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Lab 8:  Population Genetics and Evolution



OBJECTIVES

In this experiment, you will

•
calculate allele and genotype frequencies wsing the Hardy-Weinberg theorem.

•
discuss the effect of natural selection on allelic frequencies.

•
explain and predict the effect on allelic frequencies of selection against the homozygous recessive.

•
discuss the relationship between evolution and changes in allele frequencies, as measured by deviation from the Hardy-Weinberg law of genetic equilibrium.

In 1908, G. H. Harding and W. Weinberg independently suggested a scheme whereby evolution could be viewed as changes in the frequency of alleles in a population of organisms.  They reasoned that 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.  Thus, in a population of 100 individuals (each with two loci) in which 40% of the loci are A, p would be 0.40.  The rest of the loci (60%0 would be a, and q would equal p2  + 2pq + q2 = 1.0.  Hardy and Weinberg also argued that if five conditions are met, the population’s allele and genotype frequencies will remain constant from generation to generation.  These conditions are as follows.

1. The population is very large.  The effects of chance on changes in allele frequencies is thereby greatly reduced.

2. Individuals show no mating preference for A or a, i.e., mating is random.

3. There is no mutation of alleles.

4. No differential migration occurs (no immigration or emigration).

5. All genotypes have an equal chance of surviving and reproducing, i.e., there is no selection.

Basically, the Hardy-Weinberg equation describes the status quo.  If the five conditions are met, then no change will occur in either allele or genotype frequencies in the population.  Of what value is such a rule?  It provides a yardstick by which changes in allele frequency, and therefore evolution, can be measured.  One can look at a populationand ask:  Is evolution occurring with respect to a particular gene locus?

The purpose of this laboratory is to examine the conditions necessary for maintaining the status quo and see how selection changes allele frequency.  This will be done by simulating the evolutionary process using your class as a sample population.

Using the class as a sample population, the allele frequency of a gene controllin the ability to taste the chemical PTC (phenylthiocarbamide) could be estimated.  A bitter-taste reaction to PTC is evidence of the presence of a dominant allele in either the homozugous condition (AA) or the heterozygous condition (Aa).  The inability to taste the chemical at all depends on the presence of homozygous recessive alleles (aa).  (Instead of PTC tasting, other traits, such as tongue-rolling, may be used.)  To estimatethe frequency of the PTC-tasting allele in the population, one must find p.  To find p, one must first determine q (the frequency of the nontasting PTC allele), because only the genotype of the homozygous recessive individuals is known for sure (i.e., those that show th dominant trait could be AA or Aa).

PROCEDURE

Exercise 8A:  Estimating Allele Frequencies for a Specific Trait within a Sample Population    
Using the class as a sample population, the allele frequency of a gene controllin the ability to taste the chemical PTC (phenylthiocarbamide) could be estimated.  A bitter-taste reaction to PTC is evidence of the presence of a dominant allele in either the homozugous condition (AA) or the heterozygous condition (Aa).  The inability to taste the chemical at all depends on the presence of homozygous recessive alleles (aa).  (Instead of PTC tasting, other traits, such as tongue-rolling, may be used.)  To estimatethe frequency of the PTC-tasting allele in the population, one must find p.  To find p, one must first determine q (the frequency of the nontasting PTC allele), because only the genotype of the homozygous recessive individuals is known for sure (i.e., those that show th dominant trait could be AA
or Aa).

1. Using the PTC taste test papers provided, tear off a short strip and press it to your tounge tip.  PTC tasters will sense a bitter taste.  For the purposes of this exercise these individuals are considered to be tasters.

2. A decimal number representing the frequency of tasters (p2  + 2pq) should be calculated by dividing the number of tasters in the class by the total number of students in the class.  A decimal number representing the frequency of nontasters (q2) can be obtained by dividing the number of nontasters by the total number of students.  You should then record these numbers in Table 8.1.

3. Use the Hardy-Weinberg equation to determine the frequencies (p and q) of the two alleles.  The frequency q can be calculated by taking the square root of q2.  Once q has been determined, p can be determined because 1 - q = p.  Record these values in Table 8.1.

Table 8.1:  Phenotypic Proportions of Tasters and Nontasters and Frequencies of the Determining Alleles

Phenotypes
Allele Frequency Based on the H-W Equation


% Tasters

(p2 + 2pq)
% Nontasters

(q2)
p
q

Class Population





Exercise 8B:  A Test of an Ideal Hardy-Weinberg Population-No Selectionable 

It will be assumed that the class is initially a population of randomly mating heterozygous individuals each of genotype Aa.  Therefore, the initial allele frequency is 0.5 for the dominant allele A and for the recessive allele a,  that is p = 0.5 and q = 0.5.

