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Abstract
Microorganisms inhabiting sediment in close proximity to re-
charging basement outcrops are of interest because of the en-
hanced advective fluid flow in these locations, which is expected
to exert unique selective pressures on the resident microbial com-
munities. Here, Integrated Ocean Drilling Program (IODP) bore-
holes were used to access sediment microbial communities near
Grizzly Bare recharge seamount on the Juan de Fuca Ridge eastern
flank. The two locations examined in this study, Holes U1363G
and U1363B, are 50 and 177 m away from the center of the out-
crop, respectively. In general, small subunit ribosomal RNA gene
clones from all three domains of life were detected; these groups
were predominantly related to microorganisms known to reside
in marine sediment. A large fraction of environmental gene
clones recovered from Hole U1363B and U1363G sediment were
related to uncultivated, candidate phyla of Bacteria such as
BHI80-139, BRC1, JS1, OPB41, and TA06. Hole U1363B and
U1363G sediment clone libraries were generally dominated by
the domain Bacteria and particularly the phylum Chloroflexi,
which comprised approximately one-quarter of the total gene
clones identified. However, borehole sediment also contained sev-
eral archaeal lineages that were phylogenetically affiliated with
the Miscellanenous Crenarchaeotal Group. Eukaryotic fungi were
only detected within the interstitial water sample from Hole
U1363B. Finally, a minor portion of clones recovered from sedi-
ment in this study were also recovered from basement fluid sam-
ples previously characterized from Baby Bare discharge seamount
and Ocean Drilling Program and IODP borehole Circulation Obvi-
ation Retrofit Kit Observatories (CORKs) in Holes 1026B and
U1301A, which are ~50 km to the north-northeast.

Introduction
For more than two decades, Ocean Drilling Program (ODP) and
Integrated Ocean Drilling Program (IODP) expeditions to the east-
ern flank of the Juan de Fuca Ridge have been conducted for the
purpose of describing the hydrogeological, geochemical, and mi-
crobiological processes and properties within a young ridge flank
environment (e.g., Shipboard Scientific Party, 1992, 1997; Expedi-
tion 301 Scientists, 2005; Wheat et al., 2013; also see the “Expe-
dition 327 summary” chapter [Expedition 327 Scientists,
 doi:10.2204/iodp.proc.327.201.2013

mailto:jungbluth.sean@gmail.com


S.P. Jungbluth et al. Data report: microbial diversity in sediment
2011a]). Driven by lithospheric cooling of the ridge
flank, the porous and permeable igneous ocean base-
ment acts as a subsurface conduit for hydrothermal
fluid flow between exposed rocky outcrops (Wheat
et al., 2013). Although the nature of microbial life in
the sediment-covered basement is the focus of much
active research on the Juan de Fuca Ridge, the micro-
bial diversity within marine sediment is still poorly
cataloged, due in large part to the restriction of most
marine sediment diversity surveys to shallow depths
(<1 m) and continental margins (Orcutt et al.,
2011a).

Microbial diversity surveys on the Juan de Fuca
Ridge have focused at diffuse flow hydrothermal
vents at Axial Seamount (e.g., Lynch, 2000; Alain et
al., 2002; Pagé et al., 2004; Huber et al., 2006a, 2009;
Kaye et al., 2011; Meyer et al., 2013), high-tempera-
ture hydrothermal vents at Endeavor Segment (e.g.,
Wang et al., 2009a, 2009b; Zhou et al., 2009; Ander-
son et al., 2013), a hydrothermal mound located at
off-axis Cleft Segment (Davis et al., 2009), seafloor
basalt (Mason et al., 2007, 2009), sediment-buried
basement fluid (Cowen et al., 2003; Huber et al.,
2006b; Nakagawa et al., 2006; Jungbluth et al.,
2013), and sediment-buried rock (Orcutt et al.,
2011b; Smith et al., 2011; Lever et al., 2013). The
limited number of microbiological studies focused
on sediment of the Juan de Fuca Ridge have typically
not incorporated phylogenetic marker-based surveys
of community diversity such as small subunit ribo-
somal RNA (SSU rRNA) gene sequencing (e.g., Cragg
et al., 2000; Mather and Parkes, 2000; Engelen et al.,
2008); only studies focused on Cascadia margin
methane hydrate–bearing sediment have incorpo-
rated such an approach (e.g., Bidle et al., 1999; Mar-
chesi et al., 2001; Knittel et al., 2003; Inagaki et al.,
2006; Nunoura et al., 2008; Briggs et al., 2012). De-
scriptions of the phylogenetic and metabolic compo-
sition of microbial communities from other Juan de
Fuca Ridge sediment environments are important for
comprehensively investigating patterns in microbial
distribution and community evolution with respect
to gradients in the physical and chemical properties
of the system.

