
Sequencing and Bioinformatic Methods 

MMWR: Detection of Paraburkholderia in Clinical Specimens Associated with Use of  

Nonsterile Ultrasound Gel for Percutaneous Procedures – United States, Canada, and Israel, 

May 2023-April 2025 

Whole genome sequencing 

Study genomes were subject to short-read Illumina sequencing. Sequencing was performed 

following library preparation according to manufacturer instructions, using different Illumina 

platforms available at each site. Bioinformatics analysis was performed on raw sequence data 

as described below. Three genomes were also subject to long-read sequencing using the 

Oxford Nanopore instrument in Alberta, Canada, as used for generating high-quality closed 

genomes as reference (see below). Libraries were prepared with a SQK-RBK114-96 (rapid 

barcoding) and sequenced on an Oxford Nanopore MinION FLO-MIN114, using super-

accurate basecalling (v4.3.0) and Dorado v7.6.7. Adapter trimming was ON. 

Short read assembly 

Raw WGS data (FASTQ files) of the 52 sequenced Paraburkholderia.fungorum isolates 

underwent quality control (QC) using FastQC (v.0.11.9; 

https://www.bioinformatics.babraham.ac.uk), trimming using Trimmomatic (v.0.38) [1], 

species identification using Kraken2 (v.2.0.8; with the Minikraken v2 database available from 

https://benlangmead.github.io/aws-indexes/k2) [2], down-sampling to 100x depth of coverage 

(when applicable), and de novo assembly using Shovill (v.1.1.0; with spades, v3.14.1; using 

the parameters ‘--trim’ and ‘--opts “--sc”’) [3]. The resulting genome assemblies underwent 

QC, species identification and rMLST using checkm2 (v.1.0.1) [4] and gambit (v.1.0.0) [5] 

and pubMLST[6,7] (last accessed 2025/05/18), respectively. Statistics for short reads (raw 

reads and assemblies) are provided in the accompanying Supplementary Tables file. WGS 

data were deposited under the bioproject ID: PRJNA1260949 

(https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1260949). 

Hybrid assembly and annotation 

Isolate AB-Pf03 was assembled using a short-read-polished long-read assembly approach. 

Long reads from ONT sequencing were base-called and adapter-trimmed as above. 

Subsequently, short- and long-reads were used for hybrid assembly using Autocycler (v.0.4.0 

with default parameters [8], combining the assemblers Canu (v.2.3) [9]/Flye (v.2.9.6) 

[10]/Miniasm (v.0.3) [11]/Raven (v.1.8.3) [12] for LR assembly and polypolish (v.0.6.0) [13] 

for SR polishing). Hybrid assemblies were annotated using Bakta (v.1.8.1; using the light-db) 

https://www.bioinformatics.babraham.ac.uk
https://benlangmead.github.io/aws-indexes/k2
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1260949


[14] with default parameters. Results for raw long-read statistics and hybrid assemblies are

provided in the accompanying Supplementary Tables file.

Phylogenetic analysis 

Ad hoc cgMLST with public genomes 

Genome assemblies of P. fungorum underwent core genome multilocus sequence typing 

(cgMLST) using chewBBACA (v.3.2.0) [15] [with a Prodigal (v.2.6.3) training file for the 

NCBI P. fungorum reference genome GCF_000961515.1 and including only loci with 100% 

genome presence]. In the absence of a published typing scheme, an ad hoc scheme was 

created. The first scheme consisted of the 52 study genomes and consisted of 5,219 loci and 

the second scheme consisted of the same 52 genomes in addition to 20 publicly available 

genomes downloaded from NCBI, consisting of 2,380 loci. Minimum spanning trees (MST) 

were generated from the ad hoc cgMLST schemes and visualized using GrapeTree [16] (with 

MSTreeV2). 

cgSNPs analysis 

Phylogenetic analysis using single-nucleotide polymorphism (SNP) calling was performed 

with the pipeline SNVPhyl_Nextflow (v.1.0.0 with default parameters; 

https://github.com/DHQP/SNVPhyl_Nextflow/) using SNVPhyl (v.1.1.0) [17]. The short-

read-polished long-read assembly of AB-Pf03 was used as a reference, with plasmid 

replicons removed. The resulting cgSNPs alignment (snvAlignment.phy; after converting 

from phylip to fasta using the script from https://github.com/ltcrod/phylip2fasta) and 

maximum likelihood (ML) phylogeny (phylogeneticTree.newick) were converted to a 

cgSNPs newick file using pyjar (https://github.com/simonrharris/pyjar; last accessed 

2025/05/18) [18] and visualized as an MST in GrapeTree (v.1.5.0) [16]. 
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