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Streptococcus mutans, a principal causative agent of dental caries, is considered to be the most cariogenic among all oral strepto-
cocci. Of the four S. mutans serotypes (c, e, f, and k), serotype c strains predominate in the oral cavity. Here, we present the com-
plete genome sequence of S. mutans GS-5, a serotype c strain originally isolated from human carious lesions, which is extensively
used as a laboratory strain worldwide.

Streptococcus mutans, a colonizer of the supragingival tooth sur-
face, is a part of a complex microflora comprising �700 spe-

cies. To maintain its dominant presence and to cause dental caries,
this acidogenic and aciduric organism can drastically and quickly
reduce the pH of its surroundings, leading to demineralization of
tooth enamel (10). S. mutans also secretes antimicrobial peptides
(mutacins) to suppress the growth of other competing species. Of
the four serotypes of S. mutans, the predominant oral isolates are
of serotype c (14). GS-5 is a representative serotype c strain origi-
nally isolated from carious lesions 45 years ago (7) and has been
extensively used in genetic and biochemical studies of virulence
(10). This strain also produces a unique two-peptide lantibiotic
mutacin, known as SmbAB (17), which is encoded by only �8%
of the isolates (16). The recent completion of three S. mutans
genome sequences (UA159, NN2025, and LJ23 [1, 2, 13]) indi-
cates a large degree of diversity and genome rearrangement within
the species. In the work presented here, we determined the com-
plete genome sequence of GS-5, which will allow us to gain further
insight into overall genetic variation in S. mutans.

Genome sequencing was performed using a combination of
strategies that included Illumina GA-IIx and Roche GS ju-
nior technology at Cofactor Genomics (St. Louis, MO). The
Illumina sequencing used two genomic libraries, SIPE (�300
bp) and LIMP (�3 kb), which generated �21 million and �15
million paired reads, respectively. Roche 454 GS junior gener-
ated 142,832 reads (average length, �450 nucleotides) that
provided �26� coverage of the entire genome. Several assem-
bly procedures were applied, and manual editing was per-
formed with the 454 GS junior data. The remaining gaps and
unassertive assembled regions were verified by PCR/ABI se-
quencing to obtain a single contig onto which Illumina data
were subsequently mapped for further refinement. The ge-
nome was annotated using IGS Annotation Engine (5), and
The NCBI Prokaryotic Genomes Automatic Annotation Pipe-
line (PGAAP) was employed for submission (http://www.ncbi
.nlm.nih.gov/genomes/static/Pipeline.html).

The GS-5 genome encodes a 2,027,088-bp circular molecule
with a G�C content of 36.8%. The sequence information is con-
sistent with a previously generated physical map of the GS-5 ge-
nome (3). The putative origin of replication was mapped near
nucleotide position 1,553 by OriFinder (6). GS-5 harbors 65 tRNA
genes, 15 rRNA genes, and 1,985 coding sequences (CDS). Among
the CDS, 91 exported proteins, 23 lipoproteins, 11 wall proteins,
and 462 membrane proteins were identified by SLEP (8). No pu-

tative phages or prophages were predicted by Prophinder (12).
However, two complete and one incomplete CRISPRs (clustered
regularly interspaced short palindromic repeats) and numerous
insertion sequences were identified with CRISPRFinder (9) and
ISfinder (15), respectively. Furthermore, in addition to SmbAB, at
least 10 other putative mutacins were identified by BAGEL2 (4).
Several large (�1.0-kb) duplicated regions were identified in the
genome by REPuter (11). Sequence alignment indicated that ge-
nome rearrangement occurred between GS-5 and NN2025 across
the replication axis but not between GS-5 and UA159. The GS-5
complete genome will allow for in-depth comparative genomics
to unravel the extent of genome rearrangements and dynamics in
S. mutans and to better understand the adaptive life style of this
pathogen.

Nucleotide sequence accession number. The complete ge-
nome sequence of S. mutans GS-5 was deposited in GenBank un-
der accession number CP003686.
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