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US venture capital (VC) investment in
biotechnology increased from less than 4%
(of total VC funding) in 2000 (ref. 1) to 9% in
2002 (http://www.ventureeconomics.com).
However, of those venture capitalists who
claim a significant interest in the life sciences,
only a handful have invested in agricultural
or other industrial biotechnologies. Why has
this situation arisen, what are the potential
consequences for research, competition and
economic growth in agriculture, and what
can be done to rectify this state of affairs so
that an innovative and robust industry can
evolve to realize the full potential of agricul-
tural biotechnology?

Opportunities abound
There is a broad spectrum of innovative
product opportunities currently being
addressed in agbiotechnology (see Table 1).
These opportunities can be classified as meet-
ing needs in crop productivity (input traits),
food and bioprocessing (output traits) or
nutraceuticals and pharmaceuticals (health or
medicinal traits). There are also a number of
genomics and enabling technologies that have
applications in agbiotechnology.

Thus far, the majority of approved crops
under cultivation are transgenic for input
traits. Such traits (see Table 1) include
genes for yield enhancement and pest con-
trol (e.g., Monsanto’s (St. Louis, MO,
USA) RoundupReady corn for tolerance 
to glyphosate-containing herbicides, and
Monsanto’s Bollgard Bacillus thuringiensis
(Bt) cotton for lepidopteran insect control).
These transgenic plant products generate
economic benefit for farmers and retail con-
sumers by lowering the financial and envi-
ronmental costs of crop production. Input
traits currently on the market represent
alternatives to the products of the agricul-
tural chemicals industry, such as sprays for
insect control. The cost savings to farmers

associated with the use of agbiotechnology
products can be readily calculated and con-
sequently the pricing of these products at the
producer level is relatively straightforward.
Finally, a value sharing mechanism, involv-
ing a distribution (between seed companies
and technology providers) of the technology
access fees or seed premiums collected from
the farmer-producers is already well estab-
lished for this first generation of agbiotech-
nology products.

In the seven years since their first com-
mercial introduction, transgenic crops con-
taining input traits have been rapidly
adopted in a number of important agricul-
tural markets, and to date have been cumu-
latively grown on over 700 million acres
(283.5 million hectares). In 2002 alone, 145
million acres (58.7 million hectares) of
transgenic crops were grown globally, with

an estimated market value of $4.25 billion
(see Fig. 1).

Output traits include those for improving
food and feed quality as well as those involved
in food processing and bioprocessing (see
Table 1). They target opportunities for differ-
entiating commodity crop products, such as
generating soybean plants yielding oil low in
polyunsaturated fats. Output trait products
(see Table 2) include the following: plants
transformed with genes for commercially
valuable oils (including lubricants), proteins
and starches; plants transformed to alter fatty
acid composition; plants transformed to
modify seed storage proteins and amino acid
profiles; and plants transformed to alter car-
bon-partitioning for novel starch produc-
tion2. A first generation of output traits was
commercialized in the 1990s, including prod-
ucts such as Calgene’s (Davis, CA, USA; now
part of Monsanto) FlavrSavr tomato with
delayed fruit softening for longer ‘on-the-
vine’ maturation and improved flavor (Table
2). However, this first generation of con-
sumer-oriented products have all been with-
drawn from the market because, for different
reasons, they failed to capture enough value
to warrant their continued production.

Even so, ongoing efforts to minimize
financial risk within traditional agriculture
continue to stimulate vertical integration
within many agribusiness value chains,
encourage contract growing with farmers to
meet predefined product-quality specifica-
tions and promote an end-product orienta-
tion among producers with an associated
focus on the measurement and categoriza-
tion of crop-quality characteristics. The
development of the next generation of trans-
genic output-trait products will aim to take
advantage of these ongoing agribusiness
developments, generating additional value
by improving the specific measurable prop-
erties of commodity products to meet the
cost, quality and health demands of increas-
ingly sophisticated consumers. This new
generation of output traits will have to do all
of this in a manner that creates enough
profit throughout each step of the product
value chain to support their ongoing com-
mercialization. For example, in the case of
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Figure 1  Worldwide area cultivated with
transgenic crops. (a) Acreage in 2002. (b) Growth
in acreage in the United States, Argentina,
Canada and China, 1996–2002. Source: Clive
James, ISAAA
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processed food products containing a trans-
genic output trait (e.g., a high solids toma-
toes), benefit would have to be created and
shared throughout a value chain that
includes growers, processors, shippers,
wholesalers, retailers and consumers.

