APPLICATIONS NOTE "7 ossmmomatcssinzzo

-

with constraints

L
1101®
oy

MuSiC: a tool for multiple sequence alignment
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ABSTRACT

Summary: MuSiC is a web server to perform the constrained
alignment of a set of sequences, such that the user-specified
residues/nucleotides are aligned with each other. The input
of the MuSIiC system consists of a set of protein/DNA/RNA
sequences and a set of user-specified constraints, each with a
fragment of residue/nucleotide that (approximately) appears in
all input sequences. The output of MuSiC is a constrained mul-
tiple sequence alignment in which the fragments of the input
sequences whose residues/nucleotides exhibit a given degree
of similarity to a constraint are aligned together. The current
MusSiC system is implemented in Java language and can be
accessed via a simple web interface.

Availability: http://genome.life.nctu.edu.tw/MUSIC

Contact: cllu@mail.nctu.edu.tw

INTRODUCTION

Multiple sequence aignment (M SA) hasreceived much atten-
tionin thefields of bioinformatics and computational biology
because it is very useful for discovering the biological mean-
ings of sequences. Usually, biologists may have advanced
knowledge of the structures or functionalities of sequences of
interest, such as active site residues, intramolecular disulfide
bonds, substrate binding sites, enzymeactivitiesand others, as
well as the conserved motifs (consensuses) of the sequences.
They expect an MSA program to be able to align these
sequences such that the structural/functional or conserved
residues/nucleotides are aligned. However, most available
MSA programs cannot do so because they generate an align-
ment based only on the information about the sequence.
Hence, thiswork studiesavariant of MSA, called constrained
multiple sequence alignment (CMSA), which aligns the
structure/function-related or conserved residues/nucl eotides.
Note that many other CMSAs have been proposed from
various perspectives, using different approaches (Schuler
et al., 1991; Depiereux and Feytmans, 1992; Taylor, 1994;
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Notredame et al., 2000; Thompson et al., 2000; Katoh et al.,
2002).

Before the CM SA model is defined, notation must beintro-
duced. Given an alignment A of k sequences S1, S2,. .., S, a
band is defined as a block of consecutive columnsin A. For
any band of A, say B, B(S;) denotesthefragment of S; whose
residues/nuclectides are al in the band B, where 1 < i < k.
d(P’, P") is the Hamming distance between two fragments
P’ and P” of equal length. It is equa to the number of mis-
matched pairsin the alignment of P’ and P” without any gap.
Let I(P) represent the length of afragment sequence P. The
CMSA problem considered here is defined as follows. Let
S ={81,82,...,8;} beaset of k input sequences along with
an ordered set of r constraints P = (P, P2,..., P,) and an
error threshold €, where 0 < € < 1. The CMSA of § (with
respecttoP) isan MSA of S, say A, inwhich r digoint bands
B1,By,...,B.aein Asuchthat d(P;, Bi, (S;)) <I(P;) x €
forall <i <randl < j < k[meaningthatatmost!(P;)xe
mismatches are allowed in the aignment between P; and
B; (S;) without any gap]. Then, the so-called CMSA problem
istofindaCMSA of S with respect to P whose sum-of-pairs
score is minimum over al possible candidates. Note that the
original CM SA model proposed by Tang et al. (2003) isaspe-
cial case of themodel considered herein, in which each of the
given constraintsis a single residue/nucl eotide and moreover,
the aligned fragments in al bands are exactly matched to the
congtraint [i.e. [(P;)) = 1foral 1 <i <rande = Q).
In this ssmple model, a heuristic algorithm, which runs in
O(rkn*) time and consumes O(rn*) space, was designed to
find aCM SA of theinput sequences, wheren isthe maximum
of the lengths of sequences. Later, Chin et al. (2003) and
Yu (2003) independently improved this heuristic to O (rk?n?)
time and O (rn?) space.

The so-called progressive method is used herein to design
an algorithm of O(rk?n?) time and O(rn?) space for effi-
ciently finding a favorable CMSA of the input sequences.
The method first designs a dynamic programming algorithm
to find an optimal constrained alignment of any two given
sequences and then use it as a kernel progressively to align
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Fig. 1. Thepartial display of theresulting CM SA of MuSiC by aligning the sequences of SARS-TW1 3'-UTR with the pseudoknot sequences

of other five coronaviruses.

the input sequences into a CM SA according to the branching
order of a guide tree!. The agorithm was implemented as a
program called MuSiC, whichisashort for Multiple Sequence
Alignment with Constraints. It can be easily accessed via
a simple web interface. The use of the proposed MuSiC
system is illustrated below to help to detect a fragment of
an RNA sequence in the 3-untranslated region (3-UTR)
of the SARS-TW1 sequence, which can fold itself into a
pseudoknot structure. The structural elements in the 5'-and
3-UTRs of a plus-strand RNA virus have been postul ated
to be involved in RNA replication, transcription and trans-
lation by interacting with viral or cellular proteins. Much
evidence supports the fact that the pseudoknots in 3'-UTRs
among coronaviruses participate in the replication of RNA
(Williams et al., 1999). The Severe Acute Respiratory Syn-
drome (SARS) virus, which caused several hundredsof deaths
sinceitsoutbreak in early 2003, isanovel type of coronavirus,
so a pseudoknot is expected to be observed in its 3'-UTR.
By comparing the segquences of the phylogenetically con-
served pseudoknots among many coronaviruses, Williams
et al. (1999) found that these sequences contain severa frag-
ments of conserved nucleotides (consensuses). They found
11 consensuses, say UCU, CA, AA, GG C UG A,

G AG U and A, among coronaviruses including HCV-
229E (human coronavirus), PEDV (porcine epidemicdiarrhea

