
Genome 562 Winter 2009
Population Genetics J. Felsenstein

Homework no. 9
Due Wednesday, March 11

This is the last homework. I can return it if you provide me with a University mailing
address, or you can pick it up from me next quarter. In order for me to be able to grade it in
time, please turn it in on the due date, or at least by Friday the 13th.

There is only one problem this time. You will need a computer or a calculator with logs
and exponents to do this one.

(25 points) Suppose that there are two populations near each other, each with 200 diploid
individuals. Here are the fitnesses of genotypes in each population:

Genotype: AA Aa aa
population

1 1.0201 1.01 1
2 1 1.01 1.0201

so that the fitnesses are multiplicative in each population. Suppose that there is a low rate of
migration between the populations, so that each individual in a population has a probability
m = 0.0001 of being a new migrant from the other population. Using the fixation probability
formulas for a single population based on diffusion approximations, which you will find in
Chapter VII, try to answer the following questions:

1. If both populations have all aa individuals initially, and there is a mutation rate of
10−6 from a to A, about how long will it be before a new A mutation rises to a high
frequency in population 1? Hint: calculate how many generations it will take before a
new A mutation occurs in population 1, and what the probability is that it will not die
out when rare (and thus will ultimately rise to a high frequency).

2. Once population 1 consists of all AA individuals, and population 2 is still all aa
individuals, how long will it take until migration introduces a A allele into population 2
that does succeed in fixing in that population? Hint: consider the migrant individuals
as each introducing two copies of that allele, and consider both how long one would wait
until such a migrant arrived, and what fraction of those migrants would have these alleles
not die out.

3. What does this imply about how long the situation will last in which each population
has a high frequency of its favored allele, once it is achieved?

In general, these can be done by considering the mutations or the migrations as infrequent
events, after which natural selection and genetic drift decide the fate of these alleles, without
much chance of further migrants or mutants affecting that.


