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ABSTRACT Here, we report the closed genome sequences of two representative
Listeria monocytogenes strains belonging to PCR serogroup IVb, which are related to
two large outbreaks of human listeriosis that affected Germany in 2015 (Eta1) and
2018 to 2019 (Epsilon1a).

The Gram-positive bacterium Listeria monocytogenes is widespread in the envi-
ronment and frequently contaminates various food products. Consumption of

contaminated food can lead to listeriosis, which is associated with high lethality
rates (1).

The German molecular surveillance program has uncovered several listeriosis
outbreaks in the recent past, based on Illumina short-read sequencing and 1,701-
locus core genome multilocus sequence typing (cgMLST) (2, 3). Among these out-
breaks were two listeriosis clusters caused by two different PCR serogroup IVb
clones belonging to multilocus sequence typing (MLST) sequence type 6 (ST6) and
ST2. Further cgMLST analyses assigned complex type 4465 (CT4465) and CT7353 to
the ST6 isolates (referred to as Epsilon1a) and CT1114 to the ST2 isolates (Eta1)
(4, 5).

Here, we report the closed genome sequences of one representative isolate of
each of these two outbreak clusters (Table 1). Isolates 15-01121 (Eta1) and 18-04540
(Epsilon1a) were grown in brain heart infusion (BHI) broth overnight at 37°C, and
genomic DNA was extracted using the phenol-chloroform method (6). DNA quality
and concentration were determined using a NanoDrop spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA).

A SMRTbell template library was prepared from chromosomal DNA of isolate 15-
01121 according to the instructions from Pacific Biosciences (Menlo Park, CA, USA),
following the procedure and checklist for 20-kb template preparation using the
BluePippin size selection system. The PacBio long-read library was sequenced with
one single-molecule real-time (SMRT) cell on a PacBio RS system (Pacific Biosciences)
using the 240-min movie run mode according to the manufacturer’s standard pro-
tocol with components from the DNA sequencing kit 4.0 v2 by GATC Biotech
(Konstanz, Germany) generating 64,270 raw reads. SMRT Portal v2.3.0 software
(Pacific Biosciences) was used for read filtering and adapter trimming with default
parameters. The 22,116 high-quality long reads obtained (N50, 9,941 bp) were used
for further genome assembly. The same isolate had been sequenced previously
using 2 � 300-bp paired-end Illumina sequencing chemistry, generating 1,256,850
reads (ENA accession number ERX2313138) (4).

The library for isolate 18-04540 was prepared using the SQK-RKB004 kit and
sequenced on a MinION instrument in combination with a 1D flow cell (Oxford
Nanopore Technologies, Oxford, UK), generating 698,275 long reads. After quality
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filtering using NanoFilt (7) with default parameters, a subset of 105 reads (N50,
17,981 bp) was used for genome assembly. Isolate 18-04540 was also sequenced twice
on an Illumina MiSeq instrument using single-direction 1 � 150-bp chemistry, generat-
ing 1,318,886 reads in total (ENA accession numbers ERX2860946 and ERX4866683) (5).

Illumina raw reads were trimmed using Trimmomatic v0.36 (8) with standard pa-
rameters before the assembly. For isolate 18-04540, Oxford Nanopore Technologies
long reads were subsampled to 25,000 sequences. Circular genome assemblies were
generated using Unicycler v0.4.8 (9) with standard parameters in hybrid assembly
mode using long- and short-read sequences. Correct circularization was verified by
read mapping to the final assembly. Statistics for the assembled genomes were
obtained using QUAST v5.0.0 (10).

The assembled genome of 15-01121 had a sequencing depth of 84-fold, a length of
2,995,602 bp, and a GC content of 37.98%. The assembled genome of 18-04540 had a
sequencing depth of 59-fold, a length of 2,992,699 bp, and a GC content of 37.98%.
Isolate 18-04540 contained the already described plasmid pLMST6, conferring benzal-
konium chloride tolerance (11), with a length of 4,265 bp and a GC content of 36.76%.
Both genomes were annotated using the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) v4.13 (12).

The Epsilon1a outbreak, with 112 affected patients, was one of the largest out-
breaks of invasive listeriosis seen in Europe in 25 years (5), while the Eta1 outbreak was
a solely gastroenteritis outbreak affecting 163 patients (4). The genome sequences
reported here might further promote the analysis of these two interesting L. monocyto-
genes clones.

Data availability. All genome sequences were deposited at NCBI or ENA, and their
accession numbers are given in Table 1.
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TABLE 1 Key characteristics of the genomes sequenced in this report

Parameter

Data for isolate:

18-04540 15-01121
Outbreak Epsilon1a Eta1
Source Clinical isolate Clinical isolate
Yr of isolation 2018 2015
GenBank accession no. CP063383 CP063382
ENA accession no. SAMEA5041142 SAMEA104485140
Sequencing method MinION PacBio
Accession no. for long-read raw data ERX4581157 ERX4581155
Accession no. for short-read raw data ERX2860946, ERX4866683 ERX2313138
Genome size (bp) 2,992,699 2,995,602
GC content (%) 37.98 37.98
No. of protein-coding genes 2,923 2,897
No. of rRNA operons 6 6
No. of tRNA genes 67 67
Pathogenicity island(s) LIPI-1, LIPI-3 LIPI-1
Plasmid (GenBank accession no.) pLMST6 (CP063384) None
PCR serogroup IVb IVb
STa ST6 ST2
CTb CT4465 CT1114
Outbreak yr(s) 2018–2019 2015
Reference no. 5 4
a ST according to 7-locus MLST (13).
bCT according to 1,701-locus cgMLST (2).

