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In order to infer homology we must measure similarity. 
One such measure is the fraction of identical residues in two aligned sequences. 
Obviously, the fraction of identical residues depends on the alignment and that raises 
the questions how we can obtain a correct alignment. But even before we can start 
aligning, we need to define a metric for amino acid similarity, because the right 
alignment should give us good similarity, not just a large percentage of identical 
residues. Also, we would like to have a measure that tells us how likely it is that the 
similarity in an alignment is due to evolutionary descent. And there is an additional 
issue: how do we treat sequence insertions resp. deletions in the alignment 
quantitatively? 
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We produce an alignment so as to maximize the similarity between amino acids in 
corresponding positions. 
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Alignments do not simply consist in writing one sequence above the other. An 
alignment is a map of correspondences and we need to find the correct alignment, 
that makes the correspondence meaningful. We want to be able to interpret the 
matched amino acids as a statement about the underlying biology: the pair of amino 
acids in an aligned position should be descended from a unique common ancestor. 
In some regions of the alignment (grey boxes), aligning for maximal pairwise identity 
is straightforward. There is only one, obvious way how to do that. But in other 
regions, there may be no uniquely best alignment, or the sequences may have 
different lengths. 
Proteins evolve to have different lengths through changes at their N- and C- 
terminus, and internal insertions and deletions (indels). These length changes need to 
be reconstructed in order to produce an alignment. We need to figure out where to 
acommodate the indels. 
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Merely minimizing gap length does not tell us where to place the indel. 
Not aligning non-equivalent residues is the conceptually cleanest solution, but it 
produces alignments that are not compact and may miss important relationships. 
Maximizing similarity may align residues that are identical, but not actually related. 
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Moreover, it’s not clear what the correct alignment should be in the first place. We 
can consider a structure superposition to be something like the “ground truth” for 
sequence similarity, it captures the context in which each amino acid performs its 
function and experiences its selective constraints. 
But the superposition does not necessarily capture the historical process of how a 
particular sequence change was generated and acommodated in evolution. Moreover, 
it does not necessarily correspond to any of the alignment heuristics we mentioned 
above. In the image above an alignemnt has been derived from the structural 
superposition of green- and red- fluorescent protein and residues that are structurally 
in a different context have been paired with hyphens. Note that the two prolines at 
the right hand aligned block that all of our heuristics had aligned, actually are not 
superimposed! 
Part of the problem is that the structural accommodation of an indel is not 
necessarily the site at which the indel arose during evolution of the sequence. 
Actual alignment algorithms don’t really take this into account. 
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