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The Chimera: From Legend to Lab9.3

The chimera is described in Greek mythology as a
fire-breathing monster with the head and shoulders
of a lion, the body of a goat, and a serpent for a tail
(see Figure 9.20). Today, geneticists often use the
term “chimera” to describe genetically engineered
organisms that contain genes from unrelated species.
The name may prove very fitting. The mythical
chimera combined the strengths of many different
animals to produce one creature that was
exceptionally powerful. But this chimera was also
frightening — it breathed fire and could be ferocious.
In the same way, modern genetic chimeras bring
together elements of different genomes in ways that
can produce important social benefits. These new
chimeras and the genetic technologies that create
them also pose some disturbing risks; consequently,
many people consider them to be dangerous.

Figure 9.20 The chimera is a mythical beast that combines
parts of a lion, goat, serpent, and dragon.

As you saw in the last section, the first chimeric
organism was created in 1973 when Stanley Cohen
and Herbert Boyer successfully developed a bacterial
plasmid that could express an amphibian gene. 
The work initiated by Cohen and Boyer remains
the foundation of much of the genetic engineering
done today.

Recombinant DNA Technology
All mammals produce a growth hormone called
somatotropin. When cows are treated with high
levels of this hormone they grow bigger, develop
larger udders, and produce more milk than they
normally would. In 1990, the gene coding for this
hormone in cattle (bovine somatotropin, or BST)
was successfully cloned and inserted into a
bacterial vector using recombinant DNA technology.
Produced on a commercial scale, the resulting
hormone became the first transgenic, or genetically
engineered, product approved for agricultural 
use in North America.

To insert a mammalian gene into a prokaryotic
cell, two basic requirements must be met. First,
researchers must isolate the target mammalian gene
from the genome as a whole. Second, the researchers
must find a way to ensure that the prokaryotic cell
can express the mammalian gene correctly.

Creating and Isolating the Target Gene

In the previous section, you learned how
restriction endonucleases can be used to break
DNA into fragments, and how these fragments can
then be inserted into bacterial plasmids for cloning.
Recombinant DNA technology relies on a similar
technique that employs an additional step to
isolate plasmids containing the target gene.

To begin, the eukaryotic chromosome and
selected bacterial plasmids to be used as a cloning
vector are treated with a restriction endonuclease.
When the eukaryotic DNA fragments are combined
with the broken plasmids, some of the plasmids
recombine with eukaryotic DNA. The plasmids 
are then returned to the host bacteria by simply
culturing both in solution so that some of the
bacteria will take up the plasmids. However, many
of the plasmids will not contain recombinant DNA;
of those that do, only a small portion will contain
the target mammalian gene. Therefore, the next
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step is to isolate bacterial colonies that contain the
recombinant plasmids incorporating the target gene.
As illustrated in Figure 9.21, this step involves two
stages of screening.

Stage 1: Identify the bacterial colonies that
contain recombinant plasmids. Only a portion of
the bacteria will take up recombinant plasmids. To
identify those that do, researchers typically use
plasmids carrying a particular genetic marker —
that is, a trait that is easily identified. A common
marker is the E. coli gene called ampR, which
confers resistance to the antibiotic ampicillin.
When bacteria are plated onto a medium that
contains ampicillin, only those bacteria that
contain plasmids having the ampR gene will
survive and produce colonies.

Stage 2: Identify the bacteria containing the
desired gene. When the mammalian DNA is broken
with an endonuclease, the result is likely to be
hundreds or thousands of fragments. Of these, only
a small fraction will contain the target gene. As a
result, another step is required to find those
bacteria that contain a plasmid that includes the
right gene. Identifying these bacteria involves the
use of a nucleic acid probe in a technique called

nucleic acid hybridization. If at least part of the
nucleic acid sequence of the gene is known, this
information can be used to construct a probe made
of RNA or single-stranded DNA. The probe consists
of a nucleic acid sequence complementary to the
known gene sequence, along with a radioactive or
fluorescent tag. As you learned in Chapter 7, the
fluorescent tagging technique is also known as
Fluorescence in situ Hybridization, or FISH.

