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PLANT BIOTECHNOLOGY




Plant biotechnology is helping today to provide people with more

and better food and holds even greater promise for the future.

Whether cotton farmers in China, India and South Africa, canola
farmers in Canada, soybean farmers in Argentina or corn farmers
in Spain and the United States, millions of farmers around

the world are using biotech seeds to boost yields, improve their

livelihoods and preserve the environment.

T'hat’s why organizations including the United Nations, American
Medical Association, International Society of African Scientists
and the Organization for Economic Cooperation and Development,'

have voiced their support for plant biotechnology.

Yes, there are questions and concerns — just as there are with
any new technology. But for nearly 300 years, plant breeders
have worked to create better crops — a process that actually
began thousands of years ago with the domestication of wild
plants. Plant biotechnology is the next stage in the evolution

of our continuing efforts to improve the food we eat.

Plant biotechnology is a process in which genetic information

and techniques are used to develop useful and beneficial plants.



“It is important to recognize that we have been genetically
modifying the food supply for thousands of years,” wrote food

scientist Susan Harlander.?

Modern corn, for example, bears
little resemblance to its early ancestor,
teosinte. Those early cobs were just
one to two inches long with a few tiny
kernels.> Ancient varieties of potatoes
and tomatoes were also vastly different

from their modern relatives — and

TEOSINTE® barely edible, if at all.* It was only after
centuries of careful breeding that corn,
potatoes and tomatoes were developed
into the tasty, nutritious foods we know

and enjoy today.

Austrian monk Gregor Mendel was the
first to begin understanding genetics,

as he said, “just what it is that gives the

colors and the shapes to the different

MODERN CORN

trees and fruits and flowers.”

In 1866 Mendel speculated that certain unseen particles passed traits
from one generation to the next. [t wasn’t until nearly 100 years later that
researchers discovered that these unseen particles are genes. Genes

carry the code that tell a plant what color it will be or how it will taste.®

good ideas - two

In 1973, researchers Stanley Cohen and Herbert Boyer actually took
a gene from one organism and inserted it into another, launching
the modern biotechnology era.” Their work led to the very first

commercial biotech product — human insulin.

Modern plant biotechnology is a much more precise tool than
traditional plant breeding. It allows researchers to select a gene
with a specific trait — such as taste or hardiness — in one plant
and move it to another. With traditional plant breeding, many
genes are transferred to create a new plant variety. Some of these
genes carry desired traits, others carry unwanted traits that must be

removed with still more breeding. Getting it right is often difficult.

But with organisms modified with advanced biotechnology, “We
are in a better, if not perfect, position to predict the [resulting
traits],” said the National Research Council in a 1989 report.®

The NRC advises the U.S. government on science issues.



Products approved for market

"To date, more than 50 biotech crops have been approved for sale
in the United States and Canada, and three have been approved in
Mexico. The list includes enhanced soybeans, cotton, corn, canola,

cantaloupe, papaya, potato, squash, sugar beets and tomatoes.

Most of these crops have been enhanced in one or more of the
following ways:
¢ Herbicide tolerant crops are immune to certain herbicides
that are effective against harmful weeds but have no effect

on the crop. Globally, about three-fourths of the biotech
crops planted in 2002 were herbicide tolerant.’

e Pest resistant crops usually contain a protein from Bacillus
thuringiensis or Bz, a naturally occurring soil bacterium that
wards off the European corn borer.

e Virus resistant crops are shielded from plant viruses in
a similar way that humans are protected from disease
with vaccines: by being “inoculated” and thus building
a natural defense.

e Stacked trait crops combine these and other traits.

While four countries — the United States, Argentina, Canada and
China — accounted for 99 percent of the global biotech acreage in
2002, the adoption of biotech crops has actually been faster in
developing countries than in developed countries.'" Between 5.5
million and 6 million farmers in 16 countries planted biotech seeds

in 2002, according to the International Service for the Acquisition
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of Agri-biotech Applications (ISAAA). More than three-quarters
. . . T . GLOBAL STATUS OF BIOTECH CROPS IN 2002
were farmers in developing countries — primarily in China and

South Africa."”

