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Problem Set 9
Population genetics

Origins of Mutations

1. A population called the “founder generation”, consisting of 2000 AA individuals, 2000 Aa individuals, and 6000 aa individuals is established on a remote island. Mating within this population occurs at random, the three genotypes are selectively neutral, and mutations occur at a negligible rate.

a) What are the frequencies of the alleles A and a in the founder generation?

b) Is the founder generation at Hardy-Weinberg Equilibrium?

c) What is the frequency of the A allele in the second generation (that is, the generation subsequent to the founder generation)?

d) What are the frequencies of the AA, Aa, and aa genotypes in the second generation?

e) Is the second generation at H-W equilibrium?

f) What are the frequencies of the AA, Aa, and aa genotypes in the third generation?

2. A wild flower population is analyzed for the genotype of a pigment gene that has two alleles, Pgma and Pgmb,  and the observed numbers were: 15 Pgma Pgma, 6 Pgma Pgmb, and 14 Pgmb Pgmb.
a) What are the allele frequencies of Pgma and Pgmb in the sample population?

b) What genotype frequencies are predicted at Hardy-Weinberg equilibrium?

You find that the genotype frequencies are reproducible for larger samples and across many generations. You decide to test the assumptions of Hardy-Weinberg equilibrium.

c) Random mating could be violated if the bees that pollinate the flowers don’t fertilize them at random. Would you predict that the bees preferentially fertilize with pollen of similar flowers, or preferentially fertilize with pollen of dissimilar flowers?

d) Using a Punnett square format to show your work, predict the genotype frequency in the next generation if the plants self-fertilize 50% of the time.  

e) Based on your results in (d), could you account for the observed genotype frequencies:

a. Assuming 50% inbreeding?

b. Assuming more than 50% inbreeding?

c. Assuming less than 50% inbreeding?

d. Inbreeding could never explain the observed genotype frequencies.

3. You reproduce the classic Luria-Delbruck experiment, starting with a gal- strain (cannot grow on the sugar galactose) and looking for new gal+ mutants.  Suppose that you grew 1000 cultures, each of which is founded by a single gal- bacterium (generation 0). Each culture was grown for exactly 20 generations and then plated in its entirety on a separate agar plate that contains only galactose for a carbon source. You count the number of rare gal+ mutants on each of the 1000 plates.
a) How many total bacteria are present in each culture at the time of plating?

b) How many gal+ colonies do you expect from a culture in which a single mutation event happened in the 15th generation, if you assume that all mutations are pre-existing at the time of plating?

c) Over the 1000 plates you get an average of 4 colonies per plate, counting at the earliest time that any colonies are visible.  According to Luria-Delbruck’s hypothesis, how many of the total 4,000 colonies are explained by a mutation that occurred in the very last generation before plating?

d) If all mutations arose in the last generation, at the time of the challenge, Luria-Delbruck predicted a normal distribution of colony numbers across the plates. Instead they observed “jackpots”, or cultures that gave far more than the expected number of colonies. You assume that if variation were only due to sampling, you’d rarely if ever get a culture with more than 4x the mean, or 16 colonies, by chance. So you define a “jackpot” as any plate with 16 or more colonies.  If mutations were random and pre-existing, in what generation(s) could a mutation occur to produce a clone of over 16 colonies within a single culture?