To employ the probe, DNA from each bacterial
colony is first heated to separate its two strands and
then mixed with a solution containing the nucleic
acid probe. The probe forms a base pair with its
complementary sequence, making it possible for
researchers to locate the tag to determine which
bacterial colony contains the desired gene. Once
the colony has been identified, it can be cultured 
to produce the gene product.

Expressing Eukaryotic Genes in 
Prokaryote Vectors

In Chapter 8, you examined some of the differences
in transcription and translation between prokaryotic
and eukaryotic cells. These differences complicate
the process of expressing eukaryotic genes in

Figure 9.21 This screening process is used to identify
bacterial colonies containing plasmids with the target gene.
In addition to their application shown here, nucleic acid

probes made up of an entire gene from one species have
been used to locate similar genes in the genomes of 
other species.

The eukaryotic chromosome and the bacterial
plasmid containing the genetic marker ampR

are fragmented with a restriction endonuclease.
Some of the eukaryotic DNA fragments and
broken plasmids will combine to produce
recombinant plasmids. The plasmids must
contain a replication origin to enable them to
generate new copies of the recombinant DNA.

A

Only bacteria containing
ampR plasmids will grow
on a medium containing
ampicillin. Genetic material
isolated from the cells of
the colonies that result is
combined with a solution
containing the tagged
nucleic acid probe. The
probe binds to the section
of DNA that contains the
target gene.

B

The probe marker allows the tagged DNA to be
identified. The bacterial colonies that contain the
target gene can then be selected and cultured.

C
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prokaryotic cloning vectors. First, the promoter
sequence of a eukaryotic gene will not be recognized
by the prokaryotic form of RNA polymerase. To
overcome this problem, researchers have developed
a particular type of plasmid called an expression
vector. An expression vector is a plasmid that
contains a prokaryotic promoter sequence just
ahead of a restriction enzyme target site. Thus,
when recombination occurs, the inserted DNA
sequence will lie close to the bacterial promoter.
The host cell then recognizes the promoter and
transcribes the gene.

Second, as discussed in Chapter 8, a prokaryote
does not contain the snRNA or spliceosomes
necessary to remove introns from a eukaryotic 
pre-mRNA transcript. This means that the mRNA
transcript in a prokaryote will contain both coding
and non-coding sequences, both of which will be
translated by the cell. The solution to this problem
has been to develop artificial eukaryotic genes that
do not contain introns. Figure 9.22 shows how this
is done. Researchers first isolate finished mRNA
from the cytoplasm of a eukaryotic cell. The mRNA
is then placed in a solution with an enzyme called
reverse transcriptase, which creates a DNA strand
complementary to the mRNA strand. This DNA
strand is then isolated and added to a solution
containing DNA polymerase, which synthesizes

another complementary DNA strand. The result is a
double-stranded molecule of DNA containing only
the coding portions of the eukaryotic gene. This
synthetic molecule is called copy DNA or cDNA.

Another solution to both of these problems is to
use eukaryotic cells as cloning vectors. Yeast cells
are often used for this purpose, since they can be
cultured easily. Some yeast cells also contain
plasmids, so similar techniques can be used to
insert recombinant DNA into the cloning vector.

Inserting DNA into Plant or Animal Vectors

In some cases, only plant or animal cells will contain
all the enzymes necessary to correctly manufacture
a desired protein. Such cells can be grown in
cultures to serve as cloning vectors. However,
because these cells are more difficult to culture, it
is harder to insert foreign DNA into them. To get
around this apparent barrier and place foreign genes
into eukaryotic genomes, biologists have developed
several methods.

