
Genome 562 Winter, 2011
Population Genetics J. Felsenstein

Homework no. 9

Due Friday, March 11

(25 points) This problem covers several areas of quantitative genetics. The part about selection
and the Breeder’s Equation, which is another name for equation (IX-70), will require you to
read ahead. Which may be hard on you, but things like this do happen at the end of a quarter.

Suppose that we have a single completely-dominant locus which controls a quantitative
character, with no other locus involved. The expected phenotypes for the three genotypes are:

Genotype AA Aa aa
Phenotype 12 12 8

1. If there is no environmental variation in the character, what is the expected phenotypic
variance when the frequency of allele A is 0.2? (Hint: the variance is the expectation of
the square minus the square of the expectation).

2. If there is no environmental variation in the character, what is the additive genetic
variance when the gene frequency of A is 0.2? (Hint: see equation (IX-43))

3. Given those, what is the heritability?

4. What would these three quantities be when the gene frequency of A is 0.8?

5. If there is environmental variation in the phenotype as well, such that the phenotypes
of individuals of each of these genotypes have normal (Gaussian) distributions with
the means tabulated above, with standard deviations of 2, what is the environmental
variance? In the case where the gene frequency of A is 0.2, what then is the heritability
of the trait?

6. If we do artifical selection by saving all individuals whose phenotypes are above 10, what
is the fitness of each of the three genotypes? Does these depend on the gene frequencies?
(Hint: in a normal distribution, the fraction of individuals expected to be one standard
deviation or more above the mean is 0.158655253931).

7. Using those fitnesses and our ordinary natural selection mathematics, what do we expect
the gene frequency of A to be in the next generation if the gene frequency of A is 0.2?

8. Among the resulting newborns in Hardy-Weinberg proportions, what is expcted to be
their mean phenotype in that case?

9. Using the Breeder’s Equation in the artificial selection section of our text, and naively
(and slightly wrongly) assuming that the phenotypes are normally distributed, in the
case where the gene frequency of A is 0.2, predict the change in the mean due selection
that we would expect. Is this a reasonably accurate prediction? Is it expected to be
an exact prediction? Why or why not? (Note that you will need to work out, at least
approximately, the selection differential. Hint: the fraction of a normally-distributed
population that is more than 0.201988 standard deviations from the mean is 0.41996).


