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Supplementary Figure 1. Patient sample collection. Patient a sampling and b enrollment flow chart. c Clinical
data. The source data files used to generate the present figure are available from the NCBI Sequence Read
Archive under accession PRJNA554499, and from EBI ArrayExpress under accession E-MTAB-8149.

Atopic Dermatitis Psoriasis Healthy Volunteers

Numbers 82 119 115

Age

Mean  ± SEM 44.49 ± 1.59 48.8 ± 1.23 34.9 ± 1.17

Range 20 - 83 20 - 77 19 - 77

Sex (M/F) 46/36 93/26 44/71

SCORAD 50.6 ± 1.93 - -

PASI - 14.09 ± 0.79 -

a b

c

DNA microarray QC criteria
AD, n=5
PSO, n=6
HV, n=1 

16S analysis QC criteria
PSO, n=1
HV, n=2 

Clinical criteria
AD, n=4
PSO, n=6
HV, n=11 

MAARS study population n=351
AD, n=91; PSO, n=134; HV, n=126

Final matched samples n=316
AD, n=82; PSO, n=119; HV, n=115

Patient and healthy volunteer skin sampling
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Supplementary Figure 2. Individual compositions of the skin microbiota in AD, HV and PSO. The most abundant bacterial
groups depicted for HV, AD and PSO based on 16S rRNA gene sequences. The source data files used to generate the present
figure are available from the NCBI Sequence Read Archive under accession PRJNA554499.
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Supplementary Figure 3. Characterization of the skin microbiota in AD and PSO. a NMDS analysis of
the 95 most abundant OTUs in the three patient groups (HV, n=115; AD, n=82; PSO, n=119). b Average
Good’s coverage and Shannon diversity index in the three sample sets. c Sampling from different skin sites
in the three different clinical groups, revealing the most significant potential confounding factor. (HV lower
back, n=107, thigh, n=104, upper back, n =13; AD, lower back, n=2, thigh, n=44 upper back, n =40; PSO,
lower back, n=107, thigh, n=1, upper back , n =10) d Anaerobe abundance in AD and HV samples without S.
aureus (HV, n=115, AD, n=82, Mann-Whitney U test, p-value 0.0003662) The center line in the boxplots
corresponds to the median, the bounding box is the interquantile range (IQR) and the whiskers are defined
as 1.5 times IQR. The source data files used to generate the present figure are available from the NCBI
Sequence Read Archive under accession PRJNA554499.



Supplementary Figure 4. Microbiota based classification of AD and PSO. NMDS analysis considering
only microbes identified through feature selection. a HV (n=115) vs AD (n=82), b HV vs PSO (n=119). c
Variable importance for the best set of discriminatory taxa identified through Random Forest feature selection
(Boruta) and classification analysis for AD vs PSO. d PSO vs AD. The source data files used to generate the
present figure are available from the NCBI Sequence Read Archive under accession PRJNA554499.
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Supplementary Figure 5. The AD and PSO skin transcriptomes. a Most significantly enriched pathways (-log p-
value >2, z-score >1 or <-1) according to IPA analysis of AD (n=82) and PSO (n=119) specific and common genes. b
Top 15 upstream regulators (-log p-value >2, z-score >1 or <-1) predicted by IPA. The source data files used to
generate the present figure are available from EBI ArrayExpress under accession E-MTAB-8149.



Supplementary Figure 6. Common and distinct functions in AD and PSO skin transcriptomes. GO
Term analysis of Venn diagram subsections of AD (n=82) and PSO (n=119) vs HV (n= 115) differentially
expressed genes; GO Term Biological Process, -log p-value >2. The source data files used to generate
the present figure are available from EBI ArrayExpress under accession E-MTAB-8149.



