
Genome 562 Population Genetics
Winter, 2015 J. Felsenstein

Homework 9

due March 11, 2015

Do these problems, and email the results (if you can, in a PDF or else in Word 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).

IMPORTANT: Provide me with an address to which I can mail your graded homework, which will
also have your course grade written on it. I strongly prefer a campus address (name and campus box
number), but I am willing to mail to an off-campus address if you do not have a campus address.

1. (13 points) There are two populations (of diploid organisms), #1 having 10,000 individuals, #2
having 1,000 individuals. These population sizes have remained the same for a long time. We
have sampled 6 copies of a gene from population #1 and 4 copies from population #2.

(a) Using the coalescent approximation, if we have no migration between the populations, and we
go back in time until we finally find that there are two of the 6 copies in population #1 come from
the same copy, on average how many generations will that be? If we go back in time from the
present until all 6 copies come from the same copy, on average how many generations will that
be?

(b) If we do the same thing in population #2, on average how many generations will that be? If
we go back in time from the present until all 4 copies come from the same copy, on average how
many generations will that be?

(c) What is the probability that, going back from the present, that the first of these populations
(going backwards) to have a coalescence will be population #1? [Hint: calculate for each
population a probability of coalescence per unit time, where time is scaled in generations. Roughly,
this should be the reciprocal of the expected number of generations until that event. The probability
that the first one (going backwards in time) coalesces in population #1 will be proportional to the
probability of coalescence per unit time in that population, compared to the similar quantity in the
other population.]

(d) Now suppose that there is a 0.0001 migration rate in each direction between the two
populations, so that in each generation there is a probability 0.0001 that a lineage is newly
arrived from the other population. This probability applies separately to each lineage. What
are the relative probabilities, going back one generation from the present, that (i) There is a
coalescence in population #1, (ii) there is a coalescence in population #2, (iii) there is a lineage
in #1 that is newly arrived from population #2, and (iv) there is a lineage in #2 that is newly
arrived from population #1.



2. (12 points) Suppose that there is a quantitative character in which there is only one gene affecting
it, and the rest of the variation is environmental effects. If the average phenotypes of the three
genotypes are for AA, Aa and aa the quantities 11.0, 11.0, and 8.0, and there are Hardy-Weinberg
proportions of the genotypes with gene frequency p of allele A,

(a) What will be the mean phenotype in the population, as a function of p ?

(b) What will be the variance of the phenotype as a function of p ? (Note that the variance is
the expectation (theoretical mean) of the square of the character, x

2, minus the square of the
expectation of the character).

(c) If the frequency of allele A is 0.4, and if the environmental effect on the phenotype of an
individual is drawn at random from a distribution that has variance 10, and simply added to the
genetic effect, what fraction of the variance of the character is genetic?

(d) Is this the heritability of the character? Why or why not? (You are not asked to calculate
that number).


