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Draft Genome Sequence of Bacillus subtilis Ia1a, a New Strain for
Poly-�-Glutamic Acid and Exopolysaccharide Production

Mohammad H. A. Ibrahim,a,d Brady F. Cress,b Robert J. Linhardt,a,b,c Mattheos A. G. Koffas,b,c Richard A. Grossa,b

Department of Chemistry and Chemical Biology, Center for Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic Institute, Troy, New York, USAa;
Department of Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York, USAb; Department of Biological Sciences, Rensselaer Polytechnic
Institute, Troy, New York, USAc; Chemistry of Natural and Microbial Products Department, National Research Centre, Cairo, Egyptd

We report here the 4.092-Mb high-quality draft genome assembly of a newly isolated poly-�-glutamic acid–producing strain,
Bacillus subtilis Ia1a. The genome sequence is considered a critical tool to facilitate the engineering of improved production
strains. Exopolysaccharides and many industrially important enzymes can be produced by this new strain utilizing different car-
bon sources.
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The endospore-forming, rod-shaped aerobic species Bacillus
subtilis and its relatives are well-characterized Gram-positive

bacteria (1). Several B. subtilis strains have been isolated from
soil and water sources, showing great ability to adapt to a wide
spectrum of environments (2). Important industrial enzymes
(protease, amylase, etc.) (3) and valuable metabolites (poly-�-
glutamic acid [�PGA], exopolysaccharides [EPSs], and antibi-
otics) are known to be produced by different strains of this
species (4, 5).

Strain Ia1a was isolated from an Egyptian soil sample and is
able to produce EPSs utilizing different carbon substrates such as
glycerol, glucose, sucrose, molasses, and starch. In the presence of
glutamic acid, high-volumetric production of large-molecular-
size �PGA can be achieved by the strain after a relatively short
cultivation time (unpublished data). Phylogenetic analysis of the
16S rRNA genes was used to identify strain Ia1a as a new strain of
the species B. subtilis. Since the release of the first complete ge-
nome sequence of B. subtilis (6), comparative genomics of as-
sorted B. subtilis strains has revealed several interesting metabolic
pathways—such as those involved in sporulation and biofilm for-
mation—that confer to B. subtilis a remarkable adaptation capa-
bility and that contribute to predominance in diverse environ-
ments (7).

For isolation of genomic DNA, a single colony of strain Ia1a
grown on a medium E plate (8) was used to inoculate 50 mL of the
same medium for shake-flask cultivation. The culture was grown
at 37°C for 24 h, and harvested cells were then washed with dis-
tilled water and used for genomic DNA extraction and purifica-
tion with a PureLink genomic DNA minikit (Invitrogen). The
genomic DNA library was prepared using a Nextera DNA sample
preparation kit (Illumina) following the manufacturer’s user
guide. Subsequently, genomic DNA was subjected to simultane-
ous fragmentation and addition of adapter sequences. These
adapters were utilized during a limited-cycle (five cycles) PCR, in
which unique indices were added to the sample. Following library

preparation, the average library size (750 bp) was determined us-
ing an Agilent 2100 bioanalyzer (Agilent Technologies). The li-
brary was diluted (to 12 pM), and paired-end reads were obtained
using the MiSeq system for 600 cycles (Illumina).

The genome of strain Ia1a was assembled de novo by MR DNA
(Shallowater, TX, USA) using NGen (DNASTAR, Inc.). Draft ge-
nome annotation was performed with the RAST server (9). The
genome of strain Ia1a comprises 4,092,291 bp, possesses a GC
content of 43.8%, and contains 4,201 coding sequences. The clos-
est neighbor strains were B. subtilis 168, SC-8, and QB928, respec-
tively. The complete genome sequence of strain Ia1a should facil-
itate metabolic understanding and subsequent engineering for
designing improved strains for �PGA and EPS production. More-
over, it will enrich the available B. subtilis genome library and
contribute to a better understanding of these industrially impor-
tant organisms.

Accession number(s). The annotated genome sequence was
deposited in DDBJ/EMBL/GenBank under accession number
FMSN00000000. The version described in this paper is the first
version, FMSN01000000.
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