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Fig. 3 Organization of the avermectin biosynthetic gene cluster.

The direction of transcription and relative sizes of the ORFs
deduced from analysis of the nucleotide sequence are indicated
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@ Agricultural Biotechnology in the 21* Century

Robert L. Harness (Monsanto Company)

There are a number of global trends that are having a direct impact on society’s abil-
ity to meet the world’s food needs now and in the future. Global population has in-
creased exponentially over this century, and more is expected. The United Nations
estimates that between 1990 and 2020 alone, population will increase by 45 percent.
The majority of this growth will occur in developing areas, which also are expected
to experience standard of living increases that will lead to dietary shifts that are
more resource intensive. New agricultural technology has never been more urgently
needed. Approximately 6 million square miles of the earth is farmed today, an area
roughly similar in size to the continent of South America. If new approaches to im-
proving yields are not identified, it is estimated that approximately 156 million square
miles will be needed by the year 2020, an area roughly equivalent to the land mass of
North and South America. Biotechnology will be a crucial part of expanding agricul-
tural production for the 21* century. It is estimated that food production will have to
increase by 250 to 300 percent to meet world needs by the middle of the next century.
Biotechnology represents almost half of the potential increase necessary to achieve

these gains without increasing arable land use.

The gains from the biotechnology part of the equation are already well underway. In
1996, the first year of meaningful commercialization, fewer than 10 million acres of
crops with enhanced traits were planted globally. In only three years, the acreage
rose to approximately 73 million acres according to the International Service for the
Acquisition of Agricultural Applications (ISAAA). In 1999, it is estimated that over
100 million acres have been planted. Worldwide, there is a strong trend toward shifts
to biotechnology, with more than 100 agricultural biotechnology product approvals

having been granted.

The majority of today’s commercial crops enhanced through biotechnology are de-
signed to allow the production of more food on less land with less inputs. The bene-
fits of these technologies can include better weed control, fewer insecticide
applications, and fewer trips across the field in a tractor. The two major categories

of products that have been commercialized are herbicide tolerance and insect



protection.

According to the United States National Center for Food and Agricultural Policy, al-
most $1 billion (US) are lost each year because of damage done by the European
corn borer. By giving the corn plant the ability to produce the Bt protein, which is
highly effective against the corn borer, these losses do not occur. It has been esti-
mated that if 80% of the corn acres in the U.S. were planted in Bt, 1.2 million pounds
of insecticide would not have to be sprayed. This also translates into a yield advan-
tage for growers: In 1997, growers who planted Bt corn saved almost 12 bushels

acre.

Another crop with the insect protection trait is cotton. Cotton requires more insecti-
cide than any other major crop to live and grow, and in years when insects are very
bad, that may mean 8 or more sprays. A recent study by the US National Center for
Food and Agricultural Policy estimated that in 1998, fields of Bt cotton received only
1-2 sprays, while conventional cotton had to be sprayed 5-6 times. Multiple sources
have estimated that approximately 4 million liters of insecticide have not been
sprayed as a result of the introduction of Bt cotton during its first three years on the

market.

The second main type of commercially available crops fall under the category of her-
bicide tolerance. It is important to note that the benefits of this herbicide tolerance
system go well beyond improved weed control and reduced crop injury. Growing
crops with herbicide tolerance technology encourages the adoption of conservation
tillage, which is associated with better soil and water quality and improved wildlife
habitat, among other benefits. In addition, the technology improves farm efficiency
by optimizing yield, using land more efficiently, and improving the quality of the final

seed product.

These crops have not entered the marketplace without meeting the scrutiny of multi-
ple regulatory safeguards and approvals. Many regulations guide the pre-
registration research phases of development. As part of the approval process,
products face extensive government reviews for food, feed and environmental safety.

In Europe, these reviews fall under several Directives and regulations. In the U.S.,



three agencies (FDA, USDA and EPA) are involved, and in Japan, both MHW and
MAFF review the products. For food safety, many questions are researched. The

overall goal is to ensure that the new varieties are at least as safe as their tradi-

tional or current counterparts. Researchers evaluate the level of nutrients and anti-
nutrients in the food, and they determine whether anything has changed about the
food. Extensive analyses also are done on the new protein that is part of the food.
Has that protein been in the food supply before? What is its structure and function,
and what happens to it after it’s eaten? All of these questions and many more must
be answered before introducing a product into the market. Similar evaluations are
conducted to determine environmental safety. Some of the key factors evaluated are:
“weediness”, susceptibility to insects and disease, potential impact on non-target in-

sects or plants, outcrossing, and insect resistance management plans.