Supplementary Figure 7. Top genes in AD and PSO skin transcriptomes. Top 25 up- and
downregulated genes organized according to Rank-value (-log p-value * logFC). The source data files
used to generate the present figure are available from EBI ArrayExpress under accession E-MTAB-8149.
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Supplementary Figure 8. Prediction and validation of the S. aureus metagenome. a Significantly differentially enriched
microbial pathways between S. aureus ‘high’ (n=27) and ‘low’ (n=25) groups. Gene content of individual OTUs was inferred
using the Greengenes v.13.5 database, and subsequently used to predict enriched microbial pathways in the respective
disease groups. b WGS metagenomic abundances of top differentially abundant genes between S. aureus ‘high’ (blue) and
S. aureus ‘low’ (orange) cohorts, annotated by KEGG pathway categories. c Contribution of individual OTUs to relevant
microbial pathways. The gene content of individual OTUs was inferred using the Greengenes v.13.5 database, and
subsequently used to predict enriched microbial pathways in the respective disease groups. Horizontal bars represent the
percentage of genes contributed by the most abundant microbes in the dataset. X-axis: sum of relative contributions per
sample. Y-axis: contribution across S. aureus ‘high’ and S. aureus ‘low’ samples, respectively. The source data files used to
generate the present figure are available from the NCBI Sequence Read Archive under accession PRJNA554499.



Supplementary Figure 9. Correlation between 16S rRNA gene sequencing and WGS
metagenomics data. For validation of 16S OTU classification, preliminary data of WGS
metagenomic sequencing of 20 randomly selected samples from 10 S. aureus ‘high’ and 10 S.
aureus ‘low’ AD lesions were used. The significant correlation (r2=0.919) shows agreement of
taxonomic classification between the independent sequencing methods. The source data files used
to generate the present figure are available from the NCBI Sequence Read Archive under
accession PRJNA554499.
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Supplementary Figure 10. Further analysis of the S. aureus signature. a Hierarchical clustering of differentially
expressed host genes between S. aureus ‘high’ (n=27) and ‘low’ (n=25) abundance samples (left panel), and b a list of top
up- and downregulated DEGs. c Gene ontology based analysis of biological functions enriched in M1 and M5 modules in
the AD gene co-expression network. Statistical analysis (Mann-Whitney U-test) of d barrier associated genes, and e
HIF1A dependent genes, proinflammatory and Th2 type signature genes in S. aureus ‘high’ and ‘low’ samples. The center
line in the dot plots corresponds to the mean, and the error bars to the standard deviation. The source data files used to
generate the present figure are available from the NCBI Sequence Read Archive under accession PRJNA554499, and
from EBI ArrayExpress under accession E-MTAB-8149.
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Supplementary Figure 11. Functional enrichment in the S. aureus gene signature. a Identification of biological
function in the S. aureus signature (comparing S. aureus ‘high’ (n=27) and ‘low’ (n=25) abundance samples), using
Ingenuity Pathway analysis (IPA), and b Gene ontology based analysis of functional enrichment among up-regulated and
c down-regulated S. aureus signature genes. The source data files used to generate the present figure are available from
the NCBI Sequence Read Archive under accession PRJNA554499, and from EBI ArrayExpress under accession E-
MTAB-8149.