IDueto the spacelimitation, weleavethe recursive functions and the detailed
steps of our algorithm at our web site (http://genome.life.nctu.edu.tw:8080/
MUSI C/method.pdf).

virus), TGEV (porcine transmissible gastroenteritis virus),
BCV (bovine coronavirus) and MHV (mouse hepatitisvirus).
To determine whether or not the 3-UTR of SARS has a
pseudoknot, SARS-TW1 (AY 291451) was chosen as the test
subject and the MuSi C system was used to align the sequence
of the 3-UTR of SARS-TW1 with those of the detected
pseudoknots in the 3'-UTRs of BCV, MHV, PEDV, TGEV
and HCV-229E coronaviruses. The consensuses described
above were used as the constrained sequences in the pro-
posed MuSiC system and then the default scoring matrix and
gap pendties were chosen with the initial setting ¢ = 0.
As aresult, no CMSA was found to satisfy the requirement,
because the postulated pseudoknot in the 3-UTR of SARS
TW1 may comprise the fragments that are only partially,
rather than completely, similar to the constraints. Hence,
this case was tested again with letting ¢ = 0.5 so that in
the band of the resulting CMSA, of length two or three, no
more than one mismatch may exist between the fragment
of each input sequence and the constraint. Conseguently, as
indicated in Figure 1, a satisfied CMSA was found. Note
that the band of the resulting CMSA that corresponds to a
constraint is black and its corresponding constraint is dis-
played beneath it. In some bands of this resulting CMSA,
such as the fourth, sixth and ninth, at most one mismatch
exists between the fragment of each input sequence and the
corresponding constraint. Moreover, the part of SARS- TW1
aligned with the pseudoknot sequences of other coronaviruses
isinterspersed with only two gaps of length one. Thisfinding
suggests that this part of SARS-TW1 may fold itself into a
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Fig. 2. The diagram of the predicted pseudoknot in the 3'-UTR of
SARS-TW1 ranging from 29460 to 29521 bp.

pseudoknot structure and possibly be involved in replicating
SARSViruses. Therefore, thisSARS-TW1 fragmentisfurther
validated by applying PKNOTS, devel oped by the Eddy group
(Rivasand Eddy, 1999), to determinewhether it canfold itself
into a pseudoknot structure with a stable free energy. Con-
sequently, this fragment of SARS-TW1 indeed folds itself
into a stable pseudoknot whose base pairings have a topo-
logy, as indicated in Figure 2, that is very similar to those
of other coronaviruses described in the literature (Williams
et al., 1999). However, whether or not this SARS-TW1 frag-
ment participates in replicating the RNA of SARS must be
investigated experimentaly in the laboratory.

ACKNOWLEDGEMENTS

The authors would like to thank Prof. Chuan Yi Tang for
helpful suggestions while developing the algorithm and the
program prototype of MuSiC, and the anonymousrefereesfor
many constructive commentsin the presentation of this paper.
Thiswork was supported in part by National Science Council
of Republic of China under grants NSC92-2213-E-009-089
and NSC92-3112-B-009-002.

REFERENCES

Chin,FY.L., HoN.L., Lam,T.W., Wong,PW.H. and Chan,M.Y.
(2003) Efficient constrained multiple sequence alignment with

performance guarantee. Proceedings of the Computational
Systems Bioinformatics (CSB'03). IEEE, Los Alamitos, CA,
pp. 337-346.

Depiereux,E. and Feytmans,E. (1992) MATCH-BOX: afundament-
ally new algorithm for the simultaneous alignment of several
protein sequences. Comput. Appl. Biosci., 8, 501-509.

Katoh,K., Misawa,K., KumaK. and Miyata T. (2002) MAFFT:
a novel method for rapid multiple sequence alignment
based on fast Fourier transform. Nucleic Acids Res., 30,
3059-3066.

Notredame,C., Higgins,D.G. and HeringaJ. (2000) T-Coffee: a
novel method for fast and accurate multiple sequence alignment.
J. Mol. Bial., 302, 205-217.

Rivas,E. and Eddy,S. (1999) A dynamic programming algorithm for
RNA structure prediction including pseudoknots. J. Mol. Bial.,
285, 2053-2068.

Schuler,G.D., Altschul,S.F. and Lipman,D.J. (1991) A workbench
for multiple alignment construction and analysis. Prot. Struct.
Funct. Genet., 9, 180-190.

Tang,C.Y., Lu,C.L., Chang,M.D.T., Sun,Y.J.,, Tsa,Y.T., Chang,J.M.,
Chiou,Y.H., Wu,C.M., Chang,H.T., Chou,W.l. and Chiang,S.C.
(2003) Constrained sequence alignment tool development and its
application to RNase family alignment. J. Bioinform. Comput.
Biol., 1, 267-287.

Taylor,W.R. (1994) Motif-biased protein sequence alignment.
J. Comput. Biol., 1, 297-310.

Thompson,J.D., Plewniak,F., Thierry,J.-C. and Poch,O. (2000)
DbClustal: rapid and reliable global multiple alignments of pro-
tein sequences detected by database searches. Nucleic Acids Res.,
28, 2919-2926.

Williams,G.D., Chang,R.-Y. and Brian,D.A. (1999) A phylogenetic-
ally conserved hairpin-type 39 untrandated region pseudoknot
functions in coronavirus RNA replication. J. Virol., 73,
8349-8355.

Yu,C.T. (2003) Efficient algorithms for constrained sequence align-
ment problems. Master's Thesis, Department of Computer
Science and Information Management, Providence University,
Taiwan, ROC.

2311

102 ‘22 11dy uo Areiqi Aiseaiun Bun] ceyd euoleN e /610°seuinolploixosoiewloluiolq//:dny wouy papeojumoqg


http://bioinformatics.oxfordjournals.org/

