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experiments that lead to the discovery of the structure of
DNA.

■ BLM 18.1.1 (OH) Griffith’s Discovery of
Transformation and BLM 18.1.2 (OH) Hershey-Chase
Experiment can be used as overhead teaching aids when
reviewing these experiments with your students. The
diagrams provided in the BLMs are similar to those shown
in the textbook and provide space for students to record
information associated with each diagram. 

■ BLM 18.1.3 (HAND) Genetic Timeline Research
Project challenges students to further describe the role
played by various scientists in the investigation of the
structure and function of DNA.  

■ Use BLM 18.1.4 (OH) DNA Nucleotides and Sugar-
Phosphate Backbone, BLM 18.1.5 (OH) The Double
Helix, and BLM 18.1.7 (OH) DNA Replication to
provide visual support when teaching DNA structure and
replication. Most students will have difficulty visualizing
the structure of DNA in three dimensions. Consider using
a model to enhance students’ perception of the DNA
molecule.

■ BLM 18.1.8 (HAND) DNA Replication Worksheet and
BLM 18.1.10 (HAND) The DNA Story Worksheet
reinforce students’ knowledge of the main chapter
concepts. Assign as a take-home worksheet or in class quiz.

■ Arrange to have a computer, Internet access, and an LCD
projector in your room. There are many web sites that have
videos and/or animations that deal with the structure of
DNA and the replication of this unique molecule. 

Answers to Questions for Comprehension
Student Textbook page 625

Q1. Miescher’s contribution to the study of hereditary
materials was the isolation of a weakly acidic
phosphorous-containing substance from the nuclei of
white blood cells, which he termed “nucleic acid.” 

Q2. Avery, MacLeod, and McCarty conducted a series of
experiments and discovered the following:
■  When they heat-killed pathogenic bacteria with a

protein-destroying enzyme, transformation still
occurred.

■  When they treated heat-killed pathogenic bacteria with
a DNA-destroying enzyme, transformation did not
occur. 

These results provided strong evidence for DNA’s role in
transformation.

Q3. Hershey and Chase concluded that genes are made of
DNA.

Answers to Practice Problems
Student Textbook page 627

1. Problem

A sample of DNA contains A and C nucleotides in the
following proportions: A = 34% and C = 16%. What are

the proportions of G and T nucleotides in this sample?
(Assume that the characteristic proportions are exactly
equal.)

What Is Required?

You must determine the proportion of G and T
nucleotides in the sample.

What Is Given?

The proportion of A nucleotides in the sample is 34%. 

The proportion of C nucleotides in the sample is 16%.

Plan Your Strategy

Use Chargaff ’s rule to determine the proportion of T
nucleotides in the sample.

Use Chargaff ’s rule to determine the proportion of G
nucleotides in the sample.

Act on Your Strategy

Step 1 From Chargaff ’s rule, you know that in any
sample of DNA, the amount of adenine (A) is always
equal to the amount of thymine (T). Therefore, the
proportion of thymine (T) nucleotides in the sample must
be 34%.

Step 2 From Chargaff ’s rule, you know that in any
sample of DNA, the amount of cytosine(C) is always
equal to the amount of guanine (G). Therefore, the
proportion of guanine (G) nucleotides in the sample must
be 16%.

Check Your Solution

34% + 16% + 34% + 16% = 100%

2. Problem

Use Chargaff ’s rule to complete the following table.
(Assume that the characteristic proportions are exactly
equal.)

Nucleotide Composition of DNA in Sample X

What Is Required?

You must determine the proportion of C, G, and T
nucleotides in the sample.

What Is Given?

The proportion of A nucleotides in the sample is 24%. 

Plan Your Strategy

Use Chargaff ’s rule to determine the proportion of T
nucleotides in the sample.

Nucleotide Proportion (%)

A 24

C

G

T
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Next, determine the percentage of G and C nucleotides in
the sample.

Act on Your Strategy

Step 1 From Chargaff ’s rule, you know that in any sample
of DNA, the amount of adenine (A) is always equal to the
amount of thymine (T). Therefore, the proportion of
thymine (T) nucleotides in the sample must be 24%.

Step 2 Since the proportion of adenine (A) is 24% and
the proportion of thymine (T) is 24%, the total
proportion of A and T nucleotides is 24% + 24% = 48%.
Because the proportion of nucleotides must add up to
100%, you know the total proportion of guanine (G) and
cytosine (C) in the sample must be 100% - 48% = 52%. 

From Chargaff ’s rule, you also know that in any sample
of DNA, the amount of cytosine(C) is always equal to the
amount of guanine (G). Therefore, the amount of C and
G nucleotides in the sample must be 52% � 2 = 26% for
each nucleotide.

Check Your Solution

24% + 26% + 24% + 26% = 100%

Answers to Questions for Comprehension
Student Textbook page 629

Q4. (a) Chargaff found that the amount of adenine in any
sample of DNA is approximately equal to the amount
of thymine, and the amount of cytosine is always
approximately equal to the amount of guanine.

(b) Franklin used X-ray photography to analyze the
structure of DNA. Her observations provided
evidence that DNA has a helical structure with two
regularly repeating patterns. She also concluded that
the nitrogenous bases were located on the inside of
the helical structure, and the sugar-phosphate
backbone was located on the outside, facing toward
the watery nucleus of the cell.