In 1983, for example, American microbiologist
Mary Dell Chilton developed a process for inserting
a foreign gene into a plant chromosome. For this
purpose she employed the bacterium
Agrobacterium tumefacieins, which causes tumor-
like growths called galls to form on certain types of
plants. This bacterium carries a plasmid known as
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Figure 9.22 A molecule of cDNA contains no introns. Therefore, this molecule can
be correctly expressed by a bacterial host.

When a eukaryotic gene is
transcribed, the initial
transcript contains both
exons and introns. The
introns are spliced out from
the pre-mRNA before the
transcript leaves the cell
nucleus.

A

The finished mRNA can be
used as a template to
synthesize a new strand of
DNA. Reverse transcriptase,
an enzyme found in some
viruses, is used to create a
single cDNA strand from an
RNA template.

B

The single strand of DNA
then becomes a template for
the synthesis of its own
complementary strand. The
result is a double-stranded
cDNA molecule containing
only the coding sequences
of the gene.

C
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the Ti (for tumour-inducing) plasmid, which infects
the host plant by integrating a segment of its DNA
into the plant’s DNA. Chilton used this plasmid’s
ability as a way to splice other genes into the plant
genome. The process is illustrated in Figure 9.23.

This method of inserting foreign DNA into plant
cells has been used to produce plants that carry
many new genes. However, the Ti plasmid only
infects dicots (plants having two seed leaves) as
opposed to monocots (plants having a single seed
leaf). As a result, researchers have had to develop
other ways to bring new DNA into monocots, which
include the agriculturally important cereal grains.

One key challenge has been to find a way to bring
DNA from the cytoplasm into the cell nucleus. One
means by which this can be accomplished is to
pass a brief electric current through a solution

containing a culture of eukaryotic cells. The current
creates temporary pores in the cells’ nuclear
membranes, allowing fragments of DNA to cross
into the nuclei. A second means was developed by
American researcher John Sanford in 1988. Sanford
invented a DNA particle gun (shown in Figure 9.24).
This device can fire DNA-coated microscopic metal
particles directly into plant cells and their nuclei.
Once the foreign DNA is in a nucleus, there is a
chance that it will be taken up by the host cell
genome as part of the recombination process
during cell division.

The new strains of organisms being developed
through genetic technologies are examined by
government agencies to determine their benefits
and risks before they are approved for commercial
use. Different countries often take different

Figure 9.23 Chilton’s process for inserting foreign DNA into a plant genome relies
on the ability of the Ti plasmid to insert itself into plant DNA.

A restriction endonuclease is
used to splice the desired gene
out of a donor plant cell. The
same restriction enzyme is also
used to cleave the Ti plasmid.

A

The desired gene is inserted into the
plasmid to produce a recombinant Ti
cloning vector. The vector is then 
re-inserted into a bacterial culture.

B

When the recombinant bacteria are cultured
with a suspension of plant cells, some of
the Ti plasmids infect the plant cells,
thereby carrying their genetic information
into the plant chromosome.

C

Some of the plant cells carry the
new gene. These cells can be
cultured to produce plants that
express the foreign gene.

D
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approaches to these decisions. For example, after
studies found no evidence that milk from bovine
somatotropin-treated cows posed any risk to human
consumers, the commercial use of genetically
engineered BST was approved in the United States
in 1994. Canada, in contrast, decided in 2000 not
to approve the drug for use. This decision reflected
concern about the effects such hormone treatments
might have on the health of cows. As this example
illustrates, the potential benefits of the application
of genetic engineering technologies and transgenic
organisms must always be considered against the
risks they may present to human health, the well-
being of plant or animal stocks, and the
environment. The need for standards and criteria
in this area will only increase as transgenic options
become increasingly available in various fields.

Figure 9.24 Sanford’s DNA particle gun fires microscopic
metal pellets coated with foreign DNA. The pellets are
attached to a plastic projectile that is shot through the gun
chamber. When the projectile hits the stopping plate, the
pellets are torn off and carried into the plant cells and some
of their nuclei. The foreign DNA may then be incorporated
into the plant DNA.

