Investigation 18.1
GENETIC STABILITY: Hardy-Weinberg Equilibrium

INTRODUCTION

We have seen how natural selection works to change the frequency of characteristics in a population. In this investigation you will study a population existing through time with no selective forces acting on it.

Evidence for genetic stability was found when mitosis and meiosis were linked with the inheritance of characteristics. Since these processes are so precise, it seems that organisms must conserve genetic characteristics through many generations

PROCEDURE

Consider a hypothetical species of squirrel. Assume that among the variations in this hypothetical species are two hereditary hair types. One type is straight, and the other is curly. Assume that the trait is determined by a single pair of alleles. Straight (H) is dominant over curly (h). Finally, assume that the species population consists of 1,000 squirrels,

with equal numbers of males and females. Among the 500 squirrels of each sex, 250 are homozygous straight-haired (HH), and 250 are homozygous curly-haired (hh).

Use the symbols [image: image1.png]


 for male and [image: image2.png]


 for female. (1) Identify all the possible phenotype matings in this hypothetical population. (2) List all the possible kinds of matings in terms of genotypes—for example, HH x hh. (3) Beside each kind of mating write all the kinds of genotypes that occur among the offspring. (4) Does any cross produce more than one kind of offspring?

Assume that the offspring generation also consists of 1,000 squirrels. Assume also that each kind of mating you listed for item 2 contributes equally to this population. (5) What is the expected ratio of straight-haired squirrels to curly-haired squirrels in the off spring? (6) Is this phenotype ratio the same as that in the 1st generation?

The frequency of any particular characteristic within a group is expressed as a fraction. Thus, in a group of 100 marbles containing 20 red and 80 blue ones, the frequency of red marbles is 20/100, or 1/5, or 20%, or 0.2. The frequency of blue marbles is 80/100, or 4/5, or 80%, or 0.8. Regardless of how the fractions are written, their sum must always equal 1:

20/100+80/100=100/100=1

1/5+4/5=5/5=1

20% + 80% = 100% =

0.2+ 0.8= 1.0

In this example, suppose each marble is a gamete and gametes unite at random. Recall that the probability of two separate events occurring at the same time is the product of their individual probabilities. Thus, the frequency of genotype red-red in the, next generation would be 0.2 x 0.2 = 0.04. The frequency of blue-blue would be 0.8 X 0.8 = 0.64. What would be the frequency of the red-blue genotype? We know that the total of the frequencies of the genotypes must equal 1.0. Therefore, 1.0—.04—.64.32.This means that in the next generation of 100 individuals, we expect 32 to be heterozygotes.

Now consider the two genes H and h. (7) What were their frequencies (expressed as decimal fractions) in the original squirrel population? (8) What are their frequencies in the offspring generation? (9) How do the gene frequencies in the original population compare with those in the offspring generation?

Now make the same calculations for a 3rd generation. You could do this by mating every genotype with every other genotype in proportion to their frequencies. But you can obtain the same result by using the gene-pool method. Write the frequencies of all the kinds of gametes in the 2nd generation (in this case, the frequencies of genes in item 8). Then assume random combination of these gametes. The frequency of H plus the frequency of h represents the total sperm population. (Likewise, the frequency of H plus the frequency of h represents the total egg population.) By algebraic multiplication of these frequencies, you can obtain the frequencies of the 3rd-generation genotypes just as you did with the red and blue marbles above.

Use the gene-pool method to answer the following questions: (10) What are the frequencies of the genotypes in the 3rd generation? (11) Assuming that the 3rd-generation population is again 1,000, what are the frequencies of H and h in the 3rd generation? (12) Is the phenotype ratio the same as in the 2nd generation? (13) Are gene frequencies the same as those in the 2nd generation?

Retaining all other assumptions, change the original population to 400 homozygous straight-haired squirrels and 600 homozygous curly-haired squirrels. Each group contains males and females in equal numbers.

(14) What are the frequencies of the two genes among males in the population? (15) Among females? (16) By algebraic multiplication determine the frequencies of genotypes among the offspring. (17) What are the frequencies of the two genes in the offspring population? (18) Calculate the frequencies of the genes in a 3rd generation.

DISCUSSION

(19) In a single sentence try to state a conclusion concerning gene frequencies in populations.

If you have been successful in formulating your sentence, you have stated the basic idea of the Hardy-Weinberg principle. G. H Hardy was an English mathematician, and W. R. Weinberg was a German physician. In 1908 they independently worked out the effects of random mating in successive generations on the frequencies of alleles in a population. You have just done the same thing.

You may have noticed that in many ways the hypothetical population differs from real ones. Nevertheless, the Hardy-Weinberg principle is important for biologists because it is the basis of hypothetical stability from which to measure real change.

