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ABSTRACT

We at the DNA Data Bank of Japan (DDBJ)
(http:/Amww.ddbj.nig.ac.jp ) have recently begun
receiving, processing and releasing EST and genome
sequence data submitted by various Japanese
genome projects. The data include those for human,
Arabidopsis thaliana , rice, nematode, Synechocystis
sp. and Escherichia coli . Since the quantity of data is
very large, we organized teams to conduct preliminary
discussions with project teams about data submission
and handling for release to the public. We also
developed a mass submission tool to cope with a large
guantity of data. In addition, to provide genome data on
WWW, we developed a genome information system
using Java. This system (http://mol.genes.nig.ac.jp/
ecoli/) can intheory be used for any genome sequence
data. These activities will facilitate processing of large
guantities of EST and genome data.

INTRODUCTION

We believe that EST and genome sequence data have
unmeasurable value not only in the field of biology but also in
medicine and agriculture. In particular, the recent achievement of
sequencing the whole genome kélicobacter pylori(11) is
remarkable because, with this information, we will be able to
study the etiology of stomach ulcers at the molecular level, and
develop an effective and efficient medicine for preventing and
treating the disease. A recent repd®) also revealed that an
international consortium for sequencing the genonf@lagmo-
dium falciparumwill be launched soon. The consortium will
contribute to elucidating the molecular etiology of malaria and
developing a cure for it.

As we ourselves have been carrying out molecular evolutionary
studies, we are particularly interested in the origin and evolution
of the genome as a whole. It is how clear that present genomes
have not originated from a unique common ancestral form but
have been organized with parts of eubacterial, archaebacterial and
eukaryotic chromosomes. For example, the initial enzyme of
chorismate biosynthesis bf.pylori is much closer to a homo-
logue of Arabidopsis thalianahan to that oEscherichia coli
while the tRNA synthetases &f.pylori are more similar to
eubacterial homologues than eukaryotic ones (11). It is necessary
to keep this in mind when we construct a phylogenetic tree for a

Since the publication of the papers outlining the problems ¢fomologous group for a particular gene. We may obtain a totally
sequencing entire genom@s2), great progress has begn madegitferent tree for a different homologous group depending on the
Two problems have been faced in this area, however; one is in of the gene. It has also been shown that the arrangement of
necessary advancement in sequencing technology, and the offighes in a genome has changed dynamically in the course of
concerned the handling of massive amounts of sequence dai|ution (16). Along this line, it is interesting to refer to the
pro_duced. The first problem has been less burdensome, thankﬁﬁgmg that the genome @accharomyces cerevisiaesulted
various aspects of technological breakthroughs @&4). from duplication of the entire genome of its anceSt®0 million

The International Nucleotide Sequence Databases (INSD) haygy s ago (17).
been actively involved in dealing with the second problem. INSD \ye need to mine genome sequence data for the riches they
is a tripartite international collaboration between the EMBL¢qntain in view of molecular evolution and information biology.
Nucleotide Sequence Database, GenBank and the DNA Dafahis paper we report our activities at DDBJ focusing mainly on
Bank of Japan (DDBJ). In fact, large amounts of EFBNd STS  {he collection, processing and release of genome sequence data

(6) data for human, mouse, nematode, rice and other organisig aiso briefly refer to a strategy for coping with incoming mass
have been submitted, processed and published by INSD. TE&T a4 genome sequence data.

statistics of the most recent data release (DDBJ release 30)

indi_cate that >_65% of the total amount are EST and S_TS data f@‘ENOME PROJECTS IN JAPAN

various organisms. Note that the three data banks daily exchange

data they collect and process, so that each bank provides virtualle statistics for data submissions to DDBJ show that EST data
the same quality and amount of data. In addition, INSD hasere first submitted in 1992, and genome data in 1996. Since then
received, processed and released data on entire genome tee-proportion of EST submissions has steeply increased, and it
guences of bacterial and yeast species (7-14). is now >60% of the total submissions to DDBJ. Major species for
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Figure 1. (a) Top page of th&.coligenome information service. It shows four functions: Genomic View, Retrieve Clone, Retrieve ORF and Retreive Gene. The siz
of the genome in mega base pairs is also gitgrPdge for ORF retrieval. The retrieval can be made for a given ORF id, clone humber, gene name, product name
and others. The figure shows the result obtained by retrieval for a keyword, kinase.

