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ABSTRACT

The Genome Sequence DataBase (GSDB) has com-
pleted its conversion to an improved relational data-
base. The new database, GSDB 1.0, is fully operational
and publicly available. Data contributions, including
both original sequence submissions and community
annotation, are being accomplished through the use of
a graphical client-server interface tool, the GSDB
Annotator, and via GIO (GSDB Input/Output) files. Data
retrieval services are being provided through a new
Web Query Tool and direct SQL. All methods of data
contribution and data retrieval fully support the new
data types that have been incorporated into GSDB,
including discontiguous sequences, multiple se-
guence alignments, and community annotation.

INTRODUCTION

Ordered Shotgun Sequencirig), sequence mapped gaps)(

or transposon based walking5f to sampling strategies that
produce ordered sequence fragments separated by gaps of knowr
length (L6) are used by sequencing labs, and data may be released
to the public at any state in the production process. Public
sequence databases must be able to manage sequence data in al
form from complete, multi-megabase contigs to collections of
sub-kilobase fragments related by order, orientation, and distance
information. Multiple laboratories are often involved in the
completion of a sequenced region, with one laboratory generating
mapped sequence samples, while others produce highly accurate
sequences of subregions or cDNAs from expressed genes.
Further annotation of the sequence showing diversity among
individuals, alternative expression products, or the functions of
portions of the sequence may be the work of many other
investigators. It is particularly important to include these latter
data in a structured database. Often important functional results
are documented only in the printed literature and are effectively
lost to the community.

The age of efficient, inexpensive, high throughput DNA sequenc- GSDB is designed to meet the requirements for a community

ing has arrived. To date two bacterial genorhg3,(one archeon sequence database outlined by Wateretah (17). Complex, ad
genome §), one blue-green algae genord¢ énd one yeast hoc queries in a standard language, SQB) @re supported.
genome %-11) have been completely sequenced and ar€SDB extends the Electronic Data Publishing paradiggh (
available to the public. It is anticipated tHat0O0 or more from a model in which the database is viewed as a primary
additional genomes will be completed in the next few years. Ipublication for data not appearing in the traditional literature to
addition, the effort to elucidate the complete human genonmemodel in which the database serves as a multi-user laboratory
sequence is in high gear and has already produced over 25 @aabase for the entire molecular biology commuagidy. (n this
sequence tagged sites in addition to many genomic sequenogsdel, multiple sequences of one region and functional and
(12). The genome sequence database (GSDB) is designed to nwrictural annotations on sequences are considered to be indepen
the community-wide challenges of managing, interpreting, andent observations and each observation has its own authors and
using DNA sequence data at an ever increasing rate. unique identifiers. Critical to making structural, functional and
High throughput, genome scale sequencing presents a varidiyersity data useable to the community, GSDB supports
of technical and social challenges. A variety of strategies, froomulti-user editing capabilities, with the necessary authorship,
high redundancy shotgunning to directed strategies such data security, integrity checking and versioning mechanisms

* To whom correspondence should be addressed. Tel: +1 505 982 7840; Fax: +1 505 982 7690; Email: cah@ncgr.org

*Present address: Molecular Informatics Incorporated, Santa Fe, NM 87505, USA



Nucleic Acids Research, 1997, Vol. 25, No. 1 19

"~ r]594992 (M77226) IiumlnImmunudnf]t:[eawulrusmnhhﬂwm,fﬁnfatePmmN.nhgls'l‘andfam?ly.stanyh
File B View i Huigi

Total bp = 1339 ; Paaition curser over feature for type and exact kecaton

| F{e] J4 0% 6o 1L 1tkb .2k

i m]

=

T e e e T e T T T T ey S N ST L O Y R T S ey
=]

I

1as 150 Hun Hio Hab a0 140  Fi
n_unu-,uhlgn.lu:uu.n;uiuulu-;ll.u.:ugl!uunngaugn_lgluguuultﬂullglntﬂﬂgﬁcccnucﬂncﬂnts.

