APES Evolution Simulation Activity

Grebe, Grebe

Introduction

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:

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

2. 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. In a small population, the possibility of hybrids meeting and mating is increased. The genetic incorporation of a mutant gene in a small population, called genetic drift, often explains the appearance of varieties having nonadaptive structures.

3. Mutation Rates: If the rate of mutation of any gene is more rapid than the rate at which natural selection occurs, then the frequency of that gene will increase.

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

5. Isolation: If sections of a population become isolated so that the separated groups cannot interbreed, each group functions as a small population. In a small population, remember that genetic drift may cause the gene frequency to shift. Isolation can be geographic (mountains, deserts, large bodies of water) or biological (failure to find mates, the failure of a fertilized egg to form, and the failure of a fertilized egg to develop).

To summarize, 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 new species. Since evolution is difficult if not impossible to observe in a class period, we will simulate the evolutionary process using the class as a reproducing population.

Scenario

You as a class will become a population of randomly mating grebes. Each of you will receive your initial grebe genotype cards (AA, Aa or aa) at the beginning of the simulation. Grebes are aquatic birds similar to ducks. You will play the role of a grebe for the duration of today’s activity, so we will begin with the information you need for successful “grebing”. In order to insure 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 the classic line, “Grebe, Grebe”, to which your future (albeit brief) 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.

Case I: No Evolution

The starting class population will have genotype frequencies of 0.25AA, 0.5Aa and 0.25aa (in other words, 25% of the class will receive two “A” cards, 50% of the class will receive one “A” and one “a” card, and 25% will receive two “a” cards). Record your initial genotype on the data page.

To maintain a constant population size, after each grebing session, the parent genotype dies, and you assume the genotype of one of the offspring, and your partner assumes the other offspring’s genotype. To do this, you may need to visit the central allele supply and pick up a new card. After each grebing session, be sure to record your new genotype in the appropriate slot on the data table. Thank your partner and proceed to a new individual. Follow the exact same procedures, being sure to record your new genotype after each generation. After five generations, the class total for AA, Aa and aa will be recorded.

Case II: Selection

Now that you have the facts of life well in hand, we will modify our simulation, making it more realistic, which will enable us to investigate some basic questions about selection and gene frequencies. In humans, there are some genetic diseases that are known to be fatal in childhood if the individual has two recessive alleles. For our next simulation, we will consider a situation in which the homozygous recessive is fatal.

The procedure is similar to Case I. Start with your same initial genotype, and grebe as you did before to determine your offspring. 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, when this happens, just grebe again with the same partner until both of you have viable offspring. We will assume that if you are an aa parent you are a special case – just don’t grebe with another aa parent in the first round. Otherwise you’ll never have viable offspring!

Proceed through five generations, selecting against the homozygous recessive offspring. Record your genotype after each grebing session. At the end of five rounds, the class total for AA, Aa and aa will be recorded.

Case III: Heterozygote Advantage

Data from many human populations show an unexpectedly high rate of people that are heterozygous for the sickle cell trait. These people are protected from malaria to a certain extent due to the presence of some abnormal red blood cells. We will incorporate this fact into our simulation. In this round, keep everything the same as in Case II where aa dies all the time. However, in this case, if your offspring is AA, flip a coin. Heads the offspring lives, tails the offspring dies of malaria, and the same parents must mate again until they have a viable offspring (Aa). After five generations, total the genotypes for the class and record AA, Aa and aa. Now, keep your most recent genotype and go through five more generations, recording the results. Finally, again start with the most recent genotype for another five generations. Record all class totals for AA, Aa and aa.

Results

1. Record all initial class data for AA, Aa and aa for all cases.

2. Record all final class data for AA, Aa and aa for all cases.

Conclusions

A. In case 1, what were the class results? Were they expected? Explain.

B. In case 2, what were the class results? Were they expected? Explain.

C. In a large population, what are the chances of completely eliminating a deleterious (negative) recessive allele?

D. In case 3, what is the impact of having more generations?

E. Do you think the recessive allele will be completely eliminated in either case 2 or case 3? Explain.

F. What is the effect of heterozygous advantage on genetic variation in populations?

