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ABSTRACT Draft genome sequences of Escherichia coli and Pseudomonas aerugi-
nosa strains collected from clinical infections were used to determine the prevalence
of newly emerging antibiotic resistance genes in Maine. Comparisons between cefe-
pime-resistant and -susceptible E. coli strains and imipenem-resistant and -suscepti-
ble P. aeruginosa strains are being conducted.

Antibiotic-resistant bacteria continue to be a growing health concern (1). Carbapenems
have proven to be effective antibiotics, but emerging resistance is developing in

Enterobacteriaceae due to novel b-lactamases (2). Some resistance mechanisms require mul-
tiple genes and molecular regulators working together, while other mechanisms require a
single gene (3). Cefepime-resistant and susceptible Escherichia coli isolates and imipenem-re-
sistant and susceptible Pseudomonas aeruginosa isolates were collected from hospitals in
Maine to detect antibiotic resistance genes (ARGs) and to explore their interactions through
gene transcription network models. Institutional review board approval and ethics commit-
tee review were not required for this study, and all software utilized default parameters
unless otherwise noted.

Clinical isolates were collected in 2019 to 2020 from St. Joseph’s Hospital (Bangor,
ME, USA), Houlton Regional Hospital (Houlton, ME, USA), and Northern Light A. R.
Gould Hospital (Presque Isle, ME, USA). Hospitals cultured the microbes on tryptic soy
(TS) agar slants and determined cefepime and imipenem resistance through Vitek anti-
microbial susceptibility testing (4). The cultures were transferred to TS broth and incu-
bated for 18 h at 37°C. The broth was used to create TS agar streak plates, and pure
cultures grown in TS broth were obtained from isolated colonies. Genomic DNA was
extracted with a DNeasy UltraClean kit (Qiagen, Germantown, MD), and isolate cultures
were stored in 25% glycerol at280°C.

The extracted DNA was quantified with a Qubit 4 fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA) and Qubit double-stranded DNA (dsDNA) HS assay kit (Thermo Fisher
Scientific). Sequencing libraries were prepared using a Nextera XT DNA library preparation
kit (Illumina, USA) and Nextera Index kit (Illumina), following the manufacturer’s protocol.
The standard protocol was used for a total DNA input of 1 ng. Genomic DNA was frag-
mented using a proportional amount of Illumina Nextera XT fragmentation enzyme.
Combinatory dual indexes were added to each sample, followed by 12 cycles of PCR to
construct libraries. DNA libraries were purified using AMPure magnetic beads (Beckman
Coulter, USA) and were eluted in Qiagen EB buffer. DNA libraries were pooled for sequenc-
ing on the Illumina HiSeq X system.

Raw sequencing reads were trimmed and processed using BBDuk (5) with a read
quality trimming parameter of 22 for further downstream analysis. The trimmed fastq
files were assembled de novo using SPAdes v3.12.0 (6) with the –careful parameter.
Strains were identified using ContEst16S (7) and BLAST v2.11.0 (8). Completeness and
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https://www.ncbi.nlm.nih.gov/nuccore/JAHVNM000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095408
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNN000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095409
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNO000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095410
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNP000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095411
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNQ000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095412
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNR000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095413
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNS000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095414
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNT000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095355
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMU000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095356
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMV000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095357
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMW00000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095358
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMX000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095359
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMY000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095360
https://www.ncbi.nlm.nih.gov/nuccore/JAHVMZ000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095361
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNA000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095363
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNB000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095364
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNC000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095365
https://www.ncbi.nlm.nih.gov/nuccore/JAHVND000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095366
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNE000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095367
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNF000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095368
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNG000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095415
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNU000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095417
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNV000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095418
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNW00000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095419
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNX000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095420
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNY000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095421
https://www.ncbi.nlm.nih.gov/nuccore/JAHVNZ000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095422
https://www.ncbi.nlm.nih.gov/nuccore/JAHVOA000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095423
https://www.ncbi.nlm.nih.gov/nuccore/JAHVOB000000000
https://www.ncbi.nlm.nih.gov/sra/SRX11095385
https://www.ncbi.nlm.nih.gov/nuccore/JAHVLP000000000
https://mra.asm.org


contamination were assessed using CheckM v1.1.2 (9). PGAP v4.11 (10) and RASTtk
v1.073 (11, 12) were used for annotation. Draft genome sequence assembly informa-
tion, cefepime and imipenem resistance phenotypes, infection sources, and statistics
are shown in Table 1.

The contigs were uploaded to the Resistance Gene Identifier (RGI) at the Comprehensive
Antibiotic Resistance Database (CARD) (13) to identify ARGs and were analyzed using
ISEScan (14) to detect insertion elements. Plasmid contigs were assembled from raw reads
using plasmidSPAdes (15), and ARGs present on the plasmids were determined with the RGI
(13). A total of 5,079 ARGs, 410 plasmids, and 1,628 insertion sequences were found in the
87 isolates.

Data availability. The raw reads and assembled contigs are available under NCBI
BioProject number PRJNA732585, with the accession numbers listed in Table 1.
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