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LETTER OF TRANSMITTAL

April 13, 2000

The Honorable James F. Sensenbrenner, Jr.
Chairman

Committee on Science

U.S. House of Representatives

Washington, DC 20515

Dear Mr. Chairman:

| am submitting herewith a ChairmanOs Report providing an assessment of the benefits, safety,
and oversight of plant genomics and agricultural biotechnology. It is a summation of the
findings of a series of three hearings held during the First Session of fﬂé:d)ﬁ@ress by the
Subcommittee on Basic Research entitled, OPlant Genome Science: From the Lab to the Field to
the Market.O

Agricultural biotechnology has come of age. It is referred to under different namesNgenetic
engineering, gene splicing, bioengineering, recombinant DNA technology. But no matter the
name used to describe it, this technology represents the latest tool in the continuum of techniques
that plant breeders have developed and adopted over centuries. What is truly powerful about this
technology is that it allows individual, well-characterized genes to be transferred from one
organism to another, thus increasing the genetic diversity available to improve important
commercial crop plants. The potential benefits to mankind are limited only by the
resourcefulness of our scientists.

Biotechnology has been used safely for many years to develop new and useful products used in a
variety of industries. More than a thousand products have now been approved for marketing,
and many more are being developed. These products include dozens of therapeutics, including
human insulin for diabetics, growth factors used in bone marrow transplants, products for
treating heart attacks, hundreds of diagnostic tests for AIDS, hepatitis, and other infectious
agents, enzymes used in food production, such as those used for cheese, and many others.
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And this is just the beginning. In agriculture, new plant varieties created with these techniques
will offer foods with better taste, more nutrition, and longer shelf life, and farmers will be able to
grow these improved varieties more efficiently, leading to lower costs for consumers and greater
environmental protection. Soybeans that produce high oleic oil containing less saturated fat and
requiring less processing, cotton plants that fight pests or produce naturally-colored cotton
reducing the need for chemical dyes, and bananas that deliver vaccines to fight enteric diseases
are just a few examples of what is in store.

While millions of lives all over the world have been protected and enriched by biotechnology, its
application to agriculture has been coming under attack by well-financed activist groups. The
controversy they have generated revolves around three basic questions: (1) are agricultural
biotechnology and classical breeding methods conceptually the same; (2) are these products safe
to eat; and (3) are they safe for the environment?

The testimony and other material made available to the Subcommittee lead me to conclude that
the answer to all three questions is a resounding, OYes.O In fact, modern biotechnology is so
precise, and so much more is known about the changes being made, that plants produced using
this technology may be even safer than traditionally-bred plants.

This Report contains background information on the development and oversight of plant genetics
and agricultural biotechnology, a summary of Subcommittee hearings and my findings and
recommendations based on these hearings. | hope that it will be of use to you and to other
Members of Congress, the Administration, States, and the general public interested in gaining a
greater appreciation of the incredible potential of plant genomics and agricultural biotechnology.

Sincerely,

NICK SMITH
Chairman
Subcommittee on Basic Research
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SUMMARY

The Subcommittee on Basic Research of the Committee on Science held a series of three
hearings entitled, OPlant Genome Research: From the Lab to the Field to the Market: Parts I-111,0
to examine plant genomics, its application to commercially-important crop plants, and the
benefits, safety, and oversight of plant varieties produced using biotechnology. The testimony
and other information presented at these hearings and information gathered at various briefings
provides the basis for the findings and recommendations in this report.

Almost without exception, the crop plants in use today have been genetically modified. The
development of new plant varieties through selective breeding has been improving agriculture
and food production for thousands of years. In tH?ecfEmtury, the basic principles of heredity

were discovered by Gregor Mendel, whose studies on inheritance in garden peas laid the
foundation for the modern science of genetics. Subsequent investigations advanced our
understanding of the location, composition, and function of genes, and a critical breakthrough
revolutionized the field in 1953, when James Watson and Francis Crick described the double
helix structure of deoxyribonucleic acid (DNA), the substance of heredity. This groundbreaking
research set the stage for deciphering the genetic code and led to the rapid advances in practical
application of genetics in medicine, animal science, and agriculture.

The development of the science of genetics in tH'écZIhtury was a tremendously important
factor in the plant breeding programs that have produced the remarkable diversity of fruits,
vegetables, and grains that we enjoy today and that provide food security for the poor nations of
the world. Traditional cross-breeding has been very useful in improving crop plants, but it is a
time consuming process that results in the uncontrolled recombination of tens of thousands of
genes, commonly producing unwanted traits that must be eliminated through successive rounds
of backcrossing. Improving crops through traditional methods also is subject to severe
limitations because of the constraints imposed by sexual compatibility, which limit the diversity
of useful genetic material.

With the arrival of biotechnology, plant breeders are now able to develop novel varieties of
plants with a level of precision and range unheard of just two decades ago. Using this
technology, breeders can introduce selected, useful genes into a plant to express a specific,
desirable trait in a significantly more controlled process than afforded by traditional breeding
methods.

U.S. farmers have been quick to adopt plants modified using new biotechnology, including
commercial crops that resist biologically insect and viral pests and tolerate broad-spectrum
herbicides used to control weeds. As our knowledge of plant genetics expands, new varieties of
plants with improved nutrition, taste, or other characteristics desired by consumers will become
available. The federally-funded plant genome program provides much of the essential basic
research on plant genetics required to develop new varieties of commercially important crops
through advanced breeding programs.

For over two decades, the application of biotechnology has been assessed for safety. Oversight
of agricultural biotechnology includes both regulatory and nonregulatory mechanisms that have



been developed over the last five decades for all crop plants and conventional agricultural
systems. Federal regulation of agricultural biotechnology is guided by the 1986 Coordinated
Framework for Regulation of Biotechnology, which laid out the responsibilities for the different
regulatory agencies, and the 1992 Statement on Scope, which established the principle that
regulation should focus on the characteristics of the organism, not the method used to produce it.
Three federal agencies are responsible for regulating agricultural biotechnology under existing
statutes: the U.S. Department of Agriculture (USDA), which is responsible for ensuring that new
varieties are safe to grow; the Environmental Protection Agency (EPA), which is responsible for
ensuring that new pest-resistant varieties are safe to grow and consume; and the Food and Drug
Administration (FDA), which is responsible for ensuring that new varieties are safe to consume.

Although biotechnology has had an uninterrupted record of safe use, political activists in Europe
have waged well-funded campaigns to persuade the public that the products of high-tech
agriculture may be harmful to human health and the environment. As a result of these efforts,
public confidence in the safety of agricultural biotechnology has been seriously undermined in
Europe. Many European countries have established new rules and procedures specifically
designed to address Ogenetically-modified organisms,O and these have had a detrimental impact
on international trade in agricultural products.

The controversy over agricultural biotechnology now has spread to the United States, the worldOs
largest grower of plants and consumer of foods produced using this technology. At the core of
the debate is food safety, particularly the possibility that unexpected genetic effects could
introduce allergens or toxins into the food supply. The use of antibiotic resistance markers also
has been criticized as dangerous to human health. As a result, there have been calls for both
increased testing and labeling requirements for foods created using biotechnology.

Environmental concerns also have been raised. It has been suggested, for example, that
widespread use of plants engineered with built-in protection against insect and viral pests could
accelerate the development of pesticide-resistant insects or could have a negative impact on
populations of beneficial insects, such as the Monarch butterfly. It also has been argued that the
use of herbicide-tolerant plants could increase herbicide use and that OsuperweedsO could be
developed through cross-pollination between these plants and nearby weedy relatives.

Extensive scientific evaluation worldwide has produced no evidence to support these claims. Far
from causing environmental and health problems, agricultural biotechnology has tremendous

potential to reduce the environmental impact of farming, provide better nutrition, and help feed a

rapidly growing world population. Crops designed to resist pests and to tolerate herbicides and
environmental stresses, such as freezing temperatures, drought, and high salinity, will make
agriculture more efficient and sustainable by reducing synthetic chemical inputs and promoting

no-tillage agricultural practices. Stress-tolerant crops also will reduce pressure on irreplaceable
natural resources like rainforests by opening up presently nonarable lands to agriculture. Other
plants are being developed that will produce renewable industrial products, such as lubricating
oils and biodegradable plastics, and perform bioremediation of contaminated soils.

Biotechnology will be a key element in the fight against malnutrition worldwide. Deficiencies of
vitamin A and iron, for example, are very serious health issues in many regions of the developing



world, causing childhood blindness and maternal anemia in millions of people who rely on rice
as a dietary staple. Biotechnology has been used to produce a new strain of riceNGolden
RiceNthat contains both vitamin A (by providing its precursor, beta-carotene) and iron. The
Subcommittee heard about other research aimed at improving the nutrition of a wide variety of
food staples, such as cassava, corn, rice, and other cereal grains, that can be a significant help in
the fight for food security in many developing countries.

The merging of medical and agricultural biotechnology has opened up new ways to develop
plant varieties with characteristics to enhance health. Advanced understanding of how natural
plant substances, known as phytochemicals, confer protection against cancer and other diseases
is being used to enhance the level of these substances in the food supply. Work is underway that
will deliver medicines and edible vaccines through common foods that could be used to
immunize individuals against a wide variety of enteric and other infectious diseases. These
developments will have far-reaching implications for improving human health worldwide,
potentially saving millions of lives in the poorest areas of the world by providing a simpler
medicine production and distribution system.

Set against these benefits, however, is the idea that transferring a gene from one organism to an
unrelated organism using recombinant DNA techniques inherently entails greater risks than
traditional cross breeding. The weight of the scientific evidence leads to the conclusion that
there is nothing to substantiate scientifically the view that the products of agricultural
biotechnology are inherently different or more risky than similar products of conventional
breeding.

The overwhelming view of the scientific communityNincluding the National Academy of
Sciences, the National Research Council, many professional scientific societies, the Organization
for Economic Cooperation and Development, the World Health Organization, and the research
scientists who appeared before the SubcommitteeNis that risk assessment should focus on the
characteristics of the plant and the environment into which it is to be introduced, not on the
method of genetic manipulation and the source of the genetic material transferred. These risk
factors apply equally to traditionally-bred plants.

Years of research and experience demonstrate that plant varieties produced using biotechnology,
and the foods derived from them, are just as safe as similar varieties produced using classical

plant breeding, and they may even be safer. Because more is known about the changes being
made and because common crop varieties with which we have a broad range of experience are
being modified, plants breeders can answer questions about safety that cannot be answered for
the products of classical breeding techniques.

FDA has adopted a risk-based regulatory approach consistent with these principles and with the
long history of safe use of genetically-modified plants and the foods derived from them. Its

policies on voluntary consultation and labeling are consistent with the scientific consensus and
provide essential public health protection.

Unlike FDA regulations on food, USDA has instituted plant pest regulations, and EPA proposes
to institute new plant pesticide regulations, that target selectively plants produced using



biotechnology and apply substantive regulatory requirements to early stages of plant research
and development. These regulations add greatly to the cost of developing new biotech plant
varieties, harming both an emerging industry and the largely publicly-funded research base upon
which it depends. Regulations and regulatory proposals that selectively capture the products of
biotechnology should be modified to reflect the scientific consensus that the source of the gene
and the methods used to transfer it are poor indicators of risk.

In the international arena, the United States should work to ensure that access to existing markets
for agricultural products are maintained. The United States should not accept any international
agreements that endorse the precautionary principleNwhich assertgotiehments may make
political decisions to restrict a product even in the absence of scientific evidence that a risk
existsNand that depart from the principle of substantial equivalence adopted by a number of
international bodies.

Finally, the Administration, industry, and scientific community have a responsibility to educate
the public and improve the availability of information on the long record of safe use of
agricultural biotechnology products. This is critically important to building consumer
confidence and ensuring that sound science is used to make regulatory decisions.



INTRODUCTION

Throughout history, new scientific discoveries have challenged conventional thinking.
Observations made by Galilégalilei confirming the Copernican theory that the Earth revolves
around the Sun challenged the authority of the Church“?rc&ﬁrtury Italy and ushered in a new

era of science. MarcelMalphigi was another 7century scientist whose work was denounced

by the established order, but it provided a foundation for advances in comparative anatomy. The
history of science has many other examples of new discoveries that have been initially greeted
with little enthusiasm. However, over the years society has learned to acceptNindeed,
celebrateNthese discoveries and the social and intellectual benefits they have conveyed.

The introduction of new biotechnology methods in agriculture also has met with resistance.
Traditionally, genetic enhancements of crop plants have come from breeding programs that
capitalize on the natural variation between sexually compatible plants. In this process, plants
exhibiting desirable traitsNsuch as enhanced hardiness or resistance to pests, better yields, or
fruits with improved flavor or shelf lifeNare identified and then introduced into plant breeding
programs.

Selective breeding has been used for centuries to produce new plant varieties. However,
hybridization, the most commonly-used technique, is subject to severe shortcomings. The plants
must be sexually-compatible, which limits the diversity of the genetic material available for
crossing, and the process results in uncontrolled combinations of thousands of uncharacterized
genes.

Biotechnology has made it possible to produce precise genetic changes at the level of single,
well-characterized genes selected from one organism and introduced into another. The plantOs
own genome also may be modified selectively to control, increase, or turn off specific functions
within the plant.

Applications of biotechnology already have had a profound impact on fields such as biomedical
research, medicine, and food processing, and over a thousand biotechnology products have been
approved and are in use. In agriculture, biotechnology has been used to develop desirable
characteristics in plants with more precision and knowledge than afforded by conventional
breeding techniques. Some of these plants have been genetically modified to tolerate specific
broad-spectrum herbicides. Others have been altered so that they are biologically protected
against insect or viral pests, eliminating the need for some applications of synthetic pesticides.

Future varieties of plants could be enhanced to produce plants and foods with improved
nutritional content or added health benefits, greater tolerance to environmental stresses such as
drought, frost, or high salinity, and the ability to provide renewable sources of fuel, industrial
oils, and plastics. The federally-funded plant genome program will provide much of the basic
research that will be used to develop these new, improved plant varieties.

Despite an unblemished record of safe use, critics have mounted well-funded campaigns against
this technology and have raised concerns about its potential impact on human health and the
environment. In Europe, these campaigns and other unrelated foods scares have seriously



undermined public confidence in the safety of foods produced using this new, genetics-based
science. In response, many European countries and the European Union have established new
rules and procedures designed specifically to address Ogenetically-modified organisms.O These
actions have created an international trade conflict that has cost farmers hundreds of millions of
dollars and now threatens to drive scientists and agricultural researchers away from a field of
research that has tremendous potential for solving food security and environmental problems.

Unlike in Europe, similar campaigns in the United States have not resulted in widespread
antibiotechnology sentiment among the public. The reaction of U.S. industry, however, has been
less sanguine. The first indication that these campaigns were having an effect was the decision
announced by GerberNa subsidiary of the Swiss pharmaceutical and biotechnology company
NovartisNthat it would no longer use biotech varieties of corn or soybean in its baby foods, even_
those grown from seeds developed by its parent company. Though little noticed, the companyOs
announcement did not rule out using newengineered varieties providing enhanced nutrition

and other benefits. Nevertheless, the decision by Gerber created the perception among the public
that biotechnology foods were inherently different and less safe, without acknowledging that
almost all foods the company sells have been genetically modified using traditional techniques.
Many other companies have since followed GerberOs lead and discontinued the use of
bioengineered foods in their products.

