
■ The second equation represents what happens when all the
males in the population (which would be p + q for the
males) mate with all the females in the population (p + q
for the females). Multiplying either in a Punnett square or
as factors of a polynomial, the next generation’s allele
frequencies will be p2 + 2pq + q2 + 1. The term p2

represents the frequency of homozygous dominant
individuals; 2pq represents the frequency of heterozygous
individuals; and q2 represents the frequency of homozygous
recessive individuals. The number of individuals in the
population with each genotype can be calculated by
multiplying the frequency by the size of the population.
Hardy and Weinberg point out that the frequency of
dominant alleles and the frequency of recessive alleles will
not change, according to the mathematics, unless
something external to the population causes them to.

■ The conditions required for gene pool stability are: the
population is large enough that chance events will not alter
allele frequencies, mates are chosen on a random basis,
there is no migration, there are no net mutations, and
there is no natural selection against any of the phenotypes.
When these conditions are met within a population, a state
of genetic equilibrium exists.

■ If allele frequencies are measured in two different
generations of a population and the frequencies are
different, one or more of the conditions required for
genetic equilibrium are not met. Such populations may be
undergoing natural selection. At the very least, their gene
pool is changing.

Teaching Strategies
■ Use a variety of characteristics, including some rare

dominant traits, to establish the habit of looking for the
recessive phenotype when initiating analyses with the
Hardy-Weinberg equation.

■ Have students create imaginary or alien traits that are
inherited through simple dominance. Ask students to
create practice problems by choosing different allele,
genotype, or phenotype frequencies for the traits, and then
exchange the problems with their classmates.

■ Simplify some human phenotypic characteristics like hair
colour into two forms (i.e., black vs. not black) and ask
students to survey the frequency of alleles in the grad
photos on the walls of your school and observe how these
alleles change over time. Epicanthic folds of eyelids may
also be fairly visible in grad photos.

■ The sample problems on pages 682 and 683 have been
converted into overhead masters to assist in teaching the
process. See BLMs 19.1.4 and 19.1.5.

■ In addition to BLMs supporting the activities in this
section, a number of overhead masters and reinforcement
activities have been prepared for this section. You will find
them with the Chapter 19 BLMs on the CD that
accompanies this Teacher’s Resource or at
www.albertabiology.ca, Online Learning Centre,
Instructor Edition, BLMs.

Number (Type)
19.1.1 (OH) Genotype Frequency, Phenotype Frequency,
Allele Frequency
19.1.2 (OH) Hardy-Weinberg principle and Hardy-
Weinberg equation
19.1.3 (OH) Punnett Squares to Determine Genotype
Frequencies
19.1.4 (OH) Sample Problem 1: Albinism in a Snake
Population
19.1.5 (OH) Sample Problem 2: Wing Length in Fruit
Flies
19.1.7 (OH) Collared Pika: Change in Allele Frequency
19.1.9 (HAND) Populations in Hardy-Weinberg
Equilibrium
19.1.9A (ANS) Populations in Hardy-Weinberg
Equilibrium Answer Key

Students requiring extra help may benefit from modelling the
movement of chromosomes during fertilization to show visibly how p
and q combine to make the three genotypes p2, 2pq, and q2. Because
the vocabulary in this section is unfamiliar, contact your resource
personnel well ahead of time with a list of terms that may prove
problematic so that ESL students can be prepared properly. Alternately,
read the text with ESL students, helping them with pronunciation and
explaining terms as they come up. Gifted students may benefit from
bonus work to increase either the depth or the breadth of their
learning. Students may want to do an analysis of allele frequency in
their family using characteristics from earlier lab work on human
genetic traits. 

Biology File: Try This
Student Textbook page 679

The phenotype frequency can be calculated by adding the
genotype frequencies for BB and Bb. Check the calculation by
counting all the black mice and dividing this value by the
total number of mice.

Answers to Questions for Comprehension 
Student Textbook page 680

Q1. A gene pool is made up of all the alleles of all the genes
present in a population. 

