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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
nfa | Confirmed

D @ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

[T1|X A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex technigues in the Methods section,

A description of all covariates tested
A description of any assurnptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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For null hypothesis testing, the test statistic (e.g. £, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of cutcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

COur web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection No software used

Data analysis The computational analyses presented in the manuscript did not utilize novel software or custom code that was central to the
conclusions. The presented analyses may be accurately replicated using software tools and parameters described in Materials and
Methods

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers,
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Mature Research guidelines for submitting code & soft for further information.
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Policy information about availability of data
All manuscripts must include a data availability statement, This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Data underlying Fig.s 1,2,3,4, Supplementary Fig.s 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 and Supplementary Tables 1,2,3,4 are provided as Source Data files. All
other data are available from the corresponding author upon reasonable requests.
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Sample size For sufficient sample size, a model based on 90% power to detect 2-fold changes at a significance level of 1% (Bonferroni adjusted) suggested
group sizes of n=25 were required to achieve this for single factor analysis. For modeling data across several factors (clinical data, signaling
pathways, microbiota), 80-100 samples would be sufficient according to previous experience. Therefore, n= 80-120 per group was estimated
as sufficiently powered. In case we would fall short of samples for specific pathways or taxa, we would use statistical tests (students t test,
AMOVA) to estimate false discovery rates (FDR), false negative rates (FNR), power, alpha and beta risks, which enable us to define the optimal
sample size for maximized power and minimized FOR and FNR for multiple comparisons.

Data exclusions A quality control pipeline based on the array Quality Metrics method was used to capture quality failures in microarray data, and based on
these, a total of 12 samples were removed from the data set. Regarding the microbiome data, only OTUs present in more than 25% of alla
samples were analysed. To reduce false positives in the contamination analysis, OTUs were discarded if they were present in less than 5
samples or if the raw abundance of the OTU in any sample was less than 10 reads.

Replication All findings were replicated. Analysis of the large data set (AD=82, PS0=119, HV=115) for the microbiome and transcriptomics data, was
preceded by a pilot analysis of 15 AD samples, 15 PSO les and 15 HV samples, which showed similar results,

Randomization  AD patients with chronic atopic dermatitis, or PSO patients with plaque-type psoriasis were recruited to the study at random. Covariates such
as secondary disease (eg. concomitant autoimmune diseases), were controlled for by adhering to specific exclusion criteria. Clinical
information such as sex, age, onset of disease, etc were collected, and care was taken to recruit age and gender matched healthy volunteers,

Blinding To identify gene or taxonomical markers that can predict disease severity, we used trained regression models, to which unseen samples were
made blind, and used to estimate the accuracy of the trained model.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response

Materials & experimental systems Methods

nfa | Involved in the study nfa | Involved in the study
BX|[] Antibodies B[] chip-seq

DI Eukaryotic cell lines PA|[C] Flow cytometry

4| palaeontology BX|[7] MRI-based neuroimaging
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Human research participants

Policy information about studies involving human research participants

Population characteristics AD patients with chronic atopic dermatitis, or PSO patients with plaque-type psoriasis were recruited to the study at random.
Covariates such as secondary disease (eg. concomitant autoimmune disease), were controlled for by adhering to specific
exclusion criteria. Moreover, exclusion criteria included the use of antibiotics within 2 weeks and systemic immunsuppressive
theray or phototherapy or systemic biologic agents within the previous 12 weeks prior to sc ing. Clinical infi tion such as
sex, age, onset of disease, family anamnesis, allergies, positive allergen tests, total IgE levels, specific IgE, drug anamnesis and
disease anamnesis were collected. Care was taken to recruit age and gender matched healthy volunteers.

Recruitment The recruitment of subjects to the study was made based on physical examination by a dermatologist, and the resulting
diagnosis. Patients or healthy volunteers that did not match inclusion/exclusion criteria were removed from the study.

Ethics oversight The study was approve by the appropriate local Institutional Review Boards at University of Helsinki (Dnro 91/13/03/00/2011),
Heinrich Heine University Duesseldorf (3647/2011) and King's College London (11/H0802/6). All subjects provided written




informed consent before participation.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMIE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration University of Helsinki: Dnro 91/13/03/00/2011), Heinrich Heine University Duesseldorf :3647/2011, King's College London: 11/

HOB802/6).

Study protocol The study protocol is described in Materials and Methods.

Data collection Patients and healthy volunteers were recruited to the clinical centers at the University of Helsinki, Helsinki, Finland, the Heinrich
Heine university Duesseldorf, Duesseldorf, Germany, and at King's College London, London, UK between September 2011 and
September 2012,

Outcomes We anticipated significantly distinct skin microbiomes and transcriptomes in PSO and AD nonlesional and lesional skin compared

to the normal skin in healthy volunteers. The microbiome was analysed by 165 rRNA gene sequencing and WGS, and the skin
transcriptome by microarrays. We identified distinct microbial communities coupled to disease relevant patterns of cutaneous
gene expression in the two patient groups, identifying potential biomarkers for future diagnostics and targets of therapy.
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