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■  Three points: designed and constructed their model
completely and accurately; were able to identify each
part of the model; and, actively participated in the class
discussion about protein synthesis. 

■  Two points: designed and constructed their model but
had a couple of errors; were able to identify most parts
of the model; and, participated somewhat in the class
discussion. 

■  One point: designed but were unable to complete their
model; they were able to identify some parts of the
model; and participated a little in the class discussion.

■ To assess group performance, use Assessment Checklist 3
Performance Task Self-Assessment and/or Assessment
Checklist 4 Performance Task Group Assessment (See
Appendix A).

Section 18.2 Review Answers
Student Textbook page 642

1. The “central dogma” describes how genetic information in
DNA is used to make RNA, and how RNA then directs
the synthesis of proteins. Transcription is when the
sequence of nitrogen bases in DNA is “transcribed” to
make RNA. The RNA directs the sequential assembly of
amino acids into a chain called a polypeptide, or a
protein, in a process called translation.

2. The amino acid that corresponds to each of the mRNA
codons is

(a) UCC – serine (b) ACG – threonine 

(c) GUG – valine (d) CAC – histidine 

3. The codons that code for serine are UCU, UCC, UCA,
UCG, AGU, and AGC.

4. Almost all living organisms have the same genetic code. A
gene that is taken from one species and inserted into
another will produce the same protein.

5. Student diagrams should resemble Figure 18.13, which
illustrates the process of transcription.

6. Because DNA is double stranded, DNA polymerase is
able to recognize whether hydrogen bonding is taking
place between a base in the newly synthesized strand of
DNA and its complement in the original strand. The
absence of hydrogen bonding indicates a mismatch
between bases, and DNA polymerase excises the incorrect
base and inserts the correct one. This proofreading ability

reduces the incidence of mutation in the genetic code and
the possible translation of a nonfunctional protein. Other
suggestions may be provided. Accept any reasonable
answer.

7. The ribosomes provide the machinery for translation.
Ribosomes are located both freely in the cytoplasm, and
bound to the endoplasmic reticulum. 

8.

■  Translation is activated when an mRNA molecule binds
to an active ribosome complex. The mRNA binds in
such a way that two adjacent codons are exposed. The
first tRNA molecule carrying the amino acid
methonine temporarily bonds with the exposed mRNA
start codon. Once the tRNA and mRNA are in place,
translation follows a cycle of three steps:

■  A second “loaded” tRNA molecule arrives at the codon
adjacent to the first tRNA.

■  Enzymes catalyze the formation of a peptide bond that
joins the amino acid carried by the first tRNA to the
amino acid carried by the second tRNA. At the same
time, the amino acid chain is transferred from the first
tRNA to the second tRNA.

■  The ribosome moves a distance of one codon along
the mRNA strand. The first tRNA molecule detaches
from the mRNA, and picks up another amino acid.
The second tRNA now holds a growing amino acid
chain. A third tRNA molecule arrives at the newly-
exposed codon next to the second tRNA, and the
cycle repeats. 

9. Ribosomal RNA (rRNA) is found in the ribosomes,
which is where the messenger RNA (mRNA) is read and
the amino acids are assembled to form a polypeptide.
Messenger RNA (mRNA) transcribes the genes—the
sequence of nitrogen bases in a strand of DNA—and
carries this “message” from the DNA in the nucleus to the
ribosomes in the cytoplasm. Transfer RNAs (tRNA) in the
cytoplasm bond to individual amino acids and take them
to the complementary codons of the mRNA at the
binding site on the ribosome, where a growing
polypeptide chain is built.

10. (a) In a eukaryotic cell transcription occurs in the nucleus
and translation occurs in the cytoplasm. In a bacterial
cell, the DNA is in the cytoplasm; there is no
nucleus. 
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(b) The main advantage is that protein synthesis can
occur faster because the mRNA does not have to leave
the nucleus as it does in a eukaryotic cell. A possible
disadvantage is that in bacterial cells, DNA is not
protected by a a nucleus and the chance of DNA
mutation may be increased.

