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CyanoBase (http://www.kazusa.or.jp/cyano/ ) is a data-
base containing genomic information on the cyano-
bacterium  Synechocystis  sp. strain PCC6803. It
furnishes an annotation to each of the 3168 protein
genes deduced from the entire nucleotide sequence of
this genome. Information on the genome can be
directly accessed through three different menus: a
clickable physical map of the genome, a gene classi-
fication list, and a keyword search menu, all of which
are accessible from the main page of the database. The
entry page for a gene annotation contains the follow-
ing information: the location of the gene on the
genome, the nucleotide and deduced amino acid
sequence of the gene, the result of a similarity search,
and the classification of the deduced gene product
according to its function. This page has reverse-links
to the local physical map and gene classification list so
that relevant genes can be searched in terms of their
location on the genome and their function. In addition,
the main page of CyanoBase provides engines for
similarity searches between a query sequence and the
entire genome sequence and for keyword searches, in
addition to numerous links to pages containing related
information.
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INTRODUCTION

Cyanobacteria are prokaryotic microorganisms which carry 5=
complete set of genes for oxygenic photosynthesis. Since th [
apparatus for photosynthesis resembles that of plants, they have

been used as model organisms by many scientists to investigaig,re 1. Themain page of CyanoBase.

the structure and function of plant-type photosynthesis. Cyano-

bacteria are also interesting organisms from an evolutionary

viewpoint because they are believed to be of ancient origin abéen widely used for the study of the mechanism of photosyn-
to have survived a number of major changes in the earthsesis because this strain has the ability to grow both photoauto-
environment. Moreover, it is widely held that plant chloroplasttrophically and photoheterotrophically (reviewed )nallowing
evolved from cyanobacterial ancestors that had developed disruption of the photosynthetic protein genes without lethality.
endosymbiotic relationship with eukaryotic host c&kmecho- In order to determine all the genomic information of this
cystissp. strain PCC6803 is a unicellular cyanobacterium. It hasrganism, we initiated a genomic sequencing project and a web
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Figure 2. Java based map image of a local area. Each blue bar (a clone) or color-coded box (assigned gene) is a hyperlink tooinfirahatiea.

site was set up in 1992)(as a repository for the 818 potential Each potential gene assigned to$lyaechocystigenome has
protein genes deduced from a continuous 1.0 megabase sequenstandard name for identification, as described previodsly (
that represented all of the known sequence up until )ewith  The standard name consists of a three-letter code where the first
completion of sequencing of the entire 3 573 470 bp genome ligiter represents the species nam&ysechocystjsthe second,
March 1996 4), we developed the current version of CyanoBasehe length and/or the method of identification of the open reading
which contains annotations for 3168 potential protein genes. Timme (ORF) [I: longer than 300 bp, s: 150-297 bp, m: shorter
aim of this database is to provide detailed information on potentitdan 150 bp, g: a gene predicted only by the computer program
protein genes using a user-friendly interface, including Jav@enMark £)], and the third, the reading direction (I or r: leftward
clickable genome maps and a hypertext classification list. We willr rightward). The three letter code is followed by a four-digit
continue to update the database by posting new information agitmber. The standard name has been added to each CDS in flat
becomes available. files of the DDBJ/EMBL/GenBank databases according to the
format ‘/note=standard_name:’ tag, and all the genes are
represented by their standard names in CyanoBase.
CONTENTS The annotation for each gene can be accessed through three

) menus on the main page of CyanoBase.
Entrance from the main page

Physical maps of the genorivap Image | and Il show restriction
The URL of CyanoBase is http:/imww.kazusa.or.jp/cyano/ (Jig. maps of the circular genomé)(in Java and GIF formats,
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Table 1. Summary of the classification of the genes on the genor8grefchocystisp. strain PCC6803. The function of each gene was predicted through
seqguence comparison with genes of known function

__Class  Subclass Count Class Subclass Count
Amino acid biosynthesis 84 Fatty acid, phospholipid and sterol metabolism 35
Aromatic amino acid family 28 Photosynthesis and respiration 136
Aspartate family 12 ATP synthase 9
Branched chain family 13 CO, fixation 17
Glutamate family / Nitrogen assimilation 22 Cytochrome b6/f complex 8
Serine family / Sulfur assimilation 9 NADH dehydrogenase 20
Biosynthesis of cofactors, prosthetic groups, and carriers 112 Photosystem 1 12
Biotin 5 Photosystem IT 26
Carotenoid 7 Phycobilisome 17
Cobalamin, heme, phycobilin and porphyrin 46 Soluble electron carriers 18
Folic acid 5 Cytochrome oxidase 9
Lipoate 3 Purines, pyrimidi leosides, and il 39
Plastoquinone, menaquinone and ubiquinone 8 Interconversions and salvage of nucleosides and nucleotides 5
Molybdopterin 5 Purine ribonucleotide biosynthesis 23
Nicotinate and nicotinamide 2 Pyrimidine ribonucleotide biosynthesis 11
Pantothenate 4 Regulatory functions 149
Pyridoxine 3 Regulatory functions 69
Quinolinate 2 Sensory kinase of two component reguratory systems 26
Riboflavin 4 Response regulator of two component reguratory systems 38
Thiamin 3 Hybrid sensory kinase of two component reguratory systems 16
Thioredoxin, glutaredoxin, and glutathione 13 DNA replication, restriction, modification, recombination, and repair 51
Others 2 Transcription 27
Cell envelope 64 Degradation of RNA 7
Membranes, lipoproteins, and porins 6 RNA synthesis, modification, and DNA transcription 20
Murein sacculus and peptidoglycan 29 Translation 146
Surface polysaccharides, lipopolysaccharides and antigens 27 Aminoacyl tRNA synthetases and tRNA modification 32
Surface structures 2 Degradation of proteins, peptides, and glycopeptides 26
Cellular processes 62 Nucleoproteins 5
Cell division 12 Protein modification and translation factors 27
Cell killing 8 Ribosomal proteins: synthesis and modification 56
Chaperones 12 ‘Transport and binding proteins 166
Chemotaxis 4 Other categories 258
Detoxification 5 Adaptations and atypical conditions 17
Protein and peptide secretion 19 Drug and analog sensitivity 8
Transformation 2 Radiation sensitivity 2
Central intermediary metabolism 31 ‘WD repeat proteins 5
Amino sugars 1 Hydrogenase 16
Phosphorus compounds 3 Transposon-related functions 107
Polysaccharides and glycoproteins 19 Other 103
Other 8 Hypothetical 418
Energy metabolism 86 EST 34
Amino acids and amines 22 No clear similaritiy with known seq 1270
Glycolate pathway 4 Total 3168

