
Complete Genome Sequences for 36 Canadian Salmonella
enterica Serovar Typhimurium and I 1,4,[5],12:i:– Isolates from
Clinical and Animal Sources

Justin Schonfeld,a Clifford Clark,b James Robertson,a Gitanjali Arya,a Shannon H. C. Eagle,a Simone Gurnik,a Roger Johnson,a*
Genevieve Labbe,a Kira Liu,a* Shaun Kernaghan,a Amanda Mazzocco,a Joanne MacKinnon,a Kim Ziebell,a John H. E. Nasha

aPublic Health Agency of Canada, National Microbiology Laboratory, Guelph, ON, Canada
bPublic Health Agency of Canada, National Microbiology Laboratory, Winnipeg, MB, Canada

ABSTRACT Here, we report the complete genome sequences for 36 Canadian iso-
lates of Salmonella enterica subsp. enterica serovar Typhimurium and its monophasic
variant I 1,4,[5]:12:i:– from both clinical and animal sources. These genome sequen-
ces will provide useful references for understanding the genetic variation within this
prominent serotype.

S almonella enterica subsp. enterica Typhimurium and its monophasic variant I
1,4,[5]:12:i:– (mST) consistently rank among the most prevalent types of Salmonella

causing human illness globally (1, 2). These serotypes are of public health concern due
to the increasing prevalence of multidrug resistance phenotypes, including resistance
to the last-resort antibiotic colistin (3–5). Despite being one of the most prevalent sero-
types, there are few complete genomes available for this serotype from Canadian sour-
ces. Here, we present a diverse collection of Canadian S. Typhimurium and mST
genomes from both clinical and animal sources, which will facilitate comparative
genomics analyses.

Strains were selected from the National Microbiology Laboratory’s collection arising
from Canadian outbreak and surveillance programs (Table 1). Samples were grown on
LB plates overnight at 37°C, and genomic DNA was isolated using the Qiagen EZ1 DNA
tissue kit on the Qiagen Advanced XL automated instrument with the DNA bacterial
protocol, per the manufacturer’s protocol, using 190ml of G2 buffer with 10ml of pro-
teinase K. Oxford Nanopore sequencing was performed at the National Microbiology
Laboratory (NML) in Guelph, Ontario, Canada, using an Oxford Nanopore MinION
sequencer with the default manufacturer’s protocol for rapid barcoding. Samples were
prepared using SQK-RBK004 rapid barcoding kits and subsequently run on a FLO-
MIN106 R9.4 flow cell. Albacore v2.3.3, available from Oxford Nanopore, was used to
perform demultiplexing, base calling, and quality filtering of the raw reads. Illumina
paired-end sequencing was performed with either a NextSeq 550 instrument with the
NextSeq 500/550 300-cycle midoutput kit or a MiSeq instrument with the MiSeq v3
600-cycle reagent kit. Regardless of Illumina sequencing platform, all libraries were pre-
pared using the Nextera XT DNA library preparation kit.

Nanopore data were assembled using Canu v1.8 (6) (useGrid=False corOutCoverage=999),
and hybrid de novo assemblies were produced using the Unicycler pipeline v0.4.5 (7)
with the default options. Canu assemblies were trimmed using berokka v0.2.3
(https://github.com/tseemann/berokka) to remove any overhangs and then were
used as input back to Unicycler with the flag “- -existing_long_read_assembly.”
Iterative polishing of each assembly was performed sequentially using Racon v1.3.2
(8) and Pilon v1.2.2 (9) until each tool made no further changes or converged. The
circularity of each contig was confirmed using the Unicycler log files. The start site
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for each chromosome was set with Circlator v1.5.5 (10) fixstart using the thrA
sequence from S. Typhimurium strain LT2 (GenBank accession no. NC_003197). The
predicted serotype was determined using the Salmonella In Silico Typing Resource
(SISTR) (11) to confirm that the in silico predictions matched the phenotypic sero-
type. Plasmid typing was performed using MOB-suite v1.4.9 (12). Genome sequences
were uploaded to NCBI and annotated using the PGAP (13).

These newly assembled closed reference genomes and plasmids will be useful for
comparative genomics applications, as well as for genomic epidemiological studies of
Salmonella.

Data availability. The genome sequences for the 36 isolates have been deposited
in NCBI/DDBJ/ENA under BioProject no. PRJNA353625 and PRJNA316728. The GenBank
accession numbers are listed in Table 1.
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