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Figure 1: Equilibria of the Hardy-Weinberg model.

Prologue

Godfrey H. Hardy was one of the greatest mathematicians of his day. His immortalization in the
title of the founding theorem of population genetics therefore seems quite appropriate. But it’s
actually rather ironic. First, he wasn’t the first to see it—at least 2 others, including Wilhelm
Weinberg—made the same observation before him. But more importantly, his contribution was
mathematically trivial. Hardy was led to the problem by an uncharacteristically misbegotten
notion published by G. Udny Yule (Crow, 1999). Yule expressed a mistaken intuition that any
dominant trait would eventually come to represent 3/4 of the population if the trait was not
under selection.1 Hardy knew this was wrong. His motivation was to make a “very simple
point” that he thought “should have been familiar to biologists,” which he did in a tiny little
letter to the editors of the journal Science (Hardy, 1908). He showed that Yule was wrong using
nothing more sophisticated than grade-school algebra. But one should not confusemathematical
simplicity with biological triviality. The Hardy-Weinberg theorem quite rightly serves as the
foundation for population genetics, as we are about to see.

1The textbook (Herron and Freeman, 2014) does not completely agree with Hardy’s statement in his paper;
they claim Yule thought allele frequencies would go to 50-50, but Hardy quotes Yule as saying, “. . . one would
expect, in the absence of counteracting factors, to get three [dominant] . . . to one [recessive].”
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1 Vocabulary

Population genetics Allele frequency Selection Hardy-Weinberg equilibrium
Gene pool Genotype frequency Genetic drift

2 Under what conditions will evolution not occur?

2.1 Readings

� Required: §6.1, subsections The General Case and What Use is the Hardy-Weinberg
Equilibrium Principle? of the textbook (Herron and Freeman, 2014).

� Optional: §6.1, all other subsections and Computing Consequences boxes 6.1 and 6.2 of
the textbook. You may find the other subsections in §6.1 a helpful review of BIO 181 and
182.

2.2 Concept Questions

1. List the 5 assumptions made by the Hardy-Weinberg model. For each assumption, de-
scribe the evolutionary consequences when it is violated.

2. Answer Question 5 on page 228 of the textbook.

3. State the 2 conclusions of the Hardy-Weinberg principle.

2.3 Synthesis Questions

Human fetuses carry oxygen in their blood using a type of hemoglobin called Hbs, also re-
ferred to as fetal hemoglobin. Within a year after birth, Hbs is normally replaced by adult
hemoglobin, Hbb. However, some individuals never make the switch and therefore express Hbs
throughout life. The switch from Hbs to Hbb is controlled genetically—people with genotype
A1A1 express Hbb as adults, while those with genotype A2A2 have only fetal hemoglobin as
adults. Heterozygotes, A1A2, have mixed Hbb and Hbs as adults. In an early study of sickle-cell
disease, Foy et al. (1954) determined the genotypes of people from Kenya and Sudan. Here are
their data:

Location A1A1 A1A2 A2A2

Kenya 102 27 0
Sudan 71 13 0

Use this information to answer the next 4 questions.

4. What is the frequency of allele A1 in Kenya? Express your answer as a decimal with 2
significant figures, and show your work.

5. If this trait were in Hardy-Weinberg equilibrium in Kenya, what would be the expected
number of A2A2 individuals in the population? Express your answer as a decimal with 2
significant figures, and show your work.

Nagy, 2022 2 Evol Lec 2.2 Selection Models



3 How does natural selection change allele frequencies?

3.1 Readings

� Required: §6.2 of the textbook; Computing Consequences Boxes 6.3 & 6.4 of the text-
book.

3.2 Concept Questions

1. Consider the CCR5-∆32 study described on page 200 in the textbook. Suppose the initial
frequency of the ∆32 allele was 8%; that is, q = 0.08. Further suppose that HIV evolves
to become much more infectious, so that half of individuals with either +/+ or +/∆32
contract AIDS and die before reproducing, while no one with genotype ∆32/∆32 ever
contracts HIV. Therefore, w11 = 0.5, w12 = 0.5 and w22 = 1. Use the information in
Computing consequences Box 6.3 to calculate ∆q. Express your answer as a decimal with
2 significant figures, and show your work.

2. Use the calculation you just made to determine the frequency of the ∆32 allele in the next
generation of humans if this situation were to hold. Express your answer as a decimal
with 3 significant figures.

3.3 Synthesis Questions

3. Reconsider the study by Foy et al. (1954) that you looked at in the previous section. Sum
the data from Kenya and Sudan. Test the hypothesis that this character is in Hardy-
Weinberg equilibrium using a χ2 goodness-of-fit procedure. Show all your work.

4. Propose a hypothesis to explain the results you have obtained from this analysis.

5. Answer Question 6 on page 228 of the textbook.

Image Credits

Figure 1, page 1: J. D. Nagy.

References

Crow, J. F. (1999). Hardy, Weinberg and language impediments. Genetics 152, 821–825.

Foy, H. A., A. Kondi, G. L. Timms, and W. Brass (1954). The variability of sickle-cell rates in
the tribes of Kenya and the southern Sudan. Br. Med. J. 1, 294–297.

Hardy, G. H. (1908). Mendelian proportions in a mixed population. Science 28, 49–50.

Herron, J. C. and S. Freeman (2014). Evolutionary Analysis (5th ed.). New York: Pearson.

Nagy, 2022 3 Evol Lec 2.2 Selection Models


	Vocabulary
	Under what conditions will evolution not occur?
	Readings
	Concept Questions
	Synthesis Questions

	How does natural selection change allele frequencies?
	Readings
	Concept Questions
	Synthesis Questions