During IODP Expedition 327, five boreholes were
cored at Site U1363 (Fig. F1) (see the “Expedition
327 summary” chapter [Expedition 327 Scientists,
2011a]) adjacent to an exposed rocky seamount,
Grizzly Bare outcrop (Fig. F2) (see the “Site U1363”
chapter [Expedition 327 Scientists, 2011c]). Grizzly
Bare serves as a point of seawater recharge into the
igneous basement that is superimposed over basal
basement fluid flow likely originating predomi-
nantly from the unsedimented ridge flanks. Sedi-
ment in this area is composed of turbidites inter-
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spersed with hemipelagic clay, consistent with core
recovery from ODP and IODP boreholes at Sites 1026
and U1301 located >50 km to the north-northeast
(see the “Site U1363” chapter [Expedition 327 Scien-
tists, 2011c]). Three sample types were collected
from Holes U1363B and U1363G for the purpose of
investigating microbial community structure:

1. Raw uncompressed sediment samples,
2. Squeezed sediment (i.e., squeeze cakes), and
3. Interstitial water derived from the squeeze

cakes.

It is possible that the three sample types differ with
respect to their resident microbial community struc-
ture based on strength of attachment of individual
microbial lineages to sediment substrate. For exam-
ple, squeeze cakes may represent communities that
might be more tightly attached to the sediment,
whereas interstitial water derived from the squeeze
cakes may reflect a more loosely associated microbial
community. In this investigation, the variety of sam-
ples from Holes U1363B and U1363G (Fig. F2) (see
the “Site U1363” chapter [Expedition 327 Scientists,
2011c]) were investigated using SSU rRNA gene clon-
ing and sequencing.

Methods and materials
Sample collection and processing

Samples were cored and collected from Holes
U1363B and U1363G as described previously (see
the “Methods” chapter [Expedition 327 Scientists,
2011b]); the subset of samples analyzed in this
study is summarized in Table T1. Within the sample
name, H and X indicate the two different coring
methods that were employed: advanced piston
corer or extended core barrel, respectively. For pro-
cessing raw sediment samples, a sterile scoopula was
used to transfer up to 20 cm3 of raw sediment into a
50 mL Falcon tube. DNA lysis buffer (20 mM tris-
HCl, 2 mM EDTA, 1.2% Triton X-100, and 2% lyso-
zyme (w/v); pH 8) was added to just cover all of the
sample material (10–20 mL) and subsequently
stored at –80°C until further processing. In order to
sample sediment interstitial water, sediment cores
were pressed with 11 µm pore-size grade Number 1
Whatman filter paper (Whatman, Maidstone,
United Kingdom) in order to collect ~10 mL of fluid
that was subsequently filtered through a 0.1 µm
pore-size Supor membrane filter (Pall Corporation,
Port Washington, NY, USA) by a sterile 20 mL sy-
ringe. Sterile forceps were used to transfer the mem-
brane to a microcentrifuge tube, enough DNA lysis
buffer was added to cover the membrane (~2 mL),
and the sample was stored at –80°C until further
2
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processing. The pressed sediment cores, referred
hereafter as squeeze cake samples, were preserved
without addition of any buffers or reagents,
wrapped in foil, and stored at –80°C until further
processing.

