Teachable Tidbit for BBS 879 - Spring 2016
Group members: Larry Bowman, Margaret Corley, Norah Saarman, Nathan Upham
Simulations of Genetic Drift and Natural Selection

Part A of this activity will use a model that was created in the program Mathematica to simulate the effects of genetic drift. Before beginning this activity, please ensure that you have software capable of opening CDF files installed. Once you do, you should be able to open the file “Genetic Drift Simulation”, under “Modules” on the course’s Canvas@Yale site, using Firefox, Safari, or Internet Explorer (the simulation will NOT run in Chrome). 

Pre-activity Questions:
What is evolution?
What forces/mechanisms can lead to evolution?
KEY TERMS
[bookmark: _GoBack]Gene – a region of DNA that encodes an RNA and/or protein and is the molecular unit of heredity 
Allele – a mutational variant of a gene
Genotype – an individual’s genetic makeup; the particular alleles inherited for a gene
Phenotype – an individual’s physical appearance
Neutral gene – gene at which mutational changes do not change the adaptive fitness of the organism (i.e., selectively neutral)
Fixation – increase of the frequency of an allele in a population until it is present in 100% of individuals 
Extinction – decrease in the frequency of an allele until it is present in 0% of individuals (absent)
Bottleneck event – sharp reduction in the size of a population; generally results in the loss of a subset of alleles present in the original population (a decrease in local genetic variation)
Colonization – process by which a species spreads (migrates) to new geographic areas
Genetic drift – process that changes allele frequencies over time due to random sampling 

PART A – GENETIC DRIFT SIMULATION GROUP ACTIVITY 

PART A Background: Researchers at Harvard University in Hopi Hoekstra’s lab study the evolutionary history of oldfield mice (Peromyscus polionotus) in the sand dunes of Florida’s Gulf Coast, known as “beach mice.” When genotyping these mice at neutral genes, they discovered that a small number of mice seem to have moved from the mainland and colonized nearby sandy islands less than 3000 years ago (Domingues et al, 2012). They use theory surrounding the behavior of neutral genes during a reduction in beach mouse population size (bottleneck event) to make this deduction. 
In this activity, we will simulate a colonization event by selecting 10 mice randomly from a large mainland population and moving them to an isolated sand bar island on Florida’s Gulf Coast. We will monitor the change in allele frequency of a neutral gene (represented by marbles, either marked/green or unmarked/clear) through time. In this activity, you and your group will explore, as scientists, how genetic drift acts within this small population of mice to change the relative frequency of an allele over time. 

PART A Instructions
1. There is a large pile of marbles representing alleles in the original mainland population of mice. Draw a random sample of 10 marbles from this pool. 
NOTE: In the unlikely case that you happen to draw 10 of the same color, put them all back and repeat the random draw until you get at least 1 of each color represented in your sample of 10.
2. Calculate the proportion of marked/green marbles in your sample (e.g., if you drew 6 marked/green marbles and 4 clear marbles, this would be 0.6). This will be the initial allele frequency (p0) for your group’s colonizing population of mice. 
3. In the model, ensure that the sliding bar for “Number of generations” is set to 1500. This will determine the length of time/number of generations for which the simulation will run (displayed on the x-axis). Hint: you can use the “+” on the right to enter an exact number. You may have to hit “Clear”, before you begin.
4. Then, set the “initial frequency” (p0) to match the proportion of marked/green marbles that you drew. This will determine the frequency of the marked/green allele (on the y-axis) at the start of the simulation. 
5. Click the “New Simulation” button and observe the results. The graph should now be displaying a line, representing the proportion of marked/green alleles over time. 
6. Record the results of the 1st simulation (the proportion of marked/green alleles at the end of 1500 generations) in the results table provided on the next page. 
7. Click “New Simulation”, once again, to repeat the simulation (DO NOT CLICK CLEAR YET). A second line should now be displayed. Observe and record the results of this 2nd simulation in the table. 
8. Repeat until you have completed 10 simulations. 
NOTE: If the graph starts to look too cluttered, you can clear them before running the rest of your simulations. Just be sure to record all results of prior simulation runs before hitting “Clear”. 

