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The difficulty with pairwise alignment – an example

A C C G A A T − − A T T A G G C T C

A C − − − A T − − A G T G G G A T C

A A − − − A G G C A T T A G G A T C

G A − − − A G G C A T T A G C A T C

C A C G A A G G C A T T G G G C T C

Alpha

Beta

Gamma

Delta

Epsilon

species sequence

What would we count if there were more than two species, e.g.:

how many changes here?

how many changes here?
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Can we evolve those sequences with only 2 indels? No!

(it is one of 6 trees tied for best, and there are also alternative

placements of some of the changes shown above)
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(plus 10 substitutions)Here is a tree that has 3:  
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Sankoff’s integration of phylogenies, alignment

Sankoff (in Sankoff, Morel, and Cedergren, 1973;seealso Sankoff, 1975
and Sankoff and Rousseau,1975)suggestedthat one should infer
alignments and phylogenies simultaneously , reconstructing sequences
at inter ior nodes, and scoring a treeby the sum of the alignment
penalties along its branches.

Sankoff, Morel and Cedergren produced a tree for 5SRNA in this way,
using the biggest computers available then.

This is basically a parsimony approach. It is of course at least ashard as
the no-inser tion, no-deletion ordinar y parsimony case(in fact it 's a lot
harder).
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More recent developments

Jotun Hein (1990) implemented an approximate version, with some
distance-based corrections to weight branch lengths, in his program
TREEALIGN.

Sankoff 's original scheme has been mor e recently implemented in Ward
Wheeler's program MALIGN. Karl Nicholas's GENEDOCis a Windo ws
program that will align along a given tree.

Lecture30. Genomicsmodels,part1. Treealignment– p.5/??



Sankoff, Morel, and Cedergren algorithm (1973):

aagcg ttacc tttaa cacgc

gagcg ttacc tttaa cactc gagcg ttacg tttaa caacg c

aagcg ttacc tttaa caacg c

aagc ttccg tttaa cacgc

aagct tacgt ttaac tcgc

Sankoff suggests doing
a three way alignment around

each node, and continuing

iteratively

a a g c t t a c g t t t a c c g caa

gagcg ttacc ttaaa acgc

Jotun Hein (in program TreeAlign)

uses "sequence graphs" for

interior nodes, like this:

Lecture30. Genomicsmodels,part1. Treealignment– p.6/??



Progressive Alignment

(Feng and Doolittle , 1987)

Do all pair wise alignments

Make a “guide tree" using the alignment scoresasdistances

Align neighbors on the tree, merging alignments asone goesdown
(“once a gap always a gap")

Implemented in ClustalV, ClustalW (Higgins and Sharp, 1989)and
the GCG package's PILEUP. Early versions of these used UPGMA for
trees, mor e recent ones use Neighbor -Joining.

So far the most successful family of alignment programs. It gave
credibility to tree alignment approaches after they were mostly ignor ed
while the multiple sequence alignment liter ature developed arbitr ary
methods that do not take relatedness of sequencesinto account.
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Difficulty with Clustal progressive alignment

Problem: does not go back up the guide tree. Decisions made in differ ent
branches can be incompatible with each other and are all retained:

CACTTGTA−GTAAT

CACTTGTG−GTAAT

CATTTGTA−GTAAT
CACATGTGCGTAGT

CAGTTGT−AGTAAT

CACCTGTGAGTAAT
CACTTGTGGGTAAT
CATTTGT−AGAAAT

CAGTTGT−AGTAAT

CACCTGTGAGTAAT
CACTTGTGGGTAAT
CATTTGT−AGAAAT

CACTTGTA−GTAAT

CACTTGTG−GTAAT

CATTTGTA−GTAAT
CACATGTGCGTAGT

Birds MammalsBirds and
 mammals
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Maximum Likelihood Alignment

Bishop and Thompson (1986) pioneer ed use of a probabilistic model of
1-base insertion and deletion. Their model allowed transition
probabilities to be calculated (approximately , for short divergence
times).
The likelihood usesa dynamic programming algorithm to sum the total
probability of all sequencesof insertion, deletion, and basechange that
could lead to one sequence from another :

L = Prob(B |A, t, λ, µ)

Thus it does not choose a single alignment but adds up over all possible
alignments. Once the parameters and divergence time have been
estimated we can �nd the single alignment that contr ibutes most to the
likelihood.
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Adding up the likelihood

is a dynamic programming algorithm of the usual sort:

S(Am, Bn) = S1(Am, Bn) + S2(Am, Bn)
+ S3(Am, Bn) + S4(Am, Bn)

except that it adds up the probabilities of getting to each point from the
thr eepreceding points . So we are getting the sum of the probabilities of all
ways of aligning the end of Bm with the end of An.
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Thorne’s model

(Thor ne et. al., 1991;seealso Allison and Yee, 1990)

Links can be deleted (rate µ per unit time). The base to its left is
deleted with it.
The leftmost link is immor tal.
Links can be inserted, one at a time to the right of any existing link
(rate λ per existing link). A nucleotide randomly drawn from the
equilibr ium distr ibution is inserted to the left of each new link.

Basescan change (at rate 1 per unit time) according to one of the
usual basechange models.
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Thorne’s model, illustrated

A C AG T T A T GA

A

C

C G A

A

G A A G T A T G C A

immortal link

this base changes
this base is deleted

three bases inserted here
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Thorne’s model: summing up the likelihood

Thor ne et. al. (1991) use a dynamic-pr ogramming algorithm adding up
over all alignments . A key feature is that these two alignments have
differ ent meanings:

T - A G
T A - G

The above means the top A was deleted, then the bottom A inserted after
the T.

T A - G
T - A G

But this one means the bottom A was inserted after the top A, which was
then deleted later.
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Thorne’s model: summing up the likelihood

t

L(t)

1 2 3 4
1

2

3

4
S(Am−1, Bn )

S(A , Bn )mS(A , B  )m n−1

S(Am−1, B  )n−1

Lecture30. Genomicsmodels,part1. Treealignment– p.14/??



More on Thorne’s model

This model has transition probabilities that can be calculated (if λ < µ).
It can therefore deal with distant divergences.

A dynamic programming method adds up likelihood over all alignments .
However it is not realistic in that only single-base insertions and
deletions are permitted.

A likelihood ratio test is possible testing whether t < ∞. This is in effect
a test of whether the sequencesare related.

Only practical for few sequencesat a time . Jeff Thor ne's program
STATALIGNfor two sequences. Jotun Hein has algorithms that can
handle small binar y trees.
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The future

Markov Chain Monte Carlo (MCMC) methods will be the way
maximum likelihood (or Bayesian) multiple sequence alignment
will be done.
Probably the best way to do it is to explicitly place indel events on
the treeand move them around (and add and remove them). This
way we can use mor e complex and realistic models such asones
that have indels of length mor e then 1.

There is a serious issue of how to run these to adequately sample.

Thesemethods also give us a “posterior" distr ibution of differ ent
plausible alignments .
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How it was done

This projection produced asa PDF, not a PowerPoint �le , and viewed
using the Full Screen mode (in the View menu of Adobe Acrobat Reader):

using the prosper style in LaTeX,

using Latex to make a .dvi �le ,

using dvips to tur n this into a Postscript �le ,

using ps2pdf to mill it into a PDF �le , and

displaying the slides in Adobe Acrobat Reader.

Result: nice slides using freeware.
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