DNA extraction
All samples were thawed to room temperature and
environmental DNA was extracted using the Power-
Max Soil DNA isolation kit (MO BIO Laboratories,
Carlsbad, CA, USA) following the manufacturer’s
protocol, with the following modifications (Mason
et al., 2010):

1. After the addition of solution C1, two 5 min in-
cubations at 65°C were performed with inter-
mittent vortexing.

2. Bead beating was performed in 50 mL Falcon
tubes using a Vortex Genie 2 benchtop vortexer
(Scientific Industries, Bohemia, NY, USA) and a
custom-made adapter for 1 h at maximum
speed.

3. Nucleic acids were eluted using ultrapure water.

Bead beating for a lesser time was not attempted,
and therefore some DNA shearing may have oc-
curred. Up to 10 g of sediment and squeeze cake
sample were used for nucleic acid extraction. For the
interstitial water sample, the entire filter and associ-
ated lysis buffer were added to the bead beating tube
and processed identically to other samples. Negative
DNA extractions consisting of only kit reagents were
processed in parallel to sediment and interstitial wa-
ter sample extractions.

Nucleic acids were concentrated as outlined in the
PowerMax Soil DNA isolation kit manual. Sodium
chloride was added to the eluted nucleic acid ex-
tracts to a final concentration of 0.2 M and mixed,
followed by the addition of 100% ethanol at a ratio
of 2:1 and further mixing. The mixture was centri-
fuged at 2500 × g for 30 min at room temperature.
The supernatant was decanted, and the resulting pel-
let was washed with 70% cold ethanol before evapo-
ration overnight in a sterile laminar flow hood. Fol-
lowing evaporation, nucleic acid pellets were
dissolved in ultrapure water and quantified by Pico-
green fluorometric assay (Quant-iT dsDNA kit, Invit-
rogen, Carlsbad, CA, USA).

SSU rRNA gene cloning and sequencing
Small subunit rRNA gene fragments were amplified
by polymerase chain reaction (PCR) using universal
oligonucleotide primers 519F (5’-CAGCMGCCGCG-
GTAATWC-3’) and 1406R (5’-ACGGGCGGTGTG-
TRC-3’) (Lane et al., 1985). Each 20 µL PCR reaction
contained 0.5 U of SpeedSTAR HS DNA polymerase
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(Takara Bio, Inc., Otsu, Shiga, Japan), 1× fast buffer I,
200 µM of each of the four deoxynucleoside triphos-
phate (dNTPs), 200 nM of both forward and reverse
primer, and ~0.5–4 ng of environmental DNA tem-
plate. PCR cycling conditions consisted of an initial
denaturation step at 95°C for 4 min followed by 25
cycles (Samples 1363B8X1_SC, 1363G1H2_SC,
1363G3H1_SC) or 34 cycles (Samples 1363B1H1_SC,
1363B1H1_RS, 1363B7X2_IW, extraction control) of
95°C denaturation for 30 s, 55°C annealing for 1
min, 72°C extension for 2 min, and a final extension
step at 72°C for 20 min. Amplification products of
the anticipated length were excised from an agarose
gel and subsequently purified using the QIAquick gel
extraction kit (Qiagen, Valencia, CA, USA). Products
were cloned using the TOPO TA cloning kit (Invitro-
gen) following the manufacturer’s instructions.
Clones were sequenced unidirectionally with primer
T7 on an ABI 3730XL DNA analyzer (Applied Biosys-
tems, Carlsbad, CA, USA).

Phylogenetic analysis
DNA sequences were trimmed of vector sequence
and manually curated using Sequencher version 5.1
(GeneCodes, Ann Arbor, MI, USA). Curated clone se-
quences were first aligned using the online SINA tool
version 1.2.11 (Pruesse et al., 2012) before importing
into the ARB software package (Ludwig et al., 2004;
Westram et al., 2011) for manual curation of the
multiple species alignment and taxonomic classifica-
tion using version SSURef_111 of the SILVA ARB da-
tabase (Pruesse et al., 2007; Prüsse et al., 2011).
Clone sequences released to GenBank after the re-
lease of ARB database SSURef_111 that were highly
related to clone sequences obtained in this study
were downloaded and included in the relevant phy-
logenetic analyses. Maximum likelihood phyloge-
netic analyses were performed by RAxML using the
GTR model of nucleotide substitution under the
gamma model of rate heterogeneity (Stamatakis,
2006). Bootstrap analyses for phylogenetic trees con-
taining large (>100 sequences; Chloroflexi and
MCG) were determined by RAxML using 1000 boot-
strap iterations by the CIPRES Science Gateway ver-
sion 3.3 (Miller et al., 2010). All other bootstrap anal-
yses were determined by RAxML using the rapid
bootstrap analysis algorithm (1000 bootstraps) im-
plemented within ARB (Stamatakis et al., 2008). All
sequences generated in this study have been depos-
ited in GenBank under accession numbers
KC990940–KC991019.