which submissions have been made include rice, nematode ammhsidered to be responsible for causing the syndi(@3kg
human. In addition, three noteworthy genome projects have begough the actual mechanism in which this stretch plays a role
undertaken in Japan; @ynechocysti€l2), E.coli (e.g. 14) and remains to be elucidated. The Kazusa DNA Research Institute has
yeast (18). The redts of the three projects were submitted anthegun a project for sequencing th¢halianagenome (24), and
processed at DDBJ and are now retrievable through INSD. TkR@bsequently submitted data to DDBJ. At present, the data on 20
project onSynechocystiat the Kazusa DNA Research Institute clones or 1 622 296 bases from this institute are available through
succeeded in sequencing the complete genome sequence @{8p. The institute has participated in an international consor-

species for the first time in Japan. The JapaReseli genome  j,m of the Arabidopsisgenome project, and is supposed to be
team had long made efforts in sequencing the whole genome aadponsible for sequencing a certain proportion of the total

finally finished a stretch covering 0-68.8 minutes. The sequen¢R ome Thus. the institute will keep on sequencing it and
data were annotated in collaboration between the genome te meiniﬁg data'

and DDBJ (19). The USam, however, went a bit farther in . o .
. o Also noteworthy is &£aenorhabditis elegargenome project
completing the whole genon(3). At any rate, the avaliéity led by Y. Kohara at our institute. The project has submitted

of the complete genome sequenceEafoli will have a great . X
impact on many areas of biology, because this organism has beeif 000 ESTThs_equence fdr?ta to DDB%_gd will continue
extensively studied for many years. Eaeoli genome could be SUPMISsIons. Thisis one of the most exterSiaegangenome

regarded as the standard in bacterial genomes to be sequenPEYECtS in the world. Another typical project in Japan is the rice
The genome sequence data will be quite useful as a ‘DN@ENOmMe project at the National I_nstltute of Agricultural Researc_h.
language dictionary’, when elucidating functions of a stretch of hey have actively sequenced rice EST sequences, and submittec
DNA for which only a base pair arrangement is known. them to DDBJ. The project is undoubtedly the most productive
Currently, several genome projects are underway in Japan. THeE genome project in the world.

human genome project has been sequencing mainly chromosomeor each of those projects, we at DDBJ have formed a team to
21 (20-22). One of the outcomes of this projemtld be the discuss with the project people the submission, processing and
elucidation of the molecular etiological mechanism of Down'selease of data, before submissions are made. We also developec
syndrome. Actually, a stretch of 9 kb in the chromosome has beamass submission tool to deal with a large quantity of data. These
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have facilitated the process from submission to release of genostewn in Figure 2c, in which the ORFs/gene is designated as a bar

sequence data at DDBJ. with a sharp end along a region of the genome. The sharp end
refers to the 3terminal, and the blunt end to thetérminal. An
GENOME INFORMATION SERVICE AT DDBJ ORF/gene designated as a bar with the sharp end on the right is

