which has
increased the number of products subject to biodgicreening. A key trend has a shift in
expenditure from conventional agrichemical reseswamn expansion of in-house R&D efforts on
transgenic crops (Phillips McDougall, 2005). RisR&D costs in combination with a stagnant
market for crop protection products have also ¢ed tontinued focus on major crops that are
cultivated on a large scale, like cereals, oilsgegs, and cotton (Bijman, 2001)

Agronomic traits such as herbicide resistance +agaed to bring high returns when used —
have dominated R&D efforts for GM crops, and in 2@@er 70% of all hectares planted to GM
crops, including soybean, maize, canola and caticinded this trait. Insect resistance has also
comprised a major focus, with 19% of GM crops i92@lanted to insect resistant crops. An
important trend is the continued development atrduction of second generation traits (plant
varieties that have one or more output characiernsbdified), as well as combined or stacked
traits, intended to improve the performance ofgggmic crops. Stacked genes for herbicide
tolerance and insect resistance, used in bothrcatid maize, now account for 9% of all GM
crops (James, 2004).

Breeding efforts reflect an emerging division didar between the public and private sector,
with the former largely devoted to open-pollinatedps and the latter tending to work
predominantly on hybrid crops (Rangnekar, 2005)welcer, this is not the case all over the
world. For example, in Europe, much breeding werdldne by the public sector on cereal seed,
whereas almost all work on soybean and cottoniveier (Le Buanec, International Seed
Federation, pers. comm., 2005). A striking trens Ibeen the escalation of private sector interest
in agricultural research and associated declimmblic sector research. In the US, for example,
private sector spending on crop variety R&D incegb$4-fold between 1960 and 1996, with
research focused predominantly on marketable iapdtoutput traits of corn, soybeans, and
cotton (Fernandez-Cornejo & Schimmelpfennig, 200#}he public sector, this same period saw
a change in research focus towards minor cropgablic goods such as environmental
protection and food safety, areas less attractithe private sector because of lower profit
potential (Fernandez-Cornejo & Schimmelpfennig,400

Although there has been private sector intereagnrcultural research for decades, its accelerated
development has arisen in part because of the ad¥genetic engineering, and also because
many of the technologies used can receive patentgiion. Companies are therefore able to earn
higher returns from their agricultural researchmtbi@y could from conventional plant breeding.
However, IFPRI (2005) and others note that nedrlR&D done by the private sector has been
based on crops and traits important to developedtcy farmers, with little attention paid to

crops important to poor farmers

A growing trend towards increased public-privatemerships aims to address these divergences.
One example is a partnership between Syngentaaiwlg universities and public research
institutions to develooldenRic&', a GM crop manipulated to deliver Vitamin A te it
consumers (IFPRI, 2005).

Increased attention is also being given to imprgwld varieties, using the new tools of
genomics and modern biotechnology. The improvedftlang of crops such as tomatoes, for

'3 An alternative viewpoint is that crops such asb&my, maize and cotton and traits such as herbacide
insect resistance are not exclusively tailored towaeveloped countries (Le Buanec, InternatiosaldS
Federation, pers. comm., 2005).
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example, has received renewed attention, and oidties with a long history of research and
development are now being considered anew.

Despite growth trends in GM crops, many Europeaetaompanies have reported a decline in
biotechnology research, linked predominantly tostmner resistance and environmental
concerns. One opinion voiced is that modern bioteldgy may provide an advantage for
specific crops with particular problem diseases that its application is limited and is often not
cost-effective. However, opinions on this matteraidely conflicting.

Technological change and patents have been mayarsiof the consolidation of the global seed
and crop protection industries and, through achgpviertical and horizontal integration,
companies have been enabled to consolidate resei@octs and enhance control of distribution
channels and agricultural inputs (CIPR, 2002; Rakgn 2005). In the 1980s, for example, the
university and public sector accounted for 50% 8fpatents relating to genes encoding various
forms of insect toxins from the bacteBacillus thuringuensi§‘Bt”), now used widely in GM
crops to confer insect resistance. By 1994, 77¢@aténts in this area were held by small
biotechnology start-up companies. By 2004, conatitdh in this sector and acquisition of small
biotechnology start-ups, resulted in over 65% aép& relating to the insect-resistant trait
incorporated into GM crops being held by the tae bhiotechnology companies (Rangnekar,
2005).

Some analysts suggest that due to reduced thrieadsnpetition, increased consolidation and
increases in market concentration have reducemdeatives to invest in research, and have led
to surviving firms devoting fewer resources to imation. Others note that seed companies are
increasingly doing less or no basic research aatdetkotic germplasm and landraces are
perceived as having little practical value for acseompany, with their introgression into
breeding lines being time-consuming and risky (Staid, 2005). Currently R&D investments in
leading seed companies stand at about 10 (+/- 2)%alkes, compared to 23.2% recorded in the
“euphoric” period for biotechnology in 1988/89 (Sishers, 2005). R&D investment varies by
crop and is typically higher for fruity vegetabkesd substantially lower for open-pollinated small
grains, peas and beans.

Budget allocations for the exploration of wild géaeesources vary considerably depending on
the crop. Sugar beet, for example, requires no edllbction whereas vegetables may have an
allocation as high as 10%, especially for cropsretieits such as insect resistance are
paramount. Typically, about 1-3 % of the total ezsh budget is applied to exploratory breeding,
equalling about 0.1-0.3% of the overall turnovethaf company.

Investments in new product discovery are substdnhagher for the crop protection industry. A
recent survey of R&D in ten leading crop protecttmmpanies indicates an overall R&D
expenditure of $2250 million, equivalent to 7.5%safes for these companies in 2004 (Phillips
McDougall, 2005). About 54% - or 4% of sales -lof total industry R&D budget is devoted to
the process of new product discovery and developmeost of this due to expenditures in
chemistry- and biology-based research programmiéis tie discovery process alone accounting
for 31% of the R&D budget. A growing trend is todaigreater expenditures in environmental
risk assessment and human health risk assessmgah gredominantly by consumer concerns
and regulatory requirements (Short, 2005). Howesereral companies have only limited new
product discovery programmes, and use methodsasiphoduct acquisition and licensing, joint
ventures and generic product manufacture to enhiegeproduct portfolios.
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Demand for Access to Genetic Resources

Although a prevalent trend within the seed indysand particularly for commodity crops, seems
to be reduced dependence on wild genetic resoutessjaries considerably depending on the
size and nature of the company, and the type ofuress under investigation. High levels of
interest in wild genetic resources are still eviden example where new inputs are needed on
quality, to meet consumer demands, and to reducenability to pests and diseases. Demand for
wild genetic resources for vegetables and flowansl for plant genetic resources not covered by
the FAO International Treaty on Plant Genetic Resesifor Food and Agriculture) is also

greater than for commodity crops.

A central question is the extent to which the induis dependent upon diversity. Crop varieties
and animal breeds, for example, are often seldotedbmestication characteristics, which are
typically contrary to those characteristics thail#a their survival in the wild. Much of this
diversity is now conserved ex situ in gene banksreeders’ materials although coverage of
‘minor’ crops such as root crops, fruits and vebkts remains incomplete (Rubensteiral,

2005). As Stannard (2005) notes, in wild resourgest value lies at the species level.but for
agricultural resources, the value ligghin crop and animal species, and in the complexity of
their genepools that have been built up by farroees thousands of years.

Several seed industry representatives have comthentthe fact that DNA technology,

genomics and other technologies have given greaight as to what is available, leading to the
in-depth use of genetic resources already exigtitgeeding programmes and genebanks, rather
than requiring new collection: “We are looking & material with new eyes; existing material
has aspects that were not recognised before”. Hemvag Rubenstein et al (2005) remark,
agricultural production increasingly relies on ‘fgonal diversity’, requiring varieties to be
changed more frequently to maintain resistancesstspand diseases.

The crop protection industry in contrast has insirgginterest in wild genetic resources to
improve the plant or to produce chemical protectidns increased interest in natural compounds
is predominantly driven by environmental concemnd eonsumer demand for reduced use of
chemicals. “Because of the consequences of chemsealwe are looking at new options and
ways to improve the product itself’, commented @resentative from a multinational crop
protection industry.

A crucial factor determining the demand for gensed¢ources in the seed and crop protection
industries is the effort required to turn them ingable resources. Genetic resources that widen a
company’s genepool but without identified propexté interest are typically considered to have
little commercial value as they require considezabVestment, and the return on the investment
is often risky (Smolders, 2005). Although new teamlbgy can assist in the search for a specific
trait, the expense of doing so is generally praivibifor smaller companies.

Because of these factors, several industry comnmatauggest there to be little pricing
advantage for having genetic variability. Therefdreersity is not considered to add value. “The
market is not asking for diversity to be made al#é to the farmer”, stated one representative of
a major seed company. Moreover, much materialydicl pre-bred material, is available free
from the public sector, and payment if any for éxand unadapted material, and even pre-bred
materials, will normally not exceed a nominal feech as US$5-20 (Smolders, 2005). However,
the value of material increases with characteosatind evaluation, if there is an indication of a
trait or characteristic of potential commercialisat Upfront payments in these circumstances
may vary from US$5,000-50,000 (Smolders, 2005).
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Although breeders royalties typically fall in thel8% range these vary considerably from case to
case although are ultimately market-determined.vEthee of a trait will also vary depending

upon whether the trait originates from plant genegsources or from another source such as
bacteria. Across the board, however, there woutdtapto be little data available regarding the
local use and potential future values of genesoueces, and in the absence of this data, an
assumption from genetic resource providers thagémes, gene sequences, and related material
have maximum potential value.

