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ABSTRACT

Transcription Regulatory Regions Database (TRRD)
has been developed for accumulation of experimental
information on the structure–function features of
regulatory regions of eukaryotic genes. Each entry in
TRRD corresponds to a particular gene and contains
a description of structure–function features of its
regulatory regions (transcription factor binding sites,
promoters, enhancers, silencers, etc.) and gene
expression regulation patterns. The current release,
TRRD 4.2.5, comprises the description of 760 genes,
3403 expression patterns, and >4600 regulatory
elements including 3604 transcription factor binding
sites, 600 promoters and 152 enhancers. This infor-
mation was obtained through annotation of 2537
scientific publications. TRRD 4.2.5 is available through
the WWW at http://wwwmgs.bionet.nsc.ru/mgs/dbases/
trrd4/

INTRODUCTION

Information on structure and function of long regulatory
regions of eukaryotic genes, transcribed by RNA POL II, is
accumulated in the TRRD database (1). Each entry of this data-
base corresponds to a gene. The annotated part of an entry
includes the structure–function description of gene regulatory
regions composed by regulatory units (promoters, silencers,
enhancers, etc.), individual transcription factor binding sites
that constitute these regulatory units, and transcription factors
that bind to these sites. In addition, the entry contains the gene
expression patterns and references to original publications.

DATABASE DESCRIPTION

The format used in TRRD is based on the model of module-
hierarchic organization of transcription regulatory regions of
eukaryotic genes (Fig. 1). According to this model, the lowest
level of regulatory region organization corresponds to tran-

scription factor binding sites, the next level to composi
elements (2) and the highest level to enhancers, silencers,
promoters and other types of regulatory units. The regulato
units listed above are components of transcription regulato
regions that represent the next hierarchic regulatory level a
are located in 5�- and 3�-gene flanking regions and in introns
Description of a regulatory element of each level in addition
structure characteristics (element’s location and nucleot
sequence) may be supplemented with its functional featu
(effect on gene transcription activity, tissue- and stage-specificit
etc). Thus, the TRRD database allows both the structural a
functional features of gene regulatory regions, which m
contain various tissue- and stage-specific regulatory eleme
alternative promoters (and the corresponding alternative tr
scription start sites), silencers, enhancers, etc., to be descri
Finally, this allows the system of integral regulation of gen
transcription to be described (Fig. 1). A more detailed descript
of the TRRD database format (release 4.1) has been previo
published (1).

The release number of the TRRD database consists of th
digits divided by points, e.g., the current release number
4.2.5. By adding the information without format modification
only the last digit is altered. Such updates occur 1–3 times
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Figure 1. The model of structure–function organization of regulatory gen
regions in eukaryotes, on which the TRRD database format is based.
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month. The second digit is altered when the format is slightly
modified, for example, new fields are added into the database
sections or the format of the fields is changed. The first digit of
the release number is altered if the format globally changes,
e.g., new informational blocks or tables are introduced.

The format of release TRRD 4.2.5 contains several additions
as compared with release 4.1:
• A new field, NI, has been introduced to contain the site

functionality index. This index is 1 where a site function has
been demonstrated experimentally through studying the
effects of deletions or mutations in the site on its binding
with transcription factor and on the expression level of the
reporter gene in plasmid constructions; otherwise the index
is 2.

• Each TRRD entry contains the list of publications annotated
to describe the corresponding gene. Description of each
paper contains field AI reflecting its annotation state: 1, if
the paper has been annotated; otherwise, 0.

• The letter A is added to the gene accession number (for
example, the accession number 00274 of the gene for inter-
feron-beta in release 4.1 is substituted with A00274 in
release 4.2.5).

• The letter S is added to the site accession number (for
example, accession number 2294 of ATP-2 binding site in
release 4.1 is substituted with S2294 in release 4.2.5).

CONTENT OF THE CURRENT RELEASE

The current release, TRRD 4.2.5, contains the description of
760 genes, 1068 regulatory units, 3604 transcription factor
binding sites and 3403 expression patterns. This information
was extracted by annotating 2537 publications. The dynamics
of information volume accretion in the TRRD database is
shown in Figure 2.

Development of TRRD now is directed to description of
individual functional gene systems (3–8). Listed in Table 1 are
the main functional sections of the TRRD database, with the
numbers of genes, regulatory units and sites contained in each
section.