]"—_’_—'_'"“mf
| B Em @

0]
BEm @ @ ']

i

Figure 1. The Annotator can align multiple sequences to the primary sequence. Alignments are displayed in a similar way as féahotgotrehows differences
with the yellow-highlighted letters in the magenta display bar.

needed to ensure that multiple authors do not overwrite ea8equence alignments

other’s work. . .
Sequence alignments are used to represent a variety of sequence

i relationships. Currently alignments are used in: the building of
GSDB 1.0: ANEW LOOK, FEEL AND FUNCTIONALITY large contiguous sequences from smaller fragments, the compari-

The conversion of GSDB to a new architecture and schema we@n of allelic variations within a specific gene or variations within
completed August 1996. This schema was previously referred @&gene family, phylogenetic comparisons, and the representation
as GSDB 2.271). Since this will be the first version of the of genomic sequence-to-product relationships. GSDB is capable
database which is a community curated and owned databasé®farepresenting all of these kinds of sequence alignments.
decision was made to rename it GSDB 1.0. The new GSDHultiple sequences can be aligned to your primary sequence of
replaces the notion of an ‘entry’ employed by the archivainterest. What is actually stored in the database is the relationship
sequence databases with discrete structures to represent ksggween each aligned sequence and the primary sequence of
guences and biological annotation. Both sequences and biologitt#erest. These stored relationships denote the exact base pair
features receive accession numbers that serve as permargf@ns that are corresponding between the primary sequence anc
identifiers which can be referenced in journals. By providing &1 aligned sequence. In addition, differences which occur
stable identifier for each feature as well as each sequence, GSb@ween the primary sequence and any aligned sequence are eas
1.0 supports community (third party) annotation of sequences g identify when they are displayed in the GSDB Annotator (Fig.
multiple research groups and simplifies the retrieval of biological) and they are stored in the database for ease of querying.
annotation independent of sequences.

Discontiguous sequences

New data types " .
In addition to actual sequence data, many of the sequencing
The ability to provide the research community with direct accesgtrategies that are being employed today provide the researcher
to GSDB to deposit and curate data was one of the reasons ¥ath relative position and orientation information as it applies to
converting to the new schema. Another, equally important, reasarset of disconnected pieces of sequence. This information is often
was the incorporation of new data types that are useful for higlaluable to the research community as a whole. In the past, this
throughput DNA sequencing data. The new data representatidnformation has been difficult to incorporate into a database
in GSDB include: sequence alignments, discontiguous seecord in a standard way. As a remedy to this problem, GSDB
guences, data ownership, analysis data, and sequencing coafisigns each set of disconnected sequence pieces (for which
dence. relative order, distance, and orientation are known) a sequence
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Figure 2. GSDB Annotator display of a human chromosome STS map. The Annotator’s discontiguous sequence display allows multiplelisgsalgiof a
multi-Mb sequence. The Annotator display will zoom in several steps from >100 Mb to individual sequence pieces. The dissatfigere piece opens below
to display its annotation at a higher resolution.

accession number and the set is referred to as a discontiguoosv allow the research community to add biological annotation
sequence. A discontiguous sequence can be used to represerdany sequence in the database regardless of who owns the
actual physical maps (e.g., human chromosome STS maps, FSgquence. This type of data contribution is referred to as
2), ordered sequences (the genomic exons of a gene where ¢henmunity annotation or third party annotation and may occur
introns were not sequenced), or binned sequences (several piesesr an extended period of time. The e-mail address, phone
of sequence are all from the same clone but for which informatiorumber, and postal address of each owner are accessible througt
about relative order is not available). All of these types othe GSDB Annotator and the Web Query interface.
discontiguous sequences are easily displayed in the GSDB

Annotator. .
Analysis data

Data ownership Determining the biological ‘content’ of a sequence can be quite

a lengthy and arduous task. In addition, the current high rate at
The research community is the expert with respect to the datavitnich sequences are being produced makes it necessary to
GSDB and as such the community should have the capability streamline the process of determining the biological ‘content’ of
curate and editorialize the data. GSDB has been designed so #eath sequence. As a consequence, many researchers are turnin
data is owned by the contributing researcher. Ownership of data analysis software to assist them in identifying potential
is assigned based upon the database account (login and passwiialpgical features within their sequences. This information is
that was used to access the database while the data was beiftegn very valuable to the research community. GSDB now
deposited. GSDB enforces the rule that only the owner of a piepeovides a standard way to record the program name, the run date,
of data has the permission to edit or change that data. Since etthparameters used, and the results in the database. All of these
piece of data is owned by the contributing researcher, GSDB cdata can be viewed in the GSDB Annotator.
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Figure 3. The GSDB Annotator: a database browser, sequence editor, and submission tool. Sequences and annotation are displeyg@dpisiesiaaboth low
and high resolution. Mouse-driven fill-in forms allow easy addition of annotation to sequences.

