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ABSTRACT Salmonella enterica with antigenic formula 4,[5],12:i:– is a monophasic
variant of S. enterica serovar Typhimurium that has emerged globally as a human
pathogen over the last 3 decades. We describe the closed genomes and plasmids
from six S. enterica 4,[5],12:i:– isolates recovered from stool samples obtained during
investigation of human food poisoning cases reported to PulseNet Canada that are
suitable for use as reference strains.

We present here the complete genome sequences of six Canadian Salmonella
enterica subsp. enterica serovar 4,[5],12:i:– isolates. Bacteria were isolated from

patient stool samples by commercial laboratories, sent to Canadian provincial public
health laboratories for further characterization, and provided to the National Microbi-
ology Laboratory (NML) for whole-genome sequencing. Strains were grown and main-
tained on nutrient agar plus 0.5% NaCl at 37°C and stored in 19% skim milk. Salmonella
serotyping was performed at the NML following conventional agglutination methods.
Genomic DNA was isolated from overnight cultures grown at 37°C on nutrient agar
using the Epicentre metagenomic DNA isolation kit for water following the manufac-
turer’s guidelines. Paired-end sequencing (2 � 300 bp) of Nextera XT genomic DNA
libraries was performed on an Illumina MiSeq sequencing platform using the MiSeq
reagent v3 kit and 600 cycles, yielding 58� to 139� genome coverage (Table 1).

The genome sequences for strains PNCS009777 and PNCS009991 (GenBank acces-
sion numbers CP036174 and CP037881, respectively) were closed and finished as
previously reported (1). Oxford Nanopore Technology (ONT) MinION sequencing tech-
nology was employed to produce long reads for PNCS014854, PNCS015054,
PNCS014863, and PNCS014875, enabling genome closure. ONT libraries were pre-
pared using the one-dimensional (1D) sequencing kit (SQK-LSK108) with a native
barcoding kit (EXP-NBD103) and an R9.4 flow cell (FLO-MIN106). Sequencing was
performed for 24 h, yielding a total of 0.91 Gb of long-read sequencing data. Hybrid
assemblies were produced using Unicycler v0.4.3 with error correction (2). The remain-
ing contigs were closed and finished using Staden gap v4.10 (3), and a combination of
PCR and Sanger sequencing was used for gap closure. These methods were run using
default settings to generate closed, finished genomes consisting of a single chromo-
some and one or more plasmids.

Prior to annotation using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP)
(4), genome sequences were trimmed and oriented to the dnaA gene of S. enterica
serovar Typhimurium LT2. During the process of genome closure, plasmids were
identified as nonchromosomal contigs with overlapping ends and were circularized
using methods reported previously (1). With the exception of strain PNCS014875
(GenBank accession number AAQBXA000000000), each isolate harbored at least one
plasmid and one strain, and strain PNCS015054 (AAQBXH000000000) was found to
carry two plasmids (Table 1). Plasmid sequences were compared to sequences depos-
ited in NCBI by performing standard nucleotide BLASTn searches against the standard
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nonredundant (nr) databases (5). Plasmids pPNCS015054_S3 (NZ_CP037876) and
pPNCS014854_S1 (NZ_CP037873) displayed 99.98% identity with 97% coverage and
99% identity with 100% coverage, respectively, with an unnamed plasmid from S.
Typhimurium E40V (CP038435). Plasmid pPNCS015054_S2 (NZ_CP037875) displayed
the highest genetic identity to the S. enterica strain F8475 plasmid pF8475 (KP899804)
but carried an additional �36.4 kb of DNA. Plasmid pPNCS009991_S1 (NZ_CP037880)
was 99.96% identical (100% coverage) to IncX plasmid pYU39 (CP011431.1) and 99.98%
identical (100% coverage) to pExPB5-59-1 (MF428416). Plasmid pPNCS009777_S1
(NZ_CP036173) shared identity to E. coli plasmids PCN061p2 (CP006638; 95.65% iden-
tity, 84% coverage) and pRCS49_pIII (LT985254; 95.10% identity, 84% coverage). Plas-
mid pPNCS014863_S1 (CP037878) was 98.83% identical (100% coverage) to S. enterica
serovar Newport plasmid pSNE1-1926 (CP025235).

These sequences provide high-quality references for genome assemblies of Salmo-
nella 4,[5],12:i:– and for future virulence analyses or population structure studies of this
clinically relevant monophasic S. enterica serovar.

Data availability. The complete genome sequences were deposited under the NCBI
BioProject number PRJNA522746 and the GenBank database under the following
accession numbers: CP036174.1 (PNCS009777), CP036173.1 (pPNCS009777_S1),
CP037874.1 (PNCS014854), CP037873.1 (pPNCS014854_S1), CP037877.1 (PNCS015054),
CP037875.1 (pPNCS015054_S2), CP037876.1 (pPNCS015054_S3), CP037879.1
(PNCS014863), CP037878.1 (pPNCS014863_S1), CP037881.1 (PNCS009991), CP037880.1
(pPNCS009991_S1), and CP037882.1 (PNCS014875). The MiSeq and ONT accession
numbers and basic genome statistics are summarized in Table 1.

ACKNOWLEDGMENTS
We acknowledge the PulseNet Canada Steering Committee for arranging permis-

sions to sequence isolates and use the sequencing data and strain metadata. Permis-
sion to sequence the isolates for this work was provided by the provincial laboratories
from which the isolates were obtained, as follows: BC Centre for Disease Control, British
Columbia, Canada; Cadham Provincial Laboratory, Manitoba, Canada; and Laboratoire
de Santé Publique du Québec, Québec, Canada. Sequencing was performed at the
Genomics Core Facility, National Microbiology Laboratory in Winnipeg, Manitoba,
Canada, under the management of M. Graham. We thank James Robertson for provid-
ing a critical review of the manuscript.

