Hardy-Weinberg Lab Mating in Bio II AP

An equation called the Hardy Weinberg equation for the allele frequencies of a population is:

p2+ 2pq+ q2 = 1 and p + q = 1.
P represents the A allele frequency.  The letter q represents the a allele.
Hardy and Weinberg also gave five conditions that would ensure the allele frequencies of a population would remain constant.  

The breeding population is large. The effect of a change in allele frequencies is reduced.
Mating is random. Organisms show no mating preference for a particular genotype.
There is no net mutation of the alleles.
There is no migration or emigration of organisms.
There is no natural selection. Every organism has an equal chance for passing on their genotypes.  

If these conditions are met then no change in the frequency of alleles or genotypes will take place. 
Introduction
In this experiment the entire class will represent an entire breeding population.  In order to ensure random mating, choose another student at random. The class will simulate a population of randomly mating heterozygous individuals with an initial gene frequency of .5 for the dominant allele A and the recessive allele a and genotype frequencies of .25 AA, .50 Aa and .25 aa.  Your initial genotype is Aa.  Record this on the data page.  Each member of the class will receive four poker chips.  Two are red and two are black.  The black is A and the red is a. The four chips represent the products of meiosis.  Each “parent” contributes a haploid set of chromosomes to the next generation.   

Hypothesis
By conducting the experiment under ideal conditions we will be able to show an ideal Hardy Weinberg population.  

Methods
Begin the experiment by holding the four poker chips behind your back, shuffle them, and draw one chip out to contribute to the production of the first offspring.  Your partner should do the same.  Put the two chips together.  The two chips represent the alleles of the first offspring.  One of you should record the genotype of this offspring in the Case I section.  Each student pair must produce two offspring, so all four chips must be reshuffled and the process repeated to produce a second offspring.  Then, the other partner should record the genotype.  The very short reproductive career of this generation is over.  Now you and your partner need to assume the genotypes of the two new offspring.  Next, the students should obtain the cards requires to assume their new genotype.  Each person should then randomly pick out another person to mate with on order to produce the offspring of the next generation.  Follow the same mating methods used to produce offspring of the first generation.  Record your data.  Remember to assume your new genotype after each generation.  The teacher will collect class data after each generation.    

Results
Case I
	  
	AA 
	Aa 
	aa 

	Original Population
	
	
	

	F1 
	
	
	

	F2 
	
	
	

	F3 
	
	
	

	F4 
	
	
	

	F5 
	
	
	

	Class Data
	
	
	


1.      What does the Hardy Weinberg equation predict for the new p and q.

2.      Do the results you obtained in this simulation agree? If not, why not?

3.      What major assumptions were not strictly followed in this simulation?
Case II Selection 
Hypothesis 
Using this experiment we will be able to simulate natural selection and use the Hardy Weinberg equation to determine the frequencies of the alleles.

Introduction
In this case you will modify the simulation to make it more realistic.  In the natural environment, not all genotypes have the same rate of survival; that is, the environment might favor some genotypes while selecting against others.  An example is the human condition, sickle cell anemia.  It is a disease caused by a mutation on one allele, homozygous recessives often die early.  For this simulation, you will assume that the homozygous recessive individuals never survive, and that heterozygous and homozygous dominant individuals survive ever time.    

Methods
Once again start with your initial genotype and produce fertile offspring as in Case I.  There is an important change in this experiment.  Every time an offspring with the genotype aa is produced it dies.  The parents must continue to reproduce until two fertile offspring are produced.  As in Case I proceed through five generations, but select against the aa every time.  

Results
Case II

	  
	AA 
	Aa 
	aa 

	Original Population
	
	
	

	F1 
	
	
	

	F2 
	
	
	

	F3 
	
	
	

	F4 
	
	
	

	F5 
	
	
	

	Class Data
	
	
	



1.      How do the new frequencies of p and q compare to the initial frequencies in Case I?
2.      In a large population would it be possible to completely eliminate a deleterious recessive allele?     
Explain.
Case III Heterozygote Advantage
Hypothesis
Using this experiment we will be able to show the advantage of heterozygotes in a population undergoing natural selection.  

Introduction
From Case II, it is easy to see that the lethal recessive allele rapidly decreases in the population.  However in a real population there is an unexpectedly high frequency of the sickle cell allele in some populations.  Case II did not accurately depict a real situation.  In the real world heterozygotes have an advantage over homozygous dominant organisms.  This is accounted for in Case III.  In this Case everything is like Case II except if your offspring is AA, flip a coin.  If it is heads the individual dies, id it is tails it lives.  

Methods
Once again simulate five generations, staring again with the initial genotype form Case I.  Again the genotype aa never survives.  However the genotype AA will have a fifty-fifty chance of living.  Determine if it survives by flipping a coin.  Tails it lives and heads it dies.   Finally total the class genotypes and calculate the p and q frequencies.    

Results 

Case III

	  
	AA 
	Aa 
	aa 

	Original Population
	
	
	

	F1 
	
	
	

	F2 
	
	
	

	F3 
	
	
	

	F4 
	
	
	

	F5 
	
	
	

	Class Data
	
	
	


1.      Explain how the changes in p and q frequencies in Case II compare with Case I and Case III. 

2.      Do you think the recessive allele will be completely eliminated in either Case II or Case III? 

3.      What is the importance of heterozygotes, the heterozygote advantage, in maintaining genetic variation in populations? 

