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10 Steps to Safety:
Regulating Plant
Biotechnology

B

iotechnology is a tool for modifying the DNA
of organisms to produce safe and high-quality foods, medicines and other products.
Biotechnology also may help farmers produce larger quantities of food for the world's growing population. Consumers need to know how these products are tested to safeguard the health of humans,
animals and the environment.

How do we ensure safe food
and environmental quality?
In the United States, three federal agencies share
the responsibility for guarding the nation's food
supply. Should new data reflect a question regarding the safety of a food, each of these agencies has
the legal authority to demand the immediate
removal of the product from the marketplace:
• United States Department of
Agriculture (USDA)
The agency's Animal and Plant
Health Inspection Service regulates
greenhouse research, field-testing,
transportation and commercial sale
of all crops. The USDA oversees the
safety and labeling of meat and
poultry products for human consumption. It is also responsible for
the safety and use of vaccines for
animals.
• Environmental Protection Agency (EPA)
This agency is responsible for registering pesticides, substances intended for preventing, destroying, repelling, or mitigating pests such as insects,
fungi, weeds, disease and rodents. The EPA sets
environmental tolerances for pesticides and establishes safe levels of use for pesticide residues in and
on all crops. These tolerance levels protect humans,
wildlife and the environment.
• Food and Drug Administration (FDA)
The FDA is responsible for ensuring the nutritional composition, food safety and proper labeling
of human and animal foods. It also regulates the
safety and use of human and animal pharmaceutical products, including human vaccines.
The U.S. Congress commissions these three
agencies to protect the American food supply and
environment. Their overlapping jurisdictions pro-

vide a more thorough system for checks and balances and strengthen their common goal of a safe
food supply and a healthy environment for consumers. Each of the three agencies has a staff of
regulatory scientists who help establish sciencebased regulatory processes, procedures and rules.
They depend heavily on universities for knowledge
and guidance to set regulatory standards. As a
result, the United States ranks among the world
leaders in food and environmental safety.
Food biotechnology products coming to market
face stringent evaluation by a rigorous, scientific
10-step process. It takes an average of 7 to 10 years
for new biotechnology products to be tested and
approved. For example, the biotech cotton seed (Bt
cotton), which was discovered in 1985, was finally
approved for planting on farms in 1996 after passing all steps of the scientific evaluation process. A
new product may be rejected at any time during
the process.
Let's explore the steps required
of every new biotech product:

Step No. 1 – National
Institutes of Health (NIH) biosafety review
Whenever a university or private research institution discovers
or develops a biotechnologyderived product, an NIH bio-safety
committee made up of NIH
employees and members of the
general public is formed to
research health and environmental risks. The public is notified, and comment is invited through the
federal register.

Step No. 2 – USDA greenhouse approval
The USDA reviews and determines the adequacy
of research facilities, such as greenhouses, for
biotech testing and development. All facilities must
meet predetermined health and environmental standards.

Step No. 3 – USDA field-trial authorization
Biotech plant developers must gain
approval to conduct field trials. If approved,
the agency's Animal and Plant Health
Inspection Service (APHIS) may inspect
field trials at any time to ensure that developers meet or exceed safety standards.
Intense scrutiny is given to avoid passing
undesirable traits to target or non-target
species.

Step No. 4 – USDA
authorization to
transport seed
Biotech plant developers must meet or exceed
transportation safety standards to gain USDA
approval for all shipment of biotech seeds from
the greenhouse or laboratory to the field-trial site.

Step No. 5 – USDA permission to
commercialize
APHIS technical experts review all field-trial
studies to determine if a biotech plant has the
potential to become a pest or will pose any significant risk to the environment or to wildlife. This
process takes an average of 10 months. The public
is notified, and comment is invited through the
federal register.
The developers are required to provide USDA
and state departments of agriculture with detailed
scientific data on every field trial in the following
areas:
• Environmental effects—whether it can transfer genes to other plants.
• Wildlife effects—whether it has adverse
impacts on wildlife, birds, beneficial insects or
mammals.
• Weediness—whether it could become an
uncontrollable pest (weed).

Step No. 6 – EPA experimental use permit
The EPA requires companies/developers of
biotech plants to apply and be granted an experimental use permit for tests of 10 acres or more.
The company must meet or exceed the experimental use safety standards at all times. The public is notified, and comment is invited through
the federal register.

Step No. 7 – EPA food tolerance
or exemption
Some plants have natural pest-control proteins.
Using biotechnology, pest-control proteins produced by certain DNA can be
transferred into important
farm crops. In establishing
the limits (tolerances) for the
amount of pest-control proteins in all foods, the EPA
examines:

• Characterization of
the pest-control protein

in the plant
1. Where in the plant are the new traits
expressed?
2. Do the traits behave in the plant the same
way they behave in nature?
3. What is the mode of action or specific trait
produced in the plant?

