
ILM: A Web Server for Predicting RNA Secondary Structures with
Pseudoknots

Jianhua Ruan
�
, Gary D. Stormo

�����
and Weixiong Zhang

���������
�
Department of Computer Science and Engineering and

�
Department of Genetics

Washington University in St. Louis, St. Louis, MO 63130, USA
jruan@cse.wustl.edu, stormo@ural.wustl.edu, zhang@cse.wustl.edu

Abstract

The ILM web server provides a web interface to
two algorithms, iterated loop matching, and max-
imum weighted matching, for the analysis of RNA
secondary structures with pseudoknots. The algo-
rithms can utilize either thermodynamic or com-
parative information or both, thus is able to pre-
dict for both aligned and individual sequences.
Furthermore, the algorithms allow pseudoknots
to be predicted efficiently. Several output for-
mats compatible with various RNA structure visu-
alization tools are supported. The service can be
accessed at http://cheetah0.cs.wustl.
edu/RNA/.

Introduction

RNA molecules play many important regula-
tory, catalytic and structural roles in the cell. A
complete understanding of the functions of RNA
molecules requires knowledge of their 3D struc-
tures. Since it is often difficult to obtain spectrum
data for large RNA molecules to inspect their
structures, reliable prediction of RNA structures
from their primary sequences is highly desirable.

Many computational methods have been de-
veloped for RNA secondary structure predic-
tions. Thermodynamic approaches [25, 11] com-
pute the optimal secondary structure for a sin-

gle RNA sequence with globally minimal free
energy, and have been successful for relatively
short RNAs. When a number of aligned homol-
ogous sequences are available, comparative ap-
proaches [5, 8, 7, 1] are more reliable than ther-
modynamic approaches, and have been used to
establish the structures of most known RNA fam-
ilies. Recently several methods [14, 13, 10] have
combined the advantages of thermodynamic and
comparative methods. By taking both thermo-
dynamic stability and sequence covariance into
consideration, these methods are able to produce
much better prediction accuracies.

On the other hand, relatively few work has
been done on predicting pseudoknotted RNA sec-
ondary structures. Pseudoknots are important
RNA structures and often have important func-
tional roles [6]. However, optimally predicting
pseudoknots in RNA secondary structures is dif-
ficult and computationally very expensive [16,
19, 22, 15, 2]. A graph algorithm, maximum
weighted matching (MWM), has been used as a
practical solution for pseudoknot prediction [4,
21, 17]. Although efficient, the prediction accu-
racy of MWM is low when the number of homol-
ogous sequences is small.

Recently, we have developed an algorithm, it-
erated loop matching (ILM), for predicting pseu-
doknotted RNA secondary structures [20]. The
method can utilize either thermodynamic or com-

1



parative information or both, thus can be applied
to both aligned and individual sequences. Our ex-
periments have shown that the method is accurate
and efficient. The software, however, can only
be executed with Unix commands and is complex
for biologists to use, let alone to understand and
set various parameters.

To address the high demand of a service for
predicting RNA secondary structures with pseu-
doknots, we have developed an easy-to-use web
interface that provides most of the features of
ILM. We have also provided an option for users
to choose the MWM algorithm and compare their
results.

Several web servers for RNA secondary struc-
ture prediction have been introduced in last year’s
special issue, including MFold [24], Pfold [3], Vi-
enna RNA package [9] and GPRM [12]. ILM dif-
fers from the first three in that it supports pseu-
doknots. GPRM is designed to find common sec-
ondary structure elements in a set of homologous
RNA sequences. It cannot be applied to a single
RNA sequence or a small dataset, e.g., a family of
fewer than 10 sequences.

Overview of the service

The technical details of the ILM and MWM al-
gorithms appear in their original publications [20,
21]. Here we only highlight the basic steps of
the web service (Figure 1) and the parameters that
need user intervention. The first step after reading
in the RNA sequences is to generate a scoring ma-
trix, which describes the likelihood of each base-
pair. The method to generate scoring matrices in-
cludes mutual information, helix plot, extended
helix plot and their combinations [20]. In the sec-
ond step, the ILM or MWM algorithm is applied
to predict a secondary structure with pseudoknots,
if exists. Finally, the output of the structure pre-
diction can be viewed with some external visual-
ization tools.

