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ABSTRACT We report the complete genome sequence of Escherichia coli strain
HUE1, isolated from the urinary catheter of a female patient, showing fluoroquino-
lone resistance without quinolone resistance-determining region mutations. To facili-
tate the exploration of the molecular characteristics of HUE1, the whole genome was
sequenced using long- and short-read platforms.

E scherichia coli strain HUE1 was isolated in 2008 from the urinary catheter of a 77-
year-old female patient at Hokkaido University Hospital in Japan (1). The specimen

was cultured on sheep blood agar and MacConkey agar medium under aerobic incuba-
tion. The isolate was identified with MicroScan WalkAway (Beckman Coulter, Brea, CA,
USA). The strain exhibited antimicrobial resistance (AMR) against fluoroquinolones
(1, 2).

Mutations in the quinolone resistance-determining region (QRDR) of the chromoso-
mally located genes (gyrA, gyrB, parC, and parE) was believed to be required for
exceeding breakpoints of fluoroquinolone MICs and the acquisition of the fluoroquino-
lone-resistant phenotype (3–5). Plasmid-mediated quinolone resistance (PMQR) genes
[such as qnr, oqxAB, and aac(69)-Ib-cr] are also involved in fluoroquinolone resistance in
E. coli (6, 7). Although no mutations were found in the QRDR of HUE1, the acrAB and
tolC multidrug efflux pump gene-deficient HUE1 mutant exhibited great reductions of
fluoroquinolone MICs (1, 2), indicating that tolC-mediated efflux systems are critical for
the acquisition of fluoroquinolone resistance. Here, we sequenced the whole HUE1 ge-
nome and report the molecular characteristics of this unique E. coli isolate.

Genomic DNA was extracted from HUE1 grown in overnight culture at 37°C in LB
medium using phenol and chloroform (8) and was purified by a QIAamp DNA minikit
column (Qiagen, Hilden, Germany). The DNA concentration was determined using a
Qubit fluorometer (Invitrogen, Carlsbad, CA, USA). A short-read sequencing library was
prepared using a Nextera XT DNA library preparation kit (Illumina, San Diego, CA, USA)
according to the manufacturer’s protocol. The whole genome was then 300-bp paired-
end sequenced on the MiSeq platform (Illumina). The resulting 5,126,454 reads were
trimmed of adaptors and low-quality bases (Q score, ,20), and short reads (,36 bp)
were removed using Trimmomatic v0.39 (9), resulting in a total of 4,662,794 reads
(220� coverage). A long-read sequencing library was prepared using a rapid barcod-
ing kit (Oxford Nanopore Technologies, Oxford, UK) according to the manufacturer’s
protocol. The resulting sample was loaded onto an R9.4 flow cell (Oxford Nanopore
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Technologies) and sequenced using MinION sequencing (Oxford Nanopore Technologies).
The obtained 786,618 reads were demultiplexed using Porechop v0.2.4 (https://
github.com/rrwick/Porechop), and then the reads were adaptor trimmed and quality
filtered using Albacore v2.3.4 and Nanofilt (Q score, ,8; minimum length, 1,000 bp)
(10, 11). The reads were randomly subsampled using seqtk v1.3.-r106 (https://github
.com/lh3/seqtk) down to 100,000 reads (N50, 11,359 bp; 149� coverage). Hybrid de
novo assembly was performed using Unicycler v0.4.8 beta (12), which revealed six cir-
cular contigs with a total length of 4,742,352 bp. For each contig, the Unicycler pipe-
line automatically detected and trimmed overlaps, revealing all six of the contigs to
be circular, and then it rotated the chromosome and plasmids to begin with dnaA
and repA. Finally, the assembled sequences were annotated using DFAST v1.1.0 with
standard settings (13).

The genome of HUE1 consists of one chromosome and five plasmids with a total of
4,462 coding sequences, 22 rRNAs, and 88 tRNAs (Table 1). Plasmid replicon types
were identified using PlasmidFinder 2.1 (14). ResFinder 4.0 analysis (15) detected 1
AMR gene in the chromosome and 11 AMR genes in the plasmids that might be
related to the multidrug resistance of HUE1. No mutations were detected in the HUE1
QRDR. These results suggest that the mechanism underlying HUE1 fluoroquinolone re-
sistance without QRDR mutations involves PMQR genes and efflux transporters, as pre-
viously reported (1, 2).

Data availability. The complete genome sequence of E. coli HUE1 was deposited
in DDBJ/ENA/GenBank under accession numbers AP023427, AP023428, AP023429,
AP023430, AP023431, and AP023432. Illumina and MinION sequence reads for the
strain were deposited in the Sequence Read Archive (SRA) database under accession
numbers DRR241416 and DRR241417, respectively.
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G1C
(%)

Plasmid
replicon
typea AMR gene(s)
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aNI, not identified in the PlasmidFinder analysis.
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