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ABSTRACT submitting the sequence to the database. Such a situation, togethel
with the recent explosion in the number of nucleic acid and
protein sequences, has created many problems due to redundanc
and inconsistency of data, which greatly reduce the usefulness of
the EMBL data library. Indeed, the database usefulness is strictly
connected to the availability of an efficient interrogation system,
but even the best retrieval system fails if it is not supported by a
correctly structured database containing consistent information.

EMBL keywords lack of organization is due to two main
problems: biological and lexical.

The biological problem derives from the lack of standardiz-
ation in the names associated to proteins and genes. Consequent
ly, the same protein or gene can be named differently according
to the context where it acts.

The lexical issue is related to the fact that for the same keyword
different spellings or abbreviations are used.

As a consequence of such biological and lexical inconsistencies
at the level of keyword codification, data retrieval often gives
false results. Also noteworthy is the problem of errors in
keywords format and of typos.

INTRODUCTION Consequently, an entry associated with a ‘wrong’ keyword can

The use of nucleic acid sequence databases is often made cluf@yonger be retrieved, unless an approximated search is carried
by the presence of inconsistencies, errors and redundancies. PHE Therefore, whoever performs a search by keywords should
most common interrogation criteria for databases are keywordd10W all the names, spellings, abbreviations and short names used
In order to have a targeted retrieval using such criteria, keywor§the annotation of a given sequence in order to obtain correct and
need to be correctly coded. Since the present paper refersCRinplete information. _ _
EMBL data library keywords, the problems encountered in To solve such a problem, in 1989 our group undertook the first
dealing with its keyword system will be mostly discussed.  trée structuring of the keywords for the GenBef)kahd EMBL
In an EMBL entry, the keywords line describes the propertiedatabasess, organising them into a hierarchical structube i
of the sequence, i.e., associated phenotype, biological andfBiS Structure, each keyword was classified according to the
enzymatic activity of its product, general and functional classRiological function of the associated sequence and was linked to
fication of the gene and/or gene product. It also reports tﬁghe.r keywords by functional relgitlonshlp._Llnks among lexical
macromolecules and substrates the gene product can bind, €2 biological synonyms were defined and implemented.
DNA, calcium or other proteins, the sub-cellular location of the_recently, two parallel networks have been implemented: the
gene product and any other information relevant to the ebtry ( RAT Gene Names Tree databases and the Mitochondrial Gene
The keywords chosen for each entry are, therefore, a referef@mes Tree database.
for the sequence and provide information that can be used to extract
sequence lists according to functional and/or structural criteria.
Users should be given the opportunity to extract sequences witlPATA SOURCES
known biological function by applying such criteria.
The assignment of keywords to entries is, however, oftekeywords, i.e., gene and protein names have been extracted from
defective or inconsistent and left to the choice of the researchibie EMBL data library.

KEYnet is a database where gene and protein names
are hierarchically structured. Particular care has been
devoted to the search and organisation of synonyms.
The structuring is based on biological criteria in order
to assist the user in the data search and to minimise
the risk of loss of information. Links to the EMBL data
library by the entry name and the accession number
have been implemented. KEYnet is available through
the World Wide Web at the following site:
http://www.ba.cnr.ittkeynet.html . Recently KEYnet has
incorporated specific gene name classifications,
which can be browsed starting from the above-
mentioned KEYnet home page: the Mitochondrial
Gene Names classification and the Rat Gene Names
classification. KEYnet database has also been struc-
tured in a flatfile format and can be queried through
SRS (http://bio-www.ba.cnr.t:8000/srs ).
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Figure 1. A schematic representation of two-transport protein gene classifications: ARAE and AROP. These genes, coding for mermpbrapecteins, are
classified under the ‘integral membrane transport protein gene’ node, which is descendant of ‘membrane transport proeie, @enttie basis of their cellular
localization and under the ‘Aminoacid Transport Gene’ branch (AROP gene) and the ‘Arabinose Transport Gene’ branch (Atkeeing)upon their substrate
(functional classification).

All the biological information about sequence associated withrogressg,9, FlyBase Nomenclature Document Version 4.1 June
them have been extracted from the same primary databas$es1997; Genetic nomenclature fBrosophila melanogaster
(EMBL data library and GenBank) and from specializechttp://www.ebi.ac.uk:7081/docs/nomenclature/ and http://www.
databases such as SWISS-PROTENZYME (6) or any other gene.ucl.ac.uk/nomenclature).
suitable database. MEDLINE has been also consulted when th&\Ve have organized gene names by establishing a starting set of
previous databases did not contain the necessary information foain ancestor keywords relevant to their primary biological
the keywords classification. As far as the Rat Gene Names brarfaimctions. As most genes are indicated with an acronym, several
is concerned, the data source is the Rat Locus List http://ratmaob-branches have been added to the structure of the GENE
gen.gu.sellassolite/example/listsearch.html branch in the KEYnet database.