2.4 The Horticultural Industry *°

Industry Overview and Market Trends

All plants used in ornamental horticulture, and diheersity of cultivars derived through selection
and breeding, originally came from wild plants,wfirst records of their use for ornament from
the Xia dynasty in China in 2100BC (Heywood, 20@8)wever, like the seed sector, the
modern-day horticultural industry has relativelywlceliance on wild genetic resources, and many
of the genetic resources it uses have been devktnmr decades and exist within industry
collections. Presently, about 100-200 species s&€d intensively in commercial floriculture (eg
carnations, chrysanthemums, gerbera, narcissusdsrdulips, lilies, roses, pansies etc) and up
to 500 species as house plants, and these reptheanainstay of the industry. Several thousand
species of herbs, shrubs and trees are also tcateahercially by nurseries and garden centres as
ornamentals, many introduced from the wild withdiselection or breeding (Heywood, 2003).

Overall, ornamental horticulture is growing bottsire and worth, and the sector is characterised
by high levels of competition, dynamism and enteapurship (Hall, 2004). Statistics reported to
the United Nation'$ from more than 100 countries show the world imparte value in
horticulture (live trees, plants, bulbs, roots, ftodvers and foliage) in 2004 was US$12,425
million — an increase of 28% since 2001. Of thioant:

* US$5,417 million (43,6%) was attributed to fresh ftowers,

+ USS$5,128 million (41,3%) to live plants,

» US$1,056 million (8,5%) to bulbs, tubers and corrasg

* US$880 million (7%) to fresh cut foliage (UN Condea 2005).

A variety of different sized companies are engdgdateeding ornamental plant varieties. Ten
Kate (1999) describes three main categories: $éa)all group of multinationals accounting for
the majority of sales worldwide; (b) a larger grafpnainly national companies; and (c)
hundreds of small and medium-sized enterprises.

About 55% of the import value of the live plantdesis accounted for by five countries: Germany
(20%), France (11%), the United Kingdom (8,8%) EdiBtates (8,5%), and the Netherlands
(6,5%) (Table 11). The export trade of live plastdominated by the Netherlands (41%), with
Denmark, Belgium, Italy and Germany comprising 3@%éxports, and other countries the
balance of 27% (Table 12).

'8 The definition of ‘horticulture’ is notoriously asiguous, embracing the large-scale commercial
production of vegetables and fruit through to d¢onvers and ornamental plants. For the purposesi®f t
section, the focus is on herbaceous ornamentathtiure.

" Note that market data for horticulture is not diive dueinter alia to the differing definitions that are
used, the fluidity of trade between importing argarting countries, their frequent exclusion of
developing country statistics, and the difficult@distinguishing between different products (kate,
1999).



UNEP/CBD/WGABS/4/INF/5
Page 24

Current growth trends are expected to persistilagsk are pitched closely to projected income
earnings of consumers in the North (European Cosions2003). Heywood (2003) notes two
antagonistic trends with regard to the producterefl by ornamental horticulture. On the one
hand, the streamlining of operations by commermigseries is leading to simplification and a
reduction in the number of cultivars grown and dtefor sale. On the other hand, market
saturation by traditional materials is leadingrtoreasing interest in cultivars or new
introductions from the wild, and greater interasbag countries in their native flora as a source
of such introductions. This has clear implicatibosh for industries wishing to access these
genetic materials, and for countries of origin wnghto derive benefits from their use.

Trends in Research and Development

Technological developments over the past decade ingpacted the horticultural industry
significantly. The advent of tissue culture bioteclogy and plug production has provided
growers with uniform, consistent plantlets or gt that may offer disease resistance; slow-
release and soluble fertilisation and irrigatiochi@logy has improved production; and
automation technology and climate control systeenehncreased the efficiency of many
commercial nurseries and greenhouses (Hall, 200w adoption of information technology has
also led to fundamental changes in business peact®iome examples include the capability to
improve supply chain management through ‘justineti delivery; the ability to develop targeted
relationships with customers through practices saagckfficient Consumer Response; improved
business-to-business (‘B2B") collaborations throthgh Internet; and increased on-line
transactions (Hall, 2004). An important trend appéa be greater institutional collaboration, and
the initiation of long-term partnerships, rathearitreliance on more ad hoc approaches to
collaboration such as student internships (Kopgagé&nta International, pers. comm., 2005).

Despite these technological advances, the fundasenit horticultural science remain
paramount: “Much of what we do today hasn’t changjade Mendel”, remarked one Chief
Executive of a major horticulture company, refegrin the industry’s continued reliance on
traditional breeding, yet acknowledging that madvancements had been made through
enhanced ability to do broad crosses. Improved nstatieding of plants and their genetics is a
major factor that has affected horticultural depetents, enabling old cultivars and varieties to
be looked at with new eyes. Commented one induspsesentative: “ ... we understand plants
much better now and can discern specific traitseneasily. Faster breeding is now possible and
is more focused — even without using genetic meaifbon”.

Indeed, it would seem that there has not been delbarted adoption of genetic modification in
ornamental horticulture, one respondent commenktiagthere is no need and that costs are out
of proportion to the benefits gained, more espbciallight of societal concerns: “We don't need
Petunias or other flowers that are Round Up Reddy¢ontrast, other horticultural companies
are focusing solely on genetic modification. Fleng, for example, an Australian-founded
company which in 2003 became part of the Suntaoygyr does research exclusively on colour
modification of important flower species using gewéthe anthocyanin biosynthesis pathway. In
1997 this company marketed the first blue carnatiand in 2004 announced the world’s first
biotechnology-driven ‘blue rose’ (Florigene, 2005).

Demand for Access to Genetic Resources

For the bulk of plants traded, the ornamental boltiral industry has a low dependence on wild
genetic resources, and is instead reliant on ttige use of existing germplasm, much of which
already exists in collections. One example is thiduction of a new Begonia cultivar (‘dragon
fly"), which has been in collections for decades ibunow being put together in new ways (Corr,
Ball Horticulture, pers. comm., 2005). Howeverters Kate (1999) notes, while the search for



UNEP/CBD/WGABS/4/INF/5
Page 25

new materials is immaterial to some companiesofioers especially those wishing to enter the
market with new species, it comprises an importamponent of their work. For some smaller
companies — particularly those who sell materialamfirms for use in breeding programmes - the
hunt for new material comprises the main focusefrtwork. And for some companies involved
in breeding, the reliance on wild germplasm — dredassociated variations of colour and other
character traits - is paramount, because clonahgiesm from nurseries and collections has little
of these critical variations. New germplasm is thighly desired and much sought after by these
companies.

There is also increased interest in new introdast@nd native plants, with a major advantage of
wild genetic resources being their novelty. Wheild wiaterial is collected, however, it is

seldom ‘plucked’ out of the wild and introduced bather is accompanied by a long process of
research and development — more especially whevgpreducts are involved. The time and cost
of this process vary considerably - from a breegiragramme that may use highly sophisticated
technologies and cost several million dollars, tigtoto the introduction of ornamentals that
require little selection or breeding (ten Kate, 9p®verall, however, it would seem that most of
the larger companies allocate relatively low prdiposs (less than 10%) of their research budgets
to investigating wild genetic resources.

It is envisaged that interest in wild genetic resea will peak once the market is saturated with
existing material. There is thus a crucial needheyindustry to ensure continued long-term
access to wild germplasm. In some cases this iglmne through benefit-sharing agreements
with countries of origin (eg Ball Horticulture atite South African National Biodiversity
Institute — see below). In other cases, collabonathave been struck between horticultural
companies and those specialising in wild plantempibns.And in other instances the illicit
collection of material seems to be the norm.

Low reliance of the industry on wild material, camdd with the difficulties of ‘proving’ the
origin of germplasrf, has led to the sector, with some exceptions hstiling low levels of
awareness about the CBD and its ABS requiremamdeeld, it appears that in many cases
germplasm acquisition via the ‘cowboy approactsti prevalent with many plant collectors
working outside of government approval systemsufiply nurseries and horticultural firms.
Commentators have mentioned the ease with whichahteultural industry can ‘hide its tracks’
with regard to the origin of these resources, éafigin cases where freshly collected
germplasm is incorporated into existing genetioueses. This is a key difference between the
horticultural and, for example, the pharmaceuticdustry.