(c) Watson and Crick were the first to produce a
structural model of DNA that could account for all of
the experimental evidence gathered to that point in
time. 

Q5. The nitrogenous bases are different sizes. Adenine and
guanine have a double-ring structure while thymine and
cytosine have as single-ring structure. The A-T and C-G
pairs are called “complementary base pairs” and maintain
a constant width of 3 three rings in the DNA molecule.

Thought Lab 18.1: DNA Deductions
Student Textbook page 629

Purpose
The purpose of this activity is for students to analyze data and
apply a conceptual model to infer the structure of a DNA
molecule.

Outcomes
30-C3.2s

Advance Preparation

Time Required
30 minutes

Helpful Tips
■ Use BLM 18.1.6 (HAND) Thought Lab 18.1: DNA

Deductions to support this activity. Remove sections as
appropriate to meet the needs of the students in your class.
The answers can be found on BLM 18.1.6A (ANS)
Thought Lab 18.1: DNA Deductions Answer Key.

■ Consider distributing photocopies of BLM 18.1.4 (OH)
DNA Nucleotides and Sugar-Phosphate Backbone and
BLM 18.1.5 (OH) The Double Helix as guides to help
students complete this activity.

■ Review Chargaff ’s rule on page 627 of the textbook.
Chargaff found that the amount of adenine in any sample
of DNA is approximately equal to the amount of thymine,
and the amount of cytosine is always approximately equal
to the amount of guanine.

■ This activity is very similar to Practice Problems 1 and 2
on page 627 of the student textbook.

■ Consider doing this activity as a class discussion. This will
save time, and can be used as a formative evaluation tool to
see if students understand the basic principles associated
with the structure of DNA.

Answers to Procedure Questions
1.

Nucleotide Presence in DNA sample
(percent)

adenine 31

cytosine 19

guanine 19

thymine 31

When to Begin What to Do

1 or 2 days before ■ Photocopy BLM 18.1.6
(HAND) Thought Lab 18.1:
DNA Deductions.

■ Photocopy BLM 18.1.4 (OH)
DNA Nucleotides and
Sugan-Phosphate
Backbone 

■ Photocopy BLM 18.1.5 (OH)
The Double Helix, if using.
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2. Student diagrams should indicate that adenine-thymine
base pairs make up 62 percent of the DNA in this sample,
while the cytosine-guanine base pairs would make up the
remaining 38 percent of the DNA. If the sample is 20
base pairs long, then 12.4 (round to 12) of them would
be A-T and 7.6 (round to 8) would be C-G base pairs.
Diagrams should use solid lines to show chemical bonds
and dotted lines to show hydrogen bonds.

Answers to Analysis Questions
1. The second DNA sample from the same mouse would be

identical. All somatic cells in that mouse contain the same
genetic code. 

2. The relative percentage composition of the DNA
nucleotides would not change even though there is only
one chromosome from each pair in the gamete. The total
amount of DNA is different, but the percentage
composition of the nucleotides would not change.

3. The nucleotide composition of the mouse would be
different than the nucleotide composition of the deer
because the composition of DNA is unique to each
species. However, the percentage of adenine will remain
approximately the same as the percentage of thymine, and
the percentage of cytosine will remain approximately
equal to the percentage of guanine in each species.

Assessment Options 
■ Collect and assess students’ answers to the Procedure and

Analysis questions.
■ Consider doing this activity as a class discussion and using

it as a method of checking the students’ understanding of
this concept.

Biology File: Web Link
Student Textbook page 630

There are a number of web sites that discuss the race for the
double helix, or the key but unacknowledged role played by
Rosalind Frankin. By comparing the accounts of the different
scientists involved in the discovery of DNA, students will gain
an appreciation of the human side of science.

Answers to Questions for Comprehension
Student Textbook page 630

Q6. A gene is defined as a functional sub-unit of DNA that
directs the production of one or more polypeptides
(protein molecules). The genome of an organism is the
sum of all of the DNA that is carried in each cell of the
organism. 

Biology File: Try This
Student Textbook page 631

Student research may yield practical applications of comparing
genomes including:
■ “The genomes of related species exhibit conservation of

gene order and conservation of gene sequence because the
genomes of present day species have evolved from common
ancestral genomes. Comparative genomics enables the
application of information gained from intensely studied
model systems to related organisms that are important for
human health and agriculture.” (Agriculture and Agri-Food
Canada)

■ “From bacteria to elephants, from flowers to humans, all
living things follow instructions written in the universal
language of DNA. All living things contain similar
building blocks—proteins encoded by DNA, and all
diseases can be traced back to malfunctioning genes or
proteins. 
The four model organisms—yeast, worm, fly, and
mouse— share vast numbers of genes, proteins, and even
genetic pathways with humans. For example, flies don’t get
kidney disease, and worms don’t get heart disease, yet
many of the human genes that are faulty in these and other
human disorders have parallel genes in model organisms,
where they can be studied more easily.” (Howard Hughes
Medical Institute)

■ “We can reconstruct the evolutionary history of the human
genome—both the origins of interspecies differences and
the presence of short segments in the human genome that
have been extremely well-conserved throughout many
millions of years of evolution. These highly conserved
regions are thought to contain the most functionally
important elements of the genome. They point to areas
where intensified study will lead to a better understanding
of how the genome works.” (Comparative Genomics at
UCSC Genome Bioinformatics Group)

Biology File: Web Link
Student Textbook page 631

There are three possible ways for DNA molecules to
replicate—each obeys the rules of complementary base pairing
(A-T; C-G).
■ Conservative replication would leave the original DNA

molecule intact and generate a completely new molecule.
■ Dispersive replication would produce two DNA molecules,

with sections of both old and new DNA interspersed along
each strand. 

