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This resource is suitable for use in any classroom requiring a comprehensive look at the issue of genetic engineering and its
application to food production. Due to the wide range of issues involved with this technology, this resource is not limited to science
classes, but can also be used in geography and family studies classes among others.

The main purpose of this resource is to demonstrate the connection between science, technology, society and the environment
through a series of modules ranging from basic genetics to food production to the many societal issues surrounding genetically
engineered (GE) foods.

The most important feature of this resource is its discussion of genetic engineering within the context of food production. Farmers
today are faced with difficult issues when producing high quality food at prices consumers can afford. Yet farmers need to be
accountable to their customers and our natural environment. This means trade-offs and tough decision-making.

This resource does not include a career section, but teachers are encouraged to use a resource available from the Biotechnology
Human Resource Council at www.bhrc.ca. The overall objectives of this resource are:

• to outline the scientific findings and some of the technological advances that led to the modern concept of the gene and genetic
technology

• to identify various factors that result in trade-offs in the development of genetically engineered foods and explain why some
farmers grow these varieties

• to discuss some of the social issues and implications raised by genetic engineering
• to relate science to technology, society and the environment in terms of genetic engineering

For more information on this resource, the Food Safety Network or general information on biotechnology, agriculture or food
safety, please contact us through:

our website: http://www.foodsafetynetwork.ca

OR

Toll-free Call Centre: 1-886-50FSNET

OR

Regular Mail: Food Safety Network
Department of Plant Agriculture
Crop Science Building 
University of Guelph
Guelph, ON
N1G 2W1
Ph:  (519) 824-4120 ext. 54280
Fax: (519) 763-8933

Although we strive to make this information helpful and accurate, we make no representation, warranty, express,  implied, 
regarding such information, and disclaim all liability of any kind whatsoever arising out of errors or omissions, or use or 
failure to use such information.
(c) Copyright 2003 University of Guelph
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Module 1: Review of DNA & Gene Expression
Objectives:
• to review the basic structure of DNA, genes & basic steps of gene expres-

sion (i.e. transcription & translation)

Related Activities:
• Review Questions (to be answered as a class) - Teacher Answers included
• Kiwi DNA Extraction Activity

Module 2: Genetic Technologies
Objectives:
• to define biotechnology, genetic modification & genetic engineering
• to define 3 types of traditional plant breeding: natural cross-breeding,

open-pollination & selective cross-breeding
• to examine the differences between open-pollination, selective cross-

breeding & genetic engineering
• to summarize the main scientific discoveries of the 19th and 20th cen-

turies that led to the modern concept of the gene & genetic engineering

Related Activities:
• Review Questions (to be answered as a class) - Teacher Answers included
• Kiwi DNA Extraction Activity

Module 3: Genetic Engineering Techniques
Objectives:
• to outline how plants are genetically engineered, step-by-step
• to understand how DNA is extracted and isolated, including gene

sequencing & mapping
• to understand the role of restriction enzymes in gene isolation
• to recognize the use of gel electrophoresis in gene isolation
• to distinguish between different transformation methods
• to understand the role of selectable marker genes in plant selection &

the need for field trials

Related Activities:
• Review Questions - Teacher Answers included
• Kiwi DNA Extraction Activity

Module 4: Food Production
Objectives:
• to understand the impact of pests on food production
• to outline the various pest control methods available to farmers 

(i.e. integrated pest management, pesticides & GE)
• to recognize the different farming production systems (conventional,

organic & genetic engineering) and the trade-offs involved with each
system in terms of human health, environment and production

• to become familiar with the complex decisions farmers make concern-
ing pest control in terms of human health, environment, production &
their livelihood

Related Activities:
• Review Questions - Teacher Answers included
• Video “Modern Food Production: Sorting Through the Confusion”
• Agri-food Facts and Figures Activity

Module 5: Genetic Engineering Applications
Objectives:
• to outline the main applications of genetic engineering currently 

available or in development
• to examine reasons behind the development of a several genetically

engineered products
• to explain how scientific knowledge of cellular processes is used in 

technological applications
• to describe and analyze examples of genetic technologies that were

developed on the basis of scientific understanding
• to explain the relevance of current studies of viruses and bacteria to the

field of biotechnology

Related Activities:
• Summary Chart Activity (within reading) - Teacher Answers included

Module 6: Safety of GE Products
Objectives:
• to examine safety issues, such as allergens, long term testing, toxicologi-

cal testing & engineering techniques
• to outline the use of the precautionary principle as an approach to deci-

sion-making
• to summarize the Royal Society Review of Canadian GE Food

Regulations 
• to understand the details surrounding the Starlink(tm) contamination

in 2000 (in US only)

Related Activities:
• Review Questions (to be answered as a class) - Teacher Answers included
• Government for a Day Activity

Module 7: Labeling & Regulation Issues
Objectives:
• to distinguish the specific responsibilities of Canada’s regulatory 

agencies in terms of regulatory approval
• to outline the main aspects of environmental and human health & food

safety assessments
• to understand current labeling laws in Canada and other countries 
• to become familiar with International Agreements concerning GE 

products

Related Activities:
• Review Questions (to be answered as a class) - Teacher Answers included
• Government for a Day Activity

Module 8: Enviromental Issues
Objectives:
• to outline recent research assessing adverse effects of Bt corn on non-

target species
• to understand insect resistance and insect resistance management plans

for GE plants
• to define gene flow and the conditions necessary for gene flow 
• to review the details surrounding reports of Bt corn genetic contamina-

tion of native corn varieties in Mexico
• to recognize the importance of biodiversity and the role of genetic

engineering in preserving  biodiversity
• to identify the environmental benefits associated with GE plants

Related Activities:
• Review Questions (to be answered as a class) - Teacher Answers included
• Government for a Day Activity

Module 9: Ethics
Objectives:
• to define ethics
• to outline issues, such as public input, intellectual property rights and

public vs. private funding
• to discuss effect genetic engineering has on developing countries

Related Activities:
• Genetic Engineering: Where do you Stand?

Module 10: Labeling Case Study Debate
Objectives:
• to locate, select, analyze, and integrate information on topics under

study, working independently & as a team

Related Activities:
• Media Article Evaluation Activity

Content Summary
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Grade 9/10 Food and Nutrition (Open)
• Self & Others (food choices) Diversity, Interdependence &

Global Connections 

Grade 9 Science Academic
• Reproduction (reproductive biology’s impact on food production

and environment)

Grade 9 Science Applied
• Reproduction Processes & Applications (risks/benefits and

impact on food production) 

Grade 10 Science Academic
• Stability of Ecosystems (impact of technological change &

natural change)

Grade 10 Science Applied
• Ecosystems and Human Activity 

Grade 11 Science University/College Prep
• Technologies in Everyday Life (risks/benefits of recent 

technologies)

Grade 11 Biology University Prep
• Cellular Functions (technological applications) Genetic

Continuity (genetic technologies & social issues involved)
Diversity of Living Things (viral & bacterial biotechnology)
Plants: Anatomy, Growth & Functions (technology development
trade-offs, society’s demand of a constant supply of produce at
affordable prices, funding of genetic research & evaluating
technologies in terms of safety, cost, availability &
environmental impact)

Grade 11 Biology College Prep
• Cellular Biology (relevance of bacterial technology);

Microbiology (viral & bacterial biotechnology) Plant Structure
& Physiology (plant usage and risks/benefits of agricultural
technologies) Environmental Science (pesticides & ecosystem
impacts)

Grade 12 Biology University Prep
• Molecular Genetics (genetic applications)

Grade 12 Science University/College Prep
• Organic Products in Everyday Life (chemical pesticides & 

alternatives) Science and Contemporary Societal Issues 
(societal impact of GE foods)

Grade 12 Canadian and World Issues University Prep
• Human - Environment Interactions (impact of agricultural

trends)

Grade 12 Environment and Resource Mgmt
University/College Prep
• Human-Environment Interactions (impact of agricultural

trends & resource use)

Grade 12 Food and Nutrition Science
University/College Prep
• Diversity, Interdependence and Global Connections (impact of

agricultural trends & labeling of GE foods)

Curriculum Connections
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Module 1: Review of DNA & Gene Expression

Gene Expression: Reading Genes to Make Proteins

Genes are DNA (deoxyribonucleic acid) sequences that control traits (char-
acteristics) in organisms by coding for the production of individual proteins.
This genetic code consists of 4 nucleotides: adenine (A), guanine (G), cyto-
sine (C), and thymine (T). DNA sequences in all living things use these same
4 nucleotides, but the number and order of them vary among species. This
important fact makes genetic engineering possible because this
way, DNA sequences can be transferred from one organism to another and
still be expressed (or read) to create individual proteins. 

For thousands upon thousands of years, the genetics of all living things have
changed through natural or human selection of traits to help organisms
become better adapted to the natural environment or express characteristics
preferred by humans. As a result, organisms, such as our food crops, have a
certain set of characteristics that can and have been changed through 
different genetic technologies discussed in Module 2. The main purpose of
intentionally changing the genetics in certain organisms is to remove or add
characteristics not present ordinarily.

But how do living things know which protein to make and in what part of
the organism? This is where DNA and genes become crucial. The 2 main
steps in this process are transcription (copying DNA into mRNA, a tempo-
rary molecule to transport genetic information) and translation (translat-
ing mRNA code into specific proteins). 

Step 1: Transcription (copying DNA into mRNA in the nucleus)

DNA is too valuable to use in translation in the ribosome so instead, a copy (mRNA) is made during transcription. When a specific protein is
needed in a specific cell, the gene’s promoter sequence turns on the gene itself. Attached to this promoter sequence is RNA (ribonucleic acid)
polymerase, an enzyme needed for transcription. RNA polymerase travels along the gene’s promoter sequence until it reaches a series of A and
T nucleotides called the TATA box. This TATA box signals to RNA polymerase that it has reached the end of the promoter (see diagram below)
and now has the “green light” to read the coding region of the DNA to make the RNA copy.  If promoter sequences didn’t exist, RNA polymerase
would keep travelling along the DNA strand meaning that other genes, on the same chromosome, might be expressed in the wrong cells or at
the wrong time. Then, the termination region signals that it has reached the end of the gene. 

Diagram: RNA polymerase enzyme gets ‘green light’ (TATA box) to start copying DNA template  and stops copying at the termination sequence:
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Step 2: Translation (translating mRNA code into specific proteins inside the ribosome)

Translation involves converting mRNA code into a chain of amino acids, which in turn forms specific proteins. This happens inside the 
ribosome (site of protein production in cells) along with the help of tRNA. tRNAs are small sections of knob shaped RNA sequences with 3
nucleotides near the middle, forming the anti-codon. This anti-codon becomes one end of the tRNA molecule while the other end (codon)
attaches to a specific amino acid coded for by the anit-codon. tRNAs attach amino acids one at a time to eventually produce a full protein mol-
ecule.

Ribosomes read mRNA quickly and accurately, but it must know where to start. Ribosomes “look” for the sequence AUG or the start codon to
signal where they should begin building the protein sequence. From this point, ribosomes read the continuous chain of nucleotides in groups
of three (anti-codons) and continue placing amino acids in the correct position in the growing protein chain according to the instructions in
the mRNA sequence. 

Typically, proteins are several hundred or more amino acids in length. When a complete protein is built, the ribosome leaves the current mRNA
strand and looks for another mRNA strand to begin translation. Because proteins are hundreds of amino acids long, the tRNA molecules must
be recycled by the cell so they can contribute to the production of another protein. Each time a ribosome translates a mRNA strand, one copy of
a protein is made.

Sources:
University of Nebraska.  2000.  Library of Crop Technology Lesson Modules.  Retrieved January 1, 2002 from http://croptechnology.unl.edu/index.shtml

Amino Acids: either eaten by the organism (animals) 
or made by the organism (plants)



7

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Module 1: Review Questions

1. A nucleotide = ________________________ +________________________ + ___________________________

A = ___________________________________ T = ______________________________________

G = ___________________________________ C = ______________________________________

2. What important fact makes genetic engineering possible:

__________________________________________________________________________________________

__________________________________________________________________________________________

3. Genes have 3 basic parts:

Promoter sequence = ___________________________________________________________________________

Coding region = ______________________________________________________________________________

Termination sequence = _________________________________________________________________________

4. The 2 main steps in gene expression are:

__________________________________________________________________________________________

__________________________________________________________________________________________

5. During transcription, ________________________________________________________ travels along the promoter 

sequence until it reaches the TATA box, then it can start reading the coding region. It stops reading the gene when it reaches the

__________________________________________________________________________________________.

Transcription results in the production of _________________ ____________________________________________.

6. During translation, mRNA converts into an amino acid chain, which in turn forms ________________________________.

All this activity takes place on the _________ _________________________________________________________.
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Module 1: Teachers Answers

1. A nucleotide = sugar (ribose)   +   phosphate group   +   base or nucleotide

2. A = adenine                         T =  thymine

G = guanine                         C = cytosine

3. What important fact makes genetic engineering possible:

DNA sequences in all living things use the same 4 nucleotides

4. Genes have 3 basic parts:

Promoter sequence = turns gene on/off

Coding region = codes for amino acid sequence

Termination sequence = ends transcription of gene

5. The 2 main steps in gene expression are:

transcription

translation

6. During transcription,             RNA polymerase                            travels along the promoter sequence until it reaches the TATA

box, then it can start reading the coding region. It stops reading the gene when it reaches the              termination sequence

Transcription results in the production of                  mRNA

7. During translation, mRNA converts into an amino acid chain, which in turn forms           protein

All this activity takes place on the                     ribosome
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Module 2: Genetic Technologies

Do the terms biotechnology, genetic engineering and genetic modification all mean the same thing? Even though the media uses these words
to describe the same thing, differences do exist. 

As mentioned above, genetic modification also includes traditional plant breeding, not just genetic engineering. There are 3 types of 
traditional plant breeding:

Biotechnology

➤ broadest definition: bio = life, technology = practical application of knowledge

OR

using living organisms to make a new product or run a process i.e. using microorganisms to make
yogurt, wine, beer, bread and cheese

Genetic Modification

➤ broadest definition: changing the genetic traits of an organism by intentional modification
i.e. traditional cross-breeding & genetic engineering (defined below)

➤ GMO (genetically modified organism): product specifically developed through genetic engineering (even though genetic 
modification can involve other methods)

➤ GM crop: plant product specifically developed through genetic engineering (even though genetic modification can involve other
methods)

Genetic Engineering

➤ specific type of genetic modification technique that involves transfering of a gene (or genes) from one species into another species

➤ GE offers more possibilities because single genes can be transferred across natural species boundaries (also source for concern)
meaning GE isn’t limited to closely related species (traditional cross-breeding limited to species that naturally breed)

i.e. transferring a gene from a soil bacteria into a corn plant to protect it from the European Corn Borer insect

Natural Cross-Breeding

➤ Varieties naturally selected by environment
➤ Natural Breeding

Before humans, genes continually changed (by random muta-
tions) and evolved to form new, better adapted species. Because
the natural environment promoted these changes, we called this
process natural selection.

Open-Pollination Cross-Breeding

➤ Varieties selected by humans
➤ Natural Breeding

Plants pollinate (transfer of pollen from male to female flower
parts for the purpose of fertilization) with the help of insects,
birds, wind and water. With open-pollination, plants breed nat-
urally, but humans select which individuals carrying on to the
next generation.
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What do all of these types of genetic modification have in common?

With any type of genetic modification, genetic variability (or biodiversity) is needed to provide a source of genetic information from which desir-
able traits can be selected from by either nature or humans. For example, natural selection is only possible because of random mutations in
individuals.

The same is true for open-pollinated and selective cross-breeding processes because genetic variability give humans something new to chose
when selecting the next generation. Humans have searched for (i.e. travelled the world to find plants with different traits) and created genetic
diversity (created random mutations) so they could have new traits to choose from. When looking specifically at genetic engineering, there is
even more genetic diversity to choose from because researchers are not limited to only looking for different traits within specific species - one
can look at any species because GE allows for transferring genes across natural species boundaries.  in other words, is a breeder wants to change
a characteristic of corn, they’re not limited to looking for different traits in other types of corn, they can look fo that gene in any living thing.

Selective Cross-Breeding

➤ Varieties selected by humans
➤ Artificial Breeding ˆ i.e. human intervention in the natural cross-breeding process

Hybrids plants are produced by crossing two or more inbred lines that are genetically quite different from each other. They have extra
growth vigour or heterosis (combined characteristics of the parents cause offspring to perform better than either parent plant would
on their own). However, hybrids are usually either sterile or produce offspring that do not perform well (much like donkeys).

Before the hybrid is produced, parent plants are made to be inbred for several generations until a consistent plant phenotype is seen (more
homozygous). Then these inbred plants are cross-bred with other inbred lines so the plants become more heterozygous again. This way
a breeder can balance the 4 inbred lines in a way that the desirable traits outweigh the undesirable ones. 

The majority of the varieties commonly seen today were developed by producing a double hybrid cross using 4 inbred lines that
would complement each other (each of which was selected for some particular trait of interest):

Commercial seed companies produce these hybrid seeds for farmers to purchase every year for planting (this is much more common in
the developed world where many farmers don’t  save their seed for the next growing season).



11

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Difference between Open-Pollination and Selective Cross-Breeding: An Example

Suppose Farmer Brown owns a field of sweet corn.  With a keen eye, the farmer observes that some of the corn plants grow faster than others and
yet others survive a disease called “corn rust,” a type of reddish-brown fungus that appears as little spots on the leaves of infected plants. What
this farmer would like is corn that grows quickly but is also resistant to corn rust.

The farmer gets an idea, what if seeds from the top 10% fastest growing corn plants and the healthiest plants (with the least corn rust) are
collected to then be the parents for next generation? Because these 2 groups of plants have been growing in physically separate fields for several
years, they are inbred enough to create a valuable single hybrid cross. If the farmer grows these plants side by side, they will naturally cross-
pollinate to form hybrid offspring. When these offspring (hybrids) mature, the farmer selects the seeds (kernels) from any plants showing both
these desired traits. The farmer then grows these seeds and again selects seeds from any offspring showing both traits to then be planted the
following year. This process will continue for several generations until both traits are dominant (homozygous) enough that all plants show both
traits. What the farmer has done is use open-pollination to create a high yielding, corn rust resistant hybrid by selecting the breeding
populations and then allowing natural breeding to take place.

With selective cross-breeding the farmer still selects the populations, but also intervenes in the natural breeding process by physically
transferring pollen from the male part of 1st plant (high yielding) to the female part of the 2nd plant (corn rust resistant). This ensures that
there is always cross-pollination happening between the 2 varieties.

What Farmer Brown or any corn breeder would do, is tie a plastic bag around the corn tassels to collect the plant’s pollen during its 1-2 week
pollen shedding period (around July/August). Bags are also tied around the corncobs to prevent fertilization by the wrong pollen. Then, once all
the pollen is collected, pollen from plant A is sprinkled on the silk of plant B (corn silk is the stringy white material that sticks out the top of
corncobs). Each kernel is the result of an individual fertilization of a corn silk by a single pollen grain. 

Difference between Selective Cross-Breeding & Genetic Engineering: An Example

If you were to record the genetic sequence (i.e. the order of A,G,C, & T nucleotides) of a wheat plant, you could fill enough books to create a 20-
storey high stack represented by the column on the left in each of the pictures below. Let’s say researchers are trying to improve wheat’s toler-
ance to cold temperatures. Let’s also say researchers have found that one of wheat’s ancient relatives is able to grow in northern Russia because
of a random mutation in a single gene 2000 years ago. Researchers decide to introduce this cold tolerance gene into the modern wheat plant.
This can be done using either selective cross-breeding or genetic engineering (techniques to be discussed in module 3). 

Selective Cross-breeding Genetic Engineering
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In the selective cross-breeding picture, the first 2 stacks represent the genome (all the plant’s genetic information) of 2 wheat plants: 1 plant is
already widely grown by farmers because of its high yield but unable to grow in the cold while the other is a lower yielding ancient wheat plant
with a cold tolerance gene. When researchers selectively cross breed cross these 2 plants, the third stack represents their offspring’s genome. The
offspring now have a equal mix of genes from each of the plants meaning they grow well in the cold but yield less than modern wheat because
of undesirable genes present in the ancient wheat plant. With time, the undesirable trait can be made recessive in order to reduce their impact
with several years of selective crossbreeding. 

In the second diagram, the researchers identified the gene responsible for cold tolerance in the ancient wheat plants. Instead of selectively cross-
breeding these 2 plants, they removed one gene (for cold tolerance) from the ancient wheat and transferred it into the modern plant. Instead of
equally mixing genes, the new wheat plant has all the genetic information from the modern wheat plant and only the desired gene from the
ancient wheat plant. This means that the GE wheat plant grows well in the cold and produces a high yield. This example illustrates some of the
differences between selective cross-breeding and GE:

Selective Cross-breeding

➤ Increased chance of undesirable traits i.e. varieties become

more homozygous for both desired & undesired traits

➤ Slower process requiring several generations to obtain

results, depending on the organism‚ reproductive cycle

➤ Trial and error process, with no guarantee that desired traits

will be obtained

➤ Only closely-related species can cross-breed

Genetic Engineering

➤ Decreased chance of undesirable traits

➤ Faster process - plants don’t need to be planted for several
generations to reduce undesirable traits in offspring

➤ More precise and controlled process because small DNA
piece transferred (not working with whole genome)

➤ Allows crossing of natural species barriers so more 
combinations possible

History of Plant Breeding, Biotechnology & Genetic Engineering

Although early farmers weren’t aware of it, they were using open-pollination cross-breeding and selective cross-breeding by deciding which
plants to breed based on what traits they could observe. These observable or physical traits make up the plant’s “phenotype.” We now under-
stand that genes (genotype), along with environmental factors, are the basis for these observable traits. Even though today’s plant breeders
can look at the plant’s actual genotype for many traits, they still select plants based mostly on phenotype. Genotype information is only used to
select plants for specific traits controlled by 1 or 2 major genes. For more complex traits like yield, where many smaller genes work together,
plants are still selected based on phenotype because of the difficulty and cost in identifying all these smaller genes. But how did we develop the
crops we see today?  

Early Early farmers used open-pollination cross-breeding. The upper crop is an ancient ancestor of
modern-day corn. Corn developed from a plant that doesn’t look anything like a modern corn
plant; it looks more like a type of grass with long, thin blades. The major difference is that mod-
ern corn is much more productive and nutritious. While the ancient ancestor produced 10 or 20
kernels per plant, the modern corn plant produces several ears each bearing over 100 kernels. 

1812 Farmer John Lorain created first “single hybrid cross” of 2 corn varieties. 

1865 Mendel proved that traits were transmitted from parents to offspring by discrete, independent units later called genes. 

1900 European researchers began using more organized “selective cross-breeding” to improve plant species.

Farmers
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1920s Breeders traditionally searched their fields and fields in other regions to find plants showing desirable traits. Such traits occasionally
occured through random mutations, but the natural rate of mutations was too slow and unreliable. In the late 1920s, researchers
discovered they could increase mutations by exposing plants to X-rays. “Mutation breeding” accelerated after WW II when
nuclear techniques became widely available by exposing plants to radiation. Chemicals were also were used to cause randon 
mutations. Mutation breeding was popular during the 1970s although interest has declined in recent years. Of the 2,252 officially
released mutation breeding varieties, almost half have been released since 1985. Examples include: rice, wheat, oats, grapefruit, 
lettuce and several flower varieties. 

1929 Up to this point, because of unequal chromosome numbers between different species (and other genetic barriers), cross-breeding
was limited to varieties within the same species. However, potentially valuable crosses between different species had been identified.
While it might be possible to have fertilization occur between unrelated plants, the plant embryo would be aborted before the plant
could actually develop. In 1929, Dr. F. Laibach developed embryo rescue, a way to remove the embryo from the seed before it was
aborted and then grow it in a nutrient rich tissue culture so the offspring could survive after all. This process allowed the creation of
double hybrid crosses between species too distantly related to breed naturally (similar to GE because the process introduces foreign
DNA and crosses natural species boundaries). 

1953 Watson and Crick discovered the double helix structure of DNA. 

1966 The genetic code was cracked, demonstrating that a sequence of three nucleotide bases (a codon) determined which amino
acids were used to form specific proteins. 

1973 Researchers developed the ability to isolate genes leading to the ability to successfully transferred DNA from one organism into
another. Researchers transferred virus DNA into bacteria to create the first ‘recombinant organism’.

1980 Polymerase chain reaction (PCR) invented to multiply DNA sequences by using heat and enzymes to make unlimited copies
of genes and gene fragments, later becoming a major tool in GE world-wide. 

1982 First commercial application - human insulin for diabetes treatment. 

1983 First GE plant - a tobacco plant (used as a model) made resistant to an antibiotic. 

U.S. patents granted to companies producing GE plants. 

1985 First field testing of GE plants resistant to insects, viruses, and bacteria. 

1990 First food product Chy-Max™, an artificial form of chymosin (cheese-making enzyme) was introduced. 

1994 The Flavr-Savr™ tomato, resistant to rotting, was approved for sale in the U.S. becoming the first whole GE food on grocery
store shelves. 

1995 By 1995, 8 crops were commercialized, including cotton, corn, melon, canola, potato, soybean, tobacco and tomato. 

1996 GE Bovine somatotropin (BST) hormone designed to increase milk efficiency in dairy cattle was approved for use in the U.S.
only (Approval never granted in Canada due to concerns in animal health). 

1997 Scotland’s Roslin Institute clone a sheep (Dolly) from the cell of an adult ewe.

1998 27.8 million hectares of GE crops grown globally

1999 Public opinions in Europe brings GE foods into the media spotlight worldwide.

39.9 million hectares of GE crops grown globally
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2000 An environmental lobby coalition reported some taco shells contained traces of Bt corn, StarLink™, which was not approved for
human consumption. The discovery led to the withdrawal of millions of taco shells from supermarkets and restaurants in
September due to concerns over potential allergy risks.