3. Trends in benefit-sharing and partnerships

Benefit-sharing as standard practice in industry

Benefit sharing varies by sector, but since adoptiothe CBD standards for best practice in
benefit-sharing have become widely accepted. Brésdignificant and positive achievement of
the CBD and ABS policy dialogue. Although unscrgud and ill-informed companies continue
to by-pass these standards, the larger or morallsoesponsible companies today would not
consider genetic resources freely available, ofdtvmon heritage of mankind’. The package of

18 Wolfson (South African National Botanical Instiéupers. comm., 2005) notes the possibility of
exploring the potential of the ‘Barcode of Life'gpect to deal with this issue, through a DNA-basgstem
of species identification.
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benefits typically includes a mix of monetary bétsdike fees per sample, milestone payments,
royalties on net sales, and licensing agreemesitsedl as non-monetary benefits like training,
capacity-building, research exchanges, supply ofpegent, technology transférand joint
publicationd’. Groups with the most experience in benefit-stipgenerally emphasize the
importance of non-monetary benefits and ‘front-ilogtbenefit-sharing packages. ‘Front-
loading’ benefit-sharing packages ensures thatigeowountries receive a stream of benefits
through the discovery and development phases, ghveeamall odds of any one partnership
yielding a commercial product and the fact thapadiducts will not necessarily be billion-dollar
‘blockbusters’, generating large royalties, or tinatnost industries products rarely, if ever,
achieve this statds

Concerns continue to be raised about the qualipriof informed consent and benefit-sharing
arrangements in particular cases, and there arg ammpanies and indeed some sectors (eg
cosmetic, fragrance, botanical, horticulture) tiete not fully grasped the new legal and ethical
obligations that arise from the Convention on Biidal Diversity. In general, however,
companies now see benefit-sharing as a necesssinebs practice associated with accessing
genetic resources. For example, the European bisbéagy firm Novozymes has developed a
partnership with BIOTEC, Bangkok. BIOTEC colledsx)lates, identifies and screens samples,
with Novozymes sponsoring the research and progitteining at BIOTEC, while transferring
enzyme technologies and libraries, bioinformatesyiding training, and royalties if products
are commercialized (Lange, 2004). A three yearsxaad benefit sharing partnership between
Syngenta and the Hubei Biopesticide Engineeringg&e& Centre in China aims to discover
natural chemicals that can be used as startinggfmnthe development of novel crop protection
agents. Under the terms of this agreement, HBERIZallect micro-organisms from natural
habitats in China, screen them for interestingdgjmal activity and produce information on their
chemical properties. Syngenta will provide techgadal and financial support and will pay
HBERC royalties on any products derived from theeegch (Syngenta, 2005).

Horticulture is a sector characterized by ignorawicine CBD, but even here new access and
benefit-sharing agreements have been developeesadrch and Licensing Agreement between
the Chicago-based Ball Horticulture and the SouticAn-based National Botanical Institute
(now the South African National Biodiversity Insti¢), was entered into in 1999. The five-year
agreement, which is the first North-South bioprasipg agreement in the horti- and flori-culture
sector, involved the NBI using its expertise ta@selSouth African plants of horticultural interest
for Ball, both from its living collections and frothe wild. Thus far three varieties have been
introduced, based on South African species, althoagalties, despite being substantial, have yet
to surpass costs of the project (Brian Corr, Balitldulture, pers. comm., 2005). While the
agreement has raised concerns about the adequbenefits and the role of public institutions
(Wynberg, 2003), the process of negotiation angsi@v in response to public concerns has

¥ The International Seed Federation (ISF), for edammeports that technology transfer as it relé&tehe
maintenance of plant genetic resources for foodagnitulture is common practice, with more than 466
ISF members granting licenses free of charge teldping countries and some members also particigati
in programmes for technology transfer (Internati®@eed Federation, 2005b).

20 As part of their roughly 125 agreements since 1888ICBGS have provided formal training for 2,800
individuals from 12 countries, with 90% of theserfr developing countries. Associated with training a
research efforts, a substantial amount of equipmedtinfrastructure enhancement for both US and
developing country institutions is carried out, aagbacity-building to undertake research. Otheebtn
address the direct needs of collaborating commemitind include water tanks, fencing for garddmeles
cloth, boats, and refrigerators (Rosenthal and K20104).

2L As noted in Section 2.1, even within the pharméceLindustry, companies are moving away from the
‘blockbuster’ model to smaller niche markets wititl significant sales (Lewis et al, 2005).
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helped to refine expectations and stimulate disonssbout standards for benefit-sharing within
South Africa, which will eventually be incorporateda re-negotiated contract between the
parties.

Benefit-sharing in sectors that consume large qudigis of raw material

An important trend observed is that many compainisgctors reliant on bulk trading of raw
material (rather than genetic resources) are beagpmbre socially and environmentally
responsible and are considering benefit-sharingsarea. The nature of benefits reflects the
different research and business practices of péaticndustries. For example, in ornamental
horticulture a vast amount of material is alreaulyhie public domain, but many developing
countries do not have the funds to develop cultifar IPR registration, the primary mechanism
for benefit-sharing (Coetzee, 2002). An alternatipproach proposed for generating benefits for
local communities and rural producers is to pronfatetrade certified horticultural produéts
Socially—responsible personal care and cosmetitpatanical companies, similarly emphasize a
range of benefits associated with raw material gogrfollowing product development. Aveda,
for example, seeks to develop sourcing partnershiislocal groups that include long term
agreements and fair prices, as well as contribatiorcommunity development funds, bringing in
certifiers to broaden the market appeal of the pets] and helping communities link with other
buyers (Waddington and Laird, 1999; David Hircogkeda, pers.comm., 2005). But it takes a
great deal of time and money to do this, includitagf dedicated to following and monitoring
these activities, so most companies do not invefitdse activities.

Increasingly, non-governmental organizations aamp#dg the role of intermediary or facilitator
in these deals. PhytoTrade Africa, for exampl@, i®n-profit organization that links rural
producers, industry and consumers, developing medugts for the personal care and cosmetic,
botanicals and other industries. PhytoTrade warlensure that benefits result from the
discovery and development of new commercial ingnetdi and products (see
www.phytotradeafrica.com) through innovative apgions of intellectual property and trust
funds. However, they consider the most signifidaarefits for rural producers to be those
associated with improving livelihoods through |alegm sourcing partnerships for raw materials
(Aldivia and Phytotrade, 2005; Cyril Lombard, 2004)

Questions remain about who should benefit

Difficulties remain about who should benefit, wittany in industry feeling that scientific
research institutions and partners, rather thaemnents, should receive the lion’s share of
benefits, as a way to build local capacity in tiiga®® Many acknowledge that indigenous
peoples and local communities should clearly béfrefin the use of their traditional knowledge,
but this has presented challenges in a numberctfrse depending upon: how knowledge is
accessed (eg field collections, literature, datadasotanic gardens, genebanks); how
‘communities’ are defined and represented, and kedge is ‘owned’; and levels of awareness
within industry of their obligations to seek priaformed consent and share benefits with

2 For example, Fair Trade certified cut flowers wiatenched in 2001, and are now sold widely in
European supermarkets. Fair trade roses have gaticed a market share of 8% of imported roses
(Jorgensen, 2004; Lawrence, 2005).

% The seed industry presents particular problemis bénefit-sharing because of the cumulative naitire
plant breeding, because the entire chain of dewedop leading to the final product may not take plac
within one company, and because intermediate ptedhemselves are sometimes marketed (Stannard,
2005). As Stannard (2005) observes, this raisestipms as to where the values are captured, andtew
benefits are shared: on the first commercial produtall marketed products throughout the devekamm
cycle, or only when a final product enters the etk
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communities (eg numerous botanical and personalaratt cosmetic products are developed
without appropriate agreements with communities, latle or no return of benefits).

A case that reflects many of these difficultiesagms the development of the succulent plant
Hoodiaby Phytopharm and Unilever as an anti-obesity peadrhe plant has a long history of
use by indigenous San communities in southern Afaied this, catalyzed by public pressure, led
to their eventual inclusion in a benefit-sharingesgment with the South African-based patent
holder, the Council for Scientific and Industriaé$earch. Initial reluctance to engage the San as
partners was due to concern that expectations wiitdised, that the genuine holders of
traditional knowledge aboitoodiacould not be identified, and that this would bal@nged by
other groups holding this knowledge. Ultimatelywewer, it was agreed by the San that a nit-
picking exercise to link benefit-sharing to specdommunities usingloodiawas divisive, and
that benefits must be shared equally amongst alp@aples. Moreover, the agreement sets out
mechanisms to resolve any ‘third party’ claims timaty arise (Wynberg, 2004). The initiative has
demonstrated the importance of moving forward, éme¢he absence of full certainty, and
‘learning from doing’ rather than waiting for corape resolution of often intractable issues.

Lack of resolution on appropriate monetary benefits

While responsible users of genetic resources utatetdhat providers must benefit, the scale of
those benefits remains unresolved in some casesnidmetary benefits are not generally a
source of much controversy or confusion, althouwhes provider countries appear to undervalue
the importance of this type of benefit for theiresitific and technological institutions and
domestic industry. There remains much concern empént of both providers and users, however,
about appropriate monetary benefits, in particuafront payments and royalties. For the most
part, companies are loathe to provide significaivbace benefits unless they are attached to an
agreed-upon workplan. Fees for samples and milegiapments, attached to progress in the
research collaboration and a product’s developnagatfamiliar components of most industry
R&D programs. Royalties are also standard pracéiod,the vast majority of companies agree
that should a product be commercialized, providemtries should receive financial benefits, but
the scale and nature of these benefits is oftelispute.

