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Teacher Material

Major Themes: 

1. Evolution

2. Population Genetics

3. Chance vs. Selection

California Standards:  Evolution

8c. Evolution is the result of genetic changes that occur in constantly changing environments.  Students know the effects of genetic drift on the diversity of organisms in a population.

Synopsis:

· In the basic lab, student teams set up two islands composed of equal proportions of genotypic alleles. In this simulation the islands will be bowls, one large and one small.  Each bowl will be populated with beans of the same shape and size, but of different colors.  Students will blindly sample half of the beans on each island to reproduce and the non-reproducing beans are eliminated.  After students have recorded the number and proportion of alleles in each new population, they blindly resample each population again and again record the new proportion of alleles left on each island.  After five iterations, the students can stop and compare the initial vs. final proportions of alleles left on each island.  Genetic drift should have occurred much more dramatically on the small island than on the large island.  

· For an extension of the fundamentals of genetic drift, have your students simulate a bottleneck or founder event by starting with a large population of known proportions of alleles (known number of beans and their colors) and then randomly sample a small number of those beans from the initial population to begin a new population that you can let grow.  After four or five generations of growth, you can compare the proportion of alleles in the new population vs. the initial population.       

Suggested Time:

· Two class periods  

· Introduce the lab near the end of the period on the day preceding the actual lab activity.

· Present the problem (small populations and genetic drift) and briefly discuss historic bottleneck and founder events (e.g. California Sea Otters and Galapagos Finches) and ask the students if they thought the current populations were the same as the original populations and whether that was important.  

· For homework, require the students to research this topic in their textbooks, to report on the vocabulary items, and form an hypothesis for the problem.

· On Lab Day, first discuss the meaning and importance of the vocabulary terms, then have students share and justify their hypotheses. Discuss materials and methods, then run the simulation, gather, and collate data.

· For homework, the students will analyze and graph their data, answer the guided discussion questions, and accept or reject their hypotheses with a justification.

· At the beginning of the final day, have the students turn in their reports and then orally report out their findings to the class.  

Background Information:

· Genetic Drift is basically a random, non-adaptive change in the gene frequencies of a population.  It is non-adaptive evolution.  It occurs most generally in small populations.  For instance, if a small random sample of individuals is separated from a larger population, the gene frequencies (proportion of alleles) in that sample may differ significantly from those in the population as a whole, merely because of the luck of the draw.  The Bottleneck Effect describes a situation where a large population is drastically reduced in size (by numbers of individuals) due to some natural or anthropogenic disaster and the Founder Effect describes the colonization of a new habitat by only a few individuals.  In both cases, there is a great likelihood that the new populations contain different proportions of alleles than the initial populations and have probably even lost certain alleles totally from the original gene pool.   Also, even without a Bottleneck or Founder event, a small population is more likely to suffer the loss of alleles due to the perturbations of chance than is a very large population.  In all cases, the shift in gene frequencies is not in response to natural selection and therefore not necessarily an adaptive change (it won't give the next generation a bigger proportion of better adapted alleles).  

· Good examples of Bottleneck events that your students can relate to are the hunting to near extinction of the Pacific Northern Fur Seals and the California Sea Otters.  In each case, the population of each species was reduced from tens of thousands to less than a hundred.  Once each of these species became protected from hunting, their populations grew, but each new population contains less polymorphism and heterogeneity that their original populations.  There are many more cases in the scientific literature; perhaps you know of one that you can share with your students.

Teaching Tips:

1. Advanced Preparation (Day 1)

a. Purchase one bag each of different kinds of similarly shaped and sized beans (so that the only obvious difference between the beans is their color).  The different colors of the beans therefore represent different alleles (for color) in the population.  Each lab group also needs one large bowl and one small bowl that will represent islands in this simulation.

2. Engagement (Day 1)

a. Present the problem to be investigated.  

i. Are there processes other than natural selection that can influence the evolution (change in genetic structure) of a population (e.g. Genetic Drift)? 

ii. Does the size of the population influence these processes?

b. Discuss examples of genetic bottleneck and/or founder events as described above.

c. Discuss the implications of inbreeding depression that can result by generating a large population from a small (homogeneous gene pool) initial population.   

3. Term Introduction (Day 2) 

a. Allow each lab group to meet for a few minutes at the beginning of the period to prepare a short classroom presentation of a vocabulary term and their hypothesis.

b. One member from each lab group must report out to the class a meaningful explanation of one of the vocabulary terms and discuss how it may apply to the problem at hand.

c. One member from each group must present an hypothesis reached by the consensus of their group.

