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Abstract. 

We report the complete and annotated genome sequence of Bacillus cereus NC7401, 

a representative of a specific group of emetic strains. The emetic toxin, cereulide, is produced 

by a non-ribosomal protein synthesis (NRPS) system that is encoded by a gene cluster on a 

large resident plasmid, pNCcld. 



 

Bacillus cereus is a ubiquitous spore-forming bacterium, isolated from foodborne 

illnesses and other infections (4, 9, 11, 19). Food poisoning caused by B. cereus is divided into 

two types according to symptoms: vomiting type or diarrhea type. The vomiting type is often 

life threatening (6, 13, 17). The toxin, cereulide, is responsible for the emetic foodborne 

diseases (1, 2). 

B. cereus, B. anthracis and B. thuringiensis are thought to be descended from a 

common Bacillus ancestor species that adapted to animal hosts (10, 14). B. cereus species 

include a large variety of strains that constitute different clusters, one of which is 

phylogenetically close to the B. anthracis group. Our multi locus sequence typing (MLST) 

study also revealed that most cereulide-producing strains could be allocated to the known 

sequence type of exclusively emetic B. cereus strains (18). Herein, we report the complete and 

annotated genome sequence of B. cereus NC7401 as a representative of this group.  

The complete genome sequence of NC7401 was determined by a whole-genome 

shotgun strategy using the Sanger method. Genomic libraries containing 2-kb and 10-kb 

inserts were constructed and sequenced. 112,896 sequences were generated, giving 10.4-fold 

coverage from both ends of the genomic clones. Sequence reads were assembled using the 

Phred-Phrap-Consed program (7, 8). Direct sequencing of the clones was used to close gaps 

between contigs. tRNAscan-SE (12) was used to predict the tRNA. Genome Gambler 1.51 

(16), GLIMMER 2.0 (5), and CRITICA (3) were used to identify potential open reading 

frames (ORFs) larger than 30 codons. All predicted proteins were searched against a 

non-redundant protein database (nr, NCBI) using BLASTP. 

The complete genome of B. cereus NC7401 comprises a single circular 

chromosome of 5,221,581 bp, with a G+C content of 35.6%. The 14 rRNA operons and 104 

tRNA genes are mainly located around the putative origin of replication. NC7401 harbors five 

plasmids (270, 48, 5, 4, and 3 kb). The chromosome of NC7401 contains 5,415 protein-coding 

genes, of which 3,832 are highly conserved among closely related strains in the Bacillus 

cereus sensu stricto group (NC7401, B. cereus ATCC 14579, B. cereus ATCC 10987, and B. 

anthracis Ames). The average levels of amino acid sequence identity of the 3,832 orthologs 

between NC7401 and the other three strains were 97.0% (ATCC 10987), 96.3% (Ames), and 

94.1% (ATCC 14579), showing that NC7401 is more closely related to B. anthracis Ames than 

B. cereus ATCC 14579. 



 The cereulide-synthesizing gene cluster is encoded by the large plasmid, pNCcld. 

The number of assembled sequence reads indicated that there is only one copy of pNCcld in 

NC7401. The structure of pNCcld is almost identical to the large plasmid pCER270 (270 kb, 

accession no. DQ889676). pCER270 is harbored by B. cereus AH187 (also known as B. cereus 

F4810/72) that was isolated from an emetic food poisoning patient (15). 

 

Nucleotide sequence accession numbers. 

This whole genome sequence has been deposited at DDBJ/EMBL/GenBank under 

the accession numbers of AP007209 (chromosome), AP007210 (the largest plasmid, pNCcld), 

AP007211 (pNC1), AP007212 (pNC2), AP007213 (pNC3), and AP007214 (pNC4). 

 



 

Acknowledgments 

We thank K. Furuya, C. Yoshino, H. Inaba, and Y. Hattori (The University of 

Tokyo), and A. Yamashita, A. Tamura, and N. Itoh (Kitasato University) for their technical 

assistance. We also thank C. Ito for advice on language and style. This work was supported by 

the Research for the Future Program from the Japanese Society for the Promotion of Science 

(JSPS-RFTF00L01411). 



 

Reference. 

1. Agata, N., M. Mori, M. Ohta, S. Suwan, I. Ohtani, and M. Isobe. 1994. A novel 

dodecadepsipeptide, cereulide, isolated from Bacillus cereus causes vacuole formation 

in HEp-2 cells. FEMS microbiology letters 121:31-34. 

2. Agata, N., M. Ohta, M. Mori, and M. Isobe. 1995. A novel dodecadepsipeptide, 

cereulide, is an emetic toxin of Bacillus cereus. FEMS microbiology letters 129:17-20. 

3. Badger, J. H., and G. J. Olsen. 1999. CRITICA: coding region identification tool 

invoking comparative analysis. Molecular biology and evolution 16:512-524. 

4. Callegan, M. C., M. C. Booth, B. D. Jett, and M. S. Gilmore. 1999. Pathogenesis of 

gram-positive bacterial endophthalmitis. Infection and immunity 67:3348-3356. 

