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Yaws Disease Caused by Treponema
pallidum subspecies pertenue in Wild
Chimpanzee, Guinea, 2019

Appendix

Molecular and Bioinformatics Analyses

We extracted DNA from 2 chimpanzee facial lesion biopsies using the DNeasy blood and
tissue extraction kit (QIAGEN, https://www.giagen.com) following the manufacturer’s protocol.
We screened samples with a quantitative PCR targeting the polA gene of Treponema pallidum,
as described previously (1); both samples were positive. We converted DNA extracts into dual
indexed Illumina libraries using the NEBNext Ultra Il DNA Library Prep kit (New England
Biolabs, https://www.neb.com). We enriched the libraries for TPE through in-solution
hybridization capture, as previously described (2; B. Mubemba et al., unpub. data,
https://doi.org/10.1101/848382) sequenced on an Illumina NextSeq (v2 chemistry, 2x150 cycles;
https://www.illumina.com). We quality-filtered the reads using Trimmomatic v0.38 (removing
leading and trailing reads <Q30; clipping reads where average base quality across 4 bp was <30;
removing surviving reads <30 nt long) (3). We merged surviving read pairs with Clip and Merge
v1.7.8 (https://anaconda.org/bioconda/clipandmerge). We combined merged reads and surviving
singletons and mapped them to TPE Fribourg-Blanc (RefSeq ID NC_021179.1) using BWA-
MEM with a minimum seed length of 29. We sorted mapped reads using Picard’s SortSam, de-
duplicated them with Picard’s MarkDuplicates
(https://broadinstitute.github.io/picard/index.html), and removed alignments with MAPQ <30
and a mapping length <30 nt using SAMtools (4). Finally, we merged all mapped reads of
individual library samples to produce single TPE draft genome. We used Geneious v.11 to call a
consensus genome requiring a minimum of 3 unique reads to cover a position for it to be called

and applying a majority consensus rule (5).
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We performed whole genome alignment using the multiple sequence alignment program
MAFFT (6). We then removed all putative recombinant genes (2) and selected conserved blocks
using the Gblocks tool (7) in SeaView v4 (8). We performed Bayesian Markov chain Monte
Carlo phylogenomic analysis in BEAST (version 1.10.4; https://www.mybiosoftware.com) on
the resulting alignment of 4,213 variable positions (after stripping off of all ambiguities and
identical sites in the final dataset); settings of the analysis were a strict clock model and a
coalescent process assuming constant population size. We examined the output of multiple
chains of 10,000,000 generations for convergence and appropriate sampling of the posterior
using Tracer (version 1.7.1) (9) before merging tree files using Log Combiner (version 1.10.4)
(10). We picked the best representative tree from the posterior set of trees and annotated it with
Tree Annotator (version 1.10.4: distributed with BEAST). We further edited the resultant
maximum clade credibility (MCC) tree file using iTOL (https://itol.embl.de) (11). T. pallidum
sequences used in this study are listed in the Appendix Table (12-24).
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Appendix Table. Published Treponema pallidum (TP) sequences used in the study of T. pallidum in wild chimpanzees.

GenBank

Isolate ID accession no. Host TP spectrum Country Reference
Bosnia A CP007548.1 Homo sapiens Bejel Bosnia (12)
Iraq_B CP032303.1 Homo sapiens Bejel Iraq (13)
Nichols NC_021490.2 Homo sapiens Syphilis USA (14)
SS14 NC_021508.1 Homo sapiens Syphilis USA (14)
Chicago NC_017268.1 Homo sapiens Syphilis USA (15)
Mexico A NC_018722.1 Homo sapiens Syphilis Mexico (14)
Dallas NC_016844.1 Homo sapiens Syphilis USA (16)
Seattle 81-4 CP003679.1 Homo sapiens Syphilis USA a7
Fribourg-Blanc NC_021179.1 Papio papio Yaws Guinea (18)
Samoa D NC_016842.1 Homo sapiens Yaws Samoa (29)
Gauthier NC_016843.1 Homo sapiens Yaws Republic of the Congo (29)
CDC-1 CP024750.1 Homo sapiens Yaws Ghana (20)
CDC-2 NC_016848.1 Homo sapiens Yaws Ghana (29)
CDC_2575 CP020366 Homo sapiens Yaws Ghana (21)
Ghana-051 CP020365 Homo sapiens Yaws Ghana (21)
Kampung_Dalan_K363 CP024088.1 Homo sapiens Yaws Indonesia (22)
Sei_Geringging_K403 CP024089.1 Homo sapiens Yaws Indonesia (22)
Solomon Islands 03 ERR1470343 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 17 ERR1470344 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 20 ERR1470335 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 28 ERR1470338 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 30 ERR1470334 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 32 ERR1470342 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 37 lig ERR1470330 Homo sapiens Yaws Solomon Islands (23)
Solomon Islands 37 sca ERR1470331 Homo sapiens Yaws Solomon Islands (23)
Gambia-1 SRR4308597 Chlorocebus sabeus Yaws Gambia (24)
Gambia-2 SRR4308605 Chlorocebus Yaws Gambia (24)

sabaeus
Senegal NKNP-1 SRR4308606 Chlorocebus Yaws Senegal (24)

sabaeus
Senegal NKNP-2 SRR4308607 Chlorocebus Yaws Senegal (24)

sabaeus
LMNP-1 CP021113.1 Papio anubis Yaws Tanzania (24)
LMNP-2_BS5 SRR4308598 Papio anubis Yaws Tanzania (24)
LMNP-2_BS6 SRR4308599 Papio anubis Yaws Tanzania (24)
LMNP-2_BS7 SRR4308601 Papio anubis Yaws Tanzania (24)
LMNP-2_BS8 SRR4308602 Papio anubis Yaws Tanzania (24)
1863-Hato SRR4308604 Cercocebus atys Yaws Cote d'lvoire (24)
1864-1GU SRR4308596 Cercocebus atys Yaws Céte d'lvoire (24)
2117-BAK SAMN13258074 Cercocebus atys Yaws Céte d'lvoire Mubemba et al.*
2116-OKA SAMN13258075 Cercocebus atys Yaws Cote d'lvoire Mubemba et al.*
5847-CHAT SAMN13258076 Cercocebus atys Yaws Céte d'lvoire Mubemba et al.*

*B. Mubemba et al., unpub. data, https://doi.org/10.1101/848382.
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