Biology 322


      Analyzing Human Mitochondrial DNA Sequences

Spring 2008

There is a helpful on-line animation that provides an overview of the logic behind what we are doing in this exercise.  I recommend that you look at it at some point during the exercise:

1) www.geneticorigins.org/geneticorigins/mito/mitoframeset.htm

2) Click on the Media/Animation link

3) Select “Solving the Mystery of the Neandertals”

Part I:
Accessing DNA sequences

The first step is to select the DNA sequences you want to analyze.  I find it helpful to download all sequences first.  You can return to this section later if you need more sequences.
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1) Go to www.bioservers.org or click the “Human DNA server” link on the 322 page.

2) “Enter” the Sequence Server (You do not need to register.)

3) Click on “Manage Groups”

4) On the pull-down menu in the upper right, select the sequence source, “Classes”

5) Find our class (under “Jeff Young”)

6) Check the box to the left of our class entry.

Using the same steps select the following sequences:

	Sequence source
	What to select…

	Prehistoric Human mtDNA
	Select all three Neandertal sequences

	Modern Human mtDNA
	Select four sequences from diverse regions.  Make sure you select at least one European sequence.

	Non-Human mtDNA
	Select one primate sequence.


7) Click “OK” to return to the main Sequence Server page.  The sequences you selected should appear.

8) The server displays several groups of sequences.  You will need to select individual groups of sequences to analyze:
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Part II: Creating a Phylogenetic Tree

It is interesting to create a “tree” at the start of the exercise to visualize the relationships between the groups you are analyzing.  The distance between two groups on the tree reflects the number of differences at the DNA level (The more differences, the greater the distance).

1) Select one sequence from each of the Modern Human groups.

2) Select the three Neanderthal sequences

3) On the window next to the “Compare” button, change the pull-down list to “Phylogentic Tree.”

4) Click compare.  When the tree appears, try some of the other display settings.

Note: The tree-drawing program gets confused if the sequences you are comparing are of different lengths.  This can cause some groups to be misplaced.  You can add your own sequence to the tree; however, because of the problem mentioned above the tree might not accurately reflect the relationships between the groups sequence to the tree; however, because of the problem mentioned above the tree might not accurately reflect the relationships between the groups.


Draw the tree in the space below (or print it out and tape it in):

Part III: Pairwise Analysis of Sequences

Now you will begin to compare individual sequences.  In a “pairwise” analysis you compare two sequences at a time.  The computer algorithm that compares sequences is called “CLUSTAL W.”

1) Select your DNA sequence and one other DNA sequence from the class

2) Next to the “Compare” button use the pull-down menu to select “CLUSTAL W.”

3) Click “Compare”

Example:
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The example above illustrates several considerations.  First, the student sequence contains many sequencing errors (N).  Also the sequences are different lengths.  To correct for these problems only count differences that occur in regions that overlap and contain “good” sequence (no or few N’s).  In this illustration above, I would begin comparing the sequences starting at DNA base 48.  With sequences of different length it can also be helpful to select the “trimmed” option then “redraw” the alignment.

Using the Clustal W program compare your DNA sequence to the following:

· Three classmates

· Three modern human DNA sequences

· Three neandertal DNA sequences

· One non-human primate sequence

Enter the results in the table on the next page…


Note: Only count differences highlighted in YELLOW. (Ignore the gray…these are sequencing errors.)

Note: A deletion, no matter what size, is counted as a single difference.

	Sequence compared to yours…
	Number of bases compared
	Number of differences
	% difference

	Student # ____
	
	
	

	Student # ____
	
	
	

	Student # ____
	
	
	

	Modern human:

_________________
	
	
	

	Modern human:

_________________
	
	
	

	Modern human:

_________________
	
	
	

	Neandertal #1
	
	
	

	Neandertal #2
	
	
	

	Neandertal #3
	
	
	

	Non-human primate:

_________________
	
	
	


% difference =     number of differences__
x100

             number of bases compared


Of the sequences you compared, which is most similar to yours? ___________________

Of the sequences you compared, which is most distinct from yours? _________________

Part IV: Setting the “Molecular Clock”

The data from Part III will let you estimate when the different groups you tested diverged from each other.  Clearly, the longer two groups have been separate the more differences there would be between the mtDNA of the groups.  It has been established that mutations in the mtDNA become fixed at a fairly even rate.  This mutation rate can be used a tool to establish how long two groups have been separated.

What is the average % difference between your mtDNA and other modern humans (average the results of rows 1-6 in the table above)? __________________

The earliest known remains of modern humans are 150,000 years old.  


Time required for 1% difference =                                             =  ______________

Based on this result, when did the common ancestor of humans and Neandertals live? 


When did the common ancestor of humans and non-human primates live?

Part V: The Neandertal Mystery

After the discovery of Neandertal remains in 1856, scientists wondered about the relationship between Neandertals and modern humans.  Were Neandertals direct ancestors of Europeans or did Neandertals diverge before “modern humans” existed.  Also, was there genetic exchange between Neandertals and modern humans?  mtDNA analysis helps us answer these questions.

1) Select the three Neandertal mtDNA sequences.

2) Select two modern human sequences that are very diverse.  One must be European and the other must be non-European (i.e. German and Japanese)

3) Compare the sequences using the CLUSTAL W algorithm.  Examine the comparisons and record the occurrence of the differences in the table below:

	Difference
	# of occurrences

	Human sequences are identical but are different than at least one Neandertal sequence
	

	All sequences are the same EXCEPT for the European sequence
	

	All sequences are the same EXCEPT for the Non-European sequence
	


Based on these results, were Neandertals direct ancestors of Europeans?  (Explain briefly)

Part VI: Design and Conduct Your Own Investigation

Some possible experiments:

1) The database contains many non-human mtDNA sequences.  Pick several of the organisms in that list and try to predict which are most closely related (based on appearance).  Use the CLUSTAL W and PHYLOGENETIC TREE algorithms on those same organisms.  Are your predictions correct?

2) Based on your family heritage, which human groups would you expect to be most similar to…does DNA sequence analysis confirm your predictions?

3) Pick a human group from the server (i.e. Africans, Native Americans, Europeans, etc).  Based on the numbers for the molecular clock (Part IV) when did these groups diverge from each other?  In other words, can you recreate the history of one of the human groups?

Prepare a 1-page write up for you experiment.  This should include:

· The problem you are trying to solve

· The methods/algorithms you used

· A summary of your results (include drawings, tables or printouts of trees/alignments if helpful)
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