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SUPPORTING ONLINE MATERIALS 

Methods 

Subject recruitment and sampling: To analyze intrapersonal variation between 

different skin sites, we selected 20 sites (Table 1), including sebaceous, dry, and moist body 

regions and comparable areas for sites with bilateral symmetry. The study protocol was approved 

by the NHGRI Institutional Review Board (08-HG-0059) and all subjects gave written informed 

consent. We obtained samples from ten healthy volunteers, including males and females ages 20-

41 with different self-reported ethnicities, no history of chronic medical conditions or 

dermatologic diseases, and no active infections. To evaluate temporal variation, 5 of the 10 

subjects were re-sampled 4-6 months after initial skin sampling. Skin preparation included using 

only Dove soap for hygiene for 7 days, avoiding topical antiseptics for 7 days, and avoiding all 

washing for 24 hours prior to sampling. Exclusion criteria included use of systemic antibiotics 

within 6 months of sampling. After obtaining medical and medication history, a complete 

dermatologic examination was performed. Study personnel changed sterile gloves before each 

sample collection to minimize sample cross-contamination. Samples were collected from non-

overlapping regions of the sites, with no prior cleaning or preparation of the skin surface. Swabs 

were obtained from 4-cm2 areas using cotton tipped applicators (CTA) (Medline Industries, 

Mundelstein, IL; #MDS202000) soaked in enzymatic lysis buffer (20 mM Tris pH 8, 2 mM 

EDTA, and 1.2% Triton X-100). Superficial skin scrapings were obtained from a 4-cm2 area with 

a sterile disposable #15 blade. Skin scrapings were removed from blades using CTAs moistened 

in enzymatic lysis buffer. Negative controls of mock swabs and scrapings were collected and 

analyzed for each sampling. All clinical samples were stored at -80°C until further processing.  

DNA extraction and purification: All biological specimens were first incubated in a 

preparation of enzymatic lysis buffer (20 mM Tris, pH 8.0, 2 mM EDTA, 1.2% Triton X-100) 

and lysozyme (20 mg/mL) for 30 minutes at 37°C. The standard protocol for lysing gram-positive 
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bacterial cells of the Invitrogen PureLink Genomic DNA kit (Carlsbad, CA; #K1820-02) was 

followed for all subsequent steps.  Purified genomic DNA was resuspended in 50 μl of PureLink 

Genomic Elution Buffer and stored at -20°C. 

PCR amplification, cloning, and sequencing of 16S rRNA genes: 16S rRNA genes 

were amplified from purified genomic DNA using the primers 8F (5'-

AGAGTTTGATCCTGGCTCAG-3') and 1391R (5'-GACGGGCGGTGTGTRCA-3') (1).  Takara 

Taq DNA Polymerase Hot-Start kit was used for amplifications (Takara Bio USA, Madison WI; 

#TAK R007A). For each 25-μl reaction, conditions were as follows: 2.5 μl 10X Buffer with 

MgCl2, 4 μl dNTP mix (2.5 mM each), 0.5 μl each primer (20 μM, IDT, Coralville IA), 2 μl 

clinical genomic DNA, and 0.25 μl Takara HS Taq polymerase.  For each DNA sample, 3 

replicates were performed.  Thermocycling was as follows: initial denaturation at 95°C for 5 

minutes, followed by 25-30 cycles of a 30 second 95°C denaturation, 30 second annealing at 

55°C, and 1.5 minute elongation at 72°C, all followed by a final extension of 10 minutes at 72°C.  

Cycle number was determined on a case-by-case basis, such that amplification was still in the 

linear range of the reaction when stopped, but sufficient PCR product for cloning was produced 

(usually 25-28 cycles).  PCR products were then separated on an agarose gel, and bands 

corresponding to the ~1.3-kb product were extracted.  Negative control (no template) PCR 

reactions were performed with each set of amplifications and in all cases did not produce an 

amplification product.  PCR products were extracted using the Qiaquick Gel Extraction kit 

(Qiagen, Valencia CA; #28706), resuspended in 30 μl of Buffer EB, cloned into the pCR2.1-

TOPO vector (Invitrogen, Carlsbad, CA) and resulting plasmids transformed per the 

manufacturer’s protocol.  At least 384 of the resulting bacterial colonies per ligation were picked, 

plasmid DNA was purified, and plasmid inserts were sequenced at NISC on an ABI 3730xl 

sequencer (Applied Biosystems Inc., Foster City CA) using M13 primers flanking the insert and a 
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universal internal primer at position 522 (5'-CAGCMGCCGCGGTAATWC). Clones were re-

picked if the average Q20 read length was <300 bases or the pass rate was <50%.  