Applications of Recombinant 
DNA Technology
Herbicide-resistant Corn

Crop plants containing recombinant DNA now
account for over half of the production of corn 
and Canola™ in North America. Over 50 types of

genetically modified crop plants have been approved
for use in Canada. One example is herbicide-resistant
corn. Geneticists working with a private corporation
isolated and cloned a bacterial gene that provides
resistance to the chemical glyphosate, an active
ingredient in certain herbicides. They coated fine
particles of gold with DNA fragments containing
the bacterial gene and then fired the particles at a
suspension of corn germ cells. Some of the cells
took up the DNA. After screening for the right
recombinants, the geneticists were able to grow
corn that expressed the bacterial gene.

When these corn plants are grown as crops, as
shown in Figure 9.25, farmers can apply herbicides
to control weeds without damaging the corn. Fewer
weeds means increased corn production. Corn
containing this bacterial gene was approved for use
in Canada in 2001, after the Canadian government
concluded that the use of the transgenic corn did
not present a risk to human health.

Figure 9.25 Genetically engineered plants can result in
increased crop productivity.

Human Insulin

In 1982, a human insulin synthesized by transgenic
bacteria was approved for medical use in the
United States. This was the first example of a
genetically engineered pharmaceutical product.
Until that date, insulin (which is important for the
treatment of diabetes) was extracted from cows and
pigs that had been brought to market. Although the
insulin of these livestock animals is very similar 
to human insulin, many patients suffered from
allergic reactions. Consequently, an American
pharmaceutical company developed a process for
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inserting the human gene for insulin into bacteria.
The resulting transgenic bacteria provided a ready
source of high volumes of human insulin. This
ready source, in turn, lowered the cost of treatment
and also reduced the number of side effects. Since
that time, bacteria have been used as vectors for
producing other pharmaceutical products.

Bioremediation: PCB-eating Bacteria

Among the by-products of a number of industrial
processes, particularly those in the electronics
industry, are polychlorinated biphenyls or PCBs.
These highly toxic, environmentally persistent
compounds can build up in soil and accumulate in
the food chain, thereby presenting a risk to animal

and human populations around the world.
Cleaning up PCB-contaminated sites is difficult and
costly. In response to this problem, a number of
biotechnology companies have been experimenting
with the development of recombinant bacteria that
can degrade PCBs into harmless compounds. One
technique is to locate bacteria that naturally contain
genes coding for enzymes that break down PCBs
and then transfer these genes into micro-organisms
that can survive and reproduce well in soil.
Multiple copies of these genes can be inserted 
into the host genome in order to increase the 
rate of PCB-degrading enzyme production.

MagazineBiology T E C H N O L O G Y  •  S O C I E T Y  •  E N V I R O N M E N T

Using Genes to Clean 
Up the Environment
How would you clean up millions of litres of oil spilled
onto a gravel beach, or locate explosives buried in a
minefield? Such difficult, dangerous, and costly tasks can
now be made easier and safer with the help of genetically
modified organisms.

Oil and explosives such as trinitrotoluene (TNT) are only
two of the unlikely materials that can be used as raw
materials by one organism or another. Bacteria in
particular are able to use a huge variety of chemicals as 
a source of energy. Just as some insects can feed on
leaves that are toxic to other insects, some bacteria can
thrive on chemicals that would poison most organisms.
For example, there are bacteria that can absorb phenol,
cyanide, sulfur, and polychlorinated biphenyls (PCBs).
These bacteria use enzymes to break down the chemical
bonds in these molecules, much as we use enzymes 
in our stomachs to break down complex carbohydrates
in our food into simpler glucose molecules.

