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Whole-Genome Sequences of Bacillus subtilis and Close Relatives
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We sequenced four strains of Bacillus subtilis and the type strains for two closely related species, Bacillus vallismortis and Bacil-
lus mojavensis. We report the high-quality Sanger genome sequences of B. subtilis subspecies subtilis RO-NN-1 and AUSI98, B.
subtilis subspecies spizizenii TU-B-10T and DV1-B-1, Bacillus mojavensis RO-H-1T, and Bacillus vallismortis DV1-F-3T.

Bacillus subtilis is a model Gram-positive ubiquitous soil bacte-
rium capable of forming endospores. Since its discovery in

Marburg, Germany, in the late 1800s, there have been thousands
of publications addressing various aspects of B. subtilis biology,
leading to a level of understanding of this microbe that is virtually
unparalleled in the life sciences. The genomes presented here will
enable in-depth investigation of B. subtilis sequence variation and
detailed whole-genome comparisons of this important model spe-
cies.

Strains were selected for sequencing to represent phylogeneti-
cally diverse groups within and closely related to the B. subtilis
species, including the type strains for these groups. B. subtilis sub-
species subtilis strains RO-NN-1 (4,011,949 bp) (GenBank acces-
sion no. CP002906) and AUSI98 (128 contigs) (GenBank acces-
sion no. AFSF00000000) were isolated from soils originating from
the Mojave Desert in Rosamond, CA, and Salzburg, Austria, re-
spectively (10, 14). These isolates are closely related to the well-
known laboratory strain B. subtilis 168T, the type strain for the B.
subtilis subspecies (1, 17), as well as the recently sequenced strains
BSn5 and BEST195 (3, 11). TU-B-10T (4,207,222 bp) (GenBank
accession no. CP002905), the type strain for Bacillus subtilis sub-
species spizizenii (10, 14), and DV1-B-1 (20 contigs) (GenBank
accession no. AFSG00000000) (15) are closely related to the re-
cently sequenced laboratory strain W23 and marine strain gtP20b
(7, 18). TU-B-10T and DV1-B-1 were isolated from soils collected
near Nefta, Tunisia, and Death Valley National Monument, CA
(10, 14, 15), respectively. Bacillus vallismortis DV1-F-3T (94 con-
tigs) (GenBank accession no. AFSH00000000) is the type strain for
this B. subtilis close relative and was also isolated from Death Val-
ley National Monument, CA (14, 16). RO-H-1T (45 contigs)
(GenBank accession no. AFSI00000000) represents the type strain
for Bacillus mojavensis, another B. subtilis close relative that was
isolated from Mojave Desert soil in Rosamond, CA (15).

Genomic DNA was subjected to random whole-genome
Sanger or hybrid Sanger-454 shotgun sequencing and closure
strategies as previously described (6). Plasmid (pHOS2) and fos-
mid (pCC1fos) libraries were constructed with target insert sizes
of 3 to 5, 10 to 12, and 30 to 39 kb. Sequences were assembled using
the Celera assembler (8). All genomes were manually annotated
using the Manatee system (http://manatee.sourceforge.net/).
These genomes exhibit a high degree of proteome conservation
and syntenic genome architectures (2, 12, 13). The synteny ap-
pears to be well conserved even in more distantly related bacilli (5,
7, 9). However, each strain harbors numerous strain-specific re-

gions that are found interspersed throughout the conserved
genomic backbone. Such strain-specific regions vary enormously
in size (1 kb to 100 kb), the majority being smaller than 5 kb.
Genomic islands harbor secondary metabolism and developmen-
tal genes (e.g., sporulation and competence), suggesting that these
pathways are plastic, subject to environmental selection, which
may explain how B. subtilis has become so broadly adapted to
different ecological niches (4).

Access to these high-quality genome sequences and their com-
parative analyses with multiple genomes from B. subtilis and close
relatives will expand our understanding of gene flow and specia-
tion among sympatric soil bacilli. Understanding the genetic di-
versity and genome dynamics in the bacilli will further aid exper-
imental analyses of this important model species and allow
insights into the physiology, ecology, and evolution of the group.

Nucleotide sequence accession numbers. Strains have been
deposited in the Bacillus Genetic Stock Center and ARS (NRRL)
Culture Collection under accession numbers BGSCID 3A27 and
NRRL B-14823 (RO-NN-1), BGSCID 3A26 (AUSI98), BGSCID
2A11T and NRRL B-23049T (TU-B-10T), BGSCID 2A12 and
NRRL B-23054 (DV1-B-1), BGSCID 28A5 and NRRL B-14698
(RO-H-1T), and BGSCID 28A4 and NRRL B-14890 (DV1-F-3T).
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