When do populations evolve?
Goals of lab:
1) Use math to understand the Hardy Weinberg  formula and what it means

2) Use glass beads to simulate genetic drift, gene flow,  and bottlenecks.

The Hardy-Weinberg Equation

To estimate the frequency of alleles in a population, we can use the Hardy-Weinberg equation. According to this equation:

p = the frequency of the dominant allele (represented here by A)

q = the frequency of the recessive allele (represented here by a)

For a population in genetic equilibrium:

a) p + q = 1.0 (The sum of the frequencies of both alleles is 100%.)

b) (p + q)2 = 1

c) p2 + 2pq + q2 = 1

(Those of you who are good at algebra will recognize that ‘b’ and ‘c’ are the same formula.)  In this formula, p2 =AA,  q2 =aa, and pq = Aa.  
The formula p2 + 2pq + q2 = 1 contains all the information you need to calculate allele frequencies in a population with two different alleles. You will probably need to refer back to this page with the formula multiple times as you do the rest of this laboratory.

We start with some sample problems that will give you practice in using the Hardy-Weinberg equation.

Sample Problem 1
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Let's return to our population of pigs. Remember that the allele for black coat is recessive. We can use the Hardy-Weinberg equation to determine the percent of the pig population that is heterozygous for white coat.

1. Calculate q2
Count the individuals that are homozygous recessive in the illustration above. Calculate the percent of the total population they represent. This is q2.

2. Find q.  (Take the square root of q2 to obtain q, the frequency of the recessive allele.)
3. Find p.  Remember, the sum of the frequencies of both alleles = 100% ( p + q = 1.) You know q, so what is p, the frequency of the dominant allele?

	
	pq

	pq
	


4. Find 2pq.  This is the percent of the population that is heterozygous for coat color.
Sample Problem 2
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In a certain population of 1000 fruit flies, 640 have red eyes while the remainder have sepia eyes. The sepia eye trait is recessive to red eyes. How many individuals would you expect to be homozygous for red eye color?

Hint: The first step is always to calculate q2!  Start by determining the number of fruit flies that are homozygous recessive. If you need help doing the calculation, look back at the Hardy-Weinberg equation.

Sample Problem 3
The Hardy-Weinberg equation is useful for predicting the percent of a human population that may be heterozygous carriers of recessive alleles for certain genetic diseases. Phenylketonuria (PKU) is a human metabolic disorder that results in mental retardation if it is untreated in infancy. In the United States, one out of approximately 10,000 babies is born with the disorder. Approximately what percent of the population are heterozygous carriers of the recessive PKU allele?

If you need help, look back at the Hardy-Weinberg equation.
Allelic Frequency vs. Genotypic Frequency

Allelic Frequency

The frequency of a recessive allele in a population is 10%.  (This includes all the alleles of homozygous recessive individuals, and half the alleles of heterozygous individuals.)  What is the frequency of q for this population?  What is the frequency of p for this population?  If you need help, look back at the Hardy-Weinberg equation.
Genotypic Frequency
Sample Problem
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If you observe a population and find that 16% show the recessive trait, you know the frequency of the aa genotype. This means you know q2. What is q for this population?

A field biologist counts all the frogs in a pond.  He sees 12 frogs, all of the same species.  Nine of them have spots (a dominant trait), and three of them do not have spots (a trait that is known to be recessive.)  She uses her knowledge of the Hardy Weinberg formula to calculate the frequencies of genotypes in the population.
Initial frequencies: AA 3    Aa 6    aa 3

Five years later she surveys the same pond.  This time, just like the last, she finds 12 frogs, which indicates that the carrying capacity of the pond has not changed.  The patterns of the frogs are different from before, however;  now seven of the frogs have spots and five do not.  she calculates the current genotype frequencies as:  
Current frequencies:  AA 2    Aa 5    aa 5
Can you explain how she was able to make these calculations without capturing all the frogs and doing DNA tests on them?  Answer the following
1. What are the initial p and q?
2. What are the final p and q?
3. Is the population in Hardy-Weinberg equilibrium? Explain the reason for your response.
Check your understanding with this quiz