Scientists were concerned that GE corn pollen landing on milkweed might have been contributing to Monarch butterfly larvae
deaths (in response to a letter published in Nature in 1999 by Dr. Losey, Cornell University). 

44.2 million hectares of GE crops grown globally

2001 U.S. Environmental Protection Agency (EPA) stated that Starlink(tm) corn posed no risk of inducing allergy responses in those who
had eaten it before it was recalled.

A report released by the United Nations Development Program claimed that opposition in richer countries to GE crops might set
back the ability of poorest nations to feed growing populations. The report stated that western consumers are more likely to focus on
food safety and the potential loss of biodiversity, but those  in developing countries are more likely to focus on potentially higher
yields, greater nutritional value and on the reduced need to spray pesticides.

Once again, the Monarch butterfly made waves in the media when the impact of Bt corn pollen on the butterfly population was
assessed in a paper published by Mark Sears et al. The study - a collaborative research effort by scientists in several states and
Canada - suggested that the impact of Bt corn pollen from Monarch butterflies was negligible (so small as to warrant little or no
concern). 

University of California (Berkeley) researchers, in a Nature article, claimed that some of Mexico’s native corn varieties had been
contaminated by transgenic DNA. The Mexican Government also confirmed the findings.

52.6 million hectares of GE crops grown globally

2002 The science journal Nature concluded that the controversial article published in 2001 on the discovery of gene flow between GE
corn and Mexico’s native corn varieties was not well researched and should not have been published.

58.7 million hectares of GE crops grown globally (updated and more specific numbers available from www.isaaa.org)
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Module 2: Review Questions

1. Define biotechnology:

___________________________________________________________________________________________

___________________________________________________________________________________________

2. Define genetic modification:

___________________________________________________________________________________________

___________________________________________________________________________________________

3. Define genetic engineering:

___________________________________________________________________________________________

___________________________________________________________________________________________

4. Cross-breeding summary chart:

type of selection type of breeding

natural 
cross-breeding

open-pollination 
cross-breeding

selective 
cross-breeding

5. Define hybrids:

__________________________________________________________________________________________

__________________________________________________________________________________________

6. What do all types of genetic modification have in common?

__________________________________________________________________________________________

__________________________________________________________________________________________

7. When farmers or corn breeders use selective cross-breeding they _________________ transfer _________ from the male part of

the first plant ( _________ ) to the female part of the second plant ( __________ ) to ensure cross-pollination between the 

2 varieties.
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Module 2: Review Questions

8. Differences between selective cross-breeding and genetic engineering:

9.   Important Dates Along the Timeline:

_______ single hybrid cross

_______ organized selective cross-breeding

_______ mutation breeding (more popular in the 1970’s)

_______ Embryo rescue (remove embryo from seed before it’s aborted, then grown in  

tissue culture so offspring can survive - allows crossing of species boundaries).

_______ DNA structure discovered

_______ genetic code cracked

_______ first ‘recombinant organism’ (virus DNA transferred into bacteria)

_______ first GE animals (mice)

_______ first commercial GE application - human insulin

_______ first GE plant - antibiotic resistant tobacco plant

_______ first GE food product - chymosin for cheese-making

_______ first whole GE food on store shelves in U.S. - tomato

_______ Dolly the sheep - clone

_______ 27.8 M hectares of GE crops grown globally

_______ 39.9 M hectares of GE crops grown globally

_______ Starlink™ contamination in taco shells

_______ 44.2 M hectares of GE crops grown globally

_______ Monarch butterfly controversy begins with letter published in Nature

_______ Impact of Bt corn on Monarchs described as to be negligible by research report

_______ UC (Berkeley) researchers claim (in Nature) Mexico’s native corn contaminated by Bt corn

_______ 52.6 M hectares of GE crops grown globally

_______ 58.7 M hectares of GE crops grown globally

_______ 67.7 M hectares of GE crops grown globally

Selective cross-breeding Genetic Engineering
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Module 2: Teachers Answers

1. Define biotechnology:

bio = life, technology = practical application of knowledge OR

use of living organisms to make a new product or run a process

2. Define genetic modification:

changing the genetic traits of an organism by intentional manipulation or modification i.e. traditional plant breeding & genetic 

engineering

3. Define genetic engineering:

use of specific laboratory techniques to introduce gene(s) from 1 species into genome of another species 

4.  Cross-breeding summary chart:

5. Define hybrids:

plants produced by crossing 2 or more inbred lines of plants that are genetically quite different

6. What do all types of genetic modification have in common?

the need for genetic variability; genetic variability offers source of genetic information from which desirable traits can be selected from

by either nature or humans

7. When farmers or corn breeders use selective cross-breeding they              physically               transfer         pollen             from the

male part of the first plant (       tassel       ) to the female part of the second plant (      corn silk       ) to ensure cross-pollination

between the 2 varieties.

type of selection type of breeding

natural naturally selected by environment natural
cross-breeding

open-pollination artificially selected by humans natural
cross-breeding

selective artificially selected by humans artificial (human intervention)
cross-breeding
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8. Differences between selective cross-breeding and genetic engineering:

Selective cross-breeding Genetic Engineering

increased chances of undesirable traits less chance of undesirable traits

slower process requiring several generations less time consuming process

trial and error process more precise & controlled (only sections transferred)

only closely-related species can cross-breed allows crossing of natural species boundaries

9.   Important Dates Along the Timeline:

1812 single hybrid cross

1900 organized selective cross-breeding

1920s mutation breeding (more popular in the 1970’s)

1929 Embryo rescue (remove embryo from seed before it’s aborted, then grown in tissue culture so offspring can survive 

- allows crossing of species boundaries).

1953 DNA structure discovered

1966 genetic code cracked

1973 first ‘recombinant organism’ (virus DNA transferred into bacteria)

1982 first commercial GE application - human insulin

1983 first GE plant - antibiotic resistant tobacco plant

1990 first GE food product - chymosin for cheese-making

1994 first whole GE food on store shelves in U.S. - tomato

1997 Dolly the sheep - clone

1998 27.8 M hectares of GE crops grown globally

1999 39.9 M hectares of GE crops grown globally

2000 Starlink™ contamination in taco shells

2000 44.2 M hectares of GE crops grown globally

2000 Monarch butterfly controversy begins with letter published in Nature

2001 Impact of Bt corn on Monarchs described as to be negligible by research report

2001 UC (Berkeley) researchers claim (in Nature) Mexico’s native corn contaminated by Bt corn

2001 52.6 M hectares of GE crops grown globally

2002 58.7 M hectares of GE crops grown globally

2003 67.7 M hectares of GE crops grown globally

Module 2: Teachers Answers
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Module 3: Genetic Engineering Techniques

Genetic engineering of plants can take anywhere from 6 to 15+ years before a GE variety is ready to be grown in farmers’ fields, depending
upon the gene, crop species, and available resources. The steps include:

Step 1 Identification of Trait & Its Source

This step involves some problem solving; knowing what gene needs to be transferred and where to find it. For example, the trait incorporated
into Bt corn (for resistance to the European corn borer pest) was discovered about a 100 years ago. When silk worm farmers noticed that silk
worms were dying, scientists discovered that a naturally occurring soil bacterium was the cause. Bacillus thuringiensis, or Bt for short, pro-
duced a protein (Bt protein) that was toxic to the silk worms. Although scientists didn’t know it at the time, they identified the desired trait
and source for the Bt protein. Later on, it was found that the Bt protein also killed the European corn borer because it belonged to the same
classification order as the silk worm. 

Step 2     DNA Extraction

To be able to work with DNA, scientists need to extract it from its source. DNA extraction involves removing the organism’s entire DNA genome
meaning the extracted DNA sample contains the gene for the desired trait plus the rest of the organism’s DNA. Then, step 3 identifies the spe-
cific gene responsible and separates it from the rest of the organism’s DNA sequence.

But before moving onto step 3, scientists use PCR or Polymerase Chain Reaction to create thousands of exact copies of the extracted
DNA. This way, there is plenty of DNA available for further testing instead of only having a small sample to work with. 

Your Plate

Commercial Production

Product Safety Testing & Regulations

Field Trials: evaluating GE plant characteristics

Backcross Breeding: crossing GE plant with elite plants

Selection: if trait was properly incorporated & expressed, move to next step

Transformation: inserting transgene into recipient plant genome

Gene Design: adjusting the gene so it expresses the desired trait

Gene Isolation: involves gene sequencing & gene mapping

DNA Extraction: need to extract desired DNA from source

Indentification of Trait & Its Source: first & most difficult step in process
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Step 3 Gene Isolation

Scientists use gene sequencing and gene mapping to identify and locate the gene responsible for expressing the desired trait. Gene
sequencing involves determining the order of all the nucleotides as they appear in the gene. This information is then used to create a gene map
showing the location of this gene within the organism’s whole genome. Both public and private research institutions heavily research new
technologies to quickly sequence DNA and determine functions of specific genes for important crop species. These efforts result in identification
of a large number of genes potentially useful for producing GE varieties. 

Once the gene has been identified and located, scientists need to remove it from the rest of the organism’s genome. For this task, scientists use
restriction enzymes that act like DNA scissors that only cut at specific nucleotide sequences. Restriction enzymes come from bacteria where
they’re used as a defence mechanism. When viruses (or other bacteria) attack, bacteria kill them by cutting up their DNA with restriction
enzymes. Scientists have 100’s of restriction enzymes to chose from, each of which cut DNA at different nucleotide sequences. For example, the
EcoRI enzyme cuts DNA strands whenever the sequence GAATTC appears while the HpaII cuts wherever the sequence CCGG appears. Once
scientists know the sequence of the gene they want to isolate plus the surrounding sequence, they use whichever restriction enzymes are needed
to cut around it.

At this point, scientists add the necessary restriction enzymes to the DNA solution containing the organism’s entire genome. The only problem
is that these restriction enzymes simply cut where they recognize their specific sequence regardless of whether they are cutting around the desired
gene or elsewhere in the genome. The scientist is left with a bunch of DNA pieces of varying lengths, one of which is actually the gene meant to
be isolated. However, they have one piece of valuable information determined from gene sequencing - they know how many nucleotides make
up the gene being isolated. They need to filter out the sequence that matches the number of nucleotides they are looking for. This “filtration”
process is called gel electrophoresis. It involves placing these DNA pieces onto a tray of agarose gel (looks and feels a lot like jello) that
allows the movement of DNA on its surface. An electric current is applied to the gel to separate these DNA pieces according to their nucleotide
length. Researchers can then recover the desired gene by looking for the DNA piece with the correct number of nucleotides. 

Step 4 Gene Design: adjusting the gene so it expresses the desired trait

Once the desired gene is isolated, it needs to be designed so it can be expressed by a different organism. During the designing of this “transgene”
or gene to be transferred into another organism, a selectable marker gene needs to be added: 

➤ A promoter sequence is needed for the gene to be correctly expressed (i.e. translated into a protein) because it acts as the on/off switch
controlling when and where the gene is expressed. For the most part, a promoter will need to be added to the transgene to ensure that the
transgene is expressed correctly in the organism that is being genetically engineered. 

➤ The termination sequence signals that the end of the gene sequence has been reached. 
➤ A selectable marker gene is added to the transgene in order to identify plant cells or tissues that have successfully incorporated the

transgene. This is necessary because achieving incorporation and expression of these transgenes in plant cells is a rare event, occurring in
just a few percent of the targeted tissues or cells.

Selectable marker genes code for proteins that provide resistance to substances that are normally toxic to plants, such as antibiotics or her-
bicides. As explained below, only plant cells that have successfully incorporated the selectable marker gene will survive when grown on a
medium containing the appropriate antibiotic or herbicide. This process allows researchers to select which plants have successfully incorpo-
rated the transgene (i.e. survived) and in which plants it was not incorporated (i.e. didn’t survive) when looking for expression of the desired
trait in step 6. This is important for traits that can’t be seen by simply looking at the plants.

marker gene promoter *transgene coding region termination sequence

*genetic region encompassing the transgene to be transferred to another organism
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Step 5     Transformation: inserting transgene into recipient plant genome

The transgene is now ready for transformation or gene insertion. Transformation (sometimes called ‘gene splicing’) involves the delivery of a
transgene into the nucleus of a recipient plant cell and incorportation into a chromosome so it can be passed onto offspring. Since plants have
millions of cells, it would be impossible to insert a copy of the transgene into every cell so tissue culture techniques must be used. During this
procedure, plant cells are removed from various parts of a plant and placed on a growth medium in petri plates (just like growing bacteria on
agar plates). The growth medium does not contain the growth hormones normally present in a plant that tell the cells which tissue to develop
into. As a result, the cells do not differentiate and instead form a mass of cells called a callus. Plant hormones can later be added to the growth
medium when growth needs to be triggered in step 6 when plants are grown out for selection purposes. Once this mass is formed, the transgene
can then be inserted into this callus using various techniques with the 2 main ways being the gene gun and agrobacterium methods. The main
goal of each of these methods is to deliver the transgene into the nucleus of a cell.

➤ Agrobacterium method

Agrobacterium, soil-dwelling bacteria with the ability to infect plant cells with a piece of its own DNA, are used as a vehicle to deliver a trans-
gene into the genome of the recipient plant (transgene acts like a hitchhiker in way, the bacteria being the car). When a plant root or stem
is wounded it gives off certain chemical signals. In response to those signals, the Agrobacterium enters the wound and the DNA infection
process begins. 

The DNA in Agrobacterium is contained in the bacterial chromosome as well
as in another structure known as a Ti (tumor-inducing) plasmid. The Ti plas-
mid contains a stretch of DNA (T-DNA) that is transferred to the plant cell in
the infection process and a series of vir (virulence) genes that direct the infec-
tion process. The main reason this process works  is because Agrobacterium Ti
plasmids readily incorporate foreign DNA (transgene) into it’s own T-DNA.
Below is a simplified diagram of a Agrobacterium: 

It is not clear how the plasmid DNA moves from the cytoplasm to the nucleus of the plant cell, nor how it becomes incorporated into the plant
chromosome. One idea is that the it waits until the plant DNA is being transcribed and then inserts itself into that plant’s DNA. 

➤ “Gene Gun” method (also known as microprojectile bombardment) 

While this method was used to create several commercial plant varieties, it has several limitations compared to the Agrobacterium method.
The gene gun can be used on either tissue culture cells or seedlings of any species. As the name implies, this method works by shooting DNA
into the plant cells. Microscopic gold or tungsten particles are coated with hundreds of copies of the transgene(s). The recipient cells are
placed in a vacuum chamber and the metal particles are shot at the cells using high-pressure gas that is released in a sudden burst (much
like a popped balloon).

Transformation is not a perfect science; in fact, it is sometimes described as a ‘hit and miss’ technique. The recipient plant genome is exposed
to the transgenes in hopes that a few of them will actually be incorporated into that plant genome and then properly expressed. This is rarely
the case and that’s why the step 6 involves selection of plants expressing the transgene correctly. 

vir genes

bacterial
chromosome

Ti-plasmid

T-DNA
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Step 6    Selection: testing to see if transgene was successfully incorporated & expressed

Following the gene insertion process, the callus cells are transferred to a selective growth medium containing an antibiotic or herbicide,
depending on which selectable marker was used. Only plants expressing the selectable marker gene will survive meaning it can be assumed that
these plants also incorporated the transgene of interest. These surviving plants are then grow into adult plants that produce seeds so evaluation
of the offspring can begin. Thus, subsequent steps in the process will only use these surviving plants. Plants that don’t survive the antibiotic or
herbicide did not successfully incorporate the marker gene or transgene.

Step 7    Backcross Breeding: crossing GE plant with elite plants

Once a plant is successfully transformed, it must go through backcrossing to move the transgene into a high yielding, elite variety with proven
performance for farmers. GE plants are crossed with elite breeding varieties using selective cross-breeding methods to combine the desired traits
of elite parents and the transgene into a single plant. The offspring are repeatedly crossed back to the elite variety to obtain a high 
performing GE variety. 

The result will be a plant with proven performance close to currently grown hybrids that also expresses the desired trait. It can take a plant breeder
at least two or three years to develop the GE variety that is the genetic equivalent of the elite variety plus the desired trait. 

Step 8    Field trials: plant evaluation

Important to the production of GE plants is an extensive evaluation process to verify whether the transgene has been stably incorporated 
without negative effects to other plant functions, product quality or the intended agroecosystem. Initial evaluation includes: the activity of the
transgene, its stable inheritance, and any unintended effects on plant growth, yield, and quality. 

The next step in the process is multi-location and multi-year evaluation trials in greenhouse and field environments to test the effects of the
transgene and overall performance. This phase also includes evaluation of environmental effects. 

Step 9    Product Safety Testing & Regulations

This step involves allergy, nutritional content and toxicological testing and the submission of the results to the appropriate regulatory 
agencies. Details are discussed in a later module.

Sources:

Biotechnology Institute.  (1995)  Developing a Transgenic Animal. Your World: vol. 5:1, p.6.  Retrieved May 20, 2002 from http://www.biotechinstitute.org/tguides.html.

Center for Life Sciences and Department of Soil and Crop Sciences.  (2001)  How do you make a Transgenic Plant? Retrieved May 20, 2002 from
http://www.colostate.edu/programs/lifesciences/TransgenicCrops/how.html.

Library of Crop Technology.  (2001)  Overview of Genetic Engineering.  Retrieved May 19, 2002 from http://croptechnology.unl.edu/html/startLessonFrame.shtml?LessonID=957879329.

Library of Crop Technology.  (2001)  Transformation Methods.  Retrieved May 19, 2002 from http://croptechnology.unl.edu/html/startLessonFrame.shtml?LessonID=958077244.

Library of Crop Technology.  (2001)  Tissue Culture.  Retrieved May 19, 2002 from http://croptechnology.unl.edu/html/startLessonFrame.shtml?LessonID=957885612.
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1. PCR stands for:  _______________________________________________________________________________

It’s used to: __________________________________________________________________________________

2. Gene isolation involves gene sequencing, gene mapping, restriction enzymes & gel electrophoresis, define:

gene sequencing:_ _____________________________________________________________________________

gene mapping: _______________________________________________________________________________

restriction enzymes: ____________________________________________________________________________

gel electrophoresis: ____________________________________________________________________________

__________________________________________________________________________________________

3. What 4 parts make up a transgene? What are their roles?

a) _________________________________________________________________________________________

__________________________________________________________________________________________

b) ________________________________________________________________________________________

__________________________________________________________________________________________

c) ________________________________________________________________________________________

__________________________________________________________________________________________

d) ________________________________________________________________________________________

__________________________________________________________________________________________

Transformation involves: _________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

4. Define callus:

__________________________________________________________________________________________

__________________________________________________________________________________________
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5. There are 2 main ways to ‘transform’ cells, what do each of them involve?

Agrobacterium: _______________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

“Gene Gun”: _________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

6. Why is backcross breeding of GE plants with elite plants necessary?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

7. Why are field trials conducted?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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1. PCR stands for:             
polymerase chain reaction
It’s used to:
create thousands of exact copies of extracted DNA to then
work with in later steps

2.  Gene isolation involves gene sequencing, gene
mapping, restriction enzymes & gel electrophore-
sis, define:

gene sequencing: determining the order of all the nucleotides
as they appear in a gene

gene mapping:  creating a map showing the location of
sequenced genes within the organism’s whole genome

restriction enzymes: DNA scissors used to only cut strands at
specific nucleotide sequences

gel electrophoresis: filtration process that separates DNA
pieces based on nucleotide length or size; involves applying
DNA pieces onto agarose gel trays and then applying an
electric current to the gel

3. What 4 parts make up a transgene? What are their
roles?

a) selectable marker gene: added in order to identify plant
cells that have been successfully integrated the new 
transgene

b) promoter: ensures that new piece of DNA is expressed
correctly in the organism that is being genetically 
engineered

c) transgene coding region: genetic region encompassing
the transgene to be transferred to another organism 
(the actual genetic sequence coding for the desired trait) 

d) termination sequence: signals the end of the transgene

Transformation involves: the delivery of a transgene into the
nucleus of a recipient plant cell and integration into a chro-
mosome so it can be passed onto offspring

4. Define callus:

mass of cells that have not yet differentiated into specific
tissues

5. There are 4 ways to ‘transform’ cells, what do each
of them involve?

Agrobacterium: use of soil-dwelling bacteria, with the ability
to infect plant cells with a piece of its own DNA, as a vehicle
to deliver the transgene into the genome of the recipient plant

“Gene Gun”: involves shooting DNA into plant cells by coat-
ing microscopic gold or tungsten particles with hundreds of
copies of the transgene(s)

6. Why is backcross breeding of GE plants with elite
plants necessary?

At times, the plant varieties that have been genetically engi-
neered are not the varieties preferred by farmers because
many of these varieties are older ones with lower yields.
Therefore, once a plant has been genetically engineered, it is
selectively cross-breed with elite varieties that are preferred
by farmers because of their proven performance. This means
the resulting variety has proven performance close to cur-
rently grown hybrids and also expresses the desired trait
encoded for by the transgene.

7. Why are field trials conducted?

to verify whether the inserted gene (transgene) has been sta-
bly incorporated without negative effects to other plant func-
tions, plant quality or the intended agroecosystem
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Kiwi DNA Extraction Activity

DNA is present in the cells of all living organisms. This procedure is
designed to extract DNA from kiwi in sufficient quantity to be seen
and spooled. Why is it necessary to extract DNA out of a cell in
genetic engineering? In order for genetic engineers to be able to
work with DNA and transfer it into another organism, it must be
first taken out of the cell. DNA remains stable outside of a living cell
allowing scientists the opportunity to work with and study without
destroying it. 

Objectives
• to understand just how much DNA is around us everyday and

how much we consume on any given day in our food 
• to understand how science is part of our everyday lives in its 

simplest form

Materials (per group of 4-5 students)
• two 250ml measuring cups or beakers  
• measuring spoons 
• knife for cutting kiwi 
• large spoon for mixing and mashing kiwi 
• thermometer that will measure 60° C (140° F) 
• strainer that will fit in the 1-cup measuring cups 
• hot tap water bath (60° C) (a 3-quart saucepan works well to

hold the water) 
• distilled water (available in grocery stores)
• green Palmolive dish soap
• 1 kiwi per group 
• table salt
• 1 test tube for each student, preferably with a cap, to hold the

kiwi DNA solution. (A narrow glass container i.e. a liqueur glass
or clear bud vase can substitute for the test tube or a centrifuge
tube.) 

• 99% ethanol (available at a pharmacy) 

Instructions
1. Set up hot water bath at 55-60° C.

2. For each kiwi, make a solution consisting of one tablespoon (10
ml) of liquid dishwashing detergent and one level 1/4 teaspoon
(1.5 g) of table salt in a 1-cup measuring cup (250 ml beaker).
Add distilled water to make a FINAL volume of 100 ml. Dissolve
the salt by stirring slowly to avoid foaming. AVOID MAKING 
BUBBLES.

3. Peel the kiwi and cut it into about 12 pieces. Then add the pieces
to the solution made in step two be held in the 1-cup measuring
cup or beaker (250 ml).

• The dish soap causes the cell membrane to breakdown by
emulsifying the lipids and proteins of the cell and disrupting
the polar interactions that hold the cell membrane together.
The detergent then forms complexes (micelles) with these

lipids and proteins, causing them to precipitate out of solu-
tion. 

• The salt shields the negative phosphate ends of the DNA that
allows these ends to come together so they can precipitate out
of a cold alcohol solution.

4. Put the 1-cup measuring cup or beaker in a hot
water bath (don’t put the solution itself in the bath!) being
held at 55-60° C for 10-12 minutes. During this time, press the
kiwi against the sides and corners of the measuring cup with the
back of the spoon. Do not keep the mixture in the hot water bath
for more than 15 minutes because the DNA will break down or
denature.

• The heat denatures the DNAase enzymes that have the poten-
tial to break down genomic DNA into tiny pieces and prevent
DNA from spooling

5. Filter the mixture through a strainer into your second 1-cup
measuring cup. When pouring the mixture into the strainer,
avoid letting foam get into the measuring cup. 

6. Dispense the kiwi DNA solution into test tubes, one for each stu-
dent. The test tube should contain about 1 teaspoon of solution
or about 10ml. 

7. Add cold alcohol to the test tube to create an alcohol layer of
roughly the same volume as the kiwi DNA solution dispensed in
step 6. For best results, the alcohol should be as cold as possible
(kept in freezer overnight). When alcohol is added to the mix-
ture, the components of the mixture, except for DNA, stay in
solution while the DNA precipitates out into the alcohol layer.

• The cold slows the rate of DNA breakdown while the alcohol
acts as a precipitate because DNA is not soluble in the soap,
salt and distilled water solution.

8. Let the solution sit for 2 to 3 minutes without disturbing it.
You can watch the white DNA precipitate out into the alcohol
layer. When good results are obtained, there will be enough DNA
to spool on to a glass rod or a pasteur pipette. DNA has the
appearance of white mucus. 

Sources:
Montana State University Extension Service.  1996.  Dining on DNA: An Exploration of Food
Biotechnology. Retrieved from May 1, 2001 from http://www.accessexcellence.org
/AB/BA/DODpub/

Ag Biosafety.  (2001)  DNA and DNA Extraction. Retrieved May 1, 2002 from
http://www.agbiosafety.unl.edu/education/dnax.htm

Office of Biotechnology, Iowa State University.  (2002)  DNA Extraction from a Kiwi. Retrieved May
1, 2002 from http://www.biotech.iastate.edu/publications/lab_protocols/
DNA_Extraction_Kiwi.html 
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1. There were four barriers we needed to get through to reach the DNA inside the nucleus, how did we do this? Hint: think about the

structure of a plant cell

a) ________________________________________________________________________________________

__________________________________________________________________________________________

b) ________________________________________________________________________________________

__________________________________________________________________________________________

c) ________________________________________________________________________________________

__________________________________________________________________________________________

d) ________________________________________________________________________________________

__________________________________________________________________________________________

2. What ingredient helps the DNA to come out or precipitate out of solution?

__________________________________________________________________________________________

__________________________________________________________________________________________

3. Describe what the extracted kiwi DNA looked like:

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

4. Do you think the DNA obtained was pure? Why or why not?

__________________________________________________________________________________________

__________________________________________________________________________________________

5. Name the three properties of DNA that are demonstrated by this lab.

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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Teacher Preparation:

The main point of doing this activity is to help student understand
just how much DNA is around us everyday and how much we
consume on any given day in our food. Student will be surprise
by the amount of DNA that is inside just 1 kiwi let along all the
food they eat in 1 day. Students need to understand that they eat
large quantities of DNA without it having any effect on their own
DNA. It might be useful to ask students what organisms have DNA
before the lab begins to remind them that every living thing has
DNA, not just mammals. 

