Genetic Drift: Population Size and Immigration



This lab examines the effect of genetic drift on population size. We will use the Sickle-Cell SimBio to test the relationship between these two concepts and see how this compares to an actual experiment done with Tribolium. This lab also examines what effect immigration and the frequency of an allele in the immigrating population has on the source population. 
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Introduction

Genetic drift is the chance changes in allele frequency that result from the random sampling of gametes from generation to generation in a finite population. It is a random process that can lead to large changes in populations over a short period of time and has the same expected effect on all loci in the genome. In a large population, on the average, only a small chance change in the allele frequency will occur as the result of genetic drift. On the other hand, if the population size is small, then the allele frequency can undergo large fluctuations in different generations in a seemingly unpredictable pattern and can result in chance fixation (going to a frequency of 1.0) or the loss (going to a frequency of 0.0) of an allele. 
Imagine flipping 10 sets of 20 or 4000 coins. On average, there would be 50% heads in both cases, but the chance of flipping 12 heads and eight tails in the small population is higher than the chance of flipping 2400 heads and 1600 tails in the large. If a population is small, it is more likely that a sample will be biased away from the average by any given percentage amount; genetic drift is therefore greater in smaller populations.

The figure shown on the left is an actual experiment done with Tribolium, a flour beetle. This experiment demonstrated that allele frequency changes due to genetic drift are dependent on population size. This lab will try to demonstrate that this phenomenon occurs. In addition to genetic drift, immigration and the frequency of particular allele in the immigrating population will also affect the frequency of alleles already present in the source population. 

Experiment One: Size Matters


The first thing you are going to test is the effect genetic drift has on the population size. In order to do this you are going to control for fitness, immigration, and mutations, but vary the effective population size.

1) Open up the Sickle-Cell SimBio

2) Go to the Experiment Menu and find On Your Own. There should be a graph that displays allelic frequencies versus time steps. Also there is a parameters section that allows you to control different variables. 

3) Modify the Parameters section to reflect these values:
a. Fitness of all alleles is 1
b. Initial Frequency of A is 0.5
c. Immigration is 0
d. Frequency of the A allele in the Immigration Population is 0.5
e. Mutations (in both directions) is 0

If we are trying to get an idea of genetic drift’s effect on population size, why are we setting immigration to 0? Fitness of the different alleles? Mutations? In other words, why would these factors, if not controlled, affect the outcome of this experiment? 











4) Now you will vary the population size, specifically at 100, 1000, 10,000, and 100,000. Each trial will run 5 independent populations simultaneously. 

What would you predict the trends for the different populations to be? Do you think certain population sizes would reach fixation quicker than others? If so, which ones? Why? 













5) Put 100 in the population size section

6) Click the go button and allow the simulation to run for 1000 time steps. Repeat this simulation for this population size 9 more times. Make sure to take notes on general trends such as:
a. Fixation events
b. Time to reach fixation in populations 
c. Overall differences between populations 
d. Extrapolate future predictions 

	Population Size 100

	Trial
	Fixation in Population 
(Out of 5)?
	Approximate Time to Fixation?

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	



Where there considerable differences in the allele frequencies between the individual populations at the end of the trials?







If the simulation was allowed to continue, what do you think would happen?  




7) Repeat the above steps for population sizes 1000, 10,000, and 100,000. Be sure to take notes on the trends mentioned above. 
 

	Population Size 1000

	Trial
	Fixation in Population 
(Out of 5)?
	Approximate Time to Fixation?

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	



Where there considerable differences in the allele frequencies between the individual populations at the end of the trials?




If the simulation was allowed to continue, what do you think would happen?  






	Population Size 10,000

	Trial
	Fixation in Population 
(Out of 5)?
	Approximate Time to Fixation?

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	



Where there considerable differences in the allele frequencies between the individual populations at the end of the trials?







If the simulation was allowed to continue, what do you think would happen?  







	Population Size 100,000

	Trial
	Fixation in Population 
(Out of 5)?
	Approximate Time to Fixation?

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	



Where there considerable differences in the allele frequencies between the individual populations at the end of the trials?





If the simulation was allowed to continue, what do you think would happen?  








Do these results match your predictions made earlier? 








How do the trends of genetic drift in a large population differ from those in a small population?






































Experiment Two: The Great Migration

Now you that you have seen that population size is directly affected by genetic drift, that the larger populations are more resilient to genetic drift while smaller populations experience genetic drift in a more drastic way, you will experiment with the effect immigration has on drift. You saw in the first experiment that larger populations are more stable and do not vary much in regards to genetic drift. The individual population lines in larger populations are more similar than the ones in smaller populations. On the other hand, the smaller the population the less stable it is. Therefore, it would be very hard to see the effects of immigration on both really small and really large populations because of the absence of stability or the excess of stability, respectively. Considering these concepts, we are going to work with a population size of 100,000, which allows for considerable stability but will still demonstrate changes when immigration is introduced. 

1) With the same experiment open within the Sickle-Cell SimBio we are now going to allow immigration to be present within the populations. 

