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Part1:  Using DNA to Study Evolutionary Relationships
MITOCHONDRIAL DNA (mtDNA)
Mitochondria contain DNA (mtDNA) in the form of small, double-stranded, circular chromosomes.  In primates, mtDNA is ~16,560 bp long and possesses a suite of genes coding for many of the proteins involved in cellular respiration.  In order to support protein synthesis, mtDNA also has many genes encoding ribosomal RNA (rRNA) and transfer RNA (tRNA) molecules for each of the amino acids. 
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The mtDNA is often favoured for evolutionary studies because of its abundance, mutation rate, and the ease with which its inheritance can be traced.  
The high copy number of relatively small mtDNA (see diagram above) makes it easier than nuclear DNA to extract and manipulate for sequencing.  It also means that, compared with nuclear DNA, there is a better chance of some mtDNA surviving in fossil specimens, making it suitable for studying the evolution of extinct species.  
The highly oxidising environment inside the mitochondrion subjects mtDNA to frequent damage and, consequently, to relatively high mutation rates.  As a result, mtDNA sequences can show substantial variation among populations of the same species, as well as between different species.  
The mtDNA is maternally inherited; offspring inherit their mtDNA only from their mother since essentially all the cytoplasm in the fertilized zygote is derived from the egg and not the sperm.  This contrasts with nuclear DNA, which is inherited equally from both parents.  The ancestry of mtDNA variation therefore can be simply and continuously traced through the female line of inheritance, from mother to daughter. 

MOLECULAR HOMOLOGY
Molecular homology is a concept borrowed from comparative anatomy and applied to DNA and protein sequences.  Sequences from different organisms are homologous if they follow the same basic pattern, implying that the molecules have a shared evolutionary ancestry.  Molecular homology is underpinned by the fact that DNA sequences keep changing over time.  The longer two species have been separated, the more time there has been for changes to accumulate in their respective DNA sequences.  Consequently, the corresponding DNA sequences of two species that separated recently, which we consider to be closely related, will be more similar than those of two species that diverged a relatively long time ago.
In order to assess molecular homology, the first step is to generate a sequence alignment.  This refers simply to arranging the DNA sequences from different organisms so that the corresponding nucleotide positions are lined up.
A sequence alignment of segments of the ND5 gene from three primates is presented below:

Gibbon:

G C C A A C A A C C T G T T T C A A C T C
Gorilla:


G C T A A T A A C C T G T T T C A A C T C
Hamadryas baboon:
G C T A A C A A C C T C T T C C A G C T C
Question 1:  How many nucleotide differences are there in the sequences between those of:
(a) The gibbon and the gorilla?


_________
(b) The gibbon and the Hamadryas baboon?
_________
(c) The gorilla and the Hamadryas baboon?

_________
Question 2:  Suggest which two of the above species are more closely related.  Explain.  
__________________________________________________________________________
__________________________________________________________________________
CONSTRUCTING EVOLUTIONARY TREES
An evolutionary tree, or phylogenetic tree, is a visual representation of the reconstructed evolutionary history for a group of organisms.  The tips of the tree represent the organisms that are under study.  These are the organisms whose sequences were used to generate the tree.  Each branch point represents the extinct common ancestor of the two organisms whose lineages emerge from it.  The ancestors’ sequences are implied.  
Trees may be unrooted or rooted.  We will use both of these forms in our molecular analyses.
In an unrooted tree, the direction of evolution is not indicated.  The relative evolutionary distance between the organisms is represented by the lengths of the branches and is often measured as the number of nucleotide changes between their respective sequences.
Question 3:  Use the data you derived from the previous example of the gibbon, gorilla, and Hamadryas baboon to label the branches on the following unrooted tree:



In a rooted tree, the direction of evolution is indicated, with the most ancient ancestral lineage branching near the base and the most recently derived ones branching closer to the tips.  As with an unrooted tree, the relative evolutionary distance between the organisms can be represented by the lengths of the horizontal branches.  A rooted tree should ideally be constructed using some organisms that are relatively distantly related to those under study in order to anchor the direction of evolutionary change in the DNA sequences.

