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Abstract

We present a novel approach for detecting RNA shapes
in given selected genes. Aside of the traditional sequence-
based search methods such as BLAST and FASTA, there
is a growing interest in detecting specific RNA secondary
structure domains by using effective structure-based search
methods such as the RNAMotif. Towards this end, we de-
vise a new algorithm with ideas taken from computational
geometry. The method, called Structure to String (STR 2),
was initially developed to detect structural motifs in the ter-
tiary structure of proteins. It converts an RNA secondary
structure into a shape representing string of characters that
capture the various structural motifs. To transform an RNA
secondary structure to a string of characters, we adopt an
approach used in proteomics for generating a collection
of fragments. We identify a library of fragments for use
in RNA secondary structure where each fragment is repre-
sented by a character. A unique feature of our method is that
the fragments represent the geometry of the transitions be-
tween the secondary structure elements, such as the curve
of the transition between stems and loops. Consequently,
we represent the secondary structures of the query and tar-
get sequences by their corresponding character string rep-
resentation and seek shape similarities by applying string
matching algorithms. For the RNA folding prediction we use
mfold. The method is implemented efficiently using suffix
trees and other economization procedures. We show exam-
ples of its applicability on aptamer domains that are func-
tionally important and are well predicted by mfold before
the conversion to strings.

1. Background

Traditionally, the search for functionally important ele-
ments in various genes has been performed using sequence
similarity methods. We introduce a purely structural-based
approach that works by delineating an RNA secondary

structure to a string of letters, called Structure to String
(STR2). Initially, the STR2 method has been developed
in the field of proteomics to search for structure similarities
based on the geometry of the folded structures. The con-
cept can be applied to efficiently locate shape similarities in
the secondary structure of RNAs, since transitions between
stems and loops and their orientation are accurately repre-
sented by the prescribed string letters.

The proposed method works as follows. Given a query
structure to search among a set of target structures, STR2

will find all sub-structures of the query similar to sub-
structures of the target. In our example, the query struc-
ture is the G-box [1] depicted in Figure 1(A), which is 68
nt long. We search for the G-box by predicting a set of sec-
ondary structures, namely the target structures, applying the
following procedure: first, we crop from the sequence seg-
ments of 68 nt, stepping 4 nt between overlapping windows.
Second, we predict the secondary structure in each window
using mfold [2]. Then, we perform string matching.

The STR2 structural search method transforms the prob-
lem of structure similarity to inexact string matching [3]. It
then applies fast string algorithms to solve the latter. The
translation is performed using a fragment library, which
consists of a small number of short fragments, each asso-
ciated with a character. The STR2 method forms an al-
phabet with character letters (corresponding to fragments)
representing each short shape segment that the target and
query are composed of. In the three-dimensional case, when
dealing with protein tertiary structures, this library is con-
structed using a simulated annealing K-means clustering
method as in [4]. For RNA secondary structure we chose
a library of five representative fragments (depicted in Fig-
ure 1(B)). To translate a secondary structure to a character
string, we decompose the secondary structure to overlap-
ping small fragments and translate each to a letter accord-
ing to the library. Each fragment is superimposed to all five
fragments in the library to pick the one with the minimal
RMS distance. We then represent this fragment with the let-
ter in the library associated with the nearest (smallest RMS
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distance) library fragment. Repeating this process consecu-
tively on the secondary structure from beginning to end, we
get a shape-representing character string. We define a dis-
tance score between the characters. The score is decided ac-
cording the minimum RMS distance between the fragments
(see Figure 1(C)) associated with the characters, normalized
to the range from 0 to 10. This enables to calculate a simi-
larity between two character strings, defined as the sum of
the scores between any two aligned characters. A similar-
ity between two shape-representing strings corresponds to a
similarity between their correlated structures.

Figure 1. The shape representing string for G-box
[1] secondary structures. (A) The G-box redicted
secondary structure using mfold [2]. (B) The frag-
ment library with 5 characters, each represent-
ing 3 consecutive nucleotides. (C) The similarity
score between the various characters within the
fragment library. (D) G-box translated to a shape-
representing string starting from the 5’ end, based
on the fragment library.

2. Application

We first apply the Structure to String (STR2) method
to search for the G-box (guanine binding) domain [1] of
purine riboswitch in prokaryotes. Reviews on riboswitches
are available in [5,6,7]. Our results shown in Figure 2 suc-
ceed to detect the G-box domain that was found by us-
ing sequence conservation in [1]. More details about the
method and its validation will be given elsewhere. Further-
more, we are applying the (STR2) method to search for
the G-box domain of purine riboswitch in eukaryotic genes.
This particular task on the purine riboswitch with its G-box
has not yet been successful to identify potential riboswitch
sequence candidates when using methods that mostly rely
on sequence based searches, albeit the success of these
searches to locate a few TPP-riboswitch candidates in eu-
karyotes [8]. We suggest that the (STR2) method, which
provides a novel concept not available in SequenceSniffer

[8] nor in RNA-Pattern [7] nor in the structure based simi-
larity package RNAMotif [9] and other search methods, can
be used in conjunction with the above works or by itself.

Figure 2. (A,B) The folded secondary structures
of the two G-box domains in Bacillus halodu-
rans sequence target [1]. (C) The correspond-
ing nucleotide sequences. (D) The corresponding
strings that represent the structures.
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