Medicinal trait products include those
containing genes that alter the yield/efficacy
of nutraceuticals or pharmaceuticals derived
from natural plant products, therapeutic
molecules modified in planta or therapeutic
proteins manufactured using plant produc-
tion systems (Table 1). The ‘plants-as-facto-
ries’ opportunity purports to offer a
flexibility of manufacturing scale at a lower
capital requirement than competing produc-
tion systems. As such, plants represent alter-
native manufacturing systems for a next
generation of biopharmaceutical products
that are reported to be facing a potential
near-term crisis in manufacturing capacity3.

In addition to these transgene-based trait
opportunities there are a number of

enabling and genomics technologies that are
being used, among other things, for the dis-
covery and development of products that are
not genetically modified (GM) by plant
transformation as well as the molecular
marker–assisted breeding of both transgenic
and nontransgenic crops. Advances in
genomics technologies have led to an
improved ability to identify targets for new
agricultural chemical products, such as the
discovery of new herbicide and insecticide
targets. Others groups are using new
enabling technologies to develop screening
methods to better interrogate genomic
diversity, including mutation-induced
genomic variation, with a view towards
developing novel non-GM products.

Why funding agbiotechnology goes
against the grain
Given this broad range of consumer-ori-
ented product opportunities, why have
investors shied away from funding

agbiotechnology? The fact that life sciences
investors don’t support agricultural oppor-
tunities cannot simply be due to a lack of
familiarity with the research and develop-
ment process in agbiotechnology. The activi-
ties and timelines for the agbiotechnology
product development process4 are similar to
those for biopharmaceutical products5 (Fig.
2). Furthermore, the cost of product devel-
opment in agbiotechnology is significantly
lower than that for biopharmaceutical prod-
ucts6. Investors might argue that, although
the technologies and product development
processes are similar (if not faster and
cheaper) in agbiotechnology, the overall
risk/reward profile for opportunities in
medical/pharmaceutical biotechnology are
always going to be more attractive than any
opportunities in agbiotechnology. In con-
trast to healthcare and medicine, agriculture
is perceived as a low tech, low margin, low
cachet business.

Public perception and consumer benefits.
As indicated above, there is a positive attitude
towards transgenic crop products on the part
of a farming industry that is constantly look-
ing for ways to improve productivity and cut
costs. However, resistance at the retail con-
sumer level toward the first generation of
input trait products, especially in Europe7,
has generated uncertainty concerning the
wide-scale adoption and market acceptance
of agbiotechnology products. Consumer
acceptance may be less of an issue in the bio-
pharmaceutical industry where the public
appetite for new life-saving medicines
remains undiminished, regardless of whether
recombinant technology is used. The first
generation of input-trait products in
agbiotechnology has been widely criticized
for conferring little or no retail consumer
benefit. This is despite the fact that numerous
studies have detailed the societal benefits of
input-trait agbiotechnology products at both
the environmental level (e.g., through
improved soil and water conservation medi-
ated by no-till agriculture associated with
herbicide tolerant crops) and at the eco-
nomic level (through improved farm pro-
ductivity)8–11. It will be interesting to see how
history reflects on why this consumer benefit
story has not been more widely disseminated
by an agrochemical industry purportedly
seeking to peddle the first generation of
agbiotechnology products.