The ostensible basis for the attacks on biotechnology is the idea that transferring genes between
unrelated organisms is unnatural and inherently entails greater risks than traditional cross
breeding. At the core of this debate is food safety, particularly the possibility that unexpected
genetic effects could introduce allergens or toxins into the food supply. The use of antibiotic
resistance markers has been criticized as possibly dangerous to human health. These concerns
have led to calls both for increased regulation and for mandatory labeling of biotech food
products.

Concerns also have been raised about the impact of pest-resistant and herbicide-tolerant crops on
the environment. For example, some biotechnology foes claim that widespread use of
bioengineered pest-resistant plants could accelerate the development of pesticide-resistant insects
or could have an negative impact on the populations of beneficial, non-target insects, such as the
Monarch butterfly. It also has been suggested that the use of herbicide-tolerant plants actually
will increase herbicide use and that OsuperweedsO could be developed through cross-pollination
with nearby weedy relatives.

It is understandable that these negative claims could create a climate of unease about this new
technology. Therefore, the Subcommittee on Basic Research conducted a series of public
hearings during the First Session of the”iO@ngress in which leading scientists were given the
opportunity to assess these controversies. This Report is based on the testimony and other
documents made available to the Subcommittee over the course of those hearings. It provides a
brief history of agricultural biotechnology and its oversight, a discussion of findings concerning
the benefits, safety, and environmental impact of agricultural plants modified using
biotechnology, and a list of recommendations.

' According to the U.S. Department of AgricultureOs Foreign Agriculture Service, the prolonged approval of U.S.
varieties of biotech corn led to a $200 million loss for U.S. farmers in 1998 alone (Kieidh1998).
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SUBCOMMITTEE HEARINGS

The Subcommittee on Basic Research of the Committee on Science held a series of three
hearings entitled, OPlant Genome Research: From the Lab to the Field to the Market: Parts I-111,0
to examine plant genomics, its application to commercially-important crops plants, and the
benefits, safety, and oversight of plant varieties produced using biotechnology.

On August 3, 1999, the Subcommittee held the first of its hearings and heard testimony
concerning current plant genome research projects and their application to industry, as well as
the regulatory and market barriers to agricultural biotechnology products. Testifying before
Subcommittee were: Dr. Mary Clutter, Assistant Director, Directorate for Biological Sciences,
National Science Foundation (NSF); Dr. Eileen Kennedy, Deputy Assistant Secretary, Research,
Education, and Economics, U.S. Department of Agriculture (USDA); Dr. Kenneth Keegstra,
Director and Professor, Michigan State University Plant Research Laboratory, Michigan State
University; Dr. John Ryals, Chief Executive Officer, Paradigm Genetics; and Dr. Susanne
Huttner, Director of the Biotechnology Research and Education Program, University of
California.

On October 5, 1999, the Subcommittee examined the benefits and risks involved in applying
biotechnology to agricultural plants. Witnesses for this hearing included: Dr. Michael
Thomashow, Professor of Plant and Soil Science, Michigan State University; Dr. Rebecca
Goldburg, Director, Biotechnology Programs, Environmental Defense Fund (EDF); Dr. Abigail
A. Salyers, Professor of Microbiology, University of lllinois; Dr. Anthony M. Shelton, Professor
of Entomology, Cornell University; Dr. R. James Cook, Professor of Plant Pathology,
Washington State University.

In addition, the Subcommittee received written testimony for the record from: Dr. Charles J.
Arntzen, President and CEO, Boyce Thompson Institute for Plant Research and Adjunct
Professor, College of Agriculture and Life Sciences, Cornell University; Dr. Roger N. Beachy,
President, Donald Danforth Plant Science Center; Mr. Leonard P. Gianessi, Senior Research
Associate, and Ms. Janet E. Carpenter, Research Associate, National Center for Food and
Agriculture Policy; Dr. Brian A. Larkins, Porterfield Professor of Plant Sciences, Department of
Plant Sciences, University of Arizona; and Dr. Channapatna S. Prakash, Professor and Director,
Center for Plant Biotechnology Research, Tuskegee University.

On October 19, 1999, the Subcommittee held the final hearing in this series to review and assess
current and proposed regulations for agricultural biotechnology. Witnesses at this hearing
included: Dr. Sally L. McCammon, Science Advisor, Animal and Plant Health Inspection
Service (APHIS), USDA; Dr. Janet Anderson, Director, Bio-Pesticide and Pollution Prevention
Division, Environmental Protection Agency (EPA); Dr. James Maryanski, Biotechnology
Coordinator, Center for Food Safety and Applied Nutrition, Food and Drug Administration
(FDA); Mr. Mark Silbergeld, Co-Director, Washington Office of Consumers Union; and Dr.
Stephen Taylor, Professor of Food Technology, University of Nebraska. The Subcommittee also
received written testimony for the record from Dr. Stephen C. Joseph, President and CEO,
National Center for Genome Resources.



The record of these hearings is available in Committee on Science print Serial No. 106-60. All
references to witness testimony include written testimony, oral testimony, and responses to
follow-up questions submitted by the Subcommittee. Where practicable, other material referred
to in this document has been included in the record of the hearings. An electronic version of the
Report is available on the Committee on Science World Wide Web site at

Ohttp:/iwww.house.gov/science.O  Site visits to universities conducting plant genomic and

breeding research and meetings held with interested parties also were important in gathering
information for this Report.



BACKGROUND
A BRIEF HISTORY OF PLANT GENETICS AND AGRICULTURAL BIOTECHNOLOGY

Almost without exception, the fruit, vegetable, and other crop plants grown commercially today
have been genetically modifiédThe adoption of new plant varieties developed through
selective breeding has been improving the food supply for thousands of years. Since prehistoric
times, farmers have selected seeds from the strongest, most desirable plants, and used them to
produce the next generation of crops. This process of selection, combined with genetic
modification through crossbreeding, has resulted in a wide range of crop plants suited for
different purposes and adapted to particular regions.

The impact of plant selection and cross breeding on crop species has been tremendous. Although
the wild ancestors of few plants, such as carrots, lettuce, and sunflowers, are readily identifiable,
most important food crops have been altered to such an extent that their wild ancestors are
unrecognizable, and in some cases they are unknown altogether. The closest wild relative of
maize Zea may}y for example, is teosint&(chlaena mexicanawhich may alternatively be an
ancestor, descendant, or sibling. Finding the precise connection between domesticated maize
and its tropical-American ancestor has proved elusive despite extensive study.

Not all genetic modification, of course, relies on human intervention. By thec&Btury,
naturalists were able to identify many kinds of hybrid plants that clearly were the result of the
natural combination of two varieties of plants. However, these observations, while useful, were
not systematized in any way. For most of manOs history, plant breeding understandably focused
exclusively on results, with little regard for the hereditary mechanisms involved. That began to
change in the dcentury.

The Science of Genetics Comes of Age

The basic principles of heredity were discovered by Gregor Johann Mendel, an Augustinian
monk at Brunn, Austria (now Brno, Czech Republic). His now-classic studies on inheritance of
traits in garden peafPi{sum sativuiy begun in 1856 in a small monastery garden, laid the
foundation for the modern science of genetics. Unlike previous investigators, who attempted to
explain all variations, whether heritable or not, Mendel concentrated his efforts on a few traits
observed in a controlled breeding program.

Mendel found that certain traits of the parent plantsNsuch as tallness or dwarfishness, blossom
color, seed shape and coletcNwere distributed among offspring in ratios that never varied
significantly, and thus were predictable. From these results, he posited a set of rules to explain
how characteristics are passed from one generation to the next and theorized that the variability
among the parent plants and their descendants was due to paired units of ﬁererdatyausal

% Though not really OcropO plants, wild berries provide examples of plant-derived foods that are widely consumed
but have not been genetically modified through human intervention.

® Mendel owed much of his success to his selection of a plant species, the garden pea, that normally is self-
pollinatingNallowing him to use genetlcally pure varieties in his experimentsNand is easily cross-pollinated.
Subsequent studies by Mendel using hawkwetidréciumNan apomitic plant able to produce seeds without
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OfactorsO of heredity suggested by Mendel eventually were given the name OgenesO by Wilhelm
Johannsen in 1905.

MendelOs discoveries were first reported in an obscure Austrian journal in 1866, where they
attracted little attention until 1900, when Hugo deVries in The Netherlands, Carl Erich Correns
in Germany, and Erich Tschermak von Seysenegg in Austria independently rediscovered them
while conducting their own studies on inheritance. In 1903, Walter Sutton concluded that
hereditary information was located on chromosomes, and in 1911 it was postulated that genes
were arranged linearly.

By the mid 1930s, it was widely speculated that deoxyribonucleic acidNDNANwas the critical
constituent of genes. The existence of nucleic acid was discovered earlier, in 1869, by the Swiss
biochemist Frederick Miescher, but little attention was paid to this finding until after the turn of
the century, when research on nucleic acids increased. By the late 1920s, the basic chemistry of
DNA had been determined. Although DNA was found to be concentrated largely in the
chromosomes, many scientists nonetheless believed that the complex nucleoproteins associated
with DNA were more likely to be the primary constituent of genes. By 1952, several
investigations with bacteria and viruses, which have little or no nucleoproteins in their DNA,
confirmed that DNA was responsible for transmitting genetic information.

Another crucial piece to the genetic puzzle fell into place during the 1940s, when two American
biologists, George Beadle and Edward Tatum, investigated the transmission of hereditary traits
in the fungusNeurospora They showed that particular genes were responsible for particular
enzymes and that genes regulated all biochemical functions. Since their pioneering workNfor
which they (along with Joshua Lederberg) received the 1958 Nobel Prize in physiology or
medicineNthe concept that each gene governs the formation of a single enzyme was refined. It
is now recognized that genes control the formation of polypeptide stramdsroteins, which
comprise the OworkhorsesO of cellular metabolism in all living organisms.

A critical breakthrough occurred in 1953, when James Watson, an American biochemist, and
Francis Crick, a British biophysicist, described the double helix structure of DNA. Using
stereochemical techniques and evidence developed by Rosalind Franklin and Maurice Wilkins,
whose x-ray diffraction studies of DNA suggested a double-spiral structure, Watson and Crick
were able to construct a three-dimensional molecular model of DNA. For their work, Watson,
Crick, and Wilkins shared the 1962 Nobel Prize in physiology or medicin&@his
groundbreaking research set the stage for further studies aimed at deciphering the genetic code
and led to rapid advances in the practical applications of genetics.

We now know that DNA is, as Watson and Crick demonstrated, a double helical structure made
up of two long strands composed of only four simple base chemicals: adenine, thymine, guanine,
and cytosine. The order in which these bases are linked forms the basis of the DNA code and

fertilizationNyielded results at odds with his previous results using peas. He died in 1884 little knowing the true
significance of his work.

* A polypeptide strand is comprised of a string of amino acid polymers.

® Rosalind Franklin died of cancer at age 37, five years before the Nobel Prize was awarded to her colleagues
Watson, Crick, and Wilkins. Nobel Prize rules do not allow the prize to be awarded posthumously.
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provides the chemical mechanism for storing genetic information. Genes are segments of DNA
that contain enough information to produce a polypeptide strand or protein that, in turn,
determines the traits expressed in the organism. DNA governs every biochemical process within
the cell and the organism and commonly is referred to as the OBlueprint of Life.O

The field of molecular biology gained one of its most powerful toolsNrecombinant DNA
(rDNAG) technologyNin the early 1970s. In 1972, researchers at Stanford University created the
first recombinant molecule. The scientists, led by Paul Berg, who received a Nobel Prize for the
work, used enzymes found in bacteriaNcalled Orestriction enzymesONto cut DNA from two
different sources (a bacterium and a virus) and used a different enzymatic reaction to splice these
two foreign pieces of DNA together into a functional, hybrid DNA molecule. In 1973, Stanley
Cohen, another Stanford researcher, and Herbert Boyer of the University of California at San
Francisco took this work one step further by transferring a recombinant molecule into a
bacterium where it functioned alongside the bacteriumOs own genes. In doing so, they created
the first IDNA, or Ogenetically engineered,O organism.

While none of these researchers set out to create the technology we now call gene splicing, they
and others were quick to recognize the potential usefulness of this new tool. In fact, shortly after
these discoveries, one of the scientists (Boyer) became a co-founder of the worldOs first
biotechnology company, Genentech, which used genetically-engineered bacteria to produce
useful human therapeutics and diagnostics, thereby launching an entirely new industry.

Genetics and Classical Plant Breeding

The development of the science of genetics in tH'éc%]htury was tremendously important in
improving plant breeding. Since the 1920s, refinements of traditional breeding techniques have
produced new varieties of old crops with higher yields, greater resistance to pests and diseases,
and other desirable qualities. Genetic modification through these methods has given a immense
boost to agricultural productivity.

Before the principles of genetics were determined, plant breeders depended on practical
knowledge and experience to develop improved crops. One of the most successful plant
breeders in America, Luther Burbank, produced new varieties of potatoes and other vegetables
and fruits using hybridization and selection without any formal botanical training or
understanding of genetics. His first and most famous variety, the Burbank potatoNstill popular
even todayNwas introduced in 1876 and planted extensively.

In 1908, the American botanist George Shull found that inbreeding tended to purify strains of
corn while weakening the plant. By cross-breeding inbred strains, he developed hybrids of
maize that produced higher yields than the original varieties from which the crosses were made,
and suggested that these hybrids could be used on farms in place of the varieties normally used.
However, the drawback with the single-cross method Shull developed was that subsequent
generations of the plant lost vigor. This problem was addressed in 1918 with the development of

® There are other techniques used in biotechnology, such as recombinant RNA and cell fusion. For the purposes of
this report, the acronym rDNA shall refer to all recombinant technologies.
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the double-cross by Donald Jones of the Connecticut Agricultural Experiment Stafion.

many years, most of the corn grown in the United States was from double-cross hybrid seed.
Today, seed producers are able to use single-cross hybrids because modern inbred corn lines are
much more robust than those developed in the eaVI)céﬁtury.

Techniques informed by a better understanding of the genetic basis of heredity have been used
extensively in crop improvement worldwide. For many years, the development of hybrids for
use in developing countries, particularly those in the tropics, lagged behind developments in
industrialized countries. After World War I, the developing world began applying hybrids with
great effect. The introduction of a dwarfing gene into wheat by Orville Vogel in the 1940s, led
to a tremendous improvement in grain yields and began this trend. Subsequent work in the
1950s and 1960s led to further increases in yields of wheat, rice, and other important staple crops
grown by subsistence farmers in the developing world. Norman Borlaug, an American plant
breeder, won the Nobel Prize in 1970 for his work in developing improved, high-yield wheat
varieties for Mexico. The dramatic improvement in crop diversity and yields experienced over
this period was aided by improved management and increased inputs of fertilizer, pesticides, and
irrigated water. These improvements helped feed a growing world population and became
known as the OGreen Revolution.O

In recent years, plant breeders have used advanced genetic techniques to perform wide-hybrid
crossing of sexually-incompatible plants that could not occur without human intervention. Oats,
for example, have been crossed with a number of very distantly-related wild species to increase
pest resistance and protein content. Interspecies and intergeneric protoplast fusion, in vitro gene
transfer techniques, and somaclonal selection, haploid doubling, induction of polyploidy, and
embryo rescue on artificial growth media are all routinely employed by plant breeders to produce
viable wide genetic crosses. In addition, plant breeders have used chemical and physical
mutagenesisNa highly uncontrolled processNto produce a wide variety of genetic mutants from
which they select plants with superior traits. These genetic modification methods have permitted
hybridization between plants of the same species, different species, and even different genera to
create improved varieties of many plants, including corn, oats, potato, rice, tomato, and wheat,
among other&.