■ Semi-conservative replication of DNA would produce
molecules with both old and new strands of DNA. Each
new DNA molecule would be composed of one old strand
and one new one. 
Scientists found that the replication of DNA follows the
semi-conservative model. One experiment proving the
semi-conservative model was conducted by Meselson and
Stahl. Nitrogen, the main component of nucleotides,
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occurs naturally as two isotopes, the lighter, common 14N
isotope, and the heavier 15N isotope. In their experiment,
the scientists grew E.coli cultures for several generations in
a medium that contained only the 15N isotope. When this
stage of growth was completed, the DNA consisted of the
15N isotope only. This DNA was now one percent heavier
than normal DNA, which contains the lighter isotope.
This heavier DNA was next grown for one generation in a
medium that contained only the 14N isotope. 

They hypothesized that if semi-conservative replication
had occurred, then each DNA molecule after replication
would contain heavy nitrogen and light nitrogen, and
would, therefore, have a density intermediate between the
two. Conservative replication would produce one DNA
molecule containing heavy nitrogen and one molecule
containing light nitrogen, so there would be two different
densities. Dispersive replication would produce a single
intermediate density, just like semi-conservative replication.
The observed density of the DNA after one round of
replication was intermediate. Replication was therefore
either semi-conservative or dispersive. These possibilities
could be distinguished after a second round of replication.
After two rounds, semi-conservative replication would
produce two DNA molecules containing only light
nitrogen, and two DNA molecules containing one light
strand and one heavy strand. Therefore there would be two
different densities: light and intermediate. Two rounds of
dispersive replication would produce four DNA molecules,
each of which would contain mostly light nitrogen and
some heavy nitrogen. There would be a single density.
When density of the DNA was measured after two rounds,
two densities were observed: light and intermediate,
indicating that DNA replication is semi-conservative, and
not dispersive or conservative.

Answers to Questions for Comprehension
Student Textbook page 632

Q7. Semi-conservative replication of DNA means that each
strand of DNA serves as a template for a new,
complementary strand, resulting in two new DNA
molecules that each contain the original parent DNA
and one new strand. Each new DNA molecule thus
conserves half of the original molecule.

Q8. Replication takes place in a slightly different way on each
DNA strand because DNA polymerase can only catalyze
elongation in the 5´ to 3´ direction. In order for both
strands of DNA to be synthesized simultaneously, the
method of replication must differ.

Q9. During DNA synthesis, the overall direction of
elongation is the same along both strands, but elongation
occurs differently. On the leading strand, DNA synthesis
takes place along the DNA molecule in the same direction
as the movement of the replication fork. On the lagging
strand, DNA synthesis proceeds in the opposite direction 

to the movement of the replication fork: The lagging

strand is synthesized in short fragments called Okazaki
fragments.

Q10. The replication machine consists of the complex of
polypeptides and DNA that interact at the replication
fork. These polypeptides include DNA polymerase, an
enzyme that joins nucleotides together to create a
complementary strand of DNA (elongation); DNA
ligase, an enzyme that splices together Okazaki
fragments; primase, an enzyme that constructs the RNA
primer needed for replication to begin; and helicases, a
group of enzymes that cleave and unravel a segment of
the double helix to enable replication. Several other
proteins and enzymes are also part of the replication
machine.

Biology File: Try This
Student Textbook page 633

Gene mapping refers to the mapping of genes to specific
locations on chromosomes. It is a critical step in the
understanding of genetic diseases. Genetic mapping uses
linkage analysis (crossing over) to determine the relative
position between two genes on a chromosome.

DNA sequence maps are also a kind of gene map. A
DNA map shows the sequence of nucleotides along a gene or
a chromosome.

Investigation 18.A: Modelling DNA 
Structure and Replication

Student Textbook page 634

Purpose
The purpose of this investigation is for students to design a
working model of a short strand of DNA that can be used to
simulate the molecular structure of DNA and the process of
DNA replication.

Outcomes
■ 30–C3.2s
■ 30–C3.4s

Advance Preparation

When to Begin What to Do

4 or 5 days before ■ Allow students to meet to
plan the design of their
model and the materials
that they will need to bring

1 to 2 days before ■ Photocopy BLM 18.1.9
(HAND) Investigation 18.A:
Modelling DNA Structure
and Replication.
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translation begins. Translation is terminated when the
ribosome reaches one or more of the stop codons UAA,
UAG, or UGA. Often, two stop codons will be found
together on the mRNA.

Teaching Strategies
■ Introduce this section with BLM 18.2.1 (OH) The

Central Dogma. 
■ Use BLM 18.2.2 (OH) mRNA to help students compare

the structure and function of mRNA to DNA. Review the
specific roles carried out by the different forms of RNA
(mRNA, tRNA, and rRNA) in transcription and
translation.

