
(b) The calculation of allele frequencies should be correct
for the data obtained by the class. A statement or two
making a comparison between the student’s
prediction and the pooled class allele frequencies
should be provided. Ideally, the results should be
fairly similar to the predicted outcome.

2. (a) The graph should have time interval (generations) on
the x axis and genotype frequencies in decimals on
the y axis (no units for the y axis). The graph should
take up at least 3/4 of the graph paper. There should
be a figure number and a caption or title on the
graph. Points should be plotted with point protectors,
and best fit lines drawn. Different shaped point
protectors should distinguish the four different lines,
and a key to the shapes should be provided. This
graph should show a decrease in frequency of the
recessive allele and an increase in the frequency of the
dominant allele. There should be a statement or two
comparing the results as shown by the graph with the
predicted results.

(b) The calculation of allele frequencies should be correct
for the data obtained by the class. There should be a
statement or two making a comparison between the
student’s prediction and the pooled class allele
frequencies. Ideally, the results should be fairly similar
to the predicted outcome. 

(c) The number of alleles will drop as the LL genotypes
are removed. There will be an increasing effect as the
number of alleles in the population continues to
drop. This effect results in each individual allele
contributing more to each generation than at the start
of the experiment. 

3. Pooling data from the class increases the size of the data
set, and reduces the effects of chance occurrences. Pooling
data also reduces the impact of sources of error (variation)
on the outcome.

4. Assumptions include: no mortality for dominant
phenotypes, no migration, no mutation, all gametes are
used to make the next generation, each adult produces
only two gametes. Of these, lack of mortality for
dominant phenotypes, all gametes being used to make the
next generation, and only two gametes formed by each
parent are almost certainly false.

Answers to Conclusions Questions
5. Answers will depend on the allele frequencies observed.

Changes should be minimal with allele frequencies
varying around a constant value for each allele.
Conditions of the Hardy-Weinberg principle are met with
the exception of the size of the population. Even 80 alleles
is a small population in genetics terms. 

6. In Part 2, the frequency of the dominant allele should
increase, and the frequency of the recessive allele should
decrease. This is due to selection (not natural) against the
recessive allele. The conditions required for the Hardy-

Weinberg principle are not met here; selection is
occurring, and the population gets smaller as the activity
continues, which increases the effect of chance events and
genetic drift.

Assessment Options 
■ Collect and assess students’ answers to Analysis and

Conclusion questions.
■ Use Assessment Checklist 2 Laboratory Report from

Appendix A for Part A.

Section 19.1 Review Answers
Student Textbook page 688

1. No, the frequency of the homozygous dominant genotype
will not be the same as the frequency of the homozygous
dominant trait. The homozygous dominant trait is the
same as the homozygous dominant phenotype, and will
include heterozygous individuals if the inheritance pattern
is one of simple dominance. If the situation is one of co-
dominance or incomplete dominance, then the frequency
of homozygous dominant genotype and the frequency of
the homozygous dominant phenotype will be the same.

2. This change may be caused when any of the conditions
underlying the Hardy-Weinberg principle are not met,
but does not indicate that the principle is false.

3. 1/3000 means q � 0.0183 and p � 0.9817. Thus the
frequency of the cystic fibrosis allele in Canada is 0.0183.
The frequency of heterozygotes is 2pq, or 0.0359.

4. (a) q � 0.20. p � 0.80.

(b) q � 0.20 and p � 0.80 still.

(c) The frequency of the recessive allele in the second
population is 0.435, which is higher than the
recessive allele frequency in the first population.
While it is possible that this came from the same
population as the first sample, it is highly unlikely.

5. We will assume that PKU is a recessive trait. q �
0.002899 and p � 0.9971. Therefore the frequency of
heterozygous individuals is 2pq(100) or 0.578 %

6. q � 0.3873, and p � 0.6127 so the percentage of
heterozygous individuals is 2pq(100) or 47.5%.

7. (a) The presence of chlorophyll is indicated by a green
colour, so having chlorophyll would be the dominant
phenotype. Hence q � 0.250 and p � 0.750. The
frequency of homozygous dominant genotype would
be p2 or 0.563.