The development of, and the increasing reliance on, new plant varieties has led to the virtual

disappearance of older varieties that could serve usefully as sources of germplasm for future crop
improvement and environmental restoration. Therefore, USDA maintains the National Plant

Germplasm System, which contains over 400,000 lines and varieties of plants no longer in use or
never grown commercially, to provide gene pools for future breeding programs. These plant

lines and older varieties may contain genes that could be beneficial in improving the genetic

variation of existing or future varieties. They are preserved by USDA as an irreplaceable genetic
resource.

The Advent of Agricultural Biotechnology

" The double-cross involves producing two single-cross hybrids from four inbred lines, which are then crossed to
produce one Odouble-crossedO hybrid.
For a detailed discussion of the techniques used by breeders to improve crop plants, see: Gaidit8v.
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Despite advances in our understanding of plant heredity, traditional cross-breeding relies largely
on sexual hybridization and remains a time consuming process that can take 15 years or more
before a crop is ready for the market. Traditional breeding is hit-or-miss due to the uncontrolled
recombination of tens of thousands of genes producing both desirable and undesirable traits.
Also, the constraints imposed by sexual compatibility deny plant breeders access to a diverse
range of genetic material, severely limiting the ability to improve crops through traditional
means.

In 1905, Sir Roland Biffen's experiments with two varieties of wheat demonstrated that
resistance to stem rust fungus was inherited. This led to further attempts by plant breeders to
develop pest-resistant strains of other crop plants. However, breeders soon were confronted with
the fact that the gene for a desired trait may not always be available in a sexually-compatible
plant, so no amount of cross-breeding will yield an improved strain. And even where a desirable
gene is available, it may be linked unalterably to another trait that is undeseahle (fruit

with bitter taste). Thus, plant breeders have long sought new technologies to increase the
diversity of genes for pest resistance and other traits that could be used to improve plants.

With the development of biotechnology and rDNA techniques, plant breeders now possess the
tools to introduce select, useful genes from a wide variety of sources into plants to express
specific, desirable traits. Current methods of gene insertion include using a OdisarmedO (or
benign) plasmid from the plant pathog&grobacterium tumefacieras a vectot,DNA-coated

metal microprojectiles, and direct uptake of DNA by protoplasts of plant18eIMany other
promising techniques are under development.

The main advantage of using rDNA technology is that, unlike hybridization, it permits the
transfer of specific, well-characterized genes from the source organism to a target plant. The
precision of rDNA technology is a vast improvement over traditional cross-breeding, which
involves the transfer of all the genes from each parent, requiring repeated rounds of crossing and
back-crossing over several generations to produce the desired combination of traits. Using
biotechnology, usually only one or two progeny generations are needed to complete the gene
transfer.

Gene transfer techniques also are being used increasingly to move genes among plants that could
be hybridized using traditional methods and to control, increase, or turn off specific functions
within a plant. The greater precision of these techniques will cut significantly the time and cost
necessary to bring an improved variety to market.

Once the desired combination of genes has been produced, the process of variety development
and scale-up is very much the same regardless of the method used to combine the genes. Thus,

° The bacteriaA. tumefacienss the cause of crown gall disease, which produces tumor-like growths on the stems of
susceptible plants. Work in the 1970s showed that tumor-inducing geAesuaiefaciensvere transferred to the

plant via the bacteriaOs plasmid. Techniques were later developed to locate and then remove the tumor-inducing
genes, transforming the plasmid into a useful tool for recombining DNA. For a detailed discussion of the research
that led to the development of bioengineered seeds, see: NRC, 1998.

% Using these techniques, very few genes actually are transferred. Therefore, OmarkersO are used to identify and
recover those cells or tissues in which the gene transfer has been successful. Antibiotic resistance genes commonly
are used for this purpose.
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the plant lines under consideration for release as new varieties must still be tested under field
conditions at multiple sites over several years to assure that performance will be up to
expectations and to reveal any unexpected weaknesses. Most new varieties are subjected to 50
or more site-years (sites _ years) of performance testing before being selected for seed
production and farm use.

Applications of rDNA technology already have had a profound impact in biomedical research
and human medicine. For example, in 1978, Genentech began using this technology to create
bioengineered bacteria to produce human insulin, a product that has replaced bovine and porcine
insulin for many diabetics. Other biotechnology products include tissue plasminogen activator
for treatment of heart-attack patients, powerful growth factors used in bone marrow transplants, a
hepatitis B vaccine, interferon used to attack viruses and stimulate immune response, and
diagnostic tests that are keeping AmericaOs blood supply safe.

Biotechnology has been used widely in food processing. Chymosin (also called rennin) is an
enzyme used to clot milk and produce cheese. In the past, processors obtained chymosin from
rennet, a preparation scraped from the fourth stomach of milk-fed calves. Today, the enzyme is
purified from a bacterium that has been genetically-altered to produce it. The chymosin obtained
in this process is structurally identical to the naturally-occurring form. About 60 percent of the
hard cheese produced in the United States is made with chymosin from genetically-modified
bacteria.

The first effort at marketing a crop food modified through biotechnology occurred in the 1989,
when Calgene Corporation initiated discussions with FDA regarding its Flavr Savr tomato,
engineered to provide extended shelf-life. In this case, the plantOs own gene for production of an
enzyme that naturally softens the fruit was disabled by inserting it ObackwardsO (antisense)
within the tomato genome. Approved by FDA in 1994 and well received by curious consumers,
the Flavr Savr tomato was not a commercial success for reasons unrelated to the product. The
British company Zeneca, however, achieved greater success marketing a genetically-modified
tomato used in making tomato paste for sale in the United Kingdom.

Crops designed to resist pests and viruses or to tolerate certain broad-spectrum herbicides make
up the bulk of the first generation of commercially-viable biotechnology crops. OBtO corn,
potato, and cotton each incorporates select genes from the widely-used biological control agent
Bacillus thuringiensisto resist targeted insect pestB. thuringiensisis a soil microbe that
produces proteinsNdelta-endotoxinsNthat are selectively toxic to certain kinds of insects but
harmless to other insects, humans, and anithaBt corn, for example, produces the endotoxin

in the corn, enabling the plant to ward off the European corn borer, a pest that costs U.S. corn
growers over $1 billion each year. Bt potatoes and Bt cotton have been engineered to resist the
Colorado potato beetle and the pink boll worm, respectively. These crops are widely planted by
American farmers and have resulted in substantial savings.

Many commercially-important plants, such as potato, squash, cucumber, watermelon, and
papaya, have been modified to protect themselves against viral infection simply by introducing
virus genes that produce viral coat proteins. Viral coat proteins are components of the outer wall

" Spray insecticides derived fron thuringiensisare used widely in organic farming.
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that enclose the genetic material of a virus. Plants modified to produce viral coat proteins resist
viruses through a mechanism known as cross-protection, which is somewhat analogous to
immunization. Farmers and consumers have gained from substantial savings by reducing
chemical inputs normally required to control virus-carrying insects.

Soybeans and other plants have been modified to tolerate broad-spectrum herbicides used by
farmers to control weeds. The most common is the ORoundup” ReadyO soybean, a plant that has
been designed to tolerate Roundup Herbicide (glyphosate), developed and produced by
Monsanto. Unlike many other herbicides, glyphosate has low toxicity, is safe for humans and
animals, and degrades quickly in the soil. Other plants have been developed to withstand
glufosinate, produced by AgrEvo, and bromoxynil, produced by Rh™ne-Poulenc Rorer. In the
United States, the use of herbicide-tolerant crops has reduced herbicide use and allowed farmers
to adopt no-till farming methods that minimize soil erosion and moisture loss.

In addition to pest resistance and herbicide tolerance, other traits are being added to crop plants
that will allow them to withstand drought, freezing temperatures, and salt toxicity. Future
advances offer the promise of an impressive array of new and useful products that will improve
crop yield and quality, provide better nutrition, deliver needed vaccines and medicines, produce
more desirable fats and oil, extend the shelf life of fruits and vegetables, lower food costs, and
create renewable non-food products that can reduce reliance on nonrenewable resources.
Development of these and other new varieties of plants is underway and will open up entirely
new markets to farmers and provide enhanced food products to consumers.

Agricultural biotechnology is a thriving industry, and many U.S. farmers have readily adopted
this new technology. It is estimated that in 1998, 26 percent of the corn, 43 percent of the cotton,
4 percent of the potato, and 26 percent of the soybean crop in the United States was planted with
varieties modified using agricultural biotechnology (Gianessi and Carpenter, 1999).

PLaNT GENOME RESEARCH

The plant genome program provides much of the basic research into plant genetics that will be
used to produce future products. The United States Government became directly involved in
plant genome research in 1989, with the initiation of the Multinational Coordirftaoidopsis
thaliana Genome Research Program, supported jointly by NSF, the Department of Energy
(DOE), USDA, and the National Institutes of Health (NIH). The project started out with two
ambitious goals: (1) to determine the complete sequenéeatidopsis thalianaa member of

the mustard family; and (2) to use this information to understand the physiology, biochemistry,
growth, and developmental processes of flowering plants at the molecular level.

The value ofArabidopsisin genetics research was first recognized by the German Friedrich
Laibach, who published a paper on its chromosomes in 1907 and later promoted its usefulness as
a research tool in 1943. Though not a crop planabidopsida simple, flowering mustard

plant usually described as a weedNnonetheless makes an excellent subject for plant genome
research. It has a simple genome (about a fifth the size of the sorghum genome and a hundredth
the size of the wheat genome), a short generation time (six weeks), and several plants can be
grown in a square centimeter. Moreover, mutations can be induced easily, providing valuable
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insights into the plantOs genome. In shérgbidopsis is both relatively simPIe and
representative, making it suitable as a model for a whole classification of flowering f)lants.

The goals of the plant genome program were considered quite risky in 1990 when they were
developed Obecause the biological and computing technology was not yet available to
accomplish this featO (Clutter, 1999). By 1996, technology had matured to the point that it was

possible to begin the total sequencing of Anabidopsisgenome. Rapid progress was made,
and in December 1999, researchers in the United States and England announced the sequencing

of two complete chromosomes, or about 30 percent of the estimated 26,000 genes in
Arabidopsis13 Sequencing the entire genome should be completed by the end of 2000.

In 1997, an Interagency Working Group (IWG) on plant genomics was established under the
auspices of the Office of Science and Technology Policy (OSTP). Participants in this working
group include representatives from NSF, USDA, DOE, NIH, the Office of Management and
Budget, and the Office of Science and Technology Policy (OSTP). IWG developed a five-year
strategic plan for the National Plant Genome Initiative (NPGI) with the ultimate goal of
understanding the structure and function of every gene. Using DNA microarray analysis and
other advanced techniques, scientists will be able to determine the expression of all the genes in
an organism.

As part of its five-year plan, the IWG set the following goals for NPGI:

Complete the sequencing of the model plant spegiefidopsis

Participate in an international effort to sequence rice;

Develop the biological tools to study complex plant genomes, such as corn, wheat, soybean,
and cotton;

Increase our knowledge of gene structure and function of important plant processes;

Develop appropriate data handling and analysis capabilities; and

Ensure that this new information will be accessible to the broader community of plant
biologists and maximize the training opportunities that will arise from the initiative.

The Plant Genome Research Program at NSF was established in 1998 as part of the NPGI. Since
its inception, NSF support has focused on two areas: (1) structural and functional genomics and
(2) strengthening the research infrastructure. In addition to the wowkrairdopsis U.S.
participation in the international rice genome sequencing project began with support provided by
USDA, DOE, and NSF in Fiscal Year 1999. For Fiscal Year 2000, NSF plans to spend $79.5
million on plant genome research and for Fiscal Year 2001 requested an additional $22.5 million
(to $102 million).

OVERSIGHT OF AGRICULTURAL BIOTECHNOLOGY

Oversight of agricultural biotechnology includes both regulatory and nonregulatory mechanisms
that have been developed over many years for crop plants. The following discussion of

2 For more orArabidopsis see: Meinket al, 1998.
© Arabidopsiscontains an estimated 130 million base pairs of DNA. In contrast, the human genome is estimated to
contain more than 100,000 genes with three billion base pairs of DNA.
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regulatory oversight that follows concentrates on the federal agencies, but it should be pointed
out that state regulatory agencies also have an important, if subordinate, oversight function.

The Responsibilities of the Plant Breeder

Today, plant breeding programs are conducted by State Agricultural Experiment Stations

(SAES), Land Grant colleges and universities, USDA Agricultural Research Service stations

(usually in cooperation with SAES), and private companies. Based on agronomic need, crop
development teams decide on a trait to be introduced to a variety of plant. If such a trait is

available among the many genetic resources available, a decision is made on how to impart it to
the crop. This can be done through sexual hybridization, various wide-cross techniques, or
rDNA technology.

Regardless of the method, once the genetic transformation has been made, offspring of the plant
are grown and observed. This process ensures genetic stability by establishing that the added
trait is permanent and predictable and is expressed under varying conditions (OECD, 1993a).
After producing and observing subsequent generations and eliminating plants with undesirable
traits, the breeder selects a few plant lines for large-scale testing.

By the time a new variety of plant is ready for release or commercialization, it has undergone
significant review and testing. The plant breeder is responsible for considering agronomic and
ecological factors during the development phase, including yielding potential, reproductive
stability, uniformity of traits, weediness, vulnerability to attack by pests, sensitivity to
environmental stresses, and other factors. When developing varieties with unusual risks, the
breeder will adopt evaluation methods designed to assess and manage the risk. If the plant is to
be used as a food, the breeder also is responsible for evaluating the food product for toxins and
allergens.

After extensive performance tests and reviews, a new variety may be released. The Association
of Official Seed Certifying Agencies has set up variety review boards for many important crop
plants. Breeders are not required to submit their new varieties to these boards, but for seed crops
eligible for protection under the Plant Variety Protection Act, such protection is exercised only
through the seed certification process. In applying for certification, the breeder must submit a
detailed description and broad array of other information about the new plant variety.

Peer-reviewed journals also are used to register the release of plants either as a new variety,
germplasm, or genetic stock. The scientific societies that publish these journals establish their
own specific criteria and protocols, but in all cases the published information, which is in the
public domain, provides valuable data on the new variety.

Both certification and peer review have been effective in providing non-regulatory oversight. It

is important to note that these procedures are not required by law but rather have been developed
voluntarily by breeders and growers over decades based on our increasing knowledge and
experience. As the techniques to develop new plant varieties become more advanced, the
procedures used by plant breeders are expected to keep pace through the evolution of standard
best practices informed by increased knowledge. Olt is a natural progression of science,O noted
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11 professional scientific societies, Oto adopt ever-better techniques and establish ever-higher
standards of performance in research and development@t @ET1996).