■ BLM 18.2.4 (OH) Transcription provides students with a
model of the first step in the synthesis of a protein. Use
this overhead with BLM 18.2.3 (OH) Table: Messenger
RNA Codons and Their Corresponding Amino Acids.
This BLM can also be photocopied and distributed to
students to keep as a reference in their notebooks.

■ Use BLM 18.2.7 (OH) Protein Structure to review
amino acids, peptide bonds, and the primary structure of a
protein molecule.

■ BLM 18.2.8 (OH) The Translation Cycle provides
students with a model that illustrates how a protein is
assembled. Review this model with students, asking
individual students to describe the different steps to the
class. If a student gets stuck, he or she can ask for
assistance from the other students. 

■ To illustrate how the structure and function of tRNA
differs from that of DNA and mRNA, use BLM 18.2.5
(OH) tRNA. Ask students to explain how the structure of
tRNA enables it to carry out its specific role in translation. 

■ BLM 18.2.9 (HAND) Transcription and Translation
Worksheet provides students with extra transcription and
translation practice questions, while BLM 18.2.11 (OH)
Gene Expression summarizes the processes of
transcription, translation, and protein formation.

■  The interactive nature of many web sites could help students
visualize the steps involved in the synthesis of a protein. Web
links can be found at www.albertabiology.ca, Online Learning
Centre, Instructor Edition, Teacher Web Links.

■  Advanced students with skills in computer animation could be
encouraged to build an animation of this process to help other
students in the class understand how a protein is synthesized.

Answers to Questions for Comprehension
Student Textbook page 636

Q11. The structure of a protein is determined by the structure
of the DNA molecule. The order of the base pairs in a
DNA molecule makes up the genetic code of an
organism. The genetic code determines how the amino

acids are strung together and how the proteins are made.
In other words, the order of the nucleotides in the gene
provides the information—written in genetic code—that
is necessary to build a protein.

Q12. The two basic steps in gene expression are:

Step 1: The DNA is copied onto an RNA molecule in a
process called transcription. In a eukaryotic cell,
transcription takes place in the nucleus. 

Step 2: The RNA molecule then moves to the cytoplasm
of the cell, where the RNA nucleotide sequence directs
the synthesis of a protein. This process is called
translation.

Student Textbook page 637

Q13. Three bases make up each mRNA codon.

Q14. The characteristics of the genetic code: 

(a) A redundant genetic code means that more than one
codon can code for the same amino acid.

(b) A continuous genetic code means that the code reads
as a continuous series of three-letter codons without
spaces, punctuation, or overlap.

(c) A universal genetic code means that almost all living
things use the same genetic code to build proteins.

Answers to Practice Problems
Student Textbook page 637

3. Problem

Use Table 18.3 to find the amino acid that corresponds to
each of the following codons.

a) CCA b) AUG c) GCA

What Is Required?

You must determine the amino acid that corresponds to
each of the codons CCA, AUG, and GCA.

What Is Given?

You are provided with the codons CCA, AUG, and GCA.

You have Table 18.3, which provides the messenger RNA
codons and their corresponding amino acids.

Plan Your Strategy

Use Table 18.3 to identify the amino acid that
corresponds to each codon.

Act on Your Strategy

Step 1 To determine the amino acid that corresponds to
the codon CCA, find the first base, C, in the left hand
column of the table titled “First base.” To find the second
base, C, read across the rows in the “Second base” column
at the top of the table. Where the first base row and the
second base column meet, you will find a list of four
possible amino acids. To determine the correct amino
acid, read down the column titled “Third base” to find
the last base, A, of the codon, which will identify the
amino acid proline as corresponding to the codon CCA.
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Helpful Tips
■ Use BLM 18.2.6 (HAND) Thought Lab 18.2:

Transcription in Reverse to support this activity. Remove
sections as appropriate to meet the needs of the students in
your class. The answers can be found on BLM 18.2.6A
(ANS) Thought Lab 18.2: Transcription in Reverse
Answer Key.

■ Discuss the concept of redundancy (degeneracy) of the
genetic code, and ask students to consider how it will affect
their answers to the lab questions.

■ Review transcription and translation of the genetic code.
Review how to read Table 18.3 Messenger RNA Codons
and Their Corresponding Amino Acids. 

■ Challenge students to determine how many different codes
could code for this polypeptide.

■ Remind students that a RNA molecule does not have
thymine nucleotides—they are replaced by uracil.

■ The abbreviation ASP refers to the amino acid aspartate,
while ASN is the abbreviation for the amino acid
asparagine.

■ Students will have to determine the mRNA codon for each
amino acid first. Then they will be able to figure out the
DNA genetic code.

Answers to Procedure Questions
1. The following outlines one possible nucleotide sequence

for the DNA molecule that contains the genes for this
polypeptide.

2.

Answers to Analysis Questions
1. Student answers should indicate that the genetic code is

redundant—that is, more than one codon can code for
the same amino acid. Only three codons do not code for
any amino acid. The redundancy in the genetic code is
extremely valuable to the organism. For example, if a
mutation occurs to the DNA and an AAT sequence
becomes AAC, the messenger RNA codon transcribed by
the original DNA is UUA while the mutated DNA
transcribes a UUG codon. The mutation, however, will
not be deleterious to the organism because these two
codons correspond to the same amino acid—leucine.

