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Supplementary Methods 

DNA extraction, library preparation and sequencing 

Genomic DNA extraction involves suspending a 10µL loop of bacteria in 300uL of phosphate-buffered 

saline (PBS) and freezing at -20°C for at least 24 hours. The thawed solution is vortexed for one minute 

with a small quantity of 0.1mm zirconia/silica beads (dnature, Gisborne, New Zealand; SKU 

11079101Z) and then centrifuged at 12,000 g for 30 seconds, with the supernatant stored at 4°C for 

sequencing without further clean-up.  

 

Library preparation occurs immediately prior to the weekly sequencing run. Qubit gDNA quantification 

of stored extracts is performed using the dsDNA BR kit, with subsequent normalization. Preparation, 

flow cell loading, and sequencing are per the manufacturer’s instructions, using the Rapid Barcoding 

Kit 96 (SQK-RBK110.96) and MinION flow cell (FLO-MIN106D). The run is stopped when sufficient 

sequence is available. 

 

Quality control and trimming of the nanopore sequence read data 

Raw nanopore reads were checked for quality using NanoPlot v1.40.01. Initial trimming was performed 

using NanoFilt 2.8.01, where 52 nucleotides were removed from the start and end of each read to remove 

adapters and barcodes. Subsequently, Filtlong v0.2.1 (https://github.com/rrwick/Filtlong, accessed 08 

January 2024) was utilised to discard the lowest 5% of reads (--keep_percent 95), retaining the top 95% 

based on read-base quality assessment. Any remaining reads that were less than 200 base pairs in length 

were also removed. NanoStat v1.6.01 was used to perform a quality assessment on the trimmed and 

filtered nanopore reads. To perform taxonomic profiling and identify C. difficile by classifying DNA 

sequences, we used Kraken v2.1.22 with default parameters and an National Center for Biotechnology 

Information (NCBI) Reference Sequence (RefSeq) database3, PlusPFP 

(https://benlangmead.github.io/aws-indexes/k2, accessed on 01 December 2023). The database 

contained references for archaea, bacteria, human, viruses, plasmids, protozoa, fungi, plant, and the 

‘UniVec core’ subset of the UniVec database (a database of vector, adaptor, linker and primer 

sequences). The sequence read data quality metrics for all 89ௗsamples are presented in the 

supplementary materials (Supplementary Materials, Table S4). 

 

Genome assembly 

The trimmed and filtered reads were de novo assembled using Flye v2.9.24,5 with parameters set to: (i) 

estimate the genome size to 4.1 Mbp; and (ii) three polishing iterations. The assemblies underwent three 

rounds of additional polishing by mapping the corresponding nanopore reads to each contig using 

minimap2 v2.246,7, and then correcting single-nucleotide variations (SNVs) and insertions and deletions 

(INDELs) with racon v1.4.38. A final round of polishing was completed using medaka v1.8.0 

(https://github.com/nanoporetech/medaka, accessed on 01 December 2023). Assembly metrics were 
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assessed using QUAST v5.0.29. The de novo assembly quality metrics are presented in the 

supplementary materials (Supplementary Materials, Table S3). 

 

In silico genotyping 

MLST v2.22.0 (https://github.com/tseemann/mlst, accessed on 09 January 2024) with default settings 

was used to characterise the MLST for each strain by querying the assemblies against the C. difficile 

MLST allelic profiles hosted on PubMLST10,11. ABRicate v1.0.1 (https://github.com/tseemann/abricate, 

accessed on 09 January 2024) was used to identify virulence (coverage/identity, ≥60%/≥90%), and 

acquired antibiotic resistance genes using (coverage/identity, ≥60%/≥90%), using the Virulence Factor 

Database12 and ARG-ANNOT database13, respectively (last updated 15 September 2023). Antibiotic 

resistance genes were also detected using the BacAnt v3.3.3 tool and the BacAnt-database v3.114. 

