Protein sequence alignment via anti-translation

Marta Grdea, Gregory Kucherov and Laurent@&o

LIFL/CNRS and INRIA-Nord Europe, Parc scientifique de la KaBorne, 40, Avenue Halley,
59655 Villeneuve d’Ascq Cedex, France
{Marta. G rdea| Gregory. Kucherov| Laurent . Noe}@i fl.fr

Abstract: We propose a new approach to protein sequence alignment, where fice bas
idea is to find the best pairwise alignment between two DNA sequencéspfeabich
encodes one of the given proteins. A dynamic programming algorithndesagned for

the alignment of directed graphs which combine all these putative DNAesegs. Our
goal is to detect protein evolutionary relations that are not captured bgratiethods.
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1 Motivation

Traditional protein sequence alignment methods, which consist of alignimgpaacid pairs, fail to
reveal protein relations when the divergence is caused by framesHhitions. We aim at inferring
such relations by aligning the putative coding DNA, and thus taking into ataoet only point
mutations (substitutions) which affect just one codon, but also frameshifations (insertions or
deletions of one ore more bases) that can alter the reading frame of teemibs, affecting all the
amino-acids coded after the frameshift. Similar ideas were discussed wh2te the alignment
score of an amino-acid pair is computed from the base pair alignment ofg¢peatére codons, and
in [3], where several subsitution matrices were designed for aligningipsowith a frameshift. We
propose a more flexible approach for managing point and frameshift mgatidhe putative DNA
sequences for an expressive alignment. The goal of this work is tovitldtenary relations between
proteins, that are not captured by other methods.

2 The method

Data preparation The basic idea of this approach is to find the best pairwise alignment between
DNA sequences that encode the proteins to analyse. An explicit enumnesatiqpairwise alignment

of all the putative DNA sequences is not an option, since their numberaiseseexponentially

with the protein’s length. Hence, the protein’s “anti-translation” (set d&fiee DNA sequences) is

represented as a directed graph, where a maximal path will retrieve tmesefsequences. Basically,
these graphs can be seen as generalised sequences, that cagroayedd several symbols on each
position (which will be further referred to as a “column”) and preceéetanstraints (marked by

arcs) between symbols on consecutive positions, as illustrated by thelexarkjgure 1.

Alignment algorithm We propose a dynamic programming approach, similar to the Smith-
Waterman algorithm [5], extended to allow the local alignment of bi-dimensitatalstructures (anti-
translation graphs). Given the input graphisnd B, this algorithm fills a 3-dimensional alignment
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Figure 1. Anti-translation graph for sequent#\LY:; one putative DNA sequence (path) is emphasised.

matrix M, where, forM[i, j, (a1, )], ¢ andj iterate on the columns of the first and second graph
respectively, whil€ oy, o) enumerates on all possible pairs of symbols (nodes) fidih and B[j].

The partial scores are computed recursively as shown by equatiofhi@ ronditions?, € pred(ay)
ensure that the score fdv/[i, 7, (a1, a2)] is computed only from partial scores corresponding to
partial alignments of sequences that containand as. The third dimension of the matrix being
limited by a known, small bound, the time/space complexity remain quadratic in thefsieinput.

0
o B M[i—1,7—1,(B1, B2)] + score(ai, as)), Bi € pred(ax),k € 1,2
Mi,j,ca0al =maz  \ii; 175 (o)) o)) + gap penalty, s € pred(az) @
MTli,j — 1, (Braz2)] + gap-penalty, B1 € pred(az)

The scoring system was designed to discourage the choice of verguefrecodons, which could
lead to an apparently good alignment, but unlikely to correspond to the trdef@Nhe proteins of
interest. The knowledge about codon usage appears in the form aflat\grobability, denoteav )
computed from a codon usage table and attached to each node. Thests wedgused for correcting
(lowering) the score of two nucleotidesa, b) as follows:score(a, b) = s(a,b) + log waw.

Traditional linear and affine gaps are not expressive enough forctimgext. Instead, two
particular kinds of gaps are considerdthmeshifts— gaps of size 1 or 2, with high penalty, whose
number in a local alignment can be limited, asation skips- gaps of size 3 which correspond to the
insertion or deletion of one codon (or amino-acid, if we refer to the prottinesnce).

3 First experimental results

Experiments on sequences framecoli and related species from the PFam [1] database brought out
several significaftalignments between proteins considered unrelated. Further investigatieased

that consensus sequences for the families of such proteins tend to dtigriliien any pairs of proteins
from those families, which suggests the possibility of using this approachttaficestral sequences.
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! The score significance was estimated according to the Gumbel distributtiere the parameters and K were
computed with the method described in [4].



