
ASSIGNMENT  SET  2

This is a set of exercises based on basic concepts of population genetics.
Background for this set is in Population genetics basics II.

Submit at least 17 out of 19 exercises, and exercise 20 (i.e. 20 is  compulsory)
in one package, handwritten or by email, 16. January 2012
(at the  beginning of  III teaching period).
The submission deadline for assignment set 1 is also 16. January 2012.

This set  is 1cr for the course credits.
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1. Daf-2 is a gene in the insulin signaling pathway of the worm Caenorhabditis elegans (a
worm, important model organism). When mutated, doubling of the worm lifespan results.
Scientists have hypothesized that there must be negative effects to this mutation because it
has not gone to fixation in the worm populations. The hypothesis has been clarified by the
following experiment. The total fitness differences between non-mutant and mutant worms
were measured in an experiment, starting with equal frequencies of mutant and non-mutant
worms (p0 = 0.5). In generations 1, 2, 3 and 4 the mutant allele frequency was 0.28, 0.09,
0.02 and 0.  What is the net fitness of the mutant relative to the non-mutant?   (The worm is
diploid, but reproduces by a selfing hermaphrodite, so the two genotypes can be treated as
haploid clones.)

2. Resistance to insecticides (organophosphate and carbamate) in Culex and Anopheles
mosquitoes is mediated by four independent mutations in the gene ace-1 (Weill et al. 2004,
Insect. Mol. Biol. 13:1-7). The mutations, resulting in G119S (a glycine amino acid replaced
by a serine amino acid at position 119), makes the enzyme insensitive to inhibition by these
insecticides. Because the novel form of the protein remains active, this is a ”gain-of-function”
mutation, and resistance is therefore dominant. If mosquitoes bearing the resistance allele
are 10 times as likely to survive and reproduce as the sensitive allele (relative fitnesses
10:1), how long would it take the allele frquency to rise from 0.01 to 0.5?



Assignment 2  / Course: Statistical genetics /  Fall 2011 /  SVarvio 3

ASSIGNMENT  2ASSIGNMENT  2

3. Warfarin is a rat poison, initially very successful, but effectiveness gradually diminishing
because of  resistance evolution in some populations.  The target gene of warfarin was
identified some years ago (Rost et al 2004, Nature 427:537-541). The resistance arises due
to a mutation in the gene VKORC 1. Let´s designate the resistant and sensiive alleles as R
and S. In environments where warfarin is absent,  the relative fitnesses of SS, SR, and RR
genotypes have been estimated as 1.00, 0.77 and 0.46. In the presence of warfarin, the
relative fitnesses have been estimated as 0.68, 1.00 and 0.37.  The reduced fitness of the
RR genotype appears to result from an excessive requirement for vitamin K.
Calculate the equilibrium frequency of R allele in the presence of warfarin.

4. Consider a population of diploid organism with genotypes AA, Aa and aa for some gene.
Suppose that genotype AA is an embryonic lethal and that genotype aa is fully viable but
completely sterile.
What genotype frequencies would be found among adults in a population at equilibrium?
Do these genotype frequencies require the assumption of random mating?

5. Mutation rate to a dominant gene for neurofibromatosis is approximately 9 x 10-5 per
generation and the reproductive fitness of affected individuals is estimated as ½.
What is the expected equilibrium frequency of affected individuals at birth?

6. What is the equilibrium frequency of a recessive allele arising with a mutation rate of 4 x 10-6

and a reproductive fitness in homozygotes of 0.8? What would it be if the gene were partially
dominant with h = 0.05??
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7. For a lethal allele maintaned at an equilibrium frequency of q = µ / h, where µ is the mutation
frequency and h is the selection coefficient against heterozygous genotypes, show that the
proportion of heterozygous zygotes (= male + female gamete combination) resulting from new
mutations is approximately equal to h.

8. Suppose that the relative viabilities of genotypes A´ A´,  A´A and AA are 0.5, 1 and 0.7,
respectively.
If the initial frequency of allele A´ is 0.05, what will its frequency be when the population
reaches an equilibrium?
Now suppose that a mutation occurs in the equilibrium population introducing a novel allele A*,
such that the relative fitnesses of A* A*, A*A´ and A* A are all equal to 0.8.  Will the A* allele
increase in frequency in the population? Why, or why not?

9. The coefficient of consanguinity between two individuals is the probability that two alleles of
agene, one drawn at random from each of the individuals, are identical by descent. How is the
coefficient of consanguinity between two individuals related to the inbreeding coefficient of a
hypothetical offspring of these two individuals?

10. Consider two alleles, A and a, at frequenceis ½ and ½ in a population in which the iinbreeding
coefficient equals F. What value of F results in genotype frequencies of 1/3 : 1/3 : 1/3 ?

11.   If the frequency of an autosomal recessive disorder is 1/1600 among unrelated parents, what is
the expected frequency among the offspring of first cousins?
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12. What is the inbreeding coefficient of the individual
at the bottom of the pedigree assuming that none
of the individuals at the top of the pedigree is inbred?

13. With two alleles and p = ½, what are the expected
genotype frequencies in a random-mating population
and among the offspring of first cousings?  How great
is the decrease in heterozygosity (= the expected
proportion of heterozygotes) in the inbred population
relative to the random mating population?

14.  Two-way hybrid corn is produced by crossing two different inbred lines. Three-way hybrids are
produced by crossing a two-way hybrid with an unrelated inbred, and four-way hybrids are
produced by crossing two different two-way hybrids. What is the inbreeding coefficient of the
offspring of randomly mated two-way, three-way, or four-way hybrids?  (It is helpful to consider the
allele frequencies in gametes.)

15. Suppose that a large quantity of semen from a prize bull in taken. The following  “parent-offspring"
mating system is carried on: in each generation a cow is articially inseminated with some of the
semen, and a female offspring is produced. This offspring in turn is articially inseminated with some
of the semen to produce a female offspring in the next generation, and so on. What will be the
equations of change in the inbreeding coefficient of these individuals?
To what value will the inbreeding coefficient  tend through time, and how quickly?

?
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16. In a population of size 50, what is the probability that a neutral allele present in exactly one
copy will be lost in the next generation? What is the answer if the allele is present in two
copies?

17.  Suppose that diploid population of size 50 undergoes a change in average heterozygosity (the
expected proportion of heterozygotes) across loci from 0.50 to 0.42 in a single generation. Is it
plausible to attrib ute this magnitude of change to random drift alone?

18. What is the effective population size in a population of African lions (Panthera leo) in which each
breeding male controls a harem of five females and the tiotal population consists of 200 males
and 200 females?

19. What is the effective population size of a herd of 10 dairy cows and 1 bull? What is it for 40
cows and 1 bull? For 10 cows and 2 bulls?

20. Simulations by using http://www.radford.edu/~rsheehy/Gen_flash/popgen/ (or some other
program; google population genetics simulation, you´ll find several programs).
Make a research plan for studying the combined effects of drift, selection, mutation, for example
assuming a given selection (fitness differences) scheme in small vs. large populations, different
kind of selection schemes, different population sizes, etc., so that you get some kind of an idea
of these evolutionary factors. Write a report (1-2 pages).


