Dueling Alleles: A Simulation of Genetic Drift and Selection








Overview


We can track the fortunes of a population by noting how the number of individuals rises and falls. However, if we are more interested in the evolution of the population, it would be more productive to keep track of its genes, and how their numbers rise and fall. We track the abundance of an allele by a measure called the allelic frequency. 


	Say we are studying the B/b locus, and this locus has two alleles, B and b. The frequency of B is defined as the fraction of all the alleles at the B/b locus in a population that are B. For example, if the whole population has the Bb genotype, half the alleles at the B/b locus are B, and the frequency of B is 0.5. If 90% of the population is bb and 10% is Bb, then we compute the frequency of B by reasoning that none of the bb alleles is B and only half of the Bb alleles are B, so the frequency of B, written as [B], is given by


 [B] = (0)(0.9) + (0.5)(0.1) = 0.05.


An allelic frequency can never get higher than 1.0 (at which point the allele is said to be “fixed”) and cannot get lower than 0 (at which point the allele is said to be “extinct”).


	Evolution is a change in allelic frequencies. This change might be adaptive, as when natural selection gradually eliminates a harmful allele, or it might be neutral or even harmful, as when random fluctuations eliminate an allele, reducing the ability of the population to adapt to future changes in the environment.


	Dueling Alleles will allow you to simulate both kinds of evolution. Exercise A will allow you to observe genetic drift, which often causes random loss of alleles. Exercise B allows you to experiment with the effect of selection on allelic frequencies.


The Role of Genetic Drift and Selection 


The Hardy-Weinberg principle states that five conditions must be met for allelic frequencies to remain constant: (1) no mutation, (2) random mating, (3) large population, (4) no migration, (5) no selection. Under these conditions, evolution will not occur. 


	Why won’t evolution occur under these conditions? _________________________________


______________________________________________________________________________


These conditions are so restrictive that they are almost never met in nature, even for short periods. The consequence of this is that allelic frequencies are constantly changing. In this exercise you will use a microcomputer simulation called Dueling Alleles to explore other ways in which population size and selection cause changes in gene frequencies.





Exercise A		 GENETIC DRIFT


Genetic drift is the change in allelic frequencies that results from the random outcome of matings. An analogy would be a coin toss. If 100 people each tossed coins at the same time, we would be very surprised if exactly 50% of the coins turned up “heads” and 50% “tails” on toss after toss. The same chance deviations from predicted frequencies occur for combinations of alleles. For example, even if the frequency of both B and b is 50% in a population, and BB, Bb, and bb zygotes are all equally viable, in every “round” of mating, the percentage of zygotes with BB, Bb, and bb genotypes will undergo chance fluctuations from their calculated frequencies of 25%, 50%, and 25%.


Drift is exaggerated in small populations such as founder populations. Continuing the coin toss analogy, if we only have two people tossing coins, the frequency of heads will fluctuate from 0% to 50% to 100%. Likewise, small populations experience larger chance fluctuations in allelic frequencies.


One last coin toss analogy will confirm the importance of genetic drift. Say that if all coins in the toss turn up “heads,” then all future coins will be made into “heads” on both sides, and “tails” will never be seen in the “population” again. If there are 100 coins in the toss, there is little chance that all 100 coins will land “heads” up at the same time. But if there are only two, then it is obvious that within a very few tosses both coins will come up “heads,” and “tails” will vanish forever.


This is similar to the dynamics of genes in a population. If the population is small, there is a good chance that random fluctuations will, over many generations, result in the loss of an allele. We say that the allele has become extinct, and that the alternative allele has been “fixed” in the population. Unless migration or mutation brings the extinct allele back into the population, it has disappeared forever. Thus, genetic drift can cause drastic and permanent changes in allelic frequencies even if the population has no selection pressures, migration, or mutation. 


In this exercise, you will examine the effect of population size on the fluctuation and persistence of an allele. You will study the frequency of the b allele at a locus where either the b or B allele could occur.


Objectives


Define genetic drift and explain why it occurs.


Define extinction and fixation of alleles in a population.


Explain why drift produces more severe changes in allelic frequencies in small populations.