2. It is advantageous for the cell to keep its DNA inside the
nucleus rather than have it move from the nucleus to the
ribosomes in the cytoplasm. This reduces the chances of a
mutation (damage) occurring to the DNA during this
process. As well, if the DNA stays inside the nucleus, only
the gene required to synthesize the protein has to be
exposed. Once again, this reduces the chances of the
DNA being damaged.

Assessment Options
■ Collect students’ answers to the Procedure and Analysis

questions.
■ Consider doing this activity as a class discussion using

formative assessment techniques instead of more
summative techniques to assess student understanding.

Answers to Questions for Comprehension
Student Textbook page 640

Q15. The RNA polymerase complex catalyzes the synthesis of
mRNA during transcription. The RNA polymerase
complex recognizes the promoter region (specific
nucleotide sequence) on the DNA molecule and binds to
the sense strand of the DNA.  It then opens a section of
the double helix and synthesizes a strand of mRNA that
is complementary to the sense strand of DNA, replacing
the base thymine with uracil as it does so. Synthesis of
the new mRNA strand is always in the 5´ to 3´
direction, adding each new nucleotide to the 3´-OH
group of the previous nucleotide. When the RNA
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(ANS/OH) Restriction Endonucleases Answer Key can
also be used as an overhead to support a class discussion on
recombinant DNA.

■ BLM 18.3.8 (HAND) Cohen-Boyer Experiment
provides supplemental information to support Thought
Lab 18.4: Recreating the First Chimera. This BLM also
includes a diagram outlining the process followed by
Cohen and Boyer similar to that shown in the textbook.
Photocopy and have students read this BLM prior to
starting the Thought Lab. An excellent animation of the
Cohen-Boyer experiment can be accessed at
www.albertabiology.ca, Online Learning Centre,
Instructor Edition, Teacher Web Links.

■ BLM 18.3.9 (OH) Gel Electrophoresis is very similar to
Figure 18.19 in the textbook. Use this BLM as an overhead
to help illustrate gel electrophoresis or photocopy and have
students include it in their notebook for reference. 

■ There are several web sites that host animations showing
the steps involved in gel electrophoresis that can help
students to visualize this process more clearly. An excellent
animation can be accessed at www.albertabiology.ca,
Online Learning Centre, Instructor Edition, Teacher Web
Links.

■ BLM 18.3.11 (HAND) DNA Fingerprinting provides
students with more information regarding this technology.
This worksheet style BLM also supports Thought Lab
18.5: Reading a DNA Fingerprint and shows a larger
image of the southern blot shown on page 651 of student
text.

Answers to Questions for Comprehension
Student Textbook page 644

Q17. The redundancy of the genetic code protects a cell from
the effects of substitution mutations. A change in the
coding sequence of a gene does not always result in a
change to the polypeptide product of a gene. 

Q18. The insertion or deletion of one or two nucleotides
results in a frameshift mutation. A frameshift mutation
causes the entire reading frame of the gene to be altered.
A shift in the reading frame usually results in a nonsense
mutation.

Q19. A frameshift mutation is more likely to have serious
consequences for a cell than a substitution mutation
because the frameshift mutation causes the entire reading
frame of the gene to be altered.

Student Textbook page 645

Q20. (a) A spontaneous mutation is a mutation that is caused
by molecular interactions that take place naturally
within cells. An induced mutation is caused by agents
outside of the cell, such as certain factors in the
environment.

(b) Physical mutagens cause changes in the structure of
the DNA. High-energy radiation, such as those from
x-rays and gamma rays, is the most damaging form of

physical mutagen. A chemical mutagen is a molecule
that can enter the nucleus of a cell and induce
mutations by reacting chemically with the DNA.
Examples of chemical mutagens include nitrites,
gasoline fumes, and various compounds in cigarette
smoke.

Thought Lab 18.3: Investigating Cancer
Genes

Student Textbook page 646

Purpose
The purpose of this investigation is to determine the
relationship between smoking and the genetic changes that
lead to mutations and cancer.

Outcomes
■ 30–C.3s

Advance Preparation

Time Required
1 hour for research

1 hour to answer Analysis questions

Helpful Tips
■ Use BLM 18.3.3 (HAND) Thought Lab 18.3:

Investigating Cancer Genes to support this activity.
Remove sections as appropriate to meet the needs of the
students in your class. The answers can be found on BLM
18.3.3A (ANS) Thought Lab 18.3: Investigating Cancer
Genes Answer Key.

When to Begin What to Do

5 or 6 weeks before ■ Book speakers from the
Canadian Lung Association.

2 or 3 weeks before ■ Book computer lab and/or
the library.

1 to 2 days before ■ Photocopy BLM 18.3.3
(HAND) Thought Lab 18.3:
Investigating Cancer
Genes.

■ Photocopy BLM 18.3.4
(HAND): Prevention of
Cancer and BLM 18.3.5
(HAND) : FAQ-Tobacco and
Health.

■ Photocopy Assessment
Checklist 7 Independent
Research Skills, in
Appendix A if using.
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■ Photocopy and distribute BLM 18.3.4 (HAND)
Prevention of Cancer and BLM 18.3.5 (HAND) FAQ –
Tobacco and Health. These informational BLMs can
provide the context for student research.

