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The characterization of protein functions is one of the main
challenges in bioinformatics. Proteins are often composed
of individual units termed domains, motifs that can evolve
independently. The domain architecture of a given protein is
the particular order and the content of its numerous domains.
Some computational approaches predict the most likely domain
architecture for a set of proteins. However, a few numbers of
visualization tools exist, and most of them are unavailable. Here
we present DAVI, an efficient and user-friendly web server
for protein domain architecture clustering and visualization.
DAVI accepts the output of most used domain architecture
prediction tools and also produces domain architectures for a
set of protein sequences. It provides a rich visualization for
comparing, analyzing, and visualizing domain architectures.
Availability: http://genome.lcqb.upmc.fr/
Domain-Architecture-Viewer
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Introduction
The identification of functional domains is essential for

protein sequence analysis. Domains are the building blocks
of all proteins; they are sequence fragments that can be inde-
pendently stable and folded, have a specific function and oc-
cur alone or in groups. The majority of proteins, especially in
complex organisms, are composed of one or more domains.
The arrangement of domain units in a protein forms its do-
main architecture and determine, to a large extent, the protein
function. Therefore, accurate detection of domain architec-
tures is extremely useful for protein function prediction and
structural analyses. Many approaches have been proposed to
predict the most likely domain architecture for a set of pro-
teins (1–3). However, a few numbers of visualisation tools
in the form of web server exists. Often, such graphical tools
are particular to a group of organisms and cannot be used in
general. Moreover, there is no possibility to group proteins
according to their domain architecture similarities.
Here we propose DAVI, a web server for protein Domain
Architecture clustering and VIsualisation. DAVI accepts the
output of most used domain architecture prediction tools such
as BMC (best match cascading), DAMA (1), and dPUC (2).
However, it is also possible to run those tools by inputting
FASTA sequences or a set of identified domains. Users can
also choose between two clustering algorithms (hierarchical
or spectral) to group proteins with similar domain architec-
tures. Once input files are processed and proteins clustered,

DAVI provides a set of visualisation features, including do-
main architecture groups, compact view, statistics and the
possibility of exporting data in several formats.

Methods
Figure 1 shows the flowchart of DAVI; it has two main steps:
producing domain architectures and clustering proteins with
similar domain architectures.

Producing domain architectures. We have constructed a
pipeline to produce domain architectures for a set of pro-
teins automatically. For that, users should input sequences
in FASTA format or a set of potential domains obtained af-
ter running hmmscan program (4) on the Pfam database (5).
From sequences in FASTA format, DAVI runs hmmscan. The
output of hmmscan (generated by DAVI or provided by the
user) is sent to some domain architecture tool, previously in-
formed: DAMA, dPUC or BMC.

Clustering proteins with similar domain architectures.
To group proteins by their domain architectures, we used two
clustering algorithms: hierarchical (6) and spectral (7). Both
algorithms require a distance matrix that contains pairwise
distances for each protein pair. To compute such a matrix, we
first encode each protein domain architecture by a sequence
of letters representing domains. Next, the pairwise distance
between two proteins, saying P1 and P2 was obtained with
Levenshtein metric (8) that computes the minimum number
of single-character edition (insertions, deletions or substitu-
tions) required to transform P1 into P2. Finally, we input
the distance matrix in some clustering algorithms to obtain
groups.

Web server
Inputs. Users can input three types of files: sequences in
FASTA format, hmmscan output, or protein domain archi-
tectures provided by any software. If sequences or hmmscan
output are inputted, users need to choose a domain architec-
ture tool: DAMA, dPUC or BMC. Next, they should choose
a clustering algorithm: hierarchical or spectral. After submit-
ting their input file, users need to guide clustering algorithms
to determine the number of clusters. For hierarchical clus-
tering, a dendrogram is displayed to help users set a specific
height and cut the tree into clusters. For spectral clustering,
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Fig. 1. DAVI flowchart. Producing domain architectures - users input sequences in FASTA format or hmmscan output. From sequences, we run hmmscan program using
Pfam database. From hmmscan output, we launch a tool to obtain domain architectures: DAMA, dPUC or BMC. Clustering - the output of some domain architecture tool
is processed to build a distance matrix used to obtain clusters with hierarchical or spectral algorithms. Visualisations - users can visualise groups of proteins with similar
domain architectures with four different modules: standard view, compact view, statistics and export.

users should input the number of clusters directly. Before
visualisation, users can choose between a contracted visu-
alisation (proteins are scaled) or an expanded visualisation
(protein length are shown).

Visualization. DAVI has four visualization modules imple-
mented for different objectives: the standard view, compact
view, statistics and export files, see the right panel in Figure
1.

The standard view displays groups of proteins with similar
domain architectures. Initially, each group reveals only a
representative protein, but users can expand and navigate to
explore all protein architectures of a given group.

The compact view was mainly designed to obtain a con-
densed view of protein domain architectures. In this view,
only domain order is displayed, protein lengths are masked.
By hiding domain positions, users can easily compare a large
set of proteins of a given group.

The statistics is a module that displays quantitative infor-
mation about user’s data such as the number of groups,
sequences, mean of domain per protein and number of
distinct domains. It also provides a histogram with the
distribution of architecture sizes and the most seen do-
mains/architectures.

Finally, export allows users to save their data in different for-
mats.

Conclusion
DAVI is a unique web server for clustering and visualizing
protein domain architectures. It is simple, fast, and deal with
protein sequences or their domain hits. It provides a direct
way to quickly group, analyze and study domain informa-
tion of a set of proteins. DAVI can be useful for a mul-
titude of purposes: compare domain architectures and find
homologous relationships, identify/distinguish promiscuous
(very frequent) domains architectures, and study evolution-
ary events involving domains: insertion, deletion, and con-
servation.
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