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Collaborations in Rice
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poor. It is the staple of Asia, providing

50 to 80% of daily calorie intake. It is
also the single most important source of em-
ployment and income for rural people (I).
In Asia, total demand for cereals will in-
crease 35% by 2010 (2) (see the figure).
This means that the average yield achieved
by the 250 million Asian farmers has to be
raised from the current 5.0 tons/ha (under ir-
rigation) to around 8.0 tons/ha—a level
close to the current maximum achievable
yield (3). Another challenge is to increase
the productivity of lands that do not receive
optimal rainfall, which account for 40% of
the rice lands in Asia and most of the rice
grown in Africa. Poverty and food shortages
are widespread in these diverse and unfavor-
able soil and water environments. If biotech-
nology is to have an impact on the lives of
the poor, it must focus on the problems of
too much and too little water, soil toxicity,
and low soil fertility, as well as on inade-
quate grain quality and nutrition (4).

Rice, having one of the smallest genomes
among the food crops, has been a target for
basic research in many countries, and will be
the first food crop to be completely se-
quenced. The sequencing of rice was spear-
headed by the Rice Genome Research Pro-
gram of Japan (5). This has now expanded to
an International Rice Genome Sequencing
Project (IRGSP) (6). This effort, largely sup-
ported by government funds, has been boost-
ed by a doubling of the rice genomics budget
in Japan, and the recent $12.3 million com-
mitment of the United States (7). Monsanto
recently announced the release of the first
“working draft” of the rice genome and will
provide the data to IRGSP to enable the in-
ternational community to complete the
genome sooner and at lower cost (8).

Because of the conservation of gene se-
quences in plants, complete sequencing of
rice has broad practical implications for
many other economically important plant
species (9). However, there is a growing
concern that the poor will not be adequately
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served by the new science (10, 11). For rice,
many of the products with high potential for
alleviating poverty will not be those that at-
tract the necessary private sector investment.
We propose a model that can serve the poor
and encourage investment and innovation by
both the private and public sectors.

Public and Private Innovation in Rice
For decades, almost all rice research was
done by the public sector through national
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to the Regents of the University of Califor-
nia for a gene that enhances resistance of
plants to Xanthomonas. The basic biologi-
cal assets used to discover the gene (Xa2I)
were the original germplasm collection
from Mali and the near-isogenic lines de-
veloped at the International Rice Research
Institute (IRRI) (12). These were freely
shared with research partners and used to
further innovation leading to the successful
cloning of Xa21 (13). This product is now
being made available to developing coun-
tries at zero royalty.

In forging public and private sector col-
laboration in rice genomics, the expecta-
tions of both communities must be recog-
nized. In the case of the private sector, the
ability to obtain patents on gene or plant
products is crucial. Almost all private-sec-
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Future needs for rice and cereal. Projected percent increase in
the demand for rice and cereals in 2010 over 1993 (2).

and international agricultural research cen-
ters. In 1984, the Rockefeller Foundation
began the International Rice Biotechnology
Program, which made rice a model and at-
tracted scientists to conduct basic research.
The private sector has played a small role in
the development and delivery of rice tech-
nology in the tropics, in contrast to what it
has done for other crops. However, advances
in biotechnology and large investments by
industry mean that the balance between the
public and private sectors may change.
Currently, public institutions for rice re-
search are the major source of genetic di-
versity and biological knowledge. An ex-
ample of their value to innovators in gene
discovery is U.S. patent 5,859,339 granted

on a proprietary position
that permits recovery of
research costs. The classic
example is hybrid maize in
the United States, for
which biological propri-
etary protection is derived
from the farmer’s inability
to use the harvested crop
as seed. This has encour-
aged private breeding that
has increased yields by
more than fivefold since
1930 (14). As developing-
world seed markets are
becoming significant to
the multinational biotech-
nology community, some
patents are likely to be
sought in larger develop-
ing nations, which could
deny access to the poor.

The public sector needs
access to the new technol-
ogy for further research,
innovation, and use in
noncommercial environ-
ments. In the Xa2/ exam-
ple, these are being negotiated after the re-
search phase. In the future, access for use
of the products by the public sector should
be agreed upon at the beginning of the col-
laboration.

