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ABSTRACT

Three databases that provide data on transcriptional

regulation are described. TRANSFAC is a database on
transcription factors and their DNA binding sites.

TRRD (Transcription Regulatory Region Database)
collects information about complete regulatory re-

gions, their regulation properties and architecture.

COMPEL comprises specific information on compos-

ite regulatory elements. Here, we describe the present
status of these databases and the first steps towards

their federation.

INTRODUCTION

Transcriptional control is one of the most important steps th

In the following, we describe the present structure and content
of each of these three databases individually as well as reporting
on our efforts to promote their federation.

TRANSFAC DATABASE
Data structure

Because of some major changes, release 2.5 was followed by
release 3.0 (July 1996), r3.1 coming out in January 1997. As a
constant feature, the tables SITE and FACTOR and the n:n
relation between them represent the main building blocks. The
structure of the periphery of SITE (tables METHOD, CELL)
remained unchanged. A new field contains a short designation of
the functional gene region a certain site belongs to (e. g.,
promoter, intronic enhancer). For many site-factor interactions,
‘qualities’ were newly assigned which reflect the reliability of the
experimental evidenc&)

alThe FACTOR entries were re-structured in that the previous

Id ‘cell specificity’ was resolved into two new fields describing

Il types/tissue in which the corresponding factor is expressed

d others where it could not be detected. Position-dependent

structural properties are now given in a separate feature table.
lobal structural properties are still explained as free text. In

govern the regulation of gene expression. It is mediated mai
by promoter and enhancer regions, but additionally locus cont%i
regions (LCR) and scaffold (or matrix) attachment regionsg,
(S/IMAR) play a specific role in defining the transcriptional
activity of a gene 1=3). To characterize the features of the

: - : to, e. g., different splice variants or transcription factors encoded
_TRANSFAC is a database that started with a list of regulatoryy, e\B)/GenBank entries that lack the annotation of the coding
cisacting DNA elements and a second table giving SOMEyion and therefore are not in the protein sequence databases.
information on the binding proteingrdns-acting factors, fran- — The assignment of transcription factors to classes (CLASS

scription factors) 4). It was subsequently transferred into awpie) according to the structure of their DNA-binding domain
simple database formai)( later into network model-based and ;o5 been re-evaluated according to a more comprehensive

reIationa_I database systenis®). TRRD (Transcription Rt_agula— Fierarchical classification schensL).
tory Region Database) refers to the hierarchy of regulation levelstha matrix table was supplemented by a new field that gives a

starting with the regulatory features of a whole gene at the 1ot gescription of the corresponding transcription factor in
level and giving information about individual protein binding oqgition to the linked FACTOR table.

sites at the bottom leveld), One intermediary level is represented

by composite elements whl_ch are chara_cterlzed by a Spec'ﬁcontent of TRANSEAC

combination of two or more single sites which together constituté

a novel module of new quality. This information was madéhe database collects information abdstacting elements and
available as a separate database, COMRHL ( trans-acting factors from all eukaryotic organisms. The tables

* To whom correspondence should be addressed. Tel: +49 531 6181 427; Fax: +49 531 6181 266; Email: ewi@gbf-braunschweig.de



266 Nucleic Acids Research, 1997, Vol. 25, No. 1

SITE, FACTOR, and MATRIX contain entries for vertebratesis represented by gene entries which constitute the main body of

(60, 73 and 72%, respectively), insects (9/9/12%), higher plangntries in the database. The database entries of these two uppe

(3/5/3%), fungi (10% in all three tables) and viruses (17/2/2%)levels include information on DNA regulatory sequences of
The main focus of the releases 3.0 and 3.1 was to reformat adoder hierarchical levels such as promoters, enhancers, silencers,

to update the FACTOR table thus increasing the number of igomoter boxes, binding sites of transcription factors. In addition

entries by 14% (total of 1763 entries) in r3.0 (Tableand by to this structural information, gene entries contain short descrip-

>23% (>1900 entries) in r3.1. Considering the acquisition dions of the regulation specificity and other information on

additional information to pre-existing entries as well, the wholéunctional classification of the gene.

volume of FACTOR increased by 38% (release 3.0). The content

of the SITE table, on the other hand, remained relatively stabeontent of TRRD

(Tablel). However, it has been supplemented by links to a novel . ) ]

GENE table which serves as a link to TRRD (see below). ModtRRD rt_alease 3.3 contains 340 entries. Toget_her, they include

important for sequence scanning purposes, the MATRIX tapjgformation on 474 promoters, enhancers and silencers and 1673

has been considerably enlarged (246 entries in release 3.0). binding sites of transcription factors. The information has been
extracted from 1365 publications. Genes of the following

Table 1. Content of the TRANSFAC tables organisms have been described in the database: human (138
entries); mouse (97 entries); rat (54 entries); chicken (22 entries);
Table Entries viruses (11 entries); frog (6 entries); rabbit (6 entries); other

organisms (7 entries).