This activity can be done with more sophisticated methods, but
this method of using household ingredients also shows students
how science is part of our everyday lives in its simplest form. The
most important think is to make sure the alcohol was chilled
overnight in a freezer. It might be easier to pre-cut the kiwis
instead of getting enough knives for the whole class. Groups of 4
or 5 work best so everyone has something to do. 

1.  There were four barriers we needed to get through
to reach the DNA inside the nucleus, how did we do
this? Hint: think about the structure of a plant cell

a) Cell wall - mechanically broken down during mashing in 
hot water bath

b) Cell membrane - liquid detergent along with mechanical 
mashing

c) Cytoplasmic proteins - liquid detergent

d) Nuclear Membrane - liquid detergent along with 
mechanical mashing

2. What ingredient helps the DNA come out of solution
or precipitate?

cold ethanol

3. Describe what the extracted kiwi DNA looked like.

white, clumpy mucus with some translucent qualities

4. Do you think the DNA obtained was pure? Why or
why not?

No, the sample is full of cellular debris like cytoplasmic pro-
teins and fats that would ordinarily be removed using and
organic solvent

5. Name the three properties of DNA that are demon-
strated by this lab.

a) DNA is mostly protein: evidence - had to be careful about
denaturing it in the hotwater bath and the mention of   
DNAase enzymes

b) DNA has a charge: evidence - salt shields the negative 
DNA ends so they come closer together

c) DNA is insoluble in water: evidence - able to precipitate 
DNA out of a solution of salt, soap and distilled 
water
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Module 4: Food Production

What is a Pest?

A pest is a plant, weed, animal (rodents), insect, disease or fungus that is detrimental to humans or human concerns (i.e. agricultural produc-
tion). However, personal definitions of ‘pest’ depend on the quantity of the organism and individual tolerance levels. On average, pests reduce
yields by about 35% with the 3 main types of pests being:

➤ INSECTS i.e. European Corn Borer, Armyworms, cotton boll weevil, aphids, etc.
Insects eat the leaves, stems, roots and fruits of crops; however, some insects are beneficial. 

➤ WEEDS i.e. dandelions, pig weed, jointed goatgrass, velvetleaf, etc.
Weeds are nuisance plants in managed ecosystems (i.e. farms) that spread easily. 

➤ DISEASE i.e. potato blight, papaya ring spot virus, corn rust, etc.
Plant diseases disrupt the plant’s normal structure, growth, function, or other activities.

Integrated Pest Management (IPM):A Pest Control Method

IPM is a sustainable approach to managing pests that combines a variety of pest control options in order to minimize economic, health and
environmental risks. Using IPM requires understanding how the crop grows, how different pest populations develop, pest control options for each
organism, and the costs associated with each control option along with the potential impact on the environment and health. This creates extra
work, but is worthwhile because it can result in reduced costs of chemical inputs, a cleaner environment, and decreased resistance problems.
IPM involves a series of steps, not just a single pest control method. The 4 main steps are:

Step 1     Set Economic Thresholds

Step 2     Monitor and Identify Pests

Step 3     Prevention

Before taking any pest control action, an IPM program develops an economic threshold - a point at which pest populations force some
sort of action to be taken. These thresholds are set by looking at the physical damage caused by the pest at a certain level of infestation,
revenue losses caused by that damage, and pest control costs. This determines how serious a pest problem can get before action is taken
and what pest control options are available.

Not all pests require action; some organisms are beneficial and help control other harmful pests. IPM programs monitor and identify
pests correctly so appropriate decisions can be made (i.e. pesticides only used when needed). Scouting is the main way to monitor pests
in order to determine if an economic threshold is reached. This involves regular sampling of pests to estimate population levels.

This can mean rotating between different crops (to break a pest’s life cycle) or selecting pest-resistant varieties. In most cases, these
methods are effective in preventing pests and are more economical than pesticides while posing little to no risk to human health and
the environment.
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Pesticides:A Chemical Control Method

As described above, pesticides are part of IPM, but they can also be used as a pest control method independently. After World War II, the use of
synthetic pesticides increased quickly as insecticides (i.e. DDT) and herbicides (i.e. 2,4-D and atrazine) gained acceptance. These early synthetic
pesticides gained wide acceptance because they controlled a wide range of pests, were inexpensive, provided long-lasting control and their toxicity
to the humans was moderate or low. However, negative aspects of these same characteristics became apparent over time, such as:

➤ Resistance 

Most weed and insect pests have short life cycles and large populations meaning there is genetic diversity among individuals. When these
populations are all sprayed with the same chemical, a few individuals are not killed because they are genetically resistant (usually due to a
random genetic mutation). These individuals survive, then reproduce and result in a resistant population that require higher doses or new types
of chemicals in order to be killed. In the end, there are increased costs and chemical use along with continually decreasing effectiveness of
products. 

➤ Effect on Non-target Species 

Certain pesticides kill all or nearly all organisms in a field, a useful effect when trying to control several pests at once. Often however, certain
insects that were not a problem before become pests because the pesticides have killed other beneficial insects that had been controlling them in
the past. 

Pesticides affect other parts of the ecosystem as well. Pesticide use has led to groundwater contamination, fish and bird kills, bioaccumulation
in body tissue (i.e. concentration of substances in animals and humans over a lifetime), poisoning of individuals improperly working with the
chemicals or from ingesting food contaminated with chemicals improperly used or applied.

As a result of these problems, relative to 30 or 40 years ago, the pesticides used today are:

➤ more thoroughly tested for potential adverse effects on humans and the environment 
➤ less likely to cause chronic health problems 
➤ not prone to bioaccumulation 
➤ chemically more active, allowing them to be applied at lower rates (e.g. grams per hectare rather than kilograms per hectare)

Step 4     Control

If pest control is needed, the appropriate control needs to be used. Pesticide spraying is typically used as a last resort. As the name IPM
implies, it involves integrating the following pest controls:

biological control - using beneficial organisms (predators, parasites, and diseases) to control pest organisms i.e. using ladybugs to
control aphids or pesticides derived from micro-organisms

cultural control - using crop rotations, cultivation (tillage) and other farm practices

Crop rotation involves farmers rotating which crop is grown in a field each year to help break the pest’s life cycle. Tillage is used to con-
trol weeds by physically uprooting them from the soil.

physical control - using barriers, insect traps, hand pulling weeds, adjusting planting location or timing to avoid insects

These controls involve physically limiting contact between the pest and the plant by using barriers, trapping the insects, physically remov-
ing weeds, planting the crop in a new location where the insect doesn't exist or planting when the insect is not present.

genetic control - choosing resistant plants

This involves crops developed through selective cross-breeding or GE to resist certain pests, diseases and viruses thereby reducing the need
for pesticides. This control also includes herbicide tolerant crops that allow for the use of weaker or less amounts of herbicides.

chemical control - using pesticides and other chemicals

Pesticide is a general term for a pest control product that is either natural (i.e. grown in the plant), synthetic (i.e. manufactured) or
organic (i.e. extracted from natural sources). Beyond this term, pesticides can be categorized into sub groups based on what they control:
fungicides (fungi), herbicide (weeds), insecticides (insects) and rodenticides (rodents).
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Potential Human Health Effects of Agricultural Pesticides

Pesticide effects can be either acute - an immediate response to short
term exposure to a high dosage - or chronic - a slow response to long
term exposure to a low dosage. However, pesticides vary with respect to
their acute effects and chronic effects meaning some pesticides can pose
a risk to human health or to the environment while others present little
risk. Overall, pesticides pose the greatest risk to the people who handle
or apply them. When applied properly, pesticides pose a low risk to peo-
ple who are not involved directly in their use. The dosage received
through casual exposure - such as by walking through a treated field,
inhaling vapours from a treated area or eating produce from a treated
field - would rarely be enough to cause a health problem.

All pesticides being considered for use in Canada must undergo long-
term animal testing to determine their potential for chronic toxicity.
Long-term exposure to high dosages of some pesticides has caused
chronic health problems in laboratory animals; however, the dosages
used were much higher than present in pesticide residues in or on foods.
Potential disorders tested for include cancer, tumors, birth defects,
endocrine system disruption, genetic mutations and damage to vital
organs. 

Not all pesticides cause chronic effects, and no pesticide causes all of the
above symptoms. Health studies also suggest that fewer than 2% of
human cancers can be attributed to pesticide residues in foods. The
greatest food-related cancer risks are associated with poor dietary habits
(i.e. high fat, low fibre diets), naturally occurring carcinogens in foods,
and carcinogens produced during food preparation (i.e. grilling, frying
or barbequing).

Pesticides and Bioaccumulation

A group of insecticides introduced following WW II (but no longer in use
in North America) exhibited a characteristic known as bioaccumulation
or biomagnification. These products - DDT is the best-known example
- are very resistant to being broken down either in the environment or
in the bodies of organisms that consume them. As a result, they can per-
sist in the environment for several years. 

Normally, water-soluble chemicals are removed from the bloodstream
by the kidneys and excreted in the urine. On the other hand, the liver
breaks down fat-soluble chemicals and the breakdown products are
excreted in the urine or bile. DDT and related chemicals are resistant to
being broken down in the liver, causing breakdown to occur very slowly
resulting in bioaccumulation in body fat. This concentration increases
along the food chain - the longer the food chain, the greater the accu-
mulation. At each step along the food chain, each animal accumulates
all of the DDT present in the organisms it has eaten and all of it is then
passed along to the next animal in the food chain. 

DDT was initially introduced as a way to control malaria-carrying mos-
quitoes and numerous other insect pests. However, concerns about
bioaccumulation led to the banning or highly restricted use of DDT and
related products in many countries (including Canada and U.S.) by the
mid-1970s. 

Canadian and Ontario Pesticide Regulations

The Pest Management Regulatory Agency (PMRA) of Health
Canada is responsible for approving pesticides. A pesticide is
approved only when the scientific evidence shows that it does
not pose an unacceptable risk either to human health or the
environment. Safety testing considers the mode of action (i.e.
how the pesticide controls the pest), its risk to human health,
its potential for negatively affecting non-target species (i.e. fish
or wildlife) or other aspects of the environment. This type of
testing usually takes 4 or 5 years.

One part of human health testing involves determining the
acceptable levels of pesticide residue (the amount of pesticide
remaining on food after harvest to which consumers are
exposed). Other testing includes determining health effects (i.e.
reproductive effects and cancer) and how the pesticide is
metabolized or broken down by plants and animals.

The Canadian Food Inspection Agency (CFIA) is responsible
for monitoring the Canadian food supply, both domestically
produced and imported, to ensure that the maximum pesticide
residue limits are not exceeded. CFIA tested 44,379 samples of
fruits and vegetables between 1994 and 1998. Of these, more
than 98% fell within the acceptable range. Pesticides residues
were not detected at all in 80% of the samples.

Under the Regulations of the Ontario Pesticide Act, Ontario
farmers must be certified to buy or use agricultural pesticides
to ensure farmers know how to manage pesticides safely and
according to the Pesticide Act. Farmers must complete the
Grower Pesticide Safety Course and pass an examination based
on that course, but this type of certification is not required for
household use pesticides. This course covers all of the aspects
of pesticide selection, safety, application, storage,
transportation and environmental impact.
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3 Main Ways to Grow Food: Conventional, Organic or Genetic Engineering 

One way to understand the meaning of conventional, organic and GE food production systems is to look at the differences between them. For
example, organic farming standards don’t allow the use of GE crops or synthetic pesticides, conventional farming uses synthetic pesticides as the
main pest control method while GE production systems rely mainly on GE crops. All 3 types use integrated pest management (IPM) to different
degrees depending on how the system works overall. For example, GE crops and chemical controls are part of IPM, but organic farming doesn’t
allow them.

Organic Farming

Organic farmers don’t use synthetic pesticides or fertilizers, GE crops, and don’t allow GE crops to be fed to animals raised organically. Crop
rotation and biological controls are the main pest control methods along with tillage, moving, hand weeding, insect vacuuming and other
alternative practices. However, natural pesticides, such as insecticidal and fungicidal soaps, rotenone, nicotine, and sulphur based fungicides are
permitted. 

There has been an organic food sector in Canada since the 1970s, but it still only represents 1.5% of Canadian farm income and 1% of the
Canadian food sales volume, but it’s expect to increase to 10% of sales volume by 2010. There are about 2,500 organic farmers in Canada making
Canada one of the top 5 world producers of organic products. Most organic fruit and vegetable growers in Ontario sell mainly at local farm
markets, community shared agriculture or small specialty stores; however, there has been a recent trend towards mainstreaming of the organic
market.  For example, the majority of organic food currently sold in Canada comes from large U.S. suppliers. 

Research on farming practices has shown that most farmers who switch to organic farming do so because of fears about effects of conventional
farming methods on soil quality and conservation.  Most have found organic farming to be challenging, but rewarding and profitable. Organic
farming is about more than restrictions; it’s a philosophy that embodies a more holistic view of the human-nature relationship. 

In order to produce certified organic products, a farmer must first be certified.  The term organic is not controlled by Canadian government
regulations meaning it can sometimes be misused. However, the U.S. government now has national regulations controlling what products can
be labeled as organic. 

The Canadian organic industry is self-regulated meaning it’s not governed by one particular body, but rather by 40 to 50 certification bodies in
Canada. However, the organic industry developed a code of practice in 1999 under the guidance of the Canadian Organic Advisory Board (COAB)
and the Canadian General Standards Board (CGSB).  This code of practice became the National Standard of Canada for organic agriculture
outlining minimum criteria that must be met when food products, inputs and other products are defined as organic. This National Standard is
only mandatory for international trade and inter-provincial trade meaning certifying bodies don’t need to use the standard if products are going
to be sold within the same province where they were grown. This means the term organic is not controlled by Canadian government regulations
meaning it can be misused. However, the U.S. government has recently introduced regulations controlling what products can be labeled as
organic in all situations. 

Once a farmer decides to become certified organic, a transition period of 3-5 years is generally required. This transition period has been designed
to allow the farmer and the soil to adjust to the new system while also allowing time for synthetic agricultural chemicals to disappear from the
agro-ecosystem.

Comparison of Conventional, Organic or GE Foods

Organic products have the reputation of being healthier, safer and better tasting than conventional foods, whereas GE foods are often seen as
unnatural, a threat to health or a potential risk to the environment. However, do these perceptions agree with scientific findings? This question
can only be answered by comparing these food production systems based on published scientific research. In 2001, Kurt Bodenmuller of the Swiss
Association for Research and Nutrition, Switzerland did such a comparison. His comparison found that, from a scientific viewpoint, organic
foods are neither healthier nor safer or better tasting than conventional or GE products. Details of this comparison paper are discussed below.

➤ Human Health Safety

In terms of nutrition and the effects on animal feeding, there are no significant differences between conventional and GE animal feeds. Meat, milk
and eggs from animals fed GE feeds are just as safe for human consumption as if they had come from animals fed conventional feeds.
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The comparison of organically and conventionally produced foods in more than 150 studies showed that there are only very slight differences in
terms of nutritional quality (vitamin, trace element, mineral, heavy metal, protein, starch and sugar content).

This comparison also looked at the amounts of natural and synthetic chemicals consumed by humans. Of the chemical substances consumed,
99.9% are of natural origin. The amount of synthetic pesticide residues taken in per person per day is roughly 10,000 times smaller than the daily
dose of natural pesticidal substances produced by the plants themselves. Therefore, compared with natural pesticides, the health risk posed to
consumers by chemical pesticide residues is low.

➤ Amount of Food Produced

In 2000, 10.5 million hectares (26M acres) of farm land was farmed organically world wide with a global market value of just under $20 US billion.
However, organic products only account for a small share of the overall market in many countries with the fastest growth happening in most
industrialized countries  especially Europe. In comparison, 125 million hectares (309M acres) of farm land was farmed using GE crops in 2000.

The use of hybrid varieties and synthetic nitrogen fertilizers since the Green Revolution has led to a massive increase in crop yields and reduction
in food prices resulting in the percentage of the world's population suffering from hunger dropping from 50% in 1960 to 20% today. As the global
population grows, an additional 1.5 billion people must be fed by the year 2020 although the area of available arable land per person is
decreasing. Solely relying on organic farming with yield losses of between 10% and 40% would only adequately feed a maximum of 4 billion of
the world's 6 billion people.

➤ Environment

Gene flow (discussed in Module 8 in detail) from GE plants to conventional varieties and related wild species is only a possibility with a few crop
species. In the case of crops such as potatoes that use vegetative reproduction, gene flow does not occur under regular production conditions.
In the case of self-pollinators, such as wheat or barley, a separation between fields of only a few metres is sufficient to prevent cross-breeding.
Even in the case of corn, gene flow is rare when there is an isolation distance of about 100 metres. Mainly, gene flow by pollen is restricted to a
few cross-pollinators, such as canola.

Despite the possibility of gene flow between conventionally and organically grown crops, various production systems have become established
alongside each other in Swiss agriculture. Bodenmuller felt that growing crops using various farming methods side by side has always been pos-
sible and will continue to be so in future, but did recommend detailed studies on a case-by-case, place-by-place, plant-by-plant and transgene-
by-transgene basis to further examine the issue.

The field studies carried out so far with pest resistant crops (i.e. Bt crops) do not confirm the environmental risks predicted by critics. For exam-
ple, Bt corn varieties do not result in a reduction in the number of beneficial organisms, including the Monarch butterfly, as can be seen when
using some synthetic pesticides. Also, the positive effects of reduced pesticide use are just as numerous as efforts of IPM and organic farming
to develop a more sustainable agriculture system. For example, the use of GE crops results in lower pesticide use. Between 1996 and 2000, grow-
ing Bt cotton resulted in using roughly 1 million kg less of synthetic insecticides in the U.S. By growing herbicide tolerant soybean varieties in
North America, the average reduction of applications was between 10% and 20% (in some cases up to 50%).

Organic farming is typically characterized by less intensive cultivation of the land, reduced chemical pesticide and fertilizer, and encouragement
of mixed farms (crop and livestock farming). According to various studies, organic farming has more positive effects on natural soil fertility (high-
er organic content, lower soil acidity, better soil structure, and more soil species), and a greater diversity of animals, plants and microorganisms
than conventional farming.

Each of the farming methods have their advantages and disadvantages, but direct comparison of each is only possible to a limited extent because
of the lack of comparative studies. More research is necessary in this field in order to confirm previous results and to obtain reliable results. 

Sources
Agcare.  (no date)  Agriculture and Pesticide Facts. Retrieved May 14, 2002 from http://www.agcare.org/Infocentre.html. 

Behharrell B. & Crockett A. (1992)  New Age Food! New Age Consumers! Brit Food J. 94(7):5-13.

Bodenmüller, K.  (2001)  Health-relevant and environmental aspects of different farming systems: organic, conventional and genetic engineering. Retrieved August 19, 2002 from
http://www.internutrition.ch/in-news/mediainfo/med001120zus_f.html. 

Crop Protection Institute of Saskatchewan.  (2001)  Crop Protection. Canada-Saskatchewan Agriculture Green Plan Agreement: Saskatchewan. 

Dietitians of Canada.  2002.  Modern Food Biotechnology: Principles and Perspectives.  Dietitians of Canada: Toronto, ON, Canada.

Martin, H.  (2001)  Organic farming in Ontario Factsheet. Ontario Ministry of Agriculture Food and Rural Affairs.

U.S. EPA.  (2002). Integrated Pest Management. Retrieved May 13, 2002 from http://www.epa.gov/oppbppd1/ipm/ag.htm. 

Van Kirk, J.  (2001) Integrated Pest Management: What is it? Retrieved May 19, 2002 from http://www.nysaes.cornell.edu/ipmnet/ne.ipm.primer.html.  
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Module 4: Review Questions

1. What is a pest & what are the 3 main types?

_____________________________________________________________________________________________

_____________________________________________________________________________________________

2. IPM is a sustainable approach to managing pests that combines a variety of pest control options in order to minimize economic,

health and environmental risks. The 4 main steps are:

Step 1: _____________________________________________________________________________________

Step 2: _____________________________________________________________________________________

Step 3: _____________________________________________________________________________________

Step 4: _____________________________________________________________________________________

3. IPM step involves the following pest control methods:

___________________________________: barriers, insect traps, hand pulling weeds, adjusting

planting location or timing to avoid insects

___________________________________: choosing resistant plants (GE & conventional varieties)

___________________________________: beneficial organisms to control harmful organisms                         

___________________________________: crop rotations and cultivation (tillage) 

___________________________________: pesticides and other chemicals 

4. When using pesticides as a pest control method, what are the 2 main negative aspects:

__________________________________________________________________________________________

__________________________________________________________________________________________

5. Acute toxicity refers to __________________ exposure to a _________________ dosage

Chronic toxicity refers to _________________ exposure to a _________________ dosage

6. Pest Management Regulatory Agency (PMRA) is responsible for approving pesticides. This process usually takes 4 or 5 years

and considers the following issues:

7. Define pesticide residue:

__________________________________________________________________________________________

__________________________________________________________________________________________
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8. Canadian Food Inspection Agency (CFIA) is responsible for monitoring pesticide residue amounts in the Canadian food supply.

From 1994 to 1998, CFIA tested 44, 379 samples of fruit and vegetables for pesticide residue. What were the results of this 

testing?

__________________________________________________________________________________________

__________________________________________________________________________________________

9. What are farmers required to complete before being able to buy or use agricultural pesticides?

__________________________________________________________________________________________

10. What is bioaccumulation & how is it being addressed?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

11. Draw a line(s) to illustrate which farming methods are used within these production systems:

Conventional GE crops

Organic Pesticides

Genetic Engineering IPM

12. How is organic food regulated in Canada?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

13. What was the main result of Bodenmuller’s comparison of conventional, organic and genetic engineering food production systems?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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Module 4: Teachers Answers

1. What is a pest & 3 main types?

a pest is a plant, weed, animal (rodents), insect, disease or fungus that is detrimental to humans or human concerns (i.e. agricul-

tural production); insects, weeds & disease

2. IPM is a sustainable approach to managing pests that combines a variety of pest control options in order to minimize economic,

health and environmental risks. The 4 main steps are:

Step 1: Set Economic Thresholds

Step 2: Monitor and Identify Pests 

Step 3: Prevention

Step 4: Control

3. IPM step involves the following pest control methods:

physical control : barriers, insect traps, hand pulling weeds, adjusting

planting location or timing to avoid insects

genetic control : resistant plants (GE & conventional varieties)

biological control : beneficial organisms to control harmful organisms

cultural control : crop rotations and cultivation (tillage) 

chemical control : pesticides and other chemicals 

4. When using pesticides as a pest control method, what are the 2 main negative aspects:

resistance & effect on non-target species

5. Acute toxicity refers to               short term               exposure to a                low                    dosage

Chronic toxicity refers to             long term              exposure to a               low                    dosage

6. Pest Management Regulatory Agency (PMRA) is responsible for approving pesticides. This process usually takes 4 or 5 years

and considers the following issues:

the mode of action (i.e. how the pesticide control the pest), its risk to human health, its potential for adversely non-target species

(i.e. birds, fish or wildlife) or other aspects of the environment

7. Define pesticide residue:

the amount of pesticide remaining on food after harvest to which consumers are exposed

8. Canadian Food Inspection Agency (CFIA) is responsible for monitoring pesticide residue amounts in the Canadian food supply.

From 1994 to 1998, CFIA tested 44, 379 samples of fruit and vegetables for pesticide residue. What were the results of this 

testing?

more 98% of the samples fell within the acceptable range; pesticide residues were not detected at all in 80% of the samples
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9. What are farmers required to complete before being able to buy or use agricultural pesticides?

Grower Pesticide Safety Course that covers all of the aspects of pesticide selection, safety, application, storage, transportation and

environmental impact

10. What is bioaccumulation & how is it being addressed?

the concentration of hazardous compounds through the food chain - at each step along the food chain, each animal accumulates

all of the hazardous compound present in the organisms it has just eaten and all of it is passed along to the next animal

11. Draw a line(s) to illustrate which farming methods are used within these production systems:

Conventional    GE crops

Organic   Pesticides

Genetic Engineering   IPM

even though genetic engineering reduces the use of pesticides in most current applications, pesticides are still used in this 

production system for some pests

organic production system uses IPM methods in general, but only uses more traditional type of breeding when using genetic

control (i.e. no GE crops) and only uses organic or natural chemicals when using chemical control 

12. How is organic food regulated in Canada?

The term “organic” is not controlled by government regulations meaning it can sometimes be misused. The Canadian organic
industry itself is self-regulating and is governed by 40 to 50 certification bodies in Canada. However, the organic industry devel-
oped a code of practice in 1999 under the guidance of the Canadian Organic Advisory Board (COAB) and the Canadian General
Standards Board (CGSB).  This code of practice became the National Standard of Canada for organic agriculture, but is only
mandatory for international trade and inter-provincial trade meaning certifying bodies don’t need to use the standard if products
are going to be sold within the same province where they were grown. 