cb



Supplementary Figure 12. Inference of host and microbial functional features. a Regulation of the kynureninase
pathway of trp degradation on the mRNA level between the S. aureus ‘high’ (n=27) and ‘low’ (n=25) cohorts. Red
arrows: significantly regulated genes, n.s.: not significant. Arrow and font thickness correspond to significance. b
Culture-based trp dependence assay of 32 S. aureus strains isolated from moderate-to-severe atopic dermatitis
patients. Overall, 66% of colonizing S. aureus strains were shown to grow independent of trp in trp-depleted culture
medium. c Presence of tryptophan biosynthesis-related gene families in WGS sequencing results of S. aureus ‘high’
samples. Y axis: relative abundance of UniRef50-defined trp gene families. Boxplots represent the median (center
line), interquartile range (hinges) and 1.5x interquartile range (whiskers). The source data files used to generate the
present figure are available from the NCBI Sequence Read Archive under accession PRJNA554499, and from EBI
ArrayExpress under accession E-MTAB-8149.
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Supplementary Figure 13. Microbial stimulation of human epidermal equivalents (HEEs) a Morphological analysis of
HEEs. b Hematoxylin Eosin (HE) and c DAPI staining of microbial colonization of HEEs cultured for 8 days at the air-liquid
interface. S. aureus bacteria were exposed to the skin equivalent. Arrows indicate visible bacteria on top of the stratum
corneum. d Statistical analysis (n=3, paired one-sided Student’s t-test, p<0.05) of gene expression after bacterial stimulation;
qPCR measurement of selected S. aureus signature genes. The source data are provided as a Source Data file.
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Supplementary Figure 14. Integrative analysis of PSO microbiome and transcriptome. a PSO co-expression network
constructed from differentially expressed genes between HV (n=115) and PSO (n=119) samples resulting in a network of
2653 nodes. The network was partitioned into modules (coloured) using the Louvain method. b A linear model was fit for
each microbe – module eigengene pair using MaAsLin. The color of heatmap squares correspond to the direction of
association and squares correspond to the -log(FDR) of the association. Associations FDR <0.2 are shown. c Functional
analysis of the microbial associated modules conducted using Ingenuity pathway analysis. The heatmap square
corresponds to the significance of gene enrichment and the circle indicates the ratio of genes enriched to the total number
of genes in the pathway. The source data files used to generate the present figure are available from the NCBI Sequence
Read Archive under accession PRJNA554499, and from EBI ArrayExpress under accession E-MTAB-8149.
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Supplementary Figure 15. Clinical severity and the AD associated microbiome and transcriptome.
The models which achieved the lowest mean absolute error (MAE) are shown. a Predicted SCORAD from
microbe abundance vs true SCORAD in AD (n=82). b The 35 selected OTUs included in the regression
model. c Predicted SCORAD from gene expression vs true SCORAD. d The 15 selected genes included in
the regression model. The source data files used to generate the present figure are available from the NCBI
Sequence Read Archive under accession PRJNA554499, and from EBI ArrayExpress under accession E-
MTAB-8149.
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Supplementary Figure 16. Association between oozing and abundance of S. aureus in AD.
Spearman rank-correlation of oozing/crusts clinical scoring and the relative abundance of S.
aureus. Dashed lines indicate the 95% confidence interval (r=0.375, p=0.002). The source data
files used to generate the present figure are available from the NCBI Sequence Read Archive
under accession PRJNA554499, and from EBI ArrayExpress under accession E-MTAB-8149.



Statistical analysis (Kruskal-Wallis test, FDR, p<0.05) of the 16S rRNA gene
sequencing results. The source data files used to generate the present table are
available from the NCBI Sequence Read Archive under accession PRJNA554499.

(s)=species, (g)=genus, (f)=family, (o)=order

Supplementary Table 1. 16S rRNA gene sequencing results.



Supplementary Table 2. Results of the confounder analysis.

The table shows the p-values and adjusted p-values after correction for confounding factors, for abundant OTUs
that were significantly associated with disease and also significantly associated with a confounded effect.
Associations were tested using the Kruskal-Wallis test for body site and institution, the Mann Whitney U test for
gender, and Spearman correlation for age. OTUs with an adjusted p-value lower than 0.01 retain significance
after correction. The source data files used to generate the present tables are available from the NCBI Sequence
Read Archive under accession PRJNA554499.



Supplementary Table 3. The S. aureus signature.

For identification of differentially expressed genes between S. aureus ’high’ and ’low’ samples, a linear
model (R package Limma) was fitted to the data, and pairwise comparisons were done using the empirical
Bayes method. Transcriptomes were defined based on a fold change of 1.5 or greater and a Benjamini-
Hochberg adjusted p-value less than 0.05. The source data files used to generate the present table are
available from the NCBI Sequence Read Archive under accession PRJNA554499, and from EBI
ArrayExpress under accession E-MTAB-8149.



Supplementary Table 3, continued…



Supplementary Table 4. Tryptophan dependence of AD
associated S. aureus strains.



Supplementary Table 5. Primers used in the study.


