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Gracilibacillus boraciitolerans JCM 21714T has been characterized as a highly boron-tolerant and moderately halotolerant bacte-
rium. Here, we report the draft genome sequence of this strain. The genome sequence facilitates an understanding of the bio-
chemical functions of boron and provides a base to identify the gene(s) involved in the boron tolerance mechanism of the strain.
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Boron (B) has been reported as an essential micronutrient for
the optimum growth of plants (1) but is toxic to living cells

when present at concentrations over a certain threshold. Previ-
ously, the physiological analysis of B tolerance in bacteria revealed
a negative correlation between the degree of tolerance to high
external B and the protoplasmic B concentrations (2). Graciliba-
cillus boraciitolerans was identified as highly boron-tolerant and
moderately halotolerant bacterium, which can tolerate �450 mM
B and up to 11% NaCl, respectively (3). This bacterium is Gram-
positive, motile, rod-shaped, and endospore-forming, isolated
from naturally boron-contaminated soil of the Hisarcik area in
Kutahya Province, Turkey. The growth of this strain occurs at 16
to 37°C (optimum, 25 to 28°C) and pH 6.0 to 10.0 (optimum, 7.5
to 8.5) in tryptic soy broth without the addition of NaCl or boron.

The genome of G. boraciitolerans JCM 21714T was sequenced
using the Ion Torrent PGM system. A total of 558,321 quality-
filtered reads were assembled into 88 contigs using Newbler ver-
sion 2.8 (Roche) (70 contigs, �2,000 bp; longest, 619,400 bp;
shortest, 638 bp), with an N50 length of 93,666 bp, which resulted
in a draft genome sequence of 3,651,580 bp with 33.7� redun-
dancy and a G�C content of 35.8%.

The draft genome of G. boraciitolerans JCM21714T contains
4,450 coding sequences, single copies of the 16S rRNA and 23S
rRNA genes, two copies of 5S rRNA genes, and 58 tRNAs genes, as
predicted using the Rapid Annotations using Subsystems Tech-
nology (RAST) version 2.0 (4) and RNAmmer version 1.2 (5)
servers. The RAST server predicted 44% of the annotatable open
reading frames (ORFs) to encode known proteins. There were 415
subsystems identified in the genome, with the major subsystems
represented by the genes involved in carbohydrate metabolism
(395 genes), amino acids and derivatives (287 genes), protein me-
tabolism (239 genes), and many others, including those involved
in membrane transport (92 genes), stress response (90 genes),
fatty acids, lipids, and isoprenoids (114 genes), dormancy and
sporulation (114 genes), motility and chemotaxis (98 genes), cell

wall and capsule (101 genes), iron acquisition and metabolism (4
genes), and virulence, disease, and defense (67 genes); however,
no gene was detected for photosynthesis.

Our BLASTp search (E value, �1e � 5) indicated that the
genome of G. boraciitolerans JCM 21714T contains boron
transport-related genes of yeast and plants: 2 orthologs of the
Atr1p gene (6), 66 of the AtNIP5:1 gene (7, 8), 54 of the AtPIP1
gene (9), 30 of the Dur3p gene (10), and 17 of the Fps1 gene (10).
There was no orthologous gene related to the Bor1 (11) or AtBor1
(12) genes, which are the most critical for boron transport in
plants. A detailed comparative genome analysis will elucidate the
genes involved in stress tolerance in boron, which might provide
us with useful information on the application of a boron-tolerant
bacterium in food and agricultural industries.

Nucleotide sequence accession numbers. The draft whole
genome sequence of G. boraciitolerans JCM 21714T has been
deposited in DDBJ/EMBL/GenBank under accession no.
BAVS01000001 to BAVS01000088.

ACKNOWLEDGMENTS

This study was supported by the National BioResource Project for Ge-
nome Information Upgrading Program from the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) of Japan to M.O. and
M.H., in part by the Japan Society for the Promotion of Science (JSPS)
under a fellowship program to I.F., and by a Grant-in-Aid for Scientific
Research (S) from JSPS (no. 25221202) to T.F.

We thank Hiroko Kuroyanagi (the University of Tokyo) for her tech-
nical support.

