Building phylogenetic trees

Similarity of molecular mechanisms of the organisms on earth suggests that they have common ancestor.

For example, a large number of species have a globin for storage and transport of oxygen. All the globins are clearly evolutionary related. Myoglobin, an oxygen storage protein gas evolved between species and can be found in diverse organisms fulfilling the same or related role. Myoglobin is a single chain with distinct fold that includes 7 to 8 helices. The helices are packed against a chemically unique prosthetic group (the heme) that is used to bind oxygen. Myoglobin molecules that are embedded in the muscles carry oxygen, a molecule of considerable interest. The detailed binding and activity of the variants of this molecule depend on the environment in which the organism of interest lives. For example, the myoglobin of an alligator has considerably higher oxygen affinity compared to human myoglobin.

· Why?

The changes and the mutation on the protein myoglobin are done on a single evolving gene which is one way of modifying proteins that generates relatives called orthologues, they suggest an interesting set to study and to explore evolutionary relationship between species. 

Note also that, no claim was made that all oxygen storage mechanisms that exists on earth came from the same ancestor (though this mechanism is the most abundant). In other word, it is not obvious that an oxygen storage protein is necessarily a globin. There is at least one more known family (of myohemerythrin) that serves exactly the same function using a different mechanism. Hemerythrin and globins do not share the same ancestor. They are therefore examples of different solutions to the same problem.

The spread in functional properties within the same evolutionary group can be larger that the average difference between the two groups. For example human myoglobin and soybean leghemoglobin (oxygen storage protein in plants) differ in the binding strength by an order of magnitude, larger than the difference between some myohemerythrins and globins. So, it is not the case that myohemerythrin was created to function at a range of variables inaccessible to the globins. It is indeed the same function but the basic molecular mechanism is different.

Besides orthologues there is another mechanism for changes and evolution of proteins/genes and this is the mechanism of gene duplication, creating paralogues. For example, a case of chain duplication is of the different chains of hemoglobin (4 chains two alpha-s and two beta-s). Each of the two unique chains is quite similar to the single-chain protein -- myoglobin. Creating a protein aggregate can lead to enhancement of biological activity by showing cooperativity. Binding of the second to fourth oxygen is enhanced by the presence of a single oxygen molecule bound. This enhancement is induced by a global conformational change that can be induced by a change in the concentration of oxygen or additional factors.

Co-operativity is an important biological mechanism that makes it possible to pick up oxygen in the lungs and release it at the muscle (for a pickup by myoglobin). Even this subtle mechanism of cooperativity was solved by nature in more than one way. Cooperativity (admittedly less efficient one) was also detected for Scapharca a dimeric protein with no clear changes in the packing of the two chains when transforming from oxygen rich to oxygen poor states.

Divergence of evolution both on the orthologues and paralogues direction is therefore possible.

How can we attempt to follow it up?

We should build polygenetic trees. The idea is to build a tree and put at the edges (vertices) the different protein, the weight of the edges will correspond to the evolutionary distance. The tree may be unrooted, or rooted (with a single evolutionary ancestor. We shall consider only binary trees.

Each protein is placed on a leaf, so an unrooted tree may look something like:






Clearly, trees can be hierarchical and provide subgroups more similar to others. For example consider the rooted tree below:







 We have three proteins and 1 is similar to 2. We may gather 1 & 2 to a group (a cluster) that we denote with a separate number (4). Protein 3 forms a group (a cluster) by itself. We enter a new number (and entity) that is called “4” and is expected to represent the “family” of 1 and 2. “5” is the cluster of everything.

One way of constructing trees called UPGMA == unweighted pair group method using arithmetic averages.

The first thing to do is to define distance measures between the clusters. This is a matter of definition. According to UPGMA the distance between two clusters is defined as the average distance between proteins at cluster 1 and cluster 2.
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 are the indices of the clusters, and 
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 are the indices of the specific proteins at the cluster.
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Can you suggest another measure of distance between clusters?
And here is the algorithm that produces rooted tree (rooted tree are useful to learn about potential ancient source).

1. Assign each protein 
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 to a cluster 
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 and to a leaf 
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 of the tree.

2. Start iterations

a. Determine the two clusters 
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 and 
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 with a minimum distance. If there is degeneracy of similar cluster pick one of the degenerate distances at random.

b. Merge the two close clusters into one to define a new cluster 
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. Determine the distance from the new cluster to all the other clusters 
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c. And now to the update of the tree: Create a node 
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 with two binary daughter nodes 
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. Place the node at a height of 
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d. Add 
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 to the current list of clusters and remove clusters 
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 and 
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 from the list.

3. Termination: For the last two clusters 
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, merge to define a root for the tree. Place the root at a height of 
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Note that the distances between hierarchies of clusters can be computed more efficiently as follows: Let the 
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 cluster include both the 
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 and the 
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 clusters, then the distance from any member of 
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 to yet another cluster 
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 is given by
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Show the above.

UPGMA  produces rooted trees of special kind: of constant evolutionary rate. It basically mean that the sum of distances from a node of the graph (the path) to any of the leaves is a constant.
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