Q2. Genotype frequency is the proportion of a population
with a given genotype. Phenotype frequency is the
proportion of a population with a given phenotype. Allele
frequency is the rate of occurrence of a particular allele in
a population, with respect to a particular gene. Therefore,
allele frequency contributes to genotype frequency and
genotype frequency contributes to phenotype frequency.
The three are different levels of scale for examining a
population.
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Student Textbook page 682

Q3. The five conditions of the Hardy-Weinberg principle are
as follows:

1. The population is large enough that chance events will
not alter allele frequencies

2. Mates are chosen on a random basis

3. There are no net mutations

4. There is no migration

5. There is no natural selection against any of the
phenotypes

Q4. p is the frequency of the dominant allele of a gene locus.
p2 is the frequency of the homozygous dominant
genotype in the population.

Q5. The frequency of heterozygotes in a population can be
found by multiplying the frequency of the dominant
allele by the frequency of the recessive allele and doubling
the result (2pq).

Solutions to Practice Problems
Student Textbook page 683

1. Problem

Suppose that in a fruit fly population the frequency of the
recessive allele that codes for short wings (l) is 0.30. What
would be the expected genotype frequencies in the next
generation?

What Is Required?

You must determine the values for p2, 2pq, and q2, which
represent the frequencies of the LL, Ll, and ll genotypes in
the next generation, respectively.

What Is Given?

The frequency of the recessive allele (q) that codes for
short wings (l) is 0.30.

p + q = 1.00

Plan Your Strategy

Subtract q from 1.00 to find the value of p.

Find the values of p2, 2pq, and q2.

Act on Your Strategy

Step 1 

p + q = 1.00

p = 1.00 – q

p = 1.00 – 0.30

p = 0.70

Step 2

p2 = (0.70)(0.70) = 0.49 

2pq = 2(0.70)(0.30) = 0.42

q2 = (0.30)(0.30) = 0.090

Check Your Solution

p2 + 2pq + q2 = 1.00

0.49 + 0.42 + 0.090 = 1.00

1.00 = 1.00

2. Problem

In a pea plant population, the dominant allele for tallness
(T) has a frequency of 0.64. What percent of the
population would be expected to be heterozygous (Tt) for
the height alleles?

What Is Required?

You must determine the value for 2pq, which represents
the frequency of the heterozygous (Tt) genotype in the
population, and express this value as a percent.

What Is Given?

The frequency of the dominant allele (T) is 0.64.

p + q = 1.00

Plan Your Strategy

Subtract p from 1.00 to find the value of q.

Find the value of 2pq.

Express the value of 2pq as a percent.

Act on Your Strategy

Step 1 

p + q = 1.00

q = 1.00 – p

q = 1.00 – 0.64

q = 0.36

Step 2

2pq = 2(0.64)(0.36) = 0.46, or 46%

Check Your Solution

p2 + 2pq + q2 = 1.00

(0.64)(0.64) + 0.46 + (0.36)(0.36) = 1.00

1.00 = 1.00

3. Problem

In a randomly mating population of mice, 25.0 out of
every 100.0 mice born have white fur, a recessive trait.

(a) Calculate the frequency of each allele in the
population.

(b) Calculate the genotype frequencies for the
population.

What Is Required?

You must determine the values for p and q, which
represent the frequency of each allele in the population.

You must also determine the values for p2, 2pq, and q2,
which represent the frequencies of the genotypes in the
population.
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5. Problem

In the Caucasian population of North America, one out
of every 10 000 babies is born with a recessive condition
known as phenylketonuria (PKU). This condition is
controlled by a single pair of alleles. People who are
homozygous recessive for the PKU gene completely lack
the enzyme that is necessary to metabolize the amino acid
phenylalanine into harmless by-products. The presence of
this amino acid in a baby’s diet can slow the development
of the baby’s brain. What percentage of the Caucasian
population of North America would you expect to be
heterozygous for the PKU allele?

What Is Required?