located on the plus strand, and the one with the sharp end on the

As mentioned above, we Co||ected, processed and releaseid left is located on the minus strand. The two figures tell you the
genome data in collaboration with the Japarteseli genome ~ Physical relationships between an ORF/gene and other genes in
team. During the collaboration we realized that we would serv@uestion on the chromosome. They also enable us to compare
researchers better if we published the genome data not ojromosomal locations of particular homologous genes between
through our ordinary database but also on the World Wide Wehfferent species, and perhaps leads us to making inferences about
(WWW). To implement the latter service, we developed &he evolution of gene arrangements in genomes. In Figure 2d
genome information broker operating on WWW. Since the detaiféetailed information on an ORF/gene can be given. You can get
of this software will be published elsewhere, we introduce iccess to th&.coli genome information system on http:/mol.
briefly here. genes.nig.ac.jp/ecoli/ . This information system has apparently
The genome information broker was developed using a Jaagracteq many researchers worldwide; it is currently accessed
applet in order to facilitate graphic, dynamic and interactivé’8000 times a month. _
processing of genome sequence data and to display them on thé/e also applied the broker to the genomesiaémophilus
computer screen. The Java applet is employed for processififluenzae (7), Mycoplasma genitaliun(8), Methanococcus
genome information that is retrieved from the DDBJ database #gnnaschii(9), Synechocysti®CC6803(12) andMycoplasma
a CGI program also developed by us. The broker is divide@heumoniag27). Though the genome information systems for
mainly into three parts, for browsing information on genoméhese species are not yet as complete asEtbeli genome
regions, retrieving clone information, and retrieving informatiorinformation system, they are available on http://ddbjs4d.
on ORFs and genes. genes.nig.ac.jp:8880/ . The broker can be applied in theory to any
We applied the broker first to tiecoli genome sequence data chromosome irrespective of yvheyher its §hape is circular or linear.
mentioned above. As a result, we are now providing genome dagtually, we are now extending its functions to be used also for
on the WWW. The home page for this information service i§near chromosomes. We will continue to apply it to genome
illustrated in Figure 1a. The page shows that the service $§quence data, whenever available and suitable, like the data on
four-fold, the Genomic View, Retrieve Clone, Retrieve ORF an¢ghe newly released genome Hfpylori and the genome of
Retrieve Gene. The first function is driven by the browsind>falciparumto be completed in the near future. _
information part in the broker. The second one is carried out by BY using the genome information system, you can check if the
the retrieving clone information part, and the last two are realize%-coII genome contains homologues to a stretch of DNA
by retrieving information on the ORF and gene part in the brokegequence or an amino acid counterpart of interest. In this way,
When you click the Retrieve ORF function, for example, yoigven if you know nothing about your sequence except for the
are led to the page shown in Figure 1b. On this page we cBHcleotide arrangement, you could perhaps obtain a very good
retrieve data with respect to a given ORF, clone, gene, or to a géiée for inferring its function. Since this system also provides you
product. You can also carry out a BLAST homology searchith |nforma_t|on on the flanking regions of.a parucular ORF/
(25,26) for a given nuoteide or amino acid sequence. If you gene, you will be able to carry out PCR for finding a homologue
retrieve for a keyword, kinase, for example, you obtain the restilt other species, using the information for designing the primers.
given in Figure 2a. The figure lists part of the retrieved ORFs with molecular phylogeny this approach is particularly useful, when
the identification number, starting and ending positions of th¥ou lack data on a homologue of a species for which you want to
sequence, location on the plus or minus strand, clone numbelarify its phylogenetic position among related species.
possible gene name, protein product, and others.
If you click the Genome View button on the same page, YOgeONCLUDING REMARKS
move to the page given in Figure 2b. On this page a circular
chromosome oE.coliis illustrated with many protruding spikes As comprehensive data banks of nucleotide sequences, we face
with a small circle on the top. Each spike corresponds to @wo problems now; one is to how to deal with a huge number of
ORF/gene in Figure 2a, so that you will be able to locate thieagmented sequences like EST, and the other is to cope with a
chromosomal position of an ORF/gene in base number or minuteery long stretch of a genome sequence. At the annual INSD
If you want to know more detailed chromosomal locations fo€ollaborator's Meeting held at the National Center for Bio-
ORF/genes, you first indicate the relevant region in the chromeechnology Information in USA in 1997 we discussed how to deal
some, select the ORF View function, and click the Inspect buttomith ever-increasing EST and genome sequence data. One of the
as shown in the figure. Then the broker will guide you to the pagrmutcomes of this meeting was to create a new division (called the

Figure 2. (a) List of ORFs retrieved. They are given with the identification number, chromosomal position, clone number, gene nanilel@pdopeissproduct.

(b) Circular presentation of the genome with the ORFs retrieved. The ORFs are shown by protruding spikes. You can se@toatiyerggnome as indicated

in light green in the genome) (ORFs/genes represented along the chromosomal regions. An ORF/gene is illustrated as a bar with a sharp point. Tleéebdunt end r
to 5 terminal and the sharp end tat@minal of an ORF/gene. An ORF/gene with the sharp point on the right is located in the plus strand and the one with the le
sharp point is located in the minus stradii Qetailed information about an ORF/gene. For a particular ORF/gene such pieces of information as the starting and endin
positions in the genome, map position, possible gene name, possible products are obtained.
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constructed or CON division), which stores for retrieval con-4 Hawkins, T.L., McKernan, K.J., Jacotot, L.B., MacKenzie, J.B.,
structed sequences that are made up of ordered fragmentEdR'ChardSO”' P.M. and Lander, E.S. (1992)ence276 1887-1889.

._Adams, M.D., Kelley, J.M., Gocayne, J.D., Dubnick, M., Polymeropoulos,
sequences on the same chromosome. We know, however, that tRis, }; xiao. 11 Merdl C.R. Wo A Olde B, Moreno. Re o (1;9%‘1 S

is not enough. Science252, 1651-1656.

Until several years ago the data amount in INSD was doubled Olson, M., Hood, L., Cantor, C. and Botstein, D. (1988pnce245,
every five years or so. It is now doubled almost every year 1?;3;&;2% R.D.. Adams. M.b.. White. O.. Clavion. RA.. Kirkness
because of ad\_/ancements _of sequencing technology and the st F. Kerlavage., AR., Bult. C.J., Tomb, J-F, Dofghér& BA. Merrick
of genome projects worldwide. Perhaps, we can say that we have j et al (1995)Science269 496-512.
come to the second leap. The first one was of course brouglst Fraser, C.M., Gocayne, J.D., White, O., Adams, M.D., Clayton, R.A.,
about by the invention of the sequencing methods 20 years ago Fleischmann, R.D., Bult, C.J., Kerlavage, A.R., Sutton, G., Kelly, &tM.

