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ABSTRACT We report the 5.3-Mbp genome sequence of Bacillus cereus strain TS2,

which was isolated from the sediments of a solar saltern in southern India. Genome

analysis of B. cereus TS2, a salt-resistant strain, will improve our understanding of

how B. cereus, a food pathogen, responds to hyperosmotic stress.

B
acillus cereus is one of the most frequent causes of food contamination and

consequent food poisoning. Owing to its ability to produce enterotoxins, B. cereus

can cause food poisoning, which manifests as either an emetic or a diarrheal syndrome

(1). This is achieved by means of evading the host’s defenses by production of various

virulence factors that also allow the pathogen to damage the host’s intestinal epithelial

cells, resulting in diarrhea (2). Since some B. cereus strains and spores are capable of

surviving normal food preservation methods, including refrigeration (3), use of heat,

alkali, or acid (4), and salt treatment (5), it is essential to study the mechanisms by which

resistance to these treatments is achieved.

B. cereus TS2 was isolated from the sediments of a solar saltern in Tuticorin, Tamil

Nadu, India, and was capable of growing in 8% NaCl. The sequence of the B. cereus TS2

genome was determined on a HiSeq 2000 sequencing system per the standard Illumina

protocol. Paired-end sequence reads (100 bp) were subjected to adapter removal and

quality control using the SeqQC v2.2 suite (Genotypic, Bangalore, India). SPAdes v3.1.0

(6) was then used for de novo assembly of the high-quality reads into 173 contigs (N50,

537,946 bp). Using the scaffolding tool SSPACE v2.0 (7), the 173 contigs were organized

into 121 scaffolds (N50, 1,475,409 bp). Finally, using the B. cereus Q1 genome (NCBI

accession no. NC_011969) as a reference, gap closure was attempted using GapCloser

v1.12 from the SOAPdenovo2 assembly package (8), resulting in 24 gap-joined scaffolds

totaling 5,308,102 bp in length with a GC content of 35.3%.

Gene prediction using the Rapid Annotation using Subsystems Technology (RAST)

server (9) led to the identification of 5,493 coding sequences. We identified homologs

of the GroELS and DnaK heat shock response chaperonin families in B. cereus TS2,

among other heat shock response-inducible genes. Strain TS2 also harbored the cold

shock response proteins CspA and CspD, which allow Bacillus subtilis to survive at low

food preservation temperatures (10). Homologs of genes previously implicated in

Gram-positive salt stress response (11), including the K� uptake protein TrkH, osmo-

protectant uptake (Opu) class choline/glycine betaine uptake systems, and the L-proline

transporter ProP, were identified on the TS2 chromosome. We also identified

various virulence factors, including the toxins (enterotoxins A, B, and C, a predicted

hemolysin, and cytotoxin K) (12) usually encoded by pathogenic B. cereus strains.

Additionally, hydrolytic enzymes (phospholipase C, sphingomyelinase C, and collage-

nase), which act as virulence factors in vivo, were detected in B. cereus TS2. Homologs

of acid resistance determinants (F1F0-ATPase, cyclopropane fatty acyl phospholipid

synthase, and amino acid decarboxylases) which enable B. cereus to transit through the

hostile gastric environment (13) and reach the intestines were also detected. To our
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surprise, we also detected resistance mechanisms against zinc, arsenic, cobalt, cad-

mium, copper, chromium, bile, and antibiotics (streptothricin, tetracycline, amino-

glycosides, vancomycin, fosfomycin, fluoroquinolones, and �-lactam antibiotics)

encoded on the TS2 genome. We are currently testing and evaluating B. cereus TS2 as

a potential food contaminant and a pathogen.

Data availability. This whole-genome shotgun project has been deposited in

DDBJ/ENA/GenBank under the accession no. PIYQ00000000. The version described in

this paper is the first version, PIYQ01000000.

ACKNOWLEDGMENTS

We thank the Vellore Institute of Technology, Vellore, India, for access to research

facilities and for providing research support. Technical and bioinformatics support for

bacterial genome sequencing from Genotypic Technology, Bangalore, India, is acknowl-

edged.