13. What was the main result of Bodenmuller’s comparison of conventional, organic and genetic engineering food production systems?

organic foods are neither healthier nor safer than conventional or GE products
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In groups of 3 or 4 people, analyze each of these tables to answer the questions below and then try to figure out how all these facts fit
together to explain the recent trends in primary production agriculture and what impact they have on farmers. 

Table 1: Number of Canadian Farms in 1986, 1991, and 1996

Area 1986 1991 1996

Newfoundland 651 725 742
Prince Edward Island 2,833 2, 361 2,217
Nova Scotia 4,283 3,980 4,453
New Brunswick 3,554 3,252 3,405
Quebec 41, 448 38,076 35, 991
Ontario 72,713 68,633 67,520
Manitoba 27,336 25,706 24,383
Saskatchewan 63,431 63,431 56, 995
Alberta 57,777 57,245 59,007
British Columbia 19,063 19,225 21,835
CANADA 293,089 280,043 276,548

Table 2: Canadian Farmer Income, Operating Expenses, Capital Value & Outstanding Debt
for 1991 and 1996 (values in 1995 dollars for direct comparison)

Variable 1991 1996 % Change from ‘91 - ‘96

Total gross (before taxes) 26,577,357,571 32,201,238,975 21.2
farm income

Average (per farmer) gross 94,905 117,115 23.4
farm income 

Total operating 22,792,275,131 26,644,079,984 16.9
expenses

Average operating 81,388 96,903 19.1
expenses 

*Total farm capital value 131,210,056,423 156,113,413,831 19.0

Average capital value 468,535 567,778 21.2

Total farm outstanding debt 23,742,992,000 25,776,995,000 8.6

Average farm outstanding debt 84,783 93,736 10.6

Table 3: Number of Hours Farmers Spend Working Off the Farm 

Paid work in 1995 (not related to Total Percent
the agricultural operation)

None 267,400 69.2

Less than 20 hours per week 28,000 7.4

20 to 40 hours per week 51,855 13.5

More than 40 hours per week 38,345 9.9

Total number of  farmers 385,610 100
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1. How has the number of farms changed since 1986? 

__________________________________________________________________________________________

2. How has the average gross farm income changed since 1991?

__________________________________________________________________________________________

3. How has the average operating expenses changed for individual farmers since 1991?

__________________________________________________________________________________________

4. How has the average capital value changed for individual farmers since 1991?

__________________________________________________________________________________________

5. How has the average farm debt changed for individual farmers since 1991?

__________________________________________________________________________________________

6. How many farmers need or choose to find supplemental (or other) sources of income?

__________________________________________________________________________________________

Follow up questions to be answered as a class:

1. We know that the agri-food sector is one of Canada’s top five industries that generated about $95 billion in domestic retail and food

service sales in 1997, but it doesn’t appear that farmers are making large profits. Where is the majority of profit made in the agri-food

supply chain?

__________________________________________________________________________________________

__________________________________________________________________________________________

2. How has the farming section of the agri-food supply chain responded to these small profit margins (profit margin refers to the 

amount of profit per unit of a product)?

__________________________________________________________________________________________

__________________________________________________________________________________________

Sources

Martz, D and W. Moellenbeck.  2000.  The Family Farm in Question: Compare the Share Revisited.  Centre for Rural Studies and Enrichment, St. Peter’s College, Muenster, Saskatchewan.
www.stpeters.sk.ca/crse/

Statistics Canada.  1996.  Census 1996: Census on Agriculture. http://www.statcan.ca/english/censusag/agri.htm
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1.  How has the number of farms changed over since
1986? 

number of farms decreasing with time 

2. How has the average gross farm income changed
since 1991?

on average farmers are making more money with time

3. How has the average operating expenses changed
for individual farmers since 1991?

farming operating expenses increasing with time

4. How has the average capital value changed for 
individual farmers since 1991?

capital costs increasing with time

5. How has the average farm debt changed for 
individual farmers since 1991?

on average debt increasing with time

6. How many farmers are able to support themselves
entirely by working on their farms and how many
need or choose to find supplemental (or other)
sources of income?

about 70% of farmers can afford to farm full time & 30%
need to supplement  their income

Overall Trend to discuss with class:
The overall trend is that over time farmers are making more
money but their expenses and capital costs are increasing as
well resulting in increased debt overall. Small profits force some
farmers to take off farm jobs and those who can’t remain com-
petitive go out of business (fewer farms). The high capital costs
also make it difficult for new farmers to enter the business 
initially.

Follow up questions to be answered as a class:

1. We know that the agri-food sector is one of
Canada’s top five industries that generated about
$95 billion in domestic retail and food service sales
in 1997, but it doesn’t appear that farmers are 
making large profits. Where is the majority of profit
made in the agri-food supply chain

Show the class the Agri-food Facts & Figures Overhead to
illustrated the profit difference between the retailers and the
farmers that result in small profit margins for farmers

2. How has the farming section of the agri-food supply
chain responded to these small profit margins?

• larger farms producing more product in order in increase
overall profits (these farms are taking advantage of
economies of scale in order to remain competitive)

• more money invested in capital costs (i.e. machinery) for
higher production and efficiency

• other farmers develop ways to differentiate themselves in the
marketplace by creating speciality products  
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AGRI-FOOD FACTS & FIGURES ACTIVITY OVERHEAD
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Module 5: Genetic Engineering Applications

What major agricultural crops are genetically engineered?

Globally, the area of GE crops has reached 58.7 M hectares in 2002 with 4 countries growing 99%: 

U.S. 39 M hectares (66%) Canada 3.5 M hectares (6%)
Argentina 13.5 M hectares (23%) China 2.1 M hectares (4%)

The following chart outlines the adoption rate (GE crops as a percent of the total crop grown) for the major crops grown worldwide, in
Canada and in Ontario during 2002:

GE Crop 2002 Production Worldwide 2002 Production in Canada 2002 Production in Ontario

Soybeans 62% 45% 45%

Corn 21% 60% 45-50%

Canola 5% 85% 90%

Cotton 12% not grown in Canada not grown in Ontario

Are these the only GE products on the market? What are the other products and why were they genetically engineered? The majority of
agricultural products were genetically engineered to provide resistance against the 3 most limiting factors for plant growth: insects, disease, and
weeds. While this resource deals mostly with agricultural products, a few medical and general food applications are included as well. This is not
a complete list, but it gives you an idea of what types of products have been developed and reasons why they have been developed. 

While many of these crops are sold as individual products, many are also used in processed foods. This means that about 70% of processed food
may contain GE crops. The word may is used because, in Canada, GE and non-GE crops are not kept separate throughout the food processing
chain because current regulations see them as being equivalent nutritionally and in terms of health safety.

Summary Chart Activity

In groups of 3, read the following pages describing a variety of genetic engineering applications. As you’re reading, use the chart at the end of
the module to summarize all the different types of applications. There is a lot of reading to do for this activity, but to make it easier, split the
readings into 3 parts so each person has less to read on their own. Once everyone is done reading, share what you learned with the other people
in your group. 

Person 1: Insect Resistance and Disease Resistance
Person 2: Herbicide Resistance, Stress Tolerance, and Food Quality and Processing Applications
Person 3: Animal Applications, Medical Applications, and Environmental Science Applications

Insect Resistance

The most common type of insect resist varieties are Bt varieties including Bt cotton, Bt corn and Bt potatoes. Bt stands for Bacillus thuringiensis,
a common soil bacterium first identified in 1911. Each strain of this bacterium produce a different type of insecticidal protein in the form of
crystals (“Cry proteins”) to control a specific insect (more than 100 Cry proteins exist). In 1961, before genetic engineering, Bt was registered as
an insecticide and it’s still used today as an organic pesticide. However, the Bt insecticide had some drawbacks: it was expensive; had to be directly
eaten by the insects to work; broke down in sunlight and easily washed away in the rain. 

Once genetic engineering was developed, genes expressing these toxic proteins in specific Bt bacteria were isolated and transferred into corn,
cotton and potatoes. The production of these Bt proteins in the plant itself corrected many of the problems associated with Bt-derived insecticides. 
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As the insect larvae feed, their own digestive enzymes activate the toxic form of the Bt protein (insects have an alkaline environment in their
gut). The toxin binds to specific receptors on the lining of the larvae’s gut to rupture the cells. Within hours, the larvae stop feeding and they die
within 24-48 hours. For animals and humans, the Bt protein is not activated because their acidic stomach environment; it’s digested like many
other protein.

But how does this technology change farm practices? These Bt crops are now protected from the inside-out rather than the outside-in. The plant
itself produces the insecticide to protect itself. While conventional and GE methods basically do the same thing in terms of insect control, using
GE varieties allows season-long control while reducing or eliminating insecticides sprayed on the crops.   

Bt Corn

For corn, the European Corn Borer (ECB), Ostrinia nubilalis, is the most destructive pest in North America and was first reported in Ontario in
1920. Most areas of Canada have ECBs that undergo a single generation per year, whereas southwestern Ontario and southern Quebec have ECBs
that undergo two generations per year. 

Egg mass on a leaf Larva Pupa Adult moth

Even though ECB has 4 life stages (egg, larva, pupa, and adult), ECB larvae cause corn damage. The cycle begins each year with full-grown
larvae over-wintering in cornfields. Then, these larvae transform into pupas and moths before emerging from the corn stalk. For areas with one
generation, adult moths emerge from mid June to August. In the two generation areas, the first generation moths emerge around June with the
second generation of moths emerging around August. But what does this ECB damage look like? The first signs of corn damage by larvae are
small, circular feeding areas on the underside of leaves. Then, the larvae tunnel (by eating their way through) into the stalk to pupate on the
leaves or tassel. This interferes with the movement of nutrients and water to the stalk and leaves and increasing chances for disease. The net
result of this damage is over $25-30 million in Canada and over $1 billion in North America annually. 

Tunneling done by ECB larvae allows easy entry of molds (fungi) into corn plants, such as Fusarium, a mold that produces mycotoxins (toxins
produced by molds). Currently, there is no direct evidence that Fusarium mycotoxins cause adverse health effects in humans. However,
considerable information exists on the adverse health effects of mycotoxins on animals meaning there is reason for some concern. Some Bt corn
varieties have been found to be less susceptible to Fusarium infection and contain lower levels of mycotoxins than non-Bt varieties due to the
control of ECB larvae; therefore, protection against Fusarium has become a secondary benefit of Bt corn.

Since 1996, Bt corn varieties have been available to Canadian farmers. While Bt corn varieties can give effective control of ECB, some important
lessons have also been learned:

Bt Hybrids Do Not Guarantee Highest Yield

Some high performance corn hybrid varieties perform as well as the Bt varieties, especially under low to moderate ECB populations. This
is because these hybrids are selected over the years for their tolerance to some ECB infestation. Yield can be affected by many variables
other than the ECB including environmental (light, drought, heat, cold, flooding, etc) and agronomic factors (plant populations, fertilization,
weeds, etc.). Bt corn doesn’t always increase yields, but it helps optimize performance through improved plant health and ensuring that ECB
damage is minimal.

European Corn Borer (ECB) Life Cycle
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Bt Potatoes

Bt potatoes, first marketed in 1996, help control the Colorado potato beetle and its larvae. However,
these potatoes never acheived a large share of the market, partly because several fast-food chains and
chip-makers would not accept them due to public concerns about the technology. Monsanto, the
variety’s developer, announced in the spring of 2001 that Bt potatoes would be discontinued so that
the company could focus on more profitable products. If consumer demand for this product rises, it
may become available again for farmers to grow.

Bt Cotton

Cotton is an important crop, but insects like the cotton bollworm threaten yields each year.
Roughly 40% of the insecticides used in the U.S. are used on cotton, but it’s estimated that the
introduction of Bt cotton in 1995 reduced the application of those insecticides by about 20%.
However, Bt varieties are ineffective in controlling other major cotton insects such as boll weevils
and aphids meaning farmers still need to apply insecticides to control these pests.

Chart Summary of First Insect Resistant Varieties to be Approved for Use in Canada:

Product Novel Company Approval Date for Release Food Safety 
Name Trait(s) Name into Environment Approval

Corn ECB resistance/ CIBA Seeds/Mycogen Jan. 1996 Dec. 1995

herbicide resistance

Corn ECB resistance Monsanto Canada Jan. 1997 Feb. 1997

Cottonseed worm resistance Monsanto Canada not grown in Canada Apr. 1996 

Potato Potato Beetle resistance Monsanto Canada Dec. 1995 Sept. 1995

Potato Potato Beetle resistance/ Monsanto Canada Apr. 1996 May 1996

Potato virus Y resistance

Potato Potato Beetle resistance/ Monsanto Canada Apr. 1999 May 1999

Leafroll virus resistance

Hybrid Selection Is Crucial

Most non-Bt hybrids offer good performance and natural ECB resistance. No single gene makes an average corn variety a great success.
The Bt protein gene is only one of several thousand genes making up a corn plant so farmers need to focus on the total genetic package
needed on their farm. Since ECB populations fluctuate it is best to select varieties based on performance over several years and use Bt corn
in high risk fields. Also, there are several other insects, such as corn leaf aphids, grasshoppers, and various other types of worms, that
need to be controlled using other pest control methods.

Colorado Potato Beetle

Cotton Boltworm
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Disease Resistance

Fungal Resistance
Fungal diseases damage plants by causing wilting, mold, scabs and rotted tissue. Defensins are nat-
urally occurring antimicrobial proteins that enhance a plant’s resistance to fungal infections (also
found throughout nature). The first GE application of defensins was the incorporation of alfalfa
defensins into potatoes. Testing shows that GE potatoes are as resistant to the fungal pathogen
Verticillium dahliae as non-GE potatoes treated with a fungicide. Other research has also focused
on other diseases such as potato blight, the fungal disease causing the potato famine in Ireland in
the 1840s.

Bacterial Resistance

Most bacteria living on plants are not harmful; some are beneficial while others cause disease. Most food crops are susceptible to bacterial
diseases causing leaf and fruit spots, rotting, yellowing or wilting. There is a bacterial disease that affects Californian tomatoes called bacterial
speck disease. Research has focused on making this tomato resistant to the bacteria causing this disease. Once a natural resistance gene was
identified, a GE tomato variety was developed so that all tomatoes would express this rare gene.

Viral Resistance

There are few sources of natural resistance to viruses for plant breeders to use;
however, GE offers some new solutions. One way of protecting plants through
GE makes use of a coat protein gene from the virus. With this approach, a
single gene from the virus itself is transferred into the plant genome
preventing the virus from making copies of itself and causing disease
symptoms (this gives the plant immunity). This strategy was used to protect
papaya from Ringspot virus that nearly stopped the production of papayas in
parts of Hawaii. The coat protein strategy is specific for a particular virus, but
different strategies are being developed to broaden the range of protection to a
wider spectrum of viruses, not just specific ones.

Chart Summary of First Disease Resistant Varieties Approved for Use in Canada:

Product Novel Company Approval Date for Food Safety
Name Trait(s) Name Release into Environment Approval

Potato Potato Virus Y Resistance Monsanto Canada April 1999 May 1999

Squash Virus resistance Seminis Vegetable Inc. not grown in Canada Apr. 1998

Herbicide Resistance 

Grasses and broadleaf weeds compete with crops for essential soil nutrients and moisture resulting in lower yields. In response, many farmers
used herbicides to control them. The other main option is mechanically tilling the soil to physically remove weeds, but this can lead to soil
erosion problems. Many herbicides kill weeds by blocking a metabolic pathway (a series of chemical reactions) needed for plant survival.
Herbicide-resistant plants can bypass this blocked portion of the metabolic pathway so the plant can keep getting energy. This ability comes from
genes producing certain enzymes that provide a different chemical route around the blocked portion. This is how Roundup™ Ready varieties
work. These varieties can tolerate glyphosate, the active ingredient in the herbicide Round Up™. Glyphosate blocks a section of the metabolic
pathway; however, there is a soil bacteria with a gene that resists glyphosate. This gene was then inserted into specific crops, like soybeans for
example, so they can produce the enzyme needed to bypass the blocked portion of the metabolic pathway. With this new gene, crops are not
affected by Roundup™ or any other glyphosate herbicide even though weeds in the field are killed. 

Right: Fungal resistant variety

Left: viral resistant variety
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Glyphosate degrades rapidly upon contact with the soil meaning it reduces the possibility of watershed pollution or toxicity to non-target
plants and animals. This means that proper use of glyphosate is highly effective for weed control without having to use older, more toxic types
of herbicides. Overall, glyphosate is one of the most environmentally friendly herbicides available.

While Roundup™ ready soybeans are the most widely used example of herbicide tolerant plants, others also exist (i.e. corn, cotton, rice,
sugar beets, and canola).

Chart Summary of First Herbicide Resistant Varieties Approved for Use in Canada:

Product Novel Company Approval Date for Release Food Safety
Name Trait(s) Name into Environment Approval

Canola Glufosinate ammonium AgrEvo Canada Mar. 1995; 2nd Feb. 1995; 2nd 
resistance variety May 1996 variety Feb. 1997

Canola Glyphosate resistance Monsanto Canada Mar. 1995;  2nd Nov. 1994; 2nd
variety Mar. 1996 variety Sept. 1997

Canola Imidazolinone resistance Pioneer Hi-bred Apr. 1995; 2nd Apr. 1995; 2nd
International variety Feb. 1996 variety May 1994

Corn Sethoxydim resistance BASF May 1996 Feb. 1997

Cottonseed Glyphosate resistance Monsanto Canada not grown in Canada Dec. 1996

Cottonseed Bromoxynil resistance Calgene not grown in Canada Aug. 1996

Flax Sulfonylurea resistance University of Saskatchewan May 1996 Feb. 1998

Soybeans Glyphosate resistance Monsanto Canada Nov. 1995 Apr. 1996

Soybeans Glufosinate ammonium AgrEvoCanada Apr. 1999 Nov. 2000
resistance

Sugarbeet Glufosinate resistance Aventis CropScience Jan. 2001 Nov. 2000

Wheat Imidazolinone resistance Cyanamid Crop Protection Mar. 1998 Nov. 1999

Cold Tolerance

Cold tolerance involves a family of genes, rather than one single gene to enhance freezing tolerance. Over-expression of these genes in
Arabidopsis - small plants of the mustard family that are commonly used to study plant genetics - increases freezing tolerance and leads to
higher levels of total soluble sugars, substances that protect against cold. 

Researchers at the University of Guelph have developed a method for introducing cold-tolerance genes into wine grapes. When exposed to cold
temperatures, plants naturally produce free radicals, compounds that attack plant cells and cause decay. But an enzyme, superoxide dismutase,
detoxifies these free radicals meaning damage caused by cold temperatures is decreased. As a result, researchers transferred a gene for superoxide
dismutase, from a wild cousin of broccoli, to produce cold-tolerant grapes. Now these grape varieties are able to withstand temperatures below -
25°C allowing the Ontario wine industry to increase its grape yields within the Niagara region and even extend into other colder regions. Not
only would cold tolerance allow the expansion of the industry, but would also prevent economic losses already happening because of winter
temperatures.  Currently, these grapes are being field tested for 5 winters (from 1997 to 2002) to evaluate their cold tolerance. 
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Food Quality and Processing

Delayed Ripening Tomatoes

Consumers commonly ranked tomatoes as the number-one produce
item they were unhappy with. Because of this dissatisfaction, several
companies developed a technology that would enhance taste and lead
to longer shelf life. The result was antisense delayed-ripening
tomatoes (antisense refers to the fact that the gene was reversed
instead of being transferred from another organism). These tomatoes
ripened on the vine to enhance taste and color (ordinarily tomatoes
are picked green and later exposed to ethylene, a natural ripening
agent). All tomatoes ripen because of an enzyme, PG or
polygalacturonase, which breaks down the physical structure of
tomatoes so they become soft and eventually begin rotting. However,
reversing the gene for PG in these GE tomatoes meant less of the PG
enzyme was produced.

It was on May 18, 1994 that the U.S. Food and Drug Administration (FDA) approved the delayed ripening tomato with Canada giving its Food
Safety Approval in Feb. 1995. This was the first time the FDA approved a whole GE food. Flavr Savr™ was the brand name given to the first of
these delayed ripening tomato varieties on the market, and therefore, is the most well known. It was marketing by Calgene, an American
company.

The FlavrSavr™ tomato was openly marketed as a GE variety that cost more because of its improved flavour, but it had unexpected quality
control problems. The resulting tomatoes sometimes fell below the marketing standards set for the FlavrSavr™ label. As a result, they were
available sporadically for several years, but eventually production was discontinued. By March of 1997, there were no more FlavrSavr™
tomatoes, less than three years after their introduction.

During roughly the same time period, Zeneca Seeds (from Britain) also developed a delayed
ripening tomato using very similar techniques. Calgene, and Zeneca worked out a
compromise in 1994 so Calgene was given the worldwide rights to sell fresh-market types of
the new tomato, while Zeneca focused on processing tomato applications (i.e. tomato paste).
Although the tomatoes were grown in California, Zeneca contracted the Safeway and
Sainsbury grocery chains in Britain to sell the world’s first GE tomato paste. The product was
clearly labeled as “GE” and was less expensive than cans of regular varieties (delayed-
ripening made processing cheaper). The product was very popular for several years (about
60% of the canned tomato market in 1999), but was pulled from British shelves by March
1999 following the increasing unpopularity of GE foods.   

Chymosin and Cheese Making 

To make cheese, an enzyme solution called rennet is added to milk. Rennet, made from the lining of a calf’s stomach, contains a specific enzyme
named chymosin. Chymosin causes particles of milk protein to clump together into a solid gel. When the gel is cut, a liquid containing some
protein and the milk sugar, lactose, drains out (whey). The remaining solid part containing nutritious elements, such as milk protein and
calcium, is called curd — this is what is used to make the cheese. To keep up with the demand for cheese, several substitutes for calf rennet
(from other animals and fungi) have been developed over the past 30 years. However, genetic engineering offers another option — bacteria
engineered to produce the chymosin enzyme. These bacteria can be grown on an industrial scale and the chymosin isolated later on. Chy-
Max™, the first of these GE bacteria, created the first food product made from genetic engineering in the world back in 1990.

need photo

Myth: There are Fish Genes in Tomatoes

It’s a myth that fish genes have been inserted into tomatoes
and are on store shelves. GE tomatoes with fish genes have
never been available for purchase in Canada or anywhere else.
In the early 1990s researchers at DNA Plant Technology Corp.
(Oakland, CA), found a flounder gene sequence that coded for
an antifreeze protein - a substance to protect fish in cold
temperatures by stopping ice crystals from forming in fish
blood. It was hoped that GE tomatoes containing this protein
would have better freezing quality ˆ that they could be frozen
and thawed without getting mushy. But the experiments were
stopped because they simply didn’t work. The antifreeze
protein was present in the tomato, but it didn’t improve the
texture of the tomato after freezing meaning no cold tolerant
variety was ever released.
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Nutritional Content 

In recent years, genetic applications to alter product quality characteristics aimed at increasing nutrition (increased vitamin E, protein and
iron), modifying allergens and improving various functional attributes (increased lycopene antioxidant in tomatoes in order to reduce cancer
risks). Scientists have added or modified nutrients in various crops, and created several nutritionally enhanced products although few have
reached store shelves yet. The following are 2 of the most prominent examples:

Chart Summary of First Improved Food Quality & Processing Varieties Approved for Use in Canada:

Product Novel Company Approval Date for Food Safety
Name Trait(s) Name Release into Environment Approval

Canola higher quantities of Calgene Feb. 1996 Apr. 1999
laurate & myristate

Canola
high oleic/low Pioneer Hi-bred not necessary Aug. 1996
linolenic acid International (same as regular canola)

Chymosin enzyme (cheese) Pfizer Inc. 1990 1990

Soybeans high oleic acid Optimum Quality Grains Feb. 2000 Oct. 2000

Tomato Delayed ripening Calgene not grown in Canada Feb. 1995

Animal Applications

Enviropigs™

University of Guelph researchers have developed GE pigs that digest plant phosphorus (mineral) more efficiently. There are 2 types of phosphorus
in plants: indigestible phytate phosphorus and ordinary phosphorus that is easily digested. Regular pigs are unable to digest phytate phosphorus
in their diets; therefore, extra phosphorus is added to their diets to meet their growth requirements.  However, Enviropigs™ are able to digest the
ordinarily indigestible phytate phosphorus because they produce more phytase enzyme in their saliva than ordinary pigs. There is no need to
add phosphorus to their diets meaning the phosphorus content of the manure is reduced by about 75%. 

Golden Rice

Vitamin A deficiency is responsible for 500,000 cases of
irreversible blindness and 1-2 million deaths annually
worldwide. However, “Golden Rice” has been genetically
engineered to contain increased iron and beta-carotene
(the precursor of vitamin A). It has been seen as one
potential solution to this problem, but other solutions,
such as improving local diets with more fruit, vegetable,
and meats or the use of vitamin A pills also exist. Golden
rice, developed by public and private industry scientists
in Europe, made its way to the International Rice
Research Institute (IRRI) in the Philippines in January
2001. IRRI scientists will try to incorporate this new trait
into local varieties, but it will be several years before
farmers in developing countries will be able to grow it.

Healthier Fats

In an attempt to create healthier fats, researchers have
modified the fatty acid composition of canola and soy-
beans.

They have produced oils from soybeans and canola with
reduced or zero levels of saturated fats (i.e. making oils
with healthier, unsaturated fatty acids) 
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Why is this ability to digest phytate phosphorus so important? Manure is a natural
fertilizer used to grow crops, but pig manure contains a higher concentration of
phosphorus than is suitable. This is because indigestible phytate phosphorus passes
through the digestive system and concentrates in manure causing a potential for
water contamination. If field runoff water with high phosphorus drains into
waterways, plant and algae growth occurs. When algae growth becomes excessive,
it uses up too much oxygen leading to death of aquatics. 

Currently, there are other strategies to digest more of the phytate phosphorus. For
example, animal feed manufacturers decrease added phosphorus while
simultaneously increasing a fungal enzyme called phytase in pig diets. Phytase
digests phytate phosphorus so the net effect is improved phosphorus absorption by
20 to 40%. Another strategy involves creating phytate-reduced crops, such as corn
containing 65% less phytate. 

