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Appendix

Supplemental Material and Methods for WGS analyses

Whole genome sequencing (WGS) wetlab analyses

WGS analyses were performed starting with extraction of genomic DNA from overnight
cultures in Brain-Heart-Infusion broth, pelleted and resuspended in 50 pl PBS, using the
GenFind V3 Genomic DNA Extraction Kit on a Biomek 17 machine (both Beckman Coulter,
Indianapolis, IN, USA) with preceding incubation with 7 mg/ul Lyzozyme for 30h at 37°C.
WGS library preparation and sequencing was performed using the [llumina DNA prep kit and
paired-end sequencing on Illumina MiSeq or NextSeq550 sequencers with 2x150 or 2x250

paired-end reads.

WGS data analyses

WGS data analyses were generally performed as described in (7).

After raw data quality control with fastQC v0.11.9 (2) and kraken2 v2.1.2 (3), fastq raw
data were quality-trimmed with trimmomatic v0.39 (4). WGS assemblies were generated using
SPAdes v3.15.5 (5) and assemblies were again checked for quality using quast v5.3.0 (6) and
annotated with prokka v1.14.6 (7).

For 16S and rpoB phylogenies and fox gene alignments sequences of the respective genes
were extracted from the annotated WGS assemblies. For publicly available type strain genomes

of the CdSC and C. kutscheri as an outgroup-species, closely related to but outside the CdSC,
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genes were likewise extracted or downloaded from NCBI (accession numbers and gene lengths
for public of 765 and rpoB from publicly available genomes of type strains: C. silvaticum
NCTC7910": 16S: MK602323 (1518 nt), rpoB: GCA_004382825.2 (3537 nt), C. ulcerans
NCTC7910"™: NZ_1.T906443.1 (16S: 1528 nt, rpoB: 3537nt), C. diphtheriae NCTC11397":
NZ L.N831026.1 (16S: 1527 nt, rpoB: 3495 nt), C. pseudotuberculosis ATCC19410™:
GCF002155265.1 (1528 nt, rpoB: 3501 nt), C. rouxii FRC0190": 16S: MN535983 (1533 nt),
rpoB: MN542348 (3531 nt), C. belfantii FRC0043™: 16S: LT960553.1 (1530 nt), 7poB:
GCA_900205605.1 (3531 nt), C. ramonii FRC0011": 0X444692.1 (16S: 1517 nt, rpoB: 3537
nt), C. kutscheri DSM20755: CP011312.1 (16S: 1528 nt, rpoB: 3477 nt).

Gene sequences were aligned with muscle v5.1 (8) and approximately-maximum-

likelihood trees were built for /6S and rpoB using fasttree 2.1 (9).

ANI analysis was carried out with the genome assemblies using PyANI v0.2.12 (10),
based on blastn+ algorithm using the species boundary concept of (//7) and (/2).

MLST and ¢cgMLST was done with the WGS assemblies using Ridom SeqSphere+ v10.0
(Ridom, Miinster, Germany). For MLST seven housekeeping loci atpA, dnaE, dnak, fusA, leuA,
odhA, rpoB of the C. diphtheriae scheme were analyzed (/3,/4) and matched to public MLST
database (https://bigsdb.pasteur.fr/diphtheria/). For cgMLST an ad hoc scheme for C. silvaticum

with 2012 target loci, generated as describes below, was used for typing.

Generation of an ad hoc cgMLST scheme

An ad hoc cgMLST scheme was constructed in Ridom SeqSphere+ software v10.0
(Ridom GmbH, Munster, Germany), based on publicly available C. silvaticum genomes from
both Clades postulated by (/5). Therefore, public genomes with high completeness were used,
including type strain KL0182" and KL0957 from wild boar, as well as KL.1196 from roe deer
from Germany, Austrian wild boar genomes and Portuguese genomes from domestic pigs. The

scheme resulted in 2012 C. silvaticum specific core genome target loci.
The following settings were used for generation of the scheme:

Seed Genome: NZ CP081180.1 (06-NOV-2024), 2572991 bases, 2374 genes with CDS
(C. silvaticum strain PO101/5 chromosome, complete genome). Penetration Query Genomes

(11): NZ_CP080459.1 (20-SEP-2024), 2572936 bases, 2388 genes with CDS (C. silvaticum
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strain PO102/5 chromosome, complete genome); NZ CP080461.1 (20-SEP-2024), 2572825
bases, 2372 genes with CDS (C. silvaticum strain PO25/4 chromosome, complete genome);
NZ CPO081181.1 (06-NOV-2024), 2572843 bases, 2386 genes with CDS (C. silvaticum strain
PO105/5 chromosome, complete genome); NZ CP081182.1 (06-NOV-2024), 2572864 bases,
2387 genes with CDS (C. silvaticum strain PO38/4 chromosome, complete genome);
NZ_CP081179.1 (06-NOV-2024), 2572860 bases, 2384 genes with CDS (C. silvaticum strain
P0O39/4 chromosome, complete genome); SDQO00000000.2, 2554413 bases, 13 contigs (C.
silvaticum strain KL0182, whole genome shotgun sequencing project.); SDVC00000000.1,
2554065 bases, 27 contigs (C. silvaticum strain KLL0O957, whole genome shotgun sequencing
project.); SDVD00000000.1, 2550347 bases, 20 contigs (C. silvaticum strain KL1196, whole
genome shotgun sequencing project.); VFEM00000000.1, 2550924 bases, 13 contigs (C.
silvaticum strain W25, whole genome shotgun sequencing project.); JABGCN000000000.1,
2548286 bases, 12 contigs (C. silvaticum strain 04—13, whole genome shotgun sequencing
project.); JABGCO000000000.1, 2551141 bases, 18 contigs (C. silvaticum strain 05—13, whole
genome shotgun sequencing project.); JAEANX000000000.1, 2550121 bases, 8 contigs (C.

silvaticum strain 5182, whole genome shotgun sequencing project.)