Input 
Sequences

Generate a
score matrix

Predict a
secondary 
structure

Visualize

Options: MI, HP, 
EHP, hybrid

Algorithm: ILM
Or MWM

Figure 1. Overview of the service. Abbrevi-
ations used: MI, mutual information; HP, he-
lix plot; EHP, extended helix plot; ILM, iter-
ated loop matching; MWM, maximum weighted
matching.

Input

The service can be accessed through a web
interface (http://cheetah0.cs.wustl.
edu/RNA/). The web form takes as input a
single RNA sequence or a set of aligned RNA
sequences in FASTA format. Users can choose
to upload a sequence file or “cut and paste”
sequences into the web interface directly. Cur-
rently, the maximum length of each individual
sequence is 2000 bases and the maximum size of
a sequence file is 10 kb.

The web server provides optimized default val-
ues for all parameters, which may also be adjusted
for different needs. Users may choose to calculate
a scoring matrix with only mutual information or
(extended) helix plot, or vary the relative weights
of the two scoring methods. When the number
of sequences is small ( 	 10), mutual information
scores are usually not reliable, thus a lower weight
of mutual information should be used. In the
case that only a single sequence is provided, mu-
tual information scores are zero for all base-pairs.
Therefore only helix plot or extended helix plot
can be used under this condition, and the provided
weights are ignored. In other cases, a weight ra-
tio of 1:1 is suggested by the server. Users may
also select to use either the ILM or MWM algo-
rithm for the prediction and customize parameters
for each algorithm, such as minimum helix length
and minimum loop length (see text on the website
for help on the meaning and suggested value of
each parameter).
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Figure 2. Example output generated by the ILM web server. a), Result page. b), RNAML file. c), Dot plot.

Output

Results for small tasks, i.e., sequence lengths
less than 300 bases, will be presented immedi-
ately, while a link to the result page for large tasks
will be emailed to the user.

The output is self documented (Figure 2). The
first part of an output includes user information,
dataset name, and parameters specified by the
users for reference. The remaining output is the
result of a prediction in various formats, includ-
ing a raw text file depicting the pairing partner for
each base. An automatic drawing of RNA sec-
ondary structures with pseudoknots is notoriously
difficult and many existing visualization tools
handle this in a user interactive way. We thus do
not attempt to provide a graphic presentation of
the secondary structures on our web site. Instead,
we generate the output in several formats that
can be imported into various RNA secondary
structure visualization tools directly. Currently
supported formats include .ct file, .xrna file and
.rnaml file. The format of .ct files is compatible
with several packages, including the RNAviz
program [18], which we suggest for drawing
pseudoknotted RNA secondary structures. A
.xrna file contains a primary sequence and helix

descriptions that can be separately copy-pasted
into the XRNA program (http://rna.ucsc.
edu/rnacenter/xrna/xrna.html).
RNAML format has been proposed as a
standard for exchanging RNA sequence and
structure information between programs [23].
Our RNAML syntax is compatible with the
DTD (Document Type Definition) version 1.1
(http://www-lbit.iro.umontreal.
ca/rnaml/current/rnaml.dtd). Finally,
together with the structures, a dot plot is provided
in postscript format. This allows users to view
a scoring matrix and a predicted structure at the
same time. The actual scores are embedded in the
postscript file and can be parsed with computer
programs.

Implementation

The web service is implemented with static
HTML pages and dynamic CGI scripts imple-
mented in PERL. The programs ILM and MWM
are implemented in ANSI C. The server is cur-
rently running on a machine with dual AMD
Athlon 1.6 GHz CPUs and 2Gb of RAM, run-
ning Redhat Linux version 2.4.18 and Apache
web server. In the future we plan to use a batch
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queuing system to distribute large tasks to other
machines.
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