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ABSTRACT Here, we report the complete genome sequence of a Hafnia paralvei
strain isolated from a lake in Switzerland in 2020. The genome consists of a 4.7-Mbp
chromosome, a large plasmid (213 kb) harboring mcr-9, and a small plasmid (6 kb).

Since the initial recognition of Enterobacteriaceae strains harboring the plasmid-medi-
ated colistin resistance gene mcr-1 in 2015 (1), nine additional mcr variants (mcr-2 to

mcr-10) have been described in various species (2–4). Here, we describe the occurrence of
mcr-9 in a Hafnia isolate, an enterobacterial genus naturally resistant to colistin (5).

AVS0177, showing phenotypical resistance to colistin (MIC = 8 mg/mL) and a positive
PCR result for mcr-9, was isolated in November 2020 from a water sample collected at a
depth of 120 m in Lake Zug, Switzerland. The water sample (100 mL) was filtered through a
0.45-mm membrane filter (Millipore). The filter was incubated in 10 mL Enterobacteriaceae
enrichment (EE) broth (BD) at 37°C for 24 h. One loopful of the enrichment broth was
spread onto cystine lactose electrolyte-deficient (CLED) agar (Oxoid) supplemented with
4 mg/mL colistin, 10 mg/mL vancomycin, and 5 mg/mL amphotericin and incubated at
37°C for 24 h. Matrix-assisted laser desorption ionization–time of flight mass spectrometry
(MALDI-TOF MS) (Bruker Daltonics) was used for preliminary genus identification. Different
PCR primers were used to detect the genes mcr-1 to mcr-10 (6–8). Colistin susceptibility
testing was performed by broth dilution and interpreted according to EUCAST v11.0 proto-
cols (https://www.eucast.org/clinical_breakpoints/). DNA was isolated from a subculture
obtained from a single colony grown for 24 h at 37°C on sheep blood agar. For short-read
sequencing, DNA was extracted using the DNeasy blood and tissue kit (Qiagen). Libraries
were prepared using the Nextera DNA Flex library preparation kit (Illumina) and sequenced
on the Illumina MiniSeq platform (2� 150 bp). For long-read sequencing, DNA was obtained
using the MasterPure Complete DNA and RNA purification kit (Lucigen) (no size selection/
shearing). Multiplex libraries were prepared using the SQK-LSK109 kit with the EXP-NBD114
barcodes and sequenced using a MinION device on a FLO-MIN106 flow cell (Oxford
Nanopore Technologies). Base calling was performed using Guppy CPU v4.2.21effbaf8.
Illumina and ONT adapters were trimmed using Trim Galore v0.6.6 (9) and Porechop v0.2.4
(10) and quality assessed using FastQC v0.11.9 (https://www.bioinformatics.babraham.ac.uk/
projects/fastqc/) and LongQC v1.2.0 (11), respectively. A hybrid assembly was generated
from 290 Mbp long-read (16,912 reads; read N50, 45 kb; coverage, 59�) and 222 Mbp short-
read (754,150 paired-end reads; coverage, 45�) data using the Unicycler v0.4.8 pipeline (12),
which includes assembly polishing, circularization, and rotation. The assembly was annotated
using Prokaryotic Genome Annotation Pipeline (PGAP) (13). Resistance genes and plasmid
replicons were identified using ABRicate v1.0.1 (14) (coverage/identity, .70%/>90%) with
the ResFinder (15) and PlasmidFinder (16) databases, respectively. Default parameters were
used for all software unless otherwise specified.

The complete genome of AVS0177 consisted of a circular 4,727,161-bp chromosome
(rotated to start at dnaA) and the circular plasmids pAVS0177-a (212,640 bp) and
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pAVS0177-b (5,733 bp), with a GC content of 48.07%. rMLST analysis (17) assigned
AVS0177 to the species Hafnia paralvei. Two antimicrobial resistance genes were detected:
the chromosomally encoded blaACC-1a (AmpC beta-lactamase) and mcr-9, located on plas-
mid pAVS0177-a. pAVS0177-a also harbored the fecABCDE gene cluster, encoding a ferric
citrate transport system (18), and the sil gene cluster, encoding copper and silver resist-
ance (19, 20). The incompatibility (Inc) type of pAVS0177-a could not be identified, and no
similar plasmids (i.e., query coverage of .50%) were found in a BLASTn (MegaBLAST)
search of the NCBI nucleotide collection. The 12.5-kb genetic region encompassing mcr-9
(spanning from the transcriptional repressor rncR to the insertion sequence IS15DII and
including IS903B directly upstream of mcr-9) was structurally identical to the genetic con-
text of mcr-9 described in other species (21, 22). In conclusion, we present the complete
genome sequence of anmcr-harboring Hafnia isolate and demonstrate that intrinsically re-
sistant species may serve as reservoirs for transferablemcr genes.