Seed Genome Filters: Minimum Length Filter (requires > = 50 bases); Start Codon Filter
(requires start codon at beginning of the gene); Stop Codon Filter (requires single stop codon at
end of gene); Homologous Gene Filter (requires no multiple copies of gene with BLAST
overlap> = 100bp, identity> = 90.0%); Gene Overlap Filter (requires no overlap with other genes

>4 bases)

Query Genome BLAST Search: Requires BLAST hit with overlap = 100%,
identity> = 90.0% in every query genome; BLAST options: Word size = 11, Mismatch
penalty = —1, Match reward = 1, Gap open costs = 5, Gap extension costs = 2; Penetration Query
Genomes Filters: Stop Codon Percentage Filter (requires single stop codon at end of gene in

>80% penetration query genomes); BLAST version 2.2.12.
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1. NCTC13129 ¢ diphtheriae

2. PO2SI4 C. sivaticum Clade 1 (Portugal)
3.PO38/4 C. silvaticum Clade 1 (Portugal)
4. PO39/4 C. silvaticum Clade 1 (Portugal)

5.PO100/S  |c. sivaticum Clade 1 (Portugal)
6.PO10IS  [C. sivaticum Clade 1 (Portugal)
7.PO104/5 |c. sivaticum Clade 1 (Portugal)
8. PO105/S C. silvaticum Clade 1 (Portugal)
9.PO102S |, sivaticum Clade 1 (Portugal) |- -
10. KLO182 C. silvaticum Clade 2 (Germany) |A T
11. KLO183 C. sivaticum Clade 2 (Germany) |A
12.KL0259  [C. sivaticum Clade 2 (Germany) (A T
13.KL0260  [C. sivaticum Clade 2 (Germany) |4
14.KLO374  |C. sivaticum Clade 2 (Germany)
15.KL0382  |C. sivaticum Clade 2 (Germany)
16.KL0386  |c, sivaticum Clade 2 (Germany)
17. KLO394 C. silvaticum Ciade 2 (Germany)
18.KLO395  c. siivaticum Clade 2 (Germany)
19.KLO396  |c. sivaticum Clade 2 (Germany)
20.KLO400  |C. sivaticum Clade 2 (Germany) |4
21.KLO4D1  [c. sivaticum Clade 2 (Germany) | A
22 KLOS81 C. silvaticum Clade 2 (Germany) |A

23.KLOSSE | sivaticum Clade 2 (Germany) |2 T 3 : ACG A A RAETE S ESTCANTETTON
24.KLOG1S  |C. sivaticum Clade 2 (Germany) |A T 3 AGG ¢ s AT e ORELCal T LA
25. KLO707 C. sivaticum Clade 2 (Germany) |4
26.KL0709  |C. sivaticum Clade 2 (Germany) |4
27.KLOT73 |, sivaticum Clade 2 (Germany)
28.KLO774  |C. sivaticum Clade 2 (Germany)
29 KL0882 C. silvaticum Clade 2 (Germany)
30. KLOB83 C. sivaticum Clade 2 (Germany)
31. KLOBB4 C. silvaticum Clade 2 (Germany)
32.KLO086 |C. siivaticum Clade 2 (Germany)
33.KLOBET  |C. siivaticum Clade 2 (Germany)
34, KL0O938 C. silvaticum Clade 2 (Germany) |A
35. KLO9ST C. silvaticum Clade 2 (Germany) |A T G
36.KLO968  |C. sivaticum Clade 2 (Germany) |A
37.KL1003 (¢ sivaticum Clade 2 (Germany) |A T
38.KL1006  |C. sivaticum Clade 2 (Germany) |4
39.KL1007 |, sivaticum Clade 2 (Germany)
40.KL1008 |, sivaticum Clade 2 (Germany)
41, KL1009 C. silvaticum Clade 2 (Germany)
42.KL1010 [, sivaticum Clade 2 (Germany)
43.KL1066 _|C. sivaticum Ciade 2 (Germany)
44.KL1196  |C, sivaticum Clade 2 (Germany)
45.KL1281* . silvaticum Clade 2 (Germany) .
46.KL1848* |C. sivaticum Clade 2 (Germany) |4 T T pACs - T2 e
47.KL2106  [C. sivaticum Clade 2 (Germany) A T G A G 36 ATACRTTINTS : ' : ¢ ¢ . peseacceescTTT

Appendix Figure. Excerpt from a tox gene alignment of C. silvaticum KL1281 and KL1848, together with
the animal-derived C. silvaticum tox gene sequences from Germany (Clade 2, n = 35) and Portugal
(Clade 1, n = 8, Viana et al. 2023) and C. diphtheriae (NCTC13129) tox gene as a reference. KL1281 is
marked with an asterisk and KL1848 with two asterisks. Standard fox gene start is marked with a frame
and the C. silvaticum Clade 2-specific insertion after base 44 from the gene start is marked with light
yellow color. Bases differing between C. diphtheriae and C. silvaticum are also highlighted by base
specific background colors (A = green, G = purple, C = blue). Accession numbers of the WGS data, from
which the tox genes were extracted are given in Appendix 2 (https://wwwnc.cdc.gov/ElD/article/31/7/25-
0086-App2.xlsx).
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