Coordinated Framework and Statement on Scope

The development of rDNA techniques in the 1970s led to concerns about the potential hazards
associated with the technology. In 1974, the NIH Recombinant DNA Advisory Committee
published guidelines for laboratory research using biotechndfodyiH remained the primary
federal body that reviewed and monitored rDNA research until 1986, when OSTP published the
OCoordinated Framework for Regulation of BiotechnologyO (Coordinated Framework) for the
White House Domestic Policy Council Working Group on Biotechnology (OSTP, 1986).

The Coordinated Framework provided a regulatory roadmap relevant to biotechnology research
and products, and it identified possible gaps in oversight. Under the Coordinated Framework,
new products developed through biotechnology would be regulated Oin essentially the same
manner for safety and efficacy as products obtained by other techniquesO and would be regulated
under authority granted under existing federal statutes and regulations. The framework also
identified lead agencies to coordinate activities where jurisdiction overlapped, and it explained
the proper allocation and coordination of regulatory oversight under various statutes and among
relevant agencies.

The regulation of plants and foods created through agricultural biotechnology is handled by three
federal agencies: USDA, which is responsible for ensuring that new varieties are safe to grow;
EPA, which is responsible for ensuring that new pest-resistant varieties are safe to grow and
consume; and FDA, which is responsible for ensuring that new varieties are safe to dBnsume.

While the Coordinated Framework took into account the different statutory bases for regulation
among the agencies, it also emphasized that common principles should govern decisions
concerning the exercise of discretionary regulatory authority. Under the auspices of a White
House Working Group, the involved Federal agenciesNincluding USDA, EPA, and
FDANagreed to a common statement on federal oversight within the scope of statutory
authority. This OStatement on ScopeO was published by OSTP in 1992 and addressed how
oversight authority should be exercised in situations Oin which a statute leaves the implementing
agency latitude for discretion® (OSTP, 1992).

The Statement on Scope lays out a scientific, risk-based approach as the proper basis for
regulatory oversight. It establishes two main criteria for regulation of biotechnology products:

(1) oversight authority should be exercised only where there is evidence that the Orisk posed by
the introduction is unreasonableO; and (2) regulatory oversight Oshould focus on the
characteristics and risks of the biotechnology productNnot the process by which it was created.O

“ It is worth noting that within a few years, NIH deemed that there was sufficient scientific knowledge regarding the
safety of rDNA techniques to relax these guidelines substantially.

® OSTP published a proposed OCoordinated Framework(Fedéral Registeon December 31, 1984.

' In addition, the Department of LaborOs Occupational Safety and Health Administration was given responsibility
for the safety and health of biotechnology workers and NIH was given responsibility for the safety of rDNA
research.

Y OSTP published a proposed OStatement on Scope@@uéral Registeon July 31, 1990.
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In setting these guidelines, it was expected that the agencies would implement them Oin a manner
appropriate to each statutory frameworkO and Oconsistent with the risk-based principlesO set out
in the document (OSTP, 1992).

U.S. Department of Agriculture

Under authority found in the Federal Plant Pest Act and the Plant Quarantine Act, USDAOs
APHIS issues field-test permits for new plants that have the potential to create pest problems in
domestic agriculture. APHIS regulations provide procedures for obtaining a permit or for
providing notification prior to importing, moving interstate, or releasing a Oregulated articleO in
the United States.

Regulated articles are defined by APHIS as plants or microorganisms that are, or are believed to
be, plant pests or are produced using plant pests. Under the Coordinated Framework, APHIS is
responsible for regulating bioengineered agricultural plants produced using a pathogenic source
organism. Genes commonly are introduced into plants using the disarmed plasaid of
tumefaciengwhich in nature causes plant gall) as the vector, and their expression is promoted by
a DNA regulatory sequence from the cauliflower mosaic virus (another plant pest).
Consequently, regulated-article status has been applied to most of the genetically-modified plants
that have been developed to date.

APHIS regulations provide procedures for obtaining a permit for field testing. To receive a
permit, the plant breeder must provide information pertaining to how the plant was developed
and the control measures that will be taken during the trials, including field design, monitoring,
and reporting requirements. If, after a review of the disclosure information submitted by the
plant developer, the agency reaches a Ofinding of no significant impact,O a field test permit is
issued.

The growing familiarity with rDNA-altered crops led APHIS to introduce in 1993, and later
expand in 1997, an expedited procedure for approving field testing of plants developed using
rDNA techniques. Instead of submitting a formal application for a permit, plant breeders
wanting to field test plants that meet certain eligibility requirements and performance standards
need only submit a OnotificationO letter to the Agency. The notification must include a
description of the gene, the characteristics of the plant, and the location of the proposed tests. As
part of this procedure, APHIS then notifies the department of agriculture in the state where the
proposed trials will be conducted.

After several years of field trials, the plant breeder may petition APHIS to release its new plant
variety from regulatory requirements through a determination of Ononregulated status.O Before a
determination to deregulate is made, USDA requires data on the rationale for development of the
plant, the system used to transform the genome, the donor genes and regulatory sequences used,
genetic analysis and agronomic performance, the environmental consequences of introduction,
and the adverse consequences of introducfioti.the petitioner has demonstrated that its new

plant variety is free from risk under applicable regulations, APHIS will issue a determination of

® APHIS maintains an extensive database, accessible to the public, describing the characteristics and the results of
the field tests for each regulated plant that goes through the approval process.
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nonregulated status. As part of its review, APHIS performs and environmental assessment under
National Environmental Policy Act requirements.

Once APHIS confers nonregulated status, unregulated interstate movement and release of the
new plant is allowed. If, however, APHIS determines that the new variety poses an
environmental riskNfor example, if the plant demonstrates a significant potential to outcross
with wild relatives and create problemsNit has the authority to suspend the field trials and halt
further development of the plant.

Since 1987, APHIS has processed more that 5,000 permits and notifications for field testing at
over 22,000 sites and nearly 50 petitions for deregulation. Of the 44 different types of plants
modified using rDNA techniques, field testing has occurred for varieties altered for herbicide
tolerance (28%), insect resistance (24%), product quality (19%), virus resistance (10%),
agronomic properties (6%), fungal resistance (5%), and other properties, including bacterial
resistance (8%). In no instance has a biotech plant approved for field testing by USDA created
an environmental hazard or exhibited any unpredictable or unusual behavior compared to similar
crops modified using conventional breeding methods (McCammon, 1999).

Organic Rule. The debate over agricultural biotechnology also has spilled over in the
discussion of what should or should not be labeled as an organic food. The Organic Foods
Production Act of 1990, part of the 1990 Farm Bill, requires USDA to develop national
standards for organically-grown foods and to ensure that foods labeled OorganicO are grown
consistent with these requirements. On March 7, 2000, USDA announced a new proposal for
organic standards. Under the proposed rules, foods derived from crop plants developed using
biotechnology would not qualify for the organic label, even if grown in conformity with organic
standards.

Environmental Protection Agency

EPAOQs Office of Pesticides Programs, Biopesticides and Pollution Prevention Division, regulates
and registers Oplant pesticidesO under the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA) and the Federal Food, Drug, and Cosmetic Act (FFD%ABt corn is perhaps the most

well known example of a plant modified to produce its own pesticide.

In November 1994, EPA issued a new proposal detailing how it would regulate plant pesticides
to meet the requirements of FIFRA and FFDCA. This proposal is now in the final stages of the
rule-making process and is expected to be concluded sometime in 2000.

While the proposed plant pesticide rule has been moving through the review and public comment
process, EPA has been using approval and registration guidelines that have been established for
testing chemical, microbial, and biochemical pesticides. The Agency also is required under
FFDCA to establish a safe level of pesticide residue in foods, known as a Otolerance.O

Before submitting an application for field-test approval and registration, the plant breeder
consults with EPA scientific staff to decide upon the data requirements that will support the

Y EPA also regulates bioengineered microorganisms under the Toxic Substances Control Act.
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Experimental Use Permit (EUP). The studies done under the EUP are used to support the
application for registration.

EPAOs registration requirements include data on product characterization, toxicology, effects on
non-target organisms, exposure, and environmental fate. Data on product characterization
includes the source of the gene, how the gene is expressed, the nature of the pesticidal substance
produced, modifications to the introduced trait as compared to that trait in nature, and the
biology of the recipient plant. For toxicology, acute oral toxicity of the pesticidal substances
administered to mice has been required. EPA also requires a digestibility test to determine the
amount of time it takes for the protein to break down in gastric and intestinal fluids.
Allergenicity of the substance also must be considered. For ecological effects, EPA examines
the exposure and toxicity of the plamgsticide to notarget organisms, such as wildlife and
beneficial insects. EPA also has evaluated the degradation rates of the proteins in soil and plant
residues (Anderson, 1999).

EPA registered its first plant pesticide in March 1995. Since then, EPA has registered and
granted tolerance exemptions to 12 plant pesticides. Six of these products are for Bt toxins
produced in corn, potato, and cotton, and four are for viral coat proteins that have been
transferred to potato, cucumber, watermelon, and papaya. EPA also approved and exempted
from tolerance requirements a protein from the potato leaf roll virus and the potato virus Y. Dr.
Anderson testified that OEPA . . . has found no documented case of environmental harm caused
by a plant-pesticide produced through biotechnology.O

Insect Resistance ManagementConsumer groups and organic farmers have expressed concern
that widespread use of plants engineered for specific types of pest resistanceNparticularly those
manipulated to express Bt toxins, which have been used widely in a spray formulation by organic
farmersNcould accelerate the development of pesticide-resistant insects. To address this issue,
EPA now makes insect resistance management plans a central part of its regulatory decisions on
plant pesticides, and seed companies require purchasers of their seeds to implement such plans.
These agreements require farmers to establish OrefugiaO of non-modified plants that can nurture
populations of wild type pests. The view is that refugia will help maintain the genetic basis of
susceptibility of the target pest species and delay the onset of genetic reéistance.

On April 19, 1999, a biotechnology industry grffuwbmitted an insect resistance management
plan to EPA, and on January 14, 2000, EPA announced new measures for resistance
management in Bt corn for the 2000 growing season that mirrored the industry plan. It directs
registrants to ensure that growers maintain refugia of at least 20 percent non-Bt cornN50 percent
in areas where cotton is grown. The agency also requires increased monitoring and restrictions
on planting Bt corn in certain areas.

Proposed Plant Pesticide Rule.n November 1994, EPA published in tRederal Registeits
proposed regulations outlining how it would determine that new varieties of pest-resistant plants

* Refugia of non-Bt crops work by ensuring that pests susceptible to Bt toxins are available to mate with any
resistant strains that may emerge within an insect population exposed to crops modified to produce Bt toxins.

' This group was composed of Novartis, Pioneer Hi-Bred International, Mycogen Seeds/Dow AgroSciences, and
Monsanto in conjunction with the National Corn Growers Association.
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would meet the requirements of FIFRA and FFDCA. A plant pesticide is defined by EPA as a
Opesticidal substance that is produced in a living plant and the genetic material necessary for the
production of the substance, where the substance is intended for use in the living plantO (EPA,
1994).

The Agency states that the purpose of the new proposal is to focus regulatory oversight on plant-
pesticides that create novel exposures or operate with a more toxic mode of action. It would: (1)
clarify the regulatory status of plants and plant-pesticides under FIFRA and FFDCA; (2) specify
that EPA regulates the plant-pesticide rather than the plant itself; and (3) describe the categories
of products subject to, and exempt from, regulation (Anderson, 1992 Exemptions would be
made for plant pesticides derived from plants related to the recipien 2pttamse that act by
affecting the plant’ and those based on a coat protein from a plant virus (EPA, 994).

According to Dr. Anderson, OThe primary focus of the new regulations is to separate out and
exempt from regulation those compounds the Agency believes have a low probability of risk and
instead concentrate on plant-pesticides that present new dietary and/or environmental exposures
For example, plant-pesticides introduced from unrelated species of plants, bacterium or virus,
insects, etc.O0 The focus of EPAOs proposed rules clearly would be on new pest-resistant varieties
produced using biotechnology. It has been argued that by targetipgptdessby which the a

new plant is produced, EPA is departing from the risk-based scientific principle that regulations
should focus on a plantOs characteristics, not its method of producti@t dIF1.996; Huttner,

1999).

Food and Drug Administration

Often overlooked in the debate over food safety is that it is the legal responsibility of the food
producer to ensure the safety of foods they offer consumers. In addition, food producers are
subject to Federal, State, and local regulations. At the Federal level, FFDCA gives FDA a broad
range of legal authority and regulatory tools to ensure the safety of whole foods. It has the
authority to require premarket review and approval in cases where protection of public health is
required, such as when a substance is added intentionally to a food and there are questions about
its safety. FDA also has postmarket authority to remove a food product from commerce and
sanction those marketing the food if it poses a risk to public health. The complex array of
criminal and civil sanctions, including tort and contractual remedies, available to governments
and private parties provides producers with every incentive to bring safe, wholesome foods to
market.

Foods produced through biotechnology must adhere to the same safety standards that apply to
traditionally-produced foods under FFDCA. In 1992, FDA published irfFdueral Registea
Statement of Policy on its approach to regulation of foods derived from genetically-modified

# Among the options for exemption are plant pesticides derived from plants that are sexual compatible, within the
same genus (though not necessarily sexually compatible), or both sexually compatible or within the same genus
(EPA, 1994).

% An example includes plants altered to grow larger leaf OhairsO (trichomes) to prevent insects such as aphids from
feeding on them.

* EPAOs preferred option is to exempt all viral coat proteins; a second option is to exempt only those coat proteins
in plants with a low probability of outcrossing to wild relatives (EPA, 1994).
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plants (FDA, 1992?? It is important to note that these rules apply equally to plant-derived foods
produced using traditional breeding techniques as well as biotechﬁSIoE]DAC)s guidelines
provide a risk-based Odecision treeO to guide plant breeders and food manufacturers through
issues critical to ensuring the safety, nutritional value, and wholesomeness of new genetically-
altered foods. This approach is based on many decades of FDA experience dealing with a
complex array of new fruits, vegetables, and grains that have been modified using conventional
methods and safely introduced into the food supply without the agencyOs intervention.

Guided by the decision tree, plant developers and food manufacturers conduct a safety
assessment of the new food, paying particular attention to changes in naturally-occurring or
introduced toxicants and allergens, nutrient levels, and fat, oil, or modified carbohydrate content,
as well as the introduction of new substances that do not have a history of safe use. Where
significant alterations are found, formal FDA review and approval are required. FDA requires
approval and labeling only where unexpected effects are produced (such as allergens or toxins
are introduced), the nutrients in or composition of the product is substantially different from
traditional edible varieties, or pharmaceuticals are present.

Food producers are not required to seek FDA pre-market approval or to apply a special label, for
a new variety of food if it is substantially equivalent to existing varieties already on the market.
They are, however, encouraged to consult with the agency in considering safety issues. If a new
food contains a Ofood additive,O FDA would not require pre-market approval or special labeling
if it could be shown that the additive is Ogenerally recognized as safeO (GRAS). An ingredient
with a long history of safe use, for example, would be considered GRAS. Other new ingredients,
however, would require a submission of a GRAS petition to FDA that would be reviewed in a
way similar to a FDA review of a new food additive.

