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AP Biology Lab Activity #8

Population Genetics and Evolution

Introduction

A population—all the individuals of a species that live in the same place a the same time—are affected by their own characteristics.  Population genetics is the effect that heredity has on a population.  What happens to that group of people over the course of a number of generations is expressed mathematically.

Populations evolve by responding to their surroundings through natural selections.  This change actually occurs in the frequency of gene alleles in the population.  William Castle, an American scientist; Geoffrey Hardy, a British mathematician; and Wilhelm Weinberg, a German physician, independently determined that the frequencies of genes in a population remain constant unless certain forces act on the population.  Dominant alleles will not replace recessive alleles, and the ratio of heterozygous and homozygous individuals does not change over the course of several generations.  This theory has come to be known as the Hardy-Weinberg principal; it is the basis of the study of population genetics.

In 1908, G.H.Hardy and W. Weinberg independently suggested a scheme whereby evolution could be viewed as changes in frequency of alleles in a population of organisms. In this scheme, if A and a are alleles for a particular gene locus and each diploid individual has two such loci, then p can be designated as the frequency of the A allele and q as the frequency of the a allele. For example, in a population of 100 individuals (each with two loci) in which 40% of the alleles are A, p would be 0.40. The rest of the alleles would be (60%) would be a and q would be equal to 0.60.   p + q = 1   

These are referred to as allele frequencies. The frequency of the possible diploid combinations of these alleles ( AA, Aa, aa ) is expressed as:

p2 +2pq +q2 = 1

Hardy and Weinberg also argued that if 5 conditions are met, the population's alleles and genotype frequencies will remain constant from generation to generation. These conditions are as follows:
· The breeding population is large. ( Reduces the problem of genetic drift.) 

· Mating is random. ( Individual show no preference for a particular mating type.) 

· There is no mutation of the alleles. 

· No differential migration occurs. ( No immigration or emigration.) 

· There is no selection. ( All genotypes have an equal chance of surviving and reproducing.) 

The Hardy-Weinberg equation describes an existing situation. Of what value is such a rule? It provides a yardstick by which changes in allelic frequencies can be measured. If a population's allelic frequencies change it is undergoing evolution. 
Procedure

A. Calculating Allele Frequencies Using the Hardy-Weinberg Principle

Materials Needed

PTC Paper

Control Paper

Testing different individuals’ ability to taste PTC (phenylthiocarbamide) is a good way to demonstrate the Hardy-Weinberg principal.  Homozygous-dominant (AA) and heterozygous (Aa) individuals can taste this bitter chemical, although homozygous-recessive (aa) individuals cannot.  Use your class as a representative population to calculate the frequencies of the two alleles with the Hardy-Weinberg equation.

1. Obtain a piece of PTC test paper.

2. Place it on your tongue and note whether you can detect a bitter taste.

3. (Optional) Obtain a piece of control paper and place it n your tongue.  Comparing the control paper with the PTC paper will help determine whether you detected a taste on the PTC paper.

4. Record your results in Table 1.

5. Combine the entire class’s results to calculate allele frequency.

Analysis

1. Calculate the frequency of people who can taste PTC (p2 + 2pq) by dividing the number of people who can taste PTC by the total number in the class.  Because those that can taste PTC can be either homozygous dominant (AA) or heterozygous (Aa), the only known genotype is for people who can’t taste PTC (aa).  Therefore, the value for q must be used to determine the value for p in the Hardy-Weinberg equation.  Divide the number of people who cannot taste PTC by the total number of students in the class to obtain the q2 value.  Calculate the square root to determine the value for q, the frequency for the a allele.  Record it in Table 1.

2. Since p + q = 1, p= 1 – q.  Using the value for q, calculate the value for p, the frequency for the A allele. Record it in Table 1.

