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The quagga (Equus quagga quagga) shown in
Figure 9.27 was a horse-like creature that lived in
southern Africa until it was hunted to extinction 
in the late 1800s. More than 100 years after the last
known quagga died, geneticists isolated quagga
DNA from dried blood samples found in preserved
quagga skins. Using DNA fingerprinting and
sequencing techniques, they discovered that the
quagga was a subspecies of the African zebra. Today,
selective breeding projects are under way to try to
recreate a quagga-like animal using zebras that carry
genetic traits similar to those of the extinct quagga.

Why are the researchers working on this project
relying on selective breeding rather than turning to
genetic engineering techniques? Why do they not
simply insert quagga DNA into a zebra genome, in
the same way that DNA from one plant can be
transferred to another?

Figure 9.27 Can genetic engineering help to bring back
extinct species such as this quagga?

The researchers’ choice of procedure hints at
some of the difficulties involved in manipulating
the genomes of animals. It is much more difficult to

insert foreign DNA into an animal cell than into a
plant cell. One of the main reasons for this is the
dissimilar process of differentiation that takes place
in plant and animal cells. Differentiation is the
process by which certain portions of a genome are
activated or silenced to enable a cell to take on the
specific structure and function of a given tissue. 
As shown in Figure 9.28, differentiation is not
permanent in most plant cells. This means, for
example, that root cells taken from a fully grown
plant can be cultured to produce an entirely new
plant. In most animals, in contrast, once a cell has
differentiated into a specialized tissue, it usually
will be unable to give rise to other types of cells.
As this cell differentiates, some portions of its DNA
become permanently activated or repressed, making
it very difficult to insert foreign DNA into the cell
in a way that will allow that DNA to be expressed.
In the following pages, you will explore two
different fields of research that involve inserting
and expressing foreign DNA in animal cells.

Figure 9.28 When a leaf from a succulent plant is planted 
in moist soil, it will grow a new set of roots. The cuttings
shown here will eventually grow into complete plants. 
Why can an animal not produce new tissues or organs in 
the same way?

EXPECTAT IONS

Describe the functions of the cell components used in genetic engineering.

Describe the steps involved in inserting new genes into an animal genome
and in cloning a mammal.

Outline three different methods for inserting new genetic material into 
the cells of a human patient.

Discuss medical and ethical issues associated with gene therapy.
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Cloning Animals
Organisms that are genetically identical are said to
be clones of one another. A group of plants that have
arisen through asexual reproduction from a single
parent are clones. Identical twins, which form
when a single zygote develops into two fetuses, are
clones that arise naturally in animal populations.
In recent years, researchers have developed
laboratory techniques for cloning animals.

The first experiments in this regard date back to
the 1950s. At that time, American biologists Robert
Briggs and Thomas King transplanted nuclei from
frog embryos and tadpoles into frog egg cells whose
nuclei had been removed. When Briggs and King
took the transplanted nuclei from the cells of very
early embryos, they found that many of the eggs
developed into tadpoles. When they took the nuclei
from the cells of tadpoles, however, they discovered
that very few of the eggs developed. Further, even
when the eggs did develop into apparently normal
tadpoles, the tadpoles never developed into adult
frogs. These results gave support to the idea that
differentiated cells could not be used to create
clones. Many researchers concluded that the
process of differentiation in animal cells meant 
that animal cloning from adult tissue would always
be impossible.

Just some 40 years later, however, researchers
began achieving that seemingly impossible goal. In
the early 1990s, for example, mice were cloned by
using the nuclei of cells taken from mouse embryos.
More recently, an even more remarkable achievement
signalled the discovery that differentiation in adult
animal cells was not always irreversible.

In a country known for its extensive sheep
herds, why would the birth of a lamb be headline
news? If the country was Scotland and the year
1997, it would be because the lamb was Dolly, the
first mammal to apparently be successfully cloned
using cells taken from an adult donor. Ian Wilmut
and his colleagues produced Dolly (shown in
Figure 9.29) using genetic information taken from
the udder cells of an adult sheep.

In order for these differentiated cells to be
cultured to produce a viable embryo, the process of
cellular differentiation had to be reversed. Figure
9.30 on the following page illustrates the main steps
by which this was accomplished. First, Wilmut
collected unfertilized egg cells from a donor sheep
and removed the nuclei from these cells. Then,
from a second donor animal, he removed a sample
of udder cells. The udder cells were cultured in a

special medium that stopped the cell cycle during
the G phase. (For a review of the cell cycle, see
Appendix 4.) The nuclei from these cells were then
transplanted into the egg cells. When the resulting
cells were cultured, a few began to divide. These
early embryos were then implanted into the uterus
of a third sheep that acted as a surrogate mother.
One of these embryos developed into a lamb. After
the birth of the lamb, now named Dolly, DNA tests
confirmed that this animal was genetically identical
to the sheep from which the udder cells were taken.

