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The Hardy-Weinberg principle is a fundamental concept in population genetics that provides a
mathematical framework for understanding the genetic variation in a population under certain
conditions. In Advanced Placement (AP) Biology, students often encounter free-response questions
(FRQs) that require them to apply the Hardy-Weinberg principle to real-world scenarios. This article
will explore the components of the Hardy-Weinberg equation, the conditions necessary for a
population to be in Hardy-Weinberg equilibrium, and how to effectively tackle FRQs related to this
principle.

Understanding the Hardy-Weinberg Principle

The Hardy-Weinberg principle states that the allele and genotype frequencies in a population will
remain constant from generation to generation in the absence of evolutionary influences. This
concept is fundamental to the study of genetics and evolution because it provides a baseline against
which changes in allele frequencies can be measured.

The Hardy-Weinberg Equation

The Hardy-Weinberg principle can be mathematically expressed through the equation:

- p² + 2pq + q² = 1

In this equation:
- p represents the frequency of the dominant allele.
- q represents the frequency of the recessive allele.
- p² represents the frequency of the homozygous dominant genotype (AA).
- 2pq represents the frequency of the heterozygous genotype (Aa).
- q² represents the frequency of the homozygous recessive genotype (aa).

Furthermore, it is important to note that p + q = 1. This means that the sum of the frequencies of the
dominant and recessive alleles must equal one.

Conditions for Hardy-Weinberg Equilibrium

For a population to be in Hardy-Weinberg equilibrium, several conditions must be met:

1. Large Population Size: To minimize the effects of genetic drift.
2. No Mutations: Mutation introduces new alleles into a population, altering allele frequencies.
3. No Migration: The movement of individuals into or out of a population can change allele
frequencies.
4. Random Mating: Individuals must pair by chance and not according to their genotypes or



phenotypes.
5. No Natural Selection: All individuals must have an equal chance of survival and reproduction.

If any of these conditions are not met, the population may experience changes in allele frequencies
over time, indicating that evolution is occurring.

Applying the Hardy-Weinberg Principle in FRQs

When faced with an FRQ on the AP Biology exam that involves the Hardy-Weinberg principle, there
are key steps to follow for effective problem-solving and analysis.

Step-by-Step Approach to FRQs

1. Read the Question Carefully: Ensure you understand what is being asked. Look for specific
information about allele frequencies, genotype frequencies, or conditions of the population.

2. Identify Given Information: Note any values or frequencies provided in the question. This may
include the frequency of a specific genotype or the total number of individuals in a population.

3. Use the Hardy-Weinberg Equations: Depending on the information given, you may need to apply
the Hardy-Weinberg equation. For example, if the frequency of the recessive phenotype is provided,
you can find q² and thus calculate q and p.

4. Calculate Allele Frequencies: Utilize the relationships between p and q to find the necessary
frequencies. For instance, if q is calculated, use p + q = 1 to find p.

5. Determine Genotype Frequencies: Once you have p and q, apply them to the Hardy-Weinberg
equation to find the expected frequencies of the genotypes.

6. Discuss Implications: If the question allows, discuss what these frequencies imply about the
population's evolutionary status. Are they in equilibrium? What might be causing changes?

Example Free-Response Question

To illustrate the application of the Hardy-Weinberg principle, consider the following example FRQ:

In a population of 1000 rabbits, the allele for brown fur (B) is dominant to the allele for white fur (b). If
360 rabbits have white fur, calculate the frequency of the brown fur allele in the population. Assume
the population is in Hardy-Weinberg equilibrium.

Solution Steps:

1. Identify the Frequency of the Recessive Phenotype: Since 360 rabbits have white fur (bb), this
means q² = 360/1000 = 0.36.
2. Calculate q: Take the square root of q²:



- q = √0.36 = 0.6.
3. Calculate p: Using p + q = 1:
- p = 1 - q = 1 - 0.6 = 0.4.
4. Determine Genotype Frequencies:
- p² = (0.4)² = 0.16 (frequency of BB),
- 2pq = 2(0.4)(0.6) = 0.48 (frequency of Bb),
- q² = 0.36 (frequency of bb).
5. Discuss Implications: The population is in Hardy-Weinberg equilibrium, and the allele frequencies
suggest that the brown fur allele (B) has a frequency of 0.4.

Common Mistakes in Hardy-Weinberg FRQs

Students often encounter challenges when solving Hardy-Weinberg problems. Here are some
common mistakes to avoid:

- Misinterpreting the Question: Ensure that you accurately understand whether you are asked for
allele frequencies or genotype frequencies.
- Forgetting to Use the Equations Correctly: Always recall the relationships between p, q, p², 2pq, and
q².
- Neglecting the Conditions for Equilibrium: When discussing the population, remember to consider
whether the conditions for Hardy-Weinberg equilibrium are being met.
- Rounding Errors: Be cautious with calculations and rounding, as small errors can lead to incorrect
conclusions.

Conclusion

The Hardy-Weinberg principle is a cornerstone of population genetics and is essential for
understanding how allele frequencies change over time. Mastering this concept is crucial for success
in the AP Biology course and exam. By following a structured approach to free-response questions
and avoiding common pitfalls, students can effectively apply the Hardy-Weinberg principle to a
variety of scenarios. Understanding this principle not only enriches one’s knowledge of genetics and
evolution but also lays a strong foundation for further studies in biology.

Frequently Asked Questions

What is the Hardy-Weinberg principle?
The Hardy-Weinberg principle states that the allele frequencies in a population will remain constant
from generation to generation in the absence of evolutionary influences. It serves as a model for
understanding genetic variation in populations.

What are the five conditions required for a population to be in



Hardy-Weinberg equilibrium?
The five conditions are: 1) No mutations, 2) Random mating, 3) No natural selection, 4) Extremely
large population size (no genetic drift), 5) No gene flow (immigration or emigration).

How can you use the Hardy-Weinberg equation to calculate
allele frequencies?
The Hardy-Weinberg equation is represented as p^2 + 2pq + q^2 = 1, where p is the frequency of
the dominant allele and q is the frequency of the recessive allele. You can calculate p and q if you
know the phenotypic frequencies of the dominant and recessive traits.

What does it mean if a population is not in Hardy-Weinberg
equilibrium?
If a population is not in Hardy-Weinberg equilibrium, it suggests that one or more of the five
conditions are not met, indicating that evolutionary forces such as natural selection, genetic drift, or
gene flow are acting on the population.

How do mutations affect the Hardy-Weinberg equilibrium?
Mutations introduce new alleles into a population, altering allele frequencies and potentially
disrupting Hardy-Weinberg equilibrium by introducing genetic variation that may be subject to
selection.

What role does genetic drift play in the Hardy-Weinberg
context?
Genetic drift, particularly in small populations, can lead to random changes in allele frequencies over
time, which can disrupt Hardy-Weinberg equilibrium by causing certain alleles to become more or less
common purely by chance.

How can you apply the Hardy-Weinberg equilibrium in real-
world scenarios?
The Hardy-Weinberg equilibrium can be applied in conservation biology to assess genetic diversity in
endangered species, in agriculture to understand crop genetics, and in medicine to study the genetics
of diseases within populations.
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