REFERENCES
1. Warington K. 1923. The effect of boric acid and borax on the broad bean

and certain other plants. Ann. Bot. 37:629 – 672.
2. Ahmed I, Fujiwara T. 2010. Mechanism of boron tolerance in soil bac-

teria. Can. J. Microbiol. 56:22–26. http://dx.doi.org/10.1139/W09-106.
3. Ahmed I, Yokota A, Fujiwara T. 2007. Gracilibacillus boraciitolerans sp.

nov., a highly boron-tolerant and moderately halotolerant bacterium iso-

Genome AnnouncementsJanuary/February 2014 Volume 2 Issue 1 e00097-14 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=BAVS01000001
http://www.ncbi.nlm.nih.gov/nuccore?term=BAVS01000088
http://dx.doi.org/10.1139/W09-106
http://genomea.asm.org


lated from soil. Int. J. Syst. Evol. Microbiol. 57:796 – 802. http://dx.doi.org
/10.1099/ijs.0.64284-0.

4. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: Rapid Annotations using
Subsystems Technology. BMC Genomics 9:75. http://dx.doi.org/10.1186
/1471-2164-9-75.

5. Lagesen K, Hallin P, Rødland EA, Staerfeldt HH, Rognes T, Ussery DW.
2007. RNAmmer: consistent and rapid annotation of ribosomal RNA genes.
Nucleic Acids Res. 35:3100–3108. http://dx.doi.org/10.1093/nar/gkm160.

6. Kaya A, Karakaya HC, Fomenko DE, Gladyshev VN, Koc A. 2009.
Identification of a novel system for boron transport: Atr1 is a main boron
exporter in yeast. Mol. Cell. Biol. 29:3665–3674. http://dx.doi.org/10.112
8/MCB.01646-08.

7. Mitani-Ueno N, Yamaji N, Zhao FJ, Ma JF. 2011. The aromatic/arginine
selectivity filter of NIP aquaporins plays a critical role in substrate selec-
tivity for silicon, boron, and arsenic. J. Exp. Bot. 62:4391– 4398. http://dx
.doi.org/10.1093/jxb/err158.

8. Tanaka M, Takano J, Chiba Y, Lombardo F, Ogasawara Y, Onouchi H,
Naito S, Fujiwara T. 2011. Boron-dependent degradation of NIP5;1
mRNA for acclimation to excess boron conditions in Arabidopsis. Plant
Cell 23:3547–3559. http://dx.doi.org/10.1105/tpc.111.088351.

9. Maurel C. 2007. Plant aquaporins: novel functions and regulation prop-
erties. FEBS Lett. 581:2227–2236. http://dx.doi.org/10.1016/j.febslet.2007
.03.021.

10. Nozawa A, Takano J, Kobayashi M, von Wirén N, Fujiwara T. 2006.
Roles of BOR1, DUR3, and FPS1 in boron transport and tolerance in
Saccharomyces cerevisiae. FEMS Microbiol. Lett. 262:216 –222. http://dx
.doi.org/10.1111/j.1574-6968.2006.00395.x.

11. Takano J, Kobayashi M, Noda Y, Fujiwara T. 2007. Saccharomyces
cerevisiae Bor1p is a boron exporter and a key determinant of boron tol-
erance. FEMS Microbiol. Lett. 267:230 –235. http://dx.doi.org/10.1111/j.
1574-6968.2006.00556.x.

12. Takano J, Noguchi K, Yasumori M, Kobayashi M, Gajdos Z, Miwa K,
Hayashi H, Yoneyama T, Fujiwara T. 2002. Arabidopsis boron trans-
porter for xylem loading. Nature 420:337–340. http://dx.doi.org/10.1038
/nature01139.

Ahmed et al.

Genome Announcements2 genomea.asm.org January/February 2014 Volume 2 Issue 1 e00097-14

http://dx.doi.org/10.1099/ijs.0.64284-0
http://dx.doi.org/10.1099/ijs.0.64284-0
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1093/nar/gkm160
http://dx.doi.org/10.1128/MCB.01646-08
http://dx.doi.org/10.1128/MCB.01646-08
http://dx.doi.org/10.1093/jxb/err158
http://dx.doi.org/10.1093/jxb/err158
http://dx.doi.org/10.1105/tpc.111.088351
http://dx.doi.org/10.1016/j.febslet.2007.03.021
http://dx.doi.org/10.1016/j.febslet.2007.03.021
http://dx.doi.org/10.1111/j.1574-6968.2006.00395.x
http://dx.doi.org/10.1111/j.1574-6968.2006.00395.x
http://dx.doi.org/10.1111/j.1574-6968.2006.00556.x
http://dx.doi.org/10.1111/j.1574-6968.2006.00556.x
http://dx.doi.org/10.1038/nature01139
http://dx.doi.org/10.1038/nature01139
http://genomea.asm.org

	Draft Genome Sequence of the Boron-Tolerant and Moderately Halotolerant Bacterium Gracilibacillus boraciitolerans JCM 21714T
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


