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ABSTRACT
Multiple sequence alignment (MSA) is used to explore the
similarity of several related protein sequences by providing a near
optimal alignment of the characters in each sequence. Biologists
require effective visualization of these alignments as part of their
analysis. Although tools such as Jalview have been developed
that provide a detailed view of different aspects of the alignments
and metadata such as conserved domains, these tools do not
automatically download the metadata via the web and the
alignment cannot be viewed at varying levels of detail. We have
developed a prototype MSA visualization application that focuses
on simultaneous display of characteristics of the alignment and
automatically downloaded metadata such as conserved domains,
and allows the user to view the information at different levels of
detail to enable easy recognition of interesting patterns for further
analysis.
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proteins. These are the sections of the protein’s sequence that
enable it to serve a particular biological role. Because these
sections tend to be evolutionarily conserved (they remain the
same in related organisms), they are also called conserved
domains. After a sequence has been identified as a functional
conserved domain experimentally or using predictive methods, a
computer model of the domain can be generated (often using a
Hidden Markov model). That model can be used to identify the
domain in sequences from other organisms. There are many
online databases that take a protein sequence as a query and return
matching domains. For this application, the Conserved Domain
Database (CDD) from NCBI [1] was used.
Jalview [2] is the tool that is most closely related to ours.
Jalview displays an alignment, as well as many kinds of
associated information including conserved domains. However,
with Jalview, it is not possible to effectively view more than a few
domains on an alignment, especially if the conserved domain
matches overlap on a part of a sequence. Furthermore, it is not
easily possible to get an overall view—across the entire
alignment—of where each conserved domain lies.

INTRODUCTION & MOTIVATION

Proteins, DNA, and RNA are the basic molecules of life and
each can be represented computationally as a sequence of
characters. Of these, proteins are especially important because
they are typically the molecules that carry out functional
processes within cells. Proteins are made of chains of 20 different
amino acids; therefore a protein sequence can be viewed as a
string of characters from a 20 letter alphabet. For understanding
proteins, multiple sequence alignment (MSA) has proven to be
one of the most widely used bioinformatics methods because it
allows biologists to analyze the similarities and differences of
related proteins. Figure 1 shows a portion of a multiple sequence
alignment of DNA methyltransferase proteins from 10 different
organisms. The canonical representation of an MSA has each
protein sequence on a separate line with matching characters
aligned in columns and spaces inserted where necessary to
improve the alignment. A series of one or more spaces is called a
gap and is represented by dashes. The similarities and differences
highlighted by multiple sequence alignments can lead to
conclusions about the evolutionary history of the organisms, as
well as information pinpointing functional parts of the sequences
of each organism.
Biologists often want to investigate the “functional domains” of
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Figure 1. A view of a portion of an MSA in Jalview

Our application addresses this specialized problem by creating a
new way to view an MSA concurrently with all conserved
domains that match over the alignment.
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METHODOLOGIES & USER INTERFACE

Our application was developed in Python, using wxPython for
2D graphics and BioPython for manipulating and managing the
alignments and conserved domains.
Upon the input of a multiple sequence alignment file, the
application queries the online NCBI CDD database for each
sequence and parses the results. The first view presented is an
overview of the alignment and the domains present as shown in
Figure 2.
2.1
Alignment Overview
The initial overview alignment presents a condensed view of
the entire alignment and associated conserved domains. In the
example shown in Figure 2, the alignment spans amino acid
indices 1 to 1709.
Unlike other systems for viewing alignments, this application
gives an overview that initially focuses on each conserved

domain, rather than each sequence. The alignment is displayed
separately for each domain and each domain is represented by a
horizontal block. The background is a cream color whose
saturation represents the strength of the alignment based on sumof-pairs scoring at each position. A more saturated color
represents a stronger match among the sequences at each column;
a completely unsaturated color typically represents a column
where many gaps were inserted.

the mouse, the alignment window will redraw with only the
selected area. When the user selects an area small enough to
make drawing the individual amino acids characters viable, these
are also displayed.

Figure 4. Close-up view of the alignment showing individual amino
acids.

Figure 2. The initial overview of an alignment with 6 conserved
domains displayed.

Each sequence in the alignment is assigned a color, as shown in
the key at the top of the screen. In the overview, a bar of color is
drawn above the background whenever the respective conserved
domain is present in that sequence across a specified portion of
the alignment. In this example, it is easy to tell that the
DNA_methylase domain (second from bottom) is present in every
sequence near the end of the alignment. Similarly, the DUF1777
domain (fourth from top) near the beginning of the sequence is
clearly only present in human. Furthermore, even though the last
two domains overlap, it is still easy to see where they lie on the
alignment since they are displayed on separate tracks.
This overview can be useful for drawing general conclusions
about some parts of the alignment. Often, however, this view will
motivate the user to look more closely at a specific part of the
alignment. The application allows the user to click on the blue,
underlined hyperlinks to view a single conserved domain’s
relationship on the alignment in greater detail.
2.2

More Detailed Views

Figure 4 shows a portion of the alignment where most of the
sequences have the DNA_methylase domain present. In this
view, a user can see each individual amino acid in every
sequence, in addition to the strength of the matches represented by
the saturation of the colors. In this example, it is easy to see that
at position 1511 (the first position displayed), all of the amino
acids match in every sequence, so the color is highly saturated.
However, in the middle of the view as the alignment strength
lessens (gaps are inserted and columns are mismatched), the
colors become less saturated.
Users can move up and down the alignment using the scroll
button on their mice, as well as the arrow keys on the keyboard.
Additionally, users can click and drag the sequence labels on the
left to move that sequence higher or lower in the stack, for closer
analysis of a subset of the sequences, while still keeping
information about all the sequences available.
If the user zooms in on a specific portion of the alignment, a
selection box is drawn on the overview to represent which section
of the alignment the user is viewing in relation to the whole
alignment, as well as the other domains. If a user selects another
domain, a new detail view will appear for that domain;
additionally, the zoom factor will stay the same. Users can easily
zoom back out to the full view by clicking the right mouse button.
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DISCUSSION & CONCLUSIONS

Our prototype application demonstrates a new method for
displaying multiple sequence alignments and conserved domains
at different levels of detail. We plan to investigate methods for
displaying additional layers of information on the display, such as
predicted DNA binding sites. We also plan to conduct user
studies with biologists to evaluate the effectiveness of the display.
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Figure 3. Overview of a single conserved domain.

This detail view appears below the overview, so that both are
shown at the same time (a cropped view is shown in the figure).
Initially, this view is very similar to the overview, in that it spans
the entire alignment and has the same cream color background
representing areas where the specific conserved domain is not
present. However, in this view, the saturation of the colors that
represent each sequence is adjusted in the same way the
background is. This means the alignment strength can be
visualized in conjunction the conserved domain. It may be
important to compare the strength of the alignment in a domain.
To zoom in on a certain area of the alignment, a user can click
and drag a rectangle around the area of interest. Upon releasing
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