Regulatory challenges. The evolving regu-
latory process for agbiotechnology products
is disproportionately hampering the start-up
end of the sector. The lack of a practical
European framework to enable the commer-
cialization of products derived from trans-

Table 1  Product opportunities in agricultural biotechnology

Input traits

Plant engineering/breeding Crop transformation

Trait expression/protection technologies

Selective breeding technologies, e.g., genomic mapping/tracking

Fertility control and apomixis

Pest control Disease resistance

Insect resistance

Nematode resistance

Herbicide tolerance

Yield enhancement Plant biomass

Crop and produce yield/quantity, e.g., grain, fruit, fiber

Abiotic stress tolerance

Plant nutrition and water use

Output traits

Food, feed and nutrition Micronutrients, e.g., iron, vitamins

Protein composition and quality, e.g., amino acids yield/profiles

Vegetable oils/waxes, e.g., quality, stability

Carbohydrates, e.g., starch/gums yield and quality

Phytochemicals, e.g., isoflavones, antioxidants

Food quality, improved shelf life, reduced allergenicity/mycotoxins.

Food processing Plants as expression/delivery systems for food enzymes,e.g., lactase, lipase

Enzymes for improved food processing and consistency, with reduced
waste, e.g., phytase, cellulase

Industrial processing Bio-energy, e.g., bio-ethanol

Bio-catalysis

Bio-fibers and bio-polymers

Bio-sensors and bio-remediation

Medicinal traits

Nutraceuticals and Natural products, nutraceuticals, medicinal phytochemicals

pharmaceuticals Therapeutically bioactive molecules modified in planta, e.g., exploiting 
novelphytochemistry and/or processing

Plants as expression/delivery systems for therapeutics, e.g., edible vaccines,
plantibodies
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genic crops has restricted development to
the adoption of new traits in US dominant
row crops, such as corn, for which EU
approval is unimportant for US exporters.
Retail consumer demands for ever-increas-
ing regulatory oversight of agbiotechnology
products, although intended to allay con-
cerns about the environmental safety of
transgenic products, have created a signifi-
cant financial barrier to entry for agbiotech-
nology startups, as well as for academic and
government groups seeking to advance
transgenic crop traits. The regulatory
approval costs for agbiotechnology products
are estimated to have increased from $5–10
million per transgenic crop product during
the nineties to closer to $20–30 million
today, as the extent of regulatory studies was
expanded and codified, especially for obtain-
ing international approvals for transgenic
traits (my estimates, for major markets).

Increasing regulatory costs are contri-
buting to a concentration of commercial

agbiotechnology products in the hands of a
small number of large agribusiness players.
Ironically, this consumer advocate–driven
regulatory barrier is further encouraging the
development of the kinds of large corporate
agribusiness that the very same groups com-
plain about. Given the escalating costs of reg-
ulatory approvals, only products addressing
opportunities in the large acreage crops (e.g.,
corn, soybean, cotton and canola) can justify
the required investment in gaining regulatory
approval for transgenic traits. This hinders
the exploitation of agricultural biotechnolo-
gies in the minor crops and restricts licensing
opportunities for both private and public
sector technology providers in these crops.
This regulatory situation also excludes the
public sector from independently participat-
ing in agbiotechnology product develop-
ment, especially for those opportunities that
are important to developing nations, many of
which could well benefit from these new agri-
cultural technologies. Escalation in regula-

tory costs will lead to the creation of two
classes of crops: first, those large acreage
crops able to financially justify the applica-
tion of agbiotechnology and second, all other
crops that cannot afford these costs.