What effect do you predict immigration will have on a population? What effect would a pure homozygous vs. entirely heterozygous immigration population have on the source population?






2) Modify the Parameters section to reflect these values:
a. Fitness of all alleles is 1
b. Initial Frequency of A is 0.5
c. Population size is 100,000
d. Mutations (in both directions) is 0

3) You are going to vary both the amount of immigration and the frequency of the A allele in the immigration population. 


What effect do you think the frequency of the A allele in the immigrating population will have on the source population? 






4) Begin by setting the immigration to 0.001 and the frequency of the A allele in the immigrating population to 0.1. 

Predict how you think these parameters will affect the population.









5) Run the simulation for 1000 time steps being sure to record any trends and observations. Run this simulation an additional 4 times. 

What general trends did you observe? Did stabilization occur? Did it occur at similar times? Were there differences between populations? Did they stabilize at the same allele frequencies? 










6) Now change the frequency of the A allele in the immigrating population to 0.5 and run 5 trials then change the frequency again to 0.9, again running 5 trails. 

	Immigration of 0.001 and Frequency of A allele at 0.1

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.001 and Frequency of A allele at 0.5

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.001 and Frequency of A allele at 0.9

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	



How does the frequency of the A allele in the immigrating population affect the overall allele frequencies in the populations? 






Did all the trials reach stabilization? If not, why? Do you think it will eventually? 




Now that you see how the frequency of an allele in an immigration population affects a population, how do you think increasing the amount of immigration will affect the gene pool? 






7) Now you will vary the amount of immigration to 0.01. Vary the frequency of the A allele in the immigrating population to 0.1, 0.5, and 0.9 making sure to run 5 trials for each variable. 

	Immigration of 0.01 and Frequency of A allele at 0.1

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.01 and Frequency of A allele at 0.5

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.01 and Frequency of A allele at 0.9

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




Did your predictions match the results from this simulation? 



What can you deduce from these two experiments so far, regarding the effect of increasing immigration? 











8) Next, vary the amount of immigration to 0.1 and use the same values for the frequency of the A allele in the immigrating population as mentioned above. Then repeat the same process for an immigration value of 1. 

	Immigration of 0.1 and Frequency of A allele at 0.1

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.1 and Frequency of A allele at 0.5

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 0.1 and Frequency of A allele at 0.9

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 1 and Frequency of A allele at 0.1

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 1 and Frequency of A allele at 0.5

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	




	Immigration of 1 and Frequency of A allele at 0.9

	Trial
	Does it stabilize?
	Time Steps to Stabilization
	Ending frequency of A allele

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	



For additional practice and understanding of the effect immigration and the frequency of the A allele in the immigrating population, play around with these parameters on your own. 


Graded Questions

1. In evolutionary biology, migration is synonymous with _____________. 
a. gene flow
b. evolution
c. selection
d. mutation

2. If migration proceeds unopposed by any other evolutionary process, the result will be _____________. 
a. homogenization of allele frequencies among populations.
b. the loss of one or more alleles in one or more population.
c. an increase in genetic diversity among populations
d. an increase in the frequency of homozygotes in all populations











3. Each of the figures (A, B, and C) illustrates the results of a series of computer simulations of changes in allele frequency in a group of populations due to chance alone. Figure _____ most likely represents the simulations performed on the smallest populations; Figure _____ most likely represents the simulations performed on the largest populations. 



a. B; C
b. A; B
c. B; C
d. A; C




4. The computer models of genetic drift shown in Figure 7.15 demonstrate that three of the statements below are true. Which statement is false? 



a. Genetic drift causes allele frequencies to wander between 0 and 1.
b. Genetic drift strongly affects only populations that are very small.  
c. Genetic drift tends to eventually lead to fixation or loss of any given allele.
d. Genetic drift proceeds randomly in any given population.






5. In which population size will genetic drift be more prevalent?
	
a. 100
b. 1000
c. 10,000
d. 100,000

6. Fill in the population sizes (10, 20, 50, 100) that match the graphs:

 



 (
A
)






 (
B
)





 (
C
)





 (
D
)






a. a. A = 
b. b. B = 
c. c. C = 
d. d. D = 

7. What parameters would result in the quickest fixation event?

e. Immigration of 0.001
f. Immigration of 0.01
g. Immigration of 0.1
h. Immigration of 1

8. Based on your experiments, if the immigration is set to 0.1 and the frequency of the A allele in the immigration population 0.9, will the population fix and at what A allele frequency?

a. Yes; it will fix at 0.7
b. Yes; it will fix at 1
c. Yes; it will fix a 0.9
d. It will not fix 

9. All of the following statements are true about genetic drift except:

a. It is completely random
b. It affect smaller populations more than larger populations 
c. It is heavily affected by selection 
d. Can lead to fixation events 






10. Unopposed by other forces of evolution, genetic drift results in 

a. the loss of allelic variation
b. the reduction of heterozygosity
c. all of the above
d. none of the above 
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