ALLELE A1 EXERCISES

Today's lab will use a computer program to simulate evolution at the population genetic level.  Evolution is sometimes defined as a change in allele frequencies over time.  The program that we are using today, Allele A1, shows how the frequency of one allele in a two-allele system changes over many generations.  The program allows you to manipulate some of the parameters identified by Hardy-Weinberg as affecting allele frequencies in later generations.

How to start Allele A1:

Allele A1 is available from the same web site as Evodots: (http://faculty.washington.edu/~herronjc/SoftwareFolder/software.html).

You can download the appropriate version for a Mac or PC; the program may already be added to the dock of a Mac. Double click on the icon (or single click on the icon in the dock), and the program will start up. Click on the ad for the textbook to get rid of it.

Reading the output:

Allele A1 provides a plot of each run that graphs the frequency of one allele (A1) over the specified number of generations.  Note that the frequency goes from zero to 1.0. Although the frequency of the second allele (A2) is not given, it can be inferred by subtracting the frequency of A from 1.0.  You can view frequencies of the other allele (A2) or of the genotypes by clicking on the arrow at the left of the display and selecting the appropriate option. Note that the alleles are given as A1 and A2, because we are not (yet) assuming that one allele is dominant to the other.

Setting parameters:

Allele A1 allows you to manipulate a number of parameters and other aspects of the program. Parameters include the initial frequency of A1, mutation rate of A1 (to A2) and A2 (to A1), fitness of different genotypes, and migration rate.  You can also set the number of plots that will be shown on the screen simultaneously.  Set this value to multiple.  Each time you run the program, be sure to choose a new color from the row of colored boxes, so that you'll be able to view results of different runs more easily.
Exercises:

Run each of the following exercises.  Be sure to record the results of each exercise.

1) Changing initial frequency: How does Hardy-Weinberg predict the frequency of A1 will change over time, if we meet all the assumptions of Hardy-Weinberg? If we change the initial frequency, how do you predict that the results will differ? Test this prediction with the following simulation.

Set population size to Infinite.  Set the initial frequency of A1 to 0.20.  Record five runs.  Without clearing the screen, set the initial frequency of A1 to 0.80 and record five more runs. 

a) How does the frequency of A1 change?

b) Does the initial value of the frequency of A1 affect how the frequency changes over time?

c) Do your results agree with Hardy-Weinberg?

d) Is evolution occurring in this population?

2) Population size: If we violate the assumption of infinite population size, what do you predict will be the effect on Hardy-Weinberg? Test your predictions with the following simulation.

Set the initial frequency of A back to 0.50.  Set population size to 100,000 and record the ending frequency of A1 for ten runs.  Clear the screen, reset the population size to 1000, and record the ending frequency for ten more runs.  Repeat this with the population size set to 100. 

a) How do the results of these trials compare?

b) What explains the differences that you see?

c) How does this compare to the predictions of Hardy-Weinberg?

d) Is evolution occurring in this population?

3) Natural selection: We can introduce natural selection (another violation of Hardy-Weinberg) by changing the fitness values for the different genotypes. 

Set population to 10,000 and initial frequency of A1 to 0.5.  Record sets of runs (five or ten) for the following combinations of fitness scores.
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a) If the fitness values reflect the phenotype, which allele is dominant in each of the four simulations?

b) What happens to the frequency of each allele in each of the four simulations?

c) Under what conditions might we expect an allele to go extinct due to natural selection?

4) Migration and selection: This software allows us to explore how different violations of Hardy-Weinberg interact to affect the evolution of a population. We will use the example of water snakes in Lake Erie to illustrate how natural selection and migration interact. The research underlying this example by King et al. is described on pages 227-229 of your textbook.

Water snakes in the Lake Erie region exhibit two basic skin coloration patterns: banded and unbanded. Almost all individuals on the mainland are banded, whereas the snakes on the islands in the lake are mostly unbanded. The islands are composed of a lot of barren limestone, against which the unbanded snakes are much harder to detect than the banded. The genetics of skin coloration can be modeled as a single gene with two alleles, where the banded allele (A1) is dominant to the unbanded allele (A2).

a) King et al. estimated that the average fitness of banded individuals on the island was 0.84, relative to a fitness of 1.0 for unbanded. Using this information, assign fitnesses to the three genotypes.

A1A1:

A1A2:

A2A2:

Run the simulation with the above fitnesses, a starting frequency for A1 of 0.5, and a population size of 10,000.

b) What happens to the frequency of the banded and unbanded alleles after 500 generations?

c) King et al. actually found that banded snakes occur in small numbers on the islands, and that the frequency of the banded allele was about 0.27. Does this match your previous results?

King et al. estimated the actual population size of the island snakes around 1,300. They also determined that a small number of migrants from the mainland interbreed with the island population. They estimated the number of migrants to average about one percent of the population size.

Using the fitness values from before, set the initial frequency of A1 to 0.27, the population size to 1,300, the fraction of migrants to 0.01, and the frequency of A1 in the source population to 1.0. Run the simulation for 500 generations.

d) What happens to the frequency of banded and unbanded alleles?

e) Does this match the observations of King et al. better or worse than the results you reported in (b)?
King et al. also came up with "low" and "high" estimates for the fitness of the banded form as well as for the number of migrants in the population. Fitness of the banded form, they estimated, was between 0.78 and 0.90. The fraction of the population due to migrants from the mainland was between 0.003 and 0.024.

f) Of 0.78 and 0.90, which fitness value reflects stronger selection?

g) Of 0.003 and 0.024, which value reflects a higher frequency of migration?
Using the numbers above, reset the fitness values and fraction of migrants to reflect strong selection and low migration. Rerun the simulation for 500 generations.

h) How do the results of your new analysis differ from those of (d)?

Using the numbers above, reset the fitness values to reflect weak selection and high migration. Rerun the simulation for 500 generations.

i) How do the results of your new analysis differ from those of (d) and (h)?