Analysis Pipeline 

Sequencing assembly, alignment, and chimera elimination. Traces were base called using 

Phred (v 0.990722.g), trimmed using Crossmatch and assembled for each clone using Phrap (v 

0.990329) with the default parameters except force level was 9 and the mismatch penalty was -1 

(2, 3). Overall assembly quality was assessed using a measure of cumulative error, the average 

probability of a base being miscalled, defined as: 

ErrorCumulative = (∑10-Qi/10) / L, where Qi = Phred score at position i; L = sequence length 

The resulting assemblies and quality data were stored in an Oracle database along with 

descriptive data for each sample. Sequences were further screened against the human genome, 

classified using the RDP classifier (4), aligned using the Greengenes (5) NAST aligner (6) and 

chimera checked using the implementation of Bellerophon (v.3) at Greengenes (7) using default 

parameters.  Sequences were omitted from further analysis if they had a cumulative error >0.02; 

or matched the human genome (E-value < 0.1); or were less than 1,250 base pairs long; or were 

flagged as putative chimeras.  A total of 168,524 assemblies were generated.  Of those, 1,679 

were putative chimeras, 7,767 were short or were homologous to human sequence, and 32,161 

were of low quality using the above standards. Sequences were assigned to taxonomy using the 

Ribosomal Database Project (RDP) naïve Bayesian classifier (8). A residual group of 187 non-

chimeric sequences were unclassifiable. 

 Operational taxonomic unit clustering. OTUs were identified using the Distance-based 

Richness and OTU (DOTUR) software (9). Olsen-corrected distance matrices were calculated by 

importing non-chimeric NAST-aligned sequences into ARB (10).  The Hugenholtz lane mask 

(lanemaskPH; included with Greengenes ARB database) was applied to exclude hypervariable 

regions.  The resulting distance matrix was then analyzed in DOTUR to calculate OTUs using the 

furthest-neighbor algorithm and a similarity cutoff of 99%.  
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 Diversity Estimation.  The Shannon Diversity Index (H’) was calculated using DOTUR 

as follows: 

H’ = -Σ pi ln(pi) 

Where pi is the relative abundance of the ith OTU.  The Shannon Equitability Index (EH’), which 

measures OTU evenness, was calculated separately using spreadsheet software as follows: 

EH’ = H’/ln(S) 

Where pi is the relative abundance of the ith OTU and S is the number of total OTUs at 99% 

similarity threshold. 

Statistical comparison of clone libraries.   The SONS program was used to compare 

clone libraries at a specific phylogenetic level of 99% OTU identity (11). Shared community 

membership was calculated as a Jaccard index value (Jclas column 16 output), which falls 

between 0 and 1: a value of 0 implies that the two communities do not share any OTUs and a 

value of 1 implies that the communities share all OTUs.  Specifically,  

Jclas = S12 / (S1 + S2 – S12) 

Where S1 and S2 represent the number of OTUs observed in communities A and B. 

Shared community structure was calculated as a Theta index value (θN; ThetaN column 

20 output), which also falls between 0 and 1: a value of 1 implies identical community structure 

and a value of 0 implies dissimilar community structure. θN accounts for relative abundance of 

OTUs shared between communities A and B and thus measures shared community structure (12).   

θN = [Σ (Xi/ntotal) · Σ (Yi/mtotal)] / [∑ (Xi/ntotal) + Σ (Yi/mtotal) - [Σ (Xi/ntotal) · Σ (Yi/mtotal)] 

Where Xi and Yi are the abundance of the ith OTU in communities A and B and mtotal and ntotal 

represent total number of sequences sampled in A and B. 

 



 6

 

SUPPLEMENTARY REFERENCES 

1. P. B. Eckburg et al., Science 308, 1635 (2005). 

2. B. Ewing, P. Green, Genome Res 8, 186 (1998). 

3. B. Ewing, L. Hillier, M. C. Wendl, P. Green, Genome Res 8, 175 (1998). 

4. Q. Wang, G. M. Garrity, J. M. Tiedje, J. R. Cole, Appl Environ Microbiol 73, 5261 

(2007). 