Question 4:  Use the data from the example of the gibbon, gorilla, and Hamadryas baboon to label the branches on the rooted tree below:


Part 2: Evolutionary relationships among the Hominoidea

In this workshop we will explore the evolutionary relationship between humans and other living hominoids.  To do this, we will use a bioinformatics platform called the Biology Workbench to analyse the DNA sequences of the ND5 gene from 13 species.  This internet platform contains a computer algorithm called ClustalW, which generates a multiple sequence alignment, and Phylip, which converts the data derived from the alignment into a rooted evolutionary tree.  
The Primate order is divided into 2 sub-orders and 6 superfamilies.  Some of these taxonomic groupings are outlined below:


Order:



Sub-order:


Superfamily:
Although our analysis focuses primarily on hominoids, we are aiming to generate a rooted tree for this study, so we will also include representatives of the old world monkeys:
	Superfamily
	Common name
	Taxonomic name 

	Hominoidea

(hominoids)

	Modern human
	Homo sapiens

	
	Common chimpanzee
	Pan troglodytes

	
	Bonobo
	Pan paniscus

	
	Gorilla
	Gorilla gorilla

	
	Bornean orangutan
	Pongo pygmaeus

	
	Sumatran orangutan
	Pongo abelii

	
	White handed gibbon
	Hylobates lar

	Cercopithecoidea

(old world monkeys)


	Hamadryas baboon
	Papio hamadryas

	
	Gelada baboon
	Theropithecus gelada

	
	Green monkey
	Cercopithecus aethiops 

	
	Vervet monkey
	Chlorocebus pygerythrus

	
	Rhesus monkey
	Macaca mulatta

	
	Barbary macaque
	Macaca sylvanus


ANALYSIS
To begin, type the URL address for Biology WorkBench: http://workbench.sdsc.edu/ into your internet browser or click on the link from your computer desktop.
1.
Click on Enter the Biology Workbench 3.2.  Then type your username and password into the pop-up box.  
2.
Scroll down the page and click on the Session Tools button.
3.
Select Start New Session in the white box so it highlights blue and click on it.

4.
Type in a Session Description titled ‘Hominoids’ and then add your initials to this name and click on Start New Session.  

5.
In the new page, select the Nucleic Tools button at the top of the page.  When the page refreshes, click on the menu titled – Select Sequence(s), Then Choose Tool –.  Scroll down and click on Add New Nucleic Sequence.  

6.
Click on the Browse button.  Navigate through the folders in the Choose file pop-up box to locate the ‘Data 1 – Hominoids ND5’ sequences file and double-click on it to select the file.  Click on Upload File to import the sequences.  











7.
The sequences should now be uploaded into the Biology Workbench.  When the window refreshes, the individual sequences will be displayed.  Ensure the upload is complete before proceeding, then click on Save to store them in your session.

8.
We will run a multiple sequence alignment for these ND5 genes.  Click on the menu titled – Select Sequence(s), Then Choose Tool –.  Scroll down and click on Select all sequences.  When the screen refreshes, a tick should appear in each box (see diagram below).

9.
Now highlight CLUSTALW – Multiple Sequence Alignment in the white box.


10.
The next page will show you the sequences you have selected.  If they are correct, click on the Guide tree display window and select Rooted Tree.  Then, click on Submit.  




11.
The alignment will take a minute to generate.  When the page refreshes, scroll down to view the Sequence alignment.  
The blue nucleotide positions marked with asterisks highlight conserved nucleotides, i.e. nucleotides that are identical for all the organisms investigated.  The black nucleotides are variable nucleotides, which differ for one or more of the organisms.  









The extent to which a sequence is conserved during evolution can be calculated according to the equation:

       % sequence conservation          =         ___________________     X    100

Question 5:  The ND5 gene sequences of the organisms in this alignment contain 1,812 nucleotides.  Of these, 920 are conserved.  What is the % sequence conservation for the ND5 gene across all these organisms?

The classification of hominoids has been traditionally based on anatomical evidence.  We can now assess the evolutionary relationships inferred from DNA sequence evidence.
Scroll down to examine the evolutionary tree.  
Question 6:  Do the hominoids appear to be a legitimate taxonomic grouping? Explain.
__________________________________________________________________________
__________________________________________________________________________
From the tree you have generated in the Biology Workbench, fill in the boxes below to show the evolutionary relationships among the hominoids.
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Question 7:  Which of the living hominoids diverged the earliest?

__________________________________________________________________________

Question 8:  Consider the two orangutan species.  Does the evolutionary tree support a close evolutionary relationship between these two species?  Explain.
__________________________________________________________________________

__________________________________________________________________________

Question 9:  Many people suppose that gorillas are the closest living relatives of the chimps (i.e., common chimpanzees and bonobos).  Is this supported by the evolutionary tree?  
__________________________________________________________________________

Question 10:  Which living hominoid is most closely related to the chimps?  Explain.
__________________________________________________________________________

__________________________________________________________________________
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Black letters indicate the nucleotide at that position is variable among the individuals





* indicates the nucleotide at that position is conserved in all individuals





Next 60 nucleotides of Barbary macaque ND5 gene sequence





3. Double click to select file








2. Use the drop down arrow to find files on the desktop
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First 60 nucleotides of Barbary macaque ND5 gene sequence
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Each mitochondrion contains up to 10 copies of mtDNA





One cell contains 100’s of mitochondria
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Human mtDNA


16,569 base pairs
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