 

Genome annotation for cd231108_barcode08  

The assembly representing strain cd231108_barcode08 was annotated using Prokka v1.14.615, with the 

complete genome of C. difficile ST54 strain 630 (GenBank: AM180355) as a reference for trusted 

proteins. Prophage regions were identified using PHASTER16,17 and then annotated using Pharokka 

v1.5.118. Mobile Genetic Elements were identified using IslandViewer 419 and ISsaga v2.020 (ISfinder 

platform21); followed by manual curation using Artemis v18.2.022. 

 

Assembly based phylogenetic analyses 

For the C. difficile detected in our hospital, a core-genome alignment was generated using Parsnp 

v1.7.423, using the chromosome of 630 (GenBank: AM180355) as the reference to call SNVs. The 

resulting SNV alignment was used to reconstruct the phylogeny. A maximum likelihood phylogenetic 

tree was reconstructed using RaxML v8.2.1224 (GTR-GAMMA correction) by optimising 20 distinct, 

randomised maximum parsimony trees before adding 1,000 bootstrap replicates. The resulting 

phylogenetic tree was visualised using FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/, 

accessed on 09 January 2024).  

 

In addition to the 12 C. difficile ST2 genomes sequenced in this study, 10 complete ST2 genome 

assemblies were downloaded from the National Center for Biotechnology Information (NCBI) 

Assembly database. Another 2,579 publicly available C. difficile ST2 genomes (sequence data) were 

downloaded from the NCBI sequence read archive (SRA (https://www.ncbi.nlm.nih.gov/sra, accessed 

09 January 2024)). Raw sequence reads were de novo assembled using Shovill v1.1.0 

(https://github.com/tseemann/shovill, accessed on 09 January 2024), which utilises: Seqtk v1.3-r106 

(https://github.com/lh3/seqtk, accessed on 09 January 2024); Trimmomatic v0.3625; Lighter v1.1.226; 



4 

FLASH v1.2.1127; SKESA v2.4.028,29; Samclip v0.4.0 (https://github.com/tseemann/samclip, accessed 

09 January 2024); SAMtools v1.16.130, Burrows-Wheeler Aligner (BWA) v0.7.1731; and Pilon v1.2432.  

 

Parsnp was used to generate a 2,166,128 bp core-genome alignment from 2,601 genomes. These 

genomes represent 12 ST2 genomes from WRH, 5,579 draft ST2 genomes, and 10 complete ST2 

genomes. The resulting SNV alignment was used to reconstruct a maximum likelihood phylogenetic 

tree following the protocol outlined in the species-level phylogenetic analyses.  

 

High-resolution cluster phylogenetic analyses 

High-resolution analyses of genetic variants were performed using BWA; BEDTools v2.28.033; seqtk; 

Trimmomatic; pindel34; Mosdepth35; SAMtools v1.9; Picard v2.7.1 

(https://github.com/broadinstitute/picard, accessed on 10 March 2023); the Genome Analysis Tool Kit 

v4.3.0.0 (GATK)36,37; and SNPEff v4.3.1t38, as implemented in SPANDx v4.039. Notably, SNVs 

identified in highly dense SNV and/or predicted recombination regions were removed (i.e., genomic 

islands (n = 70 SNVs); prophage elements (n = 66 SNVs); conjugative transposons (n = 46 SNVs); cell 

wall protein (cwp) gene cluster (n = 28 SNVs); the pathogenicity locus (PaLoc) (n = 13 SNVs); CdISt1 

genetic elements (n = 9 SNVs); sigK intervening (skin) element (n = 7 SNVs); and putative mobile 

elements (n = 2 SNVs)). Resulting SNV alignments were used to reconstruct phylogenies. A maximum 

likelihood phylogenetic tree was reconstructed using RaxML v8.2.12 (GTR-GAMMA correction) by 

optimising 20 distinct, randomised maximum parsimony trees before adding 1,000 bootstrap replicates. 

