
Protomata-Learner
Learning Automata on Protein Sequences

François Coste, Goulven Kerbellec

Rencontres Bioinformatique de la Plateforme Genouest,
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Bioinformatic problem

Biological question :

How to define signatures of known protein families ?

Computer science answer :

Using machine learning algorithms !
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Protein families

Amino acid alphabet

→ {A,R,N,D,C,Q,E,G,H,I,L,K,M,F,P,S,T,W,Y,V}

Protein sequence

>AQP1 bovin MASEFKKKLFWRAVVAEFLAMILFIFISIG-
SALGFHYPIKSNQTTGAVQDNVKVSLAFGLSI...

Protein data set

>AQP1 bovin MASEFKKKLFWRAVVAEFLAMILFIFISIG-
SALGFHYPIKSNQTTGAVQDNVKVSLAFGLSI...
>AQP2 rat MWELRSIAFSRAVLAEFLATLLFVFFGLGSALQ-
WASSPPSVLQIAVAFGLGIGILVQALGH...
>AQP3 mouse MGRQKELMNRCGEMLHIRYRLLRQALAE-
CLGTLILVMFGCGSVAQVVLSRGTHGGFLT...

F. Coste, G. Kerbellec (IRISA) Protomata-Learner Rennes, 3 décembre 2007 5 / 53
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Protein family & Natural selection properties

Common function

Common topology (3D structure)

Common signature
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Pattern of the zinc finger protein family
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Characterization
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Significantly similar areas

The first phase of the approach is based on the similarity in
protein sequences.

The problem is how to describe and modelize the significantly
similar areas.

And how to optimize the process of identification.
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Similar Fragment Pairs Score

Significantly Similar Fragment Pair (SFP) :

SFP : (f1, f2) s.t. w(f1, f2) > 0 DIALIGN [Morgenstern et al...]

w(f1, f2) : weight of a fragment pair = −logP(s, l)
P(s, l) : probability for a random fragment pair of length l to have a
similarity greater than s

s : similarity of (f1, f2), l : length of f1 and f2
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Similar Fragment Pairs Score

Significantly Similar Fragment Pair (SFP) :

SFP : (f1, f2) s.t. w(f1, f2) > 0 DIALIGN [Morgenstern et al...]

w(f1, f2) : weight of a fragment pair = −logP(s, l)
P(s, l) : probability for a random fragment pair of length l to have a
similarity greater than s

s : similarity of (f1, f2), l : length of f1 and f2

F. Coste, G. Kerbellec (IRISA) Protomata-Learner Rennes, 3 décembre 2007 10 / 53



From a set of protein sequences P

... to a graph of fragments G
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For any sequence S from P

We can break up S in |S |(|S |+1)
2

fragments of particular positions
and length.
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The graph G where nodes are the fragments of P
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The graph G where edges shows the similarity level

between fragments
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PLMA block

Definition
A PLMA (Partial Local Multiple Alignment) block is a significantly
similar set of fragments that testifies a characteristic area in a set of
biological sequences. It’s a connected subgraph of the graph of
fragments.
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Weak or Strong consensus ?

A pathwise connected involves a weak consensus by transitivity

A clique involves a strong consensus
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Incompatibilities between SFPs

Preservation

Inconsistency
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Incompatibilities between PLMA blocks

Interference

And yet
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Incompatibilities between PLMA blocks

Intersection

Allowed
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Preservation property of a PLMA block

Invariant
For each pair of aligned positions P1 and P2,
There exists an SFP that aligns P1 and P2.
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Generalization
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PLMA blocks merging

Characterization stage → Partial Local Multiple Alignments (PLMA) :

Merging PLMA blocks :
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Gap generalization

Transitions used less than a given quorum are treated as gaps :
(if not in an exception path)

Representative segments : sub-paths used more than quorum
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What if ?

Characterization stage → Partial Local Multiple Alignment (PLMA) :

Merging PLMAs :
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Exceptions
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Exceptions

A more realistic result of the characterization stage :

Merging PLMAs, exception detection, gap generalisation :
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Exceptions

Detection
Transitive closure over accessibility graph between representative
segments. Exceptions are edges between two representative segments s.t.
a path of length ≥ 2 between them also exists.
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Identification of informative positions

Representative segments : average conservation of sub-sequences
(BLOSUM)

Identification of actual important physico-chemical properties

Likelihood ratio tests...
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Testing expansion by likelihood ratio test

P : multiset of amino acid at a given position
G : smallest group containing aa of P
Σ : amino acids alphabet
λG , λΣ : thresholds

Expansion P → G

Reject if LRG/P =
LG

LP
=

(∑
a∈P pa∑
a∈G pa

)n

< λG

or else Expansion P → Σ

Reject if LRΣ/P =
LG

LP
= (

∑
a∈S

pa)
n < λΣ
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Demonstration
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protomata-learner.genouest.org
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Viral nucleic acid binding Clan
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protomata-learner.genouest.org
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process is running
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Results of protomata ordered by quorum
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Quorum of 100%
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Quorum of 2/3
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Partial Local Multiple Alignement view
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An exception
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Quorum of 1/3
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Alignment view of a weak concensus result
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Alignment view of a strong concensus result
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A deletion
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The same in Clustal-W
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An insertion
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The same in Clustal-W
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Zinc finger motif
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protomata-scan

F. Coste, G. Kerbellec (IRISA) Protomata-Learner Rennes, 3 décembre 2007 48 / 53



scanning databases
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results
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Conclusion
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Conclusion

New sequence-driven algorithm

Bridging the gap between Multiple Sequences Alignements and
Pattern Discovery and beyond ...

Web interface

Let’s play with all kind of data !
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