1. If the frequency of two alleles in a gene pool is 90% A and 10% a, what is the frequency of individuals in the population with the genotype Aa?

a) 0.01

b) 0.09

c) 0.18

d) 0.198
e) 0.81

2. Which of the following is NOT a condition that must be met for Hardy-Weinberg equilibrium?

a) Large population size

b) No mutations

c) No immigration or emigration

d) Dominant alleles more frequent than recessive alleles

e) No natural selection

3. If a population experiences no migration, is very large, has no mutations, has random mating, and there is no selection, which of the following would you predict?

a) The population will evolve, but much more slowly than normal.

b) The makeup of the population's gene pool will remain virtually the same as long as these conditions hold.

c) The composition of the population's gene pool will change slowly in a predictable manner.

d) Dominant alleles in the population's gene pool will slowly increase in frequency while recessive alleles will decrease.

e) The population probably has an equal frequency of A and a alleles.

4. In a population that is in Hardy-Weinberg equilibrium, the frequency of the homozygous recessive genotype is 0.09. What is the frequency of individuals that are homozygous for the dominant allele?

a) 0.7

b) 0.21

c) 0.42

d) 0.49

e) 0.91

5. In humans, Rh-positive individuals have the Rh antigen on their red blood cells, while Rh-negative individuals do not. If the Rh-positive phenotype is produced by a dominant gene (A), and the Rh-negative phenotype is due to its recessive allele (a), what is the frequency of the Rh-positive allele if 84% of a population is Rh-positive?

a) 0.04

b) 0.16

c) 0.48

d) 0.60

e) 0.84
Quiz Answers
1. If the frequency of two alleles in a gene pool is 90% A and 10% a, what is the frequency of individuals in the population with the genotype Aa?

The question tells you that p = 0.9 and q = 0.1. From this, you can calculate the heterozygotes: 2pq = 2 (0.9) (0.1) = 0.18. If you selected e as your response, you may have confused the allelic frequency with genotypic frequency. This problem gives you the allelic frequency of a, which is 10%. To review the difference betwen allelic frequency and genomic frequency, return to Allelic Frequency vs Genotypic Frequency.

2. Which of the following is NOT a condition that must be met for Hardy-Weinberg equilibrium?

The correct answer is, “Dominant alleles more frequent than recessive alleles.”  This question is intended to emphasize the point that the initial frequency of alleles has nothing to do with genetic equilibrium, and dominant genes can be uncommon.
3. If a population experiences no migration, is very large, has no mutations, has random mating, and there is no selection, which of the following would you predict?

The conditions described all contribute to genetic equilibrium, where it would be expected for initial gene frequencies to remain constant generation after generation. If you chose e, remember that genetic equilibrium does not mean that the frequency of A = the frequency of a.

4. In a population that is in Hardy-Weinberg equilibrium, the frequency of the homozygous recessive genotype is 0.09. What is the frequency of individuals that are homozygous for the dominant allele?

The correct answer is d. 

q2 = 0.09, so q = 0.3., p = 1 - q, so p = 1 - 0.3 = 0.7, AA = q2 = 0.49

5. In humans, Rh-positive individuals have the Rh antigen on their red blood cells, while Rh-negative individuals do not. If the Rh-positive phenotype is produced by a dominant gene (A), and the Rh-negative phenotype is due to its recessive allele (a), what is the frequency of the Rh-positive allele if 84% of a population is Rh-positive?