But how were these pigs engineered in the first place? A transgene was constructed
by linking a gene promoter (on/off switch) from a mouse to a phytase gene from
a non-pathogenic strain of Escherichia coli (E. coli, a common intestinal
bacterium). This transgene was introduced into pig embryos, which were then
implanted into sows. The offspring were tested for the presence of the gene with
DNA analysis and by testing their saliva for phytase. This phytase breaks down
phytate phosphorus in the same way as fungal phytase (added to their diets) except that it’s produced in larger quantities in the pig’s saliva. It
will be 3-5 years before Enviropigs™ reach supermarket shelves because they still need to go through testing to meet government regulation
requirements.

Fish

Most GE fish and other aquatics has focused on enhanced growth, disease resistance, cold tolerance and sterility (to control their
unintentional release into the environment). 

Reasons for interest in the Enviropig™:

(i) They excrete as much as 75% less
phosphorus in the manure as
compared to non-GE pigs (fed an
ordinary diet without added
phosphorus or phytase)

(ii) They digest practically all of the
phosphorus present in their diets and
do not require added phosphorus for
growth. They do not require added
fungal phytase either.

(iii) They utilize dietary trace minerals,
proteins and starch more efficiently
because of the nearly complete
digestion of the phytate phosphorus.

Growth Enhancement

In News Brunswick, an American company is
growing GE Atlantic salmon, with growth-
enhancing genes from Pacific Chinook salmon.
These fish grow to market size in 18 months, twice
as fast as regular salmon. Aqua Bounty Farms has
applied to U.S. regulators for permission to market
these salmon, and if approved, they would be the
first GE animals approved in the U.S. and the world
for human consumption.

Disease Resistance

The most urgent concern in fish farming is the control of disease and parasites. Fish
grown on farms are raised in higher densities than wild fish meaning they are
generally more susceptible to infection (i.e. it’s the same as 1 person in your class
getting sick and then everyone else getting sick). Because a disease outbreak can
cause large economic loss, improving disease control and resistance becomes a high
priority for the industry. For example, enteric septicemia in catfish is caused by a
bacterium and can be fatal within a few days of exposure. Researchers have not been
able to find natural resistance or develop any sort of treatment. However, genetic
engineering techniques allow researchers to look beyond fish DNA for 
resistance genes.

Sterility

There is interest in creating sterility in GE fish as a
way to control the environmental impact of a
potential release into the wild. A more “traditional”
method involves producing sterile fish by giving
them more than the usual number of
chromosomes. This approach, however, does not
guarantee complete sterility and cannot be applied
to all species of fish.

Cold Tolerance

GE fish containing an anti-freeze gene from other fish have shown enhanced ability
to withstand cold, but have not become freeze-tolerant. Engineering salmon to
tolerant sub-freezing temperatures, for example, would extend the geographic range
where caged salmon could be farmed (i.e. fish raised in captivity, not in the wild).

Also, small increases in cold tolerance of farmed fish offer advantages where
occasional cold weather can cause massive fish kills.
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Cloning

How does cloning differ from regular reproduction? Ordinarily, a female oocyte (egg) is fer-
tilized by a sperm cell to create a zygote. Then, cells undergoes division and begin differen-
tiating as cells specialize into a certain type of cell (i.e. nerve cell, blood cell, etc.) to become
an embryo that eventually becomes the new animal. While identical twins are just like
clones (exact same DNA), clones are made from differentiated adult cells instead of a sim-
ple division of the same egg. 

It wasn’t until 1997 that a group of Scottish scientists at the Roslin Institute (lead by Dr. Ian
Wilmut) successfully cloned the world’s first mammal after 276 attempts. They removed the
nucleus from an oocyte of a Scottish Blackface sheep to replace it with a nucleus from a
Finn Dorset sheep mammary cell (from the udder). The researchers used a tiny pulse of
electricity to cause the new nucleus to fuse with the enucleated oocyte’s cytoplasm. This
electricity also helped “kick start” the cells into activity so they were more likely to divide.
The new cell was then transferred into the reproductive track of a surrogate mother. After a
normal 5-month pregnancy, Dolly was born. Although cloning is possible, it is extremely
expensive, has a low success rate, and its applications are likely to be limited to highly spe-
cialized functions. Ethical issues aside, it is still not clear if cloned animals are as healthy
as naturally conceived animals. Evidence is mixed; some cloned cows have clean bills of
health, some clones are obese, some cloned mice have shortened life spans, and Dolly suf-
fers from premature arthritis. 

Once these techniques are perfected, many applications of this technology are possible. For example, cloning could help rescue endangered
species, especially when natural breeding is difficult because only a few older animals still remain. Since the cloning of Dolly researchers have
explored the possibilities of creating “elite” animals to be raised commercially on farms. While it will be several years before this happens,
researchers have begun research looking at how to clone genetically superior livestock more efficiently so more farmers can raise them. 

Medical Applications

Using Plants to Produce Pharmaceuticals

Modern medicine is continually trying to produce more effective and affordable pharmaceuticals (medications) to prevent or treat disease
including edible vaccines and therapeutic proteins. To date, there are no commercial plant-produced pharmaceuticals, but 3 vaccines and 2
therapeutic proteins are in clinical trials, and many others are in various stages of research. 

GE edible vaccines offer advantages over traditional vaccines (weakened form of disease-causing organism) by eliminating the need for
purification and the hazards associated with injection. Research has shown that GE plants (corn, spinach, tobacco, tomato, soybean, cowpea,
potato, and bananas) can express the proteins (antigens) needed to develop immunity to such diseases as rabies, colon cancer, pulmonary
infections, cholera, hepatitis B, and tooth decay. Emphasis is given to foods that are well liked, consumed raw and have a long shelf life. The
first human clinical trial of a plant-derived edible vaccine was in 1998 involving GE potatoes. This study was crucial for demonstrating that
edible vaccines could survive digestion and build immunity.

Xenotransplantation

Xenotransplantation refers to the production of tissue and organs in animals for use in humans. Current research is focusing on pigs
because of their many biological similarities to humans. The first thing that needed to be learned was how to clone pigs, which was successful-
ly done in March 2000 for the first time. 

The next major challenge was creating pig tissues without 1-galactosyl transferase, a protein in pigs linked to tissue rejection. Being able to stop
the expression of this protein in pigs could enhance the compatibility of pig tissue for human transplantation. A group of American researchers
(in February 2002) and a group of Scottish researchers (in March 2002) recently announced this major accomplishment. All of the GE pigs
developed by both these groups appear to be healthy and suffer from only minor abnormalities. Next stage for both these groups is making sure
the expression of this trait is stable in the next several generations.

Human Genome Project and Therapeutic Human Cloning

After only 11 years, the International Human Genome Project achieved its goal of mapping the entire human genome in 2001 so research can
be done into finding treatments to genetic diseases. We only understand what certain sections of our genome because of research into genetic
diseases where specific DNA sections were studied and sequenced. It’s like picking up a novel written in another language; you can understand
a few words here and there, but overall, you don’t know what the whole story says or what it means. 



51

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Therapeutic cloning aims to use the genetic material from patients’ own cells to generate, for example, pancreatic cells to treat diabetes or
nerve cells to repair damaged spinal cords. This is different from reproductive cloning, which aims to implant a cloned embryo into a woman’s
uterus leading to the birth of a cloned baby. To achieve therapeutic cloning, researchers first need to be able to clone human tissue and then be
able to make a mass of undifferentiated cells (stem cells) that become certain organs or tissues to use for transplanting or therapy. 

Dolly was the first mammal to be cloned in 1997, but it wasn’t until October 2001 that the first human embryo was cloned. While researchers
have cloned a human embryo, they still have not been able to grow embryos to the stage where stem cells can be differentiated into specific
organs and tissues. Once researchers learn how to grow embryos to the stem cell stage, they still need to figure out how to actually differentiate
stem cells into specific tissue and nerve cells. All this type of research is very much in the developmental stage.

Environmental Science Applications

Biopolymers and Plastic

Petroleum-based chemicals are currently used in the manufacture of today’s polymers and plastics. Scientists and researchers have been working
to develop more renewable sources for these compounds that have less impact on the environment; corn offers one solution. In 1992, scientists
isolated the genes necessary for plastic production, transferred them into Arabidopsis (used as a model plant), and produced the first plant-
synthesized plastic. 

The technology was further adapted in corn so that the product would be expressed only in the leaves and stalk, leaving the ears free for food or
feed. Scientists had trouble refining the technology to make production feasible, partially because plastic production occurred best in the
chloroplast (site of photosynthesis), which inhibited photosynthesis causing reduced plant growth and yield. Subsequent purification and
processing also required costly inputs of chemicals and energy. To date, the energy cost of producing plastic in corn exceeds that of fossil fuel-
based production by 300 times. As a result, Monsanto, the commercial developer of this technology, stopped developing plant-based plastic.
However, bacteria have been engineered to produce polymers closely resembling natural fibers, such as silk. Once the technology is perfected,
scientists may try to introduce these types of traits into plants once again.

Environmental Remediation (Bioremediation)

Certain plant species have the ability to absorb or detoxify metals and hazardous substances. Metals such as copper, aluminum, nickel, and zinc
are essential in small amounts in the human diet and to maintain health in plants, but in high concentrations, are toxic. At least 45 plant
families are known to accumulate metals in large amounts that offer the possibility of cleaning up soils with high levels of contaminants.
Through genetic engineering, researchers are attempting to optimize plants’ abilities to absorb contaminants. GE trees have been developed that
can be successfully grown in regions of heavy metal contamination. The roots absorb and incorporate heavy metals, yet the trees remain healthy.

GE bacteria are also used for bioremediation. Oil and gas are important chemicals in our society, and when they are properly stored, pose little
threat to our environment. But occasionally, because of an accident or as a result of negligence, they pollute our environment. However, certain
strains of bacteria have been genetically engineered to break down oil, gas or other harmful chemicals. These strains naturally digest these
chemicals, but they can be made more efficient with genetic engineering technology. Older ways of cleaning up oil spills are costly and not quite
as effective in removing contaminants as these bacteria are.
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GENETIC ENGINEERING APPLICATIONS STUDENT SUMMARY CHART

Product
Category

Product or 
Product type 
(any examples?)

Cdn Status (first approval
date or research stage)

Why (and how) was the product
genetically engineered ?

Insect 
Resistance

Bt Potatoes

Bt Cotton

Bt Corn

Disease
Resistance

Fungal Resistance

Bacterial
Resistance

Viral Resistance



53

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Herbicide
Resistance

Roundup™ Ready
Varieties

Grapes

Fish

Food Quality &
Processing

Chymosin

Delayed-Ripening
Tomatoes

Nutrient Content

1. Golden Rice

2. Healthier Fats

Cold Tolerance
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Animal
Applications

Enviropigs™

Fish

1. Growth-Enhancing

2. Cold Tolerance

3. Disease Resistance

4. Sterility

Cloning
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Medical
Applications

Bioremediation

Edible Vaccines

Xenotransplantation

Human Genome
Project

Therapeutic
Human Cloning

Environmental
Science
Applications

Biopolymers &
Plastic
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Product
Category

Product or Product
type (any examples?)

Bt Cotton 1995

GENETIC ENGINEERING APPLICATIONS TEACHER ANSWERS

Cdn Status (first
approval date or stage
of research)

Why (and how) was the product genetically
engineered?

Insect Resistance Bt Potatoes Sept. 1995 insertion of Bt gene in order to resist Colorado
Potato Beetle

insertion of Bt gene in order to resist cotton
Boll Weevils (plus other insects)

Bt Corn Dec. 1995 insertion of Bt gene in order to resist European
Corn Borer

Fungal Resistance still in development main area of research focusing on defensins, a
family of naturally occurring antimicrobials
proteins

Disease 
Resistance

Bacterial Resistance still in development resistance to bacterial disease i.e. bacterial speck
(looking for natural resistance gene)

Viral Resistance April 1998 (virus resist-
ance in squash); May
1999 (Potato Virus Y
Resistance)

resistance to viral diseases (use of ‘coat
protein’ gene from virus itself)

Roundup™ Ready
Varieties

Feb. 1995 (canola)
Feb. 1997 (corn)
Dec. 1996 (cottonseed)
May 1996 (Flax)

crop resistance to specific herbicides (i.e.
Roundup); these are weaker herbicides than
previous herbicides

Grapes field trials inducing expression of cold-regulated genes to
produce higher levels of total soluble sugars

Herbicide
Resistance

Cold Tolerance

Tomatoes research stopped flounder gene inserted in tomatoes so they could
be frozen and thawed without getting mushy -
expt didn’t work; didn’t improve texture

Food Quality &
Processing

Chymosin 1990 bacteria engineered to produce calf stomach
enzyme (chymosin) to make cheese 

Delayed-Ripening
Tomatoes

Feb. 1995 tomatoes engineered to ripen slowly (antisense
or reversed gene); works by reducing PG
enzyme that ordinarily break down the physical
structure of tomatoes

Nutrient Content
1.  Golden Rice

2. Healthier Fats

development stage higher vitamin A levels;

development stage redesigning fat composition i.e. lower saturated
fats, higher unsaturated fats
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Animal
Applications

Enviropigs™

development stage

development/safety
testing stage

GE pigs that produce additional phytase enzyme
in saliva; makes more use of phosphorus in diet
so less phosphorus in manure

Fish
1. Growth-Enhancing

2. Cold Tolerance

3. Disease Resistance

4. Sterility

development/safety
testing stage 

Atlantic salmon with growth-enhancing genes
from Pacific Chinook salmon

fish with the ability to withstand cold tempera-
tures (genes from other cold tolerant fish)

development stage looking for natural resistance in fish & other
species

Cloning development stage
(Dolly the Sheep in
1997)

process still needs to be perfected; eventually
can create multiple clones of superior animals
to be grown by farmers

Edible Vaccines development stage production of vaccines in plant tissues (can be
produced cheaper than traditional methods)

Xenotransplantation development stage production of organs & tissue in animals
for human use

Human Genome
Project

sequencing completed
2001 (understanding of
genetic code still need-
ed)

trying to understand human genome in order
to find treatments/cures for genetic diseases

Therapeutic Human
Cloning

early development
stage

aim is to use patient’s own genetic material to
generate organs & tissues to cure disease (still
need to learn how to clone humans & make
stem cells) 

Biopolymers &
Plastic

development stage aim is to produce renewable sources of plas-
tics; gene successfully transferred into model
plant (Arabidopsis) and corn plants, but not
cost efficient so development stopped by
Monsanto bacteria engineered to produce 
natural fibers; once perfected will be intro-
duced into plants again  

Environmental
Science
Applications

Bioremediation development stage aim is to develop plants that absorb heavy
metals or hazardous substances (some plants
naturally absorb contaminants, but GE used to
increase that ability); GE bacteria also to break
down oil, gas or other harmful chemicals

development stage making GE fish sterile in case escapes into the
wild

Medical
Applications
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Module 6: Safety of GE Products

Allergens

Some people have an abnormally high sensitivity to certain substances, called allergens
(i.e. pollen, food or micro-organisms). The 8 most common food allergens are milk,
eggs, peanuts, soybeans, fish, shellfish, tree nuts and wheat. All allergens are proteins,
but only a few of the many million proteins occurring in nature are allergens. Food
allergies cause a wide variety of symptoms and diseases, but true food allergies are rare,
only affecting 1-2 % of adult Canadians. 

GE foods are not sources of known allergens. However, the potential does exist because
genetic engineering involves transferring DNA between organism, DNA that codes for a
new protein. Developers and regulators are aware of the potential risk of transferring
DNA for allergenic proteins and have measures in place to prevent such an event. If a
gene from a known source of allergens is introduced, the new food is tested to ensure
that the allergenic protein has not been transferred as well. If a known allergen was
transferred, the product must be labeled according to Canadian regulations; however,
no GE food for sale in Canada includes a known allergen.

Current allergy testing focuses on:

➤ source of the gene (does it have any known allergens? If yes, then extra attention given)
➤ comparing the physical structure of the newly introduced protein to known allergens (if their chemical/physical structures are the same

or very similar, then strong chance that new protein is also an allergen)
➤ if the newly introduced protein causes an immune reaction (blood serum donated from allergenic people is exposed to the newly intro-

duced protein to test for an immune response) 
➤ effect of pH and/or digestion (most allergens are resistant to stomach acid and enzymes)
➤ effect of heat and food processing (food allergens that are cooked or undergo other processing before being eaten are less of a concern)

Possibility of Reducing Allergens

Although there is concern about GE foods containing new allergens, there is also the possibility of using the technology to reduce allergens.
Known allergens in food are proteins, suggesting the possibility of modifying the structure or eliminating the allergenic protein from the food.
Selective cross-breeding has identified less allergenic varieties that can become targets for further genetic engineering to reduce allergens.

Long Term Testing

Many people want to know how the government looks at long term effects of eating foods derived from genetic engineering. It’s not an easy
question to answer, but the answer lies in the human health and food safety assessments carried out by Health Canada.

Each safety assessment starts with substantial equivalence or comparing the GE variety to its comparable food (a food with a long history of safe
use); testing then focuses on any differences. For example, Bt corn was compared to regular corn. In the end, if a GE food is substantially
equivalent to its comparable food and any differences between the two have undergone testing, then the GE food is
considered just as safe as its comparable food in the long term. 

Although GE crops have only been approved in Canada since 1995, knowledge of the technology is based on thousands of experiments over the
last 25 years. Before the commercial release of GE crops, years of laboratory work and field testing were done. In Canada, over 5000 field trials
for environmental safety have been conducted over the last 15 years. Since 1987, more than 25,000 field trials have been carried out in 45
countries without any adverse environmental consequences. 

Brazil Nut Gene: An Example

There is evidence that testing, and ultimately
the regulatory system, works in Canada.This is
known because in one instance an allergen was
transferred from one crop (Brazil Nut) into
another (soybean) in a laboratory setting. The
presence was confirmed during the initial
assessment process and the company 
immediately discontinued development.

Unfortunately, this same example is highly
quoted in the media as evidence that there is the
potential for unintentionally introducing aller-
gens into GE crops. However, the regulatory
process was successful in preventing this GE
soybean, with a major allergen from Brazil nuts,
from entering the marketplace.
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Evaluation of Substantial Equivalence

In 2000, the WHO (World Health Organization) and the FAO (Food and
Agriculture of the United Nations) published a report on the safety of GE foods.
One part of this report evaluated the use of substantial equivalence in safety
testing. The report said that many criticisms of this concept related to the
mistaken idea that substantial equivalence was the end point of safety
assessments rather than the starting point. Substantial equivalence only
identifies differences between the GE food and its comparable
food so these differences can be tested.

However, the report stated that safety assessments involving substantial
equivalence do not provide assurance of absolute safety for new products because
they can only be found to be as safe as their comparable foods. Despite these
criticisms, the report concluded that currently there were no alternative
strategies that could provide better assurance of safety for genetically
engineering than substantial equivalence; however, the concept can be further
improved as more is learned about this technology.

In terms of specific concerns about long term effects, very little is known about
the potential long term effects of any foods, not just GE foods. According to the
FAO/WHO report, safety assessments already ensure that GE foods are as safe as
their comparable foods meaning the possibility of long term effects due
specifically to GE foods are highly unlikely.

Toxicological Testing

Most GE products are whole foods, but for years the difficulties of getting
worthwhile information from regular toxicology tests of whole foods has been
well known. Animal studies have a role in the safety assessment of many
compounds such as pesticides, medical drugs, industrial chemicals and food
additives. In most cases however, the amount of the test substance is known, of no
particular nutritional value and human exposure is generally low. Therefore, it’s
relatively easy to feed such compounds to animals at a range of doses (many
times larger than what people would normally be exposed to) to identify any
potential adverse health effects. In most cases, it’s possible to determine dose
levels at which adverse effects are not observed so maximum amounts for human
safety can be set.

By contrast, foods are complex mixtures of compounds varying widely in
composition and nutritional value. They can usually only be fed to animals in
much smaller amounts than might be present in the human diet because of body
size differences between humans and animals. In addition, the test substance is
only one part of animals’ balanced diet. If animals are only fed the test substance
(i.e. just Bt corn or Bt potatoes), then it’s possible that the adverse effects seen may
be due to the unbalanced diet instead of the test substance itself. As a result, very
few whole foods developed through selective cross-breeding or other methods
have been subject to any toxicological studies, yet they are generally accepted as
being safe to eat. 

The difficulties of applying regular toxicological tests to whole GE foods meant
that an alternative approach - substantial equivalence - was required for safety
assessments. This approach doesn’t establish absolute safety but determines if the
GE food is as safe as its comparable food.

Post-Market Testing

Despite the level of testing occurring before a GE is
approved, there is interest in testing these products
after they have been marketed. However, testing
methods for other approved products will not likely be
useful for testing GE foods. For example, doctors
prescribe medical drugs meaning patients take known
amounts for a certain period of time making it possible
to link adverse reactions to a specific product. The
situation with GE foods is different. Currently, GE and
conventional foods are not required to be kept separate
throughout the food production chain or labeled
differently (unless there‚s a nutritional or allergen
change). This means it would be difficult to link any
adverse effects with a specific product. While
improved detection of GE foods could make this
possible, it would be too costly and difficult to get the
necessary information. Only severe effects associated
with high intakes would likely become visible with
such an approach.

Does Eating DNA From GE Foods Change
Human DNA?

All foods contain DNA. In humans, dietary intakes of
RNA and DNA range from 0.1 to 1.0 g per day. GE
DNA represents less than 1/250,000 of the total
amount of DNA consumed. In view of this and the
digestibility of DNA, the probability of transferring
DNA from GE foods to humans or any other mam-
mal is extremely low. The technical name for this
process is horizontal gene transfer. However, it is
still  necessary to examine this possibility and its
consequences. The transfer of plant DNA into
microbial or mammalian cells under normal 
circumstances of dietary exposure would require all
of the following events to occur.

• the specific GE gene(s) would have to be sepa-
rate from he other DNA, probably as fragments

• the gene(s) would have to survive enzymes in
the plant an din the mammalian digestive tract

• the gene(s) would have to compete with regular
DNA for uptake into mammalian cells

• the recipient mammalian cells would have to be
capable of transformation and the gene(s) would
have to survive the restriction enzymes found
within the mammalian cells

• the gene(s) would have to be inserted into the
host DNA (rare event)

continued...
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Technique Concerns

Use of Antibiotic Resistance Marker Genes (ARMG)

ARMG are used in the development of GE plants and are assessed for their safety
by Health Canada on a case-by-case basis before being approved for use. They
help identify plant cells that have successfully incorporated the transgene, but
have no role beyond the laboratory. Successful transformation rates range from 1
in 1,000 to 1 in a 1,000,000 and can take some time to physically show. For
example, a gene for delayed-ripening in tomatoes only shows its effect in the
maturing fruit after many months growing the plant. It would be impractical to
grow 1,000 or 10,000 tomato plants to find only one expressing delayed ripening.
Attaching a marker gene allows scientists to identify successful transformations
early in the development stage, rather than growing 10,000 plants to find which
one has the desired trait.

However, there is concern that the use of ARMG could cause resistance to antibiotics in human medical patients thereby reducing their
effectiveness in treating illnesses. To date, no evidence suggests that ARMG from GE plants has increased human resistance to antibiotics. Reviews
conducted by various government regulatory agencies have concluded that while it’s theoretically possible, it’s quite small. Nevertheless, to
address public concerns, alternatives to ARMG have been developed resulting in less frequent use of ARMG. Alternative options include removing
the ARMG after successfully transforming a plant cell or using another kind of selectable marker gene.

Cauliflower Mosaic Virus (CaMV) 35S Promoter

When designing a transgene, a promoter (gene on/off switch) needs to be
included so the gene can actually be expressed once in the recipient organism.
Since the production of the first GE plant in 1983, the CaMV 35S promoter from
the cauliflower mosaic virus has been widely used in GE plants. It has proved to
be an useful promoter used in at least 10 crop species including canola,
carnations, corn, cotton, potatoes, rice, soybeans, squash, sugar beets and
tomatoes. 

However, there is some concern surrounding the use of this promoter in GE
crops, including the possible instability of the CaMV 35S promoter. Some
researchers feel that it might be possible for this promoter to become mobile and
insert itself in various sites of the genome meaning it could turn on genes that
could create undesirable consequences. However, it’s important to examine this
possibility in light of current scientific knowledge. 

While some research has shown that the promoter can become unstable, there is
still an ongoing debate concerning the quality of this research. Critics of this
research suggest this 35s promoter instability had more to do with the type of
transformation technique used rather than the true possibility of it becoming
unstable. Some research has shown that the 35s promoter is more stable when
transferred using the agrobacterium method than the gene gun method because
DNA is less damaged by this method. Overall, scientific information doesn’t
support the idea that using the CaMV 35S promoter in GE plants poses an
increased risk to human health.

Furthermore, CaMV is a DNA-containing plant virus that is naturally transmitted
by aphid insects to crops such as broccoli, cauliflower, cabbage and turnips. We
already consume DNA containing the 35s promoter in non-GE plants. If eating
DNA containing the 35S promoter is indeed dangerous, then there may be a
bigger risk of eating CaMV-infected plants than eating GE plant. 

Pusztai & His Potatoes

In August 1998, Dr. Arpad Pusztai of the Rowett
Research Institute in Scotland reported that after
feeding 5 rats GE potatoes for 110 days, some of the
rats showed stunted growth and impaired immune
systems.

Dr. Pusztai reported the findings, not in a peer-
reviewed scientific journal, but on the World in
Action television program. After an internal review of
the data, it was decided that the experimental design
lacked appropriate controls. For example, potatoes
contain poisonous chemicals in varying amounts
depending how they are grown meaning they must be
uniformly grown for any feeding trial to be
informative. Also, rats do not like to only eat raw
potatoes, but the rats in this study were only fed
potatoes for the 110 days.