“Normally, at the end of the year, I would ask my wife how we
are going to pay our bills,” says South African cotton farmer 'I'].
Buthelezi, who now plants B7 cotton. “Now I ask her, how are we

going to spend this money?”

Farmers have embraced the technology so quickly for very simple
reasons: Biotech crops improve yields, cut costs, reduce spraying

and save time."

“Biotechnology continues to be the most rapidly adopted technology

[l COUNTRIES THAT HAVE ADOPTED BIOTECH CROPS

in agricultural history due to the social and economic benefits the In 2002, global area of biotech crops was 145 million acres, representing an increase of
. . e 15.1 million acres over 2001.
crops offer farmers and society, particularly the 5 million resource-poor Source: D ClveJames, Chlmain of SAA
farmers in developing countries,” says Clive James of ISAAA. “Biotech
. BIOTECH ACRES . ONE MILLION OR LESS . BIOTECH PERCENTAGE .
s e . P PLANTED BY COUNTRY PLANTINGS
crops can significantly alter the lives of these farmers, limiting the
. . . . . USA: 96.4 million South Africa Australia Soybeans: 63 Percent
time they must spend in the field and helping alleviate poverty.” Argentina:  33.4 million India Romania Corn: 19 Percent
Canada: 8.6 million Spain Uruguay Cotton: 13 Percent
China: 5.2 million Mexico Bulgaria Canola: 5 Percent
Indonesia Colombia
Honduras Germany

Early farmers — like those in Egypt r Thomas Fairchild, the Austrian monk Gregor Johann Plant researchers
and the Americas — saved seeds forgotten father of Mendel publishes a study on crossbreed cotton to

from plants that produced the best the flower garden, heredity that describes how plant develop hundreds of
crops and planted them the next creates Europe’s first characteristics are passed from new varieties with

year to grow even better crops. hybrid plant.! generation to generation.? superior qualities.?




“For the first time in 20 years, we'e seeing a
return of ladybugs, quail and red foxes to our
farm. It’s the healthier, cleaner environment.

Biotechnology helps me be a more successful

farmer and a better steward of my land.”

Donna Winters, farmer, Lake Providence, Louisiana



Benefits of biotechnology
More and more studies are documenting the economic and

environmental benefits of biotech crops.

A 2002 study of biotech crops by the National Center for Food and
Agricultural Policy (NCFAP) found that six biotech crops planted in
the United States — soybeans, corn, cotton, papaya, squash and
canola — produced an additional 4 billion pounds of food and fiber
on the same acreage, improved farm income by $1.5 billion and

reduced pesticide use by 46 million pounds.'

Other global studies have confirmed the economic benefits of

biotech crops:

¢ Yield increases for Bz cotton ranged from 5 to 10 percent in
China, 10 percent or more in the United States and Mexico,
and 25 percent in South Africa — reaping global cotton farmers
an additional $1.7 billion in income between 1998 and 2001,
according to ISAAA."

® Bt corn in Spain produced vyield increases of between 10 and 15
percent — and an average income gain of 12.9 percent — in areas

with high levels of insect infestations in 2001-02, according to a
study funded by Agricultural Biotechnology in Europe.'

Researcher Luther Burbank developed
the Russet Burbank Potato, and later
went on to develop several new hybrid
fruits, including plums, berries, prunes
and peaches.*

by G.H. Shull of Carnegie

First U.S. hybrid corn produced

Institute through self-pollination.®
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e Biotech canola in Canada produced 10 percent yield increases
in 2000, generating an average earnings increase of $5.80 per
acre compared with conventional canola, according to a Canola
Council of Canada study."”

¢ Biotech soybean yields in Argentina were 10 percent higher
than yields for conventional soybeans, according to ISAAA.'

While biotech cotton has led the way in developing countries
like China and South Africa, there’s even more excitement

about the benefits this new technology can bring to staple food
crops grown in developing regions of the world. The reason is
very simple: The developing world, home to 800 million hungry
people, has the most at stake and potentially the most to gain

through plant biotechnology.

Word “biotechnology”
coined by Hungarian
immigrant Karl Ereky.®

Inspired by writings of Luther
Burbank, U.S. Congress passes
the Plant Patent Act, enabling
the products of plant breeding
to be patented.”