The greatest controversy remains the appropriatgeréor royalty rates. At the heart of this
debate are different concepts of the value of genesources to commercial product discovery
and development. A regular feature in current ingusommentary on the CBD and ABS
measures is the need to match expectations of walhecommercial realities, and to
appropriately value genetic resources in negotatigith companies. Lange (2004) refers to this
as a ‘mismatch of expectations’ which she says grioem provider country inexperience with
industry, and a lack of awareness on the part tidmal focal points and negotiators about the
higher risks and costs involved in development, marad with discovery. In the absence of
information on possible commercial values for genegtsources, providers make the assumption
that genetic and biochemical resources have sigmifivalue for companies (See further
discussion of this point in Sections 3.and 4.4).

Companies feel that the different research andldpreent approaches and profit margins of
industries, and existing practices in paying ragalfor samples or leads, must inform the
negotiation of royalties for genetic resources. fidlative contribution of the partners to
discovery and development, the information providét samples, the degree of derivation of
the final product from the original sample, and tloeelty or rarity of samples all affect where in
an established industry range a royalty rate il f*

%4 See ten Kate and Laird (1999) for a review offttwtors influencing royalties for genetic resources
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In addition, provider countries should considertihee and cost it takes to develop a product; the
volumes sold and average profit; and the likelihtaat a product will be developed from a given
collaboration. For example, industrial enzymes hawauch lower profit margin than
pharmaceuticals, and generally a lower royalty ea{g5 — 2% compared with 3-5%), but they
cost between $2 — 20 million to develop comparet aiound $1 billion, and can yield
commercial products in half or less the time (&ang compared with 10-15 years, with markets
of $200 million compared with possibly $1 billiofign Kate, 1999; Laird and ten Kate, 1999;
Ernst and Young, 2005).

A debate also exists about when royalty negotiatghould take place. Cragg et al (in press)
propose a two phase process of agreements betwaedgrs and users based on their
experience with drug discovery and developmerttetiS National Cancer Institute. The first
stage is a research agreement that covers thevdiggohase, and the second a commercial
agreement that includes benefits related to drugldpment and royalties, triggered by a patent
or selection of an agent for Phase Il developniEmy feel that negotiation of these latter types
of benefits are better left to the second stagee anpromising drug candidate has been identified
and fully characterized, the breadth of any intéllal property determination is made, the disease
category with known markets is clear, and resuléipgropriate levels of benefit-sharing can

more reasonably be discussed. It is not commortipeawithin industry to lock down these terms
in the earliest stages of a research collaboradind they feel that requiring this serves to dampen
demand for access. However, in industries wherdékékhood of commercial product
development is high, such as horticulture, it isiown practice to merge discovery and
commercial agreements, and in such cases royaitigse specified’

The stakes for coming to agreement on the waystigaresources are valued as part of
commercial product discovery and development aite dpigh. A significant number of
companies in the pharmaceutical, biotechnologyd s@el other industries voiced the opinion that
if provider countries set the bar too high, formpdée demanding royalties well outside of what is
considered standard commercial practice, compavilewithdraw from collection and research
partnerships. Even if higher than normal royaléiesagreed upon, some in industry feel that
products with these conditions attached would farerly within the company and would not be
developed. Products derived from genetic resoureest compete with those originating from
other research programs for development suppatttteey may look less financially promising if
attached to large financial obligations.

The importance of partnerships

Many companies seek the benefits of better-devdlapd longer-term partnerships with source
country institutions. Partnerships allow compamngeaccess local expertise and resources in areas
of interest, and in some cases companies buil@reseapacity to undertake a greater share of
discovery, more affordably, in provider countriBartnerships also provide more insurance to
companies that the resources they access areylegdiined. Because these more involved
partnerships require a large investment of timerasdurces, however, companies tend to work
in fewer countries than in earlier years, a tramthier encouraged by developments associated
with the CBD and ABS measures (see Section 3).Uéiotechnology company Diversa has
developed criteria by which it selects partners ithelude: the legal framework and political will
within a country to support research and commesm#tities; the scientific and institutional

% For example, see the Ball-NBI agreement in Souftica
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strength of potential partners; and the presencmigiue and protected habitats (Mathur et al,
2004).

Partnerships also enhance the benefits accruipmtader countries and their institutions,
particularly those that build the scientific andtheological capacity of countries to undertake
research on their own biological diversftyBecause provider country scientists play a largler

in discovery when part of partnerships, it also nsethat financial benefits derived from any
commercial product will be more significant. Betestablished partnerships also help provider
countries monitor the ways samples are collecteldused. This is of increasing importance as
microorganisms come to dominate many natural prisch@search programs, re-collection of
samples becomes unnecessary with expression of iDM#e laboratory, and improvements in
synthetic chemistry make it possible to create atraoy compound in the laboratory (Koehn and
Carter, 2005; Bull, 2004). As one US academic mebea that has brokered access and benefit
sharing agreements in a number of countries ptElis highlights again the value and
importance of partnerships — for the benefit ofrglvedy. People need to develop relationships so
that they are comfortable working with each otfdnis kind of research is a difficult thing to
regulate, and is becoming more so. Trust is a sy, and paramount to the process working.
It is not enough to get a permit from a governnagdncy that doesn’t really know what the
research is about - it is much better for all imeal to also have full partnerships.”

4. Industry and the CBD

Industry and researcher perceptions of the CBD ABfdl in particular, have become increasingly
negative in the last decade. Some continue tdle#@ositive role the CBD can play in promoting
equitable relationships, conservation and bestipegcin industry, but many more consider the
negative impacts to far outweigh the positive 1999, ten Kate and Laird reported that over the
course of the previous two years of their study yr@fithe companies they interviewed had come
to believe that implementation of the CBD had gbadly wrong. They cited lack of clarity in the
regulatory framework; bureaucracy and delays irikéeg permits; lack of understanding of
business; confusion about national focal pointsealistic expectations and transaction costs;
restriction of scientific traditions of collaborati and exchange; and the pressures these new
regulatory frameworks place on already taxed napraduct research programs (ten Kate and
Laird, 1999, p296). These concerns continue toolalyare also increasingly accompanied by an
underlying unease with what are characterized asddrous” and “political” minefields of fickle
regulatory processes, and an absence of goodwill.

Increased mistrust and the absence of goodwill

From its inception, the CBD brought together a clexnix of scientific, conservation, trade,

and legal elements that fit uneasily into a reguiatvhole. ABS regulations exist at the juncture
of many inter-lacing bodies of law, which “crisss” the same biological material, including
international agreements on trade, environmentogical diversity, agriculture, IPR, and so on
(Thornstrom, 2005). The ethical, legal and politioaplications of new biotechnologies,
commercialization and ownership of life forms, paiteg of gene sequences, the Human Genome
Project, and broader concerns about globalizatimhcarporate behavior, have found expression
in the ABS policy process (Parry, 2004; Rosenthdl ldatz, 2004; Dutfield, 2002; Laird, 2002).

% For example, Diversa’s 18 partners have receivedthan $2 million in financial payments and $2
million in third-party grants to support researci@borations. Diversa has also supplied a rangeot
monetary benefits, including training more than $6i&ntists and students, and providing equipmeat a
infrastructure improvements (Mathur et al, 2004).
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These are critical issues to debate and resolpara®f international and national policy
processes, but their effect on ABS policy has labeisive and has drained it of the goodwill
necessary to come to agreement. Rather than cdaogether over the last 13 years to create
simple, workable legal and regulatory frameworksaocess and benefit-sharing, providers and
users of genetic resources are increasingly estcaflg

The commercial activities upon which ABS is pretichare not sufficient in scope or scale to
adequately support, or allow practical prescrigidor a policy process that incorporates so
many pressing but diverse ethical, political arghléssue¥. The result is that ABS is all but
stalled in practice, with only a small minority gédvernments enacting regulations that meet their
obligations under the CBD, and companies beingasingly loathe to access genetic resources,
or undertake research partnerships, in more thremdful of ‘safe’ countries that have strong
institutions and relatively clear approaches to AB8ustry involvement in the CBD has been
erratic, in some cases becoming much strongerferagxample, in the development of ABS
guidelines by the biotechnology indugtrywhilst in other sectors interest has waned .dnegal,
however, involvement of industry and academic neseas in the ABS policy process has
declined in recent years.

Charges of biopiracy and ‘image problems’

As a result of an environment characterized by mdsustanding and mistrust, in recent years
researchers and companies have become increasomgigrned about negative attacks and bad
press associated with accessing genetic resodincaddition to the practical hurdles of gaining
access, companies and researchers now considérelaeof ‘biopiracy’ charges a serious
impediment to research (this concern did not fegtmominently in the study undertaken by ten
Kate and Laird (1999) in the late 1990s). One mobiegularly cited is the broad definition of
‘biopiracy’. Whereas its initial meaning focusedtbi patenting of genetic resources based on
traditional knowledge without the consent of thewtedge holders, today it is popularly used to
describe any commercial activity associated withegje resources.

In a study of German companies using genetic ressuit was found that ‘image’ problems
associated with accessing genetic resources weagga concern for companies from a range of
sectors, and influenced their decision-making albdhéther and how to undertake collections
(Holm-Muller et al, 2005). An academic researcinethie US said that both academic researchers
and companies today are reluctant to access geastiarces overseas for fear of “...becoming
part of a very dangerous socio-political environtriarwhich anyone can claim they are
biopirates at any time, and slander them withoytlegal recourse.” An executive at a cosmetics
and personal care company in the US similarly dtaraed research on ‘new’ ingredients or
products as “very dangerous”, and in the on-golmgace of solid laws they currently avoid this
research.