Bacteria have lived on Earth for billions of years, and
some are adapted to survive in Earth’s most extreme
natural environments — places that are acidic, radioactive,
or that contain heavy metals. It is not so surprising, then,
to find that certain of their species live in polluted areas
around landfill sites, chemical factories, oil refineries, and
mines. After collecting and culturing these organisms,
scientists can identify their pollutant-breaking enzymes
and the genes that encode them. They can then isolate
the best clones and attempt either to improve the
efficiency of their enzymes or to transfer their genes into
other organisms in order to use them in bioremediation
efforts.

Plants That Fight Soil Pollution
You may have heard that spinach is good for you
because it contains iron. In fact, many plants contain
metals, which they selectively absorb from the soil
through their roots. For example, various members of 
the cabbage family (Cruciferae) absorb a long list of
metals ranging from arsenic to mercury and zinc.

The key to plants’ abilities to absorb metals is found 
in a group of proteins called metallothioneins. These
proteins contain large numbers of atoms that readily
bond onto metals. Depending on its particular structure,
a metallothionein molecule may selectively bond to one
particular metal. This bonding enables the species which
express the protein to accumulate that metal in
concentrations 30 to 1000 times greater than its
concentration in the surrounding soil. In some examples,
the plant may have a metal content of as much as 30
percent of the total dry mass of the plant’s roots.

To be practical as a method of removing toxic metals
from soil, plants must not only absorb these metals but
also grow quickly in a range of different conditions and
be easy to harvest. (If the plants are not removed, the
metals will simply return to the soil when the plants die
and decompose.) Through genetic engineering, scientists
can add genes coding for metallothionein production to
any plants that have these other desired properties. The
result is a cheap, non-polluting way to remove or stabilize
toxic metals that might otherwise be leached out of the
soil into watercourses.

Can Transgenic Organisms Locate 
Toxins and Land Mines?
Genetically modified organisms called biosensors may
soon play a role in the detection and monitoring of
dangerous materials that cannot be discovered easily,
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The use of living cells to perform environmental
remediation tasks has become known as
bioremediation. Other examples of bioremediation
include bacteria that have been designed to clean
up oil spills, filter air from factory smokestacks, or
remove heavy metals from water.

Improved Nutrition

Millions of people worldwide suffer from
malnutrition because they lack access to both
sufficient food and balanced diets. Malnutrition
can, in turn, lead to disease. Inadequate vitamin A,
for example, is associated with vision problems, a
weakened immune system, fatigue, dry skin, and
joint pain. These symptoms affect hundreds of

thousands of people in many Asian countries, where
the diet consists chiefly of rice. To the potential
benefit of these people, a Swiss company has
recently developed a genetically modified strain 
of rice known as golden rice. This rice has been
genetically engineered to produce beta-carotene, 
a vitamin A precursor. It also contains higher
amounts of iron than regular rice. Golden rice is
now being offered as a staple part of the food aid
delivered to many developing countries, in the
hope that its higher nutrient levels will help reduce
the incidence of disorders linked to vitamin A and
iron deficiencies.

safely, or economically by other means. For example, 
the standard procedure for determining if harmful toxins
are leaching into the ground or water supplies is to
periodically take and analyze soil and water samples.
Similarly, the standard procedure for locating buried, 
plastic-housed land mines is for very brave individuals to
search the area equipped with what is, sometimes, nothing
more sophisticated than a long stick. The former
procedure is an expensive, time-consuming, and labour-
intensive task. The latter is a high-stakes gamble that can
quickly maim its practitioner or curtail his or her life. How
much more convenient would it be to have organisms
living on dangerous materials sites that would unwittingly
signal the location of pollutants or land mines?

Land mines buried by the millions kill or maim hundreds
of civilians each year in countries where wars once raged.
Plant biosensors may someday reveal their locations,
allowing them to be safely detonated or removed.

How can you get an organism to send such a signal?
One method is to add a gene for light production.
Bioluminescence is the light produced by fireflies, 
glow-worms, some fungi, and many marine organisms.

