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ABSTRACT The spread of antibiotic resistance poses a critical challenge worldwide.
Contaminated environments can become reservoirs, spreading antibiotic-resistant bacte-
ria and genetic determinants of resistance to humans directly or indirectly. Here, we
report the draft genome sequence, the resistome, virulence genes, and sequence types
of seven multidrug-resistant Escherichia coli strains isolated from river water.

Surface waters in Lebanon have been threatened by pollution (1–4). Previously, we
showed that up to ;74% of water samples from rivers in Lebanon exceeded the

microbiological acceptability standards for irrigation due to the presence of fecal indi-
cators (1). Additionally, 45.8% of the Escherichia coli strains isolated from these rivers
were classified as multidrug resistant (MDR) (1). Here, we selected 7 MDR E. coli strains
isolated from different rivers for whole-genome sequencing (WGS) analysis.

Composite water samples (1 L) were collected from rivers in Lebanon (Table 1). The
water samples were filtered using 0.22-mm Millipore membranes that were placed
onto RAPID'E. coli 2 agar plates (Bio-Rad, USA) (1, 4). The plates were incubated at 37°C
under aerobic conditions for 24 h, and colonies that showed an E. coli phenotype (vio-
let-to-pink color) were selected, purified, and further identified using a species-specific
PCR analysis (1–3).

Before DNA isolation, the E. coli strains were cultured on RAPID'E. coli 2 agar as
described above. The genomic DNA from the E. coli was then isolated and quantified using
the QiaAmp DNA minikit (Qiagen, USA) and the Qubit double-stranded DNA (dsDNA)
broad-range (BR) assay kit (Invitrogen, USA), respectively, as described in the manufac-
turers’ protocols (5, 6). The Nextera XT DNA library preparation kit and the Qubit dsDNA
high-sensitivity (HS) assay kit (Invitrogen, USA) were used to prepare and determine the
concentrations of the sample libraries, respectively (7). The libraries were diluted and dena-
tured according to the Illumina “Denature and Dilute Libraries Guide” protocol A (https://
support.illumina.com/content/dam/illumina-support/documents/documentation/system_
documentation/miseq/miseq-denature-dilute-libraries-guide-15039740-10.pdf) and
loaded into the MiSeq reagent cartridge (MiSeq reagent kit v2, 300 cycles) (7). Sequencing
was performed using the paired-end sequencing strategy (2 � 250 bp) with a MiSeq
sequencer (Illumina). Low-quality reads were removed with Trimmomatic v0.36 (8). The
leading three and the trailing three nucleotides were removed from the reads, and a four-
nucleotide sliding window was used to also remove nucleotides from the 39 ends when
the average Phred score dropped below 20. Reads shorter than 75 bp were discarded.
Draft genome sequences were assembled using the “–careful” option in SPAdes v3.9.0 (9).
Contigs shorter than 200 bp were discarded, and the quality of the draft genomes was
evaluated with QUAST v4.5 (10). Sequence types (STs) were determined using the
PubMLST database (https://pubmlst.org/) with the MLST software v2.16.2 (https://github
.com/tseemann/mlst) (11). The resistome was determined using the Resistance Gene
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Identifier of CARD (RGI 5.2.1, CARD 3.2.4) and the ResFinder v4.1 database (12, 13). The
probability of being a human pathogen, virulence genes, and Inc plasmid types were iden-
tified using PathogenFinder v1.1, VirulenceFinder v2.0, and PlasmidFinder v2.1, respectively
(14–16). Default parameters were used for all software unless otherwise specified.

The properties of the draft genome sequences are listed in Table 1. All the E. coli
strains were predicted to be pathogens and carried genetic determinants that are asso-
ciated with resistance to important classes of antibiotics (Table 1). The strains belonged
to different STs and harbored at least one plasmid type, indicating that contaminated
rivers can become sinks for diverse MDR strains and resistance determinants.

The draft genome sequences are important for highlighting the role of contaminated
environmental niches, including rivers, in the dissemination of antibiotic resistance.

Data availability. The raw sequences for the analyzed strains can be found under acces-
sion numbers SRX7741090, SRX7741086, SRX7741087, SRX9744115, SRX9744120, SRX7741048,
and SRX7741052. The assembled genome sequences were deposited in GenBank under acces-
sion numbers JAFJVZ000000000, JAFJVU000000000, JAFJVT000000000, JAFJXE000000000,
JAFJXA000000000, JAFJVW000000000, and JAFJVX000000000.
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