27 As Rosenthal and Katz (2004) put it: ... suspicicsentment, and misunderstanding, fueled by
colonial history and the politics of trade and lietetual property rights, have frequently brougistcdssion
of the issues to a stand-off in both multi-latexatl project-specific fora ... In the policy vacuuratth
characterizes the current ABS situation in moshties, it is easy for anxiety and suspicion to
proliferate.”

8 Finston (2005) describes a rush to “solutionshimithe ABS policy process, without having adegiyate
defined the “problem”.

% In June 2005 BIO, the world’s largest biotechnglamlustry association issu&Lidelines for
Bioprospectindor its members (www.bio.org/ip/international/2@Jguide.asp)
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The rise in concerns about biopiracy is occurringha same time most in industry have come to
accept the need to negotiate access and bendfibglzgreements. As one biotechnology
company executive put it: “ The agreements arenetous; they [companies] can afford
royalties. Furthermore, the parties to the CBD smek some form of reprisal with any firm they
feel has gathered samples without permission...’I @@agine any reasonably sized company
trying to build a business on hidden material.”

Leif Christofferson of Diversa notes that attackscompanies for ‘biopiracy’ almost always
focus on the companies that are most transparéithviaas the effect of encouraging greater
secrecy on the part of industry. He cites the ch&#versa in Yellowstone National Park in the
US, because in this case both the Park and thearondplt that their agreement was a ‘win-win’
and presented it to the public with the expectatiat others would share their views. The
firestorm that erupted and put their collaboratorhold for many years has served as a warning
to other companies, he says.

Rosenthal and Katz (2004), reporting on the worthefICBGs, note: “Sometimes, regardless of
how thoughtfully, transparently, or collaborativelyollection-based project and its approach to
ABS are formulated, the political context in whitloperates may ultimately make certain

partnerships controversial. This is particularlg tase when working with indigenous peoples.”

Sometimes, however, charges of biopiracy have heeassary stimulants towards attaining
equitable agreements and persuading reluctanepdainegotiate. For example, public outrage
was expressed about the filing by the South Afrdlbased Council for Scientific and Industrial
Research of a patent for active constituentdaddiaspp. responsible for suppressing appetite.
The indigenous San had long used the plant foethagposes yet did not give consent to the use
of their knowledge and were not acknowledged byintkentors. International media coverage
forced a turn-about of the situation, and the dgwelent of an agreement and partnership of
mutual benefit to the CSIR and the San (South AfriSan Council and CSIR, 2003; Wynberg,
2004).

In some cases, claims of biopiracy also have pesttbmmercial spin-offs. For example, an
agreement between Chicago-based Ball Horticultndetlae South Africa-based National
Botanical Institute was the subject of much publieind controversy (Wynberg, 2003).
However, greater profile for the agreement is lvelitto have led to an improved image for Ball
and increased interest from other provider cousirigpartnerships (Brian Corr, Ball
Horticulture, pers. comm., 2005).

Lack of awareness of the CBD and new ethical anddkobligations

Other companies, however, appear to be unawaheadmplexities of their obligations under
the CBD, and attract attention because of defité=nio their agreements, or the information
made available to the public, rather than as dtregafforts at transparency. For example, the
Netherlands and US biotechnology company, Gendntamational, have been in discussions
with the Kenyan government about claims that iteli@wed enzymes from samples collected in
the 1990s from alkaline lakes, which were subsetijuécensed to Proctor and Gamble and used
in Tide laundry detergent (Mbaria, 2004). This cass brought to public attention after a feature
in Genencor’'s 2000 annual report suggested thdakies served as a source of a useful enzyme —
a powerful image in an annual report, perhapspbund to raise concerns on the part of provider
countries.

Although many in industry are well-versed in thel8&nd resulting obligations, other
companies, and indeed entire sectors, remain jaigebrant of these issues. Ten Kate and Laird
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(1999) found awareness significantly lower in comipa in botanical medicine, personal care
and cosmetic, and horticulture than in pharmacealgtidiotechnology, the seed industry and crop
protection, and this continues todayHolm-Muller et al (2005) found that only a smalinority

of the German companies they interviewed, includinty 14% of those that access genetic
resources, are aware of the CBD and its legal atatigs, and fewer still are familiar with terms
such as “access and benefit-sharing”.

Ignorance of the CBD is not confined to industrgwever. Many academic researchers continue
to see the CBD as having no bearing on their wieok.example, the Scientific Council for
Biological Diversity of the Swedish Environment Rrction Agency sent an enquiry to 39
universities about ABS provisions of the CBD. @étl7 that responded, 50% said that ABS
issues did not impact or relate to their work (Ttetrom, 2005). Some academic researchers
express concern about colleagues that do not k@k€BD seriously, and while paying lip service
prefer in practice to “ask forgiveness rather thak permission”. Some see the new obligations
as too burdensome and expensive in time and famdisothers say that whatever they do, they
will be tarred ‘biopirates’.

Lack of understanding of commercial practices anidks

Numerous researchers and companies expressed cdnaefew in government responsible for
ABS are familiar with the rapid scientific and techogical developments in industries that use
genetic resources, or with the market, legal ahdrdiactors that influence corporate behavior.
They see this as a serious impediment to the dewelot of effective ABS frameworks.

Many thought government ministries dealing wittd&and industry, or scientific research,
should be the home for national focal points, nathan ministries of environment and natural
resources. Some feel that the role of those widvaat scientific expertise in provider countries
has diminished over the last ten years, and tleaABS policy process is now dominated by
groups with little scientific or commercial expere.

For example, there are common misunderstandings #foe value of genetic resources for R&D
and commercialization, including the lower expemditand risk associated with discovery
compared with development, and the low odds of ceroral product development from any one
sample (although this varies by sectorfompanies have also remarked that the internal
competition genetic resources research programsgiegal products in the pharmaceutical and
cosmetics industries, and wild germplasm in seach from other research programs within
companies is often poorly appreciafe@verall there is a perception that the actuavitiets

30 Nutraceuticals and botanicals companies, whict terbe small, are often completely unaware of the
CBD, and yet as a researcher at a French persar@ahad cosmetics company put it: “they prospetct fo
leads and use traditional knowledge more directlyaw product development”. Ingredient suppliers in
these sectors undertake a significant portion @fittospecting and new product development, bulyrare
see the CBD as relevant to their business modelZ8&bewonyo, Bioresources International, pers.
comm., 2005).

3|t is estimated that one in 10,000 samples makiatoi a commercial pharmaceutical product, andyGra
et al (in press) estimate that less than 4% ofrpadiepharmaceutical drug candidates become comaherci
drugs.

32 As one researcher said of bioprospecting for frages: “...if it becomes too difficult to do thissearch
from a legislative perspective then it will stofhieh would be a terrible shame.” (Roman Kaiser,
Givaudan, pers.comm., 2005).
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governments seek to regulate are unéfeand that standard, and largely non-negotiable,
commercial practices like the premium placed orfidentiality associated with R&D and
agreement$, and the role of intellectual property is not weliderstood. One company
representative said that when they work in coustnigh low levels of ABS capacity, the
company “must sit on both sides of the negotiatitie, explaining what a contract is, a patent,
and so on,” and that this process is “wearing” ‘amsustainable”.

Increasingly contested intellectual property rights

There are sharp differences in perspective betwesups about the positive and negative
impacts of intellectual property rights (IPRs), ada result this issue has been found at the
center of much of the ABS dialogue. In particuthere are divergent perceptions about the role
of intellectual property protection in stimulatimnovation and revenue; the ethics of patenting
life; and the effects of intellectual property @ation on food security, and health service
provision (CIPR, 2002; Oldham, 2004; GRAIN, 2008hgoing efforts to introduce ‘disclosure
of origin’ requirements for IPR applications, tleelding of multi-genome patent claims, and
differences of opinion as to the placement of genetormation in public databases have been
three recent debates that illustrate these divesgen

The possibility of requiring applicants for pateotsother IPRs to declare if any genetic resources
or traditional knowledge have been utilized in ttagiplications has been brought into focus in
recent years. Although a number of countries haepted these disclosures of origin measures,
there are conflicting opinions about their introtiic at the international level, with some making
a strong calls for patents to be granted only adesxce of PIC and benefit-sharing, and others
arguing that a contract-based system sufficesdouring the ABS objectives of the CBD. An
industry-wide survey in Germany revealed wide supfoo disclosure requirements amongst
users, predominantly Holm-Muller et al (2005) reknbecause the requirement is without
prejudice to the processing of patent applicatmmthe validity of rights arising from granted
patents. Although the debate has predominantlysietwn moral and ethical issues, Tobin
(2005) notes an important shift in focus towardsuke of disclosure as an economic tool to
promote facilitated access, reduced transactiots ¢o0sABS and legal certainty. This could go a
long way to resolving the ‘biopiracy’ claims ded@idl earlier.

Industry and researchers view IPRs as importameiés of the research and commercialization
process, but there are also differences in appesachintellectual property protection and the
publication of research findings. For example, Déaehas patented results of their research on
microbial diversity, while the Venter Institutevisorking in similar areas and publishing a freely-
shared genomics database even though this mayeaea nation’s benefits arising from
potential commercial utilization” (Biological Resaes Access Agreement, 2004). In Bermuda’s
Sargasso Sea, a six-year process by Diversa tdopexdiodiversity research partnership with a
local biological station is in contrast to the Vianinstitute’s open publication of 1.2 million gene
fragments from the same area. This might mearDhatrsa and other companies like it may
now find it harder to justify to their shareholdéhnat they should continue to pay for something
that they can now initiate for free from a publatabase (Diversa, 2005).

