Using population genetics simulations to understand
evolution

Use the following simulator to work through the following problems:
https://www.radford.edu/~rsheehy/Gen flash/popgen

1. Varying the strength of selection

Let’s first look at the effect of selection on allele frequencies in a single gene with complete
dominance of the A; allele in an infinitely large population. In these first scenarios the
dominant phenotype has a selective advantage over the recessive one, but the A allele is
starting at a very low frequency in the population (set freq A; to 0.001 under “Allele
Frequency”). In the first example, the recessive phenotype has a relative fitness of 0.90 (set
wa242=0.90), while the dominant phenotype has a selective advantage and relative fitness of
1.00 (both waiai and waiaz). Run the simulation and record what happens to the allele
frequencies of A; and A, over 1000 generations. What do you observe? Explain the pattern.

Now, set the relative fitness of the recessive phenotype (waz2az) to 0.98, while leaving the
relative fitness of the dominant phenotype constant, reducing the fitness benefit of the
advantageous allele. Run the simulation again and record what happens to the allele
frequencies. What is different between the first and second simulation? Why?



2. Selection on dominant vs. recessive alleles

Let’s examine what happens when the genotypes have higher fitness with a dominant vs.
recessive allele. First, set the starting frequency of the A; allele to p=0.01, and give the
dominant phenotype a fitness advantage over the recessive phenotype (wa242=0.8,
waiai/a1a2=1.0). Run the simulation for 1000 generations. What happens to the frequencies
of the two alleles? Why does the recessive allele remain in the population if there is strong
selection against the recessive phenotype?

Set the A; allele frequency to p=0.99 (when changing the allele frequency, be sure to click
the “Reset Freq” button and type the new frequency into the window that appears), but this
time give the recessive phenotype the fitness advantage over the dominant phenotype
(Wa242=1.0, Waia1/a142=0.8). Run the simulation for 1000 generations. What happened to the
frequency of the two alleles? Explain why.

How does the efficiency of natural selection differ between these two scenarios (selection for
the dominant allele vs. selection for the recessive allele)?



3. Selection for heterozygotes

Now we are going to investigate the consequences of selection for heterozygous individuals.
Give the heterozygous genotypes a 1% fitness advantage over both of the homozygous
genotypes (WA142=1.0, Waia1/4242=0.99). Run the simulation for 1000 generations two times:
once with a starting allele frequency p=0.6 and again with p=0.4 (Don’t forget to click the
Reset Freq button to change the allele frequency). What happens to the allele frequencies in
the population?

Try a few different values of your choice for the initial allele frequency. What happens to the
allele frequencies over time? Explain why.

What happens when heterozygous individuals have a fitness advantage, but selection is
stronger against one of the homozygous genotypes? Set the starting allele frequency to
p=0.5, and give the AxA, genotype a fitness coefficient of 0.0. Run the simulation with
various fitness coefficients for the AiA; genotype (keeping waiaz at 1). How does changing
the fitness of A1A; individuals influence the final allele frequencies in the population over
time? Will the A, allele ever be lost from the population?

What is the highest frequency the A; allele can reach? Why?



4. Selection against heterozygotes

How does the initial allele frequency influence the outcome when both homozygous
genotypes have the same fitness? Start by setting the fitness of heterozygotes to wai42=0.99
with both homozygotes w=1.0. Now run the simulation with several different initial allele
frequencies. What is the impact of the initial allele frequency on the final allele frequency?
Explain.

5. The effects of genetic drift

So far, we have been looking at changes in allele frequency in an infinitely large population.
Now we are going to see how population size influences evolutionary outcomes. Set the
initial allele frequency to p=0.5, Population to “Finite,” and the population size to 1000.
Have the program run 10 simulations simultaneously using the “# of Populations” option in
the Allele Frequency section. Record what happens.

Now, leaving all else the same, set the population size to 250 and run the simulations again.
Record what happens.

Reduce the population size even further, to 50. What happens when you run these
simulations?



Reset the population size to 1,000, but this time increase the number of generations
simulated to 10,000. Run the simulations again. What do you observe happening over this
longer time period?

How does population size influence the final allele frequencies when all other parameters are
held equal?

6. Interactions between selection and genetic drift

To conclude, we’re going to look at the interaction between genetic drift and natural
selection. Reset the number of generations to 1,000. To start, let’s look at a population with
the initial allele frequency of p=0.5. In this example, natural selection only weakly favors the
dominant allele (wa1a1/a1a2=1.0, W242=0.99). Run one set of 10 simulations with a population
size of 100, and another set with a population of 1,000. How does population size influence
the efficiency of natural selection when selection only weakly favors one allele?

Now let’s set our initial dominant allele frequency to p=0.01 with natural selection benefiting
the rare dominant phenotype and strong selection against the recessive phenotype
(Waiar/a142=1.0, wa222=0.5). Again, let’s run 10 simulations simultaneously. We will first see
what happens in a relatively large population, so set the population size to 1,000. Record
what happens in your simulations.



Now reduce the population size to 100 and run the 10 simulations again. Record your
results.

Reduce the population even further, to 30 individuals. What happens in these simulations?

Looking across your three population sizes, is the A; allele always driven to fixation by
selection? How does population size influence evolutionary outcomes when natural selection
is strong?