You must determine 2pq and express it as a percent,
which represents the percentage of the Caucasian
population of North America expected to be heterozygous
for the PKU allele.

What Is Given?

The value of q2 = �10
1
000
�. This represents the proportion 

of the Caucasian population of North America born with
PKU.

p + q = 1.00

Plan Your Strategy

Change the value of q2 to a decimal.

Take the square root of the value of q2 to find the value of
q.

Subtract q from 1.00 to find the value of p.

Find the value 2pq.

Express the value 2pq as a percent.

Act on Your Strategy

Step 1 

q2 = �
10

1
000
�

q2 = 0.0001

Step 2

�q2� = �0.0001�
q = 0.01

Step 3

p + q = 1.00

p = 1.00 – q

p = 1.00 – 0.01

p = 0.99

Step 4 

2pq = 2(0.01)(0.99) = 0.0198, or 1.98%

Rounding to the correct number of significant digits, 2%
of the Caucasian population of North America is expected
to be heterozygous for the PKU allele

Check Your Solution

p2 + 2pq + q2 = 1.00

(0.99)(0.99) + 2(0.01)(0.99) + 0.0001 = 1.00

1.00 = 1.00

Answer to Question for Comprehension 
Student Textbook page 684 

Q6. You can tell if a population is at genetic equilibrium if, from
one generation to the next, allele frequencies do not change
when calculated with the Hardy-Weinberg equation. More
than one gene locus should be examined. You can tell if
microevolution is occurring if the allele frequencies differ
from one generation to the next and the four conditions of
the Hardy-Weinberg principle not relating to natural selection
have been tested and shown to be true.

Investigation 19.A: Applying the 
Hardy-Weinberg Equation

Student Textbook page 684

Purpose
Students will learn to apply the Hardy-Weinberg equation to
analyze human genetic characteristics.

Outcomes
■ 30-D1.3k 
■ 30-D1.1s
■ 30-D1.3s

Advance Preparation
■ Photocopy BLM 19.1.6: Investigation 19.A

Time Required
■ 30 minutes to gather data on class member phenotypes of

the traits being investigated
■ 40 minutes to conduct the calculations and answer

questions

Helpful Tips
■ Use BLM 19.1.6: Investigation 19.A to support this

activity. Modify as necessary.
■ Use the list of traits shown on BLM 19.1.6. Modify as

necessary.
■ Caution the students to design a method of data record

keeping before they start to collect the data.

Suggest that gifted students determine allele frequencies for a different
set of people; parents, uncles and aunts, for example, to see if allele
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frequencies have changed over time. A helpful resource with
information about human genetic traits is http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?db�OMIM 

Answer to Analysis Question 
1. Frequencies will vary from class to class. You may want to

pick out one dominant allele frequency that is most
abundant and one recessive allele frequency that is most
abundant to drive home the idea that abundance does not
mean a trait is dominant.

Answers to Conclusion Questions
2. The three genotypes will be homozygous dominant,

heterozygous, and homozygous recessive. The frequencies
of these three genotypes will vary from class to class.

3. This answer will depend on your students’ perception of
themselves and the North American population.  Most
likely, they will say their class results will not match those
of the rest of North America, probably due to small
sample size, or to the ethnic background of their
particular class. They may alternately say that the results
will match those of North America, in which case they
will judge that their class is pretty representative of the
rest of the population of North America.

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

Conclusion questions.

Answer to Question for Comprehension 
Student Textbook page 685 

Q7. The two equations based on the Hardy-Weinberg
principle are used to measure allele frequencies in one
generation and then again in another generation. If allele
frequencies are different, there has been a change in the
gene pool.

Investigation 19.B: Testing the 
Hardy-Weinberg Principle

Student Textbook pages 686-687

Purpose
Students will determine the effect of random mating on a
large population, as well as the effect of a lethal recessive allele
on allele frequencies in a large population. 

