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• What is a multi-alignment?
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• What are guide trees and ancestral reconstructions?
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• Assuming we have an evolutionary InDel model, both 
tasks can be cast as an inference problem

(High-level) graphical model:

application: homology modeling

application: the origins of life  

evolutionary parameters

string-valued r.v.

evolution (InDel process)
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Obtaining multi-alignments:
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• Solution: always condition on the data

...ACCGTGCGTGCT...

...ACCCTGCGGTGCT...

...ACGCTGCGTGAT...

...ACGTTGCGTGAT... ...ACGCTGTTGTGAT... ...ACGGTGCTGTGCT..

• How should "vertical slices" be defined?

Deterministic functions of a random graphical model

• What is the state of the sampler?
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State augmentation: alignments

} }derivation

resample "thin vertical slices"
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Legend

Indexed by a span on an observed word (anchor)
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• Connected component of the anchor?
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• Not irreducible

• Non-contiguous lineages

• Contiguous version?
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• Not reversible

!!

• A correct definition:
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• Next: how to sample?

Cylindric proposals: use a DP

(SSR)

(AR)
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• Approach 1: heuristic
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• Approach 2: naive Gibbs sampling
character-valued!

...ACCGTGCGATGCT...

...ACCCTGCGGTGCT...

...ACGCTGCGGTGAT...

...ACGTTGCGGTGAT... ...ACGCTGTTGTGAT... ...ACGGTGCTGTGCT..

Problem I: random walk behavior
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Problem II: each step is expensive 
(cubic in the sequence length)

[8] • Experiments

1. Reconstruction

- synthetic
- 4 characters types
- 124010 character tokens
- tree has 7 nodes
- all internal nodes held-out
- evaluated on root reconstruction
- loss: Levenshtein distance
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2. Multi-alignment
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System CS SP
SSR (Handel) 0.63 0.77
AR (this paper) 0.77 0.86

Table 1: XXXXXX—clustalw
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Figure 1: XXXXX

System CS SP
SSR (Handel) 0.63 0.77
SSR+AR 0.77 0.86

Table 1: XXXXXX—clustalw

The multi-alignment system in the litterature that most resembles our lineage sampler is Handel. It models in
a probabilistic fashion an InDel evolutionary derivation along a tree above the observed proteins and produces
a multi-alignment as described above. The key difference with our approach is that their inference algorithm
is based on SSR rather than the lineage sampling moves that we advocate in this paper.

The BAliBASE multi-alignment dataset [13] is a standard benchmark for this type of comparison and was
the dataset used to assess the performance of Handel in its original paper [8]. While other approaches are
known to perform better than Handel on this dataset [7, 4], they leverage more sophisticated features such as
affine gap penalty and hydrophobic core modelling. While these features could be incorporated in our model,
we leave this for future work since the topic of this paper is focused on inference. This way we can get a
meaningful comparison with Handel.

We built evolutionary trees based on the tkfalign and weighbor [2] tools provided in the Handel package and
ran both Handel and our algorithm on the same sequences and evolutionary trees.

5 Future Directions
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Figure 4: CS and SP XXXCITE are recall metrics XXX

sequence alignment can be extracted from the infered derivation D as follow: deem the amino acids x, y ∈ S
aligned iff y ∈ A0(D,x).

The state-of-the-art for multiple sequence alignment systems based on an evolutionary model is Handel [2].
It is based on TKF91 and produces a multiple sequence alignment as described above. The key difference
with our approach is that their inference algorithm is based on SSR rather than the AR move that we advocate
in this paper.

While other heuristic approaches are known to perform better than Handel on this dataset [7, 16], they are not
based on explicit evolutionary models. They perform better because they leverage more sophisticated features
such as affine gap penalty and hydrophobic core modelling. While these features can be incorporated in our
model, we leave this for future work since the topic of this paper is inference.

We built evolutionary trees using weighbor [17]. We ran each system for the same time on the sequences
in the ref1 directory of BAliBASE v.1. Decoding for this experiment was done by picking the sample with
highest likelihood. We report in Figure 4, left, the CS and SP Scores, the two standard metrics for this task.
Both are recall measures on the subset of the alignments that were labeled, called the core blocks, see [16]
for the details. For both metrics, our approach performs better.

In order to investigate where the advantage comes from, we did another multiple alignment experiment plot-
ting this time performance after a fixed time as a function of depth of the trees. If the random walk argument
presented in the introduction held, we would expect the advantage of AR over SSR to increase as the tree
gets taller. This prediction is confirmed as illustrated in Figure 4, middle, right. For short trees, the two
algorithms perform equally, SSR beating AR slightly for trees with three nodes, which is not surprising since
SSR actually performs exact inference in this tiny topology configuration. However, as trees get taller, the
task becomes more difficult, and only AR manages to maintain good performances.

5 Future Directions

TODO: integrating affine gap, hydrophobic core modelling, CRF models
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- annotated protein data
- source: BAliBASE
- loss: Sum-of-Pairs (SP)
           Column-Score (CS)

The taller the tree, the larger the gap:
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gc2_cavpo    1  .ktisktkgaprmPDVYTLPPSRD
alc_mouse    1  ..tiakvtvntfpPQVHLLPPPSE
1yuh         1  .tkltvlgqpkssPSVTLFPPSSE
1mim         1  gtkleikr.tvaaPSVFIFPPSDE
1nld         1  .ttvtvssasttaPSVYPLAPVSG

gc2_cavpo   49  asnrvvsekpeykntppieda...
alc_mouse   49  lhgn....eelspesylveplkep
1yuh        49  kvdgtpvtegmettqpskqs....
1mim        49  kvdnalqsgnsqesvteqdsk...
1nld        49  nsg..slssgvhtfpavlqs....

gc2_cavpo   92  YTCSVMHealhnhvtqkaisrsp
alc_mouse   95  YSCMVGHealpmnftqktidrls
1yuh        91  YSCQVTHeg..htve.kslsra.
1mim        92  YACEVTHqglsspvt.ksfnrg.
1nld        87  ITCNVAHpasstkvdkkieprg.
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