
Genome 562 Population Genetics
Winter, 2013 J. Felsenstein

Homework 2
due January 23, 2013

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.

1. (13 points) In a computer simulation of mutation and genetic drift in a stretch of 100,000 bases of
DNA, with rates of mutation and recombination typical of human populations, I found 304 SNP
loci (single nucleotide polymorphisms). Here are 10 sampled diploid genotypes, each a row, each
scored at the same set of four of the SNP loci. The alleles are called 0 and 1 – these are actually
two different bases. The genotypes are unphased – we do not know which parent each copy came
from:

11 00 00 01
11 01 01 01
01 00 00 01
11 01 00 01
01 00 00 00
11 00 00 01
01 01 00 01
00 00 01 01
01 00 00 00
00 00 00 00

(i) Resolve these 10 diploid genotypes into haplotypes as well as you can. (First, resolve those
that have one or fewer heterozygous loci, as you can always do that. Then try to resolve the
others so as to come up with more of those same haplotypes, to the extent you can). Do this
“by eyeball” and list the haplotypes you get, and how often each one occurs in this sample
which must be of 20 haplotypes.

(ii) Compute the gene frequencies at the 4 SNP loci.

(iii) Make a table of values of D between each pair of loci. (It should be lower-triangular). It
will have 6 entries.

(iv) Also make tables of the relative linkage disequilibrium measures D′ and r.

(v) The loci are in this order left-to-right on the genome. Do you see any sign (looking at the D′

values for extreme LD) that there are “haplotype blocks”?

2. (12 points) Suppose that we have a locus with 3 alleles in a haploid organism, and the three alleles
have relative fitnesses 1.5 : 1.2 : 1. If the initial gene frequencies (p1, p2, and p3) are 0.01, 0.1,
and 0.89, what will the gene frequencies be after 5, 10, 15, and 20 generations?

(How to do it.: Don’t just crank out the frequencies using a computer. Consider the ratio p1/p2.
Can you derive a formula for how it changes in one generation of selection? You can just work
out formulas for p′

1 and for p′
2, and take their ratio, which will show a helpful cancellation. Show

me the work. From this figure out what happens in 5 generations of selection Do the same for



p2/p3. That should enable you to get the ratios of gene frequencies in each of those generations.
From that, it is easy to work out the gene frequencies. Explain how you did that.)

Someone argues that for this kind of selection, the gene frequency of each allele should either be
continually rising or continually falling, because it will either be favorable or unfavorable. Is that
true? Why?