“Agribiotechnology matters to Kenya, as to
most other African countries, for the most
basic reasons: Our people do not have
enough to eat.”

Florence Wambugu, African scientist and founder,
A Harvest Biotech Foundation, Nairobi, Kenya



Hybrid corn becomes Watson and Crick describe
'. Y] available commercially® in the double helix structure of
- | the United States, causing DNA, providing more insight
1 corn yields to triple over into how DNA carries
‘nl //_‘ the next 50 years.’ genetic information.'®

More food
With the world population projected to top 8 billion by 2030, there

will be another 2 billion mouths to feed — most of them in developing

regions.”” With income growth also fueling demand for better diets,

farmers will need to at least double their production over the next 25

years to satisty these appetites, according to the United Nations.” But

annual increases in agricultural yields in recent years are holding at

just 1.3 percent a year — less than half of the gains of 30 years ago.?'

C.S. Prakash, founder of the AgBioWorld Foundation, says an

additional 4 billion acres will need to come under the plow by
2050 to feed all of these people if there are no increases in farm
productivity.? That’s more than twice the size of the continental

United States.

Getting the most production from existing land is important because

more than a fourth of the world’s 21.5 billion acres of agricultural
land, pastures and woodlands have already been degraded from
overuse or misuse,” such as over-irrigation or erosion. Biologists fear
that up to half of the world’s remaining 6 billion acres of tropical

forests will be lost to agricultural expansion, and some are warning
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that as many as 20 percent of all tropical forest species could be extinct

within 30 years if forests continue to disappear at the current rate.*

Biotechnology is not the single solution for feeding a growing
population. But it is a tool that can help grow more food in a
sustainable way that does not deplete existing farmland or force

more remaining wilderness areas to go under the plow.

Researchers are busy developing hardier crops that can produce greater

yields on existing land, or even thrive on marginal land:

e A biotech rice that can better withstand droughts and
thrive in marginal soil is being developed by Cornell
University researchers.

® A biotech sweet potato® that can produce twice the yields
of conventional varieties is midway through field trials in
Kenya. Sweet potatoes are a staple crop for millions in the
developing world.

e A biotech papaya — credited with saving the papaya
industry in Hawaii — is now being brought to farmers
in Southeast Asia, the Carribean and several other
developing areas where papaya is a staple food.

Cohen and Boyer successfully
splice a gene from one
organism and move it into
another, launching the
modern biotechnology era.'?

After decades of work, Norman
Borlaug creates dwarf wheat that
increases yields by 70 percent,
launching the Green Revolution
that helped save millions of lives."




“We face many other fascinating possibilities.
How about genetically modifying foods to
contain higher levels of cancer-fighting
compounds... Or developing fresh fruits
and vegetables with improved shelf lives?”

Joe Schwarcz, Office for Science and Society,
McGill University, Montreal, Canada



Better food

Not only is biotechnology being used to produce more food, it is
also developing better food — food that is healthier, more nutritious
and better tasting.

For the developing world, researchers are working to create:

e Golden rice, which is fortified with beta carotene that
stimulates the production of vitamin A in the human body.
Every year, between 250,000 and 500,000 children go blind
because of vitamin A deficiency, according to the World
Health Organization. And about half of these children die
within a year of losing their sight.”

e (Cassava, a staple food in many poorer parts of the world, is
being enhanced so it contains 35 to 45 percent more protein
and essential amino acids.”

e Plant-based vaccines — made from crops such as banana or
potato — which are then pulverized and administered in pill
form. Researchers have developed a vaccine for hepatitis B
that is similar to a traditional vaccine but can be produced
by a banana for a fraction of the cost.

It’s reasons like these that have led organizations like the United

Nations to call biotechnology a “breakthrough technology for

Boyer’s lab created a The first biotech plant is produced — a
synthetic version of the tobacco plant resistant to an antibiotic.
human insulin gene." The breakthrough paved the way for

beneficial traits, such as insect resistance,
to be transferred to plants.'*
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”% and the International Society of African

developing countries
Scientists to say that “Africa and the Caribbean cannot afford to be
left further behind in acquiring the uses and benefits of this new

agricultural revolution.”?”

