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Materials and methods 

Source of L. welshimeri isolates  

The L. welshimeri isolates used in this study were obtained from previous study conducted across 23 cattle farms (328 

samples, 0 isolates, 0 %), 8 cattle abattoirs (262 samples, 2 isolates, 0.76 %), and 48 retail outlets (400 samples, 10 

isolates, 2.5 %) (Gana et al. 2024a, 2024b). 

The types of samples collected, enrichment, use of PCR on enriched broth cultures, plating on selective Listeria agar, 

and identification of L. monocytogenes, L. innocua, and L. welshimeri have been previously described (Gana et al. 

2024a; 2024b).  

The 12 isolates confirmed as L. welshimeri using standard bacteriological methods and multiplex PCR (Gana et al. 

2024a; 2024b) were stored at -80 °C until subjected to whole-genome sequencing (WGS). 
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Variables investigated 

The study investigated the effect of selected variables on the frequency and genomic characteristics of L. 

welshimeri, including the following:  

the type of farm (communal, cow-calf, and feedlot) and type of feed (grass, grain, and silage) on cattle farms, the 

size (butcheries, low throughput, and high throughputs) at cattle abattoirs and the size (chain, large, medium, and 

small) and types of beef and beef products [raw and processed/ready-to-eat (RTE) products]at retail outlets.   

DNA extraction from L. welshimeri isolates 

DNA was extracted from the 12 L. welshimeri isolates using the Qiagen DNAEasy Blood & Tissue kit (Thermo Fisher 

Scientific, Johannesburg, South Africa), according to the manufacturer’s instructions.  

Whole genome sequencing, genomic analysis, assembly, and annotation 

An Illumina MiSeq platform (250-bp paired-end reads; Illumina, Inc., San Diego, CA, USA) was used to sequence all 

isolates of L. welshimeri with the Nextera XT library preparation kit according to the manufacturer’s instructions. 

Quality control, including adapter removal, was conducted using BBDuk (v.38.91; https://jgi.doe.gov/-and-

tools/software-tools/bbtools/bb-tools-user-guide/bbdukguide/, accessed on 6 September 2022). SPAdes v.3.15.3 

(Bankevich et al. 2012) created a de novo assembly of each isolate with only contigs longer than 500 bp retained for 

further analysis. The completeness and contamination of the assemblies were assessed with CheckM v.1.1.3 (Parks et 

al., 2015). The taxonomic classification was achieved using GTDB-Tk v.1.7.0 (Chaumeil et al. 2020). The details are 

provided in Table S1 and S2 (Supplementary Materials).  

In silico MLST 

Sequence typing was performed using the MLST tool v2.23.0 (Seemann 2023a), supported by the pubMLST website 

(https://pubmlst.org/; accessed on 05 August 2024) developed by Jolley and Maiden (2010) and sited at the University 

of Oxford. The Wellcome Trust funded the development of that website. The latest Listeria ST scheme was obtained 

from BIGSdb-Lm (https://bigsdb.pasteur.fr/listeria/, accessed on 05 August 2024) (Moura et al. 2016) and 

incorporated into the MLST tool. 

Resistance and virulence profiling 

The current study used ABRicate (Seemann 2023b) to detect antimicrobial resistance genes and virulence factors. The 

application was run with default parameters, and the NCBI database was chosen to detect the AMR genes. This 

database was locally updated and accessed on 18 July 2024 (https://doi.org/10.1128/AAC.00483-19). To detect 

virulence factors, we used the “vfdb” database, updated and accessed on 18 July 2024 

(https://doi.org/10.1093/nar/gkv1239). The virulence profile is based on the presence/absence of a virulence factor in 

an isolate. 
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Identification of mobile genetic elements 

The presence of plasmids in the genomic data was assessed using geNomad v1.5.1 (Camargo et al. 2024) and the 

accompanying geNomad database v1.7. The analysis was performed using the “end-to-end” command, and the “-

conservative” parameter was evoked to identify plasmids. The results include plasmid-associated conjugation and 

AMR genes.  

Construction of the phylogenomic tree for L. welshimeri isolates and correlation with  source, type, and class of 

samples 

A phylogenomic tree was constructed using GToTree v1.7.00 (https://github.com/AstrobioMike/GToTree; accessed 

on 18 July 2024) (Lee 2019) with the HMM profile “Firmicutes” specified (119 target genes). Briefly, Prodigal v2.6.3 

(Hyatt et al. 2010) was used to predict genes, and after that, target genes were identified using HMMER3 v3.4 (Eddy 

2011). These were individually aligned with Muscle 5.1.linux64 (Edgar 2022), trimmed with TrimAl v1.5.rev0 

(Capella-Gutiérrez et al. 2009) and concatenated before phylogenetic estimation with FastTree 2 v2.1.11 (Price et al. 

2010). The resultant phylogenomic tree was visualized in R with ggtree (Xu et al. 2020). 

Data analysis 

The Chi-squared and Fisher’s Exact tests for given frequencies were used to determine significant differences, with 

an alpha level set at 0.05. 
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