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Complete genome sequence of mcr-9 containing 
Leclercia adecarboxylata
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ABSTRACT Here, we provide the genome sequence of a Leclercia adecarboxylata 
isolated from a screen of an environmental bacterial isolate library for resistance to the 
plant flavonoid berberine. We detected the colistin resistance gene mcr-9, located on an 
IncFII(pECLA) plasmid.
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L eclercia adecarboxylata was first described as Escherichia adecarboxylata in 1962 and 
subsequently reclassified (1). They are Gram-negative opportunistic pathogens found 

within the Enterobacteriaceae family, isolated from both clinical (2, 3) and environmental 
sources (4–7).

We isolated Leclercia sp. after screening the “Swab and Send” bacterial isolate 
library (8) for tolerance to 1,000 µg/mL of berberine, an antimicrobial plant flavo­
noid (9), in Muller-Hinton broth (MHB) at 37°C for 24 h without agitation. For short-
read sequencing, genomic DNA extraction and genome sequencing were carried out 
by MicrobesNG (http://microbesNG.com). Genomic DNA was extracted according to 
MicrobesNG Genome Sequencing Methods protocol (v20230314), and libraries were 
prepared using Nextera XT Library Prep Kit (Illumina, San Diego, USA). Sequencing was 
performed using NovaSeq 6000 Illumina sequencing platform (2 × 250 bp paired-end 
reads). Trimming and quality filtering of reads were also carried out by MicrobesNG using 
Trimmomatic (v0.30) with a sliding window quality cutoff of Q15. Trimmed short-reads 
had an N50 of 251 bp and a read depth of 63× as determined by dividing bases of 
trimmed and assembled reads (309,836,606/4,884,641).

For long-read sequencing, genomic DNA was extracted from 10 mL overnight 
cultures grown in MHB broth at 37°C with 200 rpm agitation, using Fire Monkey High 
Molecular Weight DNA Extraction Kit (RevoluGen). Preparation of libraries was carried 
out using the Oxford Nanopore Technologies ligation sequencing kit (SQKLSK109) 
and native barcoding expansion kit (EXP-NBD104). L. adecarboxylata (SAS216F10) was 
assigned to native barcode 4 (NBD04). Long-read sequencing was performed using 
the R9.4.1 flow cell for 72 h. Reads were basecalled using a high-accuracy basecalling 
mode and demultiplexed using Guppy (v6.2.1). This resulted in 206,069,063 bp in 
16,368 raw reads, with an N50 of 23,820 bp and a read depth of 42×. For de novo 
assembly, barcoded long-read sequences were trimmed using Porechop (v0.2.4; https://
github.com/rrwick/Porechop). Trimmed reads were then filtered using Filtlong (v0.2.1; 
https://github.com/rrwick/Filtlong) with a minimum read length of 1 kbp and a kept-
base percentage of 90%. Long-read sequences were assembled using Flye (v2.8.3-b1695) 
(10), followed by long-read polishing of the draft assembly using Medaka (v1.5.0; 
https://github.com/nanoporetech/medaka). The draft assembly was then polished with 
short-read sequences using Polypolish (v0.5.0) (11), followed by further short-read 
polishing using POLCA (from MaSuRCA v4.0.7) (12). Default parameters were used for 
all programs unless otherwise stated. GC content (%) and contig size (bp) of the final de 
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novo assembled genome were determined using GeneiousPrime (v2023.0.4). ResFinder 
(v4.1) (13) was used to identify antimicrobial resistance genes, and Mobile Element 
Finder (v1.0.3) was used to identify mobile genetic elements (14).

The assembly resulted in three contigs, a chromosome (4,673,583 bp; GC content 
of 55.8%), one IncFII(pECLA) plasmid (187,652 bp; GC content of 49.3%), and another 
plasmid (23,406 bp; GC content of 56.4%). L. adecarboxylata SAS216F10 was originally 
recovered from a swab of a horse brush. Analysis of the genome shows it contains 
one copy of the colistin resistance gene mcr-9, located on the IncFII(pECLA) plasmid. 
Mcr-9 has been previously demonstrated to be required for colistin resistance in Proteus 
vulgaris (15). The plasmid located mcr-9 is associated with the insertion sequence ISEhe3 
within the IncFII(pECLA) plasmid replicon.

