AP Biology 






Name ______________________________

Study Guide for Population-Genetics Problems

The best way to gain an understanding of population genetics is to work with it.  The following information is intended to get you started on problems; additional problems are provided at the end of this section.  Before you begin, review pages 472-465 in your text.

Basic information

1.
Allelic frequencies.  We can express the frequency of alleles in a population numerically.  Suppose we have 100 alleles of a particular gene in a population, with 70 of these being allele A and 30 being allele a:

Frequency A =  70  =  0.7, or 70% 

 100

Frequency a =  30  =  0.3, or 30%
           100

2. The expression p + q = 1.  In population genetics the symbol p represents the frequency of one allele; q, the frequency of the other. Thus in the preceding example,  p = 0.7 and q = 0.3.  We can then use the expression p + q = 1 to represent the relationship between the two alleles; since all individuals in this population have either allele A or allele a, the two frequencies must add up to 1.  When we know the frequency of the alleles, we can calculate the frequency of the various genotypes they will produce:

	
	0.7 A
	0.3 a

	0.7A
	0.49 A/A
	0.21 A/a

	0.3a
	0.21 A/a
	0.09 a/a


The Punnett square tells us that 49 percent of the population will be A/A; 21 plus 21, or 42 percent, will be A/a; and 9 percent will be a/a. 
3. The Hardy-Weinberg equilibrium.  The same results can be obtained algebraically by means of the formula

p2 + 2pq + q2 = 1

Here, p2 is the frequency in the offspring of the homozygous dominant genotype, 2 pq is the frequency of the heterozygous genotype, and q2 is the frequency of the homozygous recessive genotype.

 (0.7)(0.7) + 2(0.7)(0.3) + (0.3)(0.3) = 1

     0.49     +       0.42     +     0.9       = 1

As shown in your text, the allelic frequencies in the offspring generation are the same as they were in the parent generation.  The population is therefore said to be in genetic equilibrium.  This means that allelic frequency is not constant from one generation to the next.

4. Solving problems.  We can use the two equations presented above to solve problems.

4. In a rabbit population 10 percent of the genes for coat color are for albino (b), while 90 percent are for black (B).  What percentage of the rabbits are heterozygous if the Hardy-Weinberg assumptions hold true?

Solution
Frequency of B =  90%  =  0.9  =  p 

Frequency of b  =  10% = 0.1 =  q 

p2+ 2pq + q2 = 1

Heterozygotes  =  2 pq  = 2(0.9)(0.1) = 0.18

18% of the rabbits are heterozygous.

2. The frequency of the recessive allele b in a population is 0.2.  Then a sudden catastrophe exerts a selective pressure, reducing this frequency to 0.16 in a single generation.  What will be the frequencies of all genotypes (BB, Bb, bb) in the next generation?

Solution

Frequency of b = 0.16 = q



p2      +           2pq       +       q2   = 1
p +  q = 1




        (0.84)2  +  2(0.84)(0.16) + (0.16)2 = 1


p + 0.16 = 1







P = 0.84

Genotypic frequencies in the next generation (rounded).     
 p2 = 0.70 = B/B

2pq = 0.27 = B/b

q2 = 0.03 = b/b
3. Allele A, for unattached earlobes, is dominant over allele a, for attached earlobes.  If 36 percent of a population has attached earlobes, what are the frequencies of allele A and allele a in this population?

Solution

p2 + 2pq + q2 = 1

Frequency if attached earlobes (a/a) = 0.36 = q2

(0.36 = q

  0.6 =  q = frequency of allele a

p +  q  = 1

p + 0.6 = 1

         p = 0.4 = frequency of allele A
4. Allele T, for the ability to taste a chemical called PTC, is dominant over allele t, for the absence of this ability.  In a population of 1,000 individuals, 750 are tasters and 250 are nontasters.  What are the frequencies of allele T and allele t in this population?

Solution

p2 + 2pq + q2 = 1

Frequency of non-tasters   (t/t) = 250 = q2

       1000

    0.25 = q2
 (0.25 = q

      0.5 = q = frequency of allele t
Name _______________________________

MORE POPULATION GENETICS PROBLEMS

1. The frequency of two alleles in a gene pool is 0.1 (A) and 0.9 (a).  What is the percentage in the population of heterozygous individuals?  of homozygous recessives?

2. Allele B, for white wool, is dominant over allele b, for black wool.  In a sample of 900 sheep, 891 are white and 9 are black.  Estimate the allelic frequencies in this sample.

3. In a population that is in Hardy-Weinberg equilibrium, the frequency of the recessive homozygote genotype of a certain trait os 0.09.  What is the percentage of individuals homozygous for the dominant allele?

4. In a population that is in Hardy-Weinberg equilibrium, 36 percent of the individuals are recessive homozygotes for a certain trait.  For the same trait, what is the percentage in this population of homozygous dominant individuals?  of heterozygous individuals?

5. Allele T, for the ability to taste a particular chemical, is dominant over allele t, for the inability to taste it.  At Cornell University, out of 400 surveyed students, 64 were found to be nontasters.  What is the percentage of heterozygous students?

6. In humans, Rh-positive individuals have the Rh antigen on their red blood cells, while Rh-negative individuals do not.  Assume that the Rh-positive phenotype is produced by a dominant gene Rh, and the Rh-negative phenotype is produced by its recessive allele rh.   In a population that is in Hardy-Weinberg equilibrium, if 84 percent of the individuals are Rh-positive, what are the frequencies of the Rh allele and the rh allele at this locus?

7. In corn, yellow kernel color is governed by a dominant allele; white, by its recessive allele.  A random sample of 1,000 kernels reveals that 910 are yellow and 90 are white.  What are the frequencies of the yellow and white alleles in this population?  What is the percentage of hererozygotes in this population?

8. A rare disease due to a recessive allele which is lethal when homozygous occurs with a frequency of one in a million.  How many individuals in a town of 14,000 can be expected to carry this allele?

