SUPPLEMENTARY MATERIALS AND METHODS

Skin preparatory regimen
Microbiome sampling and the clinical part of the study was carried out during July 2021-December 2022 at the Department of Dermatology, Incheon St. Mary’s Hospital, Incheon, Korea. 
Patients with histologically confirmed BCC (Korean, n=20) were included in the study. Details of the patient information are shown in Supplementary Table S1. All patients had given informed consent. Before the sampling procedure, the skin was not manipulated or specifically treated. 

Sampling procedure
Microbiome samples were collected from the skin with a sterile swab (Copan Flocked Swab, Copan Diagnostics Inc., Murrieta, CA) a 3 mm punch (Kai Europe GmbH, Solingen, Germany) by hands covered in sterile gloves. The swab used for sampling was first submerged gently into a sterile buffer solution (0.15 mol/liter NaCl with 0.1% Tween 20) and subsequently brushed 20 times in crosswise directions over the sampled skin site (lesion and control sites, separately, of the same patient). Before biopsy sampling was performed, 2% Lidocaine local anesthetic was used, but no antiseptics were applied prior to sample collection. Lesional specimens were sampled directly from the surface of the BCC lesions. Control (Ctrl) samples were collected analogously from clinically healthy appearing skin on the contralateral side of the body. We chose to use the patients’ own healthy skin as the Ctrl sample to avoid interindividual variation in the microbiome. Negative controls (5 mock samples-premoistened swab fanned in the air) were analyzed to monitor contamination. In addition, negative control with the DNA-free DNase-free water sampled were carried through amplification, amplicon quality control, library pooling, and sequencing. 
To minimize the risk of sample cross-contamination, a new pair of sterile gloves was used for each separate sample. All sample specimens were placed immediately in sterile 1.5-ml Eppendorf tubes (Eppendorf AG, Hamburg, Germany) and conserved in an ambient temperature of -80°C until the DNA extraction and sequencing procedures. The average storage time from sampling to analysis was six months. 

DNA extraction and quantification
DNA was extracted using a DNeasyPowerSoil Pro Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The extracted DNA was quantified using Quant-IT PicoGreen (Invitrogen). 

Library construction and sequencing
The sequencing libraries were performed according to the PacBio amplicon Template Preparation and Sequencing protocols to amplify the 27F and 1492R region, for the DNA collected from Korean population. The input gDNA 2 ng was PCR amplified with 10 x LA PCR Buffer (Mg2+ free), 2.5 mM of dNTP mix, 2.5 mM MgCl2, 500 nM each of the F/R PCR primer, and 5U of TaKaRa LA Taq (Takara, Kusatsu, Japan). The cycle condition for PCR was 5 min at 94°C for heat activation, and 35 cycles of 30 sec at 94°C, 30 sec at 53°C and 90 sec at 72°C, followed by a 5-min final extension at 72°C. The primer pair with symmetric barcoded adapters for the amplifications were as follows: The primer pair with symmetric barcoded adapters for the amplifications were as follows: 27F-F: 5’-AGRGTTYGATYMTGGCTCAG- 3’, 1492-R: 5’-GGTTACCTTGTTACGACTT- 3’. The PCR product was purified with AMPure beads (Agencourt Bioscience, Beverly, MA). The purified product was then quantified using Quant-IT PicoGreen (Invitrogen) and qualified using the Agilent DNA 12000 kit (Agilent Technologies, Waldbronn, Germany). For PacBio Sequel sequencing, 500 ng of pooled amplicon DNA was used for library preparation. A total 10uL library was prepared using PacBio SMRTbell Express Template Perp Kit 2.0. SMRTbell templates were annealed using Sequel II Bind Kit 2.1 and Int Ctrl 1.0 The Sequel II Sequencing Kit 2.0 and SMRT cells 8M Tray was used for sequencing. SMRT cells (Pacific Biosciences) using 10hr movies were captured for each SMRT cell using the PacBio Sequel (Pacific Biosciences) sequencing platform. The subsequent steps are based on the PacBio Sample Net-Shared Protocol, which is available at http://pacificbiosciences.com/.