Questions for your group to reflect on after completing Part A:
What do you notice about your 10 simulations? Were they all similar?

How many times was your ending allele frequency similar to your initial allele frequency (p0)? 

How many times was it higher? Lower? Enter these numbers in the table.

How many times did it go to fixation (1) or extinction (0)? Enter these numbers in the table.

How might you explain the fact that the same input produced different outcomes over your 10 sims?
[bookmark: h.gjdgxs]
Follow up activity for PART A:
As the instructor(s) collect and compile the results from all of the groups, complete the following steps to explore how the effects of genetic drift change as the number of generations increases or decreases.
1. After completing all of Part A, click “Clear” to clear your results. 
2. set the “Number of generations” to a smaller amount (e.g. 100-500). Leave your p0 unchanged. 
3. Run a few simulations at this lower # of generations. 
-How did your results this time compare to your prior results (at 1500 generations)? What does this suggest to you about the effects of genetic drift over time?

RESULTS 
Initial allele frequency (p0)/proportion marked/green (circle one): 0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9
	
	Final allele frequency
 (after 1500 generations)

	Simulation 1
	

	Simulation 2
	

	Simulation 3
	

	Simulation 4
	

	Simulation 5
	

	Simulation 6
	

	Simulation 7
	

	Simulation 8
	

	Simulation 9
	

	Simulation 10
	

	# of simulation results lower than p0
	

	# of simulation results higher than p0
	

	# of fixations (1s)

	

	# of extinctions (0s)

	


Now that you have completed PART A, and viewed other groups’ results, please reflect on the following:
-How does p0 compare to the proportion of times that your simulation resulted in fixation of the allele? How about extinction?

-Why do you think the results may have differed from group to group?



PART B. NATURAL SELECTION ACTIVITY

PART B Background: The same group of researchers are very interested in the origins of light fur in the beach mice. Earlier workers (since the 1950’s) have hypothesized that light fur is a key adaptation for camouflaging mice that live on the light-colored sand dunes of Florida’s Gulf Coast. Now researchers aim to empirically test this hypothesis, positing that living on sand will result in directional natural selection favoring lighter fur phenotypes over the normally dark gray fur of wild type Peromyscus on the mainland (photos: left). The researchers construct light and dark plastic models of mice and leave them overnight on different colored soils, recording the number of predation events (attack marks) left on the models (Vignieri et al. 2010).  How cool!  What do you expect them to find?  And what type of predators do you expect will be influenced by fur color over other types of cues?
Explore Further: A closer look at beach mouse evolution
Of course, because genes underlie phenotypes, the researchers were also searching for genetic evidence of natural selection upon fur color (Hoekstra et al. 2006). In addition to DNA sequencing neutral markers (part A), the researchers also sequence a gene known to influence fur pigmentation: melanocortin-1 receptor Mc1r. 

The researchers are very excited because they find a single point mutation from C  T in the Mc1r gene, which results in a change in amino acid from a cysteine (a small, uncharged amino acid) to an arginine (a large, positively charged amino acid) in position 65. The result is a reduced ability for Mc1r to signal the melanocyte to produce black/brown pigment (eumelanin) so that they instead produce a blond/red pigment (pheomelanin). Their data appears to match a scenario of rapid fixation to this single allele in blond beach mice. Wowww— science!!
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PART B Activity: 

THINK-PAIR-SHARE
Given the selective advantage of this mutation in the light-colored sand dune habitat— What do you think the results of the natural selection simulation will look like? Draw what you predict below. 
[image: ]

After observing the natural selection simulation…
-Did the results of the natural selection simulation match your prediction?
-How are the results of this simulation of natural selection different from the results of your simulation of the neutral marker in the previous section?



PART C - FINAL ASSESSMENT

In your own words, define genetic drift. Define natural selection. 


How does genetic drift differ from natural selection? 


How has this activity changed your understanding of the forces underlying evolution?
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