Microbial community analysis
Microbial community analyses were performed us-
ing sequences containing >700 unambiguously
3
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aligned nucleotides (132 of 140 sequences). The Uni-
Frac significance test (Lozupone et al., 2005) was
used to evaluate whether the microbial community
structure was different between sets of samples. A
maximum likelihood–based phylogenetic tree con-
taining all environmental sequences derived in this
study was evaluated using an online implementation
of the hypothesis testing approach (Lozupone et al.,
2006). Significant differences in community struc-
ture within pairs of samples were evaluated using
100 permutations of both the weighted and un-
weighted implementations of the UniFrac algorithm.
Bonferroni-corrected p-values are reported. Microbial
community α-diversity estimators, rarefaction
curves, and community relatedness were generated
or assessed using lane-masked clone sequences
grouped into operational taxonomic units (OTUs)
defined at 99% and 97% SSU rRNA gene sequence
similarity cut-off values using the average neighbor
clustering method as implemented by the mothur
software package (Schloss et al., 2009). Microbial
richness, evenness, and diversity were assessed by
the Chao1 richness estimator (Schao1; Chao, 1984),
Simpson evenness index (Esimpson; Simpson, 1949),
and the nonparametric Shannon diversity index
(Ĥshannon; Shannon, 1948), respectively, as imple-
mented in mothur (Schloss et al., 2009).

Results
Universal oligonucleotide primers were used to PCR
amplify, clone, and sequence SSU rRNA genes from
Grizzly Bare sediment samples collected from Holes
U1363B and U1363G in August to September 2010.
A total of 118 environmental gene clones were se-
quenced (Table T2):

• 22 from Sample 327-U1363B-1H-1, 0–10 cm,
squeeze cake (1363B1H1_SC);

• 19 from Sample 327-U1363B-1H-1, 130–140
cm, raw sediment (1363B1H1_RS);

• 23 from Sample 327-U1363B-7X-2, 125–145
cm, interstitial water (1363B7X2_IW);

• 19 from Sample 327-U1363B-8X-1, 130–150
cm, squeeze cake (1363B8X1_SC);

• 17 from Sample 327-U1363G-1H-2, 126–136
cm, squeeze cake (1363G1H2_SC); and

• 18 from Sample 327-U1363G-3H-1, 140–150
cm, squeeze cake (1363G3H1_SC).

In addition, 22 clones were sequenced from the ex-
traction control. The resulting microbial communi-
ties were analyzed using a variety of α-diversity cal-
culators and operational taxonomic units defined at
99% and 97% SSU rRNA gene sequence similarity
(Table T3). The Shannon diversity index and Chao1
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community diversity estimator indicated that Sam-
ples 1363B1H1_SC and 1363B8X1_SC had relatively
high microbial diversity. The interstitial water sam-
ple had the lowest diversity found within all envi-
ronmental samples, which may be expected because
of the low sample size and therefore the amount of
biomass likely contained within the interstitial water
sample. Microbial diversity was highest in raw and
pressed sediment, likely resulting from the larger
amount of starting material used for nucleic acid ex-
traction. The lowest diversity was found within the
extraction control. The Simpson’s evenness index re-
vealed that squeeze cake samples had low commu-
nity evenness. Microbial communities within the in-
terstitial water sample were more even, due in part to
putative microbial contamination, as explained be-
low. Rarefaction curves generated using the same op-
erational taxonomic unit definitions were for the
most part steeply sloping, indicating that the clone
libraries were undersampled (Fig. F3).

Both weighted and unweighted implementations of
the UniFrac distance metric were used to perform
microbial community structure comparisons among
samples grