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ABSTRACT Seven Salmonella enterica subsp. enterica isolates were identified as car-
rying the mcr-1 gene, by using a real-time fluorescence quantitative PCR method,
from a total of 2,558 isolates which were cultured from various food origins in China
between 2011 and 2016. Few complete genomes of Salmonella strains harboring the
mcr-1 gene have been reported to date, so we report here the complete genome
and plasmid sequences of all of these isolates to provide useful references for un-
derstanding the prevalence of foodborne Salmonella enterica subsp. enterica isolates
carrying mcr-1.

The rise and dissemination of multidrug-resistant (MDR) Enterobacteriaceae, espe-
cially carbapenem-resistant Enterobacteriaceae (CRE), with mechanisms such as

NDM-1, KPC, and OXA-48/181 in the last few decades have led to urgent challenges in
the clinical treatment of MDR or extensively drug-resistant (XDR) pathogen diseases (1,
2). In this case, despite having a side effect of nephrotoxicity, colistin is still considered
a last-resort antibiotic in the clinical treatment of serious infections caused by CRE (3).
However, mobile colistin resistance (MCR), referring to a plasmid-mediated gene en-
coding a phosphoethanolamine transferase conferring resistance to colistin, was ini-
tially reported in 2015 in China and named mcr-1 (mobile colistin resistance 1) (4). This
gene, originating from different bacterial species from human, animal, and environ-
mental samples, has been reported in more than 30 countries across six continents,
dating to at least the 1980s (5). Variants of mcr-1 and other mcr genes have been
identified consecutively, with the mcr-8 gene reported in Klebsiella pneumoniae as the
latest one (1). While the presence of mcr-1-mediated colistin resistance was predomi-
nantly reported among Escherichia coli, K. pneumoniae, and Enterobacter spp. in China,
data for Salmonella isolates are lacking, particularly for isolates of food origins (6).

Therefore, 2,558 Salmonella isolates recovered from various kinds of food in China
between 2011 and 2016 were screened for the mcr-1 gene by the real-time fluores-
cence quantitative PCR method in our laboratory, and seven isolates among them were
identified as mcr-1 positive (7). We present here the complete genome and plasmid
sequences of all seven foodborne Salmonella enterica subsp. enterica isolates. These
genome sequences will be of great use in providing a genetic basis for Salmonella spp.
harboring the mcr-1 gene, as references to aid in comparative genomics applications,
as well as for epidemiological studies on outbreak detection and surveillance of
Salmonella spp. in the future.

A single colony for each strain was grown overnight on brain heart infusion (BHI)
broth at 37°C, and genomic DNA was extracted using the TIANamp bacterial DNA kit
(catalog no. DP302; Tiangen Biotech, Beijing, China); this was followed by preparation
of a 10-kb library from 5 �g of sheared and concentrated genomic DNA using a 10-kb
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template library preparation and sequencing procedure with the PacBio template prep
kit. Whole-genome sequencing was performed using the single-molecule real-time
Pacific Biosciences (SMRT PacBio) RS II platform (Tianjin Biochip Corporation, Tianjin,
China). SMRT sequencing was conducted using the C4 sequencing chemistry and P6
polymerase with 1 SMRT cell. SMRT Analysis v2.3.0, available from PacBio, was used to
perform demultiplexing, base calling, quality filtering of the raw read sequences, and de
novo assembly according to the RS Hierarchical Genome Assembly Process (HGAP)
workflow v3.0. Subsequently, Consed software v28.0 (http://www.phrap.org/consed/
consed.html) was used to manually inspect and trim duplicate ends to generate single,
complete, and closed sequences for each chromosome and plasmid. The genomes
assembled from the PacBio data were then error corrected using Pilon software (v1.23)
with Illumina MiSeq sequencing read data, of which a library was prepared with a
NEBNext Ultra DNA library prep kit for Illumina (NEB catalog no. E7370), followed by
sonication fragmentation (350-bp insert), and loaded onto the Illumina HiSeq platform
with a paired-end (PE) 150-bp sequencing strategy (Novogene, Beijing, China) with the
HiSeq X Ten reagent kit v2.5 (Illumina, San Diego, CA). The predicted serotypes and
multilocus sequencing types (MLST) were identified using the Salmonella In Silico
Typing Resource (SISTR; https://lfz.corefacility.ca/sistr-app/). Plasmid replicon types or
incompatibility (Inc) groups were determined using the PlasmidFinder 2.0 platform
(https://cge.cbs.dtu.dk/services/PlasmidFinder-2.0/).

Data availability. The genome and plasmid sequence data of all seven Salmonella

enterica subsp. enterica isolates have been deposited in NCBI GenBank under BioProject
no. PRJNA498334. Automatic annotation was done using the NCBI Prokaryotic Genome
Annotation Pipeline (PGAP). The isolate information, sequencing metrics, and genomic
data of the seven Salmonella enterica subsp. enterica strains are listed in Table 1.

ACKNOWLEDGMENTS

This work was financially supported by the National Key R&D Program of China
(grants 2018YFC1603904 and 2016YFD0401102) and the China Food Safety Talent
Competency Development Initiative: CFSA 523 Program.

REFERENCES
1. Wang X, Wang Y, Zhou Y, Li J, Yin W, Wang S, Zhang S, Shen J, Shen Z,

Wang Y. 2018. Emergence of a novel mobile colistin resistance gene,
mcr-8, in NDM-producing Klebsiella pneumoniae. Emerg Microbes Infect
7:122. https://doi.org/10.1038/s41426-018-0124-z.

2. Wang Y, Tian G-B, Zhang R, Shen Y, Tyrrell JM, Huang X, Zhou H, Lei L, Li H-Y,
Doi Y, Fang Y, Ren H, Zhong L-L, Shen Z, Zeng K-J, Wang S, Liu J-H, Wu C,
Walsh TR, Shen J. 2017. Prevalence, risk factors, outcomes, and molecular
epidemiology of mcr-1-positive Enterobacteriaceae in patients and healthy
adults from China: an epidemiological and clinical study. Lancet Infect Dis
17:390–399. https://doi.org/10.1016/S1473-3099(16)30527-8.
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