It is important to note that the crops currently entering the commercial market are
considered in the “first wave” of products-agronomic traits that help growers do
more with less input. The next wave of products will include quality traits, those that
produce food and fiber that have some type of direct-consumer benefit. The third
wave of technology will involve the use of plants to help produce pharmaceuticals or
materials that are in high demand, but for which current production practices are
less sustainable than would be desirable. These types of step changes will be possible
through application of genomics, the science that improves understanding of which
genes are responsible for which traits, where those genes are located, what controls
their expression in the plant, and ultimately, how that information can be applied

positively in the living system.

There is growing media coverage of biotechnology worldwide, probably resulting in
increases in consumer awareness. While acceptance varies by region, acceptance
improves as consumers have access to good, accurate information. In the U.S., 3 out
of 4 consumers have consistently expressed a willingness to purchase products en-
hanced through biotechnology for protection against insect pests in surveys from
1995 through 1999. Recently, a survey was conducted among Japanese consumers
through Kinki University. People were asked whether they agreed with the state-
ment, “Japanese consumers cannot judge biotechnology without more information.”

Almost all (90%) agreed with this statement. Consumers then were asked to respond



to the statement, “If safety is confirmed, I am not concerned about genetically
modifed foods.” Seventy percent agreed. This points to the need to ensure that con-
sumers are aware of the rigorous reviews to demonstrate that the products devel-
oped through biotechnology have been determined to be at least as safe as current

foods that are available.

It is clear that work must continue to educate consumers about the benefits and safe-
guards of biotechnology if it is to reach its full potential in future food production
and in nutrition and health improvements. Good science that meets farmers’ needs is
only the first step. It is critical that scientists and government authorities who believe

in the benefits deliver clear messages to improve consumer understanding.

@ Microarray Technology and Genomics in the 21" Century:
Relating Genetic Profiles to Molecular Pathways

Gianfranco de Feo, Ph.D.(Affymetrix, Inc.)

As researchers worldwide search for new genes and seek to understand their func-
tions, an efficient method to gather and analyze complex genetic information is re-
quired. The Affymetrix GeneChip® system allows scientists to perform highly
parallel genetic analysis experiments in their own laboratories, generating repro-
ducible, quantitative, accurate, and informative data for a variety of applications.

The GeneChip solution consists of application-specific oligonucleotide arrays, in-
struments to process and analyze the arrays, and bioinformatics tools to manage
and mine the data. Built-in quality controls, automated procedures, and powerful
software combine to form a robust platform capable of answering diverse biological
questions.

GeneChip technology provides efficient access to genetic information using minia-
turized, high-density arrays of oligonucleotide probes. First, a set of
oligonucleotide probes to be synthesized is defined, based on its ability to hybridize
to target loci or genes of interest. Probe arrays are then manufactured by
Affymetrix’s proprietary, light-directed chemical synthesis process, which combines
solid-phase chemical synthesis with photolithographic fabrication techniques em-

ployed in the semiconductor industry.



The flexible system configuration allows analysis of GeneChip probe arrays for
gene expression studies, polymorphism analysis, and disease management.
Optimized protocols for sample preparation and array processing enable rapid inte-
gration of the technology into any laboratory environment. GeneChip gene expres-
sion analysis produces accurate, reproducible data on demand for the identification
and validation of novel drug targets, the assessment of toxicology profiles, and other
biological assays. Standard and custom GeneChip expression probe arrays are cur-
rently available for human, mouse, rat, yeast and other organisms. The GeneChip
product line will expand to include expression arrays for the analysis of additional
organisms and application areas such as toxicology and pharmacogenomics.
Requiring minimal labor and time, GeneChip SNP mapping assays accelerate the as-
sociation of polymorphisms with disease, aid in the understanding of mechanisms
that lead to disease, and may benefit the monitoring of patient response to treat-
ment. Through targeted sequence analysis, GeneChip probe arrays facilitate re-
search into more cost-efficient patient management for diseases such as cancer and
AIDS. As more associations between mutations and therapeutic responses are un-
derstood, the number of applications in which complex genetic information is useful

in making patient treatment decisions is expected to rapidly increase.
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