Data availability. The complete genome sequence of AVS0177 has been deposited in
GenBank under the accession numbers CP083737.1 (chromosome), CP083738.1 (pAVS0177-
a), and CP083739.1 (pAVS0177-b) and the BioProject accession number PRJNA761908. The
raw data were deposited in the NCBI Sequence Read Archive (SRA) under the accession
numbers SRR15833986 (ONT reads) and SRR15833987 (Illumina reads).

ACKNOWLEDGMENT
We thank Nicole Cernela for her technical support with Illumina sequencing.

REFERENCES
1. Liu Y-Y, Wang Y, Walsh TR, Yi L-X, Zhang R, Spencer J, Doi Y, Tian G, Dong

B, Huang X, Yu L-F, Gu D, Ren H, Chen X, Lv L, He D, Zhou H, Liang Z, Liu
J-H, Shen J. 2016. Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China: a microbiologi-
cal and molecular biological study. Lancet Infect Dis 16:161–168. https://
doi.org/10.1016/S1473-3099(15)00424-7.

2. Gogry FA, Siddiqui MT, Sultan I, Haq QMR. 2021. Current update on intrin-
sic and acquired colistin resistance mechanisms in bacteria. Front Med
(Lausanne) 8:677720. https://doi.org/10.3389/fmed.2021.677720.

3. Ling Z, Yin W, Shen Z, Wang Y, Shen J, Walsh TR. 2020. Epidemiology of
mobile colistin resistance genes mcr-1 to mcr-9. J Antimicrob Chemother
75:3087–3095. https://doi.org/10.1093/jac/dkaa205.

4. Wang C, Feng Y, Liu L, Wei L, Kang M, Zong Z. 2020. Identification of novel
mobile colistin resistance gene mcr-10. Emerg Microbes Infect 9:508–516.
https://doi.org/10.1080/22221751.2020.1732231.

5. Jayol A, Saly M, Nordmann P, Ménard A, Poirel L, Dubois V. 2017. Hafnia,
an enterobacterial genus naturally resistant to colistin revealed by three
susceptibility testing methods. J Antimicrob Chemother 72:2507–2511.
https://doi.org/10.1093/jac/dkx154.

6. Borowiak M, Baumann B, Fischer J, Thomas K, Deneke C, Hammerl JA, Szabo
I, Malorny B. 2020. Development of a novel mcr-6 to mcr-9 multiplex PCR
and assessment of mcr-1 to mcr-9 occurrence in colistin-resistant Salmonella
enterica isolates from environment, feed, animals and food (2011–2018) in
Germany. Front Microbiol 11:80. https://doi.org/10.3389/fmicb.2020.00080.

7. Rebelo AR, Bortolaia V, Kjeldgaard JS, Pedersen SK, Leekitcharoenphon P,
Hansen IM, Guerra B, Malorny B, Borowiak M, Hammerl JA, Battisti A,
Franco A, Alba P, Perrin-Guyomard A, Granier SA, De Frutos Escobar C,
Malhotra-Kumar S, Villa L, Carattoli A, Hendriksen RS. 2018. Multiplex PCR
for detection of plasmid-mediated colistin resistance determinants, mcr-
1, mcr-2, mcr-3, mcr-4 and mcr-5 for surveillance purposes. Euro Surveill
23:17-00672. https://doi.org/10.2807/1560-7917.ES.2018.23.6.17-00672.

8. Xu T, Zhang C, Ji Y, Song J, Liu Y, Guo Y, Zhou K. 2021. Identification of
mcr-10 carried by self-transmissible plasmids and chromosome in Entero-
bacter roggenkampii strains isolated from hospital sewage water. Environ
Pollut 268:115706. https://doi.org/10.1016/j.envpol.2020.115706.

