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Fig. S1. Phylogenetic tree of specific clades commonly present in skin metagenomes. Phylogenetic tree depicts pSGBs for (a) Pseudomonadota, (b) Actinomycetota, (c) Bacillota, and (d) Bacteroidota. Concentric rings (from inside to outside) indicate: classification status (classified vs unclassified to a named species), representative genome quality (High vs Medium), similarity to SPIRE/GTDB references based on ANI (ANI ≥95% vs ANI <95%), and genome sizes of pSGBs across different phyla. Bar plots summarize the number of pSGB and pMAGs per major family or genus within each phylum.
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Fig. S2 Distribution, taxonomy, and occurrence of pSGBs and pMAGs across sites and cohorts. a–b. Total numbers of pMAGs (a) and pSGBs (b) detected in three skin environments (dry, moist, oily). Lower panels show proportions annotated at different taxonomic depths (known vs. unknown at phylum/class/order/family/genus/species). c–d. Total numbers of pMAGs (c) and pSGBs (d) at each skin sampling site within each environment. The lower bar charts show the totals at each unknown taxonomic level. e. The total number of pMAGs assembled in each country. The bar chart below shows the total count for each unknown taxonomic level. f. Occurrence ratios of representative pSGBs across all samples. Bars list the most prevalent species-level genome bins, colored by phylum; values indicate the probability in which each pSGB was assembled.
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Fig. S3. Shared and context-specific distributions of upSGBs across populations, skin microenvironments, and disease states. a, Venn diagram showing unique and shared upSGBs detected across country-level cohorts. b, Venn diagram showing unique and shared upSGBs detected across dry, moist, and sebaceous skin microenvironments. c, UpSet plot showing unique and shared upSGBs detected across ten skin disease states. Vertical bars indicate the number of upSGBs in each intersection, and horizontal bars indicate the total number of upSGBs detected in each disease category.
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Fig. S4. Distribution of assembled pMAGs and pSGBs across disease categories and taxonomic novelty levels. a–b. Total numbers of assembled pMAGs (h) and pSGBs (i) in each disease category. The lower bar charts show the totals at each unknown taxonomic level.c–d. Counts of the four major phyla for pMAGs (e) and pSGBs (f). Stacked bar charts summarize the numbers of assembled pMAGs and pSGBs from Actinomycetota, Bacillota, Bacteroidota, and Pseudomonadota (and others), partitioned by taxonomic resolution (known vs. unknown levels). 
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[bookmark: _Hlk213663240]Fig. S5. Branch containing potential new species or genus within Pseudomonadota. Supplementary information on Pseudomonadota in Figure S1.
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Fig. S6. Representative with the most pMAGs among unknown pSGBs. a. Top 20 unknown pSGBs with the highest numbers of pMAGs. b-c. Bar charts show, for Bacteroidota (b) and Actinomycetota (c) separately, the number of pSGBs per family among unknown pSGBs.
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Fig. S7. Functional category distribution of pSGBs in known versus unknown groups. Stacked density showing the number of pSGBs annotated to KEGG functional categories for known SGBs (kSGB, red) and unknown SGBs (uSGB, teal).
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Fig. S8. Four resistance genes predicted only in unknown pSGBs.
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Fig. S9. Overview of skin virome contigs, quality, environments, and functional annotation. a. Terminal-repeat types of viral contigs. Pie chart shows proportions of contigs with no terminal repeats, direct terminal repeats (DTR), inverted terminal repeats (ITR), and provirus signatures. b. Genome quality distribution of viral MAGs. Pie chart summarizes complete, high-quality, and medium-quality MAGs. c. Viral MAGs Length distributions by quality tier. d. Distribution of viral MAGs across skin microenvironments (dry, oily, moist, and unknown). e. Overlap of skin vSGBs with external virome datasets, indicating shared and unique contigs. The upper Venn diagram compares the skin virome catalog with other human body-site virome catalog (MAGIC: pediatric gut virome catalog; VMGC: genital tract virome catalog; OVD: oral virome catalog; MGV: gut virome catalog). The lower Venn diagram compares the skin virome catalog with environmental virome catalog (e.g., soil, freshwater, marine) and RefSeq. f. The pie chart shows the functional distribution of KEGG-annotated genes in vSGBs. The bar chart shows the gene counts for the top 50 KEGG-annotated gene functions in vSGBs.
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Fig. S10. Phage–host prediction, host taxonomy, and interaction landscape of skin vSGBs. a. Phage–host assignment methods. Pie chart shows the numbers of vMAGs with host predictions supported by iPHoP–RaFAH versus iPHoP–CRISPR. b. Distribution of predicted phage–host links between vMAGs and kpSGBs or upSGBs. c. The numbers of pSGBs across different phyla predicted to be infected by phages. d. The top 100 pSGBs predicted to be most frequently infected by phages. The horizontal stacked bar chart shows the total number of predicted phage–bacteria interactions for each pSGB.
[image: ]
Fig. S11. Class-level taxonomic distribution of uncharacterized fungal SGBs recovered from the skin microbiome. Bars indicate the number of uncharacterized fSGBs assigned to each fungal class.
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Fig. S12. Functional similarities and differences among three subphyum of fungi. Completeness ratios of KEGG metabolic modules for 45 high-quality fungal genomes. Colors indicate the median completeness ratio of strains within each clade: deeper purple denotes higher metabolic module completeness.
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Fig. S13. Sources of SNMPF. a. The top 15 phyla with the most SNMPF assigned to known taxa. b. The top 25 genera with the most SNMPF assigned to known taxa.
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