Each member of the class will receive four cards.  Two cards will have the letter A printed on them and the other two the letter a.  A represents the dominant allele and a is a recessive allele.  The four cards represent the products of meiosis.  Each student should work with a partner.

Each student (parent) contributes a haploid set of chromosomes in the next generation.  So for each trait, each partner donates one allele for each offspring.

1. Turn the four cards over so the letters are not showing, shuffle them, and take the card on top to contribute to the production of the first offspring.  Your partner should do the same.  Put the two cards together.  You are now the proud parents of the first offspring.  One of you should record the genotype of this offspring in the Generation 1 row of Table 8.2.  Each student pair must produce two offspring, so all four cards must be reshuffled and the process repeated to produce a second offspring.

2. Your partner should then record the genotype of the second offspring in his or her Table 8.2.  The very short reproductive career of this generation is over.  You and your partner now become the next generation by assuming the genotypes of the two offspring.  That is, student 1 assumes the genotype of the first offspring and student 2 asumes the genotype of the second offspring.  

3. Each student Each student should obtain, if necessary, new cards representing the alleles in his or her respective gametes after the process of meiosis.  Each student should randomly seek out another person with whom to mate inorder to produce the offspring of the next generation.  The sex of your mate does not matter,nor does the genotype.  You should follow the same mating process as for the first generation, being sure to record your new genotype after each generation in the table.  Class data should be collected after each generation for five generations.  At the end of each generation, remember to record the genotype that you have assumed.  Your teacher will collect class data after each generation by asking you to raise your hand to report your genotype.  Record these data in Table 8.2.
Table 8.2: Data
Generations
Offspring’s Genotype
Class Totals For Each Genotype


(AA, Aa, or aa)
AA
Aa
aa

1





2





3





4





5





Analysis of Results

1. Genotype Frequency:  From the genotypes recorded for Generation 5 in Table 8.2, genotype frequencies for the class should be computed using the following equations:

Frequency of AA =          Total AA
                               Total AA + Total Aa + Total aa

Frequency of Aa =           Total Aa
                               Total AA + Total Aa + Total aa

Frequency of aa =            Total aa
                               Total AA + Total Aa + Total aa

What are the theoretical genotyoe frequncies of the beginning population where p= 0.5 and q= 0.5?

Record below.


           P2 (AA)_______      2pq (Aa )_______      q2 (aa )_______

What are genotype frequencies after five generations of mating?  Calculate from the class data and

record below.

              P2 (AA)_______      2pq (Aa)________       q2(aa)________

2. Allele Frequency The Allele frequencies, p and q, should be calculated for the population after five generations of the random mating.

Number of A alleles present at the fifth generation
      Number of offspring with genotype aa  _____ (2) =  ______ a alleles 

      Number of offspring with genotype Aa _____ (1) =  ______ a alleles

                                                                             Total =  ______ a alleles





q =        Total number of a alleles    = _______





Total number of alleles in the population

Exercise 8C: Selection


In humans, several genetic diseases have been well cahracterized.  Some of these diseases are controlled by a single allele where the homozygous recessice gentotypes has a high probability of not reaching reproductive maturity, but both the homozygous dominant and the heterozygous individual survive.  At this point, both the homozygous dominant (AA) individuals and the heterozygous individuals (Aa) will ne considered to be phenotypically identical.  The selection will ne made against the homozygous recessive individuals (aa) 100% of the time.

Procedure
1. The procedure is similar to that in the preceding exercise.  You should start with initial genotype (Aa) and, with another student, determine the genotype of your two offspring.  This time, however, there is one important difference.  Every time an offspring is aa, it dies.  To maintain  the constant population size, the two parents of an aa ofspring must try again until they produce two surviving offspring (AA or Aa).

2. The process should proceed through five generations with selection against the homozygous recessive offspring.  It is important to remember that an aa individual cannot mate.  After each generation, you should record the genotype that you assume.  Also, class data should be collected after each generation and recorded in Table 8.3.

Table 8.3 Data

Generation
Offspring’s

Genotype
Class Totals for

Each genotype



(AA or Aa)
 AA
 Aa


       1







       2





       3





       4





       5





Ananlysis of Results


Allele Frequency: The allele requencies, p and q, should be calculated for the population after five generations of random mating.






Number of A alleles present at the fifth generation



Number of offspring of aa ______ (2) = _______ A alleles




Number of offspring of Aa _____  (1) = _______ A alleles




                                                     Total = _______ A alleles








P = ________






Number of a alleles present at the fifth generation



Number of offspring of aa ______ (2) = _______ a alleles

 


Number of offspring of Aa ______(1) = _______ a alleles








Total = _______ a alleles








q = ________

Population Genetics and Evolution











AP Biology- Mancuso
Page 1 of 1
Page 4 of 1

Vernier  SBI 4 
AP Biology- Mancuso

   Page 5 of 1