Outcomes
■ 30-D1.2k
■ 30-D1.3k
■ 30-D1.1s
■ 30-D1.2s

■ 30-D1.3s
■ 30-D1.4s

Advance Preparation

Time Required
■ 5 minutes to introduce lab objectives and distribute

materials
■ 40 minutes to complete Part A of the experiment, collect

and record data, and clean up
■ 20 minutes to pool data for Part A
■ 40 minutes to complete Part B of the experiment, collect

and record data, and clean up
■ 20 minutes to pool data for Part B

Helpful Tips
■ Use BLM 19.1.8: Investigation 19.B to support this

activity. Modify as needed.
■ This activity is best conducted on flat horizontal surfaces.

Answers to Analysis Questions
1. (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. There
should be a statement or two comparing the results as
shown by the graph with the predicted results.

Apparatus Materials

none ■ dark-coloured beads
■ light-coloured beads
■ plastic cups (or similar

containers)

When to Begin What to Do

1 or 2 days before ■ Purchase sufficient dark-
coloured beads for your
class; 48 per group

■ Purchase sufficient light-
coloured beads for your
class; 32 per group

■ Purchase sufficient plastic
cups (or similar containers)
for your class; 2 per group
Photocopy BLM 19.1.8:
Investigation 19.B
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selection where mate preferences drive some of the changes
in genotype.

■ Human activities affect the genetic diversity of
populations. Hunting and habitat destruction reduce
genetic diversity, and activities like dam building and
industrial development fragment habitat, limiting gene
flow between isolated populations. Human transport of
individuals from one location to another can increase
genetic diversity within populations.

Teaching Strategies
■ Use BLM 19.2.1: Agents of Evolutionary Change to

support your presentation of the topic.
■ Once students understand how to use the Hardy-Weinberg

equation, take them to a nearby college or university
library to find examples of the use of the equation in
publications.

■ Use the Red Book of Endangered Species, or some other
source of information about endangered species to assign a
species to each student. Have them research the history of
the species, and describe how the processes studied in this
section apply to their particular species.

■ As genetic research has become more sophisticated,
scientific interest in founder communities has grown. Use
BLM 19.2.4 to spark a discussion about the ethical
considerations involved in exploiting the situation of a
founder community.

■ In addition to BLMs supporting the activities, two
overhead masters and a handout have been prepared for
this section. You will find them with the Chapter 19 BLMs
on the CD that accompanies this Teacher’s Resource or at
www.albertabiology.ca, Online Learning Centre,
Instructor Edition, BLMs.
Number (Type)
19.2.1 (OH) Agents of Evolutionary Change
19.2.3 (OH) Genetic Drift in Roses
19.2.4 (HAND) Scientific Interest in Founder
Communities

■  Challenge gifted students to make a difference for an animal or
plant that is endangered. This may include letter writing, raising
money, or creating works that can be published or displayed, to
raise awareness of the plight of the species. Artistically gifted
students may enjoy cartooning or writing poetry or songs about
one of the processes studied in this section. Students who need
extra help may benefit from constructing a self-help booklet with
more opportunities to practice each step before adding further
steps in the analysis of conditions affecting genetic equilibrium.
Pay particular attention to differences in starting points and
ending points to help students develop an ability to recognize
when Hardy-Weinberg equilibrium conditions are not met.

■  Allow ESL students to focus on species they are familiar with
from their native lands. Ask students to investigate one of these

species in order to reduce the unfamiliarity of the concepts and
processes.

Answer to Question for Comprehension 
Student Textbook page 689

Q8. The conditions of the Hardy-Weinberg principle describe
conditions that must be met for equilibrium to occur. If
allele frequencies are seen to change, then the conditions
cannot all be met, and the gene pool will change.