Without exception biotech companies have participated in a Ovoluntary consultationO with FDA
before bringing a new biotech food to market. During these consultations, companies are
expected to provide FDA with data on the agronomic and quality attributes of the plant, genetic
analysis of the modification and stability of expected genomic traits, evaluation of the safety of
newly introduced proteinge(g, for allergenicity), and chemical analyses of important toxicants
and nutrients. When all safety and regulatory issues have been resolved, FDA provides written
notification to the company.

When asked if FDA was aware of any examples of a biotech food causing a human health
problem, Dr. Maryanski responded: ONo, FDA is not aware of any such caseO (Maryanski,
1999). To date, the vast majority of foods developed using rDNA techniques have not required
pre-market approval, and none has required labeling.

® For a good summary of this document, see: Kesslar 1992.
* FDAOs Statement of Policy defines genetic modification as the Oalteration of the genotype of a plant using any
technique, new or traditional.O
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FINDINGS

The testimony and other materials and documents made available to the Subcommittee lead to
the following findings.

PLANT GENOME RESEARCH
Finding: The plant genome program represents a sound use of federal research funding.

UnderstandingArabidopsis the relatively simple mustard plant that is the focus of NSFOs Plant
Genome Research Program, promises to unlock a wealth of understanding about how other
plants work. As Dr. Ryals noted in his testimony, the main rate-limiting step in agricultural
biotechnology is gene discovery (Ryals, 1999). Future breakthroughs in plant genomics may
very well rest upon the successes of Alnabidopsisproject and other federally-funded research
initiatives that involve corn, rice, tomato, and other plants.

The federal government has supported plant genome research directly since the initiation of the
Multinational CoordinatedArabidopsisthaliana Genome Research Program in 1989. The
Project began with the ambitious goals of determining the complete sequenc@cdiuopsis
genome and developing an understanding of the physiology, biochemistry, growth, and
developmental processes of flowering plants at the molecular level.

In her testimony, Dr. Clutter highlighted a number of practical applications that have resulted
from Arabidopsisresearch, including:

Demonstrating that plants can be used to manufacture renewable biodegradable plastics in
guantities suitable for industrial production.

Elucidating complex genetic pathways by which a plant produces various oils. These genes
have been used to modify canola and soybeans to produce oils of improved nutritional value;
the same genes can be used to produce industrial lubricants and fuels.

Identifying a gene that confers tolerance to sulfonylurea, a commonly used herbicide. This
discovery is being used to develop crops suitable for no-till agriculture.

Showing that plants can be modified to clean up heavy metals in the environment, such as
mercury and cadmium.

Discovering how plants take up iron and other micronutrients in the soil. This information is
immediately applicable in producing crops that contain high iron and other essential mineral
nutrients.

Developing plants naturally fortified with vitamins, opening up a new area of study,
Onutritional genomics.O

The Arabidopsisproject also has provided insight into the nature of complex genetic traits. In
his testimony, Dr. Larkins commented that, in addition to aiding plant breeders in creating new
varieties using biotechnology, Othe knowledge gained from understanding the molecular basis of
such traits can be applied to crop improvement through conventional breeding programsO
(Larkins, 1999).
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With the rapidly growing amounts of genetic information being discovered comes a serious need
for new information technologies to catalogue and mine the data. The data requirements of the
Arabidopsisprogram has led to a considerable investment in the field of bioinformaticsNa
merging of information technology, biotechnology, and agricultural sciences.Arahéopsis
Information Resource (TAIR) project, for example, accessible to researchers worldwide over the
Internet, will include all information about thrabidopsis genome projed?. The USDA
Agricultural Research Service also funds a Plant Genome Dafdbaseaddition to these
Federal databases, the National Center for Genome Resources, a hon-profit research organization
in Santa Fe, New Mexico, also supplies bioinformatics resources to assist researchers both in
identifying problems that could be solved by genetic strategies and in developing new plant
varieties (Joseph, 1999).

As a result of these efforts, researchers are well on their way towards fulfilling the first goal of
sequencing the entirArabidopsisgenome. Dr. Clutter testified that work on the second
goalNdetermining the function of the plantOs estimated 25,000 genesNbegins with the initiation

of NSFOs proposed 02010 Project.0 OAt present,O said Dr. Keegstra, Oscientists are able to
determine experimentally, or predict by comparison with other known genes, the function of just

over half of the identified genes. . . This large gap in our knowledge represents a major challenge

for biologists, and addressing this problem farabidopsisis the goalO (Keegstra, 1999).
Improving our understanding of the function of all the genes iAtakidopsisgenome will help

plant breeders and researchers create ever-larger numbers of new and beneficial cultivars.

Publicly-funded research data are mined actively by agricultural companies. U.S. Patent Office
records reveal that prior to 1990, just one patenAfabidopsisbased discoveries was issued.

The current total of 622 patents represents an exponential increase in patent grants in for
Arabidopsisrelated innovations over the last 10 years (Clutter, 1999). Dr. Kennedy also
described USDA efforts at technology transfer through Cooperative Research and Development
Agreements. The Cooperative Extension Service is another route used for technology transfer
(Kennedy, 1999).

Ensuring that the results of genome research finds its way to market still remains a challenge.
Dr. Huttner commented that Othere is a substantial gap between the basic research bench
andEend users,0 a gap similar to that faced by the biomedical sector in its infancy and one
ultimately filled by small business. OSmall companies tap into the tremendous creativity found

in university faculty and students, whereas big companies have extensive in-house research
operations, tend to be more risk averse, and often discount advances achieved in publicly-funded
institutions.O She argued that basic research results are transferred more easily to small start-ups
willing to take risks big agribusiness may not. This transfer could be furthered by the creation of
NSF- and USDA-funded research centersNpublic-private partnerships that could combine basic
research in genomics with plant development for small, specialty markets.

“ TAIR replaces thdrabidopsis thaliandatabase (AtDB).

* This database is comprised of a Stock Center Database, which provides researchers with information on genetic
variations through the Germplasm Research Information Network; the Genome Mapping Database, which includes

physical and genetic map types of many agricultural plant species and some model systems from non-agricultural
species; and DNA Sequences, which are placed into the widely used GenBank/GenlInfo/European Molecular

Biology Laboratories and DNA Databand of Japan.
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CHEMICAL |NPUTS

Finding: The current generation of pest-resistant and herbicide-tolerant agricultural plants
produced using biotechnology has reduced chemical inputs and improved yields for
American farmers. Future adoption of new varieties will continue this trend and will solve
intractable pest problems, help protect the environment, and lower costs to consumers.

Agricultural producers must defend their crops from a variety of plant pests and diseases. Insects
such as the European corn borer and the Colorado potato beetle can inflict terrible damage on
crops, affecting yields significantly. Pressures from weeds, disease, and weather can further
hinder crop production.

Traditionally, producers have relied upon a variety of different "inputs,” such as applications of
herbicides, insecticides, fertilizers, and irrigated water to protect crops and boost production.
Each of these inputs addsNsometimes greatlyNto the cost of the product, but they are necessary
investments to prevent crop losses caused by infestation, drought, or other circumstances. In
addition to the financial costs of inputs, environmental costs may be exacted as well. Thus,
reducing the use of chemicals without reducing crop yield or quality is a goal that will deliver
both economic and environmental benefits.

The recent experience with biotech crops indicates that they significantly reduce input use and
costs. Pest-resistant corn and herbicide-tolerant soybeans already are used widely in the United
States, reducing pesticide and herbicide usage and, correspondingly, decreasing costs to
producers and increasing farm income (USDA 1999). In testimony submitted to the
Subcommittee, Dr. Prakash estimated that biotech crops saved United States and Canadian
producers nearly $500 million in 1998, and are projected to save $6 billion by 2005 (Prakash,
1999).

Pest-Resistant Plants. Pest-resistant Bt cotton varieties have been notably effective in reducing
chemical insecticide inputs and lowering costs to producers, particularly cotton growers. By
introducing Bt genes into varieties of cotton, they have become biologically protected from three
common and costly pests: tobacco budworm, cotton bollworm, and pink bollworm. In 1995,
resistant budworms in Alabama caused yield losses of nearly 30 percent. In the absence of Bt
crops, producers rely upon pyrethroid insecticides to control these pests. However, the tobacco
budworm has developed a resistance to pyrethriod insecticides, severely limiting their
effectiveness (Gianessi and Carpenter 1999).

Mr. Gianessi and Ms. Carpenter reported that producers who adopted Bt varieties controlled all
three target pests: OUSDA pesticide use data show a reduction of 2 million pounds of the
insecticides that are recommended for the control of these insects since the introduction of Bt
cotton varieties.O As a result, they expect growers will experience increased yields using Bt
varieties compared to conventional varieties, resulting in increased returns of approximately $40
per acre. Some of these gains are being realized today. USDAOs Economic Research Service

* Biotechnology also has the potential to reduce chemical inputs on lawns and golf courses, which account for a
significant portion of pesticide use.
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(ERS), for example, found that Oadopting Bt cotton had significantly increased yields and
variable profits in 19970 (ERS, 1999b).

The situation with respect to the use Bt corn is somewhat different, and it is often cited by critics
of biotechnology as an example of a bioengineered crop that has not met expectations. For
example, Dr. Goldburg, citing recent USDA data, argued that OBt corn largely supplements
rather than substitutes for insecticide use on field cornNthe type of corn planttite arast
majority of U.S. corn acreage. Across the midwestern corn belt, only about 5% of corn acreage
is treated with insecticides for the European corn borer, the primary target pest of Bt corn. Thus,
for the most part, farmers planting Bt corn are not substituting Bt genes for conventional
chemical insecticides. . . ffecticide use against European corn borers in 1997 in the
OHeartlandO region of the United StatesEwas only slightly higher on non-Bt corn than on Bt
cornO (Goldburg, 1998).

However, Bt varieties are aimed at controlling pests that were previously difficult or impossible
to control, not replacing chemical pesticides. Defending corn requires expensive management
practices, such as plowing and rotation, as well as chemical pesticides, that may not always
work. As Mr. Gianessi and Ms. Carpenter explained, O[D]ue to the difficulty in scouting for this
pest and the importance of timing insecticide application before the caterpillar bores into the corn
stalk and is protected from insecticides, it is estimated that less than 5 percent of corn field
acreage in the U.S. Corn Belt was being treated with insecticides for the European Corn Borer
prior to the introduction of Bt corn varieties.O As a result, the introduction and adoption of Bt
corn varieties may not have a large impact on pesticide usage, but it does have the potential to
stem corn losses ranging from 33 million bushels to over 300 million bushels péjr year.

Herbicide-Tolerant Plants. Herbicide-tolerant crops show promise in reducing herbicide input
levels and costs and shifting herbicide use to more environmentally-benign formulations.
Farmers growing traditional varieties of soybeans, for example, typically use high levels of more
residual herbicides that persist throughout the growing season, with greater environmental risk.
GlyphosateNmarketed under the brand name RoundupNis an effective broad-spectrum
herbicide that degrades quickly in the soil and has low toxicity. However, because the chemical
affects a wide range of plants, including crop plants, it could not be used after planting because it
would kill both weeds and crops. Biotechnology has helped farmers solve this problem.
OThrough the power of genetic engineering,O said Dr. Thomashow, Ogenes have been isolated,
modified and transformed back into crop species to make them resistant to the herbicide. This,
then, has made it possible for farmers to use the herbicide to kill weeds, but grow healthy cropsO
(Thomashow, 1999).

¥ It should be noted that more recent research has shown even greater reduction in insecticide use. An lowa State
University study found that 26 percent of the Midwestern farmers who planted Bt corn in 1998 decreased their
insecticide use. The study also noted that 82 percent of farmers said their primary reason for planting Bt corn was to
prevent losses from the corn borer, while 27 percent wanted to eliminate the need for insecticide to control the pest
AP, 1999).

51 Dr. Hutt)ner reported similar results in her testimony, observing that growers using Bt corn varieties in 1998
produced an additional 4.2 bushels per acre and saved 60 million bushels of corn from European corn borer
lossesNthe equivalent of 450,000 acres that would otherwise have been destroyed.
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The impact of herbicide-tolerant soybeans has been dramatic. An analysis by USDAOs ERS
found that in 1997, herbicide treatments for soybeans were significantly lower. OAs GMO
[genetically-modified organism] adoption increased, use of glyphosate herbicide (such as
Roundup™) also increased but use of other synthetic herbicides decreased by a larger amount.
The net result was a decrease in the overall pounds of herbicide appliedO (ERS, 1999c).

This reduction in herbicide use has brought material benefits to the farmer. Dr. Prakash noted an
independent study that estimates the use of Roundup Ready soybeans Osaved farmers nearly $30
a hectare because of a 40 percent reduction in herbicide usage, and also increased crop yield due
to less competition from weedsO (Prakash, 1999).

Just as significantly, herbicide-tolerant crops enable no-tillage farming, a technique that greatly
minimizes moisture loss and soil erosion, a severe problem in many areas of the country. Dr.
Cook testified that in his 20 years of research into growing crops without tillage, Ol can say
unequivocally that the development of Roundup as a tool has been the single greatest tool for
moving forward to growing crops with less tillageO (Cook, 1999).

Plant Pathogens. Agricultural biotechnology also is aiding farmers in the fight against other

crop infestations. Plant pathologists have spent decades using traditional cross-breeding
techniques in an attempt to develop new varieties of commodity crops that are resistant to
viruses, fungi, and bacteria, with varied success. Despite decades of focused efforts using
traditional breeding methods by USDA, Land Grant colleges, and seed companies, there are
many pests for which scientists have not been able to develop pest resistance because the gene
for resistance is not found in any sexually-compatible plant. Dr. Cook estimates that resistant
varieties have been developed for no more than twenty-five percent of fungal diseases, an even
smaller percentage of virus and bacterial diseases, and very few specific insects.

For many stubborn problems, such as soil-borne pathogens, biotechnology may offer the only
option. Dr. Cook told the Subcommittee of his work in the root diseases of wheat and barley.
He said, OWe have been waiting 35 years to have access to genes that we can now put into wheat
or barley to have resistance. There have been no genes in the whole pool of germplasm of wheat
and barley that | could use for this . . . but we now have the means to bring genes in from natural
enemies of some of these pathogens in the same way that Bt has been put into corn.O

The Subcommittee also heard testimony about the economic devastation pest epidemics can
cause in rural communities. The outbreak of wheat scab in western Minnesota and eastern North
Dakota, for example, caused hundreds of millions of dollars in crop losses. Biotechnology will
provide researchers with new tools to solve some of the most persistent pest problems in
agriculture and help prevent severe economic losses in vulnerable farm communities.

CONSUMER BENEFITS AND GLOBAL FOOD PRODUCTION
Finding: The promise of agricultural biotechnology is immense. Advances in this

technology will result in crops with a wide range of desirable traits that will directly benefit
farmers, consumers, and the environment and increase global food production and quality.
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Thomas Jefferson once said, OThe greatest service which can be rendered any country is to add a
useful plant to its culture.O If the testimony presented before the Subcommittee is representative,
then in the coming decade the Nation and the world can look forward to the addition of many
new plants producing higher yields and possessing desirable traits because of plant genomics and
agricultural biotechnology.

Current applications of agricultural biotechnology have been criticized because they have
conferred direct benefits to producers, not consumers. That, in turn, has slowed public
acceptance of this technology, especially in Europe.