33 For example, in many instances policy makers cmfiollection of samples for discovery
(bioprospecting) with sourcing and export of butkdnical raw materials — two very distinct actiegti

raising very different legal and ethical issuesarding ABS (Kodzo Gbewonyo, BRI, pers.comm., 2005).
34 For example, a biotechnology company represemtatiid: “...Some interest groups, such as joursalist
searching for a story, or environmental groupsaachof controversy to help boost fundraising effomay
find the mere fact that these benefit-sharing tearasconfidential is unethical”.
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Increasingly, genome mapping with its identificatiaf key genetic material across varieties,
species, and genera, and the increasing realizatticratedness between organisms, is resulting
in a surge of very broad intellectual property migi(Oldham, 2004). With continued scientific
and technological changes, an increased abilityrtogenetic resources into new informational
products, and reduced dependency on wild genetaurees in certain sectors, the ground for
continued contestations of IPRs is fertile.

Competent National Authorities

The Bonn Guidelines recommend each country desgr@ahpetent national authorities (CNAS)
or focal points for ABS. Most countries have yetesignate or clearly define the tasks of
CNAs, and companies and researchers regularly iexper difficulties locating groups within
government that can clearly explain and executeiéng for collections and research. German
companies cited difficulties identifying an appriape focal point with whom to negotiate and
receive permits or prior informed consent as ond@fmost common problems associated with
accessing genetic resources (Holm-Muller et al5208s a researcher at a French personal care
and cosmetics company said: “ Companies need $eamd for things to be clear. We want to
know what we can do, where we go to ask for authtion, what partners are allowed to work
with us, who can collect and send plants to thepzom. We are happy to apply for authorization
and share benefits, but it can be very difficulkbow how to do this.”

A biotechnology industry representative in Euromadmthe additional point that because many
countries have not established effective PIC promesior authorities, “... industries will have to
choose their countries of CBD collaboration notydmhsed on where the interesting biodiversity
is, but also where PIC procedures and the CBDI&gis are in place” (Lange, 2004).

Acquiring prior informed consent poses particulidfiailties for companies. The CBD gives

legal authority to national governments, howevaurictice there are a range of stakeholders in
provider countries whose consent is required. Mostpanies consider it beyond their expertise
to navigate the complex political and social issihes$ underlie seeking prior informed consent
from many parties within a counffy Almost all companies prefer to negotiate witrestific
research institutions that share their experiencesworldview’, and many would prefer to work
entirely through these groups for all permittingagsdl as PIC requirements, rather than having to
work through complex government bureaucracies.ddda most cases partnerships between
companies and research institutes (both domedliprovider country) are still the most common
model through which companies gain access to geregources.

While many governments remain ill-informed abow sitientific and commercial realities of
bioprospecting, some of the problems that haveiiis this regard are magnified by striking
differences in experience and perspective in aamvevolving regulatory field. The ICBG

35 n the ICBG program, academic researchers tendaiceb relationships between parties, but even they
have run into problems obtaining prior informed semt in cases where the ‘community’ that can
legitimately make decisions regarding the shariignowledge or resources is unclear, and where an
“established, credible and politically represen&tjovernance system” does not exist for the intbgs
communities involved (Rosenthal and Katz, 2004;eRtfzal, in press).

% The US National Cancer Institute (NCI), for exaegbund that companies are reluctant to negotiate
directly for PIC with local communities and indigars peoples, and prefer to leave these to locaigrar
institutions with the necessary experience in thentry. NCI has found that it is most effective focal
partners to obtain all necessary permits and Rifd fielevant government authorities as well as local
communities (Cragg et al, in press).
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program, for example, has found numerous challemgbsgdging the expectations and practices
of users and providers. Companies are typicalleored about losing their competitive edge if
proprietary bioassays and related methodology,edlsas the nature of any specific leads or the
financial terms of an agreement, are shared wittigsgperipheral to the work. The unfamiliar
concerns of indigenous peoples, conservationistotrers raise concern among industrial
partners that their needs for secrecy will notdspected, and vice versa (Rosenthal and Katz,
2004). However, the ICBG program has produced aqmiattely 125 contracts, including
research and benefit sharing, material transferfidentialty, know-how licenses, license option
agreements, and trust funds, and has managedldogawinerships that address both provider and
user expectations and priorities. While this haefba significant rate-limiting factor in some
projects”, the development of models for collabiorais considered perhaps the single most
significant contribution of the program to date §Rothal and Katz, 2004).

Regulatory confusion, complexity and shifting goalgts

Although more than 75 Contracting Parties have lmasived in ABS law and policy
development, only 26 of the 188 Contracting Patbethe CBD have adopted ABS laws and
procedures. Development of national ABS measureptwven difficult for many countries due
to a number of factors, including lack of techniegpertise, budgetary constraints, weak
government structures and political support, Isoalial conflicts, and conflicts over ownership of
genetic resources (UNEP/CBD/WG-ABS/3/2, 2004; Qasa et al 2004; Nnadozie et al, 2003).
It is also the case that many governments areijugggbmpeting priorities, and do not see
bioprospecting as an area active enough to waatlwating the resources necessary to develop
ABS laws and institutions. At the same time, maoyrdries have yet to identify the objectives
ABS measures are intended to serve, and a striiegghieving therff. The result is that even
existing ABS measures are often sectoral and patchy

But even in countries with well-developed ABS measuand national focal points, there
remains confusion associated with implementatian.gxample, in the Galapagos Islands,
Thorstrom (2005) found that — despite Ecuador’s benship in the Andean Pact and active
participation in ABS policy dialogue over the 148t years - negotiation of an agreement in line
with current ABS norms was haphazard and imperfead, “...the CBD’s guidelines on ABS,
coupled with the 391/96 provisions did not workyesell in practice”. (p3) This was due to a
lack of awareness of new regulatory frameworkshenpart of the local research institution and
the company involved.

In other cases, countries with well-developed messcan fine-tune measures, in ways that shift
goalposts and create uncertainty for users. Fanpbe in the 1990s the University of Utah was
the first group to enter into a commercial reseagteement with the Philippine government
under Executive Order 247. A process underway toolagfine ABS laws has produced a
framework that is at odds with the earlier agreemidaw rules include, for example, royalties of
3% on gross sales to shareholders in the Philigpifsepresent, the University of Utah will split
any royalties from their marine bioprospecting vitth University of the Philippines, as an agent
of the national government, and considers royattfé5% of net sales the most likely range
possible. Under this scenario, 2.5% of net salssipte for the University of the Philippines falls
well below the 3% of gross sales anticipated inrtéwe rules. It is extremely unlikely any
company will agree to royalties based on grosherahan net, sales, and it is unclear where this

37 See ten Kate and Wells, 2000. Finston (2004) destit this way: “To paraphrase Lewis Carrollyifu
do not know where you are going any road will gat yhere. Now more than ever, it is important for t
developing country Members of the CBD to identligit destination in terms of their strategic comeradr
interests, and to map out a strategy for reachiag goals”.
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leaves the research programs. The Bureau of Feshanid Aquatic Resources, in the Department
of Agriculture (DA-BFAR) is willing to consider copnomise language, however, and
discussions for renewal are currently underway i€dneland, University of Utah, pers.comm.,
2005).

Another major problem with coherent implementatdd®BS regulations appears to be what
some in industry refer to as a lack of “politicdll¥within governments (Mathur et al, 2004).
Researchers and industry now widely believe thatamy countries government officials are
reluctant to grant access, even if regulatory pfooes are in place. One US researcher described
his unsuccessful efforts to gain access in onetcponer many years as follows: “People in
government see this as a political hot potato,ardafraid to stick their neck out and even
prepare an agreement for fear of the criticismwikitresult, and they will be fired... We finally
came to realize that this is a political issue, emgcerns had nothing to do with coming up with a
fair and satisfactory agreement, or not. ”

The cost and time required to develop partnershiffsn complex and evolving regulatory
frameworks are significant, and many companiesrtepeetraction of collections into fewer
countries with more straightforward procedures. i@oes like Brazil and India, for example, are
regularly avoided,; it takes 1-3 years to get a jiieland researchers fear both the hostility they
find to any research on genetic resources, and erfebbserver called the “national regulatory
labyrinths” (Thorstrom, 2005). In The Philippindise University of Utah undertook negotiations
for 3 years for their first commercial researcheggnent, and a year and a half for the first
renewal (Chris Ireland, pers comm., 2005). TheNa8onal Cancer Institute has found that it
can take many years to reach agreements, andalagsdcave resulted in promising compounds
or their derivatives being synthesized and partipssstalling (Cragg and Newman, pers. comm.,
2005). Syngenta, noting their frustration at firgdangovernment body to give PIC, and a partner
with whom to develop agreements, have remarked thidtyou don’t move for two years, you
lose interest and move on” (Alwin Kopse, Syngentarational, pers. comm., 2005).