Figure 9.29 Dolly, the first mammal cloned using cells 
from an adult donor, was born in Scotland in 1997.

Since the birth of Dolly, other teams have cloned
a number of other animals using cells from adult
donors. As scientists study how these cloned
animals develop, however, evidence is mounting
that a number of problems may be associated with
animal cloning. Dolly, for example, has shown
signs of premature aging. Researchers working with
other cloned animals have reported problems
associated with gene expression.

Human Cloning

In late 2001, a team of scientists at an American
research facility announced the first success at
cloning human cells. The research team, led by
Jose Cibelli, Robert Lanza, and Michael West, used
two different techniques to clone human cells. First,
using the cloning process developed by Wilmut to
produce Dolly, the team obtained cloned human
embryonic cells that survived long enough to divide
several times. In a separate procedure, they induced
human egg cells to divide, and were thus successful
in producing a multicellular human blastula.
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Figure 9.30 In order to produce a clone from an adult
animal, geneticists must first find a way to reverse the
process of cellular differentiation. In the case of Dolly,
researchers stopped the cell cycle in the udder cells before

inserting their nuclei into the egg cells. This procedure
allowed the DNA in the differentiated udder cell nuclei to
regain their potential to generate other types of cells.

Unfertilized eggs are
collected from a
donor animal. The
nuclei of these cells
are removed.

A
Udder cells are
collected from the
genetic donor animal
and cultured in a
medium that stops
cell division.

B

The nuclei of the udder cells are
transplanted into the egg cells.

C

The cells are treated with an electric
current to restart the cell cycle.

D

The resulting cells are cultured. Some
begin to divide to produce early
embryos.

E

The embryos are implanted into the
uterus of a surrogate mother. One
embryo survives to produce a lamb
that is genetically identical to the
donor of the udder cell.

F
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Researchers involved in human cloning
distinguish between therapeutic cloning and
reproductive cloning. Therapeutic cloning is the
culturing of human cells for use in treating medical
disorders. Reproductive cloning is the development
of a cloned human embryo for the purpose of
creating a cloned human being. In either case, the
potential benefits of these processes must be weighed
against significant legal, moral, and ethical issues.
Proponents of therapeutic cloning argue that this
field holds the promise of eventually eliminating
all human disease. On the other hand, all means of
cloning animals and humans known to date involve
the artificial creation and deliberate destruction of
hundreds of embryos. These cloning technologies
have the potential to change society’s definitions of
life and individuality, and as such will continue to
be hotly debated in the years ahead.

Gene Therapy
Geneticists have already identified genes associated
with more than 2000 human disorders, ranging
from dwarfism to insomnia. In some cases, a single
gene is associated with a disorder. In others, a
certain gene might put an individual at a higher
risk for developing a disorder. In both situations,
genetic technologies have raised the possibility 
that cures might someday be found by correcting 
the function of the defective gene. The process of
changing the function of genes in order to treat or
prevent genetic disorders is called gene therapy.

The first successful human trial of gene therapy
took place in 1990, when a four-year-old girl
received an injection of genetically modified cells
to help combat a severe immune deficiency disorder.
The modified cells contained a working version of
a gene that the girl lacked. While this treatment
was not a cure — the girl continues to need regular
infusions of the modified cells — the results
indicated for the first time that it was possible to
combat disorders by targeting genetic causes rather
than by treating symptoms alone.

To date, gene therapy has neither produced any
cures for genetic disorders nor been approved for
general medical use on humans. Many clinical
trials involving both animals and human patients
are under way, however. As part of these
experiments, genetic researchers developing gene
therapy techniques must address two separate
challenges. First, they must find a way to bring a
working copy of the gene into a patient’s body.
Second, once the gene is inside the body, they need
to ensure it will be expressed properly in the cell.

Transferring Genes into the Body

In gene therapy, as in recombinant DNA
technology, the vehicle used to carry and replicate
foreign DNA is called a vector. The two general
types of vectors in use in gene therapy trials are
known as viral and non-viral. Researchers are also
exploring a number of other avenues, including the
development of entirely artificial chromosomes.

Viral vector Many viruses have the ability to
target certain types of living cells and insert 
their own DNA into the genome of these cells.
Using restriction enzymes, viruses can be
genetically altered to carry a desired gene. As
shown in Figure 9.31, these characteristics make
viruses good candidates as vectors to deliver new
genes into human patients. There are some risks
associated with using viruses as vectors, however.
Even though disease-causing genes are first
spliced out of the viral genome, the remaining
viral protein coat can trigger an immune
response, including a very high fever. Several
deaths in clinical trials have been attributed to
such reactions in patients.

