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Introduction

We have undertaken the systematic sequencing of the
Bacillus subtilis genome as part of an international co-
operative project between the European Community and
Japan. The Japanese Human Genome Program was
officially initiated in 1991 supported by a research grant
from Monbusho (The Ministry of Education, Science and
Culture of Japan). The program comprises three projects:
(1) genetic and physical mapping of the human genome;
(2) systematic analysis of human cDNA; and (3) de-
velopment of analytical methods. The B. subtilis project
was included in the third project as 2 model system for a
large sequencing project. Six groups are now actively
engaged in sequencing, and Tanaka’s group, who has
constructed a physical map of the B. subtilis genome (Itaya
& Tanaka, 1991), is engaged in the development of new
tools for genome manipulation. Some papers that resulted
from the project have already been published (Miyao ez
al., 1992; Fuma ¢t al., 1993; Ogasawara et al., 1994;
Nakane ez a/., 1994; Yoshida ¢z /., 1994); others appear in
this issue (Ogawa ef a/., 1995; Fujishima & Yamane,
1995; Yoshida ef al., 1995; Takemartu et a/., 1995).

Cloning

Five contiguous sections totalling 1 Mb and one separate
section of 02 Mb were assigned to the six Japanese
groups. In addition, a new section of 0'1 Mb was recently
assigned to another Japanese group (Jun-ichi Sekiguchi,

Faculty of Textile Science & Technology, Shinshu
University, Ueda, Nagano 386, Japan). Thus we are now
responsible for the sequencing of a 1-3 Mb region (Fig. 1).
We started by isolating 4 linking clones covering each
assigned region, using genes already sequenced and
mapped, and No#l and SfI linking clones isolated by Itaya
& Tanaka (1991) as probes. It should be noted that the
Norl and S£1 linking clones proved very effective markers
for cloning the assigned regions, since their location on
the genome is known very precisely. We have now cloned
regions covering 700 kb in total, as shown in Fig. 1.
However, during the isolation of 4 clones, many regions
were found to be difficult to clone into the i phage
vectors. We have overcome this difficulty mainly by using
the inverse PCR method.

Sequence determination

Random sequencing of 4 phage inserts (Ogasawara ef a/.,
1994) has been adopted by most of the Japanese groups.
A library of random overlappoing sub-clones in M13 or
pUC vectors was constructed after DNasel digestion of 4
phage inserts. Inserts of sub-clones were amplified directly
from plaques or colonies by PCR, and their sequences
determined by an automatic dye sequencer. Sequence
information from random sub-clones corresponding to
about four times the length of the initial fragment was
usually sufficient to cover most of the target fragment.
The remaining gap regions were filled using region-
specific primers. To avoid errors in the number of bases,
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Fig. 1. Present status of cloning and
sequencing of the B. subtilis genome by the
sspE Japanese groups. The cloned regions are
shown by boxes (total 700kb) on the
physical map (Itaya & Tanaka, 1991) of the
sections of the B. subtilis genome assigned
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we routinely determined both strands even when readings
from one strand seemed to be clear and without errors. In
addition, we inspected every chart of raw data from the
sequencer and used sequence outputs only from regions
where base peaks were well separated. For further quality
control, we kept the raw data to re-check the process of
sequence determination.

Present status of the Japanese project

Fig. 1 shows the present status of the sequence deter-
mination of the regions assigned to the Japanese groups.

Approximately 500 kb has been sequenced during this
project, and the remaining region is estimated to be
about 800 kb. About 370 kb of the determined sequence
has alteady been deposited in the GenBank/EMBL/
DDB]J data bank with accession numbers D10602 (marG,
1324 bp), D13262 (srf.A, 20535 bp), D26185 (oriC region,
180136 bp), D16312 (arol, 911 bp), D14399 (jo/ region,
14974 bp), D30808 (24° region, 21548 bp), D30762
(srfAA region, 10000 bp), D31856 (but—wapA,
28954 bp), D32216 (skin element, 48031 bp), D38161 (39°
region, 150065 bp), D31629 (gnt region, 18204 bp) and
D30689 (narB region, 11604 bp).

258



Japanese B. subtilis genome sequencing project

Analysed
region(kb) 76 180 90 135 481
No.of ORFs 66 158 61 152 437
100 ¢ 1100
| 36 99 18 90 243 |1
g 80} 80
£ 60t 1 60
o
S L |
% 40t 1 40
e L 23 26 26 30 105"/ .
2 20 20
0 7 3 17 32 89

Fujita Ogasawara Yamane Kobayashi  Total

Fig. 2. Identification and analysis of the functions of ORFs in
the sequenced regions. [], unknown; B, suggested; l, known.

Each step of the shotgun sequencing method (preparation
of a random library, sequencing of randomly selected
inserts and filling of gaps by region-specific primers)
requires about 2 or 3 weeks for sequencing a 4 insert of
10-15 kb. Consequently, we are able to complete the
sequencing of such an insert in about 2 months. It is now
not difficult for a small team of two to three persons to
sequence 50 kb per year. We therefore expect that the
sequencing of the regions assigned to Japan will be near
completion in 2 years, as each of the seven groups is
expected to determine a 50 kb sequence per year.

Four groups, Ogasawara, Kobayashi, Yamane and Fujita,
have determined and analysed a fairly large amount of
sequence: 180, 135, 90 and 76 kb, respectively. Analysis of
these sequences revealed 437 putative ORFs in total,
including 89 ORFs already characterized genetically or
biochemically (Fig. 2). The functions of 105 additional
ORFs were suggested by the significant similarities of
their products to known protein sequences in the current
databases. The interesting new identifications include: the
entire primary structures of the hut, io/, nar-nir and pts
operons; genes related to macromolecular synthesis, i.e.,
three ribosomal protein genes, two aminoacyl-tRNA
synthetase genes and genes homologous to Escherichia coli
dnaB, ssb, xth and mfd; cell division genes homologous to
E. coli ftsE, ftsH and pbp2; and three new sets of genes
belonging to the family of two-component regulatory

systems. However, no information on the functions of the
remaining 243 ORFs was obtained through a first step
database search with stringent criteria. A more extensive
search for functional similarities will be necessary. We are
also planning a systematic analysis of ORF functions by
experimental means.
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