ACKNOWLEDGMENTS

W.H. is supported by a grant from the Medical Research Foundation National PhD 
Program in Antimicrobial Resistance. E.A. is supported by the Medical Research Council 
via the LSTM-Lancaster doctoral training partnership (grant no. MR/W007037/1). This 
work is supported by UKRI through the Strength in Places Fund (grant no. SIPF 36348).

AUTHOR AFFILIATIONS

1Department of Tropical Disease Biology, Liverpool School of Tropical Medicine, 
Liverpool, United Kingdom
2UK Centre for Ecology and Hydrology, Wallingford, United Kingdom

AUTHOR ORCIDs

Adam P. Roberts  http://orcid.org/0000-0002-0760-3088

FUNDING

Funder Grant(s) Author(s)

UKRI | MRC | Medical Research Foundation Andrew C. Singer

UKRI | Medical Research Council (MRC) MR/W007037/1 Adam P. Roberts

Ellie Allman

UK Research and Innovation (UKRI) SIPF 36348 Adam P. Roberts

AUTHOR CONTRIBUTIONS

William Hutton, Conceptualization, Data curation, Formal analysis, Investigation, 
Methodology, Writing – original draft | Ellie Allman, Formal analysis, Investigation, 
Methodology, Validation, Writing – original draft | Claudia McKeown, Investigation, 
Methodology, Writing – review and editing | Andrew C. Singer, Conceptualization, 
Funding acquisition, Investigation, Writing – review and editing | Adam P. Roberts, 
Conceptualization, Formal analysis, Funding acquisition, Methodology, Supervision, 
Writing – review and editing

DATA AVAILABILITY

The genome of Leclercia adecarboxylata (SAS216F10) has been deposited in NCBI 
GenBank under the accession number JASKYL000000000. Paired Illumina short reads 
(SRR24904737) and ONT long reads (SRR24904736) are publicly available from NCBI SRA 
Run Selector under BioProject number PRJNA976212.

REFERENCES

1. LECLERC H. 1962. Biochemical study of pigmented Enterobacteriaceae. 
Ann Inst Pasteur (Paris) 102:726–741.

2. Lonneman MK, Devasahayam RJ, Phillips CJ. 2020. Leclercia adecarboxy­
lata causin necrotising soft tissue infection in an immunocompetent 

Announcement Microbiology Resource Announcements

September 2023  Volume 12  Issue 9 10.1128/MRA.00481-23 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
05

 O
ct

ob
er

 2
02

3 
by

 1
92

.1
71

.1
99

.6
0.

https://www.ncbi.nlm.nih.gov/nuccore/?term=SAS216F10
https://www.ncbi.nlm.nih.gov/nuccore/JASKYL000000000
https://www.ncbi.nlm.nih.gov/sra/?term=SRR24904737
https://www.ncbi.nlm.nih.gov/sra/SRR24904736
https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA976212
https://doi.org/10.1128/MRA.00481-23


adult. BMJ Case Rep 13:e235633. https://doi.org/10.1136/bcr-2020-
235633

3. Sun Q, Wang H, Shu L, Dong N, Yang F, Zhou H, Chen S, Zhang R. 2019. 
Leclercia adecarboxylata from human gut flora carries mcr-4.3 and 
blaIMP-4-bearing plasmids. Front Microbiol 10:2805. https://doi.org/10.
3389/fmicb.2019.02805

4. Keren Y, Keshet D, Eidelman M, Geffen Y, Raz-Pasteur A, Hussein K. 2014. 
Is Leclercia adecarboxylata a new and unfamiliar marine pathogen? J Clin 
Microbiol 52:1775–1776. https://doi.org/10.1128/JCM.03239-13

5. Stock I, Burak S, Wiedemann B. 2004. Natural antimicrobial susceptibility 
patterns and biochemical profiles of Leclercia adecarboxylata strains. Clin 
Microbiol Infect 10:724–733. https://doi.org/10.1111/j.1469-0691.2004.
00892.x

6. Gajdács M, Ábrók M, Lázár A, Terhes G, Burián K. 2020. Leclercia 
adecarboxylata as an emerging pathogen in human infections: a 13-year 
retrospective analysis in Southern Hungary. J Infect Dev Ctries 14:1004–
1010. https://doi.org/10.3855/jidc.12598

