
JOURNAL OF BACTERIOLOGY, Oct. 2011, p. 5581–5582 Vol. 193, No. 19
0021-9193/11/$12.00 doi:10.1128/JB.05404-11
Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Complete Genome Sequence of the Pigmented
Streptococcus thermophilus Strain JIM8232
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Mathieu Almeida,1 Eric Guédon,1 Jean-François Gibrat,2 and Pierre Renault1*

INRA, UMR1319 Micalis, and INRA, AgroParisTech, UMR Micalis, F-78350 Jouy-en-Josas, France,1 and
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Streptococcus thermophilus is a dairy species commonly used in the manufacture of cheese and yogurt. Here,
we report the complete sequence of S. thermophilus strain JIM8232, isolated from milk and which produces a
yellow pigment, an atypical trait for this bacterium.

Streptococcus thermophilus is an important bacterium that is
extensively used in starter cultures in the dairy industry. It is
also found growing spontaneously in traditional products
around the world, and it is believed to persist in the farm
environment. Here, we have determined the genome of the
nonstarter strain JIM8232, isolated from milk and previously
specified S. thermophilus by multilocus sequence type analysis
(5), since it produces a yellow pigment, which is atypical in
streptococci except those belonging to the pathogenic species
Streptococcus agalactiae (9). Lateral gene transfer events may
play an important role in S. thermophilus genome plasticity, as
described for the eps operon, integrative conjugative elements
(ICEs), and genomic islands (1, 2, 6, 8). Recently, a genomic
island containing the prtS gene and disseminating quickly in
the S. thermophilus population was characterized in strain
JIM8232 (4). The yellow atypical phenotype provides addi-
tional evidence of lateral gene transfers in S. thermophilus
strain JIM8232.

The S. thermophilus JIM8232 sequence was determined by
using Sanger and SOLiD sequencing technologies. Whole-ge-
nome assembly was performed from a short insert plasmid
library, yielding 205 contigs with an average coverage of 3�.
The contigs were ordered by using the PROJECTOR2 soft-
ware (10). Gap closures were determined by primer walking on
PCR products. Insertion sequence boundaries were systemat-
ically checked by PCR amplification and sequencing. Finally,
mismatch and small insertion-deletion corrections were deter-
mined using the SOLiD sequencer (Applied Biosytems) with
95� coverage. Genome annotation was performed using the
AGMIAL annotation platform (3).

The circular chromosome of S. thermophilus JIM8232 is
composed of 1,929,905 bp with an overall G�C content of
38.9%. It includes 2,145 open reading frames that account
for 85.1% of the genome, 1,745 of which (81.3%) were
annotatable with known proteins with biological function or
a functional domain and 400 of which (18.7%) were anno-
tated as conserved hypothetical proteins. The genome also

harbors 67 tRNA genes covering all amino acids and also 6
rRNA operons.

Comparative genomic analysis of S. thermophilus JIM8232
revealed strain-specific DNA of 129 kb compared to previously
sequenced S. thermophilus strains. These sequences are pres-
ent in 9 regions of 2.6 to 55 kb. Three of them correspond to
hypervariable regions, such as the eps operon, genes encoding
the restriction/modification system, and CRISPR sequences
(7). Three regions, ranging from 2.5 to 7.5 kb, contain genes
potentially involved in metabolism, such as oxidative stress,
and are not flanked by mobile elements. Lastly, three regions
may be ICE related and contain integrases. The two major
islands are 53 kb and 40 kb long, and one of them contains an
operon encoding proteins potentially involved in pigment syn-
thesis. The complete genome sequence of S. thermophilus
strain JIM8232 will promote studies to improve understanding
of genomic plasticity and horizontal gene transfer within S.
thermophilus populations.

Nucleotide sequence accession number. The complete ge-
nome sequence of S. thermophilus JIM8232 is accessible at
GenBank under accession number FR875178.

This work was partially funded by the project Flore-QPS in the
“Programme National de Recherche en Alimentation-Nutrition Hu-
maine” by the French Agence Nationale de la Recherche.

We thank the MetaQuant platform team (MICALIS) for SOLiD
sample sequencing.

REFERENCES

1. Bolotin, A., et al. 2004. Complete sequence and comparative genome analysis
of the dairy bacterium Streptococcus thermophilus. Nat. Biotechnol. 22:1554–
1558.

2. Broadbent, J. R., D. J. McMahon, D. L. Welker, C. J. Oberg, and S.
Moineau. 2003. Biochemistry, genetics, and applications of exopolysaccha-
ride production in Streptococcus thermophilus: a review. J. Dairy Sci. 86:407–
423.

3. Bryson, K., et al. 2006. AGMIAL: implementing an annotation strategy for
prokaryote genomes as a distributed system. Nucleic Acids Res. 34:3533–
3545.

4. Delorme, C., C. Bartholini, A. Bolotine, S. D. Ehrlich, and P. Renault. 2010.
Emergence of a cell wall protease in the Streptococcus thermophilus popu-
lation. Appl. Environ. Microbiol. 76:451–460.

5. Delorme, C., C. Poyart, S. D. Ehrlich, and P. Renault. 2007. Extent of
horizontal gene transfer in evolution of streptococci of the salivarius group.
J. Bacteriol. 189:1330–1341.

6. Hols, P., et al. 2005. New insights in the molecular biology and physiology of

* Corresponding author. Mailing address: INRA, UMR1319 Mica-
lis, F-78350 Jouy-en-Josas, France. Phone: 33-1 34 65 27. Fax: 33-1 34
65 25 21. E-mail: pierre.renault@jouy.inra.fr.

5581



Streptococcus thermophilus revealed by comparative genomics. FEMS Mi-
crobiol. Rev. 29:435–463.

7. Horvath, P., et al. 2008. Diversity, activity, and evolution of CRISPR loci in
Streptococcus thermophilus. J. Bacteriol. 190:1401–1412.

8. Pavlovic, G., V. Burrus, B. Gintz, B. Decaris, and G. Guedon. 2004. Evolu-
tion of genomic islands by deletion and tandem accretion by site-specific

recombination: ICESt1-related elements from Streptococcus thermophilus.
Microbiology 150:759–774.

9. Rosa-Fraile, M., et al. 2001. Pigment production by Streptococcus agalactiae
in quasi-defined media. Appl. Environ. Microbiol. 67:473–474.

10. van Hijum, S. A., A. L. Zomer, O. P. Kuipers, and J. Kok. 2003. PROJECTOR:
automatic contig mapping for gap closure purposes. Nucleic Acids Res. 31:e144.

5582 GENOME ANNOUNCEMENTS J. BACTERIOL.