■ Photocopy and distribute Assessment Checklist 7
Independent Research Skills, found in Appendix A of this
resource, if you plan to use this as part of your assessment
plan for this activity. Or, you may wish to provide students
with your own rubric indicating how you plan on assessing
their research report.

■ Unless you are using this activity to teach Internet search
strategies, you can save time by providing students with a
list of Internet sites to start their research on smoking and
cancer. 

■ Arrange for a speaker from the Canadian Lung Association
or from a local cancer agency who can talk to your
students about the link between smoking (tobacco use)
and cancer. Make sure that the speaker is prepared to
discuss this from a somatic mutation point of view.

Answers to Analysis Questions
1. Key points that students should have discovered are:

■  Lung cancers are strongly associated with cigarette
smoking, and cigarette smoke contains a number of
proven and suspected carcinogens (cancer-causing
agents). In order to understand how cigarette smoke
components cause lung cancer and other smoking-
related cancers, it is necessary to understand the
sequence of events that leads from smoke inhalation to
formation of a tumour many years or decades later. 

■  One of the initial crucial events is most likely damage
of the genetic material (DNA) by a cigarette smoke
carcinogen. This damage can, under certain
circumstances, be repaired by cellular DNA repair
mechanisms. However, if not repaired, cells will attempt
to duplicate their DNA during normal cell division, but
are impeded by the damage and will carry out an error-
prone duplication process leading to gene mutations
(changes in the gene). Such gene mutations are then
found many years later in the DNA of lung tumours. 

■  Gene mutations are particularly harmful if they occur
in genes that control cell division rates or genetic
stability. According to current thinking, a number of
genes need to be mutated or functionally disabled
before a normal cell loses all normal growth control
mechanisms and is brought onto a path of uncontrolled
cell division, eventually leading to a tumour. Gene
mutations have been found in genes such as p53, ras,
and pl6 at a relatively high frequency in human lung
cancer. 

2. Student answers will depend on the amount of time that
you provide them to conduct their research, and the
resources that are available to them.

3. Student answers will depend on their personal views on
smoking. Possible tools could include multimedia
programs, television commercials, computer games,
posters, educational materials, or any other reasonable
tool.

Assessment Options
■ Collect and assess students’ answers to Analysis questions.
■ Use Assessment Checklist 7 Independent Research to assess

the research phase of this project.
■ Use your own rubric or other tool to evaluate the students’

reports.

Answers to Questions for Comprehension
Student Textbook page 647

Q21. Your mitochondrial DNA is identical to the
mitochondrial DNA of your mother, as the father’s
sperm contributes essentially no cytoplasm, and therefore
no cytoplasmic organelles, to its offspring. On the other
hand, your mother’s egg provided most of the cytoplasm
and cytoplasmic organelles, such as the mitochondria.
While the DNA in the nuclei of your cells is made up of
an equal combination of DNA from your mother and
your father, your mtDNA came from the cytoplasm of
your mother’s ovum.

Q22. DNA allows scientists to study genetic variations among
individuals of the same species, as well as the genetic
variation among different species. This helps scientists to
track the evolution of a species through time.

Comparing the DNA of ancient plants, animals, and
even bacteria, with the DNA of their modern
counterparts can reveal such varied information as the
ancestry of modern organisms, the movement of
populations through time, the evolution of particular
disease-causing bacteria, and the way that ecosystems
respond to climate change.

Student Textbook page 649

Q23. (a) Specificity: The cuts made by an endonuclease are
specific and predictable. That is, the same enzyme
will cut a particular strand of DNA the same way
each time, producing an identical set of small DNA
fragments called restriction fragments.

(b) Staggered cuts: Most restriction endonucleases
produce a staggered cut that leaves a few unpaired
nucleotides on a single strand at each end of the
restriction fragment. These short strands, often
referred to as “sticky ends,” can then form base pairs
with other short strands that have complementary
strands, creating a recombinant DNA molecule.
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18.4 Genetics and Society
Student Textbook pages 652–661

Section Outcomes
Students will:
■ explain how the insertion of new DNA sequences into cells

can transform organisms
■ describe some of the social, environmental, and ethical

issues associated with genetic technologies

Key Terms
biotechnology
DNA microarray
copy DNA (cDNA)
transgenic
bioremediation
clone
ultrasound
amniocentesis
chorionic villi sampling
genetic marker
DNA probe
gene therapy
DNA vector
somatic gene therapy
germ-line therapy

Biology Background
■ The Genographic Project, a five-year venture using DNA

samples provided by volunteers from around the world as a
tool to learn more about the migrations of ancient peoples,
was launched in 2005 by the National Geographic Society
and IBM. The project maps the presence and frequency of
genetic markers in human populations to trace the
migration of Homo sapiens around the globe over the
course of human history. From their origins in Africa 60
000 years ago, humans have spread out to the farthest
extremes of the planet. The study aims to use the DNA
samples of over 100 000 people from as many as five
continents to trace human migration. Test swabs of saliva
from volunteers, including Aboriginal people and members
of the general public, have been providing the DNA that is
tested for markers on mitochondrial DNA and Y
chromosomes. By February 2006, over 115 000 individuals
had already taken part in the study.

