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ABSTRACT

The Conserved Domain Database (CDD) is a compilation
of multiple sequence alignments representing
protein domains conserved in molecular evolution. It
has been populated with alignment data from the
public collections Pfam and SMART, as well as with
contributions from colleagues at NCBI. The current
version of CDD (v.1.54) contains 3693 such models.
CDD alignments are linked to protein sequence and
structure data in Entrez. The molecular structure
viewer Cn3D serves as a tool to interactively visualize
alignments and three-dimensional structure, and to link
three-dimensional residue coordinates to descriptions
of evolutionary conservation. CDD can be accessed on
the World Wide Web at http://www.ncbi.nlm.nih.gov/
Structure/cdd/cdd.shtml. Protein query sequences may
be compared against databases of position-specific
score matrices derived from alignments in CDD,
using a service named CD-Search, which can be
found at http://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi. CD-Search runs reverse-position-specific
BLAST (RPS-BLAST), a variant of the widely used
PSI-BLAST algorithm. CD-Search is run by default for
protein–protein queries submitted to NCBI’s BLAST
service at http://www.ncbi.nlm.nih.gov/BLAST.

INTRODUCTION

Protein domains may be thought of as proteins’ structural and
functional building blocks, dividing the primary and tertiary
structure of a chain into distinct units. Domains are also mobile
genetic units, rearranging in various combinations throughout
the molecular evolution of proteins. To understand such
processes, and the effect they have had on the present protein
repertoire, proteins need to be analyzed not as full-length
sequences but rather as collections of individual domains, each
of which is important as a unit of molecular evolution.

Protein sequence comparison, as a tool to investigate patterns
of conservation and divergence in molecular evolution, is more
powerful when sequences are compared to models of protein
families instead of other single sequences (1). This may be of
particular importance if one wants to use sequence comparison

for domain identification and annotation of new sequence data.
Examples of such family models are protein profiles (2),
hidden Markov models (3,4) and position-specific score matrices
(5). The latter, for example, are constructed automatically from
sets of pairwise alignments in an iterative database search
procedure in PSI-BLAST, a popular addition to the BLAST
family of programs (6). PSI-BLAST generates position-specific
score matrices, anchored on query sequences, to serve as
models of protein families. Explicit alignment models, though,
are important for further analysis of divergent domain families
and for the transfer of annotation.

Collections of domain alignment models thus are invaluable
resources for the study of protein evolution and for large-scale
annotation of genomic sequences. Examples of carefully
compiled collections are Pfam (7) and SMART (8), which also
come bundled with powerful, hidden Markov model-based
search engines. Alignments from Pfam and SMART have been
imported into the Conserved Domain Database (CDD), to
serve a variety of purposes. CDD lets us tie explicit alignment
models to a fast search system using BLAST heuristics, via
position-specific score matrices computed from the alignments. A
corresponding search service has been made available at http://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi. Also, CDD makes
possible the interactive visualization of both multiple alignment
data and protein three-dimensional structure, using NCBI’s
Cn3D viewer (9). Such combined alignment/structure displays
are available for both the browsing of CDD content, and for the
display of database search results.

THE CONSERVED DOMAIN DATABASE

We have set up a protocol to import and present alignment data
from external sources as well as from in-house collaborators.
We attempt to identify the sequence fragments used by the
alignments’ authors, so that we can link to full-length
sequences in Entrez (10). If accession codes supplied by the
source databases cannot be identified, BLAST searches are run
for the fragments in order to find identical or very similar
sequences in NCBI’s databases, requiring at least 90%
sequence identity across the aligned fragment. Particular attention
is paid to close matches with structure-linked sequences, and
we substitute alignment rows with such sequences when
possible. For substitution, we require a similarity threshold of
at least 75% sequence identity in the aligned region and no more
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than 5% of that region is allowed to be lost due to insertions and
deletions.

Upon import, multiple alignments are deconstructed into sets
of pairwise alignments. A representative common to all the
pairwise alignments is chosen as the sequence with the fewest
deletions relative to other sequences, so that the loss of
alignment information is minimal. In fact most of the alignments
imported from Pfam or SMART have a very pronounced block
structure, reducing the risk of losing information in this step.
Structure-linked sequences are picked as representatives
whenever available.