Industry consolidation issues. Declining
revenues in the agrochemical industry, in part
brought on by the success of agbiotechnology
products, has led to consolidation as agro-
chemical companies seek to maintain incomes
by cutting costs, including rationalizing their
merged R&D activities. In 1995, there were
eleven large agrochemical companies with
interests in agbiotechnology. Today, as a result
of mergers, there are only six, and by
2004–2005 there may only be four large agro-
chemical companies left as Monsanto, DuPont
(Wilmington, DE, USA), Dow (Indianapolis,
IN, USA) and BASF (Ludwigshafen,
Germany), each with net sales in 2002 of less
than $3 billion, seek to exploit the economies
of scale and scope currently afforded to Bayer
(Leverkusen, Germany) and Syngenta (Basel,

Table 2  Examples of output traits in transgenic crops

Crop Phenotype Benefits Status Company

Apple and melon Altered fruit ripening Delayed fruit spoilage Approved for commercialization Exelixis (S. San Francisco, CA, USA)

Soybeans High oleic-acid oil Reduced polyunsaturated fat content Commercialized in 1997a DuPont

Reduce processing costs

High oxidative stability

Long shelf/frying life

Soybeans Improved animal nutrition Increased levels of amino acids In development Monsanto

(methionine and lysine) in meal Pioneer Hi-Bred (DuPont)

Soybean Altered stanol content Cholesterol management In development Monsanto

Canola High lauric oil Replacement for coconut/palm oil Commercialized in 1995a Calgene

(Laurical) (now Monsanto)

Canola High stearate oil Solid oil at room temperature In development Monsanto

Baking, margarine, confectionery foods

Corn Low phytate Improved phosphorus availability In development Monsanto

Improved feed digestibility Dow AgroSciences

Corn Improved amino acid Increased levels of amino acids In development Monsanto

profiles (tryptophan, lysine) in feed

Corn Altered oil profile Improved feed quality In development Monsanto

and/or quality

Corn Increased starch level Higher corn starch yield In development BASF

Cotton Fiber pigmented Reduce need for chemical dyes In research Monsanto

Cotton Improved fiber quality Improved fiber quality, e.g., polyester In research Monsanto

Cotton Improved seed oil Improved feed quality In research CSIRO (Sydney, Australia)

Tomato Delayed fruit ripening Improved fruit maturation Commercialized in 1994a Calgene (Monsanto)

(FlavrSavr)

Tomato Delayed fruit ripening Improved fruit maturation Commercialized in 1995 DNAP (Oakland, CA, USA; 

(Endless Summer) now BioNova)

aSubsequently withdrawn from market.
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Switzerland), each with net sales in 2002 of
around $5 billion12. Consolidation means
fewer potential agrochemical customers for
both in-licensing new agricultural biotech-
nologies and acquiring the VC-funded start-
ups that developed them. Consolidation has
also made it harder for startups to do research
deals with the major agrochemical companies
as they work through their post-merger orga-
nizational issues.

The exit strategies for agbiotechnology
startups had, in recent years, been almost
exclusively confined to acquisition as the
large agrochemical companies sought to
obtain key enabling technologies and trans-
genic traits to combine with their newly
acquired crop germplasm resources13.
Examples include the acquisition of Calgene
by Monsanto in 1996 and the acquisition of
Plant Genetic Systems (Ghent, Belgium) by
AgrEvo (now part of Bayer Crop Science) in
1997 (Table 3). However, with the current
consolidation situation, and the agrochemi-
cal industry still looking to commercially
exploit its first round of expensive
agbiotechnology assets, the near-term exit
strategies for new startups is becoming
increasingly restricted. Coincidently, as a
result of the recent history of agbiotechnol-
ogy startup acquisitions, effectively no mid-
level public companies currently exist in
agbiotechnology. Consequently, there is very
little analyst coverage of this space.

As a result of the public sector’s historical
propensity for providing the private sector
with exclusive licenses to key agricultural
biotechnologies (see p. 989), combined with
the wave of agbiotechnology startup acquisi-

tions in the nineties, a small set of large agro-
chemical players now controls much of the
intellectual property (IP) covering those key
enabling technologies necessary for the com-
mercialization of agbiotechnology prod-
ucts13. Furthermore, much of the early IP
protection afforded by the US Patent and
Trademark Office (Washington, DC, USA)
around agbiotechnology inventions involved
broad claims. This challenging IP environ-
ment has been further aggravated by a recent
history of IP exchanges to settle lawsuits
between the large corporate agbiotechnol-
ogy players. These developments have cre-
ated a virtual cartel situation with respect to
key IP in agbiotechnology. This situation sig-
nificantly constrains the aspirations of VC-
funded agbiotechnology startups, and public
sector groups, that might be looking to ‘go it
alone’ in advancing their own products.