Halbedel et al.

Volume 10 Issue 5 e01434-20 mra.asm.org 2

 on M
arch 2, 2021 at R

obert K
och-Institut

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://www.ebi.ac.uk/ena/browser/view/ERX2860946
https://www.ebi.ac.uk/ena/browser/view/ERX4866683
https://www.ncbi.nlm.nih.gov/nuccore/CP063383
https://www.ncbi.nlm.nih.gov/nuccore/CP063382
https://www.ebi.ac.uk/ena/browser/view/ERS2852884
https://www.ebi.ac.uk/ena/browser/view/ERS2103082
https://www.ebi.ac.uk/ena/browser/view/ERX4581157
https://www.ebi.ac.uk/ena/browser/view/ERX4581155
https://www.ebi.ac.uk/ena/browser/view/ERX2860946
https://www.ebi.ac.uk/ena/browser/view/ERX4866683
https://www.ebi.ac.uk/ena/browser/view/ERX2313138
https://www.ncbi.nlm.nih.gov/nuccore/CP063384
https://mra.asm.org
http://mra.asm.org/


REFERENCES
1. Allerberger F, Wagner M. 2010. Listeriosis: a resurgent foodborne infec-

tion. Clin Microbiol Infect 16:16–23. https://doi.org/10.1111/j.1469-0691
.2009.03109.x.

2. Ruppitsch W, Pietzka A, Prior K, Bletz S, Fernandez HL, Allerberger F,
Harmsen D, Mellmann A. 2015. Defining and evaluating a core genome
multilocus sequence typing scheme for whole-genome sequence-based
typing of Listeria monocytogenes. J Clin Microbiol 53:2869–2876. https://
doi.org/10.1128/JCM.01193-15.

3. Halbedel S, Prager R, Fuchs S, Trost E, Werner G, Flieger A. 2018. Whole-
genome sequencing of recent Listeria monocytogenes isolates from Ger-
many reveals population structure and disease clusters. J Clin Microbiol
56:e00119-18. https://doi.org/10.1128/JCM.00119-18.

4. Halbedel S, Prager R, Banerji S, Kleta S, Trost E, Nishanth G, Alles G, Hölzel
C, Schlesiger F, Pietzka A, Schlüter D, Flieger A. 2019. A Listeria monocyto-
genes ST2 clone lacking chitinase ChiB from an outbreak of non-invasive
gastroenteritis. Emerg Microbes Infect 8:17–28. https://doi.org/10.1080/
22221751.2018.1558960.

5. Halbedel S, Wilking H, Holzer A, Kleta S, Fischer MA, Lüth S, Pietzka A,
Huhulescu S, Lachmann R, Krings A, Ruppitsch W, Leclercq A, Kamphausen
R, Meincke M, Wagner-Wiening C, Contzen M, Kraemer IB, Al Dahouk S,
Allerberger F, Stark K, Flieger A. 2020. Large nationwide outbreak of inva-
sive listeriosis associated with blood sausage, Germany, 2018–2019. Emerg
Infect Dis 26:1456–1464. https://doi.org/10.3201/eid2607.200225.

6. Sambrook J, Russell DW. 2006. Purification of nucleic acids by extraction
with phenol:chloroform. CSH Protoc 2006:pdb.prot4455. https://doi.org/
10.1101/pdb.prot4455.

7. De Coster W, D'Hert S, Schultz DT, Cruts M, Van Broeckhoven C. 2018.
NanoPack: visualizing and processing long-read sequencing data. Bioin-
formatics 34:2666–2669. https://doi.org/10.1093/bioinformatics/bty149.

8. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114–2120. https://doi.org/10
.1093/bioinformatics/btu170.

9. 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.

10. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.

11. Kremer PH, Lees JA, Koopmans MM, Ferwerda B, Arends AW, Feller MM,
Schipper K, Valls Seron M, van der Ende A, Brouwer MC, van de Beek D,
Bentley SD. 2017. Benzalkonium tolerance genes and outcome in Listeria
monocytogenes meningitis. Clin Microbiol Infect 23:265.e1–265.e7.
https://doi.org/10.1016/j.cmi.2016.12.008.

12. 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.

13. Ragon M, Wirth T, Hollandt F, Lavenir R, Lecuit M, Le Monnier A, Brisse
S. 2008. A new perspective on Listeria monocytogenes evolution. PLoS
Pathog 4:e1000146. https://doi.org/10.1371/journal.ppat.1000146.

Microbiology Resource Announcement

Volume 10 Issue 5 e01434-20 mra.asm.org 3

 on M
arch 2, 2021 at R

obert K
och-Institut

http://m
ra.asm

.org/
D

ow
nloaded from

 

https://doi.org/10.1111/j.1469-0691.2009.03109.x
https://doi.org/10.1111/j.1469-0691.2009.03109.x
https://doi.org/10.1128/JCM.01193-15
https://doi.org/10.1128/JCM.01193-15
https://doi.org/10.1128/JCM.00119-18
https://doi.org/10.1080/22221751.2018.1558960
https://doi.org/10.1080/22221751.2018.1558960
https://doi.org/10.3201/eid2607.200225
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1101/pdb.prot4455
https://doi.org/10.1093/bioinformatics/bty149
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1016/j.cmi.2016.12.008
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1371/journal.ppat.1000146
https://mra.asm.org
http://mra.asm.org/

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