Imported domain alignments can be retrieved by accession
or searched by keyword at http://www.ncbi.nlm.nih.gov/Structure/
cdd/cdd.shtml. The server generates summary pages from
which several alignment visualization styles are available. If
three-dimensional structure information is available, Cn3D
3.0, a molecular structure viewer distributed by NCBI, can be
used to display integrated views of the domain’s multiple
alignment and its conservation patterns, as well as the three-
dimensional structure of a representative member. This display
allows interactive highlighting and feature annotation. Figure 1
shows an example of how this capability can be used to
illustrate how genotypes may be linked to disease.

Domain alignments in CDD are used to calculate position-
specific score matrices for database searching. For the
representation of position-specific score matrix (PSSM)
models, a consensus sequence is calculated for each conserved
domain, reporting the most frequent residues in aligned
columns. Although visible in alignment displays, the
consensus sequence is not used directly in PSSM calculations.
However, it determines the length of the PSSMs, as only
columns with >50% aligned states are include in the consensus
and PSSM calculation.

The search engine making use of CDD’s collection of PSSM
models is reverse-position-specific BLAST (RPS-BLAST), a
variant of PSI-BLAST. It inverts the role of query and subject,
comparing a single sequence against a database of PSSM
models instead of searching a database of sequences with a
single PSSM model. A web-based interface to RPS-BLAST,
CD-Search, is available at http://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi.

The ASN.1 data specification for domain multiple alignment
data in CDD is available through the NCBI toolbox distribution at
ftp://ncbi.nlm.nih.gov/toolbox, together with C program code
that can be used to read, write and compute with CDD data in
the context of the NCBI toolkit. The content of the CDD can be
downloaded from NCBI’s FTP site in machine-readable
ASN.1 format, by following instructions on the CDD home
page.

FUTURE DEVELOPMENTS

DART, the domain architecture retrieval tool, is an application
making use of CDD data. It runs a variant of CD-search for protein
query sequences and compares the inferred domain architecture of
the query with pre-calculated domain architectures of database
proteins, showing a list of neighbors with matching sets of domains.
DART can be accessed at http://www.ncbi.nlm.nih.gov/Structure/
lexington/lexington.cgi?cmd=rps.

The DART service covers a non-redundant subset of
Entrez’s protein database only. In an ongoing effort, CDD will

be made a fully integrated part of NCBI’s Entrez system,
making use of Entrez’s powerful search and query refinement
engine. As a prerequisite, all proteins in Entrez will be neighbored
to CDD, thus adding domain annotations to all protein
sequences, annotations which will be refreshed periodically, as
both Entrez-protein and CDD will continue to grow. Conserved
domain models in Entrez will not only be linked to proteins,
but also to three-dimensional structure data, literature, nodes in
the taxonomic classification and to other conserved domain

Figure 1. Cn3D 3.0 view showing a subset of aligned sequences from the CD sm
(ATPase domain of DNA mismatch repair MUTS family). Residues corresponding
to the P-loop motif around the ADP/Mg2+ binding site have been annotated in
Cn3D and are highlighted in green: GLY614-x(4)-GLY619-LYS620-SER621 in
1E3M chain A (12). The ADP/Mg2+ complex is colored magenta. In the related
human MSH2 protein, a somatic GLY→SER mutation in the position corresponding
to GLY619 (highlighted in yellow) has been associated with type 1 familial
non-polyposis colon cancer. From analyzing the image one may understand
how a substitution of the side chain at this position interferes with ADP/Mg2+

binding and may therefore impede the DNA mismatch repair system.
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models, using suitable definitions for conserved domain
neighbor relationships.

We have started to curate multiple alignments in CDD. Our
goal is the reconciliation of sequence alignment data with
quantitative information from protein three-dimensional
structure and structure comparison, resulting in sets of pairwise
alignments between each family member and a structure-
linked representative that could be used to instantiate initial
three-dimensional models for family members. One of the
prerequisites is, for example, that structures inferred from
alignments do not violate basic geometric principles. We also
plan to validate CDD alignments with sequence-structure threading
methods (11) as a means to detect errors in the alignments, outliers
requiring manual curation and contamination with sequences
from outside the family. Setting up a curation pipeline will
allow us to periodically update conserved domain alignments
with new family members, as sequence databases continue to
grow. Carefully curated alignments will also serve as a means
to link functional annotation to conserved residues, and to
make this annotation accessible in visualization services. A set
of curated conserved domains will be available later this year.
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