Numerous studies have outlined the
potential negative consequence for innova-
tion and competition in the agriculture sec-
tor associated with ongoing consolidation in
the industry14,15. A lack of VC investment
will further aggravate this situation, as small
innovative enterprises find themselves
unable to fund the advancement of their
own independent products. With the routes
to funding agbiotechnology startups per-
ceived as being especially challenging, entre-
preneurs seeking a return on their ‘sweat
equity’ may shy away from helping to build
the kinds of opportunities that would make
agbiotechnology a more attractive invest-
ment ‘space.’

Infrastructure problems. Some analysts
view output traits as a potential stimulant to

both consumer acceptance and investor
interest in agbiotechnology. Even so, several
technical, infrastructure and commercial
issues must be addressed to enable output
traits to become commercially viable (see
Box 1). Some of the issues associated with
commodity output-trait products will also
affect the commercial potential of nutraceu-
tical and pharmaceutical products derived
from the modification of natural plant
pathways in transgenic crops. Finally, the
realization of the ‘plants-as-factories’ busi-
ness models for therapeutic protein produc-
tion in planta is predicated on an expected
near-term (2005–2010) capacity crunch in
the pharmaceutical biotechmanufacturing
industry3. Even if this biopharmaceutical
capacity crunch turns out to be real, techni-
cal issues, regulatory concerns about the
equivalence of plant-produced therapeutics,
unknown timelines and development costs,
an uncertain IP landscape and public per-
ception concerns (e.g., those exacerbated by
the recent Prodigene incident involving the
contamination of a soybean crop with
potentially transgenic corn material produc-
ing a pharmaceutical protein, http://www.
usda.gov/news/releases/2002/12/0498.htm)
may still compromise the full realization 
of the ‘plants-as-factories’ opportunity.
However, just one good success story in this
area might lead to a flurry of investment
activities (and startup exit options) as bio-
pharmaceutical companies step in to
embrace this opportunity.

The current state of affairs in startup
agbiotechnology has led to the development
of a virtual oligopoly situation with a small
number of life science venture capitalists
who, for various strategic reasons, still
actively invest in the earliest stages of
agbiotechnology. This is a disconcerting sit-
uation for both sides of the financing equa-
tion (investors and entrepreneurs) as any
associated inhibition in agbiotechnology
startup activity will result in a failure to gen-
erate the kinds of attractive investment leads
that would justify more life science venture
capitalists engaging in this space.

The agbiotechnology startup sector des-
perately needs investors who are not only
willing to support initial rounds of financ-
ing, where companies might be looking for
pre-money valuations of up to $25 million,
but who will step up to invest in more
mature agbiotechnology firms with valua-
tions of $50–200 million. For such cases,
investors would be looking to see these
companies garner at least a $400 million
market capitalization in a 7–10 year period.
Investors do not appear to be convinced
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Figure 2 A comparison of the main activities and the timelines associated with the research,
development and commercialization steps for product development in biotechnology. (a) Agricultural
biotechnology. (b) Biopharmaceuticals.
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that agbiotechnology startups with this
growth potential are out there today.

Encouraging investment in
agbiotechnology
As most life science venture capitalists have
historically not deemed it worthwhile to
invest in building agbiotechnology practices,
they consequently remain unfamiliar with the
evolving risk/reward profile afforded by new
opportunities in agriculture. Thus, given that
investors (and analysts) are probably not
tracking ongoing developments in this sector,
they are not in any position to appropriately
value emerging agbiotechnology companies
or their products. What might happen to
change the preconceptions such life science
investors have about agbiotechnology?