Glycolysis 15

Pentose phosphate pathway 9

Pyruvate and acetyl-CoA metabolism 8

Pyruvate dehydrogenase 4

Sugars 15

TCA cycle 9

respectively. When a given position on the map is clicked, a locAhnotation—information on predicted protein genes
map covering the corresponding 90 kb area appears2jFig. ) ) ) )
each local map, the positions of the cosmid and lambda phajéample image of an annotation page to a potential protein gene

clones used for sequence determination, and the Iong-P(L?ShOWn in Figurd.

products used fo close gaps between clones are shown by Il6%ation.NucIeotide positions of the initiation and termination

bars, and the assigned protein genes are designated by color- i ; . s :
: : ints of a coding region and the coding direction on the physical
coded boxes under the bars. Each bar and box provides a lin gp are indicated. A reverse-link to a linear physical map is

getan_ebd cljr!fot[[]natlon tzgci%en corresponding clone or gene, a5, qe which enables users to obtain information about genes
escribed in the nex on. in adjacent regions.

Gene category list1864 genes out of the 3168 potential proteinSequence retrieval linksoth the nucleotide and amino acid
genes assigned to tBgnechocystigenome showed similarity to sequences of a gene can be obtained through the links. For
sequences already registered in the public DNA or proteiucleotide sequence information, two input boxes are provided to
databases. These genes have been classified according to tkdw specification of the initiation and termination positions of
predicted biological functiorB(4), as summarized in TalleOn  the sequence to be retrieved. The positions of the first and the last
the web page, a table of gene classification is presented imnecleotides of a coding region are given as default numbers.

?,I:?éag):hlcal manner, with a link to the annotation to each ger}?esults of similarity searche#\ link to the res_ults of a _
e Smith-Waterman search for each sequence in the protein
) ) sequence database (MPSRCH result) and summary information
search for information about the gene. This is achieved by either
submitting the gene name (a three-letter genetic name), the na@lassification. The gene category to which a gene of interest
of the gene product, or a standard name. belongs is presented in a hierarchical manner. A link to a gene
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Figure 3. The hypertext-based gene classification list in CyanoBase. A class Figure 4. An annotation page for a deduced protein gene (sll1326).
(Photosynthesis and respiration) and a subclass (ATP synthase) are depicted as
examples.

category list provides information on other genes with the same

or similar biological function. Links. This is a link to the nucleotide sequences that have been
submitted to the international DNA databases. Since 3573 470 bp
Other services on the main page of consecutive sequence exceeds the size limit set for a single

LOCUS in the international DNA databases, the sequence was
divided into 27 files and each file was separately registered.
g?formation can be obtained for each entry through the DBGET
"%étegrated database retrieval system on the GenomeNet WWW

Similarity search.An input form for a similarity search is

provided. Users can choose one out of two combinations

program and reference sequence: a BLASTP program with t
library for 3168 deduced protein sequences and a BLAST
program with the library for the complete nucleotide sequence
the entire genome &ynechocystis

erver. (iv) Bibliography. This provides information on related
ijblications through links to the PubMed publication search
Service at NCBI/NLM.

Links (i) Proteome project. A link to the main page of the

proteome project dbynechocystig7) is provided. (ii) Distribu- IMPLEMENTATION

tion of Sequence and Annotated Data Files (ftp link). The

following files are provided for distribution; two concatenatedMap interfaces and the presentation of the annotation to each gene
files containing the nucleotide and deduced amino acid sequenegsre implemented in the JMGD system with the Sybase SQL
of the assigned 3168 protein genes, a file in either flat file aerver system 11 as a DBMS. JMGD was developed by N.M. and
Macintosh Excel format containing a table summarizing thé available from http://www.kazusa.or.jp/jmgd/ . The package
annotations to 3168 potential protein genes, a file containing tlirecludes the Java source codes and a set of perl scripts. The
complete nucleotide sequence of the genome, and the fi#eCeDB database file which is the core portion of CyanoBase was
‘cyanoace’ which contains both the genomic sequence amuepared separately. The data for ACeDB can also be obtained
annotated information in ACeDB form&)( (iii) DNA Database through our anonymous ftp server.
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