Teaching Strategies
■ This section provides a wonderful opportunity to make the

connections among Science, Technology, Society, and
Environmental contexts. You will likely have students that
both support and reject genetic engineering and
biotechnology, especially in the area of genetically modified
foods. Provide students with a forum to present their
points of view in a debate or class discussion.

■ The following captures some of the debate concerning
genetic engineering especially in humans. It could be used
to help focus students’ answers on some of the Chapter
and Unit Review questions: Gene therapy is used for the
treatment of diseases that are otherwise difficult to cure.
The regulations applied to the use of this procedure should
be to prevent its use. Producing children with high
intelligence is a form of eugenics that was held in high
regard by some people in the 20th century. Eugenics is a
social philosophy that advocates the improvement of
human hereditary traits by social and medical means. Some
of the goals were to create healthier, more intelligent
people, and reduce human disease. It was proposed that
these goals could be achieved by prenatal testing and
screening, genetic counseling, birth control, selective
breeding, in vitro fertilization, and gene therapy.
Opponents argue that eugenics is pseudoscience, that it
could “objectify” human characteristics, and that
historically it was used in coercive state-sponsored
discrimination and human rights violations, and even
genocide.

■ Check with your local media distribution outlet to see if
they have any videos that discuss genetic engineering and
biotechnology. 

■ BLM 18.4.4 (HAND) Cloning a Carrot provides an
additional investigation for this section in which students
grow isolated carrot cells in a nutrient agar for several
weeks and observe changes in cell growth.

■ BLM 18.4.1 (OH) DNA Microarray, BLM 18.4.2 (OH)
Golden Rice, BLM 18.4.3 (OH) Cloning, BLM 18.4.5
(OH) Prenatal Diagnosis, and BLM 18.4.6 (OH) Gene
Therapy are informational BLMs that can be used to
support your presentations throughout this section.

■ The marginal features such as the Biology File: Web Links, and the
questions posed in the captions of some of the figures in this
chapter can be used to challenge students who are achieving at a
high level. Many of the features require a great deal of research,
which might appeal to these students while other students in your
class are working through core material presented in the text.

Answers to Questions for Comprehension
Student Textbook page 653

Q24. A DNA microarray experiment allows scientists to
analyze the activity of thousands of genes at once. It is
generally used to compare gene expression.

Q25. The results of DNA microarray analysis allow scientists
to pinpoint the genes that are responsible for particular
functions or conditions, to study the interactions among
genes, or to gather information about the relationship
between environmental conditions and gene expression.
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Q26. Studying the human genome, as a whole, offers the
potential for developing drugs that are tailored not only
to the expression of individual genes associated with
particular disorders, but also to the unique genome of
the individual. Studying the differences in gene
expression among individuals can help medical
researchers understand why certain drugs work better in
some people than in others, and why certain people
experience side effects from medications.

Biology File: Web Link
Student Textbook page 654

The following is a summary of patent laws from Canada,
United States, Europe, and Japan:
■ Canada: In Canada, higher life forms are not considered

patentable because they do not fit the definition of
“invention.” Our trading partners elsewhere in the world
have been allowing private industry to patent forms of life
(such as types of mice and pigs) since the late 1980s.
Human genes have also been patented. Patents have been
available in Canada since 1982 for all types of
microorganisms, including those used in the food industry
for making cheeses, and for viruses and bacteria in the
medical profession. Genes and DNA sequences currently
fall into the category of “composition of matter” under
Canadian law, which means that they fall within the
definition of “invention” and can be patented.

■ United States: A patent is a legal right granted by the
government that gives the patent-holder the exclusive right
to manufacture and profit from an invention. While
naturally occurring substances in their natural form are not
patentable, a very wide range of biological materials have
been the subject of patents. In 1980, the U.S. Supreme
Court decision in Diamond v. Chakrabarty indicated that
“anything under the sun made by man” is patentable.
Under certain conditions, patent protection is available for
genetic information, plants, non-human animals, bacteria,
and other organisms. 

For naturally occurring substances, patent protection
can only be obtained if someone has changed the substance
so that it is no longer the same as it is found in nature. For
genes, this means that the particular gene of interest must
be isolated from other genetic material, such as a
chromosome. 

■ Europe: Inventions which are new, involve an inventive
step, and are susceptible to industrial application are
patentable even if they concern a product consisting of, or
containing, biological material. Biological material which is
isolated from its natural environment or produced by
means of a technical process may also be the subject of an
invention.
The following are not patentable:
■  plant and animal varieties;

■  essentially biological processes for the production of
plants or animals, such as crossing or selection. This
exclusion from patentability does not, however, affect the
patentability of inventions which concern a
microbiological process;

■  the human body and the simple discovery of one of its
elements, including the sequence or partial sequence of a
gene. 