Within 2 days, Dr. Pusztai was suspended and
subsequently forced to retire. In the U.K., there was
significant media coverage of this research with
numerous allegations. However, in February 1999 a
group of 20 international scientists released a letter
supporting the work of Dr. Pusztai stating that genetic
engineering using the CaMV 35s promoter was to
blame.

There have been numerous experiments dealing
with the possibility of transferring plant DNA to
microbes and mammalian cells during digestion.
To date, there is no evidence that intact genes from
plants can be transferred to and expressed in mam-
malian cells.

It should also be noted that the majority of known
bacteria are not naturally transformable and there is
as yet no evidence of transfer and expression of
plant genes in bacteria under natural conditions.
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Precautionary Principle

For some of our most complex problems — global warming, genetic engineering and hazardous toxins —science doesn’t have all the answers
and may never. Given this uncertainty, some people insist on caution first, science second or a “better safe than sorry” approach. Although there
is no standard definition for the Precautionary Principle, the one most often used is: when an activity raises threats of harm to human health
or the environment, precautionary measures should be taken even if some cause and effect relationships are not fully shown scientifically. 

Although it’s not a new idea, it has received media attention more recently because of its use in decision-making related to genetic engineering.
As a result, some people who believe strongly in the Precautionary Principle think governments should immediately ban the planting of GE
crops. 

Critics of the Precautionary Principle believe that its definition and goals are unclear meaning individual government use it based on how they
interpret it, not on a standard definition. Other critics believe it’s not always consistent with science. Science can never prove that item A doesn’t
cause item B because there’s always a chance that it does, but scientists just haven’t figure out how. Yet, some consumers want to be sure that
GE crops are absolutely safe, but science can only prove that they are safe based on what is known now, not what might be discovered in the
future. And still others don’t see it as the opposite of science-based decision- making; they see it as a way of guiding research scientifically while
using a cautious, more thought out approach.

Royal Society Review of Canadian Regulations

In December 1999, the Ministers of Agriculture and Agri-Food, Environment and Health announced the establishment of a Royal Society of
Canada, an expert panel to provide advice on the science needed to continue to ensure the safety of GE products. Their report, released in
February 2001, didn’t raise major concerns, but did make recommendations. Some of these recommendations were included below along with
Government responses to each of them.

Long Term Research

They recommended research to monitor the long term effects of GE organisms on human health, animal health, and the environment. The
panel emphasised that university laboratories should be involved in this research. They also recommended a review of the increasing majority
of research by private industry along with recommendations for regulations promoting independent research. 

➤ The government agreed with the benefits of conducting long term monitoring studies and research on the impact of GE organisms
including ecosystem effects research. It also recognized the need to use the knowledge of non-government scientists.

Improvements to the Regulatory System

They suggested that the environmental assessments already in place could be refined to continue to protect the environment. They also suggested
that environmental assessments should not be restricted to the plants’ impact on farmland, but should also take into account their potential
impact on other ecosystems surrounding farmland.

The panel also discussed the current debate over the Precautionary Principle in the regulation of GE foods. Many national and international
regulatory bodies (including Canada) have adopted a precautionary approach as a key principle of their regulatory systems; the panel recom-
mended continuing this. They said new technologies should not be presumed to be safe unless there was a reliable scientific basis for consider-
ing them safe. 

➤ The government fully supported a precautionary approach and decided to review its current applications of the Precautionary Principle.
It also decided to update their methods as products become more complex and as science improves.

When the panel discussed the idea of using “substantial equivalence” as a part of safety assessments, it did not reject its use as an assessment
tool. However, they did say that GE foods considered to be substantially equivalent to their comparable foods should not be exempted from
testing, but tested in the same ways as that comparable food would be tested.

➤ The government agreed with the panel’s comments on substantial equivalence and decided to create new information materials
explaining the regulatory process and further develop tools to support the evaluation of more complex GE foods.

Transparency

Another area of focus for the panel was the openness and transparency of the regulatory system. They felt that the system should become more
transparent to the public by including external scientists and experts in various aspects, such as including independent scientific experts in the
testing of GE products. The panel also recommended that information regarding safety assessments, and the decisions based on them, should
be available to the public.

➤ The government agreed with the recommendations and said it would like to maintain its neutral stance about the risks and benefits of
genetic engineering in public statements about the regulatory process. The government also decided to examine approaches taken by
other countries that involve more of the public and experts in the regulatory process. Also,  the government decided to publish decision
documents more quickly and include more experts in the evaluation of current safety assessments. 
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Criticisms of the Royal Society Report

Canadian and international scientists have raised many questions about the report including questions about scientific inaccuracies, incorrect
references to facts, and a failure to understand the systems and procedures used to regulate GE foods in Canada. Also, some critics felt that the
authors failed to consider important research concerning the issues surrounding GE foods when writing the report because these studies were
not referred to in the final report. It was also felt that the report did not agree with other reports written by well-respected international organi-
zations.

The Starlink™ Story

In September 2000, traces of Starlink™ corn were found in taco shells made by Kraft™ Foods and used in the fast food chain, Taco Bell™.
This was a real problem for those involved because it was not approved for human consumption in the U.S. It should be noted that only this spe-
cific variety, not all Bt corn varieties, were involved in this situation. This required a recall to remove the unapproved product from the market-
place in the U.S. Other manufacturers in the U.S. and Europe became concerned about the possibility that their products also contained
Starlink™ corn and some grocery stores started pulling their taco shells off shelves just in case. This was a serious enough problem that many
food manufacturers stopped production of corn products altogether and several corn mills began testing for the presence of Starlink™ in ship-
ments brought in by farmers.

On September 29, 2000, farmers received a letter from Aventis (the developer) announcing that all of their Starlink™ corn that they didn’t
intend on feeding to livestock their own farms, would be purchased by the U.S. Department of Agriculture (Aventis would then reimburse them).
One potential use for this corn was the production of ethanol fuel because it was a non-food product.

This problem really began in the period 1995-99. Many GE products were being developed and approval by domestic and foreign regulatory bod-
ies was the final step before commercialization. During this time, the Environmental Protection Agency (EPA) raised questions about
Starlink™’s suitability for human consumption, thereby delaying its registration. The questions surrounded the slower digestibility of one pro-
tein and lack of data on whether that protein was an allergen. During this time, biotechnology companies were competitive with one another
because everyone wanted to be the first to get their product approved for use. This led the developers of Starlink™ to accept a limited registra-
tion in order to get their product launched into the new marketplace. Under the limited registration granted by EPA, the product could be only
used for animal feed and would need to be kept out of the human food supply. It was further agreed that farmers would sign a contract stating
that the product would not be sold for food or export and that they would keep Starlink™ corn separate from other corn during growth and
harvest. 

At the beginning of the 2000 planting season, Aventis still had not yet received EPA registration for all uses so once again it was marketed under
the limited registration for non-food uses. There is, however, evidence that the contracts with farmers were not properly carried out in many cases
or farmers may not have been given information on the growing and handling restrictions.

On October 12, 2000, after strong encouragement from the EPA, Aventis cancelled the registration for Starlink™ corn meaning it could no
longer be planted for any purpose. It was felt that this was the fastest way the EPA could remove the product from the marketplace. However, the
EPA did not have any evidence that Starlink™ corn caused allergic reactions. Aventis admitted that the cancellation of the registration was need-
ed because it had not met its responsibility of making sure Starlink™ corn was only fed to animals. Overall, Starlink™ accounted for 0.5% of
U.S. corn production in 2000.
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1. What does current allergy testing focus on?

__________________________________________________________________________________________

__________________________________________________________________________________________

2. Is there evidence that the Canadian regulatory system works when it comes to allergy testing?

__________________________________________________________________________________________

__________________________________________________________________________________________

3. Is it possible to reduce allergens using genetic engineering?

__________________________________________________________________________________________

__________________________________________________________________________________________

4. How does the Canadian government deal with testing the long-term safety of GE foods?

__________________________________________________________________________________________

__________________________________________________________________________________________

5. What are unintended effects? Are they unique to genetic engineering? 

__________________________________________________________________________________________

__________________________________________________________________________________________

6. What is horizontal gene transfer? How likely is it to happen?

__________________________________________________________________________________________

__________________________________________________________________________________________

7. What is the concern with antibiotic resistance marker genes?

__________________________________________________________________________________________

__________________________________________________________________________________________

8. What has been done to address these concerns?

__________________________________________________________________________________________

__________________________________________________________________________________________

9. What is the concern with the cauliflower mosaic virus 35s promoter?

__________________________________________________________________________________________

__________________________________________________________________________________________
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10. What did Arpad Pusztai’s results show?

__________________________________________________________________________________________

__________________________________________________________________________________________

11. What are the concerns about his study?

__________________________________________________________________________________________

__________________________________________________________________________________________

12. What is the Precautionary Principle?

__________________________________________________________________________________________

__________________________________________________________________________________________

13. What are some criticisms of the Precautionary Principle?

__________________________________________________________________________________________

__________________________________________________________________________________________

14. The Royal Society of Canada was asked to examine future scientific developments in genetic engineering and provide recommen-

dations to the government; 3 of these were:

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

15. What were some of the criticisms of the Royal Society Report?

__________________________________________________________________________________________

__________________________________________________________________________________________

16. In September 2002, traces of Starlink(tm) corn were found in taco shells throughout the U.S. Developers had only received a

conditional approval at this time. Why?

__________________________________________________________________________________________

_____________________________________________________________________________________________

__________________________________________________________________________________________

17. What lesson was learned from the Starlink™ situation?

__________________________________________________________________________________________

__________________________________________________________________________________________
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1. What does current allergy testing focus on?
source of gene, comparing physical structure of novel
protein to known allergens, whether or not novel protein
causes immune reaction, effect of pH and/or digestion,
effect of heat and food processing

2. Is there evidence that the Canadian regulatory 
system works when it comes to allergy testing?
allergen from Brazil nut introduced into GE soybeans;
presence found early in testing phase so development
discontinued

3. Is it possible to reduce allergens using genetic engi-
neering?
since most allergens are proteins, possible to modify or
remove allergenic protein from a food

4. How does the Canadian government deal with 
testing the long term safety of GE foods?
substantial equivalence ensures that a novel food is just
as safe as its comparable food in the long run

5. What are unintended effects? Are they unique to genet-
ic engineering?
losing of desirable traits or gaining of undesirable traits
part of any type of genetic modification

6. What is horizontal gene transfer? How likely is it to
happen?
possibility of transferring DNA from GE foods to humans
or other mammals; extremely unlikely

7. What is the concern with antibiotic resistance marker
genes?
genes could potentially transfer from GE plants to mam-
malian cells (through horizontal gene transfer) causing
resistance to antibiotics in human medical patients there-
by reducing their effectiveness in treating illnesses

8. What has been done to address these concerns?
alternative methods have been developed (removing the
gene after successfully modifying the plant, using a dif-
ferent type of selectable marker gene or using a different
selection method altogether

9. What is the concern with the cauliflower mosaic virus
35s promoter?
possibility of promoter becoming unstable; could
become mobile and ‘switch on’ other genes that might
cause undesirable consequences

10. What did Arpad Pusztai’s results show?

GE potatoes are toxic to rats

11. What are the concerns about his study?
not published in a peer-review scientific journal, lacked
appropriate experimental controls, rats only fed potatoes

12. What is the Precautionary Principle?
caution first, science second’ ‘better safe than sorry
approach’

13. What are some criticisms of the Precautionary
Principle?
definitions and goals are unclear meaning individual gov-
ernments use principle based on how they interpret it,
can hamper research and trade between countries, and
it’s not always consistent with science

14. The Royal Society of Canada was asked to examine
future scientific developments in genetic engineering
and provide recommendations to the Canadian govern-
ment. List 3 of the recommendations made by the
Royal Society of Canada:

- research to monitor long-term effects of novel organisms
on human health, animal health and environment

- environmental assessments should not be restricted to
the plants’ impacts on farmland but should also take in to
account their potential impacts on other ecosystems sur-
rounding farmland

- continued use of the precautionary principle
- novel foods that are considered to be the same as their

conventional counterparts (comparable foods) should
not be exempted from testing but tested in the same
ways as that counterpart would be tested

- system should become more transparent to the public by
including external scientists and experts in various
aspects including having independent scientific experts
participate in the testing of novel products

15. What were some of the criticisms of the Royal Society
Report?
scientific inaccuracies, incorrect references to facts, 
failure to understand systems and procedures used to
regulate novel foods in Canada, failure to consider impor-
tant research, and it didn’t agree with other reports 
written by well-respected international organizations

16. In September 2002, traces of Starlink™ corn were
found in taco shells throughout the U.S. Developers
had only received a conditional approval at this time.
Why?
approved for animal consumption, but not human 
consumption

17.What lesson was learned from the Starlink™ situation?
approving product for one use but not another too risky
unless the crop kept separate from the food supply for
certain 
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Module 7: Labelling & Regulation Issues

Canada regulates the approval of novel plants instead of focusing on GE plants; it’s the only country in the world to do so. The government defines
novel plants as varieties that have not previously been available for sale in Canada that differ from regularly grown varieties in terms of health
and environmental safety. Novel plants are intentionally produced through selective cross-breeding, mutagenesis breeding, or more commonly,
genetic engineering. Canadian regulators evaluate the final product instead of the process by which it was developed meaning GE plants are
regulated in the same way as those produced through more traditional methods. Human health and environmental safety assessments are
required for all novel plants being imported or grown in Canada. The specific responsibilities of Canada’s regulatory agencies are as follows:

Category Canadian Food Inspection 
Agency (CFIA)

Health Canada
(HC)

Environment
Canada (EC)

Human Health and Food Safety
• approval of novel foods
• allergens
• nutritional content
• potential presence of toxins

Environmental Safety Assessments
(for humans working with the products, 
animals & the environment)
• fertilizers, seeds & plants
• animals, animal vaccines, & animal

feeds

Food Labeling Policies
• nutritional content
• allergens
• misleading labels

Testing Standards
guidelines for environmental testing

✔
✔
✔
✔

✔

✔

✔

✔
✔
✔

✔

Environmental Safety Assessments

Questions about potential impacts of novel plants (and organisms) need to be carefully considered before they can be released into the
environment. While CFIA is responsible for evaluating novel products in terms of human (those working with these products), animal and
environmental safety, Environment Canada develops the guidelines used for environmental safety testing. Also, environmental assessments
are required for confined field trials (during development) of novel plants and a second assessment is then required for unconfined release into
the environment (when the product is ready to be commercialized). Environmental safety assessments would consider: 

• Does the plant have the potential to become a weed or be invasive in natural habitats? 
• Is there potential for gene flow to wild relatives who may become more weedy or invasive? 
• Does the plant have the potential to become a plant pest? 
• Is there a potential impact on non-target species? 
• Is there a potential impact on biodiversity? 
• Is there a potential for the development of resistance as a result of the release of this plant? 
• Is there potential for the disruption of balance in the natural ecosystem?

Human Health and Food Safety Assessments

Any developer seeking approval for a novel food must gather scientific information during the developmental stages and submit it to the CFIA.
This information is forwarded onto Health Canada where scientists review the data, along with a description of how the research was con-
ducted. To date, 51 novel foods (more than just novel plants) have been approved for use in Canada. Human health and food safety assessments
include the following considerations: 

➤ how the food crop was developed, (details describing the actual genetic change)
➤ nutritional composition changes in the novel food; 
➤ potential for new toxins; and
➤ potential for causing allergic reaction.
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Substantial Equivalence

Substantial equivalence is the starting point for safety assessment of novel foods. It’s a science-based concept used by regulators to identify any
intended (and unintended) differences between a novel and a comparable food with a history of safe food use (i.e. Bt corn is compared to reg-
ular corn). These differences then become the focus of the safety assessment itself. All countries conducting safety assessments of GE foods use
the concept of substantial equivalence for food safety evaluations (including Canada, U.S., Europe, Australia, New Zealand, and Japan). 

Substantial equivalence is not intended to establish absolute safety - an unattainable goal for any food - but rather ensure that the novel food
is as safe as its comparable food product. As a result, substantial equivalence comparisons result in one of three conclusions:

➤ novel food is substantially equivalent to its comparable food 
- no further testing required because it’s as safe and nutritious as its comparable food

➤ novel food is substantially equivalent except for clearly defined differences (i.e. inserted trait) 
- further testing focuses on these differences requiring specific toxicological and nutritional testing

➤ novel food is not substantially equivalent to its comparable food (either because differences can’t be defined or because no comparable
food exists) 
- does not mean the food is unsafe, but alternate strategies for testing needed to account for ist specific characteristics the novel food’s 

specific characteristics

The following chart illustrates the approval process for a specific GE product to make the process more understandable. It shows the general
conclusions of the environmental safety assessment along with the general conclusions for the human health and food safety assessment.

Example: Regulatory Approval of Genetically Engineered Canola

Criteria Monsanto Canada Inc.’s Roundup™ Herbicide-Resistant Canola Variety GT73

Health Canada’s Human Health and
Food Safety Assessment

Completed September 1994

How was the novel plant developed? GT73 was created by transferring a soil bacterium gene (coding for an enzyme) into canola
using agrobacterium transformation. 

Product Information Other than resistance to glyphosate herbicides, characteristics of GT73 were comparable to
non-GE canola. 

Description of Dietary Exposure The human consumption of canola products is limited to refined oil. As introduced gene
products are not detectable in refined oil produced from GE canola, there will be no human
exposure to these proteins based on normal consumption patterns.

Will there be a nutritional impact on the
quality of Canada’s food supply?

Consumption of refined oil from GT73 will have no significant impact on the nutritional
quality of the Canadian food supply.

Are there any safety concerns raised by the
novel food?

Since only the processed oil from GT73 will be available for human consumption, there are
no additional toxin or allergy concerns.

CFIA’s Environmental Safety Assessment Completed March 1995

Does the plant have the potential to become
a weed or be invasive of natural habitats? 

no weed or invasiveness found in comparison to current canola varieties

Is there potential for gene flow to wild 
relatives who may become weeds? 

gene flow from GT73 to relatives is possible, but would not result in increased weediness
or invasiveness of these relatives

Does the plant have the potential to become
a pest? 

GT73 plant pest potential has not been changed

Is there a potential impact on non-target
organisms?

release of GT73 will not impact non-target organisms, including humans, compared to 
current canola varieties

Is there a potential impact on biodiversity? potential impact on biodiversity of GT73 is equal to that of current canola varieties



68

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Labeling of Novel Foods in Canada
Health Canada is responsible for food labeling regulations in terms of
health and food safety issues (i.e. nutritional content and allergens)
while CFIA is responsible for non-health and food safety issues (i.e.
preventing misleading labels). This is case for all foods, not just novel
foods.

According to current regulations, novel foods must be labeled if
there is a health or safety concern i.e there is a nutritional
change or an allergen is present. There are currently no novel foods
with which this is the case meaning there are no GE foods labeled in
Canada currently. Also, regulations state that labeling must be under-
standable, truthful and not misleading. Voluntary labeling is allowed
as long as the claim is not misleading or deceptive in any manner.
These regulations are very similar to those used in the U.S., our biggest
trading partner.

Labeling Regulations in Other Countries
Australia and New Zealand
In 2000, the Australian New Zealand Food Standards Council (ANZFSC)
drafted a labeling standard requiring the labeling of GE foods and
ingredients where novel DNA and/or novel protein is present in the final
food. This standard also requires labeling when the GE food has altered
characteristics. However, this standard allows a product to contain up to
1% of unintended presence of GE product. The standard also requires
documentation throughout the supply chain to verify if the presence or
absence of novel DNA in the product. 

An Australian study estimates that the cost of implementing this
mandatory labeling standard would be approximately $3 billion. The
industry could face an estimated $1.5 billion in annual costs to comply
with the requirements. As a result, consumers could face a 6% percent
increase in grocery prices as a result of mandatory labeling. 

European Union (EU)

In 1997, the EU adopted regulations for the labeling of foods that consist of or contain ingredients derived from genetic engineering. Then in 1998,
the EU announced specific mandatory labeling legislation for GE soybeans and corn containing detectable amounts of new DNA or proteins.

In 2000, the EU approved regulations requiring manufacturers to prove their raw materials came from non-GE derived ingredients and that acci-
dental mixing of these ingredients did not exceed 1%.  If food companies can’t meet these requirements, then the product must be labeled as being
GE. Details of these regulatory measures remain unresolved. To date, it has not been decided how these regulations will be enforced, such as detect-
ing GE organisms and dealing with negative product labels (i.e. products that “do not contain GE organisms”). The EU has proposed extending
labeling regulations to require labeling of foods and feeds that contain GE ingredients, even when they cannot be detected because of processing.
These regulations could be formally approved as early as 2003.

Japan

In April 2001, legislation came into effect requiring Japanese manufacturers and importers to label foods that are partially, or possibly, made up
of GE organisms. The labeling regulations require the following:

➤ (i) mandatory labeling of GE foods that are not the same as conventional products in content, nutrition, and usage; and
➤ (ii) mandatory labeling of foods and processed foods made mainly from GE organisms i.e., when GE products are the top 3 raw ingredi-

ents and account for 5% or more of the total weight . 

Voluntary Labeling of Novel Foods in Canada
Canadian government recognized the consumer's desire for more
non-safety related information through voluntary labeling by food
manufacturers. In other words, some consumers simply wanted to
know if the products were derived from genetic engineering or not,
even though it has been approved for release. To make this easier,
the Canadian government supports the development of a national
standard for voluntary labeling by the Canadian Council of Grocery
Distributors (CCGD). In turn, CCGD asked the Canadian General
Standards Board (CGSB) to develop this national standard.
The goal of the CGSB was to create standards for understandable
food labels and procedures to distinguish novel products from
more traditionally developed products through the food chain by
using testing and monitoring of food products. To do so, the CGSB
established a committee of volunteer representatives and individu-
als from 3 main groups of stakeholders: farmers, food manufactur-
ers and general interest who are technically qualified or otherwise
knowledgeable on this issue. Also, the committee worked towards
a consensus meaning members comment on drafts of the 
standards to ensure all views were taken into account before the
committee moved on to the next draft.
On April 15, 2004 the Government of Canada announced the 
official adoption by the Standards Council of Canada, of the
Standard for Voluntary Labelling and Advertising of Foods That Are
and Are Not Products of Genetic Engineering, as a National
Standard of Canada. The Standard can be viewed free of charge at:
<http://www.pwgsc.gc.ca/cgsb/032_025/standard-e.html>. Even
though other regulations of novel foods deal with all types of genet-
ic modification, the standard only deals with GE foods specifically.
It also allows for 5% of unintended presence of GE product.
It will be possible to label food as either "contains GE" or "does not
contain GE", but it’s unclear when these labels will appear on stores
shelves. It’s also unclear how much this new labeling process with
cost consumers in grocery stores. Lastly, mandatory labeling of GE
foods with a nutritional change or addition of a new allergen will
still be enforced.
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1. How does the Canadian government define the term novel plants? 

__________________________________________________________________________________________

__________________________________________________________________________________________

2. What 3 agencies are responsible for regulating novel food in Canada?

__________________________________________________________________________________________

__________________________________________________________________________________________

3. Canadian Food Inspection Agency (CFIA) is the primary agency responsible for environmental safety assessments of novel foods

in Canada? What issues are considered during these environmental safety assessments?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

4. Health Canada is responsible for human health and food safety assessments of novel foods in Canada. What issues are consid-

ered during a human health and food safety assessment?

__________________________________________________________________________________________

__________________________________________________________________________________________

5. What is substantial equivalence?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

6. What happens when a novel food is found to be substantially equivalent to its comparable foods?

__________________________________________________________________________________________

__________________________________________________________________________________________
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7. What happens when a novel food is found to be substantially equivalent to its comparable foods except for clearly defined 

differences?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

8. What happens when a novel food is not found to be substantially equivalent to its comparable foods?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

9. When do novel foods have to be labeled in Canada(mandatory labeling)?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

10. What 2 organizations are developing voluntary labeling guidelines for Canada?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________



Module 7: Teacher Anwers

71

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

1. How does the Canadian government define the term
novel plants

varieties that have not previously been available for sale
in Canada and that differ from regularly grown varieties
in terms of health and environment safety intentionally
produced through selective cross-breeding, mutagenesis
breeding, or more commonly, GE

2. What 3 agencies are responsible for regulating
novel food in Canada?

Canadian Food Inspection Agency (CFIA), Environment
Canada & Health Canada

3. Canadian Food Inspection Agency (CFIA) is the pri-
mary agency responsible for environmental safety
assessments of novel foods in Canada. What issues
are considered during these environmental safety
assessments?

potential for: becoming a weed, gene flow, plant pest,
non-target species impact, biodiversity impact, resist-
ance development, ecosystem disruption

4. Health Canada is responsible for human health and
food safety assessments of novel foods in Canada.
What issues are considered during a human health and
food safety assessment?

how the crop was developed, changes in composition,
potential new toxins & allergens

5. What is substantial equivalence?

starting point for safety assessment to identify any tend-
ed (and unintended) differences between a novel food
and a comparable food with a history of safe food use;
differences become focus of safety assessment itself

6. What happens when a novel food is found to be 
substantially equivalent to its comparable foods?

no further testing; product as safe and nutritious as its
comparable food

7. What happens when a novel food is found to be sub-
stantially equivalent to its comparable foods except for
clearly defined differences?

safety testing focuses on these differences

8. What happens when a novel food is not found to be
substantially equivalent to its comparable foods?

use alternate strategies for safety assessment

9. When do novel foods have to be labeled in Canada
(mandatory labeling)?

if there is a health or safety concern ie nutritional change
or new allergen introduced

10. What 2 organizations are developing voluntary
labeling guidelines for Canada?

Canadian Coucil of Grocery Distributors & Canadian
General Standards Board
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Adverse Effects on Non-Target Species: Bt Corn as an Example

Safety testing must consider the unintended effects of growing GE plants on agricultural practices and the ecosystem, including non-target
species. Non-target species are any plants, animals or microorganisms that are unintentionally impacted by a GE plant. 