Analysis of the skin microbiome with circular consensus sequencing (CCS) data
To ensure consistency in subsequent analysis, sequencing reads were adjusted to match the orientation of all sequences. Reads that contained the forward primer sequence (5′- AGRGTTYGATYMTGGCTCAG) at the 5′-end and the reverse complement of the reverse primer sequence (5′-AAGTCGTAACAAGGTAACC) at the 3′-end were referred to as the forward sequence set. Similarly, reads that contained the reverse primer sequence (5′-GGTTACCTTGTTACGACTT) at the 5′-end and the reverse complement of the forward primer sequence (5′- CTGAGCCAKRATCRAACYCT) at the 3′-end were referred to as the reverse sequence set. The forward and reverse sequence sets were validated using the 'linked adapter' option of Cutadapt v3.5 [1], and any reads lacking the corresponding primer sequence or with a poor-quality primer sequence (error rate >10%) were discarded.
To ensure consistency in read direction, the reverse sequence set reads were converted to reverse complement, and then combined with the forward sequence set reads. Both primer sequences (F: 5′- AGRGTTYGATYMTGGCTCAG, R: 5′-AAGTCGTAACAAGGTAACC) were subsequently removed from the sequence reads using Cutadapt v3.5 with default settings. Following that, sequences outside the range of 1000 to 1600 bp were filtered out.
The remaining sequences underwent denoising and were assigned to amplicon sequence variants (ASVs) using the dada2 [2] plugin in QIIME2 [3] v2021.11. The parameters used were 'expected error rates = 15' and 'truncated quality = 2'. ASVs were assigned using the RDP (RDP trainset 18) 16S rRNA gene sequence database [4]. ASVs assigned to Archaea, unassigned bacteria, and mitochondrial ASVs were subsequently removed from the analysis. The ASVs were aligned using the phylogeny align-to-tree-mafft-fasttree plugin, and α-diversity and β-diversity were calculated using the diversity plugin in QIIME2, with a rarefied depth of 3824 reads per sample.

Statistical analysis
[bookmark: _Hlk141970078]We used R v4.1.2 for statistical analysis. First, an analysis of similarity (ANOSIM) was performed with 999 permutations to calculate p values and R values, evaluating the dissimilarities between the groups. To further validate the findings, paired Wilcoxon signed-rank test was utilized to examine the difference in alpha diversity between the BCC lesion and Ctrl. Similarly, paired Wilcoxon signed-rank test was conducted to identify specific taxonomic groups that exhibited significant difference between the lesion and Ctrl site at the genus and species level. 

Random Forest and co-occurrence network analysis with influential species
[bookmark: _Hlk141970899]To select specific species that discriminate BCC and healthy-looking skin, the Gini values from the Random Forest model for each species were used. Random Forest analysis was conducted with species of more than 10% co-occurrence using the Random Forest R package with 100 trees. We selected species with a Gini value of 0.2 or higher and calculated the fold change value in the BCC lesions versus the healthy-looking skin of each species to find out which skin site the species is predominantly distributed in. To construct co-occurrence network with selected species, we used SparCC R package with species count data over the total samples. Network visualizations were generated with igraph R package.

Prediction of metagenome functions by PICRUSt2
Metagenome functions from 16S rRNA gene sequences were inferred using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 2 (PICRUSt2) v2.4.2. [5] Using the PICRSUt2 script "hsp.py" with trait option as "KO", KEGG Orthologs (KOs) present in the predicted genome for each representative sequence were predicted from the reference tree constructed to representative sequences of the ASV table. Using the "metagenome_pipeline.py" script, the metagenome functional profile present in each sample was generated based on the predicted KO function. At this time, "--strat_out" and "--wide_table" options were added to obtain the results by stratifying the ASV that affects the metagenome functional profile. Finally, using the "pathway_pipeline.py" script with the “--no_regroup” option, KEGG pathway abundance was extracted on multiple hierarchical levels (levels 1-3). Specifically focusing on the metagenome functions of C. acnes, only ASVs assigned to C. acnes were obtained from the stratified function table. C. acnes KEGG pathway proportion was compared between the BCC lesions and HS using the Wilcoxon signed-rank test.