; i i al. (1995)Science270, 397-403.
(28,29). Onfe of E[he hyltous pro\t;\lﬁﬂ]s in this Ste_ep growth 9 Bult, C.J., White, O., Olsen, G.J., Zhou, L., Fleischmann, R.D., Sutton,
concerns iniormation storage. With many on-going genome o s giake, J.A., FitzGerald, L.M., Clayton, R.A., Gocayne, &til

projects and more to come in mind, we can expect that the growth (1996)Science273 1058-1073.
rate will continue to increase for the next ten years at least. One Goffeau, A., Barrell, B.G., Bussey, H., Davis, R.W., Dujon, B., Feldmann,
report (30) notes that the human genome projects ovitfiroue g Galll%ert,GF., Hoheisel, J.D., Jacq, C. JohnstoretMl (1996)Science
; : ; 74, 546-567.

until at least the year 2005 _before the entire genome is sequenc&d.Tomb, 3-F.. White, O, Kerlavage, AR., Clayton, RA., Sutton, G.G.,
Thus, sooner or later we will have to alleviate Fhe storage burgjen. Fleischmann, R.D., Ketchum, K.A., Klenk, H.P., Gill, S., Dougherty, B.A.
As the EST data greatly surpasses the others in total amount in theet al (1997)Nature 388 539-547.
INSD databases, we may have to start with them. 12 Kaneko, T, Sato, S., Kotani, H., Tanaka, A., Asamizu, E., Nakamura, Y.,

Since the EST data are known to be largely redundant, we have Myajima, 1., Hirosawa, M., Sugiura, M., SasamotoeiSal (1996)DNA
to try to reduce redundancy and keep unique Seque_nces Onlyjﬁ’:lf Blat7tnér, F.R., Plunkett, G.,lll, Bloch, C.G., Perna, N.T., Burland, V., Riley,
EST sequences on the same chromosome are combined togetheii., Collado-Vides, J., Glaaner, J.D., Rode, C.K., Mayhew, & &
the storage problem would further be alleviated. This will also  (1997)Science277, 1453-1462. _
help save time in retrieval from the INSD databases, unless thé A'bi’_H-, Baba, T, HayaSh',_K-I; Inada, T-'l'SOHOy K. Itoh, T., Kasai, H.,
combined sequence is very long. We think that EST data are Kashimoto, K.Kimura, S., Kitakawa, Mt al (1996)DNA Res.3,

. ! e -377.
important, mainly because they are useful for gene tagging, tiSsye ytier, 0. (1997Nature 388 701.

typing and expression profiling. We do not believe, however, that watanabe, H., Mori, H., Itoh T. and Gojobori, T. (1927ylol. Evol, 44,
EST data are permanently important and thus should be kept S57-S64. _
forever. If, for example, the human genome is completely’ Wolfe, K.H. and Shields, D.C. (199%pture 387, 708-713.

: . : Murakami, Y., Naitou, M., Hagiwara, H., Shibata, T. M.
sequenced and provided with proper annotations at INSD, we Wil gaaram: o Nevow M. | &glﬁzLihiyésYlbgg%da’ gze:(vgibyaénam

no longer have to keep human EST data. One of the most (1995)Nature Genet.10, 261-268.
important goals of INSD, we believe, is to provide complete9 O'Brien C. (1997Nature 385 472. _ _ '
genome sequence data of high quality for as many specieszﬁs Ohira, M., Ichikawa, H., Suzuki, E., lwaki, M., Suzuki, K., Saito-Ohara, F.,
possible Ikeuchi, T., Chumakov, |., Tanahashi, H., Tashiroetal (1996)
’ . . Genomics33, 65—74.
As to dealing with complete genome sequence dat6_11 SUChyA ohira, M., Ootsuyama, A., Suzuki, E., Ichikawa, H., Seki, N., Nagase, T.,
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refined. If we serve the complete genome data for a species Gardiner, K., Nizetic, D., Cresu, N., Delabar, J.-M., Korenberg, J., Reeves,

. R. et al (1995)Cytogenet. Cell Genef0, 147-182.
separately from that for another species by the broker, we woujd Eki T, Abe, M.. Naitou, M.. Sasanuma. S., Nohata, J., Kawashima, K..

pe-_rhaps be able to cope with Continuously incoming genome data. Ahmad, I., Hanaoka, F. and Murakami, Y. (19BKA Seq.7, 153-164.
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