SUPPLEMENTARY ONLINE MATERIAL

Subjects

Triplicate specimens were obtained from the left and right axilla of 53 healthy subjects. The
subjects had no history of dermatological disorders or other chronic medical disorders and had
no current skin infections. The subjects were asked by the researcher about their skin health and
if no antibiotics was used on the moment of sampling and in the months before sampling.
Samples were collected over a period of one year from volunteers working in the area of Ghent
(Belgium), with a temperate maritime climate by the North Sea and Atlantic Ocean. The subjects
were asked to fill in a questionnaire to collect their metadata (Figure S7). 35 persons (70%) were
Belgian, 8 persons (16%) were non-Belgian EU citizens (Greece (2), France, Portugal, Italy,
Finland, Germany, The Netherlands) and 7 persons (14%) originated from Asia and South-
America (Indonesia (3), Vietnam, India, Uruguay, Peru). The mean age was 29 years (range 21
to 65 years), with 32% (17 out of 53) females and 68% (36 out of 53) males. All were in good
health and had not received any antibiotics for at least one month. No attempts were made to
control the subjects diet, hygiene habits or deodorant/antiperspirant usage. No attempts were
made to determine the odour profile of the subjects armpit. 94% of the subjects used a deodorant
or antiperspirant, with an average of 6.6 times per week. All subjects gave their written and

informed consent to this research.

Sampling
A moistened sterile cotton swab (Biolab) was thoroughly swabbed for 15 s in the axillary region
to detach and absorb the microorganisms, upon which it was vigorously rotated for 15 s in a

sterilized reaction tube filled with 1.0 ml of sterile saline water to transfer the bacteria [1]. The
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subjects swabbed their total axillary region three times on the same areas of skin with, each time,
a new sterile cotton swab. The subjects were thereby guided by the researcher, who informed
about the exact location and during of sampling. The researcher handed the new sterile cotton
swab, who were first moistened with sterile saline. The swab method was chosen as it is a
convenient, non-invasive and relatively reproducible technique to take axillary samples from a
large group of persons. As shown on the skin before [2], swabbing is a comparable technique to
scraping when analyzing the microbial community and diversity. The bacterial samples were
immediately frozen at -20°C for further DNA-extraction. Successive samples were taken from 19
subjects, with minimum one week in between sampling. To minimize the effect of washing and
deodorant use, the samples were taken on the same hour of the day in the late afternoon. All
subjects had normal working hours. Exclusion or normalization of deodorant use and washing

habits was, nevertheless, impossible. Detailed subject metadata are represented in Table S7.

DNA extraction

Total DNA extraction was adapted from Rodriguez-Lazaro et al. [3]. Briefly, the bacterial
sample, dissolved in 1.0 ml of saline water, was centrifuged (12 min, 13,000 rpm) to obtain a
pellet, while the supernatant was discarded. The pellet was resuspended in 100 uL 6% Chelex-
100 resin (BioRad, Munich, Germany) and incubated at 56°C for 20 min. The sample was then
firmly vortexed and boiled at 100°C for 8 min. Subsequently, the sample was mixed and cooled
for 5 min on ice. Next, a centrifugation step (10 min, 13,000 rpm) was performed. The
supernatant containing the DNA was removed and stored at -20°C until further analysis. The

removal of PCR inhibitors and metal ions was accomplished by means of Chelex-100.



PCR for DGGE

The 16S rRNA genes for all bacteria were amplified by PCR using the forward primer P338F
and the reverse primer P518R [4,5]. A GCclamp of 40 bp [4,5] was added to the reverse primer.
The used primers, targeted hypervariable 16S rRNA gene region and PCR program are
represented in Table S1 A and B. Positive and negative controls were added to the sample pool
in order to check the PCR reaction. All sample pools with false positive or false negative results
were discarded. Amplicons were analyzed by electrophoresis in 1.5% (wt/vol) agarose gels
stained with ethidium bromide. A clearly visible band was present, which suggested that no
aspecific amplification occurred. The PCR for DGGE was repeated several times, using different
cycle conditions and starting DNA quantities, to counteract possible PCR differences, where no

bias was seen on DGGE.