Biotechnology offers the promise of an impressive array of new and useful products that will
improve crop yield and quality, provide better nutrition, deliver needed vaccines and medicines,
and create new markets for renewable non-food products while using fewer resources, lowering
costs, and reducing the environmental footprint of farming. And at a time when many are
worried about the fate of the family farm, biotechnology can provide an array specialty
productsNsuch as Odesigner® foods, Opharmafoods,O biodegradable gisiitsal for
small-scale agriculture.

But the potential impact of agricultural biotechnology goes far beyond designer crops and
products. In meeting the challenge of feeding a rapidly-growing world population, this
technology will be seen increasingly as a necessity, not a luxury.

The scope of this challenge is vast. Today, almost 1 billion people live in abject poverty and
suffer chronic hunger, about 70 percent of which are farmers (Persley and Doyle, 1999). Future
population growth promises to place further demands on food production. It is projected that
between 1995 and 2020, approximately 73 million people will be added to the earthOs population
each year, increasing the worldOs population by 32 percent to 7.5 billion; 97.5 percent of this
growth will take place in the developing world (Pinstrup-Andesestoal. 1999).

Over this period, the developing countries will provide the largest increase in demand for food,

accounting for about 85 percent of increased global demand for cereals and meat. However,
because of environmental concerns and the availability of arable land, it is estimated that the
amount of land used for farming can only increase by approximately 7 percent. As a result, the
increased demand for foodstuffs will have to be met through greater production. As the rapid
growth in yields experienced during the Green Revolution begins to slow, new ways to increase
yields will have to be developed (Pinstrup-Andersoral. 1999). Agricultural biotechnology

can play a major role in helping developing countries become self-sufficient in food production.

Improving Environmental Stress Tolerance

Combined with a greater understanding of plant genomics, biotechnology can expand the
environmental range in which plants can be grown and increase agricultural production in
regions of the world with low agricultural output and high rates of malnutrition. Crops that can

withstand drought conditions, high salinity, or toxic metals, for example, could enable

populations living in currently nonarable regions to farm their land, reducing the pressure on
other regions of the world, such as rainforests, that are currently being converted to farmland.
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Approximately one-third of the worldOs irrigated land, including large areas of the Indian-
subcontinent, is unsuitable for growing crops due to salt contamination. Researchers have
already genetically engineered salt-tolerArdabidopsisand theorize that it should be possible to
engineer a whole spectrum of salt-tolerant plants. This would allow farmers to irrigate crops
with salt water or water of marginal quality (Fromreeal, 1999).

Other forms of environmental stresses, such as extremes in temperature and drought, have a
major impact on crop production. It has been estimated that in the U.S., the average annual yield
of the major row crops is only 20 percent of their genetic potential, with most of the Omissing®
80 percent being lost due to environmental stresses (Boyer, 1982). In addition, environmental
stresses greatly limit the locations where crops can be grown. For instance, due to freezing
temperatures, winter canola cannot be grown throughout the northern U.S. or most of Canada.
Sudden or unexpected changes in weather conditions can have dramatic effects as well; in
California, for example, the citrus industry experienced some $600 million in losses during a
spell of freezing temperatures in the winter of 1999 (Thomashow, 1999).

Many traditional plant breeding programs have included efforts to increase environmental stress
tolerance. However, these efforts have met with little success because of the physiological and
genetic complexities involved in enhancing stress tolerance. The most freeze-tolerant wheat
varieties available today, for instance, are only marginally better than those developed in the
early part of the 20century.

In one example of the gains that can be realized by agricultural biotechnology, recent research on
environmental stress tolerance has led to the identification of Omaster switchO genes that control
freezing tolerance. As these genes also affect tolerance to drought and high-salinity stress, plants
incorporating these master switch genes are currently being developed and tested in a wide range
of crop and horticultural species (Thomashow, 1999).

Contamination of soil by toxic metals is another serious problem with which farmers have to
cope. Aluminum, for example, is a problem in acid soils in many parts of the Southeastern
United States, Central and South America, North Africa, and parts of India and China. Recent
research has identified metal-resistance genesraidopsis wheat, and yeast that could be
inserted into plants to enable them to grow in soil containing these metals in otherwise-toxic
amounts. Taking this technology one step further, researchers are attempting to develop plants
that can be used as a cost-effective way to perform environmental cleanup of soils contaminated
with metals such as mercury, copper, or cadmium (Moffat, 1999a).

The ability to grow crops in regions of the globe that are presently nonarable, or only marginally
so, will greatly reduce the strain on available land, enable those who currently struggle to gain
subsistence from the land to feed themselves, and reduce the costs of environmental remediation.

Improving Nutrition

One of the most promising payoffs of agricultural biotechnology is the production of foods with
enhanced nutrition. From mitigating the horrific human costs of starvation and malnutrition in
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the developing world to reducing disease through dietary improvement, biotech foods have the
potential to benefit virtually everyone, no matter where on the planet they reside. These foods
will take many formsNplants with higher levels of certain essential amino acids or vitamins,
reduced fat levels, increased fiber content, better quality oils, and even anti-cancer properties.
The following is a short list of biotech food products that are already on the market or in
development:

Potatoes that contain less starch and therefore absorb less fat during frying;

Corn and sweet potatoes that contain higher levels of important amino acids, such as
lysine;

Soybeans that contain higher levels of amino acids, such as lysine and methionine, for
improved animal nutrition;

High-sucrose soybeans that taste better and have greater digestibility; and

New varieties of canola bred for superior oil qualities (ERS, 1999a).

Foods that contain higher levels of beta-carotene or other anti-cancer components are possible
and could greatly improve nutritional intake. Advanced understanding of how natural plant
substances, known as phytochemicals, confer protection against cancer and other diseases is
being used to enhance the level of these substances in the food supply. As Dr. Ryals said, "[W]e
can envision a future whereEyou go to a restaurant and you eat a spaghetti dinner, the spaghetti
will be enhanced, possibly [with] a compound that will lower your risk of colon cancer if you eat

it once a week. And the sauce that you eat will have antioxidants at a high enough level that it
will have some potential benefitEthe possibility of this technology is only limited by one's
imagination.O

Biotechnology will be an critical element in the fight against malnutrition in the developing
world. The United Nations ChildrenOs Fund estimates that over 200 million children around the
world suffer from severe malnutrition, and each year, malnutrition causes the death of nearly 12
million children under the age of five (UNICEF, 1998).

Deficiencies of vitamin A and iron are very serious health issues in many regions of the
developing world where rice is a dietary staple. According to the World Health Organization,
vitamin A deficiency, which makes individuals vulnerable to infections and blindness, affects
approximately a quarter of a billion children. In some regions of the globe, one out of four child
deaths is related to vitamin A deficiency. Iron deficiency affects an estimated 3.7 billion people,
especially women and children, leaving them weakened by anemia (Gura, 1999).

Recent research conducted jointly by the Swiss Federal Institute of Technology and the
University of Frieberg has the potential to address this particular problem. Researchers at these
two institutions have used biotechnology to incorporate a total of seven genes from other plants,
bacteria, and fungi into rice to produce a new rice strainNGolden RiceNthat contains both beta-
carotene (the precursor to vitamin A) and iron.

With the assistance of the International Rice Research Institute, this newly-produced rice variety

will be cross-bred with commercial strains, field tested, and eventually made available to farmers
in all parts of the developing world. Commenting on these developments in the context of the
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concerns about agricultural biotechnology raised by activists in the developed world, the journal
Naturerecently editorialized that Osuch gains could become casualties of the battle being waged
over GM crops. If they do, it would be the loss of a golden opportunity to actually help the
several billion people in the world whose food doesnOt arrive in packaging requiring labeling, if
it arrives at allONature Biotechnology1.999).

The Subcommittee also heard about research aimed at improving the protein content of food
staples. In many cases, foods such as corn, rice, and other cereal grains are not nutritionally
complete because they do not contain all of the essential amino acids needed to build muscle.
Diets dependent on these nutritionally-incomplete foods can lead to malnutrition, causing
developmental disorders and even death. Because cereal grains comprise as much as 70 percent
of the dietary protein for humans in the developing world, 195 million children worldwide are
undernourished for protein and suffer stunted growth, weakened resistance to infection, and
impaired intellectual development (Larkins, 1999).

Efforts to improve protein content through traditional breeding have been only modestly
successful. OPlant breeders throughout the world have worked for more than 30 years to improve
the protein quality of maize and other cereals,O Dr. Larkins testified. In contrast, he added,
O[U]sing molecular genetic and genomic approaches, we were able to unravel the complex
problem of the inheritance of lysine-rich proteins in corn. Furthermore, it appears our findings
are applicable to other types of cereal grains, including sorghum and wheat, and thus it may be
possible to generally improve the protein quality [of] cereals through this strategyO (Larkins,
1999).

Preventing and Curing Disease

Plants have been used for medicinal purposes for thousands of years, if not always to great
effect. Medieval Oherbals,O for example, were medicobotanical compendiums of flora that
featured often fanciful accounts of the medicinal value of selected plants. More recently, taxol, a
leading anti-cancer drug, was developed from the bark of the Pacific yew tree.

The merging of medical and agricultural biotechnology has opened up new ways to develop
plant varieties with medicinal characteristics, including foods that contain
pharmaceuticalsNOpharmafoods.O Dr. RyalsOs testimony pointed to the tremendous possibilities
for pharmafoods. O[CJonsider that over 50% of all marketed drugs are derived from fungi,
bacteria and plants,0 he said, OWith genetic engineering and the rapid discovery pace of
genomics, there is no reason why we could not provide these benefits through enhanced diet.O

The development of these new varieties will be especially important for populations where
access to health care is limited. Vaccination programs remain a problem in many parts of the
world, particularly in developing nations, where they are needed most. This is due in large part
to a lack of equipment needed to make, store, and deliver vaccines and cultural differences that
impede acceptance of injection-based immunization. Given these hurdles, researchers have
begun to examine the idea of developing foods enhanced with vaccines that could immunize
against disease. Benefits include fewer problems with vaccine storage, more economical
production, and avoidance of technical and cultural problems (Thomashow, 1999).
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Such considerations have led a number of investigators to pursue the development of edible plant
vaccines that could provide more convenient, less costly immunizations. Dr. Arntzen reported
that at least 40 new vaccines developed using biotechnology are under evaluation. His research
focuses on developing plants capable of delivering vaccines that would protect individuals from
the enteric diseases cholera and diarrhea, leading causes of infant deaths in the developing world.
While preliminary, these encouraging results suggest that plant-based vaccines may one day
provide new strategies for vaccinating humans, farm animals, and pets from these deadly
diseases (Arntzen, 1999).

Some plants also may be converted into "factories" designed to produce medicines quickly and
cheaply. Scientists are looking at alfalfa, for example, to see if it can be modified to produce
interferon-beta, a potentially effective treatment for a form of pneumonia. Other efforts at
Omolecular farmingO also are underway using a variety of plants to produce an array of useful
medical products.

Agricultural biotechnology has the potential to provide medicines and edible vaccines to
immunize individuals against a wide variety of infectious diseases. These developments will
have far-reaching implications for improving human health worldwide, potentially saving
millions of lives in the poorest areas of the world.

Providing Renewable Resources

Genetic engineering makes it possible to increase dramatically the use of plants to produce

Oindustrial feedstocks,O such as specialty oils for lubricants, precursors of plastics, and valuable
health-related biomolecules. New types of fibers and trees enhanced to provide better, faster
wood and paper production also are under consideration or development. In all of these

examples, biotech plants can provide a renewable alternative to nonrenewable resources.

One example of a crop that could have significant ramifications for long-term environmental
protection is genetically engineered cotton with special colors. Such cotton is already available
on a niche market basis and may eventually reduce the need for harsh chemical dyes (Dunahay,
1999).

From grain, high-performance industrial lubricants can be generated using biotechnology. An
example is found in the work of Anthony Sinskey and his colleges at the Massachusetts Institute
of Technology. In June 1999, these researchers launched a multimillion-dollar project to

engineer the oil palm to produce everything from improved oils to, conceivably, biodegradable

plastics (Moffat, 1999b).

These developments will not only directly benefit the consumer, they also will open up new
markets for American farm products and afford farmers greater opportunities in choosing what
crops to grow.

ASSESSINGRISKS
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Finding: There is no evidence that transferring genes from unrelated organisms to plants
poses unique risks. The risks associated with plant varieties developed using agricultural
biotechnology are the same as those for similar varieties developed using classical breeding
methods. As the new methods are more precise and allow for better characterization of the
changes being made, plant developers and food producers are in better position assess
safety than when using classical breeding methods.

Central to the debate over agricultural biotechnology is the proposition that new rDNA
techniques are inherently different than traditional breeding methodsNthat the products of these
techniques are not Onatural,0 and thus entail greater and often unpredictable risk. In its
essentials, this is the message the pejorative OFrankenfoodsO is supposed to convey about biotech
food products.

Almost all commercially-important crop plants being grown today, including those used in
organic farming, have been developed through human intervention and are, in the strictest sense,
unnatural. The primary purpose of plant breeding is to create domesticated plants with desirable
gualities suited to a managed agricultural environment. As a result, most food crops now in use
have been genetically manipulated to such an extent that they bear little resemblance to their
wild ancestors.

The ability to move beyond the limits of traditional breeding accounts for much of the appeal of
biotechnology to plant breeders. However, it is this ability that is the main concern of many who
argue that the new biotech plant varieties, especially those developed using genes from unrelated
organisms, entail greater risk than their traditionally-bred counterparts.

The testimony of Mr. Silbergeld is representative of these concerns: Olt may be true,O he said,
Othat many applications of this technology are no different than what Luther Burbank did in his
time. But Mr. Chairman, you canOt cross a fish with a tomato. Fish and tomatoes donOt mate.
And when, as has already happened, a fish gene is put into a tomato, there should be far different
requirements for testing than there is when you are crossing a squash with a tomato or a tomato
with a tomato. And so our concern is that things can in fact be done and have been done that
canOt be done with traditional cross-hybridizationO (Silbergeld, 1999).

This argument, however, neglects the salient fact that fish, squash, and tomato genes are not
unique to themselves, but are likely to be found in a wide variety of plants and animals. As Dr.
Cook explained to the Subcommittee, OOne of the great marvels of life discovered mainly during
the current era of genomics research is that different life forms already share a remarkably high
percentage of the same genes. Even plants and humans have many genes in common naturally.
Every biology student learns early that a given gene produces the same protein no matter where
in the hierarchy of life forms it may reside. Different life forms are due not only to their gene
makeup, but also how all the genes are arranged and coordinately played out. For this and many
other reasons, science names genes according to their function or protein they produce and not
according to whether they were found in a fish, chicken, or wheat plant.O
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There are many examples. The genetic material that encodes for the production of the enzyme
lysozyme, for instance, is present in both the human and rice geffomesa recent study
published in Science researchers reported that the genome for the fruit Dipspphila
melanogastgrshares 177 of 289 human genes known to cause disease (&wdin2000). A

more dramatic illustration is the pathogenic bacteritsoherichia coli which shares part of its
nucleic acid sequence with plants, amphibians, birds, mammals, and humans (Miller, 1999).

An appreciation of the conservation of genetic material across the plant, animal, and microbial
kingdoms is critically important to an understanding of biotechnology and helps explain why the
source of the transferred geneNwhether from a rat or a pig or a jellyfishNis largely irrelevant in
assessing the risk of the new plant variety produced using rDNA techlaﬁq%her scientists

focus on the function of the gene, the properties of the plant into which it is introduced, and the
environment in which the plant will be grown.