5. T. Z. DeSantis et al., Appl Environ Microbiol 72, 5069 (2006). 

6. T. Z. DeSantis, Jr. et al., Nucleic Acids Res 34, W394 (2006). 

7. T. Huber, G. Faulkner, P. Hugenholtz, Bioinformatics 20, 2317 (2004). 

8. J. R. Cole et al., Nucleic Acids Res 35, D169 (2007). 

9. P. D. Schloss, J. Handelsman, Appl Environ Microbiol 71, 1501 (2005). 

10. W. Ludwig et al., Nucleic Acids Res 32, 1363 (2004). 

11. P. D. Schloss, J. Handelsman, Appl Environ Microbiol 72, 6773 (2006). 

12. J. C. Yue, M. K. Clayton, Commun. Stat. Theor. M. 34, 2123 (2005). 

 

 

 

 

 

 

 



 7

Figures and Tables 

 

 

Figure S1: The 20 selected skin sites and their location on the human body.  The sites represent 

three microenvironments: sebaceous (blue), dry (red), and moist (green). 

 

Figure S2: Taxonomic profile for each healthy volunteer at each site. Y-axis represents relative 

abundance. See Figure S1 for key to site codes on x-axis.   Superscripts on taxon name indicate 

phylum: 1-Actinobacteria; 2-Firmicutes; 3-Proteobacteria; 4-Bacteroidetes. 

 

Figure S3: Complexity of bacterial communities colonizing skin sites. A. Median taxonomic 

richness of sites as measured by observed OTUs at 99% similarity threshold. B. Median 

taxonomic evenness, or the relative distribution of sequences across OTUs, of sites as measured 

by the Shannon equitability index. Error bars represent median absolute deviation.  See Figure S1 

for key to site codes displayed on the X-axis. 

 

Figure S4: Intrapersonal and interpersonal similarity of antecubital fossa, axilla, and volar 

forearm. Bars represent the mean of pair-wise values calculated for each healthy volunteer. Error 

bars represent the standard error of the mean.  * indicates significance by one-tailed paired t test, 

P < 0.05.  See Table S2 for index and error values. 

 

Figure S5: Similarity of swabs and scrapes. Intrapersonal sample variation is less than 

interpersonal variation for A. antecubital fossa, B. axilla, C. occiput, and D. volar forearm. 

P<0.003 by one-tailed t test for both Jaccard and Theta indices and for all four sites Error bars 

represent the standard error of the mean.  
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Figure S6: Longitudinal stability of the skin microbiome for each re-sampled volunteer.  Y-axis 

represents relative abundance.  Healthy volunteer (HV) ID is at the right of each chart.  See 

Figure S1 for key to skin sites on X-axis. A “-1” after the site abbreviation indicates the initial 

visit and a “-2” indicates the follow-up visit 4-6 months after the first sampling.  Superscripts on 

taxon name indicate phylum: 1-Actinobacteria; 2-Firmicutes; 3-Proteobacteria; 4-Bacteroidetes. 

 

Table S1:  Number of sequences analyzed per healthy volunteer at each site and each sampling 

method. Does not include chimeric and low-quality sequences that were removed before analysis. 

A “-1” after the healthy volunteer identification number indicates the initial visit and a “-2” 

indicates the follow-up visit 4-6 months after the first sampling.  Notation with site codes (see 

Figure S1 for legend) indicate: Sc=scrape, Sw=swab, L=left, R=right. 

 

Table S2:  Abundanceof major bacterial groups when sites are clustered into microenvironments 

(sebaceous, moist, or dry). 

 

Table S3: Shared community membership (measured by the Jaccard index) and community 

structure (measured by the Theta index) of the symmetric left/right skin sites. The controls are 

calculated by averaging interpersonal index scores for the same site.  SE is standard error. 

 

Table S4: Shared community membership (measured by Jaccard index) and community structure 

(measured by Theta index) of scrapes and swabs of the same sites obtained from the same 

volunteer. The controls are calculated by averaging interpersonal index scores for the same site.  

SE is standard error. 

 

Table S5: Shared community membership (measured by Jaccard index) and community structure 

(measured by Theta index) comparing interpersonal variation at each site. SE is standard error. 
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Tables S6 (A-C): Shared community membership (measured by median Jaccard index) and 

community structure (measured by median Theta index) of sites associated with A. atopic 

dermatitis, B. psoriasis, and C. the nare, a site that is not cornified like the other 19 sites.  The 

three highest pair-wise scores are highlighted in yellow. 

 

Table S7: Longitudinal shared community membership (measured by Jaccard index) and 

community structure (measured by Theta index) of sites. When considering all sites together, 4 of 

the 5 healthy volunteers re-sampled were found to be significantly more like themselves over 

time then they were like other volunteers (Jaccard index: P=0.037, <0.001, <0.001, and 0.008 and 

Theta index: P<0.001, 0.003, <0.001, 0.002 for volunteers 1, 3, 4, and 6, respectively).  Controls 

are calculated by averaging interpersonal variation of the indices. 
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