DGGE analysis

DGGE (Denaturing Gradient Gel Electrophoresis) based on the protocol of Muyzer et al. [4] was
performed using the INGENYphorU System (Ingeny International BV, The Netherlands). PCR
fragments were loaded onto 8% (w/v) polyacrylamide gels in 1 - TAE buffer (20 mM Tris, 10
mM acetate, 0.5 mM EDTA pH 7.4). To process and compare the different gels, a homemade
marker of different PCR fragments was loaded on each gel [6]. The polyacrylamide gels were
made with denaturing gradients ranging from 40% to 60% (where 100% denaturant contains 7 M
urea and 40% formamide). The electrophoresis was run for 16 hours at 60°C and 120V. Staining
and analysis of the gels was performed as described previously [7]. The normalization and
analysis of DGGE gel patterns was done with the BioNumerics software 5.10 (Applied Maths,

Sint-Martens-Latem, Belgium). During this processing, the different lanes were defined,



background was subtracted, differences in the intensity of the lanes were compensated during
normalization and bands and band classes were detected. Clustering was done with Pearson
correlation and the unweighted pair group with mathematical averages (UPGMA) dendrogram
method. Relevant and non-relevant clusters were separated by the statistical Cluster Cutoff
method (BioNumerics Manual 5.10). Similarities and abundances were extracted from the
software and statistical analysis was performed using SPSS version 19. Significant cut-off values
were indicated in the paper. Triplicate specimens of each sample were loaded on DGGE-gel,

pooled and checked. No differences were seen.

Denaturing Gradient Gel Electrophoresis (DGGE) diversity indices

The range-weighted richness (Rr) is a DGGE specific range of values which indicate the richness
and genetic diversity of species within the bacterial community. It is correlated with the
distribution of the bands in the DGGE pattern and the percentage denaturant gradient of the gel
needed to represent the sample's total diversity (within the limits of the technique). This is
mathematically expressed as Rr:NZXDg, where N represents the total number of bands in the
pattern, and Dq the denaturant gradient comprised between the first and the last band of the
pattern [8]. The community organization (Co) describes the species abundance distribution in the
microbial community and is calculated as the Gini coefficient times 100 [9]. The Gini coefficient
(ranging from zero to one) is a single value that describes a specific degree of evenness
measuring the normalized area between a given Pareto-Lorenz (PL) curve and the perfect
evenness line. The higher the Gini coefficient, the more uneven a community is. The PL
evenness distribution curve was constructed based on the DGGE profiles as previously described

[8,10]. The community dynamics (Dy) was studied computing the moving window analysis



(MWA) plot of consecutive DGGE profiles of the same subject. The microbial community rate
of change was conducted using the UPGMA and distance matrices of each DGGE based on the

Pearson correlation similarity coefficient to cluster the succeeding samples [8].

Sanger sequencing

The 16S rRNA genes of five isolated pure strains, plated on blood agar plates, was amplified by
PCR using the forward primer P63F and the reverse primer P1387R [11]. The PCR program was
performed and checked as described in Table S1B. Sanger sequencing was performed on the 16S
rRNA amplicons and aligned and compared with sequences from the NCBI database. The closest
match of each isolate was identified. Afterwards, sequences of all strains were submitted to

GenBank and the submission numbers are presented in Table S2.

Pyrosequencing

Amplicon pyrosequencing was performed on the total DNA extracted from nine specific
individual samples. Barcoded amplicons were prepared with the primers 530F-mod [12] and
1061R [13] amplifying a 562 bp DNA fragment flanking the V4, V5 and V6 regions of the 16S
rRNA gene [14], extended as amplicon fusion primers with respective primer L adaptor, key
sequence and multiplex identifiers (MID) on the forward primer. Amplicons were generated by
using FastStart High Fidelity Tag DNA Polymerase kit (Roche) under the conditions mentioned
in Table S1B. Amplicons were purified with the High Pure PCR Product Purification Kit
(Roche) and pooled as specified by the manufacturer. The purity and quality of the PCR products
was verified on agarose gel. Emulsion PCR, emulsion breaking and sequencing were performed

applying the GS FLX Titanium chemistry protocols and using a 454 GS FLX pyrosequencer



(Roche) as recommended by the manufacturer. For this study, nine amplicons were sequenced in
a pool of 17 mixed amplicons on 1/4th of an FLX picotitre plate. Quality filtering of the
pyrosequencing reads was performed using the automatic amplicon pipeline of the GS Run
Processor (Roche), with a modification of the valley filter (vfScanAll- Flows false instead of
TiOnly) to extract sequences. The raw flowgrams were processed and analyzed in an in-house
Mothur [15] (http://www.mothur.org, version 1.24.1) and R (version 2.15)/Sweave pipeline.
Sequencing error was reduced using the Mothur implementation of the SegNoise algorithm [16],
alignment with the SILVA 16S reference alignment [17] was performed and sequences were
trimmed to overlap in the same alignment space. Chimeric sequences were removed using
Uchime [18]. A Bayesian classifier was used with version 7 of the RDP training set [19] to
classify the sequences. 87,646 bacterial 16S gene sequences were detected. 3,263 unique
operational taxonomic units (OTUs) were assessed to a 97% confident p-value into 159 OTUs,
with subsequent classification to unique classes into 96 classified OTUs. To allow for
comparative community distribution analysis the samples were normalized at 7135 sequences,
according to the sample with the lowest number of sequences. A .fastq file was created and
submitted to NCBI with SRA study accession: SRP023149. Descriptive alpha and beta diversity

statistics were calculated using mothur and visualized with R.

