COMPARING CHIMPANZEES

Modification of an Activity by

Scott Bronson at the Dolan DNA Learning Center

Background
In this lesson, you will analyze mtDNA sequences from three subspecies of chimpanzees to gain a better understanding of what genetic "race" actually is by measuring the genetic diversity within and between subspecies (Subspecies is the taxonomic category that corresponds to race).  Sequence comparisons will be used as evidence for or against the idea that different chimpanzee races are genetically distinct. After analyzing chimpanzee genetic diversity, you will use this information to explore race as a genetic concept. 
Genetic differentiation results when different populations of a species are isolated from one another for a long period of evolutionary time. Over generations, populations naturally accumulate their own set of DNA mutations. When no intermixing occurs between two animal populations, they eventually become so genetically different from one another that they evolve into distinct subspecies or races. (Further isolation and differentiation lead to a new species altogether.)
The three subspecies you will analyze are Pan troglodytes troglodytes (Central Common Chimpanzee), Pan troglodytes verus (Western Common Chimpanzee) and Pan troglodytes schweinfurthii (Eastern Common Chimpanzee).  If these chimpanzee populations have evolved into distinct races, there would be more genetic diversity between two races of chimpanzees than within a single race of chimpanzees. In simple terms, one would expect to find more mtDNA sequence differences between Western Chimpanzees and Eastern Chimpanzees than between two Eastern Chimpanzees or between two Western Chimpanzees. 
On the other hand, if chimpanzee populations have not been isolated long enough to evolve into distinct subspecies, there would be as much, if not more, genetic diversity within a so-called race than between two separate races. In other words, one would expect to find more mtDNA base sequence differences between two random Western Chimpanzees than between a Western Chimpanzee and an Eastern Chimpanzee.

Procedure 
Comparing Chimp mtDNA
1. Open explorer and navigate to the Genomatix DNA alignment form at www.genomatix.de/cgi-bin/dialign/dialign.pl. 

2. Open another browser window, and navigate to http://www.kabt.org/wp-content/uploads/2011/02/Chimp_mtDNA_Sequences.doc in order to open the Chimp DNA Sequences word document.
3. Scroll through the Chimp DNA Sequence file to see that there are a number of mtDNA sequences from each of the three types of chimpanzees.  Each is numbered and labeled based on their third scientific name, t = troglodytes, v = verus, and s = schwenfurthii.
4. Next, look at the table that follows and notice that you are first supposed to compare two chimps that are both schwenfurthii.  The sequence file does not contain chimps numbered 1 and 2, 1 and 3, or 2 and 3.  You should just make sure that you compare different chimp sequences each time.  
5. After you have chosen the two chimp sequences that you are going to compare, cut those sequences, and paste them into the uppermost field on the Genomatix website that you still have open.  The cut sequences need to maintain the carrot and chimp number and letter label, and the second sequence must follow the line immediately after the first sequence (see example below).
>chimp10s

tactgccagccaccatgaatattgtacagtactataatcactcaactacctataatacatcaaacccaccccacattacaacctccaccccatgcttacaagcacgcacaacaatcaaccctcaactgtcacacataaaacacaactccaaagacattcctcccccaccccgataccaacagacctatactcccttaacagtacatagtacatacaaccgtacaccatacatagcacattacagtcaaatccatcctcgcccccacggatgtcccccctcagataggggtcccttgcccaccatcctc

>chimp11s

tactgccagccaccatgaatattgtacagtactataatcactcaactacctataatacatcaaacccaccccacattacaacctccaccccatgcttacaagcacgcacaacaatcaaccctcaactgtcacacataaaacacaactccaaagacattcctcccccaccccgataccaacaaacctacactctcttaacagtacatagtacatacaaccgcacaccatacatagcacattacagtcaaatccatcctcgcccccacggatgccccccctcagataggggtcccttgcccaccatcctc
6. After you have pasted the sequence submit it by clicking on the “Load Sequence for DiAlign“ and then the “Start Alignment” button on the page that follows.  You may have to wait a short time as the sequences are processed.  When they are through, scroll to the bottom of the page and you we find the percentage of similarities between the two sequences.  Subtract this number from 100% to determine the percentage of differences between the sequences, and record this number in the table in the appropriate space.
7. Look at the table again, find the next comparison that you have to make, and use the skills that you have learned to make those comparisons, and complete the table.

Visualizing Evolutionary Relationships 

1. Open a new browser and navigate to http://align.genome.jp/.  Then, cut and paste all the chimp sequences into the sequence window.  Select the “slow/accurate” and “DNA” selections above the window.  Then, click the “Execute Multiple Alignment” button.  
2. In a little time, your Clustal W Results should appear.  Scroll down to the bottom of the page that appears, and select “N-J Tree”.  In a few seconds, an evolutionary tree should appear.  Copy this image accurately for the appropriate question that follows.
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Questions

Comparing Chimp mtDNA

Work with your partner to discuss what these results have to do with the concept of race, and answer the following questions.
1. Did you find more differences within, or between races of chimpanzees?  Explain.  In your answer make specific comparison using specific values to support your answer.

2. Do the results from the mtDNA comparisons support the idea that different chimp subspecies are genetically distinct?  Explain.

3. Could similar DNA comparisons be made between humans to support or oppose the concept of human race?  

4. What would data be like that supports the concept of human races?

5. What would data be like that opposes the concept of human races?

Chimp Evolutionary Tree

1. Copy the results of the chimp evolutionary tree.  

2. Is the branching pattern of this evolutionary tree what you would expect from the sequence alignment analysis?  Explain.

3. Are the three subspecies or races of chimpanzee genetically distinct in this tree?
4. Which subspecies of chimpanzee show the greatest genetic variation?  Why might this subspecies have more differences between members than the other subspecies?

