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S| Materials and Methods

Data Analysis Pipeline. The hypervariable V6 region of the SSU
rRNA gene in bacteria was amplified using a combination of 967F
(forward) and 1046R (reverse) primers under conditions de-
scribed previously (1). Amplicons were sequenced using py-
rosequencing technology (454 Life Sciences; GS20) at the
Marine Biological Laboratory. Random sequencing errors were
removed as described previously (2). To normalize the number
of tags sequenced between samples and datasets and locations,
tags were randomly resampled to the sample with the fewest tags
using Daisychopper version 0.6 (3). Analyses of tag sequences
were based on the frequency of resampled tags analyzed in
Mothur (4) following a work flow that included multiple align-
ment to Silva database reference alignment (June 29, 2010),
error-minimization using a “preclustering” step, and then a dis-
tance matrix was generated as input for “cluster,” from which
output files were created. Clusters based on a distance of 0.03
(=97% identity) were used in all downstream analyses (these
have up to 2 mismatches per 60-bp sequence). In addition,
Mothur was used to define OTUs at similarity thresholds ranging
from 87 to 100%. The number of remaining OTUs diminished
with the decreasing SSU rRNA sequence similarity threshold
used to define OTUs, and the percentage of remaining OTUs
between one threshold and the next was plotted for each simi-
larity value. Differences in the proportion of remaining OTUs
between samples were used as a metric for comparison of the
phylogenetic structure between communities (5). Taxonomic
identification of the sequence reads (tags) followed the approach
by Sogin et al. (6) and Huse et al. (7). Representative sequences
for clustered tags originating from a global reference dataset at
the 0.03 distance level are available at http://vamps.mbl.edu.

Similarity-Based Cluster and Statistical Analyses. Similarity-based
cluster and statistical analyses were performed using the un-
weighted pair group method with arithmetic mean (UPGMA)
(Primer version 6 software). A similarity profile test (SIMPROF)
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(Primer version 6) was performed on a null hypothesis that a
specific subcluster can be recreated by permuting the entry species
and samples. The significant branch (SIMPROF, P < 0.05) was
used as a prerequisite for defining bacterial clusters. One-way
analysis of similarity (ANOSIM) (Primer version 6) was per-
formed on the same distance matrix to test the null hypothesis
that there was no difference between bacterial communities of
different clusters. Similarity percentage (SIMPER) (8) was used
to determine which individual OTUs contributed most to the
dissimilarity between groups of samples.

The resulting Bray—Curtis distance matrix was used to build a
UPGMA tree of sample relationships. This resulting tree was
imported in the web version of UniFrac (9), together with re-
spective groups according to depth, distance from shore, and
regions. UniFrac and P test significance were performed on all
samples together and pairs of samples.

Relationships between bacterioplankton communities and
environmental parameters were assessed using a direct gradient
approach, canonical correspondence analysis (CCA) (CANOCO
version 4.5) according to ref. 10. Spearman rank pairwise cor-
relations between the environmental variables (depth, tempera-
ture, salinity, chlorophyll, latitude, and longitude; Table S1)
helped to determine their significance. To statistically evaluate
the significance of the first canonical axis and of all canonical
axes together, we used Monte Carlo permutation full model test
with 199 unrestricted permutations. Significant variables were
chosen using a forward-selection procedure and 999 permuta-
tions. Furthermore, we specifically examined the relationship
between latitude and OTU richness based on the Chaol richness
estimator calculated using the application in the Mothur package
of executable programs. The analysis was limited to surface
water samples at depths of 0-40 m (only two samples were col-
lected at depths below 11 m) and deep samples collected at
depths below 200 m. The Spearman Rank correlation (and sig-
nificance) was calculated for latitude vs. Chaol datasets in the
“surface” and “deep.”
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Fig. S1. Relationship between latitude and OTU richness as estimated by Chao1 for surface (0-40 m) (A) and deep (>200 m) (B) 16S rRNA gene tag datasets.
The absolute value of latitude is plotted with the Southern and Northern hemisphere datasets indicated with circles (open circles for summer samples, and
closed circles for winter samples) and squares, respectively.
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Fig. S2. Venn diagrams representing surface (A) and deep (B) OTUs found in Southern Ocean (SO) and Arctic Ocean (AO) bacterial datasets. Number of OTUs
and their relative percentage to the total number of OTU (in brackets) are indicated in bold, and the corresponding number of tag sequences are indicated in
brackets. Histograms of corresponding taxonomic composition are grouped at the class level for unique and shared OTUs between polar communities.
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Fig. $3. OTU groupings when all bacterial samples [Southern Ocean (SO), Arctic Ocean (AO), and midlatitude (ML)] were compared in surface and deep ocean

datasets. Note that 420 OTUs (2.1%) were common to all three datasets in surface waters, and 548 OTUs (3.6%) were common in deep waters.
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Ghiglione et al. www.pnas.org/cgi/content/short/1208160109
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