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Appendix 

Materials and Methods 

Clinical Samples and DNA extraction 

A multicenter surveillance study to collect clinical specimens from patients suspected of 

having syphilis was conducted in Tokyo and Osaka, Japan, from 2020 through 2023. Three 

clinics in Tokyo and one clinic in Osaka participated in the surveillance and provided specimens 

in this study (Appendix Figure). Specimens were collected according to the following criteria: (i) 

adults aged 18 years or older and (ii) patients with symptomatic primary or secondary syphilis 

from whom samples could be obtained for syphilis diagnosis and molecular surveillance. For 

specimen submission, swab samples were obtained from genital, anal, or oral lesions. The 

submitted swabs were suspended in TE buffer, and DNA was extracted. Because the anatomic 

site of specimen collection was not recorded for individual samples, detailed information on the 

specific collection sites was unavailable. Treponema pallidum DNA was detected using 

polymerase chain reaction (PCR) assays targeting the highly conserved TpN47 (1) and polA (2) 
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genes. Samples yielding amplification of either target were considered positive. Basic 

demographic information, including sex and self-reported sexual orientation, was collected 

through medical records. No other clinical metadata were systematically recorded. 

Molecular Typing and MLST Analysis 

Positive samples were subjected to Multilocus Sequence Typing (MLST) using PCR 

amplification and Sanger sequencing of three T. pallidum loci: TP0136, TP0548, and T P0705 

(3). Sequences were submitted to the Treponema pallidum MLST database (PubMLST BIGSdb; 

https://pubmlst.org/tpallidum/) to determine allele profiles and assign sequence types. 

Whole-Genome Sequencing (WGS), Assembly, and Quality Assessment 

Genomic DNA was extracted using a DNeasy Blood & Tissue Kit (Qiagen, 

https://www.qiagen.com). Whole-genome amplification was performed using a GenomePhi V2 

DNA Amplification Kit (GE Healthcare, https://www.gehealthcare.com) according to the 

manufacturer’s instructions. Libraries were constructed using the SureSelect QXT Target 

Enrichment System (Agilent Technologies, https://www.agilent.com), targeting the Nichols 

strain genome via custom capture probes, and sequenced on an Illumina MiSeq platform (2 × 

300 bp paired-end reads) (Illumina, https://www.illumina.com). 

Raw sequencing reads were quality-filtered using Fastq v0.23.4 (4) to remove adaptors 

and low-quality bases. Reads were mapped to three reference genomes: 

(a) T. pallidum subsp. pallidum strain Nichols (GenBank Accession no: 

NC_021490.2) 

(b) T. pallidum subsp. pallidum strain SS14 (GenBank Accession no: CP004011.1) 
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(c) T. pallidum subsp. endemicum strain Iraq B (GenBank Accession no: 

CP032303.1) 

Reads were aligned using Bowtie2 v2.5.4 (5), and the mapped reads were extracted and 

assembled using SPAdes v4.0.0 (6) with default parameters. The quality of assemblies, including 

completeness and contamination, was assessed using CheckM v1.2.2 (7). Only high-quality 

genomes with >90% reference coverage and <5% estimated contamination were retained for 

downstream analyses. 

Single Nucleotide Polymorphism (SNP) Calling and Global Phylogenetic Analysis 

Due to the extremely low level of sequence variation and insufficient (SNPs) in T. 

pallidum, core-genome SNP calling using two independent pipelines did not yield sufficient 

resolution to reconstruct a robust phylogeny. As an alternative approach, phylogenetic inference 

was conducted using core-gene alignments derived from de novo assembled contigs. Open 

reading frames were annotated using Bakta v1.7.0 (8), and core gene clusters were identified 

using Panaroo v1.2.3 (9) based on the generated GFF3 files. Multiple sequence alignments of 

conserved genes across all isolates were computed within the Panaroo framework. The resulting 

core gene alignment was used to infer a maximum-likelihood phylogeny with IQ-TREE v2.2.0 

(10), employing the best-fit substitution model selected via Bayesian information criterion (BIC). 

Node support was assessed with 1,000 ultrafast bootstrap replicates. The final tree was visualized 

using Interactive Tree of Life (iTOL) (https://itol.embl.de/). 
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Appendix Figure. Distribution of specimen submissions for a study of whole-genome analysis of 

Treponema pallidum subsp. endemicum among men who have sex with men, Japan, 2020–2023. 
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