One aspect of safety testing for Bt corn looks at its toxicological effects on non-target species. When corn is harvested some parts of the plants
(roots and stalks) remain in the field as corn residue. This residue is either plowed into the soil or left on the soil surface to degrade until the
next year with the potential that the Bt protein can be eaten non-target species. Feeding studies, where non-target species are fed Bt corn and
non-Bt corn residue, test the potential toxicity of Bt corn protein to these species. Research has shown that Bt corn has no effect on honey bees
(larvae and adults), parasites, ladybugs, earthworms, birds (Northern Bobwhite Quail) and other various non-target species. Overall, safety test-
ing has shown that Bt corn has neither a direct nor an indirect effect on beneficial non-target species.

Bt Corn and the Monarch Butterfly

A 1999 issue of the scientific journal Nature published a letter written by Losey et al. from
Cornell University claiming that Bt protein in Bt corn pollen could kill Monarch butterfly
larvae. This raised public awareness of the potential harm to non-target species. The Bt
protein was designed to kill insects in the Lepidoptera order, a classification order con-
taining thousands of butterfly and moth species including the well-known Monarch but-
terfly and the European corn borer (actual target pest). Monarch larvae only feed on the
leaves of milkweed plants, which are commonly found in natural habitats and in or
around farmers’ fields. The theory was that Monarch larvae were accidentally eating Bt
corn pollen that drifted from corn plants onto milkweed plants growing in or around corn-
fields. Because their diet doesn’t include corn plants, Monarchs are non-target organisms
in the system of insect pest control in a cornfield. 

In their laboratory study, Losey and 2 fellow researchers dusted Bt corn pollen onto milkweed leaves that were then fed to 3-day-old Monarch
caterpillars. Two other groups of caterpillars were fed leaves dusted with conventional corn pollen or leaves without pollen. The caterpillars eat-
ing Bt pollen dusted leaves ate less and grew slower. At the end of 4 days, nearly half of the caterpillars on Bt pollen dusted leaves died while no
caterpillars died in the other 2 groups.

When Losey and his co-workers reported their findings in Nature, reaction was immediate and extreme. Opponents of GE crops said the report
was proof that Bt corn was an environmental nightmare, while GE crop supporters criticized the research as being preliminary and flawed.
Unfortunately, the pollen dosage per milkweed leaf was not reported so it was not known if it was excessive compared to levels found in actual
field conditions.  Some scientists felt that the study did not duplicate actual field conditions because it was a laboratory study using a small num-
ber of caterpillars that had no chance to avoid eating the leaves covered in Bt corn pollen. This is because actual field conditions introduce sev-
eral factors that may have influenced the findings:

➤ Corn pollen is shed or released for only 1-2 weeks in the summer meaning Monarch larvae are not continuously exposed to Bt corn pollen;
➤ Rain washes some of the pollen off leaves, so caterpillars may be exposed to less than the maximum amount of pollen (depending on rain

frequency and severity during pollen shed); and
➤ Most of the pollen produced in a cornfield falls within the field or nearby. Concentrations of pollen decline rapidly as you move away from

the cornfield meaning caterpillars feeding on milkweed plants at a short distance from cornfields are unlikely to encounter any pollen. 

A field study conducted by Iowa State University entomologist John Obrycki and graduate student Laura Hansen also examined Bt pollen effects
on the monarch. They placed potted milkweed at several distances from the edge of a Bt cornfield and a non-Bt cornfield to determine Bt pollen
concentrations in and around cornfields. The highest pollen concentration was found on plants within the cornfield. Leaf samples were taken
from milkweed within and adjacent to the cornfields to assess mortality of newly hatched larvae. Within 48 hours, there was 19% mortality in
the Bt cornfield compared to 0% in the non-Bt cornfield and 3% in the control field (no pollen). 
Both studies suggested that some, not all, Monarch caterpillars may be killed by eating Bt corn pollen. However, concerns about the design of
these studies resulted in agencies from the U.S. and Canadian governments, farmer groups, and biotechnology companies jointly funding a set
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of studies in Canada and the U.S. in the summer of 2000. Overall, this new set of studies showed that there was no significant risk to
Monarch butterflies from environmental exposure to Bt corn. 

Overall, these studies found that there was no significant risk to Monarchs from environmental exposure to Bt corn especially considering that
despite the increasing use of Bt corn varieties, Monarch populations have also increased in the last few years. The World Wildlife Fund states that
the largest threat to the Monarch is human activities within their wintering grounds in Mexico, particularly habitat destruction and alteration
by logging. 

Some might argue that if there is any impact on Monarchs, even an insignificant one, then Bt corn should not be planted at all. However, the
use of Bt corn needs to be considered in comparison to the alternatives, rather than in a vacuum. Bt corn was developed to provide corn with
resistance to the ECB and, to a lesser extent, other corn insects. Before the commercial introduction of Bt corn in 1996, the ECB was only par-
tially controlled using chemical insecticides. Timing of applications for control was difficult, so farmers either accepted yield losses or used more
pesticides. In addition, pesticides often damage non-target species. Since the introduction of Bt corn, the use of pesticides recommended for ECB
control decreased by about a third in the U.S. alone according to the Environmental Protection Agency (EPA). 

‘Superbugs’ or Insect Resistance

Through the natural process of adaptation, it’s possible for an insect population, weed or a plant disease strain to build up resistance to a pesti-
cide or a protective trait in a plant. Although Bt genes have proven to be effective in protecting crops, there are concerns that widespread use of
Bt varieties will accelerate Bt resistance in target pests. GE crops tend to be more target-specific than pesticides because they kill insects as they
eat on the plant while externally applied pesticides kill both pests and often non-target insects that are in the plant’s vicinity. For example, Bt
corn kills almost all of the ECB and corn earworms, but pesticides aren’t as effective once the pest burrows into the plant. Once the insect is inside
the plant, the structure of the plant itself offers physical protection against pesticides.

To date, there have been no reports of Bt resistant insects arising as a direct result of growing Bt plant varieties. However, Canadian and American
regulatory authorities have created mandatory insect resistance management (IRM) plans to minimize the development of Bt-resistant insect
pest populations. Without IRM plans, resistance would develop in less than 5 generations of the pest. In Canada and the U.S., the agricultural
industry has adopted what is called the “high dose/refuge strategy” to minimize Bt resistance. This involves exposing a portion of the pest pop-
ulation to a high dose of the Bt toxin while maintaining another part of the pest population in a refuge where these individuals are not
exposed to the Bt toxin. Refuge refers to an area planted with a regular variety that is physically close or within a field planted with a Bt variety.
This high dose/refuge strategy has 3 main assumptions:

➤ The genes causing resistance are rare;
➤ A refuge creates a small population of Bt-susceptible individuals because they have not been exposed to the Bt protein; and
➤ There will be mating between Bt-susceptible and Bt-resistant individuals.

The refuge of regular plants will maintain a sufficient number of Bt-susceptible individuals (SS) to outnumber the Bt-resistant individuals
(rr) during mating so that their offspring will be Sr heterozygotes or Bt-susceptible. This approach will maintain a population that is almost
all Sr or SS meaning they will be susceptible to the Bt protein. 

Here’s a diagram to help explain the refuge area concept:

Bt corn section of the field

Any monarchs that survive the Bt corn protein
to emerge from this section are almost all rr
or Bt-resistant because they survived the Bt protein

When these 2 populations mate, almost all offspring are Sr or Bt-susceptible meaning
they will be killed by the Bt corn plants containing a high dose of the Bt protein

Monarchs that emerge from this section are 
almost all SS or susceptible because they have
not been exposed to the Bt protein at all

regular corn section of the field



74

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

Debate concerning IRM plans has focused on the size of the refuge needed, and the extent to which pest controls can be used within the refuge
(i.e. can farmers spray in the refuge area so they don’t loss this whole section to insect damage). These factors vary depending on the crop,
regional production and the insects involved. For example, in the U.S., Bt cotton has been grown with either a 20% refuge that can be sprayed
or a 4% refuge that cannot be sprayed for pest control. Currently, both Canadian and American governments require a 20% unsprayed refuge
area for Bt corn that must be planted within 1/4 mile of the Bt cornfield. 

Gene Flow to Related Plants & ‘Superweeds’

The term weed is used to describe a plant that is a nuisance in managed ecosystems (i.e. farms) that spreads easily. Weediness potential meas-
ures a plant’s ability to successfully colonize an ecosystem, especially when it displaces other species. Traits enhancing tolerance to environ-
mental stresses such as drought, cold or dormancy can increase the survival and distribution of a plant in an ecosystem, helping it become a
weed. Also, traits providing resistance to disease or insects could allow a plant to become a weed within an ecosystem. 

There has been some concern about GE crops becoming weeds because
of their increased resistance to certain herbicides, diseases or pests in
comparison to regular crops. In the longest experiment so far, 4 differ-
ent crops (canola, potato, corn and sugar beet) were grown in 12 dif-
ferent habitats and monitored over a period of 10 years. In no single
case were the GE plants found to be more invasive or more persistent
than other weeds growing in the area. 

Another concern is gene flow (also known as gene movement) via
pollination. Pollination is a natural process whereby genes, aided by
wind or insects, are exchanged between plants. This process can only
occur between closely related plants, including crops and their wild
relatives. Gene flow can occur regardless of whether the plant was
developed through selective cross-breeding or genetically engineering.
Nevertheless, concern centers around certain traits being transferred
from GE crops to wild relatives or other crops in neighbouring fields.
For example, gene flow could transfer herbicide tolerant traits from GE
crops to their wild relative creating superweeds that are either diffi-
cult to control with herbicides or harmful to the environment. 

However, crops such as corn, tomatoes, flaxseed, potatoes, and soy-
beans don’t have wild relatives in Canada. Even when it’s possible to
transfer traits, it doesn’t mean that the weed would become a bigger
pest necessarily. It simply means that the weed would be tolerant to a
specific herbicide; it could still be controlled using other management
practices such as tillage, pulling weeds by hand, or other herbicides.
However, if a weed becomes tolerant to a specific herbicide, farmers
have lost the use of that herbicide. This means GE crops, such as
Roundup™ Ready soybeans or canola need to be carefully used and
herbicide tolerance in weeds must be monitored. Also, farmers are
encouraged to rotate their use of specific herbicides to reduce chances
of building resistance to one specific type. 

Conditions for Gene Flow

While there is no question that the natural process of gene flow
via pollination does occur, there are a number of conditions that
must be met for gene flow to have an impact on a wild
population:

• plants must be closely related species i.e. need to be
sexually compatible

Some crops, such as corn, are cross-pollinators and
can exchange genes relatively easily with other corn
plants or with wild relatives under appropriate
conditions.

Gene flow in self-pollinators, such as wheat and
soybeans, occurs infrequently. In addition, the crop must
be grown in an area where a wild relative is native. There
are no wild relatives of soybeans in the U.S. and Canada,
so gene flow is unlikely.

• there must be a benefit associated with the gene of interest
in order for it to persist

Genetic modifications must increase a plant‚s ability to
survive and reproduce in order for any gene to be
actively selected and preserved over generations. There
is little selective advantage to having a trait that causes
herbicide-tolerance in a wild relative if that herbicide is
not present in the natural environment of that wild
relative.
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Technology Protection System (TPS)

On March 3, 1998, Delta & Pine Land Co. announced in a press release it had received a joint patent with the U.S. Department of Agriculture’s
Agricultural Research Service for technology that controlled the unauthorized planting of proprietary seeds by preventing germination.
When private companies developed GE plants, they were given permission to ask farmers, who bought their seeds, to sign a contract stating that
they would not save seed to plant the following year. TPS technology was initially introduced as a way to ensure that if farmers tried to save seeds
for the next year, those seeds would not grow well. People who favoured TPS thought it would provide 2 main benefits: protection of the envi-
ronment from gene flow into other plant species (i.e. prevention of superweeds) and protection of the developer’s investment against free use of
GE technology. 
TPS depends on transferring 3 genes along with a promoter sequence that only switches on these genes once the plant’s seeds mature later in
the growing season. When these genes are switched on, the seeds produced in the current year are sterile and will not germinate the following
year. Only cotton and tobacco seeds have responded to this technique. In the end, GE plants grow into a healthy plants, but produce sterile seeds.

Within days, advocacy groups negatively referred to this technology as terminator technology and claimed that the technology would impact
farmers, especially those in developing countries because they would have to buy new seeds year after year. However, few farmers in developed
countries save seed because they can afford to buy newly developed varieties. 

In 1998, a committee for the world’s largest agricultural research organization, Consultative Group on International Agricultural Research
(CGIAR), recommended that its 16 member institutes ban the use of the technology in their crop improvement projects. CGIAR officials worried
that pollen with TPS genes would pollinate nearby crops making their seeds sterile as well. However, officials at Delta &Pine Land Co. and the
USDA argued that farmers in developing countries could still save seeds from regular varieties. The idea was that farmers couldn’t save seeds
from GE varieties that private companies had spent millions of dollars to produce. By 1999, Monsanto announced it would stop developing any
TPS technology due to public concerns.

Mexican Corn

Ever since hybrid corn varieties were first planted in Mexico decades ago, the possibility of gene flow to local corn varieties has been an issue,
but such concerns have become stronger with the development of GE varieties. In the November 29, 2001 issue of the scientific journal Nature,
University of California (at Berkeley) graduate student David Quist and scientist Ignacio Chapela reported evidence that genes from GE corn vari-
eties had crossed into local varieties in southern Mexico. They reported that Bt genes had become permanently established in the genome of the
local varieties and the transgenes were unstable because they were moving around in the genome. In general news stories Quist and Chapela
suggested that this threatened the genetic diversity of local varieties. This was especially important because southern Mexico was the center of
origin and diversity for corn (southern Mexico was where corn first grew and began evolving into the different varieties seen today). They also
suggested that gene flow from Bt corn could increase the weediness of teosinte, an ancient relative of modern corn.

Although the possibility of transgenes transferring into local varieties has not been disputed, within days many independent scientists identified
flaws in the Quist and Chapela report and notified the Nature editors of the errors.  Quist and Chapela reported finding specific promoters and
termination sequences used when constructing transgenes, sequences that would not have been present in regular corn genomes. Critics ques-
tioned the methods these researchers used to obtain results and their interpretations of those results. In February 2002, the editors of another sci-
entific journal, Transgenic Research, published a report by Paul Christou of the John Innes Centre in the U.K. explaining flaws in the methods
used in the original Nature article.

Publication of the Quist and Chapela study in Nature was widely reported in the media. The study’s claims that gene flow was causing trans-
genes to spread into local varieties represented a threat to the environment and were met with great concern among some environmentalists,
politicians, and farmers. Using those claims as justification, environmental organizations, including Greenpeace, ETC Group (formerly the
Rural Advancement Foundation International), and Friends of the Earth, called for a global ban of GE crops. 

In the end, the editors of Nature retracted the Quist and Chapela paper in the April 4, 2002 issue because it had numerous errors in terms of its
methodology and should not have been published. 

Quist and Chapela have since reported more data that further supports the presence of transgenes in local corn varieties. There is little doubt
that gene flow between GE crops and local varieties is possible, but science must decide whether or not this gene flow has a significant negative
impacts on either corn genetic diversity or the broader environment. The answer is likely to be no. 
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Biodiversity

Biodiversity seen today is the result of 3.5 billions years of evolution. Of the vast majority of species that arose, probably more than 99% disap-
peared again. In the long term view there has been no such thing as sustainability, only change. With human kind’s influence, change and the
loss of biodiversity has been much faster than at any time before, making sustainability important. 

There are 30,000 edible plants, but only about 120 species are important food sources with only 30 species representing 90% of the world caloric
intake. The three most widely consumed crops worldwide are wheat, rice, and corn, but consumption varies by location. Within the major crop
species there are many hundreds of thousands of varieties adapted to local climates and farming practices. Much of this large crop diversity is
important for providing starting material for breeding. However, the genetic diversity in cultivated crops is much less broad than that of plants
or animals living in the wild indicating the importance of wild species for breeding programs. 

The genetic characteristics of plants are valued for many reasons including agricultural qualities such as resistance to pests or disease, adapta-
tions to stresses such as drought or cold and other factors affecting quality and productivity. Many of these genetic characteristics are derived
from exotic plants that are not suitable for agriculture, but contained genes that significantly improve the genetic diversity of agricultural plants.
Therefore, it’s important to preserve biodiversity so new varieties can be made. 

The major threats to global biodiversity are habitat loss (mostly expansion of cultivated land and of cities and roads) and the introduction of exot-
ic species. Habitats can also be damaged by flooding, lack of water, climate changes etc. Imported species also threaten native ones by being high-
ly competitive and often by lacking predators.

Environmental Benefits

Farmers have welcomed GE varieties with resistance to pests and toler-
ance to weaker herbicides. Although a major driving force for adoption
of these crops was economic, farmers also welcomed the environmen-
tal benefits of fewer pesticide residues and simplified farming practices
(i.e. fewer pesticide applications). In general, farmers who have cho-
sen GE varieties have seen some savings in production costs, as well as
increased yields. These savings occurred despite the increased costs of
seeds and technology fees added by seed developers to recover expens-
es for development. Generally, the cost of GE seeds has been  greater,
but the savings with lower pesticide use have often offset seed costs
meaning farmers earned a greater net profit with GE varieties in com-
parison to regular ones. 

Bt Varieties

Studies have shown that 45% of U.S. farmers had higher yields in Bt
cornfields compared to regular corn in 1998, and nearly 26% reported
a decrease in pesticide use. In most years, growing Bt corn produced a
net gain in income, but may not have been the case in years when ECB
populations were lower and the extra cost of planting Bt corn was not
offset by higher yields. For example, farmers have been told that plant-
ing Bt corn should pay off in 7 out of 10 years. 

Two types of GE cotton are available: Bt cotton and herbicide resistant
varieties. Herbicide resistant varieties produce the same yields as regu-
lar plants; but herbicide use is normally reduced by about half for
American farmers translating into a net profit increase of about $40
U.S. for GE cotton compared to the conventional varieties in 1998.

Preserving Biodiversity with Genetic Engineering

Biodiversity has been reduced in developed countries over many
centuries due to industrialization. Biodiversity has also been reduced
in developing countries, but how can biodiversity in these countries
be preserved when the world’s population keeps growing and more
food needs to be produced in these areas?

There will be serious consequences for biodiversity as more land
will be required for farming. One of the ways to avoid habitat
destruction will be to increase farm yields of land already in
production. Several components will be required including training
and education of farmers along with more favourable economic and
political climates in developing countries. In addition, technical
contributions will also be necessary, including improved seeds
produced by either by selective cross-breeding or genetic
engineering.

It is commonly believed that biodiversity decreases with the
introduction of GE crops because they replace local varieties
resulting in only a few GE varieties dominating the fields. However,
this does not need to be the case. Even though virtually all herbicide
resistant soybeans came from a single gene insertion in Monsanto’s
Roundup Ready™˙ soybeans, hundreds of different varieties have
been developed by different seed companies using selective cross-
breeding to create varieties suitable in different regions. This shows
that at least with this dominant GE crop, the technology has not led
to a loss of agricultural biodiversity.
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Roundup™ Ready Varieties 

Roundup™ ready soybean varieties provide benefits to farmers and the environment. Although these seeds cost more to plant, herbicide costs
are lower and yields are about the same as regular varieties. Studies show that farmers can save as much as $27 U.S./acre in overall growing
costs with Roundup™ ready soybeans. In addition, regular soybeans require several applications of different herbicides during a growing sea-
son, whereas fields with GE soybeans can be treated with only Roundup™. Unlike earlier herbicides that persisted in the environment and con-
taminated ground water, Roundup™ appears to be safer and disappear rapidly meaning it has less of an impact on the environment. Also, the
introduction of herbicide tolerant varieties contributes to the development of no-till agriculture and crop rotation with benefits including reduc-
tions in soil erosion and fossil fuel use.
Data from the Canola Council of Canada for the 1998 season showed that Roundup™ ready canola varieties, when compared to regular canola,
produced greater yields (31 compared to 28.6 bu/acre) and greater profits ($86.40 to $52 U.S./acre). In terms of environmental benefits, fields
with Roundup™ ready canola required only 1 herbicide application instead of 2. 

Overall, GE varieties can play a role in development of agricultural practices that use fewer and more environmentally friendly agrochemicals
than needed with regular crop varieties. This decrease in the use of pesticides also has other indirect environmental benefits. However, it’s impor-
tant to remember that pesticides are necessary for producing a cheap and abundant supply of fruits, vegetables and other crops when GE varieties
aren’t used.
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1. A letter published by Losey et al. in Nature first started the Bt corn and Monarch butterfly controversy. What theory was developed

as a result of this research?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

2. What were some criticisms of this initial study?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

3. What field conditions help reduce the risk of Bt corn pollen being toxic to Monarchs?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

4. What conclusion were reached by the set of Canadian and American studies carried out in the summer of 2000?

__________________________________________________________________________________________

__________________________________________________________________________________________

5. Mandatory Insect Resistance Management (IRM) plans involve the ‘high dose/refuge’ strategy to control ‘superbugs’ that have

become resistant to GE crops through natural adaptation. What does ‘high dose’ and ‘refuge’ mean?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

6. What is gene flow? Is it specific to genetic engineering?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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7. What are ‘superweeds’? (can use an example)

__________________________________________________________________________________________

__________________________________________________________________________________________

8. What did the 2001 Nature report by David Quist and Ignacio Chapela report?

__________________________________________________________________________________________

__________________________________________________________________________________________

9. What happened on April 4, 2002?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

10. Why is plant biodiversity important?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

11. How can genetic engineering preserve biodiversity?

__________________________________________________________________________________________

__________________________________________________________________________________________

12. What is the main environmental benefit of using Bt varieties?

__________________________________________________________________________________________

__________________________________________________________________________________________

13. What is the main environmental benefit of using Roundup™ varieties?

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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1. What theory was developed as a result of this
research?

Monarch larvae were accidentally eating Bt corn
pollen that drifted from corn plants onto milkweed
plants growing around the edges of cornfields and
dying as a result

2. What were some criticisms of this initial study?

pollen dosage per milkweed leaf not reported so not
known if it was excessive compared to what hap-
pened in actual field conditions; some felt that the
study did not duplicate actual field conditions because
it was a laboratory study using a small number of
caterpillars that had no chance to avoid eating leaves
thickly covered in Bt corn pollen

3. What field conditions help reduce the risk of Bt corn
pollen being toxic to Monarchs?

pollen sheds for only about 2 weeks in the summer,
rain washes some of the pollen off leaves & pollen
mostly falls in and around corn field so caterpillars
feeding on milkweed plants at a short distance from
corn fields are unlikely to encounter any pollen

4. What conclusion were reached by the set of
Canadian and American studies carried out in the
summer of 2000?

there is no significant risk to monarch butterflies from
environmental exposure to Bt corn 

5. Mandatory Insect Resistance Management (IRM)
plans involve the ‘high dose/refuge’ strategy to con-
trol ‘superbugs’ that have become resistant to GE
crops through natural adaptation. What does ‘high’
and ‘refuge’ mean?

high dose = high concentration of toxin (25 times the
amount needed to kill 99% of the susceptible insects)
refuge = refers to an area planted to a non-Bt variety
that is physically close to a field planted with a Bt
variety where the pests don’t encounter any Bt protein 

6. What is gene flow? Is it specific to genetic engi-
neering?

also known as gene transfer via pollination; genes
exchanged between closely related plants
gene flow is a natural process occurring in plants
developed with selective cross-breeding or genetic
engineering

7. What are ‘superweeds’? (can use an example)

difficult to control or harmful to the environment i.e.
herbicide tolerant trait transferred to wild or weedy
relative

8. What did the 2001 Nature report by David Quist and
Ignacio Chapela report?

genes from GE corn varieties had crossed into local
corn varieties in southern Mexico (GE corn had not
been approved for release in this area) as a result of
gene flow

9. What happened on April 4, 2002?

editors of scientific journal Nature admitted that the
Quist and Chapela paper had numerous errors in
terms of its methodology and should never have been
published

10. Why is plant biodiversity important?

source of genetic variability so beneficial traits can
be introduced into other plants through genetically
engineering or selective cross-breeding

11. How can genetic engineering preserve 
biodiversity?

genetic engineering can be used to increase crop
yields on land already in production instead of clear-
ing land with high biodiversity so more food can be
grown; genetic engineering also increases
intraspecies diversity (within species)

12. What is the main environmental benefit of using 
Bt varieties?

reduced pesticide use

13. What is the main environmental benefit of using
Roundup™ varieties?

use of less toxic pesticides; encourages use of no-
till agriculture (less fossil fuel use, less soil erosion
& less air pollution from burning crop residues) 
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In groups of 3 or 4 people, you will design your own regulatory system for GE foods for Canada (or you can make up
your own country). Not a lot of detail is necessary, you just need to consider some of the bigger issues. Once your
group has decided what to include in your regulations, record these ideas on a sheet of flipchart paper (just as a sim-
ple list of regulations). Then take turns presenting your regulations to the rest of the class so everyone can comment
on your design. Below you are given a list of things to consider, but this is just to get you started. You can add what-
ever you’d like to your regulations, but you have to be able to defend your reasons why. You can use ideas from
existing regulations (Canadian or otherwise), but you still need to defend why you agree with it. Here is a list of
things to get you started:

Will you use existing government agencies or create new agencies to regulate GE crops? What individuals make up
your regulatory agencies?

If a new product is seen as being too risky in terms of environmental, animal feed or human safety who decides or
which agency decides to reject these products?

Will there be a series of checks and balances for your regulatory system to make sure it works?

What kind of testing is needed to make sure GE foods are safe for the environment, for animal consumption and
human consumption? Will you be using substantial equivalence as the starting point for safety testing?