(b) Carriers would be heterozygotes; frequency is 2pq.
2pq � 0.375.

8. (a) Because allele frequencies have changed in the
population over time, one or more of the conditions
for genetic equilibrium were not being met and
evolution occurred. However, because the frequency
of the recessive allele has been the same for many
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successive generations, the population has again
achieved genetic equilibrium and is no longer
evolving.

(b) The frequency of the recessive allele was stable for the
first two generations, then increased dramatically
between the second and third generations, then
remained stable at this new higher frequency for the
next seven generations. Possible hypotheses for this
frequency pattern include sudden selection against the
dominant allele by a predator, disease, or
environmental conditions; and because the
population is small, a chance event may have altered
the gene pool.

19.2 The Causes of Gene Pool Change
Student Textbook pages 689-698

Section Outcomes
Students will: 
■ outline the conditions that are required in order to

maintain genetic equilibrium in a population
■ identify and compare the effects of mutations, gene flow,

non-random mating, and genetic drift on gene pool
diversity

■ apply, quantitatively, the Hardy-Weinberg principle to
published data, and infer the significance of your results

■ distinguish between the founder effect and the bottleneck
effect on gene pools

■ explain how the process of natural selection is related to
the microevolution of a population

■ explain the cause of heterozygote advantage and how it
affects a gene pool

■ describe strategies that are used in captive breeding and
population management

■ explain that genetic engineering may have both intended
and unintended effects on gene pools

Key Terms
genetic diversity
mutation
gene flow
non-random mating
genetic drift
founder effect
bottleneck effect
natural selection
heterozygote advantage

Biology Background
■ Five causes of evolutionary change are identified: gene

flow, non-random mating, genetic drift, mutation, and
natural selection.

■ Mutations are changes in the DNA base sequence in an
individual. Only mutations that occur in gametes are

inheritable and can change gene pools. Many mutations
are harmful, some are neutral, and a few are beneficial.
Any mutation that is retained in the gene pool increases
genetic diversity in the population.

■ Gene flow describes the net movement of alleles from one
population to another. Arrival of new alleles in a
population through migration of individuals increases
genetic diversity within that population. Genetic diversity
in the population losing the allele would decrease only if
the individual that left contains the only allele of that type
in the population. Genetic diversity between populations
decreases with migration.

■ Non-random mating occurs in a population when
individuals choose their own mates based on certain traits.
Individuals with visible favourable traits will have a greater
chance of mating than individuals without those traits. The
offspring of the next generation will tend to have more of
the favourable traits than the previous generation, and
some individuals will not have the opportunity to pass on
their genes. Mate preference leads to sexual selection and
inbreeding or out breeding, depending on the
circumstances. Inbreeding leads to increased expression of
recessive alleles in the population.

■ Genetic drift describes the situation where chance events
and encounters determine who mates and who doesn’t.
Genetic drift has a greater impact on the gene pool of
smaller populations than of larger ones. The result of
genetic drift is loss of genetic diversity, particularly
heterozygosity. Genetic drift is linked with both the
founder effect and the bottleneck effect in reducing genetic
diversity.

■ The founder effect describes the situation where only a few
dispersing individuals colonize a new habitat. These
individuals initially carry only a small portion of the gene
pool of the parent population and may not be typical of
the original population. A new population that looks
different from the original population results, with a
different gene pool.

■ The bottleneck effect describes changes in genetic diversity
that occur because a large population has undergone a
severe drop in population, almost extinction, but then is
able to recover to former population levels. The individuals
that survive the population crash do not contain all the
genetic diversity of the initial larger population. As a result,
the new population that develops from the survivors does
not have the same genetic diversity of the initial
population. Often, the survivors are atypical of the original
population, so the population after the bottleneck is quite
different from the ancestral population.

■ Natural selection results in adaptation to a changing
environment. Some individuals are better suited to survival
and reproduction than others. They make a larger
contribution to the next generation’s alleles, and the allele
frequencies change. The environment determines the value
of mutations. A particular mutation may be unfavourable
in some environmental circumstances, but beneficial in
others. Sexual selection is a special form of natural
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