• Human toxicology
1. Is the protein produced by the introduced gene toxic?
2. How long does it take the protein to
break down in gastric and intestinal fluids?

• Allergenicity
Does the protein break down like other dietary
proteins? Labeling is required if the protein
comes from an organism known to cause allergic reactions or if it is determined to trigger an
allergic reaction.

• Non-target organisms
Is the protein toxic to birds, beneficial insects,
fish or other organisms? If so, will these organisms be exposed to the protein? For organisms
that are exposed, records must be kept to ensure
the safety of the expressed protein(s).

• Environmental destination
How fast does the protein in the plant tissue
break down in the soil?

• Protein pest resistance
What steps need to be followed to manage
potential pest resistance? The public is notified,
and comment is invited through the federal register.

Step No. 8 – EPA product registration
An 18-month review of all relevant environmental and toxicological safety standard studies
is done before deciding to register the product
for commercial use. The public is notified, and
comment is invited through the federal register.

Step No. 9 – FDA review process
The FDA operates a voluntary consultation
procedure for premarket review for human food,
including biotechnology-derived foods and animal feed. To date, 100 percent of all commercialized biotechnology-derived foods have undergone this premarket review voluntarily. One of
the FDA's new initiatives for biotechnology
includes a proposed required notification to the
FDA 120 days prior to marketing a new food.
Even when the history of the inserted material is
well known, studies are conducted to ensure its

safety and to identify any
unexpected effects in the
plant.
The FDA's premarket
review examines:
• All relevant research on each biotechnology-derived product
1. Is the inserted gene
already present in another
food source?
2. Does the protein have a history of human
consumption?
3. Is the protein allergenic?
• Biological and agronomic characteristics
Are the biological and agronomic (planting)
properties of the biotech plant different from its
parent?
• Nutritional composition
Studies are performed to determine whether
nutrients, vitamins and minerals in the new
plant occur at the same level as in the conventionally bred plant. The FDA requires labeling on
a biotechnology-derived food when there are scientifically established issues of safety; introduction of a known allergen; a significant change in
nutrients or composition; or a change in identity,
such as in broccoflower or nectarines.
When no changes are detected, the FDA concludes that the biotech crop is substantially
equivalent to the conventional crop with respect
to nutritional composition and food safety. The
public is notified, and comment is invited
through the federal register.

Step No. 10 – After commercialization
All three regulatory agencies—the USDA, the
EPA and the FDA—have the legal power to
demand immediate removal of a product from
the marketplace if new scientific data indicate a
question of safety for consumers or the environment.

Questions and Answers
What is Recombinant DNA (rDNA)?
Deoxyribonucleic acid (DNA) is the molecular basis of heredity. Each DNA molecule in a
chromosome contains two strands in the shape
of a double helix. A gene is a piece of DNA that
produces a protein that causes specific cell
action such as disease resistance or plant

growth. Recombinant DNA (rDNA) is DNA of an
organism that has had a new gene added to produce a desired cell action.
Is rDNA biotechnology-derived food safe to
eat?
Yes. The American Medical Association, the
American Dietetic Association, the Institute of
Food Scientists and the National Institutes of
Health report that rDNA biotechnology-derived
food is safe to eat. In fact, biotechnology processes are more precise and predictable than conventional cross-breeding techniques. Transferring one
or two well-known genes through rDNA biotechnology presents less risk of unexpected consequences than conventional cross breeding, where
all 100,000 or so of each plant's genes mix in random combinations. Assessment of safety risks of
rDNA biotechnology-derived foods compares the
new plant variety to its traditional counterpart to
identify and evaluate differences that might pose
safety or nutritional concerns.
Are consumers eating large quantities of
rDNA?
No. The DNA introduced using rDNA biotechnology represents only 1/250,000 of the total
DNA consumed when a food is eaten. Because
human foods are derived from plants or animals
and plants and animal cells are made up of DNA,
we consume DNA daily. DNA breaks down readily and completely during digestion.
If rDNA biotechnology-derived foods are safe,
why are some people worried about them?
That is a difficult question to answer because
people form their initial impressions of new products and new technologies based on many factors,
of which science and safety are only two.
Consumers are also affected by societal issues,
such as cost, convenience, familiarity, ethics and
personal preferences. Even new life-saving medical technologies, such as the heart transplant,
have often required years for full acceptance.

For more information on biotechnology issues,
see the other publications in this Explore the
Genetic Frontier series :
“What is Biotechnology?”
“Biotechnology and Cotton—Texas’ Biggest Crop”
“Labeling Foods Derived from Biotechnology”
“Developing Crops Resistant to Glyphosate
Herbicide”
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