Figure 9.31 Some viruses can be modified and used as
vectors to carry new genes into a human cell. The human
immunodeficiency virus (HIV) — one of the deadliest viruses
known — has the potential to be a very powerful viral vector
because of its ability to infect many different types of cells.
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The intact virus is made up of a protein coat containing a
strand of DNA.

A

The viral DNA is isolated and the disease-causing portion
of the viral genome (red) is spliced out. Genes coding for
the enzymes that allow the virus to insert its DNA into the
genome (blue) of its host cell are left intact.

B

A working human gene (green) is inserted into the viral
genome. The modified viruses are then cultured with
human cells. Some of the viruses will transfer the new
gene into the cells’ genome.

C
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Non-viral vector Because of the risks associated
with using viruses, scientists are exploring the
possibility of developing other types of vectors.
One approach being tested involves the insertion
of DNA into fatty envelopes called liposomes.
The liposomes can be transported across a cell’s
membrane and into its nucleus. Once in the
nucleus, the liposome breaks down and releases
the DNA. Since the liposome lacks a means of
incorporating this new DNA into the cell’s genome,
the technique relies on the new DNA being taken
up through recombination during cell division.
Thus, while they are somewhat safer to use,
liposomes are thousands of times less efficient than
viruses at delivering new genes into a living cell.

Once a vector has been selected, there are several
ways of bringing it into contact with a patient’s
cells. One way, known as ex vivo therapy, involves
removing some of the target cells from the patient’s
body, culturing these cells with the vector, and then
re-implanting the genetically modified cells. Blood
cells are often used as the target cells for ex vivo
therapy because they are easily removed from and
replaced into the body. A second method, called 
in situ therapy, involves injecting the vector directly
into the tissue containing the target cells. For
example, a vector containing a gene that combats
cancer can be injected directly into a tumour. Yet a
third method being studied, called in vivo therapy,
relies on a vector that can be taken up by the body
through injection or inhalation. Once inside the
body, the vector targets specific cells and inserts new
genes directly into these cells. So far, treatments
using in vivo therapy have not been successful,
although this method continues to hold promise 
for future work.

Expressing New Genes in the Body

In order for gene therapy to be effective, the new
genetic information must be inserted into cells that
will continue to replicate this information over 
the life of the patient. Bone marrow cells, which
produce the body’s blood cells, are good candidates
for lasting treatment of some conditions.

Part of the challenge facing scientists involved 
in gene therapy lies in the complexity of gene
expression in human cells. For instance, a gene that
is inserted incorrectly into a cell’s genome might
not be expressed correctly. Even worse, it might
interfere with the expression of other genes. The
effects of interactions among different genes, or
between genes and the external environment, also
make it very difficult for gene therapy researchers

to develop reliable ways of bringing new genes into
a human patient.

As work continues to try to make gene therapy
an effective medical tool, some individuals and
organizations are raising concerns about the ethical
and moral aspects of manipulating the human
genome. So far, all gene therapy trials in humans
have focussed on somatic gene therapy — that is,
therapy aimed at correcting genetic disorders in
somatic cells. While such treatments can have an
impact on the health of the patient, they do not
prevent the disorder from being passed on to the
patient’s children. Other research has contemplated
the possibility of germ-line therapy, or gene
therapy that would alter the genetic information
contained in egg and sperm cells. In theory, this
kind of therapy could eliminate inherited genetic
disorders. At the same time, however, germ-line
therapy could have many unforeseen effects on
future generations. So far, the Canadian government
has only approved the use of somatic cell therapies
for certain diseases for which no other treatments
are known. Human germ-line therapy research is
currently banned in Canada, and in many other
countries as well.

The speed at which new genetic engineering
technologies are developed and applied sometimes
makes it seem as though scientists have a very good
understanding of how genes work. In reality, as
researchers learn more about the structure and
function of genetic information in living organisms,
the complexity of the interactions among DNA,
proteins, and the environment is only starting to
become apparent. More than a century after the
discovery of DNA, exploration into the field of
molecular genetics is only just beginning.

www.mcgrawhill.ca/links/biology12
Gene therapy techniques may make it possible to alter the
function of particular genes to either treat disease or change
people in other ways. Should parents be allowed to select the
eye colour of their children? Should a healthy person who is
naturally short be treated to increase his or her height? Go to
the web site above, and click on Web Links to find out more
about some of the current legal and ethical issues raised by
gene therapy research. With a partner, select one issue for
discussion and prepare a five-minute classroom debate in
which you each argue a different position on the best way to
resolve the issue.

WEB L INK
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Medicinal Pigs and Other Clones
Every year, the lives of thousands of Canadians are saved
by organ transplants. Thousands more, however, wait
months or years before a suitable organ is found. As a
result, each year hundreds of people on organ transplant
waiting lists die before they can be treated. Even among
those who receive transplanted organs, hundreds die due
to organ rejection. Most of those who survive must take
drugs to suppress their immune systems. Although this
treatment enables their bodies to tolerate the transplanted
organs, it also leaves them vulnerable to infections.
Because of genetic engineering, there are now several
potential avenues through which these problems may
eventually be overcome.