The correct answer is d. 

q2 = 0.16; q = 0.4, p = 1 - q, so p = 0.6 = 60%
Simulations of Population Genetics using Glass Beads
You will now use glass beads to simulate some of the genetic conditions found in breeding populations of animals.  You will be drawing glass beads from a paper bag, recording their colors, and using that information to predict organism genotypes and phenotypes.  You must return all your beads to the bag before each drawing.
Large population vs small population:  drift  

For this simulation, you will use two paper bags.  Put 24 green beads (A) and 24 clear beads (a) into the Large Population bag.  In the Small Population bag, put four green and four clear beads.  Now give the frequencies of the alleles in each bag using the Hardy-Weinberg terminologies:

Initial frequency of p:

Large Population:


Small Population:


Initial frequency of q:

Large Population:


Small Population:


[image: image5.png]N e T
Wowow oo




You will now draw beads from the bags to simulate reproduction.  There will be two drawings for each offspring, and you will simulate 20 offspring (2 x 20 = 40 drawings for each bag).  Be sure you put each bead from the first drawing back into its bag before the second drawing.  Use these tables to help you count and keep track of the offspring. 
	Large Population

	Total


	

	AA


	

	Aa


	

	aa


	

	Small Population

	Total


	

	AA


	

	Aa


	

	aa


	


p in the 20 new offspring:
Large Population:


Small Population:


p in the 20 new offspring:
Large Population:


Small Population:


In which population (large or small) were the 20 new offspring’s p and q closer to the initial p and q frequencies?
Large population vs small population:  emmigration  

Put 24 green beads (A) and 24 clear beads (a) into the Large Population bag.  In the Small Population bag, put four green and four clear beads.  Now give the frequencies of the alleles in each bag using the Hardy-Weinberg terminologies:

Initial frequency of p:

Large Population:


Small Population:


Initial frequency of q:

Large Population:


Small Population:


Now, without looking, you will withdraw TWO BEADS IN ONE GRAB from each bag.  (This similates removing one organism – and its two alleles – from the population). Recalculate the values of p and q, and record them in the table below.  Return all the beads to their proper bags.  So you are ready for the next trial.  You will  do this five times.
	Large Population

	Trial
	removed
	P
	q

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	Small Population

	Trial
	removed
	P
	q

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	1
	
	
	


Which population tends to have a bigger change in genetic makeup when individuals leave?

Which population do you think would tend to have a bigger change if a new individual entered the population?

Large population vs small population:  the spread of new mutations  

Put 24 green beads (A) and 24 clear beads (a) into the Large Population bag.  In the Small Population bag, put four green and four clear beads.  Now give the frequencies of the alleles in each bag using the Hardy-Weinberg terminologies:

Initial frequency of p:

Large Population:


Small Population:


Initial frequency of q:

Large Population:


Small Population:


Add TWO RED BEADS to each bag.  (simulating an individual that is heterozygous for an allele that is new to these populations.)  We’ll call the new red allele A’ (“A prime.”)  Now, without looking, you will withdraw beads from each bag to simulate reproduction.  There will be two drawings for each offspring, and you will simulate 20 offspring (2 x 20 = 40 drawings for each bag).  Be sure you put each bead from the first drawing back into its bag before the second drawing.  Use these tables to help you count and keep track of the offspring. 
	Large Population
	
	Small Population

	Total


	
	
	Total


	

	AA


	
	
	AA


	

	Aa


	
	
	Aa


	

	aa


	
	
	aa


	

	A’A


	
	
	A’A


	

	A’a


	
	
	A’a


	

	A’ A’


	
	
	A’ A’


	


When you had 50 beads in the large population, what was the percentage of the new allele in the population?  
What percentage of the offspring in this population had at least one copy of the red allele?

When you had 10 beads in the small population, what was the percentage of the new allele in the population?  

What percentage of the offspring in this population had at least one copy of the red allele?

Simulations vs. Reality
All of these simulations assumed that mating was random, and that there was no natural selection.  Think about what would happen if this was not the case.
Suppose that individuals with two copies of the red gene (A’A’) were especially attractive, and got to mate twice as often because of this.  What would happen to the frequency of the A’ allele?

What type of selection would be occurring?

Suppose that individuals that are heterozygous recessive (aa) are slow and tasty.  What would happen to the frequency of the ‘a’ allele?

What type of selection would be happening in this case?
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Blind and Spineless. An Invertebrate Love Story.