REFERENCES

1. Sergeev N, Distler M, Vargas M, Chizhikov V, Herold KE, Rasooly A. 2006.

Microarray analysis of Bacillus cereus group virulence factors. J Microbiol

Methods 65:488–502. https://doi.org/10.1016/j.mimet.2005.09.013.

2. Stenfors Arnesen LP, Fagerlund A, Granum PE. 2008. From soil to gut:

Bacillus cereus and its food poisoning toxins. FEMS Microbiol Rev 32:

579–606. https://doi.org/10.1111/j.1574-6976.2008.00112.x.

3. Guinebretiere M-H, Thompson FL, Sorokin A, Normand P, Dawyndt P,

Ehling-Schulz M, Svensson B, Sanchis V, Nguyen-The C, Heyndrickx M, De

Vos P. 2008. Ecological diversification in the Bacillus cereus group. Envi-

ron Microbiol 10:851–865. https://doi.org/10.1111/j.1462-2920.2007

.01495.x.

4. Shaheen R, Svensson B, Andersson MA, Christiansson A, Salkinoja-Salonen

M. 2010. Persistence strategies of Bacillus cereus spores isolated from dairy

silo tanks. Food Microbiol 27:347–355. https://doi.org/10.1016/j.fm.2009.11

.004.

5. Browne N, Dowds BCA. 2001. Heat and salt stress in the food pathogen

Bacillus cereus. J Appl Microbiol 91:1085–1094. https://doi.org/10.1046/

j.1365-2672.2001.01478.x.

6. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,

Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,

Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new

genome assembly algorithm and its applications to single-cell sequenc-

ing. J Comput Biol 19:455–477. https://doi.org/10.1089/cmb.2012.0021.

7. Boetzer M, Henkel CV, Jansen HJ, Butler D, Pirovano W. 2011. Scaffolding

pre-assembled contigs using SSPACE. Bioinformatics 27:578–579. https://

doi.org/10.1093/bioinformatics/btq683.

8. Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, He G, Chen Y, Pan Q, Liu Y,

Tang J, Wu G, Zhang H, Shi Y, Liu Y, Yu C, Wang B, Lu Y, Han C, Cheung

DW, Yiu S-M, Peng S, Xiaoqian Z, Liu G, Liao X, Li Y, Yang H, Wang J, Lam

T-W, Wang J. 2012. SOAPdenovo2: an empirically improved memory-

efficient short-read de novo assembler. Gigascience 1:18. https://doi.org/

10.1186/2047-217X-1-18.

9. 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. https://doi.org/10.1186/1471-2164-9-75.

10. Graumann P, Wendrich TM, Weber MHW, Schröder K, Marahiel MA. 1997.

A family of cold shock proteins in Bacillus subtilis is essential for cellular

growth and for efficient protein synthesis at optimal and low tempera-

tures. Mol Microbiol 25:741–756. https://doi.org/10.1046/j.1365-2958

.1997.5121878.x.

11. Sleator RD, Hill C. 2002. Bacterial osmoadaptation: the role of osmolytes

in bacterial stress and virulence. FEMS Microbiol Rev 26:49–71. https://

doi.org/10.1111/j.1574-6976.2002.tb00598.x.

12. Clair G, Roussi S, Armengaud J, Duport C. 2010. Expanding the known

repertoire of virulence factors produced by Bacillus cereus through early

secretome profiling in three redox conditions. Mol Cell Proteomics

9:1486–1498. https://doi.org/10.1074/mcp.M000027-MCP201.

13. Duport C, Jobin M, Schmitt P. 2016. Adaptation in Bacillus cereus: from

stress to disease. Front Microbiol 7:1550. https://doi.org/10.3389/fmicb

.2016.01550.

Shankar et al.

Volume 7 Issue 6 e00873-18 mra.asm.org 2

 o
n
 D

e
c
e
m

b
e
r 2

6
, 2

0
1
8
 b

y
 g

u
e
s
t

h
ttp

://m
ra

.a
s
m

.o
rg

/
D

o
w

n
lo

a
d
e
d
 fro

m
 


	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