Biology File: Web Link
Student Textbook page 690

Regardless of their conclusions, students’ responses should
likely include reference to: 
■ the role of the CCR5 gene in the development of HIV

(CCR5 is the gene that codes for the chemokine receptor
that HIV-1 uses to enter cells)

■ the CCR5 �32 HIV-Resistance Allele and its role in the
blocking development of HIV 

■ how the allele could have been /is being selected for in
populations that are experiencing high rates of HIV
infection (the high number of deaths of those without
resistance to HIV, particularly in the age groups most likely
to produce offspring, will reduce the number of people
who are most susceptible)

■ how the CCR5 �32 allele could have been selected for in
history and some evidence for its selection (including
reference to the bubonic plague (Black Death) and various
smallpox outbreaks

Answer to Question for Comprehension
Student Textbook page 691

Q9. A mutation may create an allele that didn’t exist in the
population before. This new allele, if maintained in the
population, increases genetic diversity by adding
something that wasn’t there before.

Figure 19.10 
Student Textbook page 691

With a great deal of movement, gene flow becomes
significant. With significant gene flow, population boundaries
become blurred. Genetic markers cannot be used to
distinguish populations, nor can differences in allele
frequencies. Due to the large size of wolf territories,
considerable time and resources are required to establish
reasonable population boundaries.

Answers to Questions for Comprehension 
Student Textbook page 691

Q10. If gene flow brings in alleles that are in different
proportion to existing frequencies, the ratio of alleles in
the gene pool will change. If gene flow brings alleles into
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the population that don’t already exist there, the diversity
of the gene pool will increase.

Q11. The two basic situations that result in gene flow are
immigration and emigration; but anything that causes
these, like deliberate or accidental human introduction,
would also cause changes to the gene pool. 

Biology File: Web Link
Student Textbook page 691

The preservation of mountain corridors is key to ensuring
that gene flow continues to happen. Young males in particular
are able to move freely from one territory to another in search
of mates, and this breeding will ensure genetic diversity
throughout the populations in the whole Yukon to
Yellowstone region.

Students may also note that the alternative—the
reduction of territories to small pockets—would reduce the
genetic diversity of each isolated population, making each one
of them more vulnerable to disease and parasites and
increasing the threats to the population’s survival. It would
have an effect similar to the bottleneck effect, which they will
study on page 694.

Thought Lab 19.1: The Spirit Bear
Student Textbook page 692

Purpose
Students will expand their understanding of the Hardy-
Weinberg equation and apply that understanding to new
situations. 

Outcomes
■ 30-D1.2k
■ 30D-1.3k
■ 30-D1.2sts
■ 20-C2.1sts

Advance Preparation
■ Photocopy BLM 19.2.2: Thought Lab 19.1

Time Required
■ 30 minutes

Helpful Tips
■ Use BLM 19.2.2 Thought Lab 19.1 to support this

activity. Modify as needed.
■ This activity could be done as an individual activity to

determine students’ level of proficiency, or in pairs as a way
of solidifying understanding of the Hardy-Weinberg
equation.

Answers to Analysis Questions
1. (a) The frequency of the recessive allele on Gribbell

Island in 0.548 (0.5 to correct significant digits).
Students may choose their own notation for the
recessive and dominant alleles.

(b) The frequency of the recessive allele on Princess Royal
Island is 0.316 (0.3 to correct significant digits).
Students should use the same allele notation as in part
(a) because they are dealing with the same allele
system for coat colour.

2. (a) The heterozygote frequency on Gribbell Island is
0.495 (0.5 to correct significant digits).

(b) The heterozygote frequency on Princess Royal Island
is 0.432 (0.4 to correct significant digits).

3. There are a few correct answers. First, the populations
may be small (we have no information otherwise) so
genetic drift may be acting in the two populations.
Because genetic drift is random, we cannot expect the
same allele frequencies in two populations undergoing
this process. It is also possible that there are different
selection pressures on the two islands, with selection on
Gribbell Island tending to favour the white allele more
than on Princess Royal Island. Based on the conditions
required for genetic equilibrium, students could also say
that white bears tend to migrate from Princess Royal
Island to Gribbell Island more than the other way around.

4. Inland black bear populations would have lower
frequencies of the white coat allele. If these bears migrate
into the coastal bears’ territory and mate with the coastal
bears, the frequency of the recessive white coat allele will
decrease as result.

