BIO440: Population Genetics and Evolution
Fall 2016 – Due Sept 29
50 pts.

Population Genetics Modeling 
Over the next couple weeks, we will be examining the computational models that describe how evolutionary changes occur in natural populations.  For the lab assignments, you will conduct these simulations and turn in your answers for credit.  These will be due March 2.

1. Go to http://www.cbs.umn.edu/populus/ and download Populus 5.5.  It is freeware available to faculty and students.  Use a pc if possible; the apple version is slightly different in places.
2. Click on the ‘MODEL’ menu, upper left, the ‘Mendelian Genetics’, and ‘drift’.

· Set “number of loci’ = 1.

· Set ‘runtime’ = ‘other’ and ‘generations’ =40.

· Set ‘Population Size (N)’ = 10.

Click on the green ‘view’ button, top left.  You will either see a graph, showing the change in gene frequencies in your population over the 40 generations, or TWO windows will open; the top window will say something like “all loci have fixed by t = 22”.  This means that the run was not completed for all 40 generations because alleles became ‘fixed’.  So, even if p = 0, fixation has occurred because q has become 1.0.  No change can occur from this point forward, because there is no variation.  If you click ‘ok’, the graph window will open and you can see whether p is ‘0.0’ or ‘1.0’.  Record the final frequency in the chart, and click ‘view’ again to perform the second run. Record the final frequencies for ten runs at N = 10 and record your results. Change N to 100, and run your simulation concurrently by selecting ‘number of loci’ = 10.  Just estimate from the graph for values that do not become fixed by 40 generations. Answer the questions.
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Now, conduct 10 runs at N = 500, t = 200 and N = 500, t = 500 (t = generation times). Record final frequencies and the number of runs in which a gene became fixed (p = 0 or p = 1).
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3. Close these two drift windows, select ‘model’, ‘natural selection’, and ‘selection on a diallelic autosomal locus’.  
Set the relative fitness values for AA, Aa, and aa to 1, 1, and 0.4, respectively; set the initial frequency to 0.1. Run for 20 generations.




Set the relative fitness values at 0.8, 1.0, and 0.4, respectively. Set the initial frequency at 0.5.


Close the windows and select ‘Mendelian genetics”, ‘Drift and Selection’.  Set N = 20, generations = 500, and initial fitness values to 1.0, 1.0, 0.95.


 

21). Pick “selection”>”two-locus selection”   set R = 1.0 and generations = 50.  Consider a population with f(A) = 0.1, f(a) = 0.9, f(B) = 0.1, f(b) = 0.9.

 - Set the initial haplotype frequencies so the population is in HWE.   (So, Linkage Disequilibrium should begin at 0.0.).

 - Set the fitness values as:   
AABB = 0.25

AaBB = 0.5

aaBB = 0.99 (yes)





AABb = 0.50

AaBb = 1.0

aaBb = 0.25





AAbb = 1.0

Aabb = 0.25

aabb = 0.0

 - So, this is mimicking the scenario we mentioned in class, where the effect of ‘A’ and ‘B’ is additive, with organisms that have two ‘doses’ of any combination have high fitness.

What happens to “D”, for the first few generations, now that you have added selection?

What happens to D eventually, even with continued selection for additive effects?  Why? What process is causing this change?
What has happened to the gene frequencies and haplotype frequencies?   Describe and explain the outcomes.  

Why does f(b) decline from 0.9, and then increase to fixation?


22) OK!  Now, suppose the genes work epistatically.  Consider 2 loci, each with incomplete dominance.  We’ll envision the mimic butterfly that lives with two toxic models that are BLACK SWALLOWTAILS  and WHITE ROUNDTAILS.   In our mimic species, color is BB = black, Bb = gray, and bb = white.   Tail shape is AA = swallowtail, Aa = bumpy wing, and aa = round tail.

 - Set the initial frequencies of the alleles = 0.5, and set the haplotype frequencies to begin in HWE.

 - Set R = 0.0 and generations = 20.   

 - Then use these fitness values:

AABB = 1.0

AaBB = 0.4

aaBB = 0.4






AABb = 0.4

AaBb = 0.4

aaBb = 0.4






AAbb = 0.4

aaBb = 0.4

aabb = 1.0

What happens to the disequilibrium?   Does is “stabilize” at a non-zero value?

What happens to the haplotype frequencies?  (pink is hiding red)

What happens to the gene frequencies?  How is it that they don’t change, but haplotypes do?  Explain in the context of the EPISTATIC INTERACTION.
1. At which population size did samples differ more from the original? 





2. At which pop. size did samples differ more from each other (Look at the ranges… which N has the larger range)?





3. Relate these patterns to the probability of genetic divergence in real populations in peripatric speciation.





4. So, can the effects of sampling error be avoided by a population?  Why or why not?





5. As a result, what becomes of populations over time, eventually?





7. Set the graph as “delta p vs. p”.  Sketch the graph and explain why delta p declines as p increases.





6. Sketch the graph and record the final frequency.





8. Switch to w(bar) vs. p…. this is the mean fitness of the population.  Explain why it increases towards 1.0.





9.  In this mean fitness view, click the down arrow on the fitness of the heterozygote and watch how the mean fitness curve changes, especially when the relative fitness of the heterozygote goes from 0.4 to 0.35.  Continue decline to 0.2.


What does the “dip” in the curve mean?











10. Keeping the relative fitness values at these new levels (1, 0.2, 0.4), change to the “p vs. t” screen and set the initial frequency of p = 0.2.  Use a formula to describe what is happening, even though selection is occurring.

















11.  Now, decrease the initial frequency of p = 0.15 and explain what happens in the graph and why.








12. Increase the initial frequency of p = 0.25 and explain what happens in the graph and why.











13. Return to the mean fitness curve and explain how selection can drive the population to two different outcomes, and why.











14.  What happens the p over time, and why?








15. If the initial frequency = 0.6, what happens and why?








16.  Look at the mean fitness function of the population.  Where is the mean fitness greatest?  How will selection act on a population with p values higher and lower than 0.75?























17.  Conduct 20 runs (clicking ‘view’) and count the number of times that p is LOST from the population.  Realize that this is the loss of an adaptive allele, by chance.  _____





18. Repeat (20 runs each time) when the relative fitness values are:


1.0, 1.0, 0.9:____	and again with N = 200:_____


1.0, 1.0, 0.7:____	and again with N = 200:_____


1.0, 1.0, 0.4:____	and again with N = 200:_____


1.0, 1.0, 0.1:____	and again with N = 200:_____





19/20. Explain the relative effects of selection and drift, making reference to the patterns, above.