Sequencing confidence The GIO file submission method is designed to be an
automated bulk submission method and is specifically designed
The issue of whether to believe the base call at each positionfof labs producing large amounts of sequence data. The file
a sequence is critical for both the researcher producing tfiermat is easy to produce via simple scripts and we are offering
sequence and for a researcher in the community who is interesgssistance in the development of these scripts. Moreover, the
in the sequence. It is most beneficial to both individuals for thgeneration of GIO files can be integrated into the sequence
producer of the sequence to be able to specify the degreepwbcessing regimen of most laboratories. In addition, the GIO file
confidence that he has in a specific base call. GSDB now providissparsable and can be automatically read into GSDB without
the ability to assign a sequencing confidence value to a single bdmsanan intervention. This streamlines the submission process at
or to a range of bases. We are currently encouraging researchasth the laboratory and database end. GIO files can also be used
to assign values to those bases which fall below an acceptatgperform updates to existing sequence data that were previously
minimum value. This allows researchers who view sequence databmitted.
from GSDB to quickly and easily identify base calls which are

suspect within the sequence. The GSDB Annotator

The GSDB Annotator is designed to support the submission
Data submission and exchange needs of individuals who occasionally need to submit sequences

to the database and who need to review, edit or update the
The onset of high throughput sequencing and the availability afiformation of an individual sequence. The GSDB Annotator is
large contiguous sequences (e.g., complete bacterial genomes graphical, interactive editor client for GSDB. It runs on multiple
chromosomes) has had considerable impact on the type gpildtforms, including UNIX, Macintosh Power PC and Windows
quality of submission methods that GSDB provides to th&T. The GSDB Annotator displays database sequences, features,
research community. We currently provide two methods for thanalysis results, and alignments in a graphic format that is user
submission of sequences and biological annotation; the GSDBendly and biological relevant (Fi@). One way to ensure a
Input/Output (GIO) file format and the GSDB Annotator. higher quality of information associated with each sequence that
Regardless of the method of data submission, all data that géesontributed to GSDB through the use of the Annotator is the
into GSDB is associated with a GSDB user account so thatcorporation of many software checks into the interface. For
ownership of the data is properly assigned. These accounts asample, if you indicate that there is a coding region within your
free to the public and can be obtained through our web site. sequence and you declare that it is complete at both ends, the
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Figure 4. GSDB simple query tool. The user can search GSDB on several database fields, including gene, keyword, organism, armhguiti@rsarihe input
window is shown above, the output below. By clicking on the hotlinks in the query output the user can view sequencesirositerastypes of file formats.

software will return an error message if the defined coding regidbata retrieval
does not begin with an accepted start codon or end with an ) o )
accepted stop codon. The GSDB Annotator is free software tHaSDB delivers output via direct SQL, the query tool available on
can be obtained from our web site. the web, and the Annotator. Direct SQL can be done using the ad
As part of GSDB'’s effort to provide the Community W|th ahQC SQL Option aVaiIa'ble on the GSDB Web Si'te. The GSDB
useful data set, GSDB exchanges data with the archival databasggple Query Tool available on the GSDB web site allows users
Data is exchanged nightly in the form of flatfiles with the DDBJ!O retrieve data by searching on accession number, author,
EMBL and GenBank databases. Data from these databasegfganism, gene name, product, and several other fields4Fig.
incorporated into GSDB and is available for the addition off he data retrieved can be saved in any of three formats: flatfile,
annotation via our community annotation mechanism. fasta or GIO (GSDB input/output format). The GIO output can be
viewed with all annotation using the Annotator. Advanced
gueries based on the length of the sequence, alignments with the
sequence, the confidence in the sequence, and others will be

To improve the quality of the data and its usefulness to tHav@ilable soon.

community, we have begun to assess the extent of vector

contamination in GSDB. Sequences that are identified as vectoyy TURE DIRECTIONS

contamination will be removed from the sequence and included

in a comment section that can be viewed by any researcher. Thiae of the major goals for GSDB is to improve the richness of the
will allow each researcher that uses the sequence to determamotation in the database. The greater the level of annotation, the
whether the contamination is truly vector contamination. We havaore useful the sequence and the database will be to molecular
begun to remove vector contamination from sequences in théologists. To further this goal, we have begun to build ordered
rodent and primate divisions of GSDB, and will continue withdiscontiguous sequences of the human chromosomes, including
other divisions. sequence tagged sites, expressed sequence tags, and genomi

Improving data quality
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sequences. We have also begun building alignments of relatedncgr@ncgr.org or to: Director of External Affairs, National

sequences that can be accessed using the annotator. Center for Genome Resources, 1800A Old Pecos Tralil, Santa Fe,
Another major goal for GSDB is to provide flexibility in NM 87505, USA. Tel: +1 505 982 7840; Fax: +1 505 982 7690;

retrieval and viewing of sequences from the database. It is800 450 4854

important to provide access to redundant sequences that provide
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