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Regents Biology Laboratory Investigation

POPULATION GENETICS
Background Information


Back in the day (not millions of years, but around 1908), two gentlemen by the names of Godfrey Harold Hardy and Wilhelm Weinberg independently came up with a set of rules that could be applied to a population.  These seven rules, they reasoned, if followed by a population of organisms, would lead to a situation in which no evolution would happen.  The idea for this situation was first planted in the head of Hardy during a cricket match that he was playing, by none other than Reginald C. Punnet, whose name you may recognize from his famous squares.

The rules are as follows:

1.  Random mating.
2.  Infinitely large population size.

3.  Each mating produces the same number of offspring.
4.  No mutations.

5.  No migration in or out of the population.

6.  No natural selection.

7. All members of the population breed.
These seven simple rules would define a population that is not evolving.  Of course, it is very difficult to imagine such a population.  Mutations are nearly impossible to stop, and it would be very difficult to an infinitely large population.  However, if these rules were to be obeyed, the population would be in what is known as Hardy-Weinberg Equilibrium, where no evolution occurs.  What exactly does that mean, however?

Another way to put “no evolution” would be to say that the frequency (how often they show up in the population) of all the alleles present is not changing.  We can use variables and a simple formula to represent this.  The frequency of the dominant allele, represented by p, and the frequency of the recessive allele, represented by q, in a population should add up to 1, as shown in the formula below:
p + q = 1


Imagine that the frequency of the dominant allele in one generation was 0.8, and the frequency of the recessive allele was 0.2.  If these same numbers were observed in the next generation, then the population would be in Hardy-Weinberg equilibrium.  If not, then one of the rules listed above has been broken, and evolution has occurred.
Purpose

The purpose of this investigation is to let you see how evolutionary changes affect a population.  You and your classmates will simulate a population of organisms, and add various factors to see how the frequencies of alleles, and thus the evolution of the population, is affected.
Materials

Index card “alleles”
PENCIL


“Environmental factors”

Procedure

1.  Count the number of students in the class.  This should be the number of each type of allele that is distributed.  
EXAMPLE:  If there are twenty students in the class, then twenty “A” alleles and twenty “a” alleles should be distributed.

It DOES NOT matter what genotype each person has; each person does not need one type of each allele.  It only matters what the overall frequency of the alleles for the entire population is.

2.  Calculate the frequency of each allele by dividing the number of the allele in question by the total number of alleles.  It should be 0.5 for each.  Record this in table 1.  


3.  Simulate a population in Hardy-Weinberg Equilibrium by randomly mating with the other organisms in your class.  IMPORTANT:  Since we cannot have more people join our class, you will become your own offspring.
4.  To simulate mating, select randomly from your mate’s two cards, and have them select randomly from your two cards.  Whatever genotype you drew will represent the genotype of one of your offspring.  This selection process represents the combination of gametes from two individuals – fertilization.  You will then make your cards match that genotype, and become the offspring yourself.
EXAMPLE:  You are AA, and you mate with someone who is Aa.  You randomly draw from their hand, and pick an “a” first.  They randomly draw from your hand and select an “A.”  That means that your offspring’s genotype will be Aa.  Repeat the process for your partner.  Adjust your cards so that you now have Aa, instead of the AA you started with.  You are now the offspring of the mating.  Have your partner do the same.
5.  Mate four more times, for five total matings.  DO NOT mate more than five times!
6.  Count the total number of each type of alleles, and divide by the number of total alleles.  These will be the allele frequencies at the end of round one.  Record these in table 1.
QUESTION 1:  If all the Hardy-Weinberg rules are being followed, what do you expect the allele frequencies to be at the end of round one (even though having expectations about the result is B.S.)?  Why?
QUESTION 2:  Chances are that the actual numbers don’t match your predictions.  Why do you think that is?  That is, which Hardy-Weinberg rule(s) was/were broken?
TOTAL NUMBER OF ALLELES:
	
	Number of Dominant Alleles
	Frequency of Dominant Alleles
	Number of Recessive Alleles
	Frequency of Recessive Alleles

	Before Mating
	
	
	
	

	After Mating
	
	
	
	


Table 1.  Round one:  Allele frequencies before and after random mating

7.  For round two, we will simulate what is known as a bottleneck event.  This is where some event (natural disaster, disease, etc.) randomly eliminates some members of the population.  This will affect the frequencies of the alleles, because not everyone will get a chance to pass on their genes.

8.  Record the starting number of each type of allele, as well as the starting frequency of each type of allele in table 2.  This should be the same as the “after” row in table 1.  


8.  You will mate randomly, using the same technique as before.  You will mate five times, unless your teacher selects you to “die.”  If you are killed off, you must not continue mating.


9.  After everyone who is still alive finishes mating, calculate the number of dominant and recessive alleles, and the frequencies of each allele.  Record this in table 2.

TOTAL NUMBER OF ALLELES:

	
	Number of Dominant Alleles
	Frequency of Dominant Alleles
	Number of Recessive Alleles
	Frequency of Recessive Alleles

	Before Mating
	
	
	
	

	After Mating
	
	
	
	


Table 2.  Round two:  Allele frequencies before and after a bottleneck event.
QUESTION 3:  What happened to the allele frequencies this time?  Did they change more or less than with the random mating in round one?

QUESTION 4:  What kinds of events could cause a bottleneck in a population?  List at least three.


10.  In the next simulation, we will include some factors that might cause natural selection.  If you think carefully, natural selection is indeed selecting for certain traits, but more accurately for the genes that create those particular phenotypes.  So natural selection is selection of genes!

11.  Since the bottleneck might have skewed your allele frequencies quite a bit, return your population to the original frequency of 0.5 and 0.5.  That means that there needs to be the same number of “A” alleles and “a” alleles.


12.  When the population is back to where it started, record these numbers in the “before” row of table three.

13.  You will mate five times in this round, as well.  This time, however, your teacher will give you a selection pressure that will influence your choice of mates.

14.  After you have finished with the five trials, record your data in table 3.

TOTAL NUMBER OF ALLELES:

	
	Number of Dominant Alleles
	Frequency of Dominant Alleles
	Number of Recessive Alleles
	Frequency of Recessive Alleles

	Before Mating
	
	
	
	

	After Mating
	
	
	
	


Table 3.  Round three:  Allele frequencies before and after natural selection.

QUESTION 5:  What kind of selection, stabilizing, directional, or diversifying, did you notice in the class?  Explain why you observed this.

QUESTION 6:  How could natural selection cause an entirely new species to be formed?

Analysis
QUESTION 7:  Natural selection cannot fashion a “perfect” organism.  Why do you think this is?

QUESTION 8:  What is the raw material of natural selection?  That is, without what characteristic would natural selection not be able to operate?
QUESTION 9:  Many organisms exhibit a trait known as sexual dimorphism (break it down – sexual: between the two sexes, di: two, morph: forms.  So, two forms, one for each sex).  Consider ducks or peacocks for example.  Using the concepts from this lab, how do you think that such differences come about?
QUESTION 10:  Mutations are completely random, and may harm the organism, be beneficial to it, or do nothing to it at all.  Make a hypothesis about how much a mutation would affect a population of slow-growing, large elephants, versus a population of fast-growing, small bacteria.  Justify your answer!
QUESTION 12:  The phrase “survival of the fittest” is often tossed lightly around when discussing evolution.  The term “fittest” does not mean “most muscular.”  What does it really mean?
QUESTION 13:  Name two things that you would change about this lab if you could.
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