	Table 1
	Phenotypes
	Allele Frequency Based on the Hardy-Weinberg Equation

	
	Can Taste

(p2 + 2pq)
	Cannot Taste (q2)
	p
	q

	Class Population
	No.
	%
	No.
	%
	
	

	
	
	
	
	
	
	


B. Testing the Hardy-Weinberg Principal

Testing an Ideal Population

1. Obtain four index cards.  Label two “A” and two “a”.  These will be your haploid chromosomes.

2. Randomly pain off with another student for “breeding”.  Choose any other student; your gender and genotype, and your partner’s, don’t’ matter in the simulation.

3. Turn your cards upside down and shuffle them.  Turn over the top card I your pile.  Pair this card with your partner’s card; this will be the genotype of your first offspring.  Record this on your data sheet.

4. Turn over the next card in your pile.  Pair this card with your partner’s card; this will be the genotype of your second offspring.  Record this on your data sheet

5. Now begin the second generation, taking the genotype of your offspring.  For example, if you produced offspring with the genotype AA, begin the next generation with four A cards.

6. Repeat the above procedure for the second generation.  Record the genotypes on your data sheet.

7. Repeat the procedure for the second generation.  Record the genotypes for each.

8. Combine your fifth generation results with the rest of the students’ fifth generation results.

Analysis

1. Use the table below to calculate allele frequencies after five generations of random mating.  Remember, the total number of alleles in the population is twice the number of students.

Calculating Allele Frequencies after Five Generations

Number of “A” Alleles Present at the Fifth Generation 

Number of genotype AA __________ x 2 = __________ A alleles

Number of genotype Aa  __________ x 1 = __________ A alleles






Total= __________ A alleles


p = 

Total Number of “A” Alleles____ = ______________________


Total Number of Alleles in the Population

Number of “a” Alleles Present at the Fifth Generation

Number of genotype aa __________ x 2 = __________ a alleles

Number of genotype Aa __________x 1 = __________ a alleles






Total=_________ a alleles


q = 

Total Number of “a” Alleles____ = ______________________


Total Number of Alleles in the Population

Questions

1. In an ideal Hardy-Weinberg population, what would be the expected values for p and q?

2. How close was your class’s results to an ideal population?  What factors were ignored that could lead of a variation in allele frequency?

Selection

The previous exercise was conducted with ideal parameters.  For a more realistic situation, selection must be used.  There is 100% selection against homozygous-recessive offspring.  If offspring are double recessive (if the receive two mutated alleles), they will never live long enough to reach a reproductive age; offspring that are either heterozygous or homozygous dominant will survive long enough to reproduce.

1. Follow the same procedure as the previous exercise, with one difference:  If offspring is produced with the genotype aa, this offspring will not survive; eliminate the alleles are eliminated, draw two new alleles from the extra cards.

2. Repeat the procedure for a total of five generations, selecting against homozygous-recessive offspring in each generation.  Record the genotypes.

3. Combine your fifth generation results with the rest of the students’ fifth generation results.

Analysis

1. Use the table below to calculate the new allele frequencies after five generations of random mating.

Calculating Allele Frequencies after Five Generations

Number of “A” Alleles Present at the Fifth Generation 

Number of genotype AA __________ x 2 = __________ A alleles

Number of genotype Aa  __________ x 1 = __________ A alleles






Total= __________ A alleles


p = 

Total Number of “A” Alleles____ = ______________________


Total Number of Alleles in the Population

Number of “a” Alleles Present at the Fifth Generation

Number of genotype aa __________ x 2 = __________ a alleles

Number of genotype Aa __________x 1 = __________ a alleles






Total=_________ a alleles


q = 

Total Number of “a” Alleles____ = ______________________


Total Number of Alleles in the Population

Questions

1. How do these new frequencies of p and q compare to the initial frequencies in the previous exercise?

2. Has the allele frequency in the population changed?  Why or why not?

3. What would happen to the frequencies of p and q if you continued this simulation through several more generations?

Heterozygote Advantage

The previous exercise showed how selection against homozygous-recessive individuals clearly alters the allelic frequencies in a population.  Another form of selection that operates within a gene pool is diseases, such as a deadly form of malaria, that affect homozygous-dominant individuals more severely than heterozygous individuals.  The heterozygote is therefore favored in a population.

