EVOLUTION AND THE HARDY-WEINBERG PRINCIPLE
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       Name_______________________________

If the frequency of genes in a stable population tends to remain constant, evolution will not occur.  If the frequency of genes changes, the rate of evolution will increase.  The frequency of genes in a population is influenced by the following factors:

SELECTION:  The genes for a trait that favors survival tend to increase in frequency.  This occurs because the individual possessing the low-survival genes die, thus ending the transmission of these genes to the next generation.

POPULATION SIZE: In a small population, the chance that the genes for a recessive mutation will combine during fertilization is greater than in a large population.  The reason is that in a small population, the possibility of hybrids meeting and mating is increased.  The chance incorporation of a mutant gene is a small population, called genetic drift, often explains the appearance of varieties having nonadaptive structures.

MUTATION RATE:  Some genes mutate more rapidly than others.  If the rate of mutation of any gene is more rapid than the rate at which natural selection eliminates its bearers, then the frequency of that gene will increase and a shift in frequency will occur.

MIGRATION:  If an individual of one variety moves into a new region and successfully mates with related individuals in the region, a new set of genes may be introduced into the gene pool of the native population.  In time, the new genes may have greater survival value than those in the original gene pool.  Then, as the gene frequencies change, a new species may evolve.

ISOLATION:   If sections of a population become isolated so that the separated groups cannot interbreed, then each group functions as a small population.  In a small population, genetic drift may cause the gene frequency to shift.  Geographic isolation by mountains, deserts, and large bodies of water can separate populations and prevent their interbreeding.  Biological isolation involves factors such as the failure of individuals to find or accept mates and the failure of fertilized eggs to undergo cleavage.

In sum, the basis of evolution is natural selection acting on adaptations that have either high or low survival value.  The resulting change in gene frequencies in a population is the basis for the evolution of a new species.

These assumptions are important not because any real population ever follows them 100%, but because they give us an indication of the kinds of events that lead to changes in gene frequencies.

Since evolution is difficult if not impossible to observe in a period, we will simulate the evolutionary process using the class as a reproducing population.  The purpose of this simulation is to provide an opportunity for students to question, experience, and test some of the basic tenets of population genetics and evolutionary biology.

CASE I  (A Test of an Ideal Hardy-Weinberg Population)

     You as a class will become a population of randomly mating grebes with an initial gene frequency of 0.5 for the dominant allele A and the recessive allele a and genotype frequencies of 0.25AA, 0.50 Aa, and 0.25 aa.  Each of you will receive your initial genotype at the beginning of this simulation, and you will record it on the data page.

     Grebes are aquatic birds, similar to ducks.  You will play the role of a grebe for the duration of today’s activity, and so we will begin with the information you need for successful “grebing”.  In order to ensure random mating, you must be completely promiscuous.  Choose any of the students in the class and confidently approach them; they will not refuse.  You will indicate your intentions using that classic line:  “Grebe, Grebe” to which you future mate will reply “Grebe, Grebe.”  You will then grebe by placing your two allele cards behind your back and randomly shuffling them.  Each parent contributes a haploid set of chromosomes to the next generation.  Each couple must have two offspring.

     To maintain a constant population size, the parent genotype dies, and you assume the genotype of one of your two offspring, and your partner then assumes the other offspring’s genotype.  To do this, you may have to go to the central allele supply and pick up a new card.  Be sure to record this new genotype in the F1 slot on the data sheet.  

      Now thank your partner and proceed to a new individual.  Follow the exact same mating procedures, being sure to record the new genotype after each generation.  After five generations, total the genotypic frequencies and calculate the new p and q.

1.  What does the Hardy-Weinberg equilibrium predict for the new p and q frequency values?

2.  Do the results you obtained in this simulation agree?  _________If not, why not?

3.  What major assumption(s) were not strictly followed in this simulation?

CASE II (Selection) 

     Now that you have the facts of life well in hand, we can begin to modify our simulation, making it more realistic and enable us to investigate some basic questions about selection and gene frequencies.  In humans, there are several genetic “diseases” that have been thoroughly investigated.   One good example is sickle-cell anemia.  This is a single allele trait; the homozygous recessive genotype is lethal, and the afflicted individual usually dies prior to reaching reproductive maturity.  Both the homozygous dominant and the heterozygote survive.  At this point, we will consider both the homozygous dominant and the heterozygote phenotypically identical.  In other words, we are selecting against the homozygote recessive 100% of the time.

     The procedure is similar to Case I.  Start again with your initial genotype, and choose the genotype of your offspring as in Case I.  This time, however, there is one important difference.  Every time your offspring is aa it dies.  Since we want to maintain a constant population size, the same two parents must try again until they produce a surviving offspring.

      As you might already have realized, there is one real problem that must be solved before we begin.  25% of you are already homozygous recessive or dead!  There are two ways we could deal with this: 

(a) We could reassign genotypes so that no one starts with aa, but then our original population would not follow a Hardy-Weinberg distribution, prohibiting any comparisons between Case I and Case II.

(b) Instead, we will make the assumption that aa in the initial parent is not lethal, and that two aa individuals cannot mate.  In other words, if you are aa, just be sure not to mate with another aa in the first round. 

Proceed through five generations, selecting against the homozygous recessive offspring.  Now, add up the genotype frequencies that exist in the population and calculate the new p and q.

1.  How do the new p and q compare to the values in Case I?

2.  Has the population changed?

3.  What would happen to the p and q if we went another five generations?

4.  In a large population, what are the chances of eliminating completely a deleterious recessive allele?

CASE III (Heterozygote Advantage)

      From Case II, it is easy to see that the lethal recessive allele rapidly decreases in the population.  However, data from many human populations show an unexpectedly high frequency of the sickle-cell allele present in some populations.  In other words, our simulation does not accurately reflect the real situation.  The heterozygote is slightly more resistant to a deadly form of malaria than the homozygous dominant individual.  In other words, there is a slight selection against the homozygous dominant individual AA as compared to the heterozygote Aa.  This fact is easily incorporated into our simulation.  In this round, keep everything the same as in Case II, except that if your offspring is AA, flip a coin. Heads it lives, tails it dies of malaria, and the same parents must mate again until they get a viable offspring.  Remember our firm belief in ZPG (zero population growth).

      Go through five generations, starting again with your initial genotype.  The genotype aa dies 100% of the time.  After five generations, total the genotypes and calculate p and q.  Now, starting with the genotype you last had, go through five more generations, and again total the genotypes and calculate p and q.  If time permits, another five generations is extremely informative.

1.  How do p and q in Case II compare with Case I and Case III?

2.  Do you think the recessive allele will be completely eliminated in either Case II or Case III?

3.  What is the importance of heterozygous advantage in maintaining genetic variation in populations?

CASE IV (Genetic Drift)
      In Case I, the role of small populations in genetic drift was suggested.  It is possible to use our simulation to look at this phenomenon in more detail.  Divide the lab into several smaller populations (For example, a class of 30 could be divided into 3 populations of 10 each.)  When the populations are reproductively isolated by mountain ranges, oceans, or imaginary walls, total the genotypic and allelic frequencies in each population.  Now go through five generations as in Case I.  Record the new genotypic frequencies, and calculate the new p and q for each population.

1.  How did the initial genotypic frequencies of the populations compare?

2.  What do your results indicate about the importance of populations size as an evolutionary force?