The resulting phylogenetic trees were visualised using FigTree v1.4.4. Notably, this analysis defines a 

core genome as regions estimated to the nearest 100 bp with ≥95% coverage across one or more 

genomes in the given population. The genome for cd220412_barcode20 (with an average coverage of 

13x) was excluded to adopt a more conservative approach in the read-mapping SNV calling process. 
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Supplementary Results 

A reference genome was generated for a C. difficile ST2 isolate 

Following quality trimming and filtering, the nanopore sequencing produced 175,821 single-ended 

reads, ensuring complete genome coverage at an average depth of 220x. The median read length stood 

at 5,138 bp (N50 = 7,126 bp), and the median read quality score was 17.1. The de novo nanopore 

assembly revealed that cd231108_barcode08 possesses a circular chromosome with a length of 

4,168,836 bp and an average GC content of 28.87% (Supplementary Materials, Figure S2). 

Furthermore, in silico analysis for antibiotic resistance genes detected a vanG-like cluster positioned at 

genome coordinates 1,770,450 to 1,776,603, along with a blaCDD-1 gene (encoding a beta-lactamase) 

found between genome coordinates 483,638 and 484,591. Additionally, whole-genome sequencing 

highlighted the presence of several significant elements: a major flagellar operon, a sigK intervening 

(skin) element, two genomic islands, and a 19,615 bp PaLoc carrying the tcdA and tcdB genes (encoding 

toxins). Moreover, the chromosome of cd231108_barcode08 contains a prophage (designated prophage 

1), which is also found in the publicly available genomes Cd16 (GenBank: CP037812) and ASS22 

(GenBank: CP133826 (Supplementary Materials, Figure S2). Notably, there are three conjugative 

transposons carried by the chromosome of cd231108_barcode08, which are conserved in the four other 

publicly available ST2 genomes (CDI-30 (GenBank: CP126067), Cd16, ASS22, and 08ACD0030 

(GenBank: CP010888)). The complete genome of cd231108_barcode08 contains a 4,423 bp plasmid 

named pcd231108_barcode08A.  
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Supplementary Figure S1. Ward area locations of Ward B ST2 Clostridioides difficile infection cases over time. Solid black bars indicate the date of 
positive sample for C. difficile infection.   
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Supplementary Figure S2. Major genomic elements in Clostridioides difficile strain cd231108_barcode08. Circular representation of the C. difficile 
cd231108_barcode08 chromosome. The four innermost circles represent chromosome coordinates relative to cd231108_barcode08, genome coverage of mapped 
Nanopore reads (graph maximum value 350), GC content, and GC skew. The degree of coloured shading indicates nucleotide identity between 
cd231108_barcode08 and other C. difficile ST2 chromosomes (Rings 5 to 8, blue), and the ST54 chromosome for strain 630 (GenBank: AM180355, purple). 
The outermost ring describes the positions of CdISt1 genomic elements (black), conjugative transposons (navy), genomic islands (orange), prophages and 
mobile elements (purple), RNA loci (grey), and regions of interest (red). Image created using BRIG40. 
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Supplementary Figure S3. Maximum likelihood phylogeny of global Clostridioides difficile sequence type (ST)2 genomes. The phylogeny was inferred 
from 14,968 core-genome single-nucleotide variants (SNVs) from 2,601 genomes. SNVs were derived from a core-genome alignment of 2,166,128 bp and are 
called against the chromosome of strain cd231108_barcode08 (GenBank: CP144679). Phylogeny was rooted according to the actual root by C. difficile strain 
cd220719_barcode65 (SRA: SRR27352631).  
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Supplementary Figure S4. Maximum likelihood phylogeny of Clostridioides difficile sequence type 
(ST)2 cases identified in Wellington Regional Hospital and placed into global context. The 
phylogeny was inferred from 1,675 core-genome single-nucleotide variants (SNVs) from 109 genomes. 
SNVs are called against the chromosome of strain cd221108_barcode08 (GenBank: CP144679). 
Phylogeny was rooted according to the actual root by C. difficile strain cd220525_barcode40 (SRA: 
SRR27352597), which has been truncated for visualisation. Bootstrap values >80% (1,000 replicates) 
are shown.  
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