5. Delcher, A. L., D. Harmon, S. Kasif, O. White, and S. L. Salzberg. 1999. Improved 

microbial gene identification with GLIMMER. Nucleic acids research 27:4636-4641. 

6. Dierick, K., E. Van Coillie, I. Swiecicka, G. Meyfroidt, H. Devlieger, A. 

Meulemans, G. Hoedemaekers, L. Fourie, M. Heyndrickx, and J. Mahillon. 2005. 

Fatal family outbreak of Bacillus cereus-associated food poisoning. Journal of clinical 

microbiology 43:4277-4279. 

7. Ewing, B., L. Hillier, M. C. Wendl, and P. Green. 1998. Base-calling of automated 

sequencer traces using phred. I. Accuracy assessment. Genome research 8:175-185. 

8. Gordon, D., C. Abajian, and P. Green. 1998. Consed: a graphical tool for sequence 

finishing. Genome research 8:195-202. 

9. Helgason, E., D. A. Caugant, I. Olsen, and A. B. Kolsto. 2000. Genetic structure of 

population of Bacillus cereus and B. thuringiensis isolates associated with 

periodontitis and other human infections. Journal of clinical microbiology 

38:1615-1622. 

10. Ivanova, N., A. Sorokin, I. Anderson, N. Galleron, B. Candelon, V. Kapatral, A. 

Bhattacharyya, G. Reznik, N. Mikhailova, A. Lapidus, L. Chu, M. Mazur, E. 

Goltsman, N. Larsen, M. D'Souza, T. Walunas, Y. Grechkin, G. Pusch, R. 

Haselkorn, M. Fonstein, S. D. Ehrlich, R. Overbeek, and N. Kyrpides. 2003. 

Genome sequence of Bacillus cereus and comparative analysis with Bacillus anthracis. 

Nature 423:87-91. 

11. Kiyomizu, K., T. Yagi, H. Yoshida, R. Minami, A. Tanimura, T. Karasuno, and A. 

Hiraoka. 2008. Fulminant septicemia of Bacillus cereus resistant to carbapenem in a 



patient with biphenotypic acute leukemia. Journal of infection and chemotherapy : 

official journal of the Japan Society of Chemotherapy 14:361-367. 

12. Lowe, T. M., and S. R. Eddy. 1997. tRNAscan-SE: a program for improved detection 

of transfer RNA genes in genomic sequence. Nucleic acids research 25:955-964. 

13. Mahler, H., A. Pasi, J. M. Kramer, P. Schulte, A. C. Scoging, W. Bar, and S. 

Krahenbuhl. 1997. Fulminant liver failure in association with the emetic toxin of 

Bacillus cereus. The New England journal of medicine 336:1142-1148. 

14. Rasko, D. A., J. Ravel, O. A. Okstad, E. Helgason, R. Z. Cer, L. Jiang, K. A. 

Shores, D. E. Fouts, N. J. Tourasse, S. V. Angiuoli, J. Kolonay, W. C. Nelson, A. B. 

Kolsto, C. M. Fraser, and T. D. Read. 2004. The genome sequence of Bacillus cereus 

ATCC 10987 reveals metabolic adaptations and a large plasmid related to Bacillus 

anthracis pXO1. Nucleic acids research 32:977-988. 

15. Rasko, D. A., M. J. Rosovitz, O. A. Okstad, D. E. Fouts, L. Jiang, R. Z. Cer, A. B. 

Kolsto, S. R. Gill, and J. Ravel. 2007. Complete sequence analysis of novel plasmids 

from emetic and periodontal Bacillus cereus isolates reveals a common evolutionary 

history among the B. cereus-group plasmids, including Bacillus anthracis pXO1. 

Journal of bacteriology 189:52-64. 

16. Sakiyama, T., H. Takami, N. Ogasawara, S. Kuhara, T. Kozuki, K. Doga, A. 

Ohyama, and K. Horikoshi. 2000. An automated system for genome analysis to 

support microbial whole-genome shotgun sequencing. Bioscience, biotechnology, and 

biochemistry 64:670-673. 

17. Shiota, M., K. Saitou, H. Mizumoto, M. Matsusaka, N. Agata, M. Nakayama, M. 

Kage, S. Tatsumi, A. Okamoto, S. Yamaguchi, M. Ohta, and D. Hata. 2010. Rapid 

detoxification of cereulide in Bacillus cereus food poisoning. Pediatrics 125:e951-955. 

18. Vassileva, M., K. Torii, M. Oshimoto, A. Okamoto, N. Agata, K. Yamada, T. 

Hasegawa, and M. Ohta. 2007. A new phylogenetic cluster of cereulide-producing 

Bacillus cereus strains. Journal of clinical microbiology 45:1274-1277. 

19. Vassileva, M., K. Torii, M. Oshimoto, A. Okamoto, N. Agata, K. Yamada, T. 

Hasegawa, and M. Ohta. 2006. Phylogenetic analysis of Bacillus cereus isolates 

from severe systemic infections using multilocus sequence typing scheme. 

Microbiology and immunology 50:743-749. 

 

 