Consumer-assessment of agbiotechnol-
ogy benefits. Within the next 10 years,
largely as a result of corporate and govern-
ment investments today in genomics, we will
have a greater understanding of natural
product biochemistry in plants and we will
be in a better position to manipulate plants
to exploit such pathways for the production
of improved nutraceutical and pharmaceuti-
cal products. However, marketing theory
would suggest that the acceptance of such
innovative technologies will require hands-
on evaluation on the part of consumers who
are fully aware of the transgenic nature of
the products16. The agbiotechnology indus-

try has been very successful in marketing its
input-trait technologies to farmer-cus-
tomers, including the provision of incentives
to encourage the early utilization of these
products upon their initial commercializa-
tion. Such proactive marketing is now
required for the next generation of retail
consumer-oriented agbiotechnology traits.
Realization of the first examples of any next
generation of consumer-oriented products
might well benefit from the kind of private-
public sector collaboration that we are see-
ing today in the development of ‘golden rice’
(a rice genetically engineered to produce ele-
vated levels of β-carotene which, when con-
verted in the human body, combats vitamin
A deficiency). Alternatively, the next genera-
tion of output traits might stem from the
application of nontransgenic gene knockout
technologies to generate products such as
allergen-free peanuts or decaffeinated coffee
beans devoid of the genes for caffeine
biosynthesis. The freedom of individual con-
sumers to transparently assess the benefits of
more affordable and/or improved quality
products should act to develop a sustainable
level of consumer-driven market demand for
a next generation of products developed
using agricultural biotechnologies.

Infrastructure developments. Improving
consumer acceptance of agbiotechnology
traits will draw an increasing number of com-
modity food company players toward the

world of transgenic agriculture. Ongoing
developments in agriculture with nontrans-
genic crops have already encouraged compa-
nies to develop the vertical integration,
contract growing and end-product orienta-
tion necessary to take advantage of the next
generation of transgenic crop products.
Associated industry developments include
the formation of Renessen (Chicago, IL,
USA), a joint venture between Monsanto and
Cargill (Minnetonka, MN, USA), aimed at
better leveraging each party’s capabilities to
address opportunities in transgenic output
traits across the agriculture value chain. In the
same vein, DuPont and Bunge (White Plains,
NY, USA) recently formed a joint venture,
Solae (Fort Wayne, IN, USA), in part to
develop transgenic output traits for soybeans.
By vertically integrating under one corporate
roof all of transgenic production, sourcing,
marketing and distribution, new ventures
such as Renessen and Solae seek to address
many of the infrastructure issues currently
compromising the widespread commercial-
ization of transgenic output traits.

With the realization of these aforemen-
tioned developments an ever-increasing
number of food companies may seek to
obtain the new generation of consumer-ori-
ented products emanating from agbiotech-
nology. Given that many of the established
players in the food industry have been hesi-
tant to date to embrace agricultural biotech-

• Some nontransgenic specialty trait crops have been historically
associated with reduced yield and unrealized profitability.

• The near-term technical inability of biotechnology/genomics to
generate vastly differentiated quality traits in transgenic crops.

• The uncertain regulatory environment associated with
agbiotechnology traits.

• The need for a business model, infrastructure and value-capture
system that would facilitate the degree of cooperation between
technology providers, growers and end users that would be
necessary to successfully commercialize an output-trait
product.

• The increased costs associated with any specialty
handling/identity preservation systems that may have to be
implemented throughout the production, processing and
distribution chain for output traits. Such costs will be a
function of specific product volumes and the degree of control
required by the trait (that is, relatively low segregation costs for
high-volume, low-value products, such as crops with improved
amino acid profiles, versus potentially high identity preservation
costs for low-volume, high-value products, such as plant-made
pharmaceuticals).

• The current lack of validated production control systems for
contract-grown, high-value, low-volume crops (e.g.,
nutraceuticals and plant-made pharmaceuticals).

• The unavailability of suitable commodity testing and measuring
systems at the rigid specifications needed to verify the desired
quality characteristics of such output-trait products.

• The uncertainty associated with the availability of price
discovery mechanisms for ‘me-too’ commodity output-trait
crops. Currently, no industry-wide contract specification system
exists for quality-trait crops in existing futures markets.