KEYnet database is updated at each EMBL data library releaseAn example of the criteria adopted for the keyword classifica-
and at this time the link among the keywords in KEYnet and thiéon in the GENE branch is the structuring of the two transport

EMBL data library entry names is established. genes ‘ARAE’ and ‘AROP’ (Figl).
Moreover the greatest advantage of KEYnet database, that is its
KEYnet STRUCTURE speed and complete information, is almost invalidated by

, . biological synonyms used to define gene names. One of the
KEYnet structure is made up of a set of elements, nodes, linkgdyeral cases where different genes have been given the same
to form a father—son relation. At the highest level there is afgme is the ARCA gene. This geneGiostridium perfrigens
element, the root, which links all the branches in the tree. Thccession nos X97768 and X97684) codes for arginine deiminase,
most important branches are the nodes protein, DNA and RN4y, important enzyme in arginine metabolism, whereas in
(see figure 2 of ref), all direct descendants of the tree root angcgcherichia coli(accession nos L34010 and L20873) another
ancestors to the keywords in the database. Namely, the structygg e with the same name codes for a superoxide dismutase
is organized to allow branches to be linked in a network, whicksqgylator under anaerobic conditions. Therefore, we have been
is quite different from the simple tree structure. Synonymougyrced to classify this gene both in the ‘arginine deiminase gene’
keywords are linked among them in a chain where one of thg\q in the ‘regulatory gene’ branches. Thus searching in
synonyms is chosen as the principal and all others are definedigsy netwww (see below) for ARCA gene produces a sequence
secondary. In the structure each keyword is associated to 8 related to heterogeneous data.

EMBL data library entries where the keyword |tS(_eIf and/or IS The problem with biological synonyms will be only eliminated
synonymous and/or its descendants are reported in the KW liRgnen standard rules are set to guide gene nomenclature. A good
The implementation of the RAT Gene Names Tree and th@ternative might be instead to consult KEYnet database when-

Mitochondrial Gene Names Tree in two separate structures is dd¢ar 5 new gene has to be named.
to their organism and cellular localization specificity, respective- on, the contrary the availability in KEYnet of synonym chains

ly. This avoids linking the RAT and Mitochondrial Gene Namesyjiows the end-user to retrieve a set of entries as complete as
to EMBL data library entries from different organisms andyossible in a single query.
cellular location.

The structuring of the Rat Gene Names branch is performed
s_tartlng_fror_n the RAT Locus List ava|_lable at th_e abovc_—: cited WeJ')able 1. KEYnet database content at August 1998
site taking into account the information associated with the gene
both in the RATMAP site and in KEYnet. The Mitochondrion
Gene Names classification has been structured as a contribufi@@ywords in KEYnet DNA branch 18 091

to the MitBASE project).

. : K ds in KEYnet RNA branch 992
The present content of KEYnet database is shown in Table Eywores fn ne ranc
One of the major problems encountered during data classifica<eywords in KEYnet PROTEIN branch 34 805
tion is related with the gene names branch. The gene namingtal keywords in KEYnet database 53 888

problem |s'recog'n|zed Worldw!de as difficult to solve, due to th'eKeywor ds in Rat Gene Names database 2066
freedom with which users assign names to a gene whenever it is o .
discovered. Several attempts to address this problem are [ffywords in Mitochondrial Gene Names database 889
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KEYnet FLATFILE the EMBL data library sequences associated with them is
reported. By clicking on the ascendant hame or on one of the
A flatfile (ff) format for the KEYnet database has been designediescendant names the relevant KEYnet entry is displayed. The
Each entry in the flatfile is identified by the principal synonym inlimit of the usage of KEYnet by SRS consists of the fact that it is
the structure. At present 28 598 KEYnet ff entries have beetot possible, while KEYnetWWW, to obtain the complete list of
generated of which 9067 contain secondary synonyms. Thiee EMBL data library entries related to descendants and
KEYnet ff can be distributed worldwide and downloadedsynonyms.
independently from the computer system. Through the KEYnet As an example of the advantages of KEYnet for the retrieval of
ff, the database has been implemented in the SBSystemand EMBL nucleotide sequences the results are reported here below
linked dynamically to the EMBL data library. Moreover, links toof a search for ‘arylesterase’.
any other biological database where gene and protein names a®/hen searching with KEYnetWWW, 66 EMBL data library
coded according to well defined rules (e.g. KW lines in the EMBlentries are retrieved (list A); whereas searching with SRS in the
data library and in the SWISS-PROT database, Features linesHMBL data library, according to the ‘Keywords’ criteria or the
the GenBank database) could be implemented. At present, 23 180 text’ criteria for ‘Arylesterase’, 4 (list B) and 169 (list C)
KEYnet ff entries have been linked to 2 073 529 EMBL datantries are extracted, respectively. The comparison between list
library entries (Release 56). A and list C shows 109 entries (list D) not retrieved by
KEYnetWWW because in the majority they are related to genes
‘similar’ to arylesterase; only four entries of list D code for
arylesterase but they are not correctly annotated. Searching for
‘ﬂrylesterase’ through SRS applied to the ENZYME database and

developed. The RETKEY program, written in FORTRAN and C inking the resultir!g list to the SWISS'.PROT and EMBL

is available at the CNR Research Area of the Bari server, whii@t@bases, 36 entries are retrieved of which only seven are not

a slightly different version has been implemented in the WorliEteved by KEYnetWWW because the sequences here referred

Wide Web, KEYnetWWW (http://www.ba.cnr.it/keynet.html ). are .related_ to genes coding fpr muItlfunctlona_I enzymes. Once

Moreover ,KEYnet can be queried through the SRS server of t ain, the incomplete annotation of these entries does not allow
’ : hin. .KEYnetWWW to retrieve them. On the other hand, 45 entries

g(')\lo%/;g §earch Area of Bari (ltaly) (http://bio-www.ba.cnr.t retrieved through KEYnetWWW (part of list A) are not extracted

As far as the performance and easy usage of the KEYnet qu[%%;ing from the ENZYME database because they do not contain

KEYnet QUERY SYSTEMS

Different systems for querying KEYnet database have be

systems are concerned, KEYnetWWW is the better system b cross-freéeérinclng I'Tf." E;)I the .StV\éltSS'.Ft)Rt?]T databatse. ticl
because it can be accessed worldwide and because the retrievabte's © net are kindly invited to cite the present article.
information is the most complete.
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