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1 Introduction

Non-conding RNAs (ncRNAs) are RNA molecules which are transcribed but do not encode proteins.
The functions of them seem relevant to the secondary structure rather than the sequence similarity.
The ordinary tools considering only siquence similarity e.g. ClustalW [3] are unable to align the
sequences which have low sequence identities. Therefore, the alignment for RNA sequences have to
take the structural information into account.

The Sankoff’s algorithm [10], which simultaneously allows the solution of the structure prediction
and alignment problem, requires O(n3™) in time and O(n?™) in memory for m sequences of length n.
Therefore, the algorithm is not applicable to long RNA sequences. Several variants of the Sankoff’s
algorithm have been proposed, which restrict the distances of the base pairs in the primary sequences
and is applicable to pairwise alignment only [4, 5, 6, 8].

2 Method and Results

In recent year, maximum expected accuracy (MEA) alignment method, which is known as optimal
accuracy alignment, has been proposed[7]. First, the method computes the posterior probability,
P(x; ~ y; € a*|x,y), that particular positions z; and y; of two sequences, x and y, respectively,
will be matched in an alignment a*, based on Pair-HMM’s forward-backward algorithms. Then,
the Needleman-Wunsch alignment with these posterior probabilities as substitution scores is done.
ProbCons is one of the most accurate alignment software for multiple amino acid sequences using
MEA alignment method [1]. MEA decoding algorithm also has a successful application to secondary
structure prediction for RNA sequences [2].

In this article, we show an efficient multiple alignment method based on maximizing the sum of
the matching probability of stem candidates. The method is an extention of the pairwise alignment
method of our previous work to progressive multiple alignment [11]. The MEA alignment method is
also used. However, computing the posterior probability, P(x; ~ yx, x; ~ yi € a*|x,y), that particular
positions x;, xj, yr and y; of two sequences x and y, respectively, will be matched in an alignment

a* is computationally implactical, because Pair-SCFG’s inside-outside algorithm is O(n%) in time



and O(n*) in memory for a pair of sequences of length n. So, we devised an approximate posterior
probability of P(x; ~ yx,z; ~ y|x,y) which is computed based on Pair-HMM’s posterior probability,
P(x; ~ yg|z,y) and the base pairing probability, P(x;ox;|z) , for each two sequences, x and y, which
is computed by means of McCaskill’s algorithm [9].

In benchmarking experiments, we will show that our alignment method is the most accurate in

other state-of-the-art methods and the computational time is reasonable enough to be applicable to
large scale analysises.
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