However, an element isolated from the human body or
produced by means of a technical process, including the
sequence or partial sequence of a gene, may constitute a
patentable invention. 
The following inventions include those that are not
patentable where their exploitation would be contrary to
public policy or morality: 
■  processes for cloning human beings; 
■  processes for modifying the germ-line genetic identity of

human beings; 
■  uses of human embryos for industrial or commercial

purposes; 
■  processes for modifying the genetic identity of animals

which are likely to cause them suffering without any
substantial medical benefit to man or animal, and also
animals resulting from such processes. [Source:
http://europa.eu.int/scadplus/leg/en/lvb/l26026.htm]

■ Japan: Genetic resources are a fundamental component of
biotechnology research and the commercialization of it. In
order to ensure the sound development of biotechnology
and bioindustry, it is essential to create an environment
that facilitates access to genetic resources.
Biogenetic resources including animals, plants,
microorganisms, human cells/tissues and genes are
extremely useful, yet at the same time limited, in industrial
applications and research. Enhancing these resources is
truly important from the viewpoint of international
competition. All relevant parties must join forces in
gathering, securing and providing biogenetic resources,
including genetic information, so as to strengthen the
foundation of industrial competition, and help Japan to
protect its rights in this area.
In the spirit of the Biodiversity Convention, Japan must
achieve coordination and cooperation with countries in the
gathering, securing, and provision of such resources. 
[Source: http//www.wipo.int/tk/en/genetic/
proposals/japan.pdf ]

Student Textbook page 655

Students will find a wide range of concerns listed on
numerous web sites. These concerns include harm to human
health, environmental damage, the release of new viruses, gene
transfer to indigenous species, and as yet unknown damage.

Different regulatory mechanisms, such as risk assessment
or testing programs, are carried out by the governing
organizations in different countries. 
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Answers to Questions for Comprehension
Student Textbook page 658

Q27. The benefits of transgenic organisms include improving
human health, cleaning up toxic spills, producing plants
with more nutritional value, producing pharmaceutical
products, and producing animals that could serve as
organ donors for humans.

Examples include (students are only asked to provide one
example of each):

■  Transgenic bacteria are making pure human insulin,
making medicines at lower costs, and are used to clean
up oil spills.

■  Transgenic plants, such as golden rice, provide higher
nutritional value to feed those who are starving.

■  Transgenic animals, such as goats, are genetically
modified to secrete a human polypeptide or other
substances in their milk.

Q28. Social, legal, and moral issues associated with transgenic
organisms involve environmental threats, health effects,
and social and economic issues. These concerns are
summarized below:

■  Environmental threats: The use of herbicide-resistant
plants could encourage farmers to use higher levels of
herbicides. This, in turn, could lead to a build up of
herbicide chemicals in water supplies and
neighbouring ecosystems. As well, there is evidence
that engineered genes can be transferred to wild plants
and other organisms, raising concerns about the
emergence of “superweeds” and “superbugs.” More
generally, ecosystems involve complex and delicate
balances among many different organisms. The
introduction of transgenic bacteria, plants, or animals
could upset these balances, with unknown results.

■  Health effects: Many consumer groups argue that not
enough is known about the long-term effects of 
consuming transgenic products, including genetically
modified foods and medicines. The complex processes
of gene regulation are not well understood, so it is
difficult to predict potential health risks.

■  Social and economic issues: Advocates of genetically
modified foods argue that these foods will help to
improve human health and alleviate world hunger.
Their opponents argue that genetic research absorbs
millions of dollars, which would be better spent
directly helping people in need. In addition, many
people are concerned about the growing influence of
private corporations over global food production. The
treatment of plants and animals as commodities to be
manipulated and patented also raises questions about
our relationships with—and responsibilities to—other
living organisms.

Student Textbook page 660

Q29. (a) During an ultrasound procedure, sound waves
beyond the limit of human hearing are sent through
the amniotic fluid. The sound waves bounce off the
developing fetus and are used to create a cross-
sectional image of the fetus. This image can reveal
physical abnormalities, such as a missing limb,
malformed heart, or cleft palate. Many other genetic
conditions, however, can be identified only by
analyzing a tissue sample from the fetus.

(b) In an amniocentesis, a needle is used to withdraw a
small sample of amniotic fluid from the uterus. The
extracted fluid is placed in a special nutrient-rich
medium and the cells are allowed to multiply. When
the cell sample is large enough, researchers can
prepare a karyotype or another genetic analysis. The
karyotype can be used to identify chromosomal
disorders, such as Down’s syndrome.

(c) A DNA marker can be found using a DNA probe. A
DNA probe consists of a molecule of DNA with a
nucleic acid sequence that is complementary to the
marker sequence, and is “marked” with a radioactive
or fluorescent chemical tag. DNA from the tissue
sample is placed in a suspension with the DNA
probe. If the DNA sample contains the gene of
interest, the probe will bind to the marker sequence.
Using the tag, researchers can verify the presence of
the gene of interest.

Section 18.4 Review Answers
Student Textbook page 661

1. Studying the human genome offers the potential for
developing drugs that are tailored not only to the
expression of individual genes associated with particular
disorders, but also to the unique genome of a patient.
Studying the differences in gene expression among
individuals can also help medical researchers understand
why certain drugs work better in some people than in
others, and why certain people experience side effects
from medications. 

2. A DNA microarray is a chip (usually a glass microscope
slide or a polymer membrane) that contains a grid of
thousands of cells. Each cell contains a nucleic acid
sequence that can bind with one of the mRNA molecules
transcribed during gene expression.

A DNA microarray allows scientists to analyze the activity
of thousands of genes at once. The results of a microarray
allow scientists to pinpoint the genes that are responsible
for particular functions or conditions, to study the
interactions among genes, or to gather information about
the relationship between environmental conditions and
gene expression.