18.3 Mutations and Genetic 
Recombination

Student Textbook pages 643–651

Section Outcomes
Students will:
■ explain some of the causes and effects of DNA mutations 
■ describe how random changes in nucleotide sequences

provide a source of genetic variability
■ explain how nucleotide sequences provide evidence that

different species of organisms are related
■ design and perform a simulation to illustrate the use of

restriction enzymes and ligases to create recombinant DNA

Key Terms
mutation
somatic cell mutation
germ line mutation
point mutation
silent mutation
mis-sense mutation
nonsense mutation
frameshift mutation
mutagen
physical mutagen
chemical mutagen
carcinogenic
mitochondrial DNA (mtDNA)
genetic engineering
recombinant DNA
restriction enzyme
restriction endonuclease
restriction fragment
gel electrophoresis
DNA fingerprint

Biology Background
■ Numerous human diseases result from chromosomal

mutations. Sickle-cell disease is the result of a mis-sense
mutation in which the adenosine at the 17th nucleotide in
the gene that codes for the beta chain of hemoglobin is
substituted with thymine. As result, the codon GAG,
which codes for glutamic acid, is changed to GTG, which
codes for valine. Subsequently, a slightly altered but still
functional protein results. Frameshift mutations due to
insertions or deletions that alter the entire reading frame of

a nucleotide sequence also account for numerous diseases.
For example, both Huntington’s disease and fragile X
syndrome result from the insertion of a trinucleotide repeat
into the reading frame.

■ The TP53 is a gene that codes for p53, a transcription
factor that is involved in cell cycle regulation. (53 refers to
the molecular mass of the protein.) Because of its
regulatory function, it is also a tumour suppressor gene.
The transcription factor carries out many important anti-
cancer regulatory functions. It induces apoptosis and cell
senescence, and also activates DNA repair proteins. If the
TP53 gene becomes mutated, the cell’s tumour suppression
abilities may be severely hindered, resulting in an increased
incidence of cancer. In humans, TP53 is located on
chromosome 17.

■ Transposons, also known as jumping genes or mobile
genetic elements, are nucleotide sequences that can move
within the genome of a cell. Transposons can move within
the gemome in two ways. Class I transposons are first
transcribed into RNA and then back into DNA (as a result
they are often called retrotransposons), while Class II
transposons are able to change position within the genome
with the help of the enzyme transposase, which inserts and
cuts these DNA sequences directly. Transposons were
discovered in maize DNA by botanist Barbara McClintock
in the 1950s, at which time her research was greeted with
what she referred to as “puzzlement, even hostility” from
other scientists who were skeptical of her findings. When
the process was recognized in bacteria and yeast in the
1960s, she finally received credit for her earlier discoveries.
In 1983, she was awarded the Nobel Prize for discovering
“mobile genetic elements,” three decades after the fact. 

Teaching Strategies
■ Use BLM 18.3.1 (OH) Mutations to reinforce

information on silent, mis-sense, nonsense, and frameshift
mutations. Use this BLM as an overhead to help illustrate
these mutations or photocopy and have students include it
in their notebook for reference. BLM 18.3.2 (HAND)
Mutations Worksheet provides students with extra
mutation problems to solve as take-home homework or as
an in class exercise in which students work individually or
in partners.

■ Use BLM 18.3.4 (HAND) Prevention of Cancer and
BLM 18.3.5 (HAND) FAQ – Tobacco and Health to
supplement the information for Thought Lab 18.3:
Investigating Cancer Genes. Invite an expert from the
Canadian Lung Association in to speak to your students
about the dangers of smoking (tobacco use) and cancer.
Make sure that your speaker is prepared to speak at a
Biology 30 level, and uses terminology such as oncogenes,
tumour suppressor genes, stability genes, and p53 gene.

■ BLM 18.3.6 (HAND) Restriction Endonucleases is a
worksheet style BLM that students can use to fill in details
with regards to how these enzymes work. In addition to
providing answers to this worksheet, BLM 18.3.6A