Organs from Pigs
Pigs grow quickly and are easy to raise, and their organs
are similar in size and structure to human organs. As you
learned in Chapter 4, these facts have led researchers to
consider pigs as a potential ready supply of organs for
transplantation into human patients. So far, however,
cross-species transplantation (also known as
xenotransplantation) has had very limited success,
because an antigen produced by animal cells usually
triggers a serious immune response in humans that leads
to organ rejection. Genetic researchers are exploring two
different ways to avoid this result.

Genetic engineering can increase the chance of
successful organ transplants from pigs to humans, but
the prospect remains controversial.

In January 2002, researchers announced they had
successfully developed and cloned “knock-out” piglets.
These piglets were genetically modified to “knock out,” or
deactivate, the antigen gene in their cells. To create a
knock-out pig, researchers isolate the antigen gene from
the pig’s genome and deactivate it by inserting a
mutation into its DNA sequence. Next, they insert the
modified DNA into a vector and culture the vector with
the pig’s cells. In some cases, the vector will insert the

deactivated gene into the cultured cells. A screening
process then identifies the knock-out cells, some of
which are cultured into viable embryos.

Another possible way to avoid cross-species rejection is
to insert a human gene into the pig genome to make the
pig cells produce a human antigen instead of a pig
antigen. The resulting transgenic pig embryos, along with
the knock-out pig embryos described above, could then
be cloned to produce a stock of pigs whose organs
could be harvested.

The prospect of using pigs as a source of organs for
transplantation has led to considerable debate. Many
scientists are concerned about the risk of transferring
diseases from pigs to humans. Others maintain it is
unethical to create new kinds of animals purely for the
purpose of harvesting their organs. Concerns such as
these have led some researchers to look to human
therapeutic cloning instead.

Become Your Own Organ Donor
Imagine you need a new heart. Your surgeon asks you for
a DNA sample. From this sample a heart is grown that is
genetically identical to your own, thereby eliminating both
the wait for an appropriate donor and the risk of organ
rejection. How could this be accomplished? The procedure
would involve inserting your DNA into an enucleated cell
to create an embryo — your own identical twin. This
embryo would be cultured for about two weeks, then
destroyed in order to collect the stem cells needed to
grow your new heart.

In spite of the benefits, the practice of culturing human
embryos with the object of destroying them is viewed by
many as immoral and unethical. It also violates the tenets
of many religions. Opponents of human therapeutic
cloning also point to potential risks. Cloned animals have
a higher than average rate of mortality and deformity,
while those cloned using DNA from adult donors appear
to age prematurely. Dolly the sheep, for example, became
arthritic at the very early age of five. Such evidence
suggests that organs produced through human
therapeutic cloning may not function properly.

Successful therapeutic cloning for medical purposes may
be years away. In the interim, governments around the
world will be faced with the challenge of developing laws
to guide genetic research and its applications in this
rapidly changing field.

Follow-up
Different countries have enacted very different laws
relating to cross-species transplantation and therapeutic
cloning for transplantation purposes. Research the laws
in Canada and one other country to see how they differ.
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S E C T I O N  R E V I E W

1. Explain how the process of cellular
differentiation affects methods of developing
transgenic animals.

2. Decide whether Dolly could be described as the
identical twin of the genetic donor sheep and give
your reasons. What implications might your answer
have on society if human cloning is someday allowed?

3. In the cloning process that was used to create
Dolly, what was the purpose of treating the egg cells
containing the transplanted udder cell nuclei with an
electric current?

4. Describe the two main challenges that any
gene therapy process must overcome.

5. Compare the advantages and disadvantages of
using viral and non-viral vectors to carry new genes
into a human patient.

6. With a partner or in a small group, brainstorm the
benefits and risks of human cloning. Then write a
report describing your own thoughts on whether
human cloning is a good idea, and what restrictions
should apply.

7. What features of a genetic disorder would make
it a good candidate for treatment using gene therapy?

8. Imagine you have been asked to give a short
presentation to a Grade 7 Science class describing
the difference between somatic gene therapy and
germ-line therapy. How would you explain the
different terms? What examples could you use to
support your presentation? Assume that the students
are used to discussing social and ethical issues, but
they have no background in genetics.

9. In addition to its role in the sequencing of the
human genome, what are some of the potential uses
of a human DNA library? What risks are associated
with maintaining such a library?

10. Is it likely that researchers might someday
develop a form of gene therapy that involves 
“gene pills” that you could swallow? Explain.

Are genetic engineering technologies being used to treat
the cancer you are studying for your Unit 3 Project? Find
out how successful these treatments have been, and what
challenges researchers are facing.
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