
Genome 562 Population Genetics
Winter, 2015 J. Felsenstein

Homework 4

due February 4, 2015

Do these problems, and email the results (if you can, in a PDF or else in Word .DOC or .DOCX
format). Like all of the weekly homeworks this one totals 25 points and is due at the end of that day
(at midnight).

1. (13 points) DNA in eukaryotes ofter contains regions that have multiple tandem repeats of two
or three nucleotides, such as CAGCAGCAGCAG .... The number of copies can either increase or
decrease as a result of “slippage” in replication, and this can occur at a much higher rate than
point mutation does.

Suppose that we have a region with a trinucleotide repeat which has 30 copies in all members of
the population. With a rate u there is slippage in replication of the region, and half of the time
this leads to one more copy, and half of the time to one fewer copy.

(i) What are the frequencies of 29, 30, and 31 copies after one generation?

(ii) What are the frequencies of 28, 29, 30, 31, and 32 copies after 2 generations?

(iii) What is the mean (expectation) of the change in copy number in producing that first offspring
generation? (Yes, this is as easy as it seems).

(iv) What is the variance of the change in copy number in that generation? [This will require you
to know that the variance of a variable is the mean of its square, minus the square of its mean.]

(v) In this case the variance after t generations will be the sum of the variances of change in each
generation, so just the variance of change in that first offspring generation multiplied by t. If
u = 0.0001, how many generations will be needed for the variance of copy number to become 1?

2. (12 points) Suppose that we have fitnesses

Genotype AA Aa aa
Fitness 0 1/2 1

at a locus.

(i) What is the formula for the gene frequency of the deleterious allele A in the next generation?
(For this simply see the subsection on Additive Fitnesses (p. 63) in the notes, be slightly careful
about what s is, and do a little cancellation).

(ii) Now suppose that after selection there is mutation, with forward and backward mutation rates
both being u. What is the formula for the gene frequency after that?

(iii) What is the equilibrium frequency? (This does not even require solving a quadratic equation).

(iv) How does this compare with the formula for the equilibrium frequency derived in the book in
cases of partial dominance? Why the discrepancy? How serious is it likely to be? (Note that the
deleterious allele is taken to be allele a in that derivation).


