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Figure 1: X-ray studies of 2 cases of spinal muscular atrophy. Very bright objects are surgical
implants stabilizing the vertebral column. From Veerapanidiyan et al. (2018).

Prologue

Spinal muscular atrophy is a debilitating, progressive disease that causes extreme malformations
of the spinal column (see Figure above). The condition is genetic. It is caused by deletion
mutation on hChromosome 5 at a locus called telSMN. The alleles causing the disease are
recessive. People with the condition rarely have children—the selection coefficient s is estimated
to be about 0.9, which is very strong selection—collectively, people with spinal muscular atrophy
only have about 10% the number of children compared to the rest of the population (see
Computing Consequences Box 6.9). Despite this obvious selective disadvantage, the disease
persists in the human population about about 1%. How can that be? One possibility is
heterozygote advantage, which we studied earlier. But another possibility is supported by
evidence described in the textbook—the interplay between mutation and natural selection,
called mutation-selection balance.
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1 Vocabulary

Mutation-selection balance

2 Is mutation alone a major source of evolution?

2.1 Readings

� Required: §6.4 and Computing Consequences Box 6.8 of the textbook (Herron and
Freeman, 2014).

2.2 Concept Questions

HIV evolves extremely rapidly because it has among the highest mutation rates of all known
living and life-like entities. Cuevas et al. (2015) measured HIV mutation rates to be around
4.1 × 10−3 per nucleotide per generation. Consider a single HIV gene with alleles A1 and
A2. Forward mutations A1 → A2 occur at the observed rate of 4.1 × 10−3 per nucleotide
per generation, but back-mutations A2 → A1 are negligibly rare. [Note: the real situation is
more complicated because a single nucleotide position has 4 possible alleles and back-mutations
are not impossible, but this simplification gets the point across.] During the initial infection
phase, the time it takes for HIV to complete one generation is about 0.65 days (about 15.5
hours). Suppose that mutation is the only evolutionary mechanism acting on this gene. Use
this information to answer the following 2 questions. Be prepared to show your work.

1. If the initial frequency of A2 is 0.01, what would be the frequency after 15.5 hours, ignoring
changes in population size?

2. From the same starting initial frequency, what would be the frequency of A2 after 30
days (approximately 1 month)? HINT: First, convert 0.65 days/generation to number of
generations in 30 days, just like you would in a chemistry problem. Then use the equation
in Computing Consequences Box 6.8 to determine the change in frequency of the A1 allele.
With that you can get the frequency of the A2 allele.

2.3 Synthesis Questions

Reconsider the HIV example in the Concept Questions above. To simplify the problem we
assumed no back-mutation. But suppose A2 can mutate back to A1, and the forward (A1 → A2)
and backward (A2 → A1) rates were identical at 4.1× 10−3 per nucleotide per generation.

3. Use your intuition to predict what the final outcome will be in this situation. Will one
of the alleles go extinct while the other becomes fixed? Or will there be a polymorphism
where both alleles exist at an equilibrium frequency? If so, what would the equilibrium q
be? Or will the frequencies p and q constantly change over time?

4. The situation we just described is not discussed in your textbook. However, its mathe-
matics are well known. If A1 mutates to A2 at rate µ per generation and A2 mutates back
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to A1 at rate ν per generation, then eventually the frequency of A1 will reach equilibrium
at

p∗ =
ν

µ+ ν
.

(And therefore A2 will be at equilibrium at 1 − p∗.) Use this equation to calculate the
equilibrium frequency of A2 in our HIV example.

5. Compare your prediction to the mathematics. Was your intuitive prediction correct?
Either way—correct or incorrect—describe the thought process that led to your original
prediction.

3 How can lethal genetic diseases continue to exist in

the face of natural selection?

3.1 Readings

� Required: Computing Consequences Box 6.9 of the textbook (Herron and Freeman,
2014).

3.2 Concept Questions

1. Familial adenomatous polyposis (FAP) is a lethal genetic disease in humans. Most cases
involve mutations in a gene called APC. The mutant APC allele that causes FAP is dom-
inant; that is, individuals with genotype APCwt/APCwt are normal, but individuals with
APCwt/APCmut or APCmut/APCmut suffer FAP. The condition causes numerous pre-
cancerous tumors to form in the large intestine; therefore, the vast majority of untreated
patients with FAP develop deadly colon cancer before the age of 40.

But since the APCmut allele is so deadly, why does it still exist in the human population?
Wouldn’t natural selection have removed it completely? Suggest a hypothesis to explain
why this deadly allele has not been eliminated by natural selection.

2. The mutation rate from APCwt to APCmut is approximately 9.75× 10−6 per generation.
The back-mutation rate APCmut to APCwt is essentially 0. Is has been estimated that
the selection coefficient, s, for this disease is 0.13.

Now, the situation with FAP is a little different than the one described in Box 6.9—there
the dominant allele was lethal; here it’s deleterious but not lethal. So the equation given
there must be modified a bit. In this case, with a deleterious but not lethal dominant
allele, the frequency of p (in this case APCwt) is

p̂ =
s− µ

s
,

where µ is the forward mutation rate. (Remember that the backward rate is 0.)

What is the expected equilibrium frequency for the deleterious allele, q (frequency of
APCmut)?
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3.3 Synthesis Questions

3. In a given population, the wild-type A1 allele is dominant to the recessive A2 and A3

alleles. Fitnesses of the A1A1, A1A2 and A2A2 genotypes are 1.0, 0.9 and 0.8, respectively.
Mutation from A1 to A2 occurs at rate r, and mutation from A1 to A3 occurs at rate
4r. Ignoring back mutation from A2 and A3 to A1, which allele will be more common at
mutation-selection balance, A2 or A3? Explain. (From Bergstrom and Dugatkin (2016).)

Image Credits

Figure 1, page 1: Figure 1 from Veerapanidiyan et al. (2018).
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