Quantification of roxP gene
[bookmark: _Hlk141970381]The copy number of roxP gene in DNA extracted from skin samples was measured by real-time PCR based absolute quantification. Quantification PCR (qPCR) reaction was performed with QGreenBlue 2X PCR master mix (CellSafe), 1µl of DNA extract, and 500 nM of primers. The primers used in qPCR are as follows: roxP-F: 5’-GCATCTAGCCCTCTCACCAT-3’ and roxP-R: 5’-CTGAGAGTCCGGTAGGTGGT-3’;16S rRNA 331F: 5’-TCCTACGGGAGGCAGCAGT-3’ and 16S rRNA 797R: 5’-GGACTACCAGGGTATCTAATCCTGTT-3’ [6].
The reaction was run on qTOWER3 real-time PCR cycler system (Analytik Jena) under the following conditions: initial denaturation at 95°C for 3 min, followed by 40 cycles at 95°C for 10 sec, annealing at 60°C for 30 sec, and elongation at 72°C for 30 sec. To generate the standard curves and calculate the copy numbers, serially diluted PCR amplicons of the target gene (roxP) and the reference gene (16S rRNA) were used. The copy numbers of roxP gene in each sample were normalized to the 16S rRNA gene. Statistical analyses were performed using GraphPad Prism version 8.4.3. Statistical significance was determined between the paired control and lesion samples using the Wilcoxon matched pairs signed rank test, with a P value threshold of less than 0.05.

Supplementary Table S1. Patient Characteristics 
	[bookmark: _Hlk118811966]Subject
Number
	Age/Sex
	Race
	Diagnosis
	Pathology
	Pigment
	Location
	Swab
	Biopsy
	Co-morbidity

	1
	F/77
	Korean
	BCC
	Nodulocystic
	Present
	Back
	O
	O
	Peripheral neural disease

	2
	M/87
	Korean
	BCC
	Superficial
	Present
	Back
	O
	O
	DM

	3
	F/100
	Korean
	BCC
	Nodulocystic
	Present
	Cheek
	O
	O
	HTN

	4
	M/68
	Korean
	BCC
	Nodulocystic
	Present
	Nose
	O
	O
	HTN

	5
	M/53
	Korean
	BCC
	Superficial
	Present
	Nose
	O
	O
	None

	6
	F/82
	Korean
	BCC
	Micronodular
	Present
	Cheek
	O
	O
	Vitiligo

	7
	M/71
	Korean
	BCC
	Nodulocystic
	Present
	Perinasal area
	X
	O
	None

	8
	M/73
	Korean
	BCC
	Nodulocystic
	Present
	Lower eyelid
	O
	O
	DM, dyslipidemia

	9
	F/86
	Korean
	BCC
	Nodulocystic
	Present
	Cheek
	X
	O
	HTN

	10
	M/71
	Korean
	BCC
	Nodulocystic
	Present
	Nose
	X
	O
	Parkinson’s disease. Cataract. HTN, DM

	11
	F/68
	Korean
	BCC
	Superficial
	Present
	Back
	X
	O
	HTN

	12
	F/80
	Korean
	BCC
	Nodulocystic
	Present
	Upper eyelid
	O
	O
	Stroke

	13
	M/81
	Korean
	BCC
	Nodulocystic
	Present
	Nose
	X
	O
	DM, HTN, CKD

	14
	M/62
	Korean
	BCC
	Superficial
	Present
	Perioral area
	X
	O
	None

	15
	M/82
	Korean
	BCC
	Nodulocystic
	Present
	Perinasal area
	X
	O
	HTN

	16
	F/97
	Korean
	BCC
	Superficial
	Present
	Perioral area
	O
	X
	DM, HTN, CKD

	17
	M/74
	Korean
	BCC
	Micronodular
	Present
	Cheek
	O
	X
	HTN

	18
	F/74
	Korean
	BCC
	Nodulocystic 
	Absent
	Nose
	O
	X
	DM

	19
	F/79
	Korean
	BCC
	Nodulocystic
	Present
	Lower eyelid
	O
	X
	HTN, dyslipidemia

	20 
	F/80
	Korea
	BCC
	Superficial
	Present
	Perianal area
	O
	X
	None






Supplementary Figure Legend. 
Supplementary Figure S1. The BCC microbiome composition from the patient population. (a) Relative abundance plots of the most abundant bacterial genus and species for swab (n=13) and biopsy samples (n=15). Prediction and validation of C. acnes metagenome from the Korea patient population. (b) WGS metagenomic abundances of top differentially abundant genes between BCC and control cohorts, annotated by KEGG pathway categories. (c) C. acnes KEGG pathway proportion compared between the BCC lesions and Ctrl using the Wilcoxon signed-rank test.
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