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SI Materials and Methods
Sampling Sites and Sample Collections. Samples for geochemical
and microbiological analysis were collected from three different
ultrabasic springs: Grotto pool spring 1 (GPS1: elevation 273 m,
N: 38° 37.268′ W: 123° 8.014′), Barns spring 5 (BS5: elevation
282 m, N: 38° 37.282′, W: 123° 7.987′), and Nipple spring 1 (NS1:
elevation 321 m, N: 38° 37.365′ W: 123° 8.114′), and also the
main creek (i.e., Austin Creek Headwaters) (elevation 282 m,
N: 38° 37.282′, W: 123° 7.987′) within The Cedars (1). Water
samples for biological analysis were pumped and collected with
Tygon Chemical Tubing (Masterflex) or Chem-Durance Tubing
(Masterflex) equipped with PFA In-Line filter holders (Ad-
vantec). The 0.22-μm in-line filters (Millipore) were used for
microbial cell collection. For microbial community analysis,
∼200 L, 50 L, and 30 L of spring waters were collected at GPS1,
NS1, or BS5, respectively each year. The filtered cells were
frozen immediately with dry ice at each sampling site and kept at
dry-ice temperature during the transportation. A calcite “skin” at
the surface of BS5 was removed before water sampling but cal-
cite slowly but continuously precipitated at the surface. The
calcite can potentially fall into the BS5 spring pool during the
water sampling. Therefore, we carefully set the inlet of tube at
the location where water and gas discharged into the pool and
suspended the membrane filter ∼2 m above the inlet to avoid
collecting calcite crystals. The creek sample was collected from
the main creek adjacent to the Barnes spring complex. GPS1
samples were collected by placing a clean tube directly into the
spring opening.

Geochemical Analysis.A portable pH/Eh/conductivity meter (Orion)
was used for the pH, Eh, conductivity, and dissolved oxygen analysis.
Metrosep A Supp 5 and Metrosep C2 columns were used for anion
and cation detection, respectively. Mobile phase for anion detec-
tions was 3.2 mM Na2CO3, 1.0 mM NaHCO3, and for cation de-
tection was 4 mM tartaric acid, 0.75 mM dipicolinic acid. Detection
limits of all anions and cations with this method are 1–2 μM.

Construction of Small-Subunit rRNAGeneClone Libraries and Phylogenetic
Analyses. Microorganisms in alkaline environments may have
specialized outer membranes to adapt to their environment.
Therefore, we tested physical and chemical cell disruption and an
UltraClean soil DNA extraction kit (MOBio) was chosen because
we sought to obtain the highest amounts of DNA upon extraction.
Cell lyses methods were also examined for the further optimi-
zation and a protocol with two rounds of vortex horizontally for
2 min and heat to 70 °C for 5 min was selected. The clone library
construction was performed as described previously (2). In brief,
universal bacterial (U27F and U1492R) (2), archaeal [Arc4F (3)
and U1492R], and eukaryal [EukF (4) and EukR (5)] PCR
primers were used to amplify the region of small-subunit (16S
and 18S) rRNA genes. When a PCR product was not detected
with 25 cycles, cycles were increased to 35. Amplified fragments
were ligated into a pGEM-T vector (Promega) and cloned into
Escherichia coli JM109 competent cells. PCR-amplified 16S and
18S rRNA gene fragments were recovered by PCR using primers
M13F and M13R (the primers targeted the pGEM-T vector

sequences flanking the insertion), then determined bacterial,
archaeal, and eukaryal small-subunit rRNA sequences by using
907F (2), Arc 4F (3), and EukF (4), respectively. ABI 3730xl
sequencer (Life Technologies) was used for the sequence de-
termination. When the sequences were not determined by the
primers above, alternative primers reading from the vector (M13F
and M13R) were used. The sequences were aligned using CLC
Genomics Workbench v5.1 (CLCbio) and assigned to operational
taxonomic unit (OTU; classified as an OTU, >99% cutoff).
Identification of chimeric sequences was conducted using JCVI
16S/18S small subunit analysis pipeline (5) and Greengenes’
chimera check with Bellerophan (v3) (6).
Phylogenetic affiliations were determined by the combination

of Greengenes (6), BLAST (7), RDP (8), and SILVA (9). How-
ever, most of the 16S rRNA sequences from GPS1 were un-
assigned to taxa or assigned different taxa by programs. Therefore,
the taxonomic assignment of each phylotype was conducted by
the phylogenetic trees created with the closest relatives. Nearly the
full-length of 16S rRNA gene was used and a maximum 200 of the
closest relatives (with minimum identity 50%) were collected from
SILVA as reference sequences for creating phylogenetic trees. The
phylotype’s taxon was determined based on where the phylotype
was clustered in the phylogenetic tree. The 16S rRNA gene se-
quences were aligned with cmalign (v1.1rc1) from the Infernal
package (10) and trimmed with TrimAl (v1.2rev59) (11) for the
phylogenetic tree construction. The trees were created by using
maximum-likelihood with RaxML (12). Phylogenetic trees in-
cluding limited representative sequences (Fig. S5) were also cre-
ated by RaxML and the robustness of furcated branches was
supported by bootstrap values (100 replicates). A rarefaction
analysis was conducted using the Analytic Rarefaction program. A
multidimensional scale plot was conducted using JCVI 16S/18S
small subunit analysis pipeline (13). Chao1 richness, Shannon’s
index, and Sørensen similarities among the bacterial communities
were calculated using Estimate S (14).