REFERENCES
1. Clark CG, Berry C, Walker M, Petkau A, Barker DOR, Guan C, Reimer A,

Taboada EN. 2016. Genomic insights from whole genome sequencing of
four clonal outbreak Campylobacter jejuni assessed within the global

C. jejuni population. BMC Genomics 17:990. https://doi.org/10.1186/s12864
-016-3340-8.

2. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial

TABLE 1 NCBI accession numbers and summarized sequencing and genome characteristics of Salmonella 1,4,[5],12:i:– isolates sequenced
on Illumina MiSeq and Oxford Nanopore MinION sequencing platformsa

Isolate name
SRA accession
no. (MiSeq)

SRA accession
no. (ONT)

GenBank
accession no.

No. of
reads
(MiSeq)

No. of
reads
(ONT)

MiSeq genome
coverage (�)

ONT genome
coverage (�)

Genome
size (bp)

GC
content (%)

PNCS009777 SRR11194321 NA CP036174.1 1,050,482 NA 115 NA 4,981,102 52
PNCS014854 SRR11194316 SRR11215570 CP037874.1 991,949 7,393 60 14.58 4,817,234 52
PNCS015054 SRR11194318 SRR11215569 CP037877.1 1,080,261 7,237 106 12.31 4,786,287 51
PNCS014863 SRR11194320 SRR11215568 CP037879.1 957,395 28,928 58 77.41 4,984,391 52
PNCS009991 SRR11194319 NA CP037881.1 2,433,867 NA 139 NA 5,036,850 52
PNCS014875 SRR11194317 SRR11215567 CP037882.1 1,009,327 14,833 61 39.47 4,996,832 52
pPNCS009777_S1 SRR11194321 NA CP036173.1 NA NA NA NA 4,418 53
pPNCS014854_S1 SRR11194316 NA CP037873.1 NA NA NA NA 93,844 53
pPNCS015054_S2 SRR11194318 NA CP037875.1 NA NA NA NA 247,701 53
pPNCS015054_S3 SRR11194318 NA CP037876.1 NA NA NA NA 96,545 53
pPNCS014863_S1 SRR11194320 NA CP037878.1 NA NA NA NA 6,760 46
pPNCS009991_S1 SRR11194319 NA CP037880.1 NA NA NA NA 40,085 41
a Isolates were not closed using MinION sequencing; plasmid sequencing data are included with the full-genome sequences. NA, not applicable.

Walker et al.

Volume 9 Issue 24 e00074-20 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP037876.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP037873.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/CP038435
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP037875.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/KP899804
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP037880.1?report=genbank
https://www.ncbi.nlm.nih.gov/nuccore/CP011431.1
https://www.ncbi.nlm.nih.gov/nuccore/MF428416
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP036173
https://www.ncbi.nlm.nih.gov/nuccore/CP006638
https://www.ncbi.nlm.nih.gov/nuccore/LT985254
https://www.ncbi.nlm.nih.gov/nuccore/CP037878
https://www.ncbi.nlm.nih.gov/nuccore/CP025235
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA522746
https://www.ncbi.nlm.nih.gov/nuccore/CP036174.1
https://www.ncbi.nlm.nih.gov/nuccore/CP036173.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037874.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037873.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037877.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037875.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037876.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037879.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037878.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037881.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037880.1
https://www.ncbi.nlm.nih.gov/nuccore/CP037882.1
https://doi.org/10.1186/s12864-016-3340-8
https://doi.org/10.1186/s12864-016-3340-8
https://www.ncbi.nlm.nih.gov/sra/SRR11194321
https://www.ncbi.nlm.nih.gov/nuccore/CP036174.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194316
https://www.ncbi.nlm.nih.gov/sra/SRX7827944[accn]
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP037874.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194318
https://www.ncbi.nlm.nih.gov/sra/SRX7827945[accn]
https://www.ncbi.nlm.nih.gov/nuccore/CP037877.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194320
https://www.ncbi.nlm.nih.gov/sra/SRR11215568
https://www.ncbi.nlm.nih.gov/nuccore/CP037879.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194319
https://www.ncbi.nlm.nih.gov/nuccore/CP037881.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194317
https://www.ncbi.nlm.nih.gov/sra/SRR11215567
https://www.ncbi.nlm.nih.gov/nuccore/CP037882.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194321
https://www.ncbi.nlm.nih.gov/nuccore/CP036173.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194316
https://www.ncbi.nlm.nih.gov/nuccore/CP037873.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194318
https://www.ncbi.nlm.nih.gov/nuccore/CP037875.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194318
https://www.ncbi.nlm.nih.gov/nuccore/CP037876.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194320
https://www.ncbi.nlm.nih.gov/nuccore/CP037878.1
https://www.ncbi.nlm.nih.gov/sra/SRR11194319
https://www.ncbi.nlm.nih.gov/nuccore/CP037880.1
https://mra.asm.org


genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595-22. https://doi.org/10.1371/journal.pcbi.1005595.

3. Bonfield JK, Smith KF, Staden R. 1995. A new DNA sequence assembly
program. Nucleic Acids Res 23:4992– 4999. https://doi.org/10.1093/nar/23
.24.4992.

4. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,

Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
Prokaryotic Genome Annotation Pipeline. Nucleic Acids Res 44:
6614 – 6624. https://doi.org/10.1093/nar/gkw569.

5. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403– 410. https://doi.org/10.1016/
S0022-2836(05)80360-2.

Microbiology Resource Announcement

Volume 9 Issue 24 e00074-20 mra.asm.org 3

https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/nar/23.24.4992
https://doi.org/10.1093/nar/23.24.4992
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS

