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MSA

* Multiple sequence alignment is a tool used to study
closely related genes or proteins in order to find the
evolutionary relationships between genes and to
1dentify shared patterns among functionally or

structurally related genes.



Introduction
* The principle of dynamic programming in pairwise
alignment can be extended to multiple
sequences.Unfortunately, the time required grows
exponentially exponentially with the number of
sequences and sequence lengths, this turns out to be

impractical. Algorithms 1n use are heuristic and

most are progressive/hierarchical.



Approaches to MSA

Progressive alignment methods
[terative refinement methods

Progressive alignment methods

This approach 1s the most commonly used in MSA.
Two sequences are chosen and aligned by standard
pairwise alignment; this alignment 1s fixed. A third
sequence 1s chosen and aligned to the first alignment
This process 1s 1terated until all sequences have been
aligned



Progressive Alignment

* Progressive alignment (Feng and Doolittle, 1987) 1s a
heuristic for multiple sequence alignment that does
not optimize any obvious alignment score. The 1dea 1s
to do a succession of pairwise alignments, starting
with the most similar pairs of sequences and

proceeding to less similar ones



Progressive Alignment Methods

This approach was applied in a number of algorithms, which differ
in , How to choose the order to do the alignment , Whether the
progression involves only alignment of sequences to a single
growing alignment or whether subfamilies are built up on a tree
structure and, at certain points, alignments are al d i1gne to
alignments . Procedure used to align and score sequences or

alignments against existing alignments.



Progressive Alignment Methods

Advantages
Fast

Efficient

The resulting alignments are reasonable 1n may cases



Disadvantages
Heuristic

Accuracy 1s very important

Errors are propagated into the progressive steps.



* Iterative methods

* A set of methods to produce MSAs while reducing
the errors inherent in progressive methods are
classified as "iterative" because they work similarly
to progressive methods but repeatedly realign the
initial sequences as well as adding new sequences to

the growing MSA



* One reason progressive methods are so strongly
dependent on a high-quality initial alignment 1s the
fact that these alignments are always incorporated
into the final result — that 1s, once a sequence has
been aligned into the MSA, its alignment 1s not

considered further. This approximation improves

efficiency at the cost of accuracy.



* By contrast, iterative methods can return to
previously calculated pairwise alignments or sub-
MSASs incorporating subsets of the query sequence as

a means of optimizing a general objective form such

as finding a high-quality alignment score.



CLUSTAL

* Fix the alignment between pairs and treat as
one sequence




CLUSTAL

* Align your fixed pairs with each other




* Note, this is not a phylogram!

* Only a guide tree for the alignment
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Note how the region of a conserved histidine (V)
varies depending on which of five prominent

alaorithms is used



Homology

Presence of similar features
because of common decent

Cannot be observed since
the ancestors are not
anymore

Is inferred as a conclusion
based on ‘similarity’

Homology 1s like
pregnancy: Either one 1s or
one 1sn’t! (Gribskov — 1999)

VS.

Similarity

Quantifies a ‘likeness’

Uses statistics to determine
‘significance’ of a similarity

Statistically significant
similar sequences are
considered ‘homologous’
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Summary of ClustalW method

For years, Clustal W was the best method available.

It’s still a solid performer, provided that sequences
are closely related and do not have significant
structural differences

Distinguishing characteristics:

— Progressive alignment based on a guide tree

— Gap parameters informed by hydrophobicity of

amino acids and by previously inserted gaps

— Amino acid substitution matrices derived from
observed sequence divergence (different matrices
for different groups).