1. Follow the same procedure, eliminating homozygous-recessive individuals as before.  In addition, if a homozygous-dominant individual is produced, flip a coin.  If the result is heads, the offspring dies; if t is tails, the offspring survives.

2. Repeat the procedure for a total of five generations.  Record the genotypes.

3. Combine your fifth generation results with the rest of the students’ fifth generation results, and calculate the new allele frequencies.

4. Continue the procedure for five more generations, for a total of ten generations, this time starting with the genotypes from the end of the fifth generation.  Record the genotypes.

5. Combine your tenth generation results with the rest of the students’ tenth generation results, and calculate the new allele frequencies.

Analysis

1. Use the table below to calculate the new allele frequencies after five generations of random mating.

Calculating Allele Frequencies after Five Generations

Number of “A” Alleles Present at the Fifth Generation 

Number of genotype AA __________ x 2 = __________ A alleles

Number of genotype Aa  __________ x 1 = __________ A alleles






Total= __________ A alleles


p = 

Total Number of “A” Alleles____ = ______________________


Total Number of Alleles in the Population

Number of “a” Alleles Present at the Fifth Generation

Number of genotype aa __________ x 2 = __________ a alleles

Number of genotype Aa __________x 1 = __________ a alleles






Total=_________ a alleles


q = 

Total Number of “a” Alleles____ = ______________________


Total Number of Alleles in the Population

2. Use the table below to calculate the new allele frequencies after ten generations of random mating.

Calculating Allele Frequencies after Ten Generations

Number of “A” Alleles Present at the Tenth Generation 

Number of genotype AA __________ x 2 = __________ A alleles

Number of genotype Aa  __________ x 1 = __________ A alleles






Total= __________ A alleles


p = 

Total Number of “A” Alleles____ = ______________________


Total Number of Alleles in the Population

Number of “a” Alleles Present at the Tenth Generation

Number of genotype aa __________ x 2 = __________ a alleles

Number of genotype Aa __________x 1 = __________ a alleles






Total=_________ a alleles


q = 

Total Number of “a” Alleles____ = ______________________


Total Number of Alleles in the Population

Questions

1. How do the p and q frequencies compare between the three exercises you did so far (ideal vs. selection vs. heterozygote advantage?

2. Will the recessive allele ever be completely eliminated in the procedures using selection and heterozygote advantage?  Why or why not?

Genetic Drift

Genetic drift is a phenomenon where an allele is lost solely from chance instead of through selection.  The most important factor in genetic drift is population size; smaller populations have a much greater potential for genetic drift.

1. Your instructor will divide the class into several smaller populations.  Within your smaller population, follow the mating procedure, as in the first exercise, for a total of five generations.  Record the genotypes.

2. Combine your group’s fifth generation results with those of the other small populations and calculate the new allele frequencies.

Analysis

1. Use the table below to calculate the new allele frequencies after five generations of random mating.

Calculating Allele Frequencies after Five Generations

Number of “A” Alleles Present at the Fifth Generation 

Number of genotype AA __________ x 2 = __________ A alleles

Number of genotype Aa  __________ x 1 = __________ A alleles






Total= __________ A alleles


p = 

Total Number of “A” Alleles____ = ______________________


Total Number of Alleles in the Population

Number of “a” Alleles Present at the Fifth Generation

Number of genotype aa __________ x 2 = __________ a alleles

Number of genotype Aa __________x 1 = __________ a alleles






Total=_________ a alleles


q = 

Total Number of “a” Alleles____ = ______________________


Total Number of Alleles in the Population

Question

1. What do the new allele frequencies suggest about population size as an evolutionary force?
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