Biotechnology is also being used to develop better food for people

in the industrialized world. Researchers are working to develop:

e A cancer-fighting tomato with three times more beneficial
lycopene than conventional varieties. Liycopene protects
human tissue and could help prevent breast and prostate
cancers as well as heart disease.

New cooking oils made from canola, corn and soybeans that
contain up to 10 times more healthful vitamin E. Researchers
believe vitamin E can lower the risk of cardiovascular disease
and some cancers.

Food with fewer allergens. Researchers are working to reduce
the allergens in rice, wheat, peanuts and other crops so more
of the estimated 50 million people who suffer from allergies
worldwide can enjoy the food most people eat everyday.

Field trials for biotech The EPA approves the release of the first crop
plants that are resistant produced through biotechnology — tobacco
to insects, viruses and plants.'® A coordinated framework for the
bacteria are held in the regulation of products derived from

United States.'® biotechnology is established.”
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Better for the environment

Biotech crops are also helping protect the environment. A recent Conservation tillage in the United States has:
report confirmed their benefits. e Saved nearly 1 billion tons of soil per year.
“The results clearly show that soil, air and water quality are enhanced * Resulted in a projected $3.5 billion savings by lowering

through the responsible use of current biotechnology-derived soybean, maintenance costs for activities such as dredging rivers,

corn and other crops,” said Teresa Gruber, executive director of the cleaning road ditches and treating drinking water.

Council for Agricultural Science and Technology.” e Created better habitat for birds and mammals, which thrive
in the protective residue of no-till fields.

Biotech crops also make it easier for farmers to use environmentally e Reduced levels of phosphorous and nitrogen in lakes, streams
bl

friendly conservation tillage practices, where more residue from the and the Gulf of Mexico.

previous crop is left on the field rather than plowed under. e Saved 306 million gallons of fuel in 2002 by reducing the
No-till conservation practices — the best for the environment because numﬁber of tractor passes needed to control weeds. On taverage,
no-till saves about 3.9 gallons of fuel per acre, according to

soil is left virtually undisturbed from harvest to planting — have
the study.

increased 35 percent since biotech crops came on the market in 1996,

according to a study by the Conservation Technology Information In Canada, studies by George Morris Centre and the Canola Council

Center in Indiana. of Canada have reached similar conclusions about the environmental

. L . . . benefits of biotech crops.
«
There is a clear association between sustainable tillage practices

and biotech crops,” said the study, noting that nearly three-fourths
of no-till soybean acres — and 86 percent of no-till cotton acres — were

planted with biotech varieties.

The USDA’s Animal and Plant S\ The biotech FlavSavr® tomato is approved | / Biotech soybeans and corn are approved In total, farmers in
Health Inspection Service "\ by the FDA for U.S. grocery stores. It was L] for sale, and biotech cotton is commercialized six countries plant
publishes guidelines for field ‘ developed to have more flavor and to have in the United States.'® Biotech crops become biotech crops on

trials of biotech crops. a longer shelf-life than conventionally . the most rapidly adopted technology in the 4.2 million acres."”

grown tomatoes. history of agriculture.



REGULATION

Before foods developed with biotechnology can be marketed
in the United States, there are nine separate steps in the
regulatory process that typically take seven to 10 years to
complete — a far more rigorous process than is required
for conventional foods, says Bruce Chassy, a professor of

food microbiology at the University of lllinois.

“Crops produced through biotechnology have proven to
be as safe or safer than crops produced by conventional
breeding,” he says. *

In Canada, there are six steps that must be taken before
foods developed with biotechnology are approved.*

After studying biotechnology issues for two years, the
Canadian Biotechnology Advisory Committee said that
although the regulatory process could be improved,
biotech foods currently on the market are safe.

