
Genome 562 Winter, 2013
Population Genetics J. Felsenstein

Homework no. 8
Due Wednesday, March 6

1. (6 points) Wild cheetahs (Acinonyx jubatus) have almost no natural genetic variation.
They were formerly distributed in Africa, the Near East, and South Asia and had an
estimated population size of 100,000. Now they are down to about 10,000 individuals.
Someone suggests that this bottleneck of population size explains the loss of genetic
variation (as indicated, for example, by their level of heterozygosity). If the reduction
of population size to 10,000 happened 100 years ago, and that population size has
been maintained since then (with a cheetah generation being about 7 years), by what
fraction would the resulting genetic drift (and inbreeding) have reduced their original
heterozygosity? What does this imply about this suggested explanation for the loss of
cheetah genetic variability?

2. (7 points) Suppose we have an ideal, selfing-allowed population of N individuals except
that in each generation a random half of them have good resources and contribute 3
times as much to the “gamete pool” from which gametes are drawn to make the next
generation of N individuals. So the gamete pool consists of 3(N/2)G gametes from the
lucky ones, who all contribute equally, and (N/2)G gametes from the unlucky ones, who
all contribue equally. G is very large. What will the effective population size be? Note
that the lucky individuals are a random half every generation – there is no inheritance of
this luckiness. (Hint: you can follow these steps and not use any formula from the book:
(1) Try to compute the probability that two gametes drawn at random from the pool come
from the same parent, (2) equate that to 1/Ne, and (3) solve for Ne. To do step (1)
compute the probability that both gametes are ones that came from lucky individuals, and
the probability that both came from unlucky ones. For each of those cases compute the
fraction of those times that they came from the same individual parent. Then multiply
and add appropriately).

3. (13 points) Use the PopG program to simulate the outcome of natural selection at a
locus which has an advantageous recessive allele, so that fitnesses of AA, Aa, and aa are
1 + s : 1 : 1. If there is no mutation or migration, and initial gene frequency of A is
0.1,
(i) What is the probability that A ultimately becomes fixed at gene frequency 1.0 if
s = 0 and N = 1000? (For that you don’t need a computer).
(ii) What is the approximate probability of ultimate fixation if s = 0.01 and N = 1000?
(You may want to sum up total fixations and losses over multiple runs). Report the
total numbers of fixations and losses as well as the fraction of them that are fixations.
You should run the cases until every replicate gets to fixation or loss.
(iii) Diffusion equation scaling rules suggest that if two cases have the same value of Ns
that they will have (approximately) the same fixation probability. Try a different value
of N with a different value of s such that the product Ns is the same as before. Does
this seem to be true for your simulations?
(Note – please don’t include more than 1 or 2 graphs printed by the program, in fact 0
is fine too).