For example, a protein from a species of Pacific jellyfish
(Aequorea victoria) fluoresces green when excited by blue
or UV light. Genetic engineers can splice the gene that
codes for this protein into a bacterium, linking it to a
bacterial gene that responds to the presence of a certain
toxin. When the genetically modified bacteria grow in an
area containing this toxin, they will glow.

The glow of these bacteria may help identify toxins 
on an exposed surface, but what about those buried
underground? For these applications, plants have the
decided advantage of being larger and more easily
tracked. One possible application of plant biosensors 
is to detect buried land mines containing TNT or other
explosives. Historical areas of conflict such as
Afghanistan, Angola, Cambodia, and the Falkland Islands
are littered with millions of land mines, essentially making
it impossible to farm large areas of otherwise arable land.
Many land-mine casings are also plastic and thus cannot
be located by metal detectors. However, some bacteria
have gene promoters that are activated by TNT. These
promoters can be linked to the green fluorescing genes
described above and added to small, rapidly growing
plants, the seeds of which could then be spread from the
air over land mine sites. In time, the plant roots would
spread out in the soil, absorb traces of explosives, and
transport them to the leaves, which would fluoresce.
Scientists could then map the location of buried explosives
and decide on the best means of deactivating them.

Follow-up
Based on what you know or can find out about the
characteristics of different organisms, suggest some
possible combinations of genes that could be used for
bioremediation or biomonitoring (using organisms to 
detect pollution).
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Weighing the Risks
Products such as golden rice, shown in Figure 9.26,
have been marketed as demonstrating the benefits
of genetic engineering. However, many organizations
and consumer groups argue that these benefits are
outweighed by a variety of risks. In the case of
golden rice, recent studies have shown that the
amount of additional vitamin A offered by a regular
daily serving may be as little as eight percent of an
individual’s daily requirement. Thus, these servings
may not contribute much toward the goal of reducing
the incidence of vitamin deficiency in those
countries receiving food aid. The work undertaken
to develop the rice has also consumed many
millions of dollars that could have been spent on
other, perhaps more meaningful forms of aid to
developing countries. Given these questionable
results, will the investment in genetically
engineered foods prove worthwhile? Answers to
questions such as this are part of the challenge
involved in determining the advantages and
disadvantages of genetic engineering technologies.

Figure 9.26 Genetically engineered foods such as golden
rice can provide extra nutrition to people in countries
receiving food aid, but at what long-term cost?

In Canada, proposals for the use of transgenic
products are reviewed by government agencies
such as Health Canada and the Canadian Food
Inspection Agency. In deciding whether or not to
approve such products for use in Canada, these
agencies consider a number of criteria. These
criteria include the potential social, economic, and
environmental costs and benefits; the process by

which the product was developed (including the
source of genetic material); the biological
characteristics of the transgenic product as
compared with the natural variety; and the
potential health effects, including the possibility
that the product might contain toxins or allergens.

Despite this review process, many organizations
(including consumer advocacy groups and
environmental groups) have opposed the use of 
a number of transgenic organisms. Among their
concerns have been the following potential risks.

Environmental threats The use of herbicide-
resistant crops may encourage farmers to use
higher levels of herbicides. This practice can 
lead to greater leaching of herbicides into water
supplies and neighbouring ecosystems.
Additionally, recent evidence suggests that 
genes can spread accidentally from genetically
engineered organisms to wild organisms, thus
posing a threat to biodiversity. In 2001, for
example, a study of wild corn in Mexico found
that some populations contained several different
genes from transgenic corn plants. There is also a
risk that herbicide-resistant crop plants could
crossbreed with related natural plants, thereby
producing “superweeds” that would be very
difficult to control. In the same way, the
development of pest-resistant plants could
eventually lead to the development of “superbugs”
that would be immune to certain pesticides.

