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Complete genomes of 568 diverse Klebsiella pneumoniae species 
complex isolates from humans, animals, and marine sources in 
Norway from 2001 to 2020
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ABSTRACT We report 578 hybrid genome assemblies (568 complete) of Klebsiella 
pneumoniae species complex isolates from human, animal, and marine sources in 
Norway collected from 2001 to 2020, belonging to five phylogroups including K. 
pneumoniae (n = 492) and K. variicola (n = 69) and 364 unique sequence types.
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K lebsiella pneumoniae species complex are opportunistic pathogens that can transmit 
between humans, animals, and the environment (1). Here, we report hybrid genome 

assemblies of 578 (568 complete) genetically diverse isolates from human, animal, and 
marine sources (Fig. 1).

The isolates were obtained as described previously (2–10) (see also Table 1; the full 
version is available on Figshare at https://doi.org/10.6084/m9.figshare.c.7622345). They 
were received in frozen stock, then plated on blood agar, incubated overnight at 35°C, 
and DNA was extracted from a representative sweep of multiple colonies using a 10 µL 
Sarstedt inoculation loop. Approximately one-fourth of the loop volume was used. For 
short-read sequencing, DNA was isolated and purified using the MagNA Pure 96 DNA 
and Viral NA Small Volume Kit on the MagNA Pure 96 System (Roche Diagnostics, 
Rotkreutz, Switzerland). Libraries were prepared with Illumina DNA prep or Nextera XT 
DNA Library preparation kits and protocols (Illumina Inc, San Diego, USA), as specified in 
Table 1. Sequencing was performed on the Illumina MiSeq (Illumina Inc, San Diego, USA), 
using MiSeq Reagents kit v2 or v3 sequencing chemistry, generating 2 × 150 bp, 2 × 
250 bp, or 2 × 300 bp paired-end reads. Twelve isolates were sequenced on the Illumina 
HiSeq 2500, generating 2 × 125 bp paired-end reads. Different genomic DNA extractions 
were used for the Illumina and ONT read libraries, except for a few isolates where 
replicons were only resolved after sequencing with the same extraction. The FASTQ files 
were quality-filtered with TrimGalore v0.6.7 (https://github.com/FelixKrueger/TrimGa­
lore). For long-read sequencing, DNA was extracted using the GenFind V3 reagent kit 
with the Bacteria protocol (Beckman Coulter Life Sciences, Indianapolis, USA). Library 
preparation was performed with the ligation (SQK-LSK-109) or rapid (SQK-RBK114-24) 
kits (Oxford Nanopore Technologies [ONT], Oxford, UK). DNA libraries were then loaded 
onto R9.4.1 (n = 533) or R10.4.1 (n = 45) MinION flow cells and sequenced on the ONT 
GridION, aiming for ≥ 100X average read depth. The fast5 files were basecalled with 
Guppy v6.4.2+97a7f06, using the super-accurate basecalling model. The FASTQ files were 
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subsampled with Filtlong v0.2.1 (https://github.com/rrwick/Filtlong), discarding reads 
shorter than 1 kbp and removing the 5% lowest-quality reads.

We performed both long-read-first (Flye v2.9-b1768 (11)) and short-read-first 
(Unicycler v0.5.0 (12)) hybrid assembly. Flye does not assemble small plasmids (<10 Kbp) 
as well as Unicycler (13). However, Unicycler employs a contamination filter, which can 
exclude low-copy-number plasmids. We therefore used both approaches to maximize 
plasmid recovery. Using clinopore-nf v1.1 (https://github.com/HughCottingham/clino­
pore-nf), the genomes were assembled with Flye and polished with Medaka v1.5.0 
(https://github.com/nanoporetech/medaka), Polypolish v0.5.0 (14), and POLCA v4.0.5 
(15). The same genomes were assembled with Unicycler, using SPAdes v3.15.4 (16), and 
polished using the same tools. Trycycler v0.5.3 (17) was used to cluster plasmid contigs 
(<1 Mbp) from the two assemblers by a mash distance of ≤ 0.01. If a plasmid was found 
by both assemblers, both were closed and of similar length, we kept the one from Flye; 
if a plasmid was found by only one assembler, we kept it. All plasmids were rotated with 
Circlator v1.5.5 (18).

Default parameters were used for all methods, except where otherwise noted. 
Assembly quality was assessed with fast_count (https://github.com/rrwick/MinION-
desktop), FastQC v0.11.9 (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/), 
Quast v5.2.0 (19), and Kleborate v2.4.1 (20) (Fig. 1 and Table 1). The replicons of 
568 genomes were fully closed (circularized or linear), and the remaining 10 had 
unclosed plasmids. Overall, 578 chromosomes (all closed) and 1,428 plasmid contigs 
were assembled (1,416 circularized, one linear, and 11 not closed), with a mean of
2.45 plasmids per genome (range 0–10). The genomes were annotated using NCBI’s 
prokaryotic assembly pipeline PGAP v6.5–6.8 (21). The pangenome was inferred with 
Panaroo v1.3.3 (22), revealing 31,417 unique genes, of which 3,036 were core, i.e., shared 
by all 578 isolates.

FIG 1 Quality metrics and description of the 578 (568 complete) hybrid-assembled Klebsiella pneumoniae species complex (KpSC) genomes, showing the 

distributions of (A) GC%, (B) total assembly length, (C) number of annotated genes, (D) KpSC phylogroup, (E) source type, and (F) year of collection.
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