Safety questions related to agricultural biotechnology have been examined in great detail by a
number of scientific organizations since the mid-1970s, and they have concluded uniformly that
bioengineered crops pose no special hazards. In 1987, the National Academy of Sciences
determined that OThere is no evidence that unique hazards exist either in the use of r-DNA
techniques or in the transfer of genes between unrelated organisms,0 and that OThe risks
associated with the introduction of r-DNA organisms are the same in kind as those associated
with the introduction in the environment of unmodified organisms and organisms modified by
other genetic techniquesO (NAS, 1987).

These basic principles have been reaffirmed in reports by many other organizations, including
the National Research Council (NRC, 19%49DSTP (OSTP, 1992), the Organization for
Economic Cooperation and Development (OECD, 1993b), 11 professional scientific societies

(IFT et al, 1996), and the Council on Agricultural Science and Technology (CAST, 15’993)
Cook informed the Subcommittee that all the field trials conducted and scientific evidence

produced since the 1987 NAS report have supported these firfdlings.

*# |t is estimated that one fourth of the genes in plants are in humans (Cook, 1999).
¥ A good example of this is Golden Rice, which was developed using genetic material from the daffodil, considered
a poisonous garden plant.
¥ O[NJo conceptual distinction exists between genetic modification of plants and microorganisms by classical
methods or by molecular methods that modify DNA and transfer genes. . . Crops modified by molecular and cellular
methods pose risks no different from those modified by classical genetic methods for similar traitsO (NRC, 1989).

® This consortiumNcomprising the Institute of Food Technologists, American Institute of Biological Science,
American Phytopathological Society, American Society for Horticulture Science, American Society for
Microbiology, American Society of Agronomy, American Society of Plant Physiologists, Crop Science Society of
America, Entomological Society of America, Institute of Foods Technologists, Society of Nematologists, and Weed
Society of AmericaNwrote: OThe level of risk of a plant variety is not determined by novelty or lack of familiarity,
the source of the gene or genes that produce a pest-defense substance or initiate a pest-defense reaction, nor the
method by which a gene for pest defense is transferred into the varietygD §IFT996).
% A report by the United KingdomOs House of Lords Select Committee on the European Communities (SCEC) also
found agreement in the scientific community on this issue. OIn much of the evidence we received,O it observes,
Owitnesses did not distinguish between risks inherent in or particular to the new technology and risks present in
standard agricultural practice . . .O (SCEC, 1998).
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The testimony also showed that there is broad scientific agreement that rDNA techniques allow
greater precision in the introduction of genetic material into a plant compared to hybridization
and other conventional breeding methods. Traditional breedingNwhich Dr. Salyers described as
Oa genetic crap shootONinvolves the crossing of thousands of genes whose functions are largely
unknown. Nevertheless, according to Dr. Huttner, OEach year, thousands of new varieties of
fruits, vegetables, and grains are introduced into the food supply. The vast majority include
genetic and phenotypic changes that are completely uncharacterized at the chemical or
physiological level.O

It is worthwhile noting that no product of conventional plant breedingNparticularly those
involving wide-hybrid crossing, used extensively in crop improvement for many yearsNcould
meet the data requirements imposed on biotechnology products by U.S. regulatory agencies.
Yet, these foods are widely and properly regarded as safe and beneficial by plant developers,
regulators, and consumets.

It is against this background that agricultural biotechnology should be judged. Biotechnology
provides plant breeders with ways to insert individual genes into a plant to confer a desired trait
without inadvertently introducing an undesirable one. It also enables the complete
characterization of the genetics, biochemistry, and mode of action of the genes and the traits they
encode. This makes the traits added using rDNA methods much more predictable. OAs the
molecular methods are more specific,O NRC said in its 1989 report, Ousers of these methods will
be more certain about the traits they introduce into the plEnts@ther, it should be kept in

mind that the traits introduced by biotechnology are conferred to commonly-used varieties about
which we have a wealth of knowledge.

Since much more is known about the traits introduced using these methods, scientists are able to
answer questions about safety that could not be answered for products of conventional breeding.
These advantages were explained by Dr. Cook, who said, OBecause we know both the genes and
their proteins when making transfers by gene-splicing techniques, it also becomes possible to
know which proteins are actual or potential toxins before they become part of our food supply.
Having this kind of information is much more difficult if not impossible with traditionally bred

crops where the genes may be known but the protein products of the genes are only rarely
known.O

This is not to imply that crops developed using traditional methods are unsafeNcenturies of
experience with them demonstrates otherwise. Rather, it is to suggest that, as Dr. Cook
remarked, OSince traditionally bred crops are accepted as the standard of safety, then crops
developed by genetic engineering are at least as safe and are probably safer because of the

¥ There have been exceptions. For example, the Lenape potato was withdrawn from the U.S. market in the 1960s
when it was found to contain dangerously high levels of solanidine glycoside toxins, and a new variety of celery was
discontinued in the 1980s because it contained high levels of psoralens, which caused farm workers to develop skin
rashes. Both varieties were produced through conventional breeding, but such cases are rare. Given the rigorous
scientific and testing protocols in place for biotech crops today, there is no chance that similar products developed
using recombinant DNA techniques would pass muster with plant developers or regulatory agencies.

% Eleven professional scientific societies reached a similar conclusion: OThe more information available about
parents and genes transferred to produce a new variety, the more predictable the end-use quality characteristics of
that varietyO (IFEt al.,1996).
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greater %qecision of the genetic modifications and knowledge of the protein products and their
function.

Much of the criticism of agricultural biotechnology focuses on perceived risks. In his testimony
before the Subcommittee, for example, Mr. Silbergeld saibn€umer Reportstated quite

clearly: there is no evidence that the genetically engineered foods now on the market present
safety problems. At the same time, neither can it be said that they have been proven OsafeO. . .
[M]any growers and food producer industries characterize these foods as OsafeO because there is
no evidence of harm to consumers. However, the Osafe-unsafe® dichotomy may be false.
Between these two categories lies a chasm of uncertainty due to lack of knowledge and
experience.O This concern has been formalized in the Oprecautionary principle,O which calls for
regulatory intervention by governments even in the absence of scientific evidence of risk.

The specific areas of concern identified by Mr. Silbergeld, Dr. Goldburg, and othersNsuch as
outcrossing, the development of pesticide-resistant insects, allergenicity, toxicity, and antibiotic
resistanceNwill be addressed in detail later in the report. But as a general matter, hypothetical
concerns are virtually impossible to dispel. Dr. Beachy put it this way in testimony he submitted
to the Subcommittee: OSome of the concerns that are raised lie in the category of perceived vs.
actual risk, and we find it difficult, if not impossible, to formulate experiments that address the
extremely improbableO (Beachy, 1999).

It is highly questionable, therefore, that raising the regulatory bar and requiring lengthy
examinations of improbable risks would advance either public health or environmental
protection. A more scientifically-defensible approach is that suggested in a report by 11
professional scientific societies: OReasonable and continued assurance of safety of each new
variety to people and the environment does not require addressing every question that might be
asked or every hypothetical concern that might be raised about that variety. The focus must be
on high-probability risk rather than hypothetical or unrecognizable riskOetiFr., 1996)

Adopting a risk-based regulatory approach will ensure that real risks are identified and assessed
before a crop or food is released into the environment or the market.

The research scientists who appeared before the Subcommittee made a compelling case that the
new varieties developed using agricultural biotechnology are safe. The weight of their testimony
over three hearings leads to the conclusion that there is nothing to substantiate scientifically the
view that the products of agricultural biotechnology are inherently different or more risky than
similar products of conventional breeding because of the method by which they are produced.
Dr. HuttnerOs testimony provides a fitting summary: OThe new biotech is actually part of a
continuum of breeding technologies that have steadily improved plant and animal breeding and

¥ The same conclusion was reached in a report on agricultural biotechnology published by 11 scientific societies.
They said, O[T]he new tools of recombinant DNA technology as an aid to plant variety development are more likely
to increase theafetyrather than theisk of new varieties of crop plants to people and the environmentO [emphasis in
orlgmal] (IFT et al.,1996).

“ This view also was endorsed by the independent research scientists appearing before the Subcommittee.
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that provide a centuries-long context for assessing the safety and risk of genetically enhanced
plants, animals, and microorganisrﬁqs.o

OUTCROSSING

Finding: The risks that new plant varieties developed using agricultural biotechnology will
become weedy or outcross are the same as those for similar varieties developed using
classical breeding methods and for introduced species.

Concerns have been expressed that bioengineered crops could develop into weeds or that the
genetic innovations produced through agricultural biotechnology could spread to the gene pool

of other plants, creating OsuperweedsO or Ogenetic pollution.O Often, the concern is expressed in
a way that links the environmental release of biotech crops with nonindigenous pest species,
such as the kudzu vind€’(eraria lobat3, a nonindigenous plant pest that has been difficult to
control since it was introduced in the southeastern United States in the”lzﬂ:mmﬁ)ry‘.12

Extensive field trials overseen by USDA and scientific assessments by major scientific
organizations demonstrate that the environmental risk of biotech crops is no different from the
environmental risk associated with similar crops bred using conventional means. Because the
genetic manipulations being performed today are on crop varieties that already are being grown
commercially, we have a broad base of knowledge from which to assess these risks. Standard
practices in crop development, field testing, and management will ensure the environmental
safety of these crops.

Since the time of Luther Burbank, U.S. plant breeders and agronomists have accumulated a vast
storehouse of knowledge and experience on the introduction of genetically-modified plants into
the environment and their management. Of the approximately 250 crops plants currently grown
in the United States, the large majority are not native species. The early colonists were the first
to import plants into North America, and more recently plant breeders and other scientists have
imported plants through plant introduction centers maintained by USDA. Nearly all of the plants
introduced into the U.S. have undergone extensive selection and breeding to improve their
characteristics, adapt them to prevailing environmental conditions, confer resistance to domestic
pests, and make them acceptable to consumerse(I&T 1996; NRC, 1989).

The risk of a domesticated crop plant accidentally reverting to a weedy condition was described
by NAS as OnegligibleO (NAS, 1987). This is particularly true for crops that have undergone
long-term breeding, during which the weedy characters of the wild plant have been removed
deliberately from the hybriﬁs. The traits normally associated with domestication make crop
plants reliant on a managed agricultural environment, and thus less capable of competing and
surviving in the wild and becoming an invasive wétd he addition of herbicide tolerance, pest

* Goodmanret al (1987) made a similar point: O[l]n plants, and particularly in crop improvement over the last
century, interspecific and even intergeneric gene transfer is not new. Gene transfer by recombinant DNA is just the
latest in a long history of increasingly more powerful methods available for crop improvement.O

* For an example, see: Yoon, 1999.
* Weedy characteristics can include seed shattering, efficient seed dispersal, long-term seed viability, and thorns,

among others.
“ Examples of crops plants that are minor weeds include sunflower, oilseed rape, and cereal rye.
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resistance, and other traits important to improve cultivation have not been shown to confer
weediness to domesticated crop plants (NRC, 1989etRl, 1996)%

Dr. Cook made this point in his testimony. Ol am not aware of a crop plant having become an
invasive weed because of plant breeding,0 he said. Oln fact, just the opposite occurs: through
plant breeding and selection, wild plants with their tendency to be weeds are made into high-
yielding crop plants increasingly more dependent for their survival on human nurturing. There is
no evidence after some 20 years of experience with gene splicing to suggest that these trends will
somehow reverse towards more wild as we move toward greater use of this new technology.O

Moreover, the notional thread between nonindigenous plant pests, such as kudzu, and transgenic
crop plants is slender at best. O[Kudzu] illustrates the publicOs worst perceptions of errant
organisms and simultaneously exemplifies an exotic organism that is not analogous to any
hypothetical genetically modified organismO (NRC, 1989). Kudzu is a pest not because of any
genetic changes made to it through breeding; it is a pest because it was introduced into a wild
environment for which it is particularly well-adapted and in which no natural enemies existed.
Crops plants modified by means of recombinant DNA techniques, however, are reintroduced
Ointo the same or a similar environment from which they were taken, so they are not analogous
to the introduction of nonnative speciesO (NAS, 1987).

In fact, under todayOs rigorous regulatory system, there is no way that kudzu would be approved
for import or release into the United States. If anything, our experience with kudzu and other
nonindigenous pests demonstrates that the introductionNaccidental or otherwiseNof wild non-
indigenous species is a more recognizable and sizeable risk than that posed by the improvement
of highly-domesticated crops using biotechnoldyy.

Another concern that has been raised is that herbicide-tolerant or pest-resistant plants could
transfer their genetic advantage to nearby weeds, creating superweeds. Gene transfer through
outcrossing is a natural process between related plants, but is extremely rare when species are not
related. As most crop species in the United States originated elsewhere, there are few wild
relatives available for outcrossing, and thus gene flow is a not a significant environmeiifal risk.

In the relatively few cases in which a cross-hybridizing wild relative is presentNsuch as squash
and canolaNmany conditions must be met for gene transfer to occur: the wild relative must be in
the range of the crop pollen; the wild relative must flower at the time the crop pollen is available;
fertilization must occur in the wild relative and viable seeds must be produced; the seeds must
survive and germinate; and the progeny of the hybrid seeds must be fertile or survive
vegetatively. If any one of these conditions is not met, the transfer will not be successful

(OECD, 1993D).

* In fact, it would be extremely difficult to alter intentionally a domesticated crop plant so that it became a weed
because of the complex gene interactions required for such a transformation.

* For example, in a recent review of the NationOs biological resources, the United States Geological Survey (USGS)
stated, ONonindigenous species are a major threat to endangered and threaten biotaO (USGS, 1998).

*" Concerning herbicide-tolerant weeds, Dr. Cook observed that they are Oa common problem for agriculture, not
because of gene transfer, but because of selection for natural resistance.O
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Even when these conditions are met, the chance that the resistance trait will become incorporated
in the wild population absent strong selection pressure is very small.etlal (1996), for
example, noted that, OProgeny that result from outcrossing may be sterile, but, if fertile, will be
hybrids with genomes containing not only the new gene but also millions of other genes
transferred with the gameted., pollen] from the crop plant. Whether such hybrids could then
survive and establish or create new hybrids within the wild population is possible but highly
unlikely.O

In the improbable event that a resistance gene from a crop plant became established in a weed
population, the fact that a number of other genes from the crop plant also would be part of the
weedOs genome means that it will behave more like the crop plant, and its impact will be
confined primarily to agricultural fields where it can be controlled through standard management
practices (NRC, 1989; IFEt al, 1996)‘.18 Of course, where the potential for environmental
damage is significant, both USDA and EPA have the authority to discontinue field trials and
suspend further development of the plant.

Dr. Cook attached as part of his testimony an OECD report, cited previously, that addressed
these issues in detail. He said, OThis report lists the safety issues for crop plants with genes
introduced by the new tools of biotechnology and concludes that they are the same issues raised
for crop plants introduced into cultivation directly from the wild without genetic modification or
modified by gene transfer within the limits of natural hybridization.O

In the years in which have been developing plants using of biotechnology, there is no instance of
a new plant variety having created an environmental hazard. The protocols for assessing
environmental risks of traditionally-bred plants, developed over many years, are sufficient to
provide environmental protection for new rDNA varieties. Regulatory determinations should be
based on risk factors, such as the characteristics of the plant and the ecology of the environment
into which it is to be introduced, not on the method used to produce it.