Determine the relationship between population size and the persistence of an allele in the absence of selection.


Procedure


Start the Dueling Alleles program (instructions for installing and running Dueling Alleles are found elsewhere).


Press the Continue… button to move past the Dueling Alleles title screen to the “Welcome” dialog. You might want to read the introductory text in this dialog to familiarize yourself with the operation of the program. Then press the Proceed… button to move to a dialog that will ask you a series of questions about the simulation you wish to perform. Answer these questions as follows:


Use two mating pairs.


Since this part of the exercise does not investigate selection, answer that the probability of dying before reproduction is 0 for BB, Bb, and bb.


Indicate that you wish to use continuous run.


The simulation will begin. You can pause the run with the Pause button, and stop it entirely with the Stop button. The frequency of the b allele will always start at 0.5. Also, Dueling Alleles always maintains a constant population with the number of mating pairs you requested. Each mating pair replaces itself with its offspring and then dies. In this experiment, the b allele will either become extinct or its frequency will become “fixed” at 1.0. Observe how many generations it takes for either event to occur, then record the number on the appropriate line in Table DA-1. Also, make notes about the fluctuation in frequency of the b allele.


Press the Yes button to request another simulation.


Indicate that you wish to use four mating pairs, and that all genotypes will have a 0 probability of dying before reproduction, and that you wish to use continuous run.


Record the results for four mating pairs in Table DA-1.


Repeat steps 4 through 6 for 20 mating pairs.


Repeat steps 4 through 6 for 50 mating pairs.


For each number of mating pairs, your instructor will average the class results for the number of generations before one of the alleles becomes extinct. Record these results in the last row of Table DA-1.


Table DA-1. Number of Generations to Extinction or Fixation of an Allele (No Selection)


�
2 mating pairs�
4 mating pairs�
20 mating pairs�
50 mating pairs�
�
b extinct�
�
�
�
�
�
b fixed�
�
�
�
�
�
Mean time to


extinction�
�
�
�
�
�
Did both b and B alleles persist longer in the population with a small number of mating pairs or the one with a larger number of mating pairs? ___________________________�Why?___________________________________________________________________


________________________________________________________________________


________________________________________________________________________


Was the fluctuation of allele frequency greater with a small number of mating pairs or a larger number?___________________Why?____________________________________


________________________________________________________________________


________________________________________________________________________





Exercise B		 SELECTION


Evolution is a change in gene frequencies. This change can be brought about by mutation, immigration, emigration, drift (as illustrated in the previous exercise), or selection. Selection against a genotype occurs when its fitness (success at survival and reproduction) is not as great as the fitness of another genotype. Fitness is determined by the whole genotype, not a particular allele. Thus, if an African antelope has superior genes for every characteristic except watchfulness for lions, its genotype will have a reduced fitness if lions are very active in its habitat. All its “superior” genes will not be passed on to the next generation because they are bound up in one “package” with the nearly lethal “predator watchfulness” characteristic.


�
Genotypes that have selection against them will slowly decrease in frequency until the deleterious alleles responsible disappear from the gene pool of the population. This might raise the question why any deleterious alleles are left after millions of years of natural selection. Several factors tend to slow or stop the allele extinction process:


Elimination of deleterious alleles is slow, perhaps requiring hundreds or even thousands of generations, except when the selective disadvantage of the genotype is severe.


Mutation or immigration might introduce new copies of the deleterious alleles as fast as they are eliminated by selection.


The “disadvantaged” genotype may be selected against only when it is abundant, and may even enjoy a selective advantage when it is rare.


Recessive deleterious alleles may not experience any selective disadvantage when they are masked by the dominant allele.


Heterozygotes may experience a selective advantage over either homozygote, and thus both alleles will persist.


In this exercise you will use Dueling Alleles to explore recessiveness and heterozygote advantage as factors that tend to maintain deleterious alleles in a population.


