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Using explicitly represented biological
relationships for database navigation and
searching via the World-Wide Web
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Abstract

Motivation: The increasing availability of biological data-
bases on the World-Wide Web and hypertext links between
them has made a wealth of information easily accessible to
biologists. Additional retrieval capabilities can be achieved
by storing explicitly specified biological relationships
between different entities as discrete database entries.
Results: We have built CySPID, a prototype database about
the cytoskeleton that explores the approach of explicitly
representing biological relationships. The stored relation-
ships are displayed along with other retrieved information,
can be used to make hyperlinks to related entities, and can be
used to search for entitites with specified properties. CySPID
is extensible in that new types of relationships may be created
without altering the database schema.

Availability: CySPID is available for public use (http://
ycmi.med.yale.edu/cyspid/). The CGI scripts used by CySPID
are available upon request.
Contact: panzer@seviche.med.yale.edu

Introduction

The advent and growth of the World-Wide Web (WWW) has
vastly simplified the processes through which biologists
retrieve information. Whereas in the past, when databases
would often be queried using proprietary software, email
autoresponders, or by simply looking up the entry in a text
file, today many biological databases have interactive HTML
interfaces that allow queries to be composed and executed
with ease. Furthermore, the hypertext output of WWW-
integrated databases often contains links to corresponding
entries in other databases. The entry for a given gene in a
species-specific genome database such as Flybase or the
Mouse Genome Database might be linked to corresponding
nucleotide and protein sequences in Genbank and Swiss-Prot,
and to literature references in Medline. Reciprocal links from
sequence databases to genome databases might also be
present. Thus, starting with a single query of one database, the
user may readily access information in several different
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databases. However, links within or between databases made
on the basis of biological relationships other than sequence
similarity are relatively uncommon. The utility of many
biological databases could be enhanced by using explicitly
represented relationships to facilitate browsing and searching.
Furthermore, storing new relationships and types of relation-
ships as entities within the database (a row in a relational
table or an object in an object-oriented database), rather than
as a part of the database schema itself, could facilitate the
representation of domains of biological knowledge in which a
large variety of relationships are possible.

We have built a prototype database that takes the approach
of storing biological relationships as database entities.
CySPID (Cytcskeletal Protein /nteractions Database) is
focused on the systems of protein polymer filaments and
their linking, anchoring and regulatory proteins, all of which
collectively comprise the cytoskeleton. Research on the
cytoskeleton is an active area of investigation in cell biology
because it is involved in so many processes, from the
physiology of single cells to entire organisms. The cytoske-
leton plays a principal role in processes such as cell division,
cell motility, and morphological movements of tissues during
development. The best understood parts of the cytoskeleton
fall into groups associated with three types of filaments: actin
microfilaments, intermediate filaments, and microtubles.
Each type of filament has a variety of associated proteins
that regulate the assembly of the filaments, organize them into
higher-order structures, and anchor them to various locations
in the cell. The microfilaments and microtubles also have
associated molecular motor proteins that exert force on the
filaments, driving cell motility and shape changes.

The cytoskeleton is an appropriate domain of knowledge to
model with a database of biological relationships because
there is such a large variety of protein types as well as
numerous interactions between the various proteins. A recent
compendium of cytoskeletal proteins (Kreis and Vale, 1993)
listed nearly 50 distinct protein types associated with actin
and actin microfilaments, not to mention proteins associated
with other cytoskeletal structures. Keeping track of this
information is a difficult job for many biologists. The
approach taken by CySPID to simplify this task should be
useful for databases cataloging other domains of biological
information as well.
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Fig. 1. The schema used to represent biological relationships. The two tables
reltypes and relations are shown with the names of their columns on the left,
and a description of each column on the right. Primary key columns are
shaded (the primary key of relations is the pair of columns relation* and
item_number) and the foreign key reference from relations to reltypes is
indicated by a solid arrow The value of item number in relations is
constrained by the the value of entities in the corresponding row of reltypes
(dashed arrow).

System and methods

CySPID is a relational database with an HTML user interface.
All biological data are stored in tables using Sybase version
10. CGI scripts written in Perl (Wall and Schwartz, 1991) or
Sybperl (an extended version of Perl developed by M. Peppier
that provides an API for querying Sybase databases; see
http://reality.sgi.com/employees/pablo_corp/Sybase_FAQ/
Q4.4.html for more information) are used to generate forms
for entering data, to query the database and to display the
results of queries. CySPID runs on a Sun Sparcstation 2 at the
Yale Center for Medical Informatics.