5. If white bears tend to select white bears for mating, the
rarity of white bears would reduce the intrinsic rate of
growth in bear populations making them more susceptible
to genetic changes due to chance events, and to extinction
from disease or predators. If black bears tend to select
black bears for mating, there is a risk that the white coat
allele will disappear from the bear population. 

Assessment Options 
■ Collect and assess students’ answers to Analysis questions.
■ Use Assessment Checklist 4 Performance Task Group

Assessment from Appendix A if the work was done in
pairs.

Answers to Questions for Comprehension 
Student Textbook page 693

Q12. Non-random mating refers to males or females having
choice in accepting a mate. Most animal populations
have some form of mate choice so most are mating in a
non-random manner.
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Q13. Effects may include selection of specific phenotypes,
change in allele frequency, elimination of harmful alleles,
hybrid vigour, or elimination of harmful alleles.

Biology File: Web Link
Student Textbook page 693

One possible explanation for the loss of genetic diversity was
recorded early in the 20th Century:

During two weeks in 1922 one hunting party bagged
seven adult lions and badly wounded another three. The last
expedition was in 1924, when five more lions were killed.
Considering that there are never more than about 30 adult
lions in the crater and that most of the wounded animals
probably died as well, the breeding population must have
been severely reduced.

As well, increased human habitation around Africa’s
national parks has formed virtually impermeable boundaries,
and recently many species have become isolated in small
populations, making them even more vulnerable to
environmental catastrophe. Add to this the effects of close
inbreeding, and many small populations may well be caught
in a downward spiral.

Answers to Questions for Comprehension
Student Textbook page 694

Q14. There is an increased likelihood of chance events
affecting allele frequencies in small populations.

Q15. The founder effect results when a small population of
individuals colonizes a new habitat. They don’t carry the
entire gene pool of the original population, so some of
the alleles are missing. The result can be adoption of a
different phenotype, speciation, increased risk of
genetically-based health problems, increase in frequency
of rare alleles, or a reduction in genetic diversity.

Q16. The founder effect causes increased inbreeding because
there are fewer choices of mates in the new habitat since
the population is small.

Q17. Situations that result in the bottleneck effect include
population decrease due to disease, starvation, human
interference including over-hunting, natural disasters,
climate change, and dispersal to new habitat. Students
can choose any three.

Figure 19.14 
Student Textbook page 695

Lack of genetic variation makes the entire population more
susceptible to disease, predation, parasitism, and climate change. 
It will take a long time for genetic diversity to increase to a level
similar to what it might have been before the over-hunting.

Answers to Questions for Comprehension 
Student Textbook page 695

Q18. Mutations are changes in the DNA base sequence.
Natural selection is the process that results in genetic
combinations that are most suitable for survival and
increased reproduction being retained in a population.
Thus mutations provide the variations that the
environment can act upon, resulting in natural selection.

Q19. Habitat fragmentation leads to decreased gene flow, and
thus reduced genetic diversity within a population. It
will also result in increased genetic diversity between or
among populations. With fragmented populations, there
is an increased impact of random genetic drift.

Student Textbook page 696

Q20. Reduced genetic diversity decreases the species ability to
withstand changes in the environment, like global
warming. Decreased species diversity results in instability
of ecosystems and more difficulty conserving
communities.

Thought Lab 19.2: Maintaining Genetic 
Diversity in the Whooping Crane  

Student Textbook page 696

Purpose
Students will describe factors that affect the genetic diversity
of a species, and the value of captive breeding programs. 

Outcomes
■ 30-D1.2k
■ 30-D1.1s
■ 30-D1.2s
■ ICT

Advance Preparation

Time Required
■ 45 minutes to log on and locate web resources, and to

answer questions

Helpful Tips
■ Use BLM 19.2.5: Thought Lab 19.2 to support this

activity. Modify as necessary.
■ You may wish to provide students with a few web sites that

you consider reliable in order to reduce search time.

When to Begin What to Do

at least 1 day in advance ■ Book time with computer
resources in the school 

■ Photocopy BLM 19.2.5:
Thought Lab 19.2
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