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The immense number of nucleotide and protein se-
guences that can be accessed through public databases
on the Internet is an invaluable resource to scientists
working in the fields of molecular biology, protein chem-
istry and molecular diagnostics. Tools such as BLAST (1)
(also discussed in the March 2000 Internet On-Ramp) and
FASTA (7) are used mainly to search for database se-
guences that are similar or potentially homologous to
guery sequences supplied by the investigator. However, in
many circumstances, this is only the first stage of a more
complex series of sequence analyses. Multiple sequence
alignment analyses are fundamental in allowing investiga-
tors to draw conclusions about the similarity, function,
structure and the potential evolutionary relationships be-
tween sequences. This column will focus on a number of
different multiple sequence alignment tools available as
services over the Web.

ClustalW

ClustalW (10), one of the most popular multiple nucleotide
or protein sequence alignment programs, uses a progres-
sive alignment approach (4). Progressive multiple align-
ments are created by first aligning the most similar of a set
of sequences and then incorporating less similar se-
guences successively into the alignment. ClustalW aligns
sequences using a global alignment algorithm (6) that
generates an alignment over the entire length of the se-
guences. A neighbor-joining method (8) is first used to
construct a guide tree. This determines the order in which
the sequences are incorporated into the alignment. A
comparison of multiple sequence alignment programs re-
vealed that ClustalW performs well when aligning equidis-
tant sequences of a similar length and when aligning
small to large families of similar sequences, in which a few
divergent sequences are also included in the alignment
(12). In both cases, the performance of ClustalW was
maintained from short sequences of less than 100
residues to those of over 400 residues.

ClustalW is available on the Internet through several loca-
tions: the European Bioinformatics Institute (EBI) (http://
www?2.ebi.ac.uk/clustalw/), the Baylor College of Medi-
cine (http://dot.imgen.bcm.tmc.edu:9331/multi-align/
Options/clustalw.html), the GenomeNet server in Japan
(http:/lwww.clustalw.genome.ad.jp/), the Institut Pas-
teur Software Environment (PISE) in France (http://
bioweb.pasteur.fr/intro-uk.html), the Péle Bio-Informa-
tique Lyonnais (http://pbil.ibcp.fr/) also in France, the
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Transfac group at the GBF in Germany (http://transfac.
gbf.de/programs.html) and the Web-based sequence
analysis service provider, BioNavigatorO (http://www.
bionavigator.com). These servers allow investigators to
cut and paste their sequences into forms on their Web
sites and set various parameters, such as penalty values
associated with the insertion of gaps into the sequences,
to optimize the overall alignment. After submitting the job,
the server computes the alignment, which is then dis-
played on a new page. Note that most ClustalW Web ser-
vices that present the alignment directly to the investigator
often time out on long alignments and lose the results.
These instances occur when many and/or long sequences
are submitted to these servers. Therefore, they are only
suitable for aligning small numbers of short sequences.
Services that get around this limitation are those that send
their results by e-mail and those that store the results on
the server, such as BioNavigator.

PileUp

Like ClustalW, PileUp uses both a progressive approach
and the global alignment algorithm (6) when it aligns se-
guences. However, the order in which the sequences are
incorporated into the alignment is determined by a guide
tree that is constructed using the UPGMA method (9).
PileUp is usually distributed as part of the Wisconsin
Package from the Genetics Computer Group (GCG)
(http://Iwww.gcg.com), which is licensed to numerous
bioinformatics services on the Internet, including BioNavi-
gator, NIH Helix Systems (http://helix.nih.gov/newhelix.
html), the Human Genome Mapping Project, UK (HGMP)
(http://Iwww.hgmp.mrc.ac.uk/) and the Biotechnology
Computing Facility at the University of Arizona (http://
bcf.arl.arizona.edu/gcg.html). The Wisconsin Package
also includes tools for improving the appearance of multi-
ple sequence alignments, which will be discussed later in
this paper.