SITES 4299 Four main types of transcriptional regulation have been
FACTORS® 1763 distinguished in TRRD: (i) gene expression depends on cell cycle
CLASS 27 stage (43 genes in TRRD); (ii) gene expression depends on the
MATRIX oa6 developmental stage (87. genes); (iii) tlssge—specn‘lc regulation

(277 genes; see Tahl; (iv) gene expression depends on the
CELLS 816 action of external factors such as: heat shock, starvation,
METHODS 52 chemicals, cytokineshormones, growth factors, vitamins etc.
REFERENCES 4112 (259 genes).

aThe total number to SITES entries decreased because some redundant enfied€ 2- Tissue-specific regulation of genes described in TRRD
were omitted.

bAmong the FACTOR entries, 800 are assigned to one of the factor classes. Tissue Number of Number of repressed
CTotal number of articles cited in SITE, FACTOR, CLASS and MATRIX, giving tissue-specific genes  genes
rise to more than 10000 citations. liver 98 12
kidney 13 11
Connected tools
pancreas 1 5
When accessing TRANSFAC through the World Wide Web placenta 10 1

(WWW), several search and browsing tools are available 1Q ain

retrieve the data of interest. Additionally, visitors can use a > 12
PatternSearch routine to scan own sequences with (groups dfipod cells 42 5
sequence elements contained in the SITE table (Karas, muscle 23 4
submitted). The user can choose between element groups f%gleen 6 2
vertebrates, insects, plants, fungi, IUPAC consensus strings o .

can use all elements. Selected weight matrix libraries have beédsrcinoma

compiled from the MATRIX table and can be used for sequencentestine 8 1

analysis with the aid of Matlnspectot2j. They have been

grouped into corresponding categories as the sequence elements.
COMPEL

TRRD (TRANSCRIPTION REGULATORY REGION The database COMPEL collects information about composite
DATABASE) regulatory elements located in the transcription regulatory
Data structure regior]s of vertebrat_e genes. C_omp_osite regulatory eIem_ents
contain two closely situated binding sites for different transcrip-
Presently, the data contained in TRRD are recorded in one flidn factors and regulate transcription in a highly specific manner
file. The hierarchical organisation of transcription regulatorydue to specific DNA—protein and protein—protein interactions
regions of eukaryotic genomes is put into the database sche(sae ref10 and references cited therein).
(9). The upper level of the hierarchy is represented by genomicComposite elements can be divided into synergistic and
regions that may regulate transcription of several genes (LCRBntagonistic ones according to the type of interaction between the
S/MARS). There are corresponding entries in TRRD that descrilb@nscription factors involved. Within synergistic type composite
the regulatory regions of the upper level. DNA regiohaifl 3  elements two transcription factors simultaneously bind their
regions, regulatory regions in introns) that regulate transcriptidiarget sites and non-additively (synergistically) activate transcrip-
of a single gene constitute the next hierarchical level. This levébn. Within antagonistic type composite elements, two transcrip-
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Figure 1. Distribution of distances (base pairs) between two sites in composite elements of synergistic (black curve) and agtagémistictrve).

tion factors influence transcription in opposite directions. Theelation, to TRRD by a 1:1 relation and to COMPEL by a 1:n
most common mechanism simply involves competitive bindingelation. In future, the GENE table will also provide links to the
for the same or overlapping binding sites. Eukaryotic Promoter Database (EPD).

Presently, the COMPEL database describes 146 compositéPresently, the GENE table contains 1045 genes, among which
elements, among them 118 of synergistic and 28 of antagonis#it5 genes are described in both TRANSFAC and TRRD and 38
type. 79 different genes of vertebrates and their viruses agene in all three databases.
presented. The databases are accessible via WWW:

The distance between binding sites within a composite elemdttp://transfac.gbf-braunschweig.de or
can vary significantly. They may be located within each othehttp://www.bionet.nsc.ru/TRRD
(13-15), or they may be separated by 80 bf)(For 80% of Active links enable the user to shuttle between TRANSFAC
composite elements, two binding sites are separated by less ti#HE, TRRD and COMPEL entries via the GENE table, but
30 bp (Fig.1). COMPEL and TRANSFAC FACTOR are also directly linked.

Up to now, the search engines and browsers at either site allow
Table 3.Functional gene classes in TRANSFAC, TRRD and COMPEL direct access only to the ‘domestic’ database. Future develop-

databases ments, however, will provide tools for general searches as well.
Users are asked to cite this article when publishing results
Functional class Number of genes  which have been obtained with the database tools described here.
in GENE table
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