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Escherichia coli SE15 (O150:HS5) is a human commensal bacterium recently isolated from feces of a healthy
adult and classified into E. coli phylogenetic group B2, which includes the majority of extraintestinal patho-
genic E. coli. Here, we report the finished and annotated genome sequence of this organism.

The complete genome sequence of Escherichia coli SE15
was determined using a combination of 2-kb and 40-kb Sanger
libraries and 454 pyrosequencing. We generated 57,600 se-
quences (ABI 3730xl sequencers) and three sequencing runs
(GS20 sequencers). The 454 pyrosequencing reads were first
assembled using the Newbler assembler software (4). A hybrid
assembly of 454 and Sanger reads was performed using the
Phred-Phrap-Consed program (1). Remaining gaps between
contigs were closed by direct sequencing of clones. Prediction
and annotation of protein-coding genes were performed as
described previously (6).

The genome of E. coli SE15 consists of a circular 4,717,338-bp
chromosome containing 4,338 predicted protein-coding genes
and a 122-kb plasmid (pSE15) encoding 150 protein-coding
genes. From the multilocus sequence typing analysis based on
the nucleotide sequences of seven housekeeping genes (adk,
fumC, gyrB, icd, mdh, purA, and recA), SE15 was found to
belong to E. coli reference collection group B2. In the chro-
mosome, two prophage regions and seven integrative elements
are found. Of the predicted protein-coding genes, we could
assign 2,883 (64%) to known functions, 1,528 (34%) as con-
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served hypothetical genes and 77 (2%) as novel hypothetical
genes. Of the predicted protein-coding genes on the chromo-
some, 3,735 (86%) are common to three uropathogenic E. coli
(UPEC) genomes (CFT073, UTI8Y, and 536) and 263 (6%)
are not identified in any of the three UPEC genomes. The 263
genes include 7 genes for the phosphoenolpyruvate:sugar
phosphotransferase system involved in the uptake of carbohy-
drates, reflecting the adaptation of SE15 to a commensal life-
style in the intestinal tract. pSE15 shares 121 genes (81%) with
a 114-kb plasmid (GenBank accession no. CP000244) of
UPEC UTIS89, indicating that both plasmids are derived from
the same origin.

The chromosome contains six large segments (LSs; >30 kb)
designated LSs I to VI, three of which overlap one prophage
region and two integrative elements. Each of the six LSs is
located at the same locus as at least one of the pathogenicity
islands (PAIs) or other insertion regions in the three UPEC
genomes. LS II (ECSF_1824 to ECSF_1835) and three PAIs
(PAI IV 1ig0, PAI IV, and HPIprg75) are located at the
same loci in each chromosome and share the ybt operon en-
coding the yersiniabactin iron acquisition system, indicating
that the ancestral E. coli of group B2 strains may have acquired
the ybt genes. LS III (ECSF_1852 to ECSF_1897), PAI
VIt PAI Visse, and PAlcpro73..000 are located at the
same loci in each chromosome. The three PAIs contain the pks
island encoding multiple nonribosomal peptide synthases and
polyketide synthases, whereas LS III in SE15 completely lacks
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the pks island. The commensal E. coli strain ED1a also lacks
the pks island (8), but the commensal E. coli strain Nissle 1917
has the pks island (5). These data suggest that the presence of
the pks island may not be common among intestinal commen-
sal strains in group B2. LS V (ECSF_2770 to ECSF_2794) is
almost identical to PAI V1449, Which contains the genes clus-
ter for a type II secretion system (gsp), group II capsule syn-
thesis (kps), and polysialic acid synthesis (neu). The neu operon
between the kpsFEDUCS and kpsMT genes in PAI V{1g0 18
responsible for K1 capsule biosynthesis, and this region be-
tween the kpsFEDUCS and kpsMT genes is highly variable in
E. coli (9). The corresponding region (ECSF_2777 to
ECSF_2781) in LS V encodes genes different from those in the
neu operon in PAI Vg0 differs from the corresponding
regions of the CFT073 (K2 serotype), 536 (K15 serotype), and
APEC O1 (K1 serotype) strains; and shows no homology with
any sequence in public databases.

SE15 lacks many virulence-related genes, whereas UPEC
encodes virulence-related factors, including fimbrial adhesins,
toxins, capsule, and serum resistance and iron uptake systems.
The three UPEC strains have the genes encoding P fimbriae
(pap), S fimbriae (sfa/foc), Auf fimbriae (auf), and type 1 fim-
briae (fim), whereas SE15 contains only the fim genes and
lacked the pap, sfa/foc, and auf genes. Amino acid replace-
ments in FimH located at the tip of type 1 fimbriae produce a
shift from a commensal-associated trimannose binding pheno-
type to a urinary tract infection-associated monomannose
binding phenotype (7). The other sequenced B2 strains (three
UPEC strains, APEC O1, LF82, and ED1a) have Ser-70 and
Asn-78 residues in FimH, whereas SE15 has Asn-70 and Ser-78
residues that are conserved in intestinal E. coli strains. Of the
seven chaperon-usher fimbrial operons in SE15, six (fim, yad,
yde, yeh, yfc, and yqi) are conserved in the three UPEC ge-
nomes. The one remaining fimbrial operon (ECSF_0163 to
ECSF_0166) is specific to SE15. The GC content (42%) of this
5-kb fimbrial region is lower than the average GC content
(51%) of the chromosome. UPEC strains contain a greater
number of iron acquisition systems than do commensal strains,
which may be a consequence of their adaptation to the iron-
limiting urinary tract environment (3). SE15 also contains iron
uptake system genes encoding siderophore enterobactin, sid-
erophore yersiniabactin, iron transporter (sit), and heme (chu)
systems but lacks genes for siderophore salmochelin, sid-
erophore aerobactin, and novel siderophore (ire4), which are
encoded by PAIs of UPEC strains. Furthermore, SE15 lacks
genes encoding alpha-hemolysin and cytotoxic necrotizing fac-
tor, which are known toxins encoded by PAls of UPEC strains.

It has been pointed out that extraintestinal pathogenic E.
coli (ExPEC) virulence factors identified in commensal strains
of group B2 may facilitate colonization of the human gut and
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thus act as fitness factors for commensal E. coli stains (2). SE15
contains fewer known EXPEC virulence-associated genes than
other known commensal strains (EDla and Nissle 1917) in
group B2, suggesting that EXPEC virulence-related genes in
the SE15 genome may be necessary for this commensal micro-
organism to colonize the human gut.

Nucleotide sequence accession numbers. The sequence data
of the SE15 genome have been deposited in GenBank/DDBJ/
EMBL under accession numbers AP009378 (chromosome)
and AP009379 (plasmid).
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