Population Genetics (Genome 562) Winter Quarter 2019 HW?2 due 1/23/2019

Short Problems:

1. We have a fruit fly population with two alleles A and a at a particular locus; the allele frequency of A is 0.99. Assume
we are initially in H-W and that the population size is huge. We introduce a toxin to which aa individuals are resistant,
causing the fitnesses to become:

Genotype Relative Fitness

AA 0.8
Aa 0.8
aa 1.0

(a) After one generation, what is the new allele frequency of a?
(b) What is the likely ultimate fate of a, disregarding drift and mutation, if we continue poisoning our flies?

(¢) In words, why does a rare recessive allele that has a big fitness advantage increase so slowly?

2. Cystic fibrosis is a recessive disease that until recently was practically always lethal before adulthood. The causative
locus, CFTR, codes for a salt channel whose absence compromises lung function and leads to fatal lung infections.
Dysfunctional alleles collectively have an anomalously high allele frequency in Europeans of about 0.025, the highest of
any known recessive lethal in this population.

(a) If this is due to heterozygote advantage, what is the approximate advantage required?
(b) Suggest as many other possibilities as you can think of for why dysfunctional CFTR alleles are so frequent.

(¢) Among the dysfunctional alleles, the frequency of the deletion allele AF508 is 68.6%, while the next most frequent
allele is at 2.4%, and there is an enormous tail of rare and extremely rare variants. As far as we can tell, the
severity of the disease is the same for all of the fairly common alleles (the rest are too rare to study). Does this
particularly support one of your alternative ideas for the high frequency of the disease? Explain briefly.

Long Problem:

Cavalli-Sforza and Bodmer collected the following allele frequencies for the beta-globin gene in Africans. A is the common
allele worldwide. S and C' cause varying degrees of sickle-cell disease in homozogyotes (and SC' heterozygotes), but heterozy-
gotes are partially resistant to malaria. Note that these are frequencies in adults; we will assume that selection has already
acted on these individuals before they are sampled.

Genotype AA AS SS AC SC CC Total
Observed count 25,374 5,482 67 1737 130 108 32,898
Expected count 25,615 4,967 307 1769 165 75 32,898

Calculate the relative fitness of each genotype from these data. Retain AT LEAST four digits after the decimal, because in
a large population, small fitness differences matter.

Based on these fitnesses, and assuming a huge population size so that drift can be ignored, predict:

e What would the equilibrium frequencies be with only A and S present? (This is the story usually told in textbooks.)
e Can C invade a pure A population?

e If A and S are present at their equilibrium frequency, can C invade? (Hint: When only a few C are present they will
be AC and SC in proportion to the frequency of A and S. Is the weighted average of the AC and SC fitnesses better
or worse than the weighted average of the population without C?)
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e Would C becoming common in the population likely lead to extinction of S, since in many ways C seems to be a better
version of S? (Hint: if S could invade an A + C population, it will persist in an A + C + .S population.)

These questions do not require calculating the three-allele equilibrium, which is quite challenging. We can simply assume
that if an allele yields better heterozygotes than what’s already present it will be able to invade, and if it doesn’t it won'’t.
The fitness of the homozygote would be relevant for the equilibrium, but early in invasion there are so few homozygotes of
the new allele that their fitness is irrelevant.