9. Krueger F. Trim Galore. https://github.com/FelixKrueger/TrimGalore.
10. Wick RR. Porechop. https://github.com/rrwick/Porechop.
11. Fukasawa Y, Ermini L, Wang H, Carty K, Cheung M-S. 2020. LongQC: a

quality control tool for third generation sequencing long read data. G3
(Bethesda) 10:1193–1196. https://doi.org/10.1534/g3.119.400864.

12. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

13. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky L,
Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic Ge-
nome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi.org/
10.1093/nar/gkw569.

14. Seemann T. Abricate. https://github.com/tseemann/abricate.
15. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O,

Aarestrup FM, Larsen MV. 2012. Identification of acquired antimicrobial
resistance genes. J Antimicrob Chemother 67:2640–2644. https://doi.org/
10.1093/jac/dks261.

16. Carattoli A, Zankari E, García-Fernández A, Voldby Larsen M, Lund O, Villa L,
Møller Aarestrup F, HasmanH. 2014. In silico detection and typing of plasmids
using PlasmidFinder and plasmid multilocus sequence typing. Antimicrob
Agents Chemother 58:3895–3903. https://doi.org/10.1128/AAC.02412-14.

17. Jolley KA, Bray JE, Maiden MCJ. 2018. Open-access bacterial population
genomics: BIGSdb software, the PubMLST.org website and their applications.
WellcomeOpen Res 3:124. https://doi.org/10.12688/wellcomeopenres.14826.1.

18. Staudenmaier H, Van Hove B, Yaraghi Z, Braun V. 1989. Nucleotide
sequences of the fecBCDE genes and locations of the proteins suggest a
periplasmic-binding-protein-dependent transport mechanism for iron(III)
dicitrate in Escherichia coli. J Bacteriol 171:2626–2633. https://doi.org/10
.1128/jb.171.5.2626-2633.1989.

19. Staehlin BM, Gibbons JG, Rokas A, O’Halloran TV, Slot JC. 2016. Evolution
of a heavy metal homeostasis/resistance island reflects increasing copper
stress in Enterobacteria. Genome Biol Evol 8:evw031. https://doi.org/10
.1093/gbe/evw031.

20. Gupta A, Matsui K, Lo J-F, Silver S. 1999. Molecular basis for resistance to sil-
ver cations in Salmonella. Nat Med 5:183–188. https://doi.org/10.1038/5545.

21. Kieffer N, Royer G, Decousser J-W, Bourrel A-S, Palmieri M, Ortiz De La
Rosa J-M, Jacquier H, Denamur E, Nordmann P, Poirel L. 2019.mcr-9, an in-
ducible gene encoding an acquired phosphoethanolamine transferase in
Escherichia coli, and its origin. Antimicrob Agents Chemother 63:e00965-
19. https://doi.org/10.1128/AAC.00965-19.

22. Ribeiro TG, Izdebski R, Urbanowicz P, Carmeli Y, Gniadkowski M, Peixe L.
2021. Citrobacter telavivum sp. nov. with chromosomal mcr-9 from hospi-
talized patients. Eur J Clin Microbiol Infect Dis 40:123–131. https://doi
.org/10.1007/s10096-020-04003-6.

Biggel et al.

Volume 11 Issue 1 e00966-21 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP083737.1
https://www.ncbi.nlm.nih.gov/nuccore/CP083738.1
https://www.ncbi.nlm.nih.gov/nuccore/CP083739.1
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA761908
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR15833986
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR15833987
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.3389/fmed.2021.677720
https://doi.org/10.1093/jac/dkaa205
https://doi.org/10.1080/22221751.2020.1732231
https://doi.org/10.1093/jac/dkx154
https://doi.org/10.3389/fmicb.2020.00080
https://doi.org/10.2807/1560-7917.ES.2018.23.6.17-00672
https://doi.org/10.1016/j.envpol.2020.115706
https://github.com/FelixKrueger/TrimGalore
https://github.com/rrwick/Porechop
https://doi.org/10.1534/g3.119.400864
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://github.com/tseemann/abricate
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1128/AAC.02412-14
https://doi.org/10.12688/wellcomeopenres.14826.1
https://doi.org/10.1128/jb.171.5.2626-2633.1989
https://doi.org/10.1128/jb.171.5.2626-2633.1989
https://doi.org/10.1093/gbe/evw031
https://doi.org/10.1093/gbe/evw031
https://doi.org/10.1038/5545
https://doi.org/10.1128/AAC.00965-19
https://doi.org/10.1007/s10096-020-04003-6
https://doi.org/10.1007/s10096-020-04003-6
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