Health effects Many consumer groups argue that
simply not enough is known about the long-term
effects of transgenic products. Some believe that
the consumption of transgenic products may be
having effects that do not show up in the studies
conducted by researchers to date. Others point 
to the problem of ensuring that the use of
genetically modified crop plants complies with

www.mcgrawhill.ca/links/biology12
Each year, the Canadian government receives many applications
for permission to market transgenic organisms. Use the
Internet to research one application that was submitted to the
government this year. Go to the web site above, and click on
Web Links. How was this product developed? What issues
does the Canadian government consider in deciding whether or
not to approve a transgenic product? Prepare a brief report
describing the product, its potential benefits and risks, and 
how you think the Canadian government should respond to 
the application.
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government regulations. In the fall of 2000, for
example, one biotechnology company was forced
to recall stocks of a pesticide-resistant corn that
had been approved only for use as animal feed. It
was later found in human food products,
including taco shells. This incident prompted
many consumer groups to argue for tighter
controls on the approval of transgenic
agricultural products.

Social and economic issues Advocates of
genetically modified crops argue that these crops
will help to alleviate world hunger. Their
opponents argue that world hunger is the result
of unequal food distribution, not food shortages,
and that harvests of transgenic crops will not
address this issue. Also, since transgenic
organisms are primarily developed by private
companies, many people fear the control of world
food supplies could become concentrated in
corporate hands. Other groups argue that the
cultivation of transgenic crops favours large farms
over small-scale or family farms, and that it
increases farmer dependence on the corporations
holding the patents on the organisms.

In addition to these issues, the treatment of
living organisms as commodities to be
manipulated, patented, and sold raises questions
about how humans view their role in the world
and their relationship to their environment. The
potential benefits of genetic engineering must
constantly be judged against a background of
numerous social concerns, economic concerns,
potential health risks, mores, spiritual beliefs, and
potential environmental risks. The need to judge
correctly becomes more pressing each year, as
scientists apply genetic engineering technologies to
various fields of medicine and develop genetically
modified animals. In the next chapter, you will
learn about some of the particular challenges
involved in manipulating animal and human DNA,
and you will examine some of the complex issues
associated with this work.

Your Electronic Learning Partner has animations on
recombinant plasmids in bacteria.

ELECTRONIC LEARNING PARTNER

S E C T I O N  R E V I E W

1. List the key steps involved in the development
of bacteria that produce bovine somatotropin. In
terms of the application of genetic technologies, what
is the significance of the hormone produced by these
bacteria?

2. Describe how cDNA is used to overcome one
of the challenges involved in expressing eukaryotic
genes in bacterial vectors.

3. Distinguish between the roles of ampicillin-
resistant bacteria and nucleic acid probes as tools 
for preparing samples of recombinant DNA.

4. Draw a bacterial plasmid that contains all the
structures and features necessary to express a
eukaryotic gene. Label each structure or feature 
with a brief note that explains its significance.

5. Under what conditions would you use a
eukaryotic vector rather than a prokaryotic vector 
to express a mammalian gene? What are some of 
the disadvantages of eukaryotic vectors?

6. Using a computer, develop a table or flowchart
that compares the main features of three different
processes that can be used to insert bacterial genes
into a plant cell.

7. You are a member of a genetics research team
searching for a cure for male pattern baldness. A
member of your research team hands you a culture
of bacteria and says, “These bacteria are supposed
to express human keratin (the main protein
component of human hair), but so far they 
have not produced any.”

(a) Make a list of the possible problems that could 
be preventing the bacteria from expressing the
human protein.

(b) What steps could you take to identify the
problem?

(c) What steps could you take to correct the
problem?

8. Some companies that produce transgenic crop
plants forbid farmers from saving the seeds from their
crops in order to replant the transgenic organisms.
Instead, the farmers must purchase new seeds each
year. Write a brief report explaining some of the
advantages and disadvantages of this policy. If 
you were a researcher working for one of these
companies, what policy would you recommend?

9. Interview one or more farmers in your community
or a nearby community to discover their views on
genetically engineered crops. Write a report that
details their expectations and concerns.
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