Exploration Guide: Hardy-Weinberg Equilibrium
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Imagine you were canoeing down the Amazon River, watching the parrots. You notice many dark and medium-colored parrots, but very few light-colored parrots. Why is this? Are pale parrots easier to catch? Are they weaker? Are hunters capturing them to sell elsewhere? Or is this just a natural state of the population? 

In 1908, an English mathematician named G. H. Hardy and the German physician Wilhelm Weinberg independently found a way to see if a population is functioning normally, without outside influences. They discovered that when members of a group mate randomly and are all equally likely to leave offspring, the proportions of different types will stabilize and can be described mathematically. This characteristic proportion is known as the Hardy-Weinberg ratio. 

Allele and Genotype Percentages

In this activity, you will investigate how a population of parrots changes over time when there are no outside influences. The 50 parrots shown in the Gizmo™ represent a larger population of 500 parrots. 

1. Parrots and many other birds have a gene controlling feather color. In this example, there and one from its father. The combination of alleles a parrot has (DD, Dd, or dd) is called the genotype of the parrot. Look at the parrots at the bottom of the SIMULATION pane. 

a. What is the coloration of a DD parrot? 
b. What is the coloration of a dd parrot? 

c. In the case of incomplete dominance, an organism with two different alleles has an intermediate appearance. What does a Dd parrot look like? 

2. In the default settings of the Gizmo, there are 50% dark-colored parrots (DD), 30% light-colored parrots (dd), and 20% medium-colored parrots (Dd). These genotype percentages are shown in the chart below the Show number of alleles checkbox. Also shown are the overall percentages of D and d alleles. 

a. To calculate the percentage of D alleles in the population, consider the 50 parrots in the SIMULATION pane. Each parrot has two alleles. How many total alleles are there in the 50-parrot population? 

b. How many DD parrots are there in the 50-parrot population? 
c. How many D alleles do these DD parrots have, total? 

d. How many D alleles do the 10 Dd parrots have? 

e. Based on your answers to the previous two questions, how many D alleles are there in the 50 parrot population? 
f. How many d alleles must there be? 
g. Compare these numbers to the % of D alleles and the % of d alleles values displayed in the chart. 

h. Deselect Show number of alleles. Use the sliders to change the percentage of DD to 60% and dd to 20%. (To quickly set a slider to a value, type the value in the field to the right of the slider, and hit Enter.) Calculate the allele percentages on your own.
i.  Then check your answer by clicking Show number of alleles. 

3. With 60% DD and 20% dd, click Begin. Then click Breed. At this point, the parrots pair up randomly and lay two eggs. Click Hatch to hatch the eggs and see a table of breeding pairs and offspring. 

a. Notice that DD/DD pairs only produce DD offspring, and that dd/dd pairs only produce dd offspring. What genotype is produced by a DD/dd pair? What genotypes can come from a Dd/Dd pair? 

b. Click Continue. Look at the table in the DESCRIPTION pane. The last column of this table describes the new population. Compare the percentages shown with the initial percentages. Which quantities changed the most? 
c. Which showed the least change? 

4. Run through 4 more cycles (generations) of breeding and hatching. 

a. Select the ALLELE GRAPH tab. How much do the D and d allele percentages change over time? 
b. Based on what you see, what can you say about the allele percentages in a population through time, assuming all individuals are equally likely to mate and leave offspring? 
c. This discovery was a surprise to many biologists who thought that rare or recessive alleles would quickly disappear from a population. 

d. Select the GENOTYPE GRAPH tab. How much do the genotype percentages change over time? Which genotype percentage changed the most? 

e. In which generation did genotypes change the most? 
f. How much change was there after that?
g.  Because there is very little change in genotype percentages after the first generation, the population is said to be in equilibrium. 

Hardy-Weinberg Equilibrium

Genotype percentages can change a great deal from their starting values after a single generation. In later generations, however, the genotype percentages tend to reach an equilibrium. The equilibrium genotype proportions were described by Hardy and Weinberg in 1908. 

1. On the DESCRIPTION pane, click Reset. Select Show Hardy Weinberg quantities. The table that is displayed shows how an important ratio is calculated. This is the Hardy-Weinberg ratio, or the HW ratio for short: 


a. Set DD to 36% and dd to 10%. What is the HW ratio for this population? 

b. Click Begin and run the simulation through one generation. Which genotype percentage changed the most?
c.  By how much did it change? 
d. What is the HW ratio now? 

e. Using the  table below. Record your answers to the previous question in the first row. 
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f. Run 3 more one-generation simulations like this. After each simulation, click Reset. Use different initial DD and dd values each time. For the second trial, start with populations with an initial HW ratio between 3 and 5. For the third trial, begin with populations with an HW ratio less than 2. Choose any starting values for the last trial. Record all your results in the table. 

g. Which initial ratio leads to the smallest changes in genotype percentages? 
h. Which leads to the largest changes? 

i. What do you notice about the New HW ratio values on your chart? 
j. Are these numbers similar? 
k. What whole number are these ratios closest to? 

l. You should have seen that the Hardy-Weinberg ratio remains close to 4. Because of the relatively small population of 500 parrots used in this simulation, the ratio will vary a fair amount. Select the TABLE tab and continue your current simulation through several more generations. (Do NOT click Reset.) Does the HW ratio continue to stay close to 4? 

2. Use the  data table below for the next activity. 
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a. Click Reset. Set DD to 60% and dd to 40%. What are the initial allele percentages?
b.  Fill in the first two cells of the data table with the initial allele percentages. 

c. Run a one-generation simulation. Record the final genotype percentages of DD, Dd, and dd in your table. 

d. Click Reset. Set DD to 30% and dd to 10%. What is the Dd percentage?
e.  What are the initial allele percentages? 

f. Run a one-generation simulation with 30% DD and 10% dd. Write down the final genotype percentages. 

g. These populations had very different starting genotype percentages. What did you notice about the final genotype percentages? 

h. What did the two simulations have in common?
i.  As a general rule, what can you say about the final genotype percentages when the starting allele percentages are the same? 

j. Suppose the initial genotype percentages were 45% DD and 25% dd. What are the starting allele percentages?
k.  What do you expect the final genotype percentages to be? 
l. Use the Gizmo to test your hypothesis. 