• The need for wide-scale implementation of contract-growing
arrangements to mitigate producer’s risk and to provide an
incentive to grow new quality-trait crop products.

• Farmer apprehension about the effect on their independence of
the tightly controled production and marketing channels that
will need to be established to commercialize these
differentiated commodity products.

• Future competition for crop output-trait products from synthetic
alternatives, including those generated by alternative industrial
biotechnology systems, such as recycled waste products via
fermentation.

Box 1  Valuing market opportunity for first-generation output traits in agbiotechnology

A number of issues currently compromise the potential value of any first generation of differentiated commodity output traits:
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nology, an opportunity exists for a new type
of entrepreneurial food company to exploit
the benefits conferred by improved output-
trait products. Given the degree of reg-
ulatory scrutiny uniquely focused on
transgenic crops, there is even an opportu-
nity for this new generation of food compa-
nies to market the safety and quality aspects
associated with any government ‘approved’
products derived from transgenic crops.
New types of commercial partnerships
between technology providers and food
companies will both increase the deal flow
and improve the exit options for entrepre-
neurial companies addressing new opportu-
nities in agbiotechnology.

Private sector support. It is estimated that
the agrochemical industry finances around
85% of the world’s agbiotechnology R&D,
currently running to around $900 million
per year17 . However, with the exception of
Monsanto, the agrochemical industry has
been relatively inefficient in discovering new
agbiotechnology traits. An argument could
be made that the big agrochemical busi-
nesses should scale back on their internal
discovery and outsource this research to
startup agbiotechnology companies, with
the large agrochemical players focusing
instead on product development, distribu-
tion and marketing. Of course this shift on
the part of the agrochemical sector towards
outsourcing research will work only if the
investment community is willing to invest in
supporting trait discovery and early-stage
product development by startup agbiotech-
nology enterprises.

Government and public sector support.
Given the current state of VC funding in
agbiotechnology, local and federal govern-
ment might, for strategic reasons, choose to
kick-start the innovation process by altering
tax structures to favor investment in innova-
tion, developing infrastructure to support
company incubation and directly investing
(or coparticipating through strategic invest-
ment) in the development of entrepreneur-
led agbiotechnology startups, investing
especially in those startups focused on devel-
oping healthier, more nutritious foods. In
the United States, state-led strategic invest-
ment in agriculture includes Iowa’s $43 mil-
lion TecTERRA Food Capital Fund, targeted
at food processing and agricultural technol-
ogy opportunities (http://www.cybus.com/),
and the $503 million Grow Iowa Value Fund
targeted at biotechnology, life sciences and
value-added agricultural industries
(http://www.ifbf.org/tif.asp). While still on
the drawing board, other US states are
beginning to channel revenue, such as

Tobacco Settlement Funds, toward support-
ing local agbiotechnology startups.

However, such startups will likely need
several rounds of financing, not just seed
funding, so governments will need to parse
out their support and broadly encourage VC
coinvestment to sustain successful startups
through each stage of their development.
There may even be a role for government
(and other players in the public sector) in
helping to mitigate some of the prohibitive
costs currently associated with the regula-
tory approval of transgenic crop products,
especially for startup products, for the
exploitation of current agricultural biotech-
nologies in minor crops or for using these
biotechnologies to address issues in crops of
primary interest to developing nations. This
can been seen in the establishment of
the Agricultural Biotechnology Support
Project by the United States Agency for
International Development (Washington,
DC, USA), which aims to support the devel-
opment and commercialization of bioengi-
neered crops as a complement to traditional
and organic agricultural approaches in
developing countries (http://www.absp2.
cornell.edu).