Most entities in CySPID are stored in conventional tables,
with dependent tables used to store types of data that may be
instantiated multiple times for a given entity, such as multiple
sequence accession numbers corresponding to a single gene
or protein. (The full schema is shown in the appendix). The
schema used to represent most biological relationships is
worth a special note. Relationships are built using two tables,
as shown in Figure 1. The first table, reltypes, stores the text
template for a given type of biological relationship (as seen in
Table 1), and also contains the number of entities allowed and
flags indicating whether the relationship is commutative or
transitive. Instances of relationships are specified in the table,
relations, which has four columns. The column relation*
contains a unique identifier for each relationship (an arbitrary
number). reltype# is a foreign key referencing the table
reltypes to indicate the type of relationship. Entity contains
an identifier for one of the entities that are linked by the
relationship (indicating a specific protein, gene, macromole-
cular complex, etc). Finally, item number contains the
'position' of the entity in the relationship. For example, in
relationship 'talin binds to vinculin', the relationship template
is '$a binds to $b,' $a (position 0) is 'talin' and $b (position 1)
is 'vinculin.' The entire relationship occupies two rows of the
table relations, with both rows having the same relation*.

Table I. Biological relationships represented in CySPID

$a always contains the component $b
$a sometimes contains the component $b
$a binds to $b
Sa severs $b
$a organizes $b into $c
$a crosslinks $b
$a competes with $b for binding to $c
$a is necessary for the assembly of Sb
$a nucleates the assembly of $b
$a inhibits nucleation of the assembly of $b
$a caps the barbed end of $b
$a caps the pointed end of $b
Overexpression of $a suppresses mutations in $b
Mutations in $a suppress mutations in $b
$a has $b activity
$a contains the motif $b
$a stimulates the exchange of bound $b for $c on $d
$a converts $b to $c
$a inhibits the activity $b of $c
$a promotes the relationship $b
$a inhibits the relationship $b
$a causes the disassembly of $b
$a is necessary for proper organization of $b
$a polymerizes
$a is a kind of $b
Sa regulates the size of $b
$a promotes the elongation of $b
Sa exerts force on $b
Sa co-localizes with $b
Sa is a substrate of $b
Sa lacks the relationship $b of its parent class

one row having item number = 0 and entity holding the
primary key of talin, the other having item number = 1 and
entity holding the primary key of vinculin. The approach of
storing the relationship using different rows to accomodate
multiple related entities was adopted so that the number of
related entities possible would not have a predefined limit (as
would be imposed by the alternative of storing related entities
in different columns of the same row). The combination of
relation* and item number provides the primary key for this
table.

Implementation

CySPID interface and presentation

Information from CySPID is presented to the user as a
'report' about one of several types of entities (described
below) stored in the database. For example, a query retrieving
a protein would produce a 'Protein Report'. Three entry
points are provided, allowing the user to retrieve proteins,
protein classes, or macromolecular complexes. Information
on other types of entities can be retrieved by following
hypertext links presented on a report.

Figures 2 and 3 show an example session, using the protein
search form as the starting point. Figure 2 is the query form
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CySPID: navigation and searching with relationships

•1 ! Netscape: Search CySPID for Proteins \

Back Forward Home""] I Reload | Images Open | Print | Find | | St

CySPID: Protein Search
Use the form belov to specify the criteria that should be used to retrieve proteins from CySPID You must
specify at least one search criterion, though it need not be a name.

Search for the string:

in any of: (fl protein names H gene names H protein classes

Retrieve only those proteins:

that are of class:
[Hone selected]
actin
adducin
-alpha adducin
-beta adducin
alpha-actinin
alpba-catenin
ankyrin
annexin
-annexin I

S consider any subclasses

that are from the organism:
[None selected)

Search j [ Reset Defaults]

jttM A/ir — j?

Fig. 2. CySPID Protein Search form, showing field for text searching, and menus for restricting the search either by protein class or source species.

itself, where the user can specify text used to search for
proteins (and the genes that encode them), as well as restrict
the search to a particular protein class or source organism.
The search retrieves a list of proteins matching the search
criteria (not shown), hyperlinked to generate reports on each
protein. If only one protein matches the search criteria, the
protein report (Figure 3) is retrieved directly without first
displaying a list. The report displays information about the
protein and the gene that encodes it, with hypertext links to
sequence, structure and genome databases so that more
detailed information may be obtained from those sources. If
the protein is a member of a specific class of protein, a link to
a report on that class is displayed. Finally, if any relationships
are known for the protein or encoding gene, they are
displayed. Each entity name in a relationship is a link that
retrieves reports on that entity, allowing the user to browse
from one item to related items.

A magnifying glass icon displayed next to each relation-

ship can be used to search CySPID for other entities in the
database that have a 'similar' relationship. For the relation-
ship 'fascin binds to microfilamenf displayed on the protein
report (about fascin) shown in Figure 3, this icon will launch a
search to retrieve a list of all relationships satisfying 'X binds
to microfilament,' where X is any entity in the database. (The
converse search for relationships satisfying 'fascin binds to X'
would not be available from this particular page, because all
of the relationships that would be retrieved are already
displayed. Instead, this search would be available on the
macromolecular complex report about microfilament.)

Reports on other entities in the database display informa-
tion appropriate to each type of entity, including all
relationships known for that entity. For protein classes, for
example, links to super- and sub-classes of the class are
displayed, as is a tool that can be used to retrieve individual
members of the class by species (Figure 4). For motifs, a text
description of the motif is transparently downloaded from
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