The “Recessive Refuge” for Deleterious Alleles


As pointed out above, selection operates against the whole genotype. Assume that a locus can carry either a b allele or a B allele, and that bb is lethal. It might be expected that the b allele would rapidly be eliminated from the population. But if the b allele is recessive to the B allele, then the b allele may persist for long periods in the population by “hiding out” in the Bb heterozygote, which suffers no selective disadvantage. This heterozygote “refuge” will also become more and more effective as the b allele becomes rare. This occurs because the b allele will experience selective disadvantage only when a bb offspring occurs, and this will only happen when two heterozygotes mate. If the heterozygotes become rare, then almost all matings of heterozygotes will be with BB organisms.


The exercise below will illustrate this principle. First you will determine the persistence time of the deleterious b allele when the B allele is only incompletely dominant over it (bb and Bb experience selective disadvantage). Then you will do the same series of simulations with the B allele completely dominant (only bb is at a disadvantage).


Objectives


Explain why recessive deleterious alleles tend to persist longer in populations than dominant deleterious alleles.


Use the Dueling Alleles simulation to determine the degree to which recessiveness contributes to an allele’s persistence in a population.


Procedure


If you have already used the Dueling Alleles program for the genetic drift simulation, indicate that you wish to perform another simulation. If you have not used the program before, start the Dueling Alleles program (instructions for installing and running Dueling Alleles are found elsewhere). Press the Continue… button to move past the Dueling Alleles title screen to the “Welcome” dialog. You might want to read the introductory text in this dialog to familiarize yourself with the operation of the program. Then press the Proceed… button to move to a dialog that will ask you a series of questions about the simulation you wish to perform.


Answer the questions as follows:


Use 50 mating pairs. This population is large enough so that drift will not be an overwhelming factor.


Indicate that you wish the probability of death of bb to be 1.0, of Bb to be 0.5, and of BB to be 0. Thus both bb and Bb suffer from the effects of the b allele (B cannot completely mask b).


Indicate that you wish to use continuous run.


The simulation will begin. The frequency of the b allele will be shown. You can pause the run with the Pause button, and stop it entirely with the Stop button.


The frequency of the b allele will always start at 0.5. Note the course of the frequency of the b allele and decide whether it is declining most rapidly when it is still abundant or when it is rare. Then record the number of generations to extinction of the b allele in the half of Table DB-2 headed “B does not mask b,” under the column headed “Your results.” Your instructor will give you the class averages when the exercise has been completed. Next, indicate that you wish to perform another simulation.


Table DB-2  	The Effect of Recessiveness on the Persistence (in Generations) of a 							Deleterious Allele


�
Generations to extinction of b allele�
�
�
B does not mask b�
B masks b�
�
Death Prob. for bb�
Your Results		Class Average�
Your Results		Class Average�
�
1.0�
�
�
�
�
�
0.5�
�
�
�
�
�
0.2�
�
�
�
�
�
Repeat steps 2 through 4 with the following additional death probabilities: 0.50 for bb, 0.25 for Bb, and 0 for BB; 0.20 for bb, 0.10 for Bb, and 0 for BB. Write the times to extinction of the b allele in the left half of the table, under “Your results.”


Repeat steps 2 through 4, but this time with a death probability of 0 for both BB and Bb, and the following death probabilities for bb: 1.0, 0.5, and 0.2. Write the times to extinction of the b allele in the half of the table headed “B masks b,” under “Your results.”


Your instructor will compute the class averages for the times to extinction of the b allele. Write these times in the columns headed “Class average.” Answer the following questions:


Why do recessive deleterious alleles persist longer in a population than alleles that cannot be masked by other alleles?___________________________________________


________________________________________________________________________


________________________________________________________________________


________________________________________________________________________


Did you see this effect in your data (b persisting longer when it could be masked by B)? ______________


What is the effect on both recessive and nonrecessive deleterious alleles when the selection pressure against them decreases? ____________________________________


________________________________________________________________________


________________________________________________________________________


________________________________________________________________________


Does the frequency of the b allele seem to decline most rapidly when the b allele is rare or when it is abundant? _____________________________Why does this occur? ______


________________________________________________________________________


________________________________________________________________________


________________________________________________________________________


If recessiveness will help a deleterious allele persist longer in a population, will recessiveness speed or hinder the spread of a beneficial allele? ____________________


Why?___________________________________________________________________


________________________________________________________________________


________________________________________________________________________


Heterozygote Advantage


Another way in which deleterious alleles are preserved is if heterozygotes have a selective advantage over either of the homozygotes (assuming that only two alleles are possible at a locus). In the extreme case in which both homozygotes (say bb and BB) die before reproducing and only the heterozygote survives, both the B and b alleles will persist in the heterozygotes and both bb and BB individuals will continue to be produced from Bb × Bb matings.