STANDARDIZATION OF INFORMATION INPUT

The program TRRD-INPUT (1) is used to standardize the
information in TRRD. The controlled vocabularies for database

sections, supported by this program, have been considera
expanded. The vocabularies describing organs, tissues
cells where the genes described in TRRD are expressed h
been developed such that they are now united and organi
hierarchically (Fig. 3). This hierarchy is used for modification o

Table 1.Functional sections of the TRRD database

TRRD section Genes Regulatory units Sites

Genes of Lipid Metabolism (LM-TRRD) 77 124 495

Endocrine System Transcription Regulatory Regions Database (ES-TRRD) 60 90 232

Cell Cycle-Dependent Genes 51 84 213

Glucocorticoid-Controlled Genes 39 68 328

Erythroid-Specific Regulated Genes (ESRG-TRRD) 51 103 442

Plant Genes (PLANT-TRRD) 95 96 307

Heat Shock-Induced Genes (HS-TRRD) 66 59 168

Interferon-Inducible Genes (IIG-TRRD) 87 122 379

Others 234 421 1015

Figure 2. Dynamics of the TRRD database accretion (from 1996 to 1999).
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queries (generalized or specific) and for realization of associated
searches in TRRD.

TRRD IMPLEMENTATION IN SRS AND LINKAGE TO
OTHER INFORMATION RESOURCES

TRRD is maintained under SRS to provide an Internet access
to the database. Implementation in SRS distributes the contents
of the TRRD flat-file corresponding to an entry between the
five interconnected tables (1): (i) TRRDGENES, general descrip-
tion of genes; (ii) TRRDEXP, description of the gene expression
patterns; (iii) TRRDSITES, description of transcription factor
binding sites; (iv) TRRDFACTORS, description of transcription
factors; and (v) TRRDBIB, references. Such a distribution
represents the information on expression regulation of each
gene in a convenient manner.

The TRRD database is a constituent module of the GeneExpress
system (9). The hyperlinks between the TRRD tables and
informational resources of the GeneExpress system and other
molecular–biological information resources are shown in
Table 2. The links contained in different TRRD database tables
allow the user to gain additional information on the sites and
regulatory regions available in the other modules of Gene-
Express. For example, from the field WW in TRRDSITES
(Table 2), it is possible to activate the software for binding site
recognition using the program RGSiteScan (http://wwwmgs.
bionet.nsc.ru/Programs/yura/rgscan1.html ) (10).

Field DR in TRRDSITES provides links to the ACTIVITY
and SAMPLES databases. The ACTIVITY database contains
experimental data on activity of transcription factor binding
sites (11). The SAMPLES database contains samples of tran-
scription factor binding sites and other regulatory regions of

DNA and RNA molecules (12). As a result, it is possible t
navigate via hyperlinks to the other programming modules a
databases of the GeneExpress system from any TRRD data
entry. It provides the user with the ability to carry out a
integrated analysis of the expression regulation of any ge
described in TRRD.

In addition, the TRRD database is linked to other releva
databases, such as SWISS-PROT (13), EMBL/GenBank (14,
TRANSFAC (16), COMPEL (2), EpoDB (17), GeneNet (18
and others (Table 2).

AVAILABILITY

TRRD 4.2.5 is available through the WWW at http://wwwmg
bionet.nsc.ru/mgs/dbases/trrd4/ . A list of mirror sites is giv
at http://wwwmgs.bionet.nsc.ru/mgs/links/mirrors.html . TRR
flat-files are available on a collaborative basis. TRRD cann
be included into other databases without explicit permission
the authors. All rights reserved. The administrator of TRR
Nikolay A. Kolchanov, can be contacted by Email: kol@bione
nsc.ru . Please send comments, corrections and requests
additional information by Email or Fax (+7 3832 331278). Use
are asked to refer to this paper and the previous publication
in reporting results obtained through TRRD application.
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Figure 3.Hierarchical organization of controlled vocabularies of morphological
terms in the TRRD database (using ventromedial nucleus neurons as example).

Table 2.Links from TRRD tables to other information resources

aGeneExpress resources.

TRRD table Database/System Number of links

TRRDSITES ACTIVITYa 282

SAMPLESa 1489

RGSiteScana 633

EMBL/GenBank 3363

TRANSFAC 625

TRRDGENES SWISS-PROT 571

EMBL/GenBank 803

COMPEL 101

EpoDB/GERD 66

GeneNeta 62

TRANSFAC 299

Others 199

TRRDFACTORS TRANSFAC 1331

TRRDBIB MEDLINE 2443
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