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Multiple sequence alignments are successfully applied in many studies for understanding the structural and functional relations among single nucleic acids and protein sequences as well as whole families. Because of the rapid growth of sequence
databases, multiple sequence alignments can often be very large and dif f icult to
visualize and analyze. We of fer a new service aimed to visualize and analyze the
multiple alignments obtained with dif ferent external algorithms, with new features
useful for the comparison of the aligned sequences as well as for the creation of
a f inal image of the alignment. The service is named FASMA and is available at
http://bioinformatica.isa.cnr.it/FASMA/.
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Introduction
Multiple alignments of nucleic acid and protein sequences are basic investigations widely used for
a large number of studies, such as phylogeny,
profile construction, structure prediction, and sequence/structure activity relationships. In the last
years, many programs and services have been developed to align multiple sequences and to edit and
analyze the obtained multiple alignments (1 ). The
most commonly used methods for creating multiple
sequence alignments are based on the progressivealignment strategy, which first estimates a phylogenetic tree and then constructs an alignment of the sequences (named “profile”) following the order in the
tree. The best known of these methods is ClustalW
(2 ). There are variants of this approach, such as
T-Coffee, which builds a library of both local and
global alignments of every pair of sequences and uses
a library-based score for aligning two profiles (3 ), and
MUSCLE, which applies horizontal refinement to the
built alignment (4 ). Specific tools to help in the viewing and editing of the alignments have also been developed, including ALSCRIPT and CHROMA that
visualize multiple sequence alignments (5 , 6 ), as well
as SEAVIEW, Jalview, and CINEMA that allow editing of multiple sequence alignments (7–9 ).
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In this study, we present a new web service devoted to the analysis and customized visualization of
multiple sequence alignments, named FASMA, which
offers new useful functions to the scientific community interested in sequence analysis and comparison.

Results and Discussion
FASMA can input multiple sequence alignments in a
variety of common formats and offer many options
able to format and visualize large multiple sequence
alignments, evidencing specific residues or conserved
patterns by default or user-provided coloring schemes.
The user-friendly formatted alignment can be exported to create figures for manuscripts or presentations. Moreover, FASMA also enables users to compare and analyze the aligned sequences, not only for
the global similarity but also in terms of conservation
in specific positions and pairwise similarity.

Formatting options
Users can choose one among three different styles
to format the alignment. In the first format style,
FASMA converts the alignment in GCG MSF format:
it reports on each line the sequence names and 50
residues with an empty space between blocks of 10
nucleotides or amino acids. The gap regions are indicated with the period character (“.”). The coloring
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scheme or a simple black and white option may be
selected. The residues are colored according to the
chemical species they represent. The default colors
for the nucleotides are green for A, blue for C, orange
for G, and red for T. The amino acids are reported
using the following colors: polar positive (H, K, R)
in blue, polar negative (D, E) in red, polar neutral
(S, T, N, Q) in green, non-polar aliphatic (A, V, L, I,
M) in white, non-polar aromatic (F, Y, W) in purple,
C in yellow, and P and G in brown. In the second
format style, users may customize the alignment format by choosing to report on each line the residues in
blocks of tens and by indicating the number of amino
acids or nucleotides for each line of the alignment,
from 30 to 90 residues, or all residues of each sequence (Figure 1A). The color of residues can be chosen among five different options, including the simple
black and white option, the coloring scheme present
in the first format case, the hydrophobicity code according to Kyte and Doolitle (10 ), and two alternative color schemes in which users can define the color
for every residue type or for specific residues present
in functional positions (catalytic or active sites). Finally, users may also decide whether to indicate the
gap regions with dash (“–”) or period (“.”) characters, and whether to insert an empty space after
blocks of 10 residues. In the third format style, users
may choose the order for reporting the sequences in
the multiple alignment and how to format it by choosing among the same options indicated in the second
case. This option is very useful when the multiple
alignment comprises many sequences and is difficult
to compare sequences all together. In fact, it allows
to collect the sequences in the basis of species (such as
mammals, fish, and birds) or to easily compare some
specific sequences that are interesting for the user.
The formatted alignment obtained by any of the three
styles can be saved and used by common editor and
graphics software for creating figures for articles and
presentations (see Figure 1A for example).

page FASMA will report two tables. In the first table, for each sequence name, the nucleotide or amino
acid type present in the required position is shown,
using the coloring scheme mentioned above. In the
second table, FASMA reports the number and the
frequency in the selected position of each nucleotide
or amino acid. This option allows users to know the
sequence conservation for that position and verify in
what groups (or species) the same residue is present.
This analysis may be useful to highlight the conservation of a residue, which often indicates a structural
and functional importance, not only for the whole
alignment but also for sequence groups. This information can also be useful to select the order of the
sequences in the alignment for the choice of the final
format of visualization. In the third option, FASMA
shows a table that reports for each sequence the identity percentage of the sequence between itself and the
other (Figure 1B). With this option, users can quickly
have a quantitative evaluation of the similarity of each
sequence with respect to all the others present in the
multiple alignment.

A

Analyzing options
FASMA offers three possible options to analyze multiple sequence alignments. In the first option, FASMA
shows a table with the sequence names and the occurrence (expressed as number or frequency) of each
nucleotide or amino acid in every sequence. In the
second option, users can look for information about
a specific position of the alignment. In the result

Fig. 1 Examples of output results. A. The formatted
multiple alignments obtained with the second format style
option. Color options allow to use predefined as well as
user-defined colors. B. The table of amino acid identity
percentage between all the aligned sequences.
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Materials and Methods
The core of FASMA is a CGI script written in Perl
language with the aim of producing an user-friendly
web tool to format and analyze multiple sequence
alignments provided in different formats. Users can
select the sequence type indicating “DNA” or “Protein”, choose the input format among those available
types including ClustalW, GDE (11 ), FASTA (12 ),
PIR, and GCG MSF, paste the alignment in the box,
and choose the possible options for formatting or analyzing the sequences in the multiple alignment. The
results appear immediately in an HTML page. The
web pages report examples of input multiple alignments and output results. The service is available at
http://bioinformatica.isa.cnr.it/FASMA/.
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