4. Exploration (Day 2)

a. Students won't design their own methodology for this exercise.

b. Each group receives a large bowl, a small bowl, and a set of 60 beans (12 beans each of red, white, brown, pink, & black-eyed).

c. Students place 10 beans of each color in the large bowl, which represents the population of the large island, and 2 of each color bean in the little bowl, which represents the small island population.  Students need to record this data.

d. One student in each group will blindly sample (randomly draw out) half of the beans from each island (25 from the large island and 5 from the small island).  These beans represent the sample of alleles that will be passed on to the next generation on their respective islands.  The other beans are eliminated.

e. Each of the reproducing beans replicates one of it's own kind and all are placed back on their respective islands (bowls).  This brings each island population back to its original number, but with a slightly new proportion of alleles.   Students need to record this data.

f. Repeat steps "d" and "e" for three more iterations (for grand total five generations).  

g. Have the students represent the initial and final proportions of alleles in each population as pie graphs.  You may want to collate all of the lab group data into a class set datum and graph that too.  You will find (almost invariably if you graph class data) that the small island generally loses alleles due to genetic drift (sometimes to fixation of a single allele) while the large island will only show some small proportional change of allele frequency due to genetic drift.

h. As a follow-up exercise, you may want to run the experiment again, but instead of initially starting with a large and small population of equal proportions of alleles, you can create a bottleneck or founder effect by randomly selecting a small population from the larger population to start the new small population.   This will lead to a more dramatic difference in allele frequencies between the large and small populations.

i. Remember that this is a simulation model, and all models have inherent flaws.  In this case, a major departure from reality lies in the fact that our engagement examples use diploid organisms that reproduce according to Mendelian Rules of dominance, segregation, and independent assortment.  However, since this is an activity meant to acquaint 10th grade students to the general concept of genetic drift, I feel that adding more reality to the simulation by basing it on Hardy-Weinberg Equilibrium Theory could greatly complicate the concept for the students.

5. Concept Application

a. Post Lab discussion should center around four main points:

i. Evolution can be defined as a change in gene frequencies in a population, between generations over a period of time.

ii. Genetic Drift is a non-adaptive, random form of evolution as opposed to natural selection, which is selective for beneficial phenotypes.

iii. Genetic Drift occurs most dramatically in small populations (and in the absence of gene flow).

iv. Ethical concerns regarding the conservation of the many species that are currently undergoing rapid declines in their populations, particularly as a consequence of anthropogenic (human influenced) causes.  

Student Material

Genetic Drift on Two Different Islands

Question or Problem:

· How will genetic drift affect the diversity among the organisms in a small population on a small island vs. a larger population on a large island?

Hypothesis (your best educated guess that answers the question or solves the problem):

Research (background knowledge used to support your logic):

· Gene

· Allele

· Population

· Random Chance

· Bottleneck Effect

· Founder Effect

· Genetic Drift

· Evolution

Materials:

· Big Island Bowl

· Little Island Bowl

· Bean Organisms: Brown, Red, White, Pink, and Black-Eyed

· Data Table

Methods:

1. Place ten (10) beans of each color into the Big Island Bowl (Total = 50 beans). 

2. Place only two (2) beans of each color into the Small Island Bowl (Total = 10 beans).

3. Record your data in your data table.

4. With your eyes closed (remember that Genetic Drift is random, and not like Natural Selection), sample 25 lucky members from the Big Island (50% of the population) and 5 lucky members from the Small Island (50% of that population) to reproduce.  

5. Keep the two groups of breeding beans in separate piles and empty both of the islands of all of the non-breeding beans. 

6. Let each breeding bean reproduce one individual of its own kind and place those parents and their progeny (kids) back into their appropriate islands.  (The big island should again have 50 beans and the small island should have 10 beans.)

7. Record the new number of each color of bean in your data table under "Year 2".

8. Continue this procedure for three (3) more years (for a total of 5 years).

9. Graph and label your initial and final population data as Pie Graphs.

Data, Observations, and Calculations (charts, graphs, and sketches are good ways to display your data):

· Data Table

	Island
	Color Allele
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Small Island
	Brown
	
	
	
	
	

	
	Red
	
	
	
	
	

	
	White
	
	
	
	
	

	
	Pink 
	
	
	
	
	

	
	Black-Eye
	
	
	
	
	

	
	Total
	
	
	
	
	

	Big Island
	Brown
	
	
	
	
	

	
	Red
	
	
	
	
	

	
	White
	
	
	
	
	

	
	Pink
	
	
	
	
	

	
	Black-Eye
	
	
	
	
	

	
	Total
	
	
	
	
	


· Pie Graphs

· Initial Big Island Population


o   Initial Small Island Population

· Final Fig Island Population


o   Final Small Island Population

Discussion (acceptance or rejection of your hypothesis justified with analyses, explanations, and inferences of the meaning of your data):

1. Describe how the proportion of alleles (for bean colors) changed over time on each of the islands.

2. Did the proportion of alleles change more on one of the islands than on the other?  If so, then try to explain why.

3. Did any alleles go extinct on either of the islands?  If so, do you think that losing alleles will help or hurt the population (please explain why)?  Can you propose any ways that an island could get extinct alleles back into its gene pool?

4. Natural Selection and Genetic Drift can both cause populations to evolve over time, but they do it differently.  Explain how they're different.

5. Tell me whether you accept or reject your hypothesis, and explain why.

Further Questions:

Evaluation: Write a summary paragraph explaining:



a. what you learned



b. why the knowledge is important



c. what you liked best about the inquiry/experiment



d. what would improve the activity
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