COMPARING HUMAN mtDNA SEQUENCES
Modification of an Activity

by Scott Bronson at the Dolan DNA Learning Center

Name: ___________________________
Background

We can explore our species' shared ancestry - and what it tells us about the concept of "race" - by deciphering the DNA sequences of people from around the world. Are the different "races" of humans genetically distinct? Or is there just as much genetic diversity within so-called races as there is between them? Is race better defined as a social concept or a genetic concept? The computer-based activities in this lesson will help address these questions. 

Is race genetically meaningful? 

If race were genetically meaningful, most genetic diversity would be found between two races rather than within a race. In other words, members of one so-called race would be more similar to each other than to members of another so-called race. That means that one would expect to find more genetic differences between a random person from Africa and a random person from Europe than between two random people from within Africa or two random people within Europe. But is this really how people sort out? 

In this lesson, you will collect and examine genetic data to better understand human variation from a geneticist's point of view. You will analyze and compare mitochondrial DNA sequence diversity within and between "races" to determine whether or not what we call races are genetically distinct. You will then explore the implications of your findings for their understanding of race. 

How do you measure genetic distinctiveness? 

In order for populations to evolve into distinct subspecies (the taxonomic category that corresponds to races), they must be isolated from one another long enough for sufficient DNA mutations to accumulate in one population to differentiate them from other populations. One way to find out is to examine sequence differences that have accumulated in our mitochondrial DNA (mtDNA). 

MtDNA is a special type of DNA found in the cellular organelle called the mitochondrion. Mitochondria are responsible for producing energy, earning them a description as the "powerhouse" of the cell. Unlike DNA that is inherited from both parents, mtDNA is inherited only from the mother. Over time, mutations accumulate as mtDNA is passed essentially unchanged from one generation to the next, leaving a genetic "footprint" of one's mother's mother's mother's mother, etc. These accumulated mutations can be seen as mtDNA base sequence differences in people around the world. 

Scientists approximate the evolutionary time back to the "common ancestor" of two different mtDNA sequences by assuming an average rate of mutation over the millennia. In this way, some scientists have calculated that all extant mtDNA sequences can trace their ancestry to a single woman in East Africa approximately 180,000 years ago. She is referred to as the Most Recent Common Maternal Ancestor - or simply Mitochondrial Eve (That's not to say that all humans descended from this Eve; just that hers is the only mitochrondrial line to survive).
Using the Sequence Server 

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, navigate to http://www.kabt.org/wp-content/uploads/2011/02/Human-mtDNA-Sequences.doc and open the link to the Human DNA Sequences word document.

3. Scroll through the Human DNA Sequence file to see that there are a number of mtDNA sequences from each of the three groups of humans.  Each is numbered and labeled based on their continent of origin.

4. Next, look at the table that follows and notice that you are first supposed to compare two different humans.  Unlike the chimp activity, we will compare all the sequences at once.

5. Cut all the human sequences from the appropriate document, and paste them into the uppermost field on the Genomatix website that you still have open.  Cut the sequences maintaining the carrot and human continent and number, and the second sequence must follow the line immediately after the first sequence (see example below).
>African1

tactgccagccaccatgaatattgtacagtactataatcactcaactacctataatacatcaaacccaccccacattacaacctccaccccatgcttacaagcacgcacaacaatcaaccctcaactgtcacacataaaacacaactccaaagacattcctcccccaccccgataccaacagacctatactcccttaacagtacatagtacatacaaccgtacaccatacatagcacattacagtcaaatccatcctcgcccccacggatgtcccccctcagataggggtcccttgcccaccatcctc

>African2

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 pair wise comparisons for all the 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.
Name: ________________________________
COMPARISON CHART 

	Comparison Group
	Base-Pair Differences (by number and %)

	 
	Indiv 1 
& 2
	Indiv 1 
& 3
	Indiv 2 
& 3
	average

	African mtDNA & African mtDNA
	 
	 


	 
	 

	European mtDNA & European mtDNA 
	 
	 
	 
	 

	Asian mtDNA & Asian mtDNA
	 
	 


	 
	 

	African mtDNA & European mtDNA
	 
	 
	 
	 

	European mtDNA & Asian mtDNA
	 
	 
	 
	 

	Asian mtDNA & African mtDNA
	 
	 


	 
	 


Questions

1. Were the results surprising? If so, why? 

2. Was there more genetic diversity within or between continents?  Explain with reference to data that you collected.
3. On which continent was the most diversity found?  Explain why this might make sense.
4. What might the results of these mtDNA comparisons tell us about human origins and the concept of race? 

5. Do they support the idea that human races are genetically distinct?  Explain.

6. How might the evidence lead you to redefine race as a concept?