“GM foods currently in the marketplace have arguably
undergone greater regulatory scrutiny than their
conventional counterparts,” said the report.” “We
conclude that no scientific evidence exists to suggest
that GM plants and foods currently in the market pose any

greater health or environmental risk than other foods.”**



Safety

Perhaps the most telling fact about the safety of plant biotechnology
is that there isn’t a single documented case of an illness caused by
foods developed with biotechnology since they first came on the
market in the mid-1990s. *

Even a report from the European Commission, whose member states
are more skeptical about biotech products, concluded that “the use
of more precise technology and the greater regulatory scrutiny [over
biotech foods] probably make them even safer than conventional

plants and foods.”*

That report, validating the safety of biotech crops, summarized more
than 15 years of research by 400 research teams funded by European
governments. A host of other organizations have also attested to the

safety of foods developed with biotechnology.

e T'he American College of Nutrition “supports the use of
biotechnology to develop food crops that contribute to global
food security and enhance the safety and nutritional value of
the food supply.”

¢ The American Medical Association recognized the “many
potential benefits offered by genetically modified crops and

German and Swiss scientists
develop golden rice, fortified with
beta carotene, which stimulates
production of vitamin A that can
prevent some forms of blindness.?

The first entire plant genome is sequenced,
Arabadopsis thaliana, which provides
researchers with greater insight into the
genes that control specific traits in many
other agricultural plants.?'
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foods... and encourages ongoing research developments in
41

food biotechnology.

e The International Society of "Toxicology says “there is no
reason to suppose that the process of food production
through biotechnology leads to risks of a different nature
than those... created by conventional breeding.”

¢ The General Accounting Office — the investigative arm of
the U.S. Congress — says “biotechnology experts believe
that the current regimen of tests has been adequate for
ensuring that GM foods marketed to consumers are as safe
as conventional foods.”

e And the World Health Organization said, “T’he benefits of
biotechnology are many,” including improved production

and reduced pesticide use, and promise “major improvements
in both food quality and nutrition.”*

Regulatory agencies in the United States:

Food and Drug Administration, Department of Agriculture, Environmental
Protection Agency

Regulatory agencies in Canada:

Canadian Food Inspection Agency, Health Canada, Environment Canada
Regulatory agencies in Mexico:

CIBIOGEM, which includes six ministries (Agricultura, Salud, Medio Ambiente,

Educacion, Economia, Hacienda y Credito Publico) and the National Council of
Science and Technology (CONACYT)

Farmers in |3 countries ™" US.and Canadian scientists develop a
plant biotech crops F biotech tomato that thrives in salty

on 109.2 million acres, conditions, a discovery with the potential
a 25-fold increase to create tomatoes and other crops that
over 1996.2 can grow in marginal conditions.?



“Biotechnology is the greatest thing since

hybrid corn.”

Rod Gangwish, farmer, Shelton, Nebraska




Support grows
More organizations and leaders are voicing their support for the

many benefits of biotechnology.

“We are increasingly encouraged that the advantages of genetic
engineering of plants and animals are greater than the risks,” said
Catholic Bishop Elio Sgreccia. “We cannot agree with the position
of some groups that say it is against the will of God to meddle with

the genetic make-up of plants and animals.”*

Opinion polls show that a majority of people believe plant
biotechnology will be good for society in the long term. Julia Child,
the master chef and cookbook author, says she’s fascinated by

the potential benefits of biotechnology.
“If they can give us a better tomato, I’m for it,” she once said.

Biotechnology is just beginning to deliver the benefits that can
improve lives all over the world. Yes, there are questions. But they
are being answered by studies that are documenting the benefits
these crops have delivered over the past few years. And that is just
the beginning of the potential for biotechnology to provide more

and better food in years ahead.

2001 2001

The European Commission releases a |5-year,

$64 million study that involved more than 400
research teams on 81 projects. It found that
biotech products pose no more risk to human
health or the environment than conventional crops.?

EPA renews registration
for Bt corn® and cotton?,
citing that they do not
pose any health or
environmental risks.

good ideas " sixteen

SUPPORT GROWS WITH KNOWLEDGE
Percent who support biotech to...

B Heard some or a lot
[ Heard little or nothing

Develop new
varieties of crops

Genetically
modify foods

Council for Biotechnology Information, November 2002

A National Center for Food and Agricultural Policy study found that

six biotech crops planted in the United States — soybeans, corn, cotton,
papaya, squash and canola — produced an additional 4 billion pounds of
food and fiber on the same acreage, improved farm income by $1.5 billion
and reduced pesticide use by 46 million pounds.?’
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