EXPLORATIONS IN EVOLUTION IV
Observing Mutations in the Genomes of Evolving Avidians

Name: __________________________ Hr: ____

Background

Avida-ED is a program developed at Michigan State University for undergraduate biology courses to help students learn about evolution and the scientific method by allowing them to design and perform experiments to test hypotheses about evolutionary mechanisms using evolving digital organisms.
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In the Avida-Ed program, one can explore the evolution of populations of virtual organisms called Avidians.  The Avidians are similar to bacteria in that they inhabit a Petri dish and have a circular genome.  As living organisms, Avidians reproduce asexually and through random mutations can evolve the ability to metabolize particular nutrients found in their surroundings.  The most successful Avidians are those that reproduce quickly and evolve the means of taking advantage of all their environmental resources.  

Although the software was developed for college undergraduates, it is user friendly and beginning to be integrated into high school curriculum as a means of experimental exploration of evolution.  In this fourth activity, you will become more familiar with the Organism Viewer in Avida-Ed and gain a deeper understanding of the mutations that you have observed in pervious exercises.
Materials

Computers

AVIDA-Ed Software

Objectives

· Students will become more familiar with Avida-Ed as they use it to model the process of natural selection.

· Students will demonstrate their understanding of how Avidians that have evolved distinct metabolic abilities appear and function differently from the original ancestor Avidian ancestor.
Background on Avidian Genomes
The Avidian genome is the genetic code of an Avidian.  It is comprised of a series of simple computer instructions.  Its biological analogy is an organism’s DNA.  In Avida- ED the size of the genome is fixed at a length of 50 instructions and it is circular like bacteria genomes.
The genome of the ancestral Avidian is shown to the left below.  There are 26 instructions in the basic set, although the ancestral Avidian only has 10 different instructions.  These instructions are symbolized by the lower-case letters “a” through “z” and by different colored dots in the organism viewer.  
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        Ancetral Avidian



  Avidian that performs Not

Organisms may gain additional energy by evolving abilities to perform special “metabolic” functions or tasks.  These tasks are logic functions performed on either one or two 32-bit numbers.  The organism must manipulate these numbers with the instructions in its genome.  In Avida-ED there are 9 functions that that may be evolved (Not, Nan, And, Orn, Oro, Ant, Nor, Xor, or Equ).  All functions require some complex sequence of instructions to perform.  The simplest of these functions (Not) takes a minimum of 6 instructions (we think).  The most complex tasks (Xor or Equ) take a minimum of 19 instructions (we think).  The ability to perform a task multiplies the organisms basic metabolic rate by the task’s energetic value.

An example of the genome of an evolved Avidian that can perform the Not metabolic function is shown to the right above.

Activity

1. Start Avida-Ed, switch to the Organism Viewer, drag the @ancestor into the viewer, flip the setting and use the scroll bar to change the mutation rate to 10% (change the number in the text box does not work in this version), click the run button, and answer the following questions.

a. Describe what happens after you clicked on the run button (if you want to watch it again, just drag the ancestor from the freezer back into the viewer window and it will reset).  You don’t have to demonstrate an understanding of the particular genomic instructions being performed in your answer to this question.

b. How do mutations in the Avidian genome appear?

c. How many mutations did you observe in the offspring Avidian?  Did the offspring gain any metabolic functions?  Explain.
d. Remembering that there are 50 instructions in the genome, does the number of mutations you actually observed equal 10%?  (show your mathematical calculation for full credit).

e. Would you predict that the number of mutations to stay the same, assuming the mutation rate is constant?  Explain.
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Note the site of the mutations in the offspring by re-labeling the ancestral Avidian genome to the right.  Would you predict that the specific site of the mutations that you observed to stay the same in similar circumstances?  Explain.

2. Design an experiment to test your hypotheses from the two previous questions.  First, describe how you conducted the experiment, record your results using the Avidian ancestors below (you should test your hypotheses more than once), and write your conclusion explaining how your hypotheses were supported or refuted by the data.

Experimental Design
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Conclusions

3. Some people mistakenly assume that evolution is a purposeful process.  For example, they may believe that specific mutations arise because they are the ones that are need by an organism to survive in a specific environment.  Given your knowledge of the Avida-Ed environment and organisms, note the procedure that you would use to perform an experiment to test this hypothesis.
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