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Abstract

RNA structures can be viewed as a kind of special strings
with some characters bonded with each other. The question
of aligning two RNA structures has been studied for a while,
and there are several successful algorithms that are based
upon different models. In this paper, by adopting the model
introduced in [18], we propose two algorithms to attack the
question of aligning multiple RNA structures. We reduce the
multiple RNA structure alignment problem to the problem of
aligning two RNA structure alignments.

1. Introduction

RNAs (shorthand for Ribonucleic Acids) are a kind of
relatively short biological sequences. Like DNA sequences,
the RNA sequences consist of four kinds of bases, adenine,
cytosine, guanine and uracil. Usually, we use four letters A,
C, G and U to represent those four bases respectively. Thus,
we can view an RNA sequence as a string over letter set
{A, C, G, U}. In this paper, we will use base and character
interchangeably.

RNAs are different from DNAs that they are usually in
their single-stranded state, but when they are performing
their functionalities, they tend to fold onto themselves form-
ing higher-order structure by base pairing. It is this folded
higher-order structure that determines how the RNAs play
the game. Various kinds of base pairings have been de-
tected, three of them occur more frequently than the oth-
ers, A-U (U-A), G-C (C-G), and U-G (G-U). The former
two kinds are called Watson-Crick base pair and the latter
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one is called Wobble base pair. Usually, we call those three
kinds of base pairing canonical base pair. The real folded
higher-order structure of an RNA sequence is called ter-
tiary structure which is very difficult to obtain and display,
therefore researchers proposed a simplified model called
secondary structure. The secondary structure is a kind of
planar structure, whereas the tertiary structure is a kind of
three-dimension structure. We will see the differences of
them in section 2 shortly.

Since 1970s, many research work have been conducted
on comparing biological sequences, such as DNA se-
quences and proteins. There are also many papers address-
ing the problem of comparing protein structures. In terms
of the number of papers, it is not overstated that compar-
ing RNA structures has not received much attention in the
Bioinformatics research field. To the best of our knowl-
edge, most of the RNA research work focused upon pre-
dicting RNA secondary structures and comparing two RNA
secondary structures. The answer of aligning multiple RNA
structures was considered as a by-product of the algorithms
of comparing two RNA secondary structures. For example,
in [1, 2, 5, 13] the authors claimed to solve the problem of
aligning multiple RNA structures, but the algorithmic de-
tails were not clear and the explanations concentrated on
the pairwise RNA structure alignment.

In this paper, we will propose two heuristic algorithms
to compare multiple RNA structures based on the compu-
tational model introduced in [18]. The major advantage of
that model is that it allows us to compare RNA structures by
following sequence alignment paradigm, resulting in simple
and fast algorithms. And furthermore, some of the multiple
sequence alignment algorithms can also be used to solve
multiple RNA structure alignment problem. We will solve
the multiple RNA structure alignment problem by solving
a new problem “aligning two RNA structure alignments™.
This new question is similar to the question of ““aligning se-
quences alignments™ (or ““aligning alignments”) discussed
in [3, 8, 12].
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