Correlation Between Community Composition and Environmental
Factors. Canonical correspondence analysis (XLSTAT) was per-
formed for describing correlation between community compo-
sition and environmental factors (15). The fraction of deep and
shallow groundwater was estimated as described previously (1).
In brief, the fraction of the groundwater in each spring was
calculated using a two-component mixing model. However, the
geochemistry suggests that the creek and GPS spring fluids were
the best proxies attainable to represent the shallow and deep
groundwater, respectively. Therefore, for the purpose of in-
dicating relative mixing between the two end members, the
concentration Cl− of the creek fluid was used for the Cl− con-
centration of the shallow groundwater, and the concentration
Cl− of the GPS1 fluid was used for the Cl− concentration of the
deep groundwater. Correlation coefficients for the concen-
trations of Br−, I−, Li+, Rb+, Na+, K+, and Rb+, and conductivity
with fdeep were r2 ≥ 0.98, indicating that the changes in the
concentrations of these ions were simply a result of physical
mixing between the two water sources.
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Table S1. Diversity statistics and recovery of microbial phyla from The Cedars springs

Statistics

GPS1 NS1 BS5 Creek

2009 May
2009

September
2011

October
2009
May

2009
September

2011
October

2010
April Bottom Surface Rock Bottom Bottom

2010
April

Bacteria
No. clones 183 139 122 109 160 69 75 176 128 68
No. OTU (99% cutoff) 14 15 15 13 23 18 7 16 30 56
Chao1 richness 15 ± 3.7 18.5 ± 7.2 15.1 ± 1.8 19.3 ± 7.6 31 ± 10.7 28.7 ± 10.2 10 ± 4.4 56.5 ± 49.1 57.2 ± 23.2 489.5 ± 279
Shannon’s index 1.99 1.83 2.03 1.57 2.61 2.29 1.27 1.44 2.74 3.87
Phylum/class abundance (%)*

Chloroflexi 33 50 37 10 17 4 — 3 16 —

Firmicutes 27 21 35 28 28 10 18 7 19 3
Alphaproteobacteria — — — — — 4 — 1 5 9
Betaproteobacteria — 2 — 57 23 42 59 75 28 21
Gammaproteobacteria 1 — — — 1 17 21 11 9 10
Deltaproteobacteria — — — 1 5 4 1 1 3 12
Bacteroidetes — 1 1 1 1 1 — 1 4 6
Cyanobacteria — — — — 4 12 — 1 2 21
Actinobacteria — — — 1 1 — — — — —

Nitrospirae — — 1 — 1 — — — 2 —

Planctomycetes — — — — — — — — — 3
Verrucomicrobia — — — — — — — — — 1
Cand. Div. OD1 23 5 16 — 13 1 — 1 2 —

Cand. Div. NPL_UPA2 4 4 — 2 — — — — — 1
Cand. Div. OP11 — — — — — — — — — 4
Cand. Div. OP3 — — — — — — — — — 4
Cand. Div. TM7 — — — — — — — — — 1
Unclassified 12 18 11 — 7 3 — — 6 —

Miscellaneous — — — — — — — — 2 3
Archaea
No. clones† 42 69 45 40 45 33 0 46 40 0
No. OTU (99% cutoff) 1 1 1 1 1 1 — 1 1 —

Phylum/class abundance (%)
Euryarchaeota 100 100 100 100 100 100 — 100 100 —

Eukarya
No. clones† 0 0 0 0 0 25 0 0 0 NT
No. OTU (99% cutoff) — — — — — 21 — — —

Phylum/class abundance (%)
Amoebozoa — — — — — 20 — — —

Cryptophyta — — — — — 16 — — —

Fungi — — — — — 16 — — —

Heterolobosea — — — — — 4 — — —

Metazoa — — — — — 28 — — —

Rhizaria — — — — — 4 — — —

Stramenopiles — — — — — 8 — — —

Unclassified — — — — — 4 — — —

—, not detected; NT, not tested.
*Phylum or class taxonomic classifications were based on SILVA classifications.
†0 indicates that small subunit RNA was not amplified by PCR with domain-specific primers.
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Fig. S1. Sampled springs GPS1 (A and B), NS1 (C and D), BS5 (E and F), and creek (F) in The Cedars area. Open arrowheads indicate outlets of groundwater at
GPS1 (A) and NS1 (C). Dashed arrows indicate the locations where bubbles come from the subsurface of BS5 (E). Filled arrow shows the sampling location of
creek water (F). Panoramic pictures of the sampling sites (B, D, and F). The exact locations for the sample collections are indicated by the white squares in B, D,
and F.

Fig. S1

Fig. S2. Rarefaction curves for the different phylotypes obtained from bacterial 16S rRNA gene clone libraries.

Fig. S2

Fig. S3. Sørensen’s similarity of The Cedars bacterial communities.

Fig. S3

Fig. S4. Multidimensional scale plot comparing bacterial communities based on phylotype level taxonomy.

Fig. S4

Fig. S5. (A–H) Phylogenetic relationships among bacterial and archaeal 16S rRNA phylotypes recovered from The Cedars springs. Tree topologies are sup-
ported by bootstrap values for 100 replicates and the values greater than 70 were indicated. Red font denotes The Cedars phylotypes, purple font denotes
phylotypes from other serpentinization sites, pink font denotes phylotypes from alkaline environments except for serpentinization sites, and green font
denotes cultured (isolated) strains from alkaline environments. ANME, anaerobic methanotroph.

Fig. S5
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