Legal certainty concerns

All of these factors combine to create concernsiibegal certainty’ for users of genetic
resources, something a party would have regardingstrument if “he was fully aware of all
relevant laws, and certain that they were condistand predictably in force and enforceable”
(IUCN-Canada, 2008, Legal certainty grows from a broader body of taan ABS or
biodiversity law, but confusion in the ABS regulat@rocess makes many companies very
nervous. As one researcher put it, “...even if omae®to an agreement that is satisfactory to
both researchers and governments, in a few yeathamindividual with more political influence
will come along and say the agreement is invalizbfnpanies want to know that during the
course of the 10-15 years it takes to develop anpheeutical, for example, and following

3 nits analysis of legal certainty in ABS measute&;N-Canada (2005) focused on three elements: (1)
process certainty (establishment and empowermestrapetent national authorities, specifying thétsg
and duties of others (eg landowners and commujittee may be involved; clarity in procedures for
applying for ABS rights, various deadlines, andeadp (2) scope and nature of the grant (clearfinde

the right granted, and enunciating mandatory prorgsand conditions that must be included within
‘mutually agreed terms’); and (3) legitimate expgicins and vested rights (eg clear and speciftatstey
requirements and limitations regarding subsequeaitenges to the user’s activities after receiviBfS
rights, and a clear delimitation of the nature e¥gnment’s power to alter, cancel, repudiate, ahwen
suspend an ABS right, once it has been received).
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expenditures in the hundreds of millions of dollapsestions will not be raised about the
company’s rights to the original material.

Some companies find that through more involvedneasghips with provider country research
institutions they gain greater confidence in thegal title to resources. Others work only in
countries with which they feel comfortable, whettieough historical ties (eg French companies
working in French territories under French law)aera result of the legal framework meeting
their needs for legal certainty (eg Costa Rica).

Impacts on science and development

Researchers in both academia and industry expmesficant concern about the negative impact
ABS is having upon basic science and upon tradit@frtrust and collaboration among scientists.
Just as scientific and technological developmeat® ldramatically improved our ability to study
and use genetic and biochemical resources, thiabiiéy of organisms to research has
diminished, including in countries with extremelydaatened ecosystems where the future of
these organisms is uncertain. Many felt that coemtvere shutting themselves behind an ‘iron
curtain’ and setting back their own capacity andettgoment. Craig Venter, Director of the
Venter Institute, remarked at a recent public lextlif Darwin were alive today, he would not
have been able to have done his research.”

A marine researcher in the US feels that “... closiffgcollaboration and collegiality has very
serious consequences for science worldwide. Pelgpie seem to appreciate that it isn’t just
pharmaceutical companies that have an interestural products, it is also academic
researchers. We used to work in many parts of tmédvirom which we are now excluded, and
train students from countries with which we no lengave working relationships. How is this a
positive development?” (William Fenical, SCRIPP&g comm.., 2005). Rosenthal and Katz
(2004) consider the need to develop effective nwftelcollaboration an urgent one. They argue
that the research community must “demonstratethitvork can be done in a flexible and
accommodating manner that recognizes the envirotahand socioeconomic context in which
these organisms exist, or we will lose accessdamtim the near term through politics, and
eventually through extinction...”.

A representative from the seed industry believastte CBD and FAO agreements have led to a
narrow band of collaboration between companiehénNorth who know and trust each other,
and that new collaborations with new institutions eonsidered with increasing reluctance. The
net effect is a stifling of research and innovafjaiwin Kopse, Syngenta International, pers.
comm., 2005). Others have expressed concern dimeffect of the CBD on collection of

genetic material for agricultural genebanks, amdréducedx situconservation of agricultural
diversity, as a result.

Another researcher is working on a project call€de’ Scent of the Vanishing Flora” as a way of
educating people about the many reasons why netmservation is important (Kaiser, 2004). A
number of countries would not let him undertakesagesh on the scents of extremely endangered
species, although they were found in botanic gard&s soon as they know you are from
industry, they become very suspicioud.here are amazing things in nature, and this reBea
should continue” (Roman Kaiser, Givaudan, pers.cqraf05).

But it is not only negative impacts on science ties researchers and other worried about trends
in ABS. Many groups also feel that local commussitéd rural producers suffer when
opportunities for commercialization of local prothiare cut off. PhytoTrade Africa, for example,
has established partnerships with companies iodbmetic and personal care sector like Aldivia
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(France) around the commercialization of produaimfSouthern Africa (Aldivia and

PhytoTrade, 2005). In order to develop productsdpeers need to do research and development,
and this requires funds. One option is throughitddale donations and public support, and the
other is through commercial partnerships. The forimémited, and the latter depends on
companies benefiting from the arrangement. The lhennd that their association can best bring
benefits to local producers through industry paghips, including shared intellectual property
and benefit-sharing agreements. Although roya#tiesbuilt into negotiations, the primary

benefits they see are partnerships with reliableetsy who sign long term supply contracts,
paying a fair price. At the same time, PhytoTradearking on innovative models for capturing
benefits from intellectual property, including thgh a trust. But they see the most important goal
as developing “long term supplementary income ssifar poor rural people in the region from
the sustainable exploitation of indigenous NTFmftimber forest products]” (Lombard, 2004,
Lombard, PhytoTrade Africa, pers.comm., 2005).

4. Recommendations

During the course of this project, researchersraptesentatives from industry and academia
were asked for their recommendations on ways teougthe ABS policy process. A range of
invaluable recommendations relating to ABS in gahend ABS and industry in particular, have
also emerged in the literature, but these willb®tepeated hefe

Industry and researcher recommendations for provides:

1. Undertake national consultations that comprehehsaugd overtly address the range of
issues that touch upon or underlie ABS — eg patgrf life forms, relationships with
external companies, implications of new biotechggle and tease out the distinct
concerns associated with each, and their relatiprishABS frameworks.

2. Define biopiracy and what would constitute accelet®iioprospecting activites.
3. Clarify the types of activities ABS measures retgpila

4. ldentify the objectives ABS measures are intendesktve — eg biodiversity
conservation, scientific and technological develeptn and develop a strategy for
achieving them

5. Improve capacity within government to address thesges, including understanding of
the scientific and technological, market, and lexggdects of bioprospecting and the
industries of which it is a part.

6. Improve the capacity of national focal points, ifiéng their roles and responsibilities,
and ensure that individuals with relevant scientiiommercial and other expertise are
part of the staff, and part of national ABS poldiglogues.

39 See, for example, IUCN-Canada, 2005; UNEP/CBD/WES/B/2, 2004; Carrizosa et al, 2004;
Nnadozie et al, 2003; Rosenthal and Katz, 2004g¢&ed al, in press; Parry, 2004; Laird, 2002; textieK
and Laird, 1999.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Clarify expectations for permitting (time to prosgsontent of application, requests for
additional information, criteria by which appliaatis will be judged, etc.) and identify
the ways PIC is to be sought from groups outsidgosErnment.

Promote the role of research institutions as in¢gliaries between companies and
providers, and brokers of permitting and PIC pracesd.

Build domestic capacity and infrastructure to suppmher levels of scientific
collaboration, and to maximize the gains from bogpecting partnerships.

Create a legal and scientific environment recepiveesearch and commercial
partnerships, including providing legal certairdyusers adhering to national laws.

Avoid a ‘one-size fits all’ approach to ABS measyraking into account the diversity in
user industries, including differences in reseanati development, the value of genetic
resources to industry R&D, the types of commengiatlucts that result, and the
profitability of products.

Retain flexibility to allow laws to adapt to theprd scientific and technological change
that characterize industries using genetic ressutkdse a ‘stepwise’ approach to ABS
law and development and keep the permitting andlasgry process simple and
predictable.

Don't lock companies into a commercial agreemedtapredetermined set of benefits at
the earliest stages of discovery, but rather peindicative benefits, or a package of
benefits triggered by different stages in the R&d aommercialization process. A
research agreement might cover the discovery pfasexample, followed by a
commercial agreement triggered by patents or seteof an agent for development.

Distinguish between academic and commercial reBeanegulations, with different
levels of complexity in agreements, and differeqiertations associated with benefit-
sharing.

Do not sacrifice the invaluable benefits of scigntiollaboration, or academic research
on biodiversity, out of fear that commercial resbazannot be adequately regulated or
monitored.

Promote transparency and partnerships, ratheriltegal collecting. Byzantine
regulatory frameworks and mistrust do not appealeter the more unscrupulous
collectors and only serve to put off more respdestbompanies.

Promote more involved partnerships between domessizarch institutions and
companies, as a way of ensuring more significanebis and — particularly in light of
advances in synthetic chemistry and the incredsicigs on microorganisms — more
effectively monitoring commercial activities.

Bring more individuals from trade and industry, @aw@demic scientists with experience
in these fields, onto delegations to the CBD.

Recommendations for user country governments:
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1. Build the capacity of national focal points to pisevinformation (eg corporate policies,
standardized contracts, information on ABS mea3aed technical assistance to
researchers and companies. National focal poirgstrailso collaborate across regions to
ensure more effective use of limited resources.

2. Promote the involvement of companies and industspaiation¥, and academic
researchers working in these fields, in the CBDgygbrocess. This might include
actively soliciting their feedback and input on ABSues prior to key meetings.