Intellectual property issues. Government
also has a role to play in controlling IP pro-
tection so as to fairly reward innovators for
their investment while not overreaching to
the extent that future innovation is inhib-
ited. Recent developments in US patent law
would support the notion that the US legal
system is becoming less amenable to uphold-
ing broad patent claims18. Meanwhile, the
public sector is beginning to realize19 that if
they are ever to exploit their own IP in the
minor crops, including those that are impor-
tant to developing nations, they will have to
change the way they license their technolo-
gies to the private sector. A resulting increase
in the granting of nonexclusive licenses by
the public sector may make future IP more
accessible to agbiotechnology startups.
Furthermore, much of the fundamental IP

in agbiotechnology was developed in the late
eighties/early nineties and will soon be com-
ing off patent.

Finally, those large agrochemical players
that currently monopolize much of the IP in
agbiotechnology may realize that if they are
ever to see a next generation of innovative
traits and technologies they will need to
develop a more flexible licensing mechanism
for allowing small startups access to their IP
assets. Meanwhile, those few players that
currently represent the agbiotechnology
startup space need to realize that they can’t
wait for government or the agrochemical
industry to get their act together and they
must therefore do a better job of working
together to advance their respective technol-
ogy platforms and move their products
toward the market.

Conclusions
Today, most venture investors, and even
many industry participants, might be for-
given for being pessimistic about their ability
to gain a competitive return in agbiotechnol-
ogy. This is a result of a combination of fac-
tors, including the poor state of the
agricultural economy, public acceptance
issues associated with transgenic crops, a lack
of a clear understanding of the future market
potential for transgenic traits, and uncer-
tainty over exit options for investments in
agbiotechnology. This situation might well
constrain near-term innovation and eco-
nomic growth in the agbiotechnology sector.
However, looking forward, several potentially
beneficial trends are beginning to converge
and the realization of these favorable devel-
opments may eventually help to improve the
situation in agbiotechnology. The potential
afforded by ongoing efforts in plant
genomics will eventually deliver on the
promise of generating both environmentally
beneficial input traits and consumer-ori-
ented output traits. Vertical integration in
crop and food production chains will further
enable the development of suitable value

Table 3  Examples of agbiotechnology companies acquired by agricultural chemicals 
companies

Agchem acquirer Agbiotech company Date

Monsanto Agracetus (Madison, WI, USA) 1995

Calgene (Davis, CA, USA) 1996

Bayer (AgrEvo/Aventis) Plant Genetic Systems (Ghent, Belguim) 1997

PlantTec (Potsdam, Germany) 2000

Dow Agrosciences (Dow Elanco) Mycogen (San Diego, CA, USA) 1996

Syngenta (Zeneca) Mogen (Leiden, Netherlands) 1996

BASF ExSeed Genetics (Owensboro, KY, USA) 2000

©
20

03
 N

at
u

re
 P

u
b

lis
h

in
g

 G
ro

u
p

  
h

tt
p

:/
/w

w
w

.n
at

u
re

.c
o

m
/n

at
u

re
b

io
te

ch
n

o
lo

g
y



F E AT U R E

1002 VOLUME 21 NUMBER 9 SEPTEMBER 2003  NATURE BIOTECHNOLOGY

capture systems for output traits. Finally,
the eventual establishment of a workable
European Union regulatory process should
provide an opportunity for the global com-
mercialization of agbiotechnology traits
across the significant remaining worldwide
row crop acreage that is not currently planted
with transgenic crops (Fig. 1a).

In the end, realizing a return on any invest-
ment is all about delivering a product that
meets some unsatisfied customer need. No
matter what consumers might say in market
surveys about GM foods, for example, their
actual behavior could be quite different if
they were given the opportunity to try out
products that satisfy their needs16. Ironically,
many of the anti-GM consumer advocate
groups that play lip service to the concept of
‘consumer choice’ have done everything they
can to ensure that consumers are denied an
opportunity to evaluate the benefits of genet-
ically enhanced products. So someone is
going to have to take the lead and proactively
market GM food products to get them into
the hands of retail consumers, despite the
near-term conditions. If the established
industry players are not up to the task then

maybe insightful and pioneering investors
should consider funding startups that have
the fresh ideas and market maneuverability
to take up the challenge.
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