Can a product be approved for animal feed but not for human consumption in your system? If a product is rejected by
your regulatory system, will developers have another opportunity to retest or gather new data to seek further approval?

What is the procedure if a product passes through your regulatory system, receives approval, is marketed and is
later deemed unsafe for the environment, animal feed or for human consumption after being on the market for sever-
al years? Are there consequences? Who is at fault and why?

Should the public be informed of developments about new food products throughout the entire regulatory process or
should public comment only be taken during certain times during the regulatory process? 

Should the public be able to comment on developments in biotechnology? How could they be made? Should there
be public announcements of where GE crops are being field tested?

How is proof of testing and safety of these food products going to be made available to the public?

Will labeling be mandatory or voluntary? Will all GE foods be labeled or only under certain conditions? What will
these labels look like? (draw an example if you have time)

* Activity adapted from:  Golick, D. (2002) Checks and Balances: Designing a System to Ensure the Safety of Genetically Engineered Agricultural Products. Retrieved
June 3, 2002 from http://agbiosafety.unl.edu/education/lessons/regulatory1.htm
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Ethics is the study of the principles of human duty or the science of morals.  A code of ethics (also called ethical guidelines or ethical frame-
work) is the set of rules for a society based upon beliefs, behaviour or values seen as being important. Although some values are shared by all of
society, some are only held by specific groups within that society. This makes it hard to understand what is ethical or unethical for the whole
society because the interests of all groups need to be balanced. 

An ethical issue receiving global attention over the last few years has been genetic engineering and its use in food production. One internation-
al organization trying to organize ethical discussion concerning this issue is the Food and Agriculture Organization of the United Nations (FAO).
The FAO was founded in 1945 with a mandate to raise levels of nutrition and standards of living, agricultural productivity, and to better the con-
dition of rural populations. Through its work on this issue, the FAO has made 9 recommendations:

➤ Support and encourage broad stakeholder (i.e. someone who stands to gain or lose if genetic engineering is widely used) participation in
policies, programmes and projects;

➤ Encourage individuals, communities and nations to engage in dialogue and ultimately, to do what is ethical;
➤ Develop and widely disseminate information and analyses needed to make ethical decisions;
➤ Ensure decision-making procedures in international food and agriculture policy are well understood and open to public scrutiny;
➤ Encourage the use of science and technology in support of a more fair food system;
➤ Ensure programmes, policies, standards and decisions always take ethical considerations into account so as to lead to enhanced well-

being, environmental protection and improved health;
➤ Developing codes of ethical conduct where they do not currently exist; and
➤ Periodically review codes of ethics and determine whether or not they are appropriate in the light of new knowledge and changes in cir-

cumstances.

The FAO believes that these recommendations can by carried out by having discussion forums and policy meetings so diverse points of view
can be presented to develop global codes of ethics regarding genetic engineering and its use in food production.

Public Input

In recent years, there have been some ethical concerns about the level of public input regarding government decisions concerning agricultural
genetic engineering. According the Canadian Food Inspection Agency (CFIA) Office of Biotechnology, if individuals are to make informed deci-
sions, then they need access to information about GE products and they need to feel confident that there are regulations in place to evaluate
them before becoming commercially available.

The agencies responsible for regulating GE products have all involved stakeholders in the development of guidelines and regulations. Since 1988
there have been many general consultations on the regulation of GE products. These consultations included workshops, stakeholder meetings,
and distribution of draft documents for comment along with consultations on technical and scientific matters. It has also been important to
involve the public during the development of the regulatory framework. While the public was not directly involved in individual product regis-
tration decisions, the CFIA prepared decision documents whenever regulatory decisions were made on plants with novel traits. These documents
were made available to the public in paper format and on the internet. These documents explained what information was reviewed and why cer-
tain conclusions were reached. The CFIA encourages public input on these documents to continually improve their quality and usefulness. 

In addition to these decision documents, other information about new technologies, products, regulations, labelling and product approvals, can
be found on the CFIA’s web site http://www.inspection.gc.ca/english/ppc/biotech/bioteche.shtml). Information can also been obtained by con-
tacting the CFIA Office of Biotechnology at (613) 225-2342; fax (613) 228-6604 or by mail at 59 Camelot Drive, Nepean, ON, Canada K1A 0Y9. 
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Intellectual Property Rights

Intellectual property (IP) rights ensure the distribution of knowledge
by allowing developers to be financially rewarded for their work by sell-
ing their products exclusively for a time. IP rights can be given in the
form of trade secrets, copyright, patents and plant breeders’ rights.

Ordinarily, patent laws do not cover plants, but developers of GE plants
are given IP rights. The beginning of IP rights for GE plants was in
1980, with a U.S. Supreme Court decision that redefined inventiveness
by deciding that a hybridized bacterium used in the treatment of oil
production was an invention, not a scientific discovery. These patents
have been granted to cover a gene in a plant or the process used to
incorporate the gene, but not the plant itself.

Granting patents has both solved and created problems; for example,
they have helped ensure that developers shared their innovation
because they have been granted exclusive use of that invention.
This meant developers could openly share their invention without fear
that another developer would steal their idea (this way another devel-
oper would have to negotiate for the right to use it). 

Along with this solution, 2 problems that have also been created -
‘farmer’s privilege’ and ‘vertical integration.’ For example, in India,
the importance of farmer’s privilege has limited the spreading of
knowledge because private companies cannot profit from their research. In other words, this involves balancing farmers’ rights to save seeds each
year and their traditional plant knowledge with the rights of private companies to profit from their innovation. This has proven to be quite dif-
ficult. In developed countries, saving seed is less common because hybrid seed cannot be re-planted effectively, and breeding programs regular-
ly develop improved seeds that encourage farmers to buy new varieties each year. 

Vertical integration results from the purchase of seed companies by biotechnology companies to ensure that genetic material is inserted into
the best commercial seeds. A genetic invention cannot be marketed without access to seed stocks, but control of seed stocks by biotechnology
companies causes concern. Some critics believe farmers lose their freedom choice if only a few companies own the seed stocks. However, it might
be possible for companies to make GE crops available to farmers in developing countries without royalties or technology fees. 

Developing Countries & Genetic Engineering

CGIAR* (Consultative Group on International Agricultural Research) has projected that, given reasonable assumptions, the world food supply
will continue to outpace world population growth until 2020 at least. But despite the increasing availability of food, there are about 840 million
people or 13% of the global population who are food insecure (food insecure is defined as those who are undernourished because either they
cannot produce enough food or cannot afford to buy it). These people are among the 4.5 billion inhabitants of the developing countries in Asia,
Africa and Latin America. Another contradictory fact is that food insecurity is common at a time when global food prices are in decline. Between
1960 and 1990, per capita food production has increased by 37% while food prices have fallen by almost 50%. The cause of this contradiction
(having enough food to feed our global population but millions still go starving) is the link between poverty and food security meaning people’s
access to food depends on income. 

*CGIAR is an association of 58 public and private sector members supporting 16 international agricultural research centers. The CGIAR’s mis-
sion is to contribute to food security and poverty eradication in developing countries through research, partnership, capacity building, policy
support, promoting sustainable agricultural development based on the environmentally sound management of natural resources. The World
Bank, Food and Agriculture Organization (FAO), United Nations Development Programme, and United Nations Environment Programme serve
as co-sponsors. 

Private vs. Public Funding

Both public and private research has contributed to the
development of genetic engineering. The public sector has
conducted research in areas where the private sector may be
unable to recover costs because it focuses on social goods (such
as nutritional or environmental benefits) or because the research
is too long term or risky. Primarily, the public sector has
conducted basic research with no immediate commercial value,
but it has formed the groundwork for GE applications.

However, the division between basic and applied research
(immediate commercial value) has shifted as the cost of using
genetic engineering has declined sharply. Techniques like
genetic engineering now yield more immediate financial returns
meaning the private sector has quickly begun using it in search
of GE products with immediate commercial value.

Further biotechnology developments will likely require
partnerships among firms as well as public-private partnerships.
Such joint research can promote the use of private-sector
research results while providing additional resources for public
research.
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Many of the poor live in low-potential rural areas of the world, but with increasing urbanization, a higher percent will be living in the cities of
developing countries. There is also an increasing demand for milk and meat in developing countries as dietary preferences change with increas-
ing urbanization. This means that agricultural research needs to respond to these problems in order to improve the livelihood of the rural poor
and ensure the availability of nutritious food at affordable prices for those living in urban areas. All these factors make food security a complex
issue involving:

➤ not just production, but also access ➤ not just technology, but also policy
➤ not just amount, but also nutritional content ➤ not just rural, but also urban

Food production increases over the last 40 years have mainly been achieved by increasing cereal yields through use of higher yielding varieties,
expanding the area of arable land, and increasing fertilizer use beginning with the Green Revolution in the 1960s. Government policies encour-
aging investments in improving agricultural productivity as a way to increase economic development have also been important in increasing
food production. However, to meet the food security needs of the world’s population in decades ahead and to create wealth, will require a pro-
duction increase on presently available land while keeping our natural resources sustainable in a way that combines traditional wisdom with
modern science. 

One potential solution to this problem is the use of GE crops as a way to increase productivity in an environmentally sustainable way. However,
GE crops also introduce concerns about potential problems, such as ethics, health risks, environmental risks, IP rights, and economic concen-
tration of companies. 

To achieve the required productivity increases in crop and livestock production to keep pace with our growing global population, there is a need
for a global effort, including the following actions:

➤ Plant and Animal Genomes

This action involves mapping the genomes of agriculturally important species and that this information is then made publicly available to
develop improved crop varieties and livestock breeds.

➤ Identify Traits for the Poor

This action involves identifying genetic traits that are important to poor farmers in less productive environments. This type of information
could identify traits that are present in a species elsewhere in the world, but if transferred into species in a certain area with limited growing
conditions, could increase productivity (i.e. drought resistance, cold tolerance or insect resistance).

➤ Conserve and Characterize/Describe Genetic Resources

This action centres around the idea of conserving biodiversity naturally present in plants through maintaining large collections of plant
species (in ‘seed banks’) so there is where beneficial traits can be found.

➤ Access Enabling or Useful Technologies

This action involves having access to useful genetic engineering technologies, many of which are patented by private companies.  This will
allow scientists working on GE crops for developing countries to have access to the same technologies available to private companies.

➤ Establish Alliances of the Caring

This action involves creating alliances between public and private sectors in both developed and developing countries so more productive, yet
sustainable developments can be made. 
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➤ Provide Incentives for Private Sector Participation

Incentives are needed to encourage national and international private sectors to address the agricultural problems in developing countries.
These incentives could include financial incentives to conduct needed research or incentives to develop businesses in developing countries as a
source of technology, job creation and wealth.

➤ Mobilize the Global Scientific Community to Address the Problems of Food for the Poor

Overall, the issue of using GE crops in the developing world reduces down to 2 set of arguments:

Sources

Canadian Food Inspection Agency.  (no date)  Public Input and Access to Information about Biotechnology.  Retrieved June 1, 2002 from www.inspection.gc.ca/english/ppc/biotech/gen/publice.shtml.

Comstock, G.  (2002)  Is it Unnatural to Genetically Engineer Plants? Retrieved June 1, 2002 from http://www.biotech.iastate.edu/Bioethics/gmosethics/weedscienceart.htm 

Dietitians of Canada.  (2002)  Modern Food Biotechnology: Principles and Perspectives.  Dietitians of Canada: Toronto, ON, Canada.

Economic Research Service.  (no date) Agricultural Biotechnology: Biotechnology Research and the Inputs Industry. Retrieved June 1, 2002 from
http://www.ers.usda.gov/Briefing/biotechnology/chapter3.htm 

Library of Crop Technology.  (no date)  Module 2: Biotechnology and the Consumer.  Retrieved June 1, 2002 from http://croptechnology.unl.edu/html/startLessonFrame.shtml?LessonID =995035336&cate-
gory=CropGenetics. 

Serageldin, I and Persley, G.J.  (2000)  Promethean Science: Agricultural Biotechnology, the Environment, and the Poor.  Consultative Group on International Agricultural Research, Washington, D.C.

Anti-genetic engineering arguments for the
developing world

- traditional diversified farming systems aremore
sustainable and productive

- genetic engineering is not enough to solve the food 
supply and nutritional problems of developing countries

- potential environmental risks of using GE crops, such as
gene flow, production of “superweeds” and resistance to
changes by pests, outweigh possible benefits

- there is an absence of regulations and regulatory
agencies in many developing countries

Pro-genetic engineering arguments for the
developing world

- could help improve the nutritional profile in the staple
foods of developing countries, and thus help alleviate
nutritional deficiencies

- could help developing countries produce plants that are
tolerant to adverse weather conditions, such as cold,
drought, etc. The technology could also produce insect
resistant plants to improve yield and reduce pesticide
use

- offers the potential for the delivery of pharmaceuticals,
such as edible vaccines by incorporating them into
staple foods
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In this activity, you will consider several ethical issues concerning genetic engineering and its use in agriculture.
Before class, your teacher made 5 cards with the following words printed on them:

Card 1: strongly agree

Card 2: agree

Card 3: neutral

Card 4: disagree

Card 5: strongly disagree

These 5 cards were then attached, at equal distances, along a string suspended across the classroom.

Your teacher will read out a number of statements from a list below. For each of these statements, you will decide
how strongly you agree or disagree with that statement. Once you have decided, stand underneath the card that best
reflects your opinion. Be prepared to explain why you have positioned yourself under that particular card. 

Once you have all chosen where to stand, your teacher will tally up (on the board) the number of students under
each card. Finally, record your reasons why you have chosen that position and record how many students stood
under each card. 

Once you’re done recording your reasons, share those reasons with the rest of the class (only if you feel comfort-
able) and see how your reasons compare to others in your class. Feel free to openly discuss these issues with your
class, as this exercise is just a starting point for discussion.

Statement 1 To engage in plant genetic engineering is unnatural

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree
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Statement 2 Genetic engineering wrongly crosses natural species boundaries

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree

Statement 3 The general public has very little input or say concerning the future direction of genetic 
engineering of our food

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Statement 4 It is acceptable to patent genetic inventions, but not plants themselves

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree
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Statement 5 Genetic engineering is only controlled by large companies because of high research costs and
patents

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree

Statement 6 Overall, genetic engineering benefits those living in developing countries

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree

Statement 7 If labeled, I would have no problem buying genetically engineered food 

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree
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Statement 8 Research in genetic engineering should only be done by scientists working in the public sector

Position: _____________________________________________________________________________________

Reasons: ____________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Class Tally:

Strongly Agree Agree Neutral Disagree Strongly Disagree

Follow up questions:

1. Which questions generated the most discussion?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

2. Which question did you find the hardest to answer? Why?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

3. How did your own personal values affect your responses?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Sources
Biotechnology Australia. (2001) What or who would you clone? Retrieved May 23, 2002 from http://www.biotechnology.gov.au/biotechnologyonline/bonline%20folder/PDF/whatis/WS_2.2.5.1.pdf.  
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Module 10: Labelling case Study Debate

This period will be structured as a case study debate dealing with the issue of whether or not Bt corn should be labeled as genetically 
engineered and if so, what would that label look like. 

Students will be broken down into 5 main stakeholder groups:

scientists processors/grocers regulators (CFIA & Health Canada)
farmers consumer groups

As individual stakeholder groups, students (as groups) will prepare a 3 minute presentation outlining their stakeholder position on the issue
based on information gathered from the set of exhibits provided for each stakeholder group. These exhibits can consist of genuine newspaper
articles collected by students or the teacher (i.e. a search on the Food Safety Network website). Students are not limited to the information pre-
sented within these exhibits; students can use information presented anywhere in this resource and additional research is always encouraged.

Once groups have prepared their argument, groups will make their presentations one by one. Following these initial presentations, the floor will
be open to discussion in an attempt to reach some sort of consensus on the issue with the teacher acting as the facilitator/moderator. 

Once the exercise is complete, students will be asked to write a 2-3 page paper outlining their personal position on this issue of labeling GE foods. 

Stakeholder group assigned:________________________________________________________

Position:

We do not support mandatory labeling of Bt corn

We support mandatory labeling of Bt corn. The label should look as follows:
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* Activity taken from directly from Biotechnology Australia  (2001)  Biotechnology Online School Resource.  Retrieved May 23,
2002 from http://www.biotechnology.gov.au/biotechnologyonline/.

Many stories and many points of view are presented to us in media stories. Is the information presented scientifically accurate and
complete? Is the point of view being expressed biased or designed to persuade the reader to a particular point of view? What should
we be looking for?

In this activity you will work in groups and individually to analyse 3 fictitious newspaper stories about impacts of GE organisms on
the environment.

In groups of 3 or 4, read each of the articles and summarize in one or two sentences the main arguments. Is the person
being quoted for or against gene technology?

Make a list of which of the points in the article are fact and which are opinion. 

Decide who would benefit most if the public accepted the point of view presented in the article. Does this mean that the person
quoted would benefit? 

Decide whether you feel the people being quoted are telling the full story, part of the story or just giving their points
of view.

Media Story 1 -- BioDisco Inc. releases new GE oats

Executives at BioDisco Inc. yesterday released details about a new GE oat variety, created to contain more protein.
Gary Beaker, Chief Executive of BioDisco, believes the new oat variety is a huge step forward in plant
biotechnology. ‘This new oat variety is based on Ant-I-Oat, the insect-resistant oat variety BioDisco released last
year,’ he said.

‘This new variety has the added bonus of additional proteins, which will help increase the nutrition of this crop,
especially for those in developing countries who have oats as their staple diet.’

‘The original Ant-I-Oat has proven to be very valuable in reducing the amount of pesticide required to protect the
oats from insects, with some farmers experiencing a reduction in chemical use of 80% compared with
conventional oat varieties. The bonus protein of the new crop will make it a sure-fire winner in the marketplace,’
said Mr. Beaker.

Mr. Beaker stood by the company’s commitment to develop new crops using biotechnology. “Not one peer-
reviewed scientific article has been published that shows that foods created using biotechnology pose any
dangers to human health. We should forge ahead with the technology and bring farmers, the community and our
country’s economy all the benefits that gene technology can bring.

To do otherwise, and not allow people to access the advantages of this revolution in science, would be criminal,’
he said.



92

W H A T ’ S  F O R  D I N N E R GENETIC ENGINEERING FROM THE LAB TO YOUR PLATE

1. Article Summary: List each of the arguments mentioned in the article and write an F for fact and an O for Opinion
in the margin beside each of them. 

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

2. Is the person being quoted for or against gene technology?

____________________________________________________________________________________________

3. Decide who would benefit most if the public accepted the point of view presented in the article. Does this mean
that the person quoted would benefit?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

4. Decide whether you feel the people being quoted are telling the full story, part of the story or just giving their
points of view.

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________
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1.  Article Summary: List each of the arguments mentioned in the article and write an F for fact and an O for Opinion
in the margin beside each of them. 

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Media Story 2 -- Protestors march at anti-GE food rally

Traffic stopped for more than two hours in downtown Toronto yesterday as anti-genetic engineering of food
protestors stormed the offices of Dishy Foods, producers of Yummy Corn Snax and Tasty Soy Treats. Leader of the
‘GE 
Free for Me’ organizing group, David Snell, said he was pleased with the results of yesterday’s action.

‘Dishy Foods likes to give its customers the impression that their foods are healthy and they care for our
environment, but how can they, when they’re using GE ingredients? It’s appalling.’

‘People need to know that basically Dishy see us as guinea-pigs for this new, untested technology.‚ Mr. Snell is
convinced of Dishy Foods‚ motivation for using GE ingredients. ‘The GE stuff is cheaper, so they use it. They don’t
care about how these crops will damage our world forever - superweeds, mutant viruses escaping into nearby
plants; not to mention how our health and our children‚s health will be affected. It’ll be like mad cow disease -
people tell us that everything‚s fine, but then it all starts to fall apart. We can’t trust people who see us as just a way
to make profits.’

‘I‚ve heard people say that GE foods will be a way to feed the world - I just don’t believe it, when profit-hungry
multinationals are the ones who own the technology,’ Mr. Snell said.

Mr. Snell said one way to avoid being used as ‘pawns for profits’ was to buy from backyard growers such as
himself, who used minimal intervention with their crops.
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2. Is the person being quoted for or against gene technology?

____________________________________________________________________________________________

3. Decide who would benefit most if the public accepted the point of view presented in the article. Does this mean
that the person quoted would benefit?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

4. Decide whether you feel the people being quoted are telling the full story, part of the story or just giving their
points of view.

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

Media Story 3 -- Octavio bans GE food from shop shelves

In a move applauded by consumer groups across the country, national supermarket chain Octavio has banned all
food containing GE organisms from its shelves. Octavio general manager, Mr. Rod Brock, said that the move was a
look to the future of retailing. ‘No other supermarket chain gives shoppers the opportunity to go totally GE - free,’ he
said. ‘We’re occupying a market sector that no other retailer has been gutsy enough to take.’

‘The move away from GE food has been something consumers have been looking for, for a long time. We’re giving
people what they want.’ Octavio’s home-branded products have been labeled GE - free for one year now, and have
been huge sellers, requiring Octavio to go abroad for GE-free food to satisfy demand. ‘Yes, it does cost more, but
people are willing to pay the price to know that the food they’re eating is safe. ‘Frankenfoods‚ haven’t been proven
safe and our customers just don’t want to risk it,’ said Mr. Brock.

Julie Sanders, a regular shopper at Octavio’s, said she was pleased that Octavio’s had introduced its new policy on
GE foods. ‘I’m really worried about what I feed my kids, who are one and three years old. I’ve also read that these
crops can create all sorts of troubles like superpests and superweeds. I care about the environment and want to do
what I can to preserve it. Shopping at Octavio’s gives me peace of mind about my family’s health and the
environment,’ she said.
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1. Article Summary: List each of the arguments mentioned in the article and write an F for fact and an O for Opinion
in the margin beside each of them. 

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

2. Is the person being quoted for or against gene technology?

____________________________________________________________________________________________

3. Decide who would benefit most if the public accepted the point of view presented in the article. Does this mean
that the person quoted would benefit?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

4. Decide whether you feel the people being quoted are telling the full story, part of the story or just giving their
points of view.

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________
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After comparing your answers as a class for one of the articles, discuss the following questions as a larger group:

1. Did your group easily agree on how to answer each of the questions in the activity?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

2. How difficult was it to decide if an argument was opinion or fact, individually, and as a group?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

3. How did your own feelings toward this technology affect your interpretations of the arguments?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

4. Does speaking publicly for or against technology automatically mean you’re biased in a certain direction? How do

you evaluate the credibility of the speaker?

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________
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Media Story 1

1. Article Summary: List each of the arguments men-
tioned in the article and write an F for fact and an O
for Opinion in the margin beside each of them. 

F: oat variety with enhanced protein levels
O: Mr. Beaker sees the new variety as a huge step forward
F: new variety based on Ant- I- Oat variety released last year
F: more protein will increase nutrition of crop
O: it’s an added bonus for developing countries
F: original variety reduced pesticide use, for some farmers by

80%
O: it’ll be a sure-fire winner
F: no scientific articles saying it poses any dangers
O: idea that we should forge ahead with technology (economic

benefits)
O: people not having access to this technology would be 

criminal

2. Is the person being quoted for or against gene 
technology?

for the technology

3. Decide who would benefit most if the public accept-
ed the point of view presented in the article. Does
this mean that the person quoted would benefit?
(involves interpretation so answers may vary)

In this case, industry and farmers would benefit the most.
This person would benefit.

4. Decide whether you feel the people being quoted
are telling the full story, part of the story or just 
giving their points of view. 

involves interpretation so answers will vary

Media Story 2

1. Article Summary: List each of the arguments men-
tioned in the article and write an F for fact and an O
for Opinion in the margin beside each of them. 

F: protestors went into the office of Dishy Foods
O: Dishy Foods gives impression that their food is healthy etc
O: Dishy Foods sees people as guinea pigs
O: Dishy Foods motivation is related to the cheaper production

of GM crops
O: Dishy Foods doesn’t care about effects on the environment

or human health
O: GM food products have negative effects on the environment

and human health
O: can’t trust those in the industry
O: GM crops won’t feed the world
O: only multinationals will benefit from GM crops
O: consumers are pawns for profit

2. Is the person being quoted for or against gene 
technology?

against the technology

3. Decide who would benefit most if the public accept-
ed the point of view presented in the article. Does
this mean that the person quoted would benefit?
(involves interpretation so answers may vary)

In this case, the activist group ‘GM Free for Me’ would 
benefit the most. This person could benefit if people made
donations to his organization.

4. Decide whether you feel the people being quoted
are telling the full story, part of the story or just 
giving their points of view. 

involves interpretation so answers will vary

Media Story 3

1. Article Summary: List each of the arguments men-
tioned in the article and write an F for fact and an O
for Opinion in the margin beside each of them. 

F: Octavio banned all GMO foods
O: the move was a look to the future
F: no other store offers GM free
O: no other retailer has been gutsy enough to do so (might

have been other reasons)
O: people are looking for GM free
F: GM free products have been selling
O: GM free products have been a huge seller
F: GM free products cost more
O: people are willing to pay more for GM free
O: there’s a risk to GM products - haven’t been proven safe &

customers don’t want to risk it 
O: Julie is pleased with policy
O: GM crops create superweeds and superpests
O: GM crops are dangerous for the environment
O: GM crops are better for our health and the environment

2. Is the person being quoted for or against gene 
technology?

against the technology

3. Decide who would benefit most if the public accept-
ed the point of view presented in the article. Does
this mean that the person quoted would benefit?
(involves interpretation so answers may vary)

In this case, the retailer Octavio would benefit because they
are the only retailers selling GM free products in this sce-
nario. This person would benefit financially if people only
wanted to buy GM free products

4. Decide whether you feel the people being quoted
are telling the full story, part of the story or just 
giving their points of view.  

involves interpretation so answers will vary




