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Transducers
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® Operation of evolving a sequence along one
branch of a phylogenetic tree

® Represent as a finite state machine

® Input “tape” X, output “tape” Y
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Pair HMM: P(X)Y)
Transducer: P(Y|X)



String transducers on a tree
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Curse of dimensionality

® Number of states in composite transducer
increases exponentially with number of taxa

® So does the number of cells in the DP matrix
® Solution: Markov Chain Monte Carilo

® Hold some parts of the state path fixed, while
resampling other parts (Gibbs sampling)
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Sampling one branch at a time
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Sampling one node at a time



tkfalign vs Clustal (BAliBase)

BAIIBASE subcategory Prog. Ref. lter. CLUSTALW
Equidistant, similar lengths; high ID (> 35%) 0.775 0.784 0.774 | 0.884
Equidistant, similar lengths; medium ID (20% —40%) | 0.673 0.689 0.693 | 0.790
Equidistant, similar lengths; low ID (< 25%) 0.654 0.658 0.669 | 0.787
Close family (> 25%) plus “orphan” outliers (< 20%) | 0.814 0.827 0.839 | 0.928
Divergent subfamilies (< 20% between subfamilies) | 0.481 0.525 0.528 | 0.693
Long gaps at the ends: N/C terminal extensions 0.348 0.359 0.372 | 0.672
Long gaps in the middle: Insertions 0.573 0.603 0.622 | 0.789

Prog. = Progressive alighment
Ref. = Refinement
lter, = MCMC + refinement

Holmes & Bruno, 2001
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The “Long Indel” Model

Deletion events are “attached” to the leftmost residue that they remove.
If residue N survives, then residue N+ is unaffected by deletion events from the left
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Miklos, Lunter & Holmes, 2004



Independent “chop zones”
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Generallzed Pair HMM

Gap penalties
/ \\\ d—residue insertion Calculated by

w direct enumeration
i / d—residue deletion of traj ectories

AL B al ¥ l (shown left: N;2)

t | —re<idue deletion

el
RER)
e—h TN
Fiz. |.—An example three-event tmjectay for a zone that changes { f,.-'.: WOt

length fromm four resides o three (outcome BY5.: see section ltled —

Algorithm), By definition, the final ancestml residue in the zone (the M) | |
cannol be deleted, whereas every other ancestral residue (the A's) must be | | ‘ |
|

deleted. L
| |I I| IIl
Ligy'™ gl Bl =)
|E I < N l_ﬁ_ Mf“ e E ).
_i"-. K“x S ,ﬂ";‘ —
S ey
AN S
--"‘-____._- - --"-.I-EEIiF:I I | ]- __t _.:I_ —— --.-.___.-' g
Shown right: I
the genel’allzed Fiz. 3—A hidden Markov model formulation of the long indel

model. The emission probabilies (associated o fransitions) are not
Palr HMM fOI' the mcluded, The pammeter y = Ayfpy 15 the parameter goverming the

cclong 1ndel” m()del geomeltnic equilibrivm length disinbution,



Long Indel vs Gotoh (Homstrad)

Table 3

Performance of Alignment Methods, as Measured by
Alignment Accuracy or “Overlap,” the Percentage of
Alignment Columns Identical to Those of the HOMSTRAD
Structural Alignments

Training Set Test Set
Alignment Method Optimization® Overlap (%)
TKF91 ML 73.8
TKF92 ML 75.9
Gotoh (BLOSUM®62) NCBI defaults 80.9
Long indel ML 81.1
Long indel, mixed geometric Accuracy 82.1
Gotoh (BLOSUMG62) Accuracy 82.2

* Parameters were optimized over a training set to maximize either likelihood
or overlap. In addition, for the Gotoh algorithm we used NCBI (National Center for
Biotechnology Information) defaults for gap opening and gap extension parameters.

Miklos, Lunter & Holmes, 2004



“Every good work of software starts by scratching a
developer’s personal itch” - Eric Raymond

2001 (Holmes & Bruno)
MCMC based on TKF91. Poor performance due to affine gaps, rate variation

2002 (Holmes & Rubin)
EM algorithm for estimating substitution rates & in particular rate variation

2003 (Holmes)
General algorithm for transducer composition on phylogenetic trees

2004 (Miklos, Lunter & Holmes)
“Long Indel” model: affine-gap Pair HMMs from evolutionary models

2005-2006 (Holmes; Klosterman et al)
(Started extending transducer theory to RNA sequence analysis & SCFGs)
Enormous difficulties debugging transducer composition & sampling algorithms!

2007 (Holmes)
Phylocomposer
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Singleton transducer
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Hidden M
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Handel MCMC moves

tkfalign
B D handalign
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Sample t(AB)
(branch scaling)
Try a change in tree topology
(aunt attack); sample alignment ABCD
for both configurations ’C a C
A -> B’ A :B \
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A * B Sample alignment ABCD Sample t(AB) & t(BD),
Sample alignment AB and sequence at B keeping the sun.1.constant
(branch realignment) (node realignment) (branch sliding)



AMA score (consensus)
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® With linear gap penalty (TKF91), accuracy on
BAliBase is 10%-30% worse than CLUSTAL -

® Using a latent-variable substitution model
=covarions) improves accuracy by 5%-8%

® Using affine-gap transducer boosts accuracy past
CLUSTAL, up to AMAP/PROBCONS level (shown)

® You also get ancestral reconstructions and
alighment-free hypothesis-testing
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