Alpha diversity analysis

The alpha diversity was calculated to characterize the diversity of one individual axillary sample.
Figure S6 displays the range-weighted richness and the community organization of 43 individual
DGGE samples. For the pyrosequenced samples, the analysis was performed on both the

subsampled (with normalization at 7135 sequenses) and complete (without normalization)



dataset. The Shannon diversity index and the Chao 1 richness estimator were calculated and
plotted in Figure S5 and S4, respectively. To assess the completeness of sampling also a
rarefaction analysis was performed, and plotted in Figure 5. Detailed alpha diversity
characteristics are displayed in Table S3. The Shannon diversity index, Chaol richness estimator
and observed richness of the axillary samples of the nine subjects were plotted in function of

their weekly deodorant usage (Figure 6).

Beta diversity analysis

The beta diversity analysis was calculated to study the difference between the individual
microbial axillary communities. A heatmap was generated in Figure 4 of the top 25 OTU's of the
subsampled dataset with hierarchical complete linkage clustering based on Bray-Curtis
similarities. Next, a heatmap of the Yue and Clayton g dissimilarity index of the pairwise
comparison of the pyrosequenced samples is shown in Figure S1A. Figure S1B represents a

heatmap of the similarities of the different samples analyzed by DGGE.

Hypothesis testing

Additional hypothesis tests were conducted in order to identify whether the two cluster are
dissimilar or not. The null-hypothesis (Ho) is that the community structures are similar. The
parsimony method (aka P-test) is a generic test that describes whether two or more communities
have the same structure. The results of the parsimony testing procedure are displayed in Table
S4A. A cluster dendrogram is figured in Figure S3A clustered by UPGMA with the Bray-Curtis
index for community structure. Nonmetric multidimensional scaling (NMDS) is efficient at

identifying underlying gradients and representing relationships based on various types of



distance measures. The NMDS plot is displayed in Figure S3B of the pyrosequenced samples,
based on the abundance-based Jaccard distance measure. Using molecular variance (amova) it is
tested whether the centers of the clouds of the axillary clusters are separated or not. In Table
S4B, it is tested whether the observed cluster separation between the Corynebacterium and

Staphylococcus clusters in the NMDS plots is statistically significant.

DGGE versus Sanger sequenced isolates versus 454 pyrosequencing

In this research, DGGE fingerprinting, Sanger sequencing of isolates and 454 pyrosequencing
were successfully combined. DGGE is a relatively rapid method, well suited for mixed microbial
communities and is an interesting technique to study the community dynamics and diversity.
Firmicutes and Actinobacteria are important phyla on the skin, with very dissimilar GC content.
Firmicutes are known to possess a low GC content, whereas Actinobacteria are known to have a
high GC content. As such, DGGE is a very solid technique to differentiate amongst the two. The
disadvantages of DGGE were resolved by combining with 454 pyrosequencing and sequencing
of isolated bacteria. Although isolation is only possible for a subset of the skin bacteria, some
bands on DGGE were identified by combining the DGGE pattern of the pure culture with the
pattern of the mixed axillary culture. 454 pyrosequencing made identification on genus level and
quantification possible, but was a less flexible and a rather slow method, due to the rigorous
analytic and statistical work. Figure 1 presents the results of all 3 techniques combined, where

clear cohesion of all the techniques was found.
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Callewaert et al., Figure S1. Heatmap to assess the interpersonal diversity. (A) Heatmap of the
Yue and Clayton q dissimilarity index of the pairwise comparison of 9
pyrosequenced sampled community structures to assess the interpersonal diversity. The higher
the index (red), the more similar the communities; (B) Heatmap of the DGGE similarities of 43
sampled community structures. The higher the index (red), the more similar the communities.
The nine pyrosequenced samples are indicated with MID (multiplex identifiers).
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Callewaert et al., Figure S2. Stacked bar sample-wise taxonomic distribution of the sequences
(A) on the order level; (B) on the class level; (C) on the phylum level.
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Callewaertet al, Figure S2. Stacked bar sample-wise taxonomitilolision of the sequences
(A) on the order level; (B) on the class level; @@)the phylum level.
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