Recommendation for Parties to the CBD:

1. Develop a regional or international clearingi$mfor information on the commercial use
of biodiversity. This would include information dime range of sectors undertaking
research on genetic resources, including scierifit technological developments,
demand for access, trends in benefit sharing, andABS agreements. The information
would be regularly updated, and summaries of redemtlopments and emerging issues
submitted to each meeting of the ABS Working Grabp,COP, etc. In this way, Parties
might be better able to stay abreast of the comaleactivities they seek to regulate.

0 For example, a new industry association, the AtaerBiolndustry Alliance, has been formed to
represent a range of sectors involved in biopraspgat the CBD, WIPO and other international pplic
processes (www.abialliance.com).
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ANNEX

PHARMACEUTICAL INDUSTRY: TABLES AND CHARTS

Table 1. Top 10 Pharmaceutical Markets

June 2003- June 2004

Share of global sales

Annual change

(% billions)

us $228.7 46.0% 10%
Japan 554 11.1 3
Germany 27.8 5.6 6
France 26.4 5.3 7
UK 184 3.7 11
Italy 17.9 3.6 6
Spain 12.8 2.6 11
Canada 10.5 2.1 1
China 6.6 1.3 19
Mexico 6.3 1.3 11
Total 410.8 82.6% 9%

Source: IMS Health, Moving Annual Total (MAT) to @ember 2004

Table 2. Five year merger history of the top 10 phanaceutical companies

Market share, based

Market share, based

Major component

on 2003 sales on 1998 sales (pro companies
forma)

Pfizer 10.1% 9.0% Pfizer, Pharmacia,
Upjohn, Warner-
Lambert, Searle

GlaxoSMithKline 6.6 7.2 Glaxo, Wellcome,
SmithKline French,
Beecham

Sanofi-Aventisa 5.4 5.8 Sanofi, Synthelabo,
Hoechst, Rhone-
Poulenc, Fisons

Merck & Co 4.8 4.2

Johnson & Johnson 4.8 3.6

Novartis 4.3 4.2 Ciba-Geigy, Sandoz

AstraZeneca 4.1 4.3 Astra, Zeneca

Bristol-Myers Squibb 3.4 4.2 Bristol-Myers Squibb,
DuPont Pharma

Roche 3.3 3.1

Abbott 2.8 3.3 Abbott, BASF Pharma
(Knoll)

Top 10 companies 49.6% 48.9%

Source: IMS Health, 2004

Table 3. Top 15 pharmaceutical companies 2004

Company Location Healthcare revenues | % change from 2003
($bn)

Pfizer Inc us $52.5 17.4%

Johnson & Johnson us 47.3 13.1

GlaxoSmithKline Plc UK 37.3 (5.1)

Sanofi-Aventis Group France 31.6 9.0
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Novartis Switzerland 28.2 13.6
Roche Switzerland 25.2 0.2
Merck & Co. us 22.9 2.0
AstraZeneca Plc UK 21.4 13.7
Abbott Laboratories us 19.7 13.9
Bristol-Myers Squibb us 19.4 3.9
Wyeth us 17.4 9.5
Eli Lilly and Co. us 13.9 10.1
Bayer Germany 10.6 (4.4)
Amgen Inc. UusS 10.6 26.3
Boehringer Ingelheim Germany 10.1 10.5
GmbH
Source: MedAd News, 2005.
Table 4. Drug Discovery and Development
Average time (years) Average # compounds| PhrMA meler

company investments

($bn)
Drug discovery 5 years 10,000 $11.0 billion
Pre-clinical 1.5 250
IND Submitted
Clinical Trials Phase |, | 6 5 14.1
I, 1l
NDA submitted
FDA Review 2 1 4.1
Large scale 2 1 3.7

manufacturing/Phase
v

Source: PhRMA, 2005
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Chart 1. Sales by all categories, drugs >$1 billiqr2003 and 2004

Sources 2003 & 2004 >1B US;
2003,n =61; $B137.5
2004,n =63; $B145.4

45.0
40.0
35.0
30.0
Sales by 25.01
Source $B 200
15.01
10.01
5.0
0.0

O $BUS/03 B $BUS/04

B N ND S S*  S*NM S/NM

Source: Newman, 2005

B=biologicals; N = natural products without modé#tmon; ND = modified natural products; S= synthgtic
S/NM= synthetic by natural product mimic; S*=naifyseoduct pharmacophore; S*NM=natural product
pharmacophore or mimic
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Chart 2. New Chemical Entities 1981-2005

New Chemical Entities 1981-FEB2005 by Source N = 1100

80+

70+

AioBared Ag saquinN

Year

‘IB BN OND OS* mS*NM @S mS/NM OV

Source: Newman, 2005
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BIOTECHNOLOGY INDUSTRY TABLES

Table 5.
Global biotechnology at a glance in 2004

| Global ) Europe Canada Asia-Pacific
Public company data
Revenues ($m)| 54.613 42.740 7.729 2.091 2.052
R&D expense | 20.888 15.701 4.151 782 253
($m)
Net loss ($m) 5.304 4.317 484 408 94
Number of 183.820 137.400 25.640 7.370 13.410
employees
Number of companies
Public 641 330 98 82 131
companies
Private 3.775 1.114 1.717 390 554
companies
Public and 4.416 1.444 1.815 472 685
private
companies

Source: Ernst and Young, 2005

Table 6. World’s Top 10 Biotechnology Companies

Company 2002 sales (US $millions)
Amgen 5.523
Genentech 2.212
Amersham 2.305
Serono 1.546
Genzyme 1.329
Chiron 1.276
Biogen 1.148
Medimmune 848
Invitrogen 649
Cephalon 507

Source: ETC Group, 2003
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SEED, CROP PROTECTION, AND PLANT BIOTECHNOLOGY TABL ES

Table 7. Top Seed Companies and their Business Are&2004)

Company 2004 sales (US$ Nature of business
millions)

Monsanto (US) 2.800 Corn, soybean, cotton. Trait¥,egetables
through acquisition of Seminis

Dupont / Pioneer (US) 2.600 Corn, soybean, traits

Syngenta 1.200 Corn, soybean, sugarbeet, vegetables,

(Switzerland) flowers, traits

Groupe Limagrain 1.044 Corn, cereal, vegetables

(France)

KWS AG (Germany) 622 Corn, sugarbeet, cereals, odgeds

Land O’Lakes (US) 538 Alfalfa, maize, soybean, foige and turf
grasses

Sakata (Japan) 416 Vegetables, flowers

Bayer Crop Science 387 Vegetables, traits

(Germany)

Taikii (Japan) 366 Vegetables, flowers

DLF-Trifolium 320 Cool season clover and grass; grains and

(Denmark) flax

Delta & Pine Land 315 Cotton, soybean

(Us)

Source: ETC Group (2005); International Seed Feder§2005a); Smolders (2005)

Table 8. Top Agrichemical Companies, 2002.

Syngenta $witzerland) 5.260
Bayer(Germany) 3.775
Monsanta(US) 3.088
BASF (Germany) 2.787
Dow (US) 2.717
DuPont(US) 1.793
Sumitomo ChemicalJapan) 802
Makhteshim-Agar{Israel) 776
Arysta LifeSciencéJapan) 662
FMC (US) 615

Source: Agrow (2003)
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Table 9. Value of exported seed of major crops (i0S$ millions) (1998)
Maize 530

Herbage crops 427

Potato 400

Beet 308

Wheat 75

Other agricultural crops 750

Horticultural crops 1.150

Total 3.640

Source: International Seed Federation (2005a)

Table 10. Areas planted to GM crops in adopting cautries

United States 47.6
Argentina 16.2
Canada 5.4
Brazil 5
China 3.7
Paraguay 1.2
India 0.5
South Africa 0.5
Uruguay 0.3
Australia 0.2
Romania 0.1
Mexico 0.1
Spain 0.1
Philippines 0.1

Source: James (2004)
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HORTICULTURE INDUSTRY TABLES

Table 11. Top importers of live plants 2001-2004

Importing country Trade Value 2001-2004 (US$1,000)
Germany $3.400

France $1.877

United Kingdom $1.493

USA $1.451

Netherlands $1.099

Others $7.670

Source: UN Comtrade, October 2005

Table 12. Top exporters of live plants 2001-2004

Netherlands $7.441
Denmark $1.639
Belgium $1.561
Italy $1.434
Germany $1.002
Others $4.718

Source: UN Comtrade, October 2005.

Table 13. Top 10 cut flowers at Dutch auctions, 2d0

Product Auction turnover 2004 (Euro 1,000,000)
1. Rosa 705.9
2. Chrysanthemum (raceme) 285.3
3. Tulipa 185.0
4. Lilium 158.3

5. Gerbera 115.9
6. Cymbidium 65.2

7. Freesia 59.6

8. Anthurium 39.7

9. Chrysanthemum 38.9
10. Alstroemaria 38.4

Source: Dutch Flower Council, October 2005

Table 14. Top 10 pot plants at Dutch auctions

Product Auction turnover 2004 (Euro 1,000,000)
1. Phalaenopsis 109.7
2. Dracaena 42.2
3. Kalanchoé 40.2
4. Anthurium 36.0

5. Ficus 32.5
6. Chrysanthemum 25.7
7. Rosa 25.0
8. Hydrangea 24.4
9. Spathiphyllum 22.8
10, Hedera 20.0

Source: Dutch Flower Council, October 2005
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