Dialign

Dialign (5) is a multiple sequence alignment program that
takes an approach that is different from ClustalW and Pile-
Up. Dialign uses a local alignment algorithm that com-
pares sequence segments with each other to generate a
multiple alignment. Sequences to be aligned are first bro-
ken down into gap-free segments of high similarity. These
segments are then built up into a multiple alignment using
an iterative procedure. In the same study comparing multi-
ple sequence alignment programs (11), Dialign performed
well when aligning sequences in which large terminal ex-
tensions or large insertions were present. In contrast to
ClustalW, this program is useful for finding blocks of highly
conserved regions within a set of sequences. Dialign is
available on the Internet from Genomatix (http://
genomatix.gsf.de/), Bielefeld University’s Faculty of
Technology (http://bibiserv.techfak.uni-bielefeld.de/),
PISE and the HGMP.
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Match-box

Match-box (3) is a multiple sequence alignment tool that is
designed to align blocks of conserved or similar regions
within sets of protein sequences. The Match-box server is
located at the University of Namur in Belgium (http://
www.fundp.ac.be/sciences/biologie/bms/matchbox_
submit.html). Its method of alignment does not take into
account gap penalty values, and the program requires that
only a few parameters be set. A study that compared
Match-box to six other multiple sequence alignment pro-
grams (2) revealed that Match-box was able to predict,
with a high degree of reliability, structurally conserved re-
gions between sets of protein sequences of known struc-
ture. Match-box scores each column in an alignment block
to indicate the reliability of the aligned sequences within
that block. This feature is not available with many other
programs.

A comprehensive listing of multiple sequence analysis
tools available from the Internet can be found at the VSNS
BioComputing Division at Bielefeld University’s Faculty of
Technology (http://www.techfak.uni-bielefeld.de/bcd/
Curric/MulAli/lwelcome.html).

Tools for Improving the Appearance of Multiple
Sequence Alignments

So far, tools that generate multiple sequence alignments
have been discussed. However, many of these programs
display their results in their own formats, which are often
difficult to read and may not be suitable for publication.
This section will discuss a few tools that take multiple se-
guence alignments and reformat them into publication-
quality figures. Note that these programs do not actually
generate the multiple sequence alignments themselves.

BoxShade (written by Kay Hofmann and Michael Baron) is
a tool that reformats multiple sequence alignments. It takes
an alignment and shades or colors the nucleotides or
amino acids of each sequence according to their degree of
similarity in the alignment. This shading by similarity is ei-
ther based on an identity threshold for residues in each
column of the alignment or according to a specific se-
guence. The program also provides the option of displaying
a consensus sequence beneath the alignment. The result-
ing file can be saved in a variety of different formats that
can be imported into common word processors, image edi-
tors or desktop publishing packages. BoxShade is avail-
able on the Web through the Swiss Node of the European
Molecular Biology network (http://www.ch.embnet.org/
software/BOX_form.html) and PISE. Both servers allow
multiple alignments to be pasted or uploaded into the pro-
gram and are capable of shading alignments in varying
tones of gray (depending on the level of similarity).

Two other programs that format multiple alignments are

Pretty and PrettyBox from the Wisconsin Package (GCG).
Pretty generates and displays consensus sequences in an
alignment, but it does not shade residues according to lev-
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els of similarity. PrettyBox works essentially the same way
as Pretty, though the program also provides shading fea-
tures that make it function similarly to BoxShade. Howev-
er, unlike BoxShade, PrettyBox gives the investigator ad-
ditional control over the shading thresholds for different
levels of similarity. Integrated bioinformatics Web sites can
allow the investigator to align multiple sequences using a
program such as ClustalW and to improve the appearance
of the resulting alignment using PrettyBox or BoxShade.
Both functions can be accomplished with relative ease in
contrast to several other stand-alone multiple sequence
alignment services that require several manual steps be-
tween different Web sites to achieve the same result.

The Internet is a significant resource to the bioscientist
and is one of the easiest means of gaining access to a
wide range of powerful bioinformatics tools for the analy-
sis of sequence data. While there are several multiple se-
guence alignment programs available on the Web, it is im-
portant to realize that the results they generate can be
used in other analytical tools, such as those designed for
molecular phylogenetic or protein molecular modeling
studies. Integrated Web servers such as BioNavigator
greatly facilitate the ability to conduct such studies.
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