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Notes for the lectures

There are no “official” notes for the lecture, but each lecture is
(loosely) based on a chapter in one of the three textbooks.

• Lecture 1: Chapter 5 of “Computational Molecular
Biology” by P. Pevzner

• Lecture 2: Chapters 13-14 of “Inferring Phylogenies” by J.
Felsenstein

• Lecture 3: Chapter 2 of “Biological sequence analysis” by
Durbin, Eddy, Krogh and Mitchison

• Lecture 4: Chapter 11 of “Inferring Phylogenies” by J.
Felsenstein

• Lecture 5: Chapter 6 of “Biological sequence analysis” by
Durbin, Eddy, Krogh and Mitchison

These books should be available in the library. If you have
problems getting them, I can lend the books for a few
moments, so that people can copy the relevant pages.
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How sequences evolve?

image (c) BW
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Reconstructing alignments

image (c) Durbin et al.
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Greedy tree inference – example

image (c) P. Winter
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Inconsistencies with pairwise alignments

Pairwise alignments used to calculate distances (and
reconstruct a tree) may lead to inconsistent picture. For
example consider alignment of all pairs of 3 sequences: CAAC,
AACA, ACAA

• CAAC- AACA- ACAA-
• -AACA -ACAA -CAAC

Which C in CAAC was in the ancestral sequence?
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What is the solution to those inconsistencies?

Can we make a generalization of the pairwise alignment idea?

Note: the correspondence with edit distance is lost
image (c) P. Winter
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How to score multiple alignments?

What is the natural way to score multiple alignment “quality”?

• Assume column independence (as usual)

• Sum of pairs (SP) score

S(mi ) = Σk<ls(mki ,m
l
i )

• Does it work well (for counting parsimonous mutations)?
hint: Consider a column with all characters different.

• How much does it overestimate the number of necessary
mutations?
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Can we use dynamic programming?

image (c) Durbin et al
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Sum of Pairs is NP-complete...

• Dynamic algorithm has the cost of O(nk)

• In general, the problem is NP-Complete

• We can still try to slightly improve its performance by
looking at the lower bound of alignment score
(Carillo-lipman)

image (c) Durbin et al
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Carillo-Lippman lower bound method

image (c) Durbin et al
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Feng-Doolitle greedy approach

• We can use the greedy approach similar to UPGMA

• In each step we choose the nearest pair (using pairwise
sequence distances)

• And we can merge alignments based on the pairwise
alignment between the sequences

• Uses the principle of “once a gap, always a gap”.

• We need to “elegantly” align alignments of more than one
sequence
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How to align profiles?

In the process of incremental alignment we need to align
profiles (alignments)

image (c) Durbin et al
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ClustalW

image (c) Durbin et al
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ClustalW improvements (1994)

• Sequences might be weighted in the profile alignments

• Different substitution matrices might be used at different
levels of merging

• Gap scores are now dependent on the AA removed i.e.
s(−, x) 6= s(−, y)



Uliniowienia
wielu
sekwencji

Bartek
Wilczyński

Reminder on
alignments

Multiple
alignments

Incremental alignment problems
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T-Coffee algorithm for the rescue (Notredame,
2000)
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T-Coffee in more detail
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Muscle algorithm (Edgar 2004)

image (c) RC. Edgar, NAR 2004
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