7. Zayet S, Lang S, Garnier P, Pierron A, Plantin J, Toko L, Royer PY, Villemain 
M, Klopfenstein T, Gendrin V. 2021. Leclercia adecarboxylata as emerging 
pathogen in human infections: clinical features and antimicrobial 
susceptibility testing. Pathogens 10:1399. https://doi.org/10.3390/
pathogens10111399

8. Roberts AP. 2020. Swab and send: a citizen science, antibiotic discovery 
project. Future Sci OA 6:FSO477. https://doi.org/10.2144/fsoa-2020-0053

9. Kumar A, Chopra K, Mukherjee M, Pottabathini R, Dhull DK. 2015. 
Current knowledge and pharmacological profile of berberine: an 
update. Eur J Pharmacol 761:288–297. https://doi.org/10.1016/j.ejphar.
2015.05.068

10. Kolmogorov M, Bickhart DM, Behsaz B, Gurevich A, Rayko M, Shin SB, 
Kuhn K, Yuan J, Polevikov E, Smith TPL, Pevzner PA. 2020. metaFlye: 

scalable long-read metagenome assembly using repeat graphs. Nat 
Methods 17:1103–1110. https://doi.org/10.1038/s41592-020-00971-x

11. Wick RR, Holt KE. 2022. Polypolish: short-read polishing of long-read 
bacterial genome assemblies. PLoS Comput Biol 18:e1009802. https://
doi.org/10.1371/journal.pcbi.1009802

12. Zimin AV, Salzberg SL. 2020. The genome polishing tool POLCA makes 
fast and accurate corrections in genome assemblies. PLoS Comput Biol 
16:e1007981. https://doi.org/10.1371/journal.pcbi.1007981

13. Bortolaia V, Kaas RS, Ruppe E, Roberts MC, Schwarz S, Cattoir V, 
Philippon A, Allesoe RL, Rebelo AR, Florensa AF, Fagelhauer L, Chakra­
borty T, Neumann B, Werner G, Bender JK, Stingl K, Nguyen M, Coppens 
J, Xavier BB, Malhotra-Kumar S, Westh H, Pinholt M, Anjum MF, Duggett 
NA, Kempf I, Nykäsenoja S, Olkkola S, Wieczorek K, Amaro A, Clemente L, 
Mossong J, Losch S, Ragimbeau C, Lund O, Aarestrup FM. 2020. 
ResFinder 4.0 for predictions of phenotypes from genotypes. J 
Antimicrob Chemother 75:3491–3500. https://doi.org/10.1093/jac/
dkaa345

14. Johansson MHK, Bortolaia V, Tansirichaiya S, Aarestrup FM, Roberts AP, 
Petersen TN. 2021. Detection of mobile genetic elements associated 
with antibiotic resistance in Salmonella enterica using a newly developed 
web tool: mobileelementfinder. J Antimicrob Chemother 76:101–109. 
https://doi.org/10.1093/jac/dkaa390

15. Baron S, Leulmi Z, Villard C, Olaitan AO, Telke AA, Rolain J-M. 2018. 
Inactivation of the arn operon and loss of aminoarabinose on 
lipopolysaccharide as the cause of susceptibility to colistin in an atypical 
clinical isolate of Proteus vulgaris. Int J Antimicrob Agents 51:450–457. 
https://doi.org/10.1016/j.ijantimicag.2017.11.017

Announcement Microbiology Resource Announcements

September 2023  Volume 12  Issue 9 10.1128/MRA.00481-23 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
05

 O
ct

ob
er

 2
02

3 
by

 1
92

.1
71

.1
99

.6
0.

https://doi.org/10.1136/bcr-2020-235633
https://doi.org/10.3389/fmicb.2019.02805
https://doi.org/10.1128/JCM.03239-13
https://doi.org/10.1111/j.1469-0691.2004.00892.x
https://doi.org/10.3855/jidc.12598
https://doi.org/10.3390/pathogens10111399
https://doi.org/10.2144/fsoa-2020-0053
https://doi.org/10.1016/j.ejphar.2015.05.068
https://doi.org/10.1038/s41592-020-00971-x
https://doi.org/10.1371/journal.pcbi.1009802
https://doi.org/10.1371/journal.pcbi.1007981
https://doi.org/10.1093/jac/dkaa345
https://doi.org/10.1093/jac/dkaa390
https://doi.org/10.1016/j.ijantimicag.2017.11.017
https://doi.org/10.1128/MRA.00481-23

	Complete genome sequence of mcr-9 containing Leclercia adecarboxylata