A classic example of heterozygote advantage is the persistence of sickle-cell anemia in equatorial Africa. Sickle-cell anemia is a severe blood disease present in ss individuals. Ss individuals have some mild sickle-cell symptoms, but they are also resistant to malaria. Finally, normal (SS) individuals are not anemic at all but may suffer disability or death if they become infected with malaria. In areas of Africa where malaria is prevalent, heterozygotes seem to have a selective advantage of 26% over normal individuals, which seems to preserve the sickle-cell allele in the gene pool. However, in areas where malaria is not common, Ss individuals have no advantage and the sickle-cell allele is eliminated. It is estimated that 300 to 350 years ago, 22% of the slaves in the American South carried the sickle-cell allele. But by the early 1950s, the frequency of the allele in the black American population had fallen to 9%.


In this exercise, you will demonstrate the preservation of a deleterious allele by heterozygote advantage. You will also observe the disappearance of a deleterious allele when the heterozygous condition is no longer advantageous.


Objectives


Explain heterozygote advantage and how it may maintain alleles in a population.


Use the Dueling Alleles simulation to determine the degree to which heterozygote advantage contributes to the persistence of an allele in a population.


Procedure


Indicate that you wish to perform another simulation.


Answer the questions as follows:


Use 50 mating pairs.


Indicate that you wish the probability of death of bb to be 0.5, of Bb to be 0.1, and of BB to be 0.5. Thus both bb and BB suffer equal selective disadvantage and Bb has an advantage.


Indicate that you wish to use continuous run.


The frequency of the b allele will always start at 0.5. Note the course of the frequency of the b allele for 100 generations (over 2,500 years for humans). Record the results here as extinction or fixation of the b allele (at how many generations?), or as a declining or increasing trend, or as mere fluctuation without a long-term trend.______________________


___________________________________________________________________________


Press the Stop button to exit from the simulation. Now set up the simulation for the conditions in which heterozygote advantage is removed. Indicate that you wish to use 50 mating pairs, and set the death probabilities at 0.5 for bb, 0.1 for Bb, and 0.0 for BB (in the case of sickle-cell anemia, the BB individuals have normal blood, so this change simulates moving them to a malaria-free environment).


Indicate that you wish to use continuous run, and observe simulation. Record the results here as extinction or fixation of the b allele (at how many generations?), or as a declining or increasing trend, or as mere fluctuation without a long-term trend.______________________


___________________________________________________________________________


What is heterozygote advantage, and how can it maintain two or more alleles in a population?______________________________________________________________


________________________________________________________________________


________________________________________________________________________


Why would you expect that a deleterious allele that persists because of heterozygote advantage would disappear once the heterozygote advantage is removed? ____________


________________________________________________________________________


________________________________________________________________________


In this simulation, you used balanced heterozygote advantage (both BB and bb were at the same selective disadvantage relative to Bb). Do you think that unbalanced heterozygote advantage (say, with the death probabilities for BB, Bb, and bb set at 0.2, 0.1, and 0.5, respectively) could also maintain both the B and b alleles? Write your prediction here:___________________________________________________________�________________________________________________________________________


Use the program to test your prediction.





�
Notes:


�
Name_________________________								Dueling Alleles Worksheet


Section________________________





To answer the questions below, read the introduction, page 1, and the introductions to Exercises A and B (pages 1, 3, 4, and 6). Complete this worksheet and bring it to the class period in which the Dueling Alleles simulation will be used.





What is an allelic frequency?

















What is genetic drift?

















Why is genetic drift more pronounced in small populations?

















Why can genetic drift have a severe impact on the genetic diversity of a population?

















Why would a recessive deleterious allele persist longer in a population than would be possible for a dominant deleterious allele?

















Explain how heterozygote advantage can maintain a deleterious allele in a population.
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