The challenge is to develop a shared vi-
sion for rice research that will provide the
public sector access and freedom to use
modern tools and sufficient incentives for
the private sector to innovate, develop, and
deliver new rice technologies. In the hu-
man genome project, 10 pharmaceutical
companies and the Wellcome Trust have
agreed to fund and create a publicly avail-
able archive of human genetic variation
(I5). A similar pattern of collaboration is
needed in rice functional genomics.
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Public Resource Platform
The demand for diverse genetic resources
and expertise in functional genomics re-
quires a common platform where informa-
tion and genetic resources can be broadly
shared to accelerate trait discovery. The key
elements of this collaborative platform are
public access to sequence data, abundant ge-
netic resources for functional assignment,
capacity for biological evaluation, and in-
corporation of genes and traits into varieties.
The recent announcements on the release of
rice sequence data and donation of propri-
etary technologies for the production of
provitamin A rice are encouraging signs that
the private sector is willing to share their
products of investment and make them
available to developing countries (/6).
Different processes, resources, and ex-
pertise are needed to reach the final objec-
tive of rice improvement. Diverse re-
sources held by rice-growing countries and
public institutions are crucial to success,
and these include mutants, germplasm,
near isogenic lines, pedigrees, populations
for mapping, and breeding lines. Further-
more, a tight coupling of the processes in-
volved in assigning gene function, identi-
fying beneficial alleles, and generating im-
proved varieties is essential to ensure that
discoveries are put to practical use (/7).
Therefore, IRRI proposed the forma-
tion of an international working group on
functional genomics (/8). It was agreed
that the following activities are of high pri-
ority: (i) create an information node to de-
posit and disseminate information on rice
functional genomics; (ii) build a public
platform to promote access to genetic
stocks and phenotypic information; (iii)
develop databases on phenotypes and mu-
tants with linkage to sequencing laborato-
ries; and (iv) initiate partnerships to devel-
op resources for microarray analysis.

Intellectual Properties
The pattern of rights envisioned is that ge-
netic resources for functional genomics will
be made available to the public and private
sectors under a material transfer agreement
(MTA). This agreement permits recipients
to obtain patents on genes discovered
through use of the material, but requires
them to make available rights under those
patents at a reasonable royalty for applica-
tion in commercial markets of the develop-
ing world, and at zero royalty for applica-
tion in noncommercial subsistence farming.
In addition to ensuring the possibility of
use in the developing world, it is also essen-
tial that data and materials are freely available
for research. Hence, the envisioned MTA will
have provisions permitting free use for re-
search purposes of any of the patents, as well
as provisions ensuring that recipients cannot
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obtain any form of intellectual property pro-
tection on the genetic stocks per se. The in-
formation gained from research with such ge-
netic resources must be provided back to the
public, albeit after an appropriate delay to al-
low patenting. Public institutions engaged in
developing and studying these genetic re-
sources must agree among themselves to sup-
ply materials and to exchange all the infor-
mation developed and maintained in a com-
mon database. They must also follow the
same rules as those imposed on the private
sector through the MTA.

The public and international research
institutions cannot sort out the legal tech-
nicalities involved at the marketing stage.
The planned MTA requires those who ob-
tain materials and patents to commit them-
selves to negotiate with, and grant licenses
directly to the ultimate users of the devel-
oping world. The MTA also requires these
patent holders to commit themselves to ar-
bitration, should there be a dispute in
defining or interpreting the license terms.

Action Plan

The International Functional Genomics
Working Group has prepared a three-point
action plan for initiation in 2000:

Information node: A Web site has been
created where progress on rice functional
genomics can be communicated (www.
cgiar.org/irri/genomics/index.htm). It will
serve as the entry point for finding and
sharing information and provide a link to
individual laboratories or organizations.
The site will also serve as a clearinghouse
of information on genetic resources and
their availability. We encourage laborato-
ries to contribute summaries of their re-
search activities and experimental systems,
as well as suggestions to improve the site.

Genetic resources: IRRI has begun to
share genetic stocks through MTAs that
will support the common goals. This in-
cludes genetic materials—mutants, iso-
genic lines, and mapping populations—
specifically created for gene identification.
Germplasm collected from different coun-
tries are shared under conditions specified
by the convention on biological diversity.

Microarray resources: A nucleus of
laboratories has agreed to contribute ex-
pertise and resources essential for making
microarrays. We will work toward printing
a common set of DNA sequences and de-
veloping mechanisms for sharing microar-
rays and data generated.

The proposed collaborative agenda is
not unique. For example, the Maize Gene
Discovery project, with support from the
U.S. National Science Foundation, is com-
mitted to collaborations between govern-
ment-supported laboratories and industry
(19). In this project, all gene sequences

and mutant lines are to be made available
to the public. As in the proposed rice col-
laboration, users of the materials provided
through the project are encouraged to
patent their inventions.

What we advocate in rice that is un-
orthodox, however, are the arrangements
for specific rights in new inventions de-
rived from the biological assets held by the
public sector. In addition to public access
to information on gene function in rice and
public access for research to any propri-
etary product derived from the biological
assets, we seek access for limited use of
the products in developing countries. Such
a collaboration in gene discovery in rice, if
fully embraced by the public and private
sector, can bring the benefits of innovation
and modern science to solve intractable
problems for both commercial and subsis-
tence rice farmers.
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