LESSON 6:
MUTATIONS

Goals:
This lesson builds on the previous lesson about evolution. The goal of this lesson is for students to learn where the genetic variation from the previous lesson comes from and why it is important. In particular, students should understand that the idea of an individual’s “fitness” is an idea that exists solely in the context of a given environment. When the environment changes, genetic variations within the population may allow the species to adapt and survive, though the individuals may die.

Biology Concepts:
· Mutations

· Adaptation

· “Fitness” as a term defined by the current environmental conditions

StarLogoTNG Programming Concepts:
Materials:
· Starter code: 5-mutation.sltng
· Student worksheet

· Blackboard/whiteboard/large paper for brainstorming

About the Model:

The code contains the same rabbit and carrot ecosystem from Lesson 5. However, there is an added element in this model of temperature. Although the carrots from Lesson 1 grew better or worse at different temperatures, we ignore the effects of temperature on the carrots in this case and focus on the effects of temperature on the rabbits. The carrots affect the rabbit energy loss (explained below).

MODIFICATIONS IN THE CODE (FROM LESSON 5):

The key modification is that each breed (carrots and rabbits) has a list variable called “DNA.” The DNA holds a list of values for “genes.” Note that the genes are numerical in this case, because the mutation code increases or decreases the gene value by 20%. All agents of a breed begin with the same exact genetic makeup. The initial values are set in “set avg <breed> genes,” and each agent is assigned these initial values in “set DNA.” Like in Lesson 5, there is an observer who calculates the average gene values in each round, but the code is slightly modified to deal a list of values rather than a single value.

Though the setup allows for many genes, there is only one gene currently programmed: the color gene from the previous activity. However, instead of creating a separate number variable called “color gene,” we add the initial gene value as “50” in “set avg rabbit genes.” Now, whenever we want to reference the color gene, we reference “get list item [ list, index ]” from list “DNA” at index “0” (note that all lists are indexed from 0 (i.e. first item is index 0, second item is index 1, etc.)

There is no change in the speed of the rabbit from Lesson 5, but the energy lost by each rabbit depends on both color gene and temperature in this activity. At high temperatures the energy loss has a relatively linear dependence on color gene value (with low values having low energy loss and high values having high energy loss), but at low temperature the energy loss is more exponential. In this way, the difference in energy loss between gene values is greatly amplified at low temperatures. The actual equation used is:

energy loss = 2 ^ (color gene / (temperature*0.6 + 40)) – 1

The specific parameters are such that rabbits with color gene 50 survive at temperature 50 degrees but die out at temperature 0. The behavior follows the following graph:
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GRAPH:
The first graph shows the current carrot population divided in half (line 1) and the current rabbit population (line 2), as in Lesson 3. The second graph shows the mutation rate (line 1), temperature (line 2), and average colorgene value (line 3). The bar graph shows the distribution of colorgene values, with the first and last bar counting rabbits with colors outside of the range of blue (bar 1 = rabbits with color < 100, bar 2 = rabbits with color 100, bar 3 = rabbits with color 101, …, bar 11 = rabbits with color 110, bar 12 = rabbits with color > 110).
Possible Modifications:
The code supports the easy addition of more numerical genes in the DNA of both rabbits and carrots. The “observer” agent performs all of the calculation related to it, and the “Mutate” procedure performs the actual mutations (you may change the mutation behavior through this procedure).

To add a gene:

1) Locate the “Setup” page and find the “setup” block. In this block there are “set avg carrot genes” and “set avg rabbit genes” blocks.
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2) Notice that the carrot genes is an empty list (there are no carrot genes to keep track of) and the rabbit genes is a list with one entry of 50 (there is one rabbit gene that initiates with value of 50).

3) Add a gene by adding a value to the list. For example, to add a second rabbit gene (let’s refer to it as “RG2”) that initiates with value 10:
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To use the added gene:

Get the gene with the “get list item [ list, index ]” with [list] being the DNA and index being the number of the gene (with number beginning at zero). For example, the first gene, the “color gene,” is indexed at 0, so a rabbit can access the color gene with:
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This returns the numerical value of the color gene. If we wanted to access the second gene, we would get the list item at index 1.

To graph the average value of the added gene:

1) Locate the “Runtime” page and find the “rabbit” block. This block graphs values related to the rabbit. (There is a similar “carrot” block. To use it, replicate the code in the “rabbit” block.)

2) Add a gene by getting the gene and adding it to the graph. For example, to add the gene “RG2”:
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Suggested Lesson Guide:
Part 1: Discussion
1 Are mutations good or bad?

a) Poll the students to see if they think mutations are good or bad.

· Students may understand mutations as defects that arise, creating things like cancer or strange deformities.

b) Note that mutations are a source of genetic diversity. Recall the color gene in Lesson 5 and note that, though there was no mutation in the simulation, the different color gene values must have initially arisen from mutation.

2 Discuss the mechanics for how mutations occur.

a) Note that there are varying degrees of mutation (silent to deadly).

b) Note that there are different types of inheritance (“yes or no” type genes, or “how much” type genes). In this model we use “how much” type genes.

Part 2: Activity
1 Begin worksheet activity

a) Assign driver/navigator pairs, get the students on the computers, and open the file.

b) Note that there is an added element in the system: temperature.

· Students may recall that the temperature affected carrot growth in Lesson 1, but make sure to explain that it only affects the rabbits in this simulation

· Students may also recall that there was genetic variation amongst the rabbit color genes in Lesson 5, but make sure to note that this system begins with all rabbits having the same color gene (variation will only arise from mutation).

c) Ask the students how well they think the rabbits will survive at different temperatures. Ask them to hypothesize how mutations will affect this survival.

· Make sure to note that the mutations occur during reproduction, so they can only affect survival of the species and not of individual rabbits.

2 Varying the sliders

a) When students vary mutation rate, they should notice a rise in the number of different colors of rabbits, which correlates to an increase in variation.

b) When students vary temperature (mutation rate 0), they should notice that the rabbit population survives in higher temperatures but dies out in lower ones.

c) When students vary temperature with high mutation rate, they should notice that the average value of the color gene increase slightly at higher temperatures and decrease greatly at lower temperatures. Additionally, a more gradual change in temperature may allow more time for genetic variation to build up.

d) For the final open-ended investigation, remind students to record their observations. An activity they can try is to vary mutation rate first to create variation, then set it back to 0. The initial variation may be enough to now survive temperature changes.

Part 3: Debrief
1) Ask students to present their strategies for varying the parameters and how these different cases affected the rabbit population and average gene value.

a) Ask them to support their conclusions based on the data that they collected.

b) See if they could predict what the actual model behavior was (how the rabbit growth was affected by temperature). They will likely not be able to guess the exact behavior, but they may understand that the discrepancy between energy loss of low and high color gene values is amplified at low temperatures.

2) What is evolutionary fitness?

a) Emphasize that the ability of an allele to survive in a population depends on the current environment. What is considered good in one environment might be bad in another.

b) Note that mutations are important in cushioning the population in the case of a change in the environment.

3) Discuss the model.

a) What other genes can be added to the model? How would students implement these genes based on what they know?

b) What is missing from the model? (ex. Sexual reproduction)

c) Note that the model allowed us to test a phenomenon that may take many (many) years to observe in real life.
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