PEST-RESISTANT CROPS AND THE POTENTIAL FOR PESTICIDE -RESISTANT I NSECTS

Finding: Widespread use of pest-resistant crop varieties developed using agricultural
biotechnology is unlikely to accelerate the emergence of pesticide-resistant insect strains
and may actually be more effective in preventing their emergence when compared to spray
applications of similar pesticides.

Another concern regarding potential harm to the environment through the use of biotech crops
involves plants designed to express various forms of toxins from the naturally-occurring soll
bacteriumB. thuringienss (OBtO crops). In her testimony, Dr. Goldburg argued that OUnlike
traditional Bt sprays, which degrade quickly in the environment, most transgenic Bt crops
produce Bt toxins in all their tissue all the timeNwhether or not the toxins are needed to control
economically damaging pest infestations. The upshot is that Bt crops appear to exert strong
selection pressure for the evolution of pests resistant to Bt toxins.O If pest resistance to Bt were

* For a brief discussion Bt corn and its probable negligible impact on native teosinte in Mexico, see: Mart'nez-
Soriano and Leal-Klevezas, 2000.
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to become widespread, then the sprayed form of Bt, which is used widely by organic farmers and
backyard gardeners to control pests, would be rendered ineffective.

Insects have proven to be remarkably adaptable and capable of becoming resistant to pesticides.
O[T]he emergence of biotypes of pests with ability to defeat genes deployed in crops for
resistance to them is nature's way of assuring survival of the species,O noted Dr. Cook, OThis
issue is not new to agriculture. Resistance breeding is an ongoing effort for crops just to stay
ahead of the ever-evolving populations of pest species.O

The goal of farmers and pesticide manufacturers, therefore, is to stay one step ahead of the
insects, not to try to find a pesticide that is Oresistance-proof.0 Such a goal may not be
attainable. The possibility exists that Bt-resistant insects will arise regardless of whether Bt
crops are planted by farmers. Thus, it is impossible to determine ifNor even whenNBt
resistance will develop in pest populations.

Concerns about the acquisition of resistance are shared by organic and traditional farmers alike,
by the companies that manufacture and market Bt sprays and Bt plants, and by regulators. As a
result, industry and EPA, working with farmers, have developed insect resistance management
(IRM) programs, such as the requirement of farmers to plant refugia of non-Bt crops. Dr.
Goldburg argued that Oelements of the [IRM] plans are highly controversial among
entomologists and others who believe they are inadequate to forestall the evolution of resistant
pests.O

The rationale for these refugia is that they will allow Bt-susceptible populations of insects to
proliferate, which will then be available to mate with insects that might be carriers of a resistance
gene. The existence of the susceptible population will make it less likely that two insects, both
of which carry a resistance gene, will mate and thereby create offspring that are resistant to Bt by
virtue of having received a resistance gene from each paeegthé homozygous for the
resistance gene.

The success of the refuge-based IRM plan is based on the assumption that resistance to Bt will
likely be a recessive trait, not a dominant one. Thus a recent study (lduahg 1999)
suggesting that a dominant form of resistance to Bt had been found led some to speculate that the
refuge strategy was destined to failure. However, as Dr. Shelton and Dr. Richard Roush, another
expert in the field, explained in an article in the joutdalure BiotechnologyOSeveral scientists
(including us) have expressed concern about the methodology used in thedtahngaper,
particularly as the authors did not demonstrate that resistance was actually to the same Bt toxin
as in the plant, and did not demonstrate that their OresistantO population could survive on Bt-corn
engineered to express the toxin (a footnote implies that the larvae donOt)O (Shelton and Roush,
1999). Without this proof, the study shows only that Bt resistance can arise naturally, in a
manner that is totally unrelated to the presence of Bt in the plant.

Another study also published recently Niature led some to question the refuge strategy on
different grounds (Litet al., 1999). The authors of this study reported that insects that eat Bt
crops develop slower than non-Bt feeders. They suggested that resistance management programs
might therefore fail because the insects eating Bt plants would develop more slowly than their
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non-Bt eating counterparts, and thus there might not be any non-Bt eaters around with which to
mate (a key element of the refuge strategy) by the time they finally develop. But as Dr. Shelton
and Dr. Roush point out, insect generations overlap. Thus, even in insect populations never
exposed to Bt cotton, many insects will end up mating with insects from a different generation.

Concerns about insect resistance to Bt predate the existence of biotech Bt crops. Insects resistant
to the sprayed form of Bt have been found in the past, and there is some evidence that the
sprayed form of Bt may bmorelikely to induce resistance than Bt plants (Roush, 1994). O[T]he
only problems with resistance to date for Bt,O Dr. Shelton observed, Oare as a result of the heavy
use of Bt sprays against diamondback moth.O

In fact, there is ample evidence to suggest that Bt plants may be a potent weapon in the fight
against development of Bt resistance among pest populations. The sprayed form of Bt contains a
OcocktailO of different compounds made byBthéhuringienss bacteria, many of which are

toxic to insects; each different compound is encoded by a different gene. TodayOs Bt crops
express only one of these genes, thereby producing only one of these compounds. If insects were
to gain resistance because of exposure to a particular Bt toxin produced in a plant, it is likely that
they would be resistant to that particular toxin only and would still be susceptible to other Bt
toxins.

This point was summarized by Dr. Milton Gordon, a pioneer in the field of agricultural
biotechnology, in a letter to the Subcommittee: "Talking alBadillus thuringiensigoxin as a

single compound is very similar to talking about all of the antibiotics that have been discovered
and are now being used in humans as a single compound. If the pathogenic bacteria become
resistant to one type of antibiotic, it is possible to switch to another type and still get good
results. The same is true of Bt" (Gordon, 1999).

While current versions of Bt plants probably are more effective in reducing resistance than
sprayed versions of Bt, future varieties of biotech plants may be more effective still. The
technology of Ogene stacking,O which involves putting multiple genes into a single plant variety,
could help achieve this. Although current versions of Bt crops produce only a single form of Bt
toxin, future plants can be generated that produce two or more forms. To survive, insects would
have to be resistant to each form of the toxin. Multiple genes for resistance have been used for
decades to control wheat stem rust in North America, with no evidence of super races emerging
that cannot be controlled (Roelfs, 1988). The probability that insects with multiple resistance
would arise in an insect population is extremely small.

Another advantage offered by Bt crops is that the dosage is both more predictable and constant.
To make the refuge strategy viable, the dose must be high enough to ensure that the vast majority
of insects that come in contact with the insecticide die. If the dose is too low, resistance is more
likely to develop. Transgenic crops may more effective in preventing the onset of resistance
because, as Dr. Shelton explained, "one can regulate the dose of Bt more effectively when it is
engineered into a plant than when it is sprayed onto the plantESprays will create more variable
deposits of Bt on the plant and thus insects will be exposed to a wider series of doses of Bt,
including low doses.O
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MONARCH BUTTERFLY

Finding: The threat posed by pest-resistant crop varieties developed using agricultural
biotechnology to the Monarch butterfly and other non-target species has been vastly
overblown and is probably insignificant.

In a recent research letter to the scientific joudature scientists reported eV|dence that Bt
corn pollen could be deadly to Monarch butterfly larvae (Loskwl, 1999) The study
created an immediate stir in the media and was touted by many antibiotechnology activists as
evidence that the worst fears about the potential environmental impact of agricultural
biotechnology had come true. In her testimony before the Subcommittee, Dr. Goldburg of EDF
stated, "widespread planting of Bt corn could harm significant numbers of Monarchs.O

Since publication of the Losest al letter inNature serious questions have been raised about its
findings. A number of prominent entomologists and other experts have dismissed the report as
preliminary in nature, restricted to a laboratory environment and thus unrepresentative of real-
life conditions, and of limited scientific value. It is also worth pointing out that, as Dr. Shelton
testified, the Loseyet al study was rejected as a research article by peer reviewers at both
Nature and Science another highly-respected scientific journal, before being published in the
letters section dNature

Among the reasons for the paperOs rejection was that its main finding was not at all unexpected:
O[T]he Bt/Monarch study has been heavily criticized in the scientific community because every
entomologist knows thatEif you feed Monarch butterfly larvae Bt toxin, whether it be in corn or
whether it be on a spray, that insect will dieO (Shelton, f@gghis opinion was echoed by

many respected entomologists, such as University of Nebraska professor John Foster, who wrote
in a recent article, Othere probably was not an entomologist in the world who was not aware that
corn pollen containing the Bt gene could harm butterfliesNif butterflies ate corn pollen, which
they donOtO (Foster, 1999).

Nonetheless, Dr. Goldburg maintained in her testimony that Ol think the study was a surprise,
unfortunately, to the Environmental Protection AgencyE.EPA had not even considered this
risk,O a statement repeated in EDF press releases. However, this claim was directly refuted by
the EPAOs Dr. Anderson, who said in her testimony, OOur scientists knew the Bt protein is toxic
to many insect pests, and in this particular orderl,_G]midopterac’i1

Clearly, scientists were well aware of the potential toxicity of Bt corn pollen to species such as
the Monarch butterfly, and were not surprised by the results reported irNdhee
correspondence. Many have been highly critical of activists and the media, who have portrayed

*In this laboratory-based study, scientists fed Monarch butterfly larvae milkweed leaves (the Monarch's normal
food) that had been coated with Bt corn pollen. These larvae were compared to larvae that were fed milkweed
coated with non-Bt corn pollen. The comparison revealed higher rates of death or growth defects in the group that
was forced to eat Bt corn pollen.

* That the various proteins produced by Bhethuringiensisare species-specific has been known for some time.

The proteins encoded by theyl andcryll genes are toxic to insects in the ortepidoptera of which the Monarch

iS a member.

*! This order includes moths and butterflies.
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the study as evidence of a real threat to the Monarch butterfly. But in the scientific community,
the Loseyet al letter was taken for what it was; a preliminary laboratory study that offered little
new information and was likely to have little relevance to wild Monarch populations in the field.
Even the letterOs lead author cautioned that Oit would be inappropriate to draw any conclusions
about the risk to Monarch populations in the fieldO (Fumento, 1999).

Since this letter was published, its results have been criticized by many in the scientific
community €.g, Shelton and Roush, 1999; Hodgson, 1999). Preliminary data from other
researchers performing field studies show that the concentration of pollen on the milkweed
leaves in the Loset al. laboratory study was greater than could be expected in the field
(Hansen and Obrycki, 1999). The MonarchOs migratory pattern does not bring it in contact with
corn during the short time it sheds pollen. Monarchs also prefer to lay their eggs on milkweed
plants in open meadows, prairies, and roadsides, not in or around cornfields, as &enréne
letterOs authors recognizedAnd as EDFOs own literature states, it is widely recognized that
Omost corn pollen settles out within a few dozen feet of the corn plantO (EDF, 1999), a finding
supported by the Hansen and Obrycki field study. Results similar to those recounted above were

reported in a conference of scientists held to discuss the issue last November in Chicago
(Kendall, 1999).

Taken together, the evidence cited above suggests that the threat of Bt corn to wild populations
of Monarch butterflies is vastly overblown. And as for the current state of the Monarch, recent
reports indicate that it is flourishing despite widespread use of Bt corn in the NationOs Corn Belt.
Jeffery Glassberg, President of the North American Butterfly Association, has added some
needed perspective to this controversy. Ol think there are a lot more dire threats than that [Bt
corn] to Monarchs,0 he said. Oln the Midwest, mowing roadsides and using herbicides is
probably much more devastating, actuallyO (Branom, 1999).

Finally, it should be recognized that any potential effects on non-target species must be
compared to other techniques used to mitigate the effects of pests. In the past, pest control has
been effected primarily through the use of sprayed insecticides, which often kill both the targeted
pest as well as beneficial insects, such as ladybeetles or green lacewings. In contrast, Bt crops
preserve beneficial insects that prey on harmful insect pests, thus reducing the need for
additional insecticide sprays. Another benefit from using Bt plants is that growers can
dramatically reduce the handling and exposure of insecticides on the farm.

ALLERGENS AND TOXINS
Finding: The risks of introducing an allergen or toxin into the food supply are the same for

plant varieties developed using agricultural biotechnology as those for similar varieties
developed using classical breeding methods.

% Earlier research shows that Monarchs identify milkweed plants by sight and typically lay their eggs on small
plants that are only three to 18 inches tall (Urquhart, 1998). It is likely, therefore, that Monarchs could identify
small milkweed plants scattered among tall corn stalks only with great difficulty.
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Americans have come to enjoy a food supply that is not only plentiful, but is widely recognized
as among the safest in the world. The suggestion that agricultural biotechnology could threaten
the safety of the food supply is a potent argument in the debate over modern agriculture.

Allergens

One of the major food safety concerns raised in connection with agricultural biotechnology is the
risk of introducing an allergen into an otherwise-safe food. OThe dominant food safety risk
associated with genetically engineered crops,O Dr. Goldburg testified, Ois that foods derived from
these crops will cause allergic reactions in susceptible individuals. Genes code for proteins, and
when genetic engineers add a new gene to a crop plant they are in most cases adding a new

protein to foods derived from the crop. Some of these proteins may be allergens, since all known
food allergens are proteins.O

Allergies are a reaction of the immune system to a particular protein. Proteins consist of long
chains of amino acids, the order of which is unique to every different protein. Allergies are
triggered when a personOs immune system recognizes a particular protein, or even just a piece of
that protein. There are many sources of allergenic proteins. These include nuts, milk, eggs,
grains, and fruits, among others.

A first and important line of defense in protecting susceptible persons from exposure to food-
borne allergens involves proper testing when known allergenic foods are used in the creation of a
new food type. Thus, when a food crop that is known to be allergenic is used as the donor of
genetic material in the creation of a new plant-based food, a high standard of proof of non-
allergenicity in the resulting food is used.

This is a key component of the approach taken by the FDA in determining the safety of new

plant-based foods. As outlined in FDAOs Statement of Policy, if a company developing a new
plant-based food uses genes from a known allergenic source of genetic material for transfer, the
company should assume that this genetic material encodes an allergen unless they can
conclusively prove otherwise.

An example of just such a transfer occurred in the mid-1990s, when the Pioneer Hi-Bred
International undertook a project to increase the protein content of a soybean variety by
introducing a gene from a Brazil nut. Testing discovered that the gene taken from the Brazil nut
encoded for an allergen (Nordlee, 1996), and the product was never commercialized. OThis
[was] a perfect example of how the system works,O Dr. Cook testified, Olt is always cited as how
things can go wrong, but it is exactly how good testing in the laboratory can provide for safety.O

It also has been suggested that when a gene is transferred from a non-food organism to a food
plant, Oit may not be known in advance whether humans will develop food allergies to proteins
produced by the non-food geneO (Silbergeld, 1999). While it is highly unlikely that a gene
transferred from a non-food organism to a food plant might cause allergic reactions, that
possibility cannot be ruled out. However, valuable clues exist that can point to potential trouble,
and these clues are used by scientists to avoid this situation. For example, there is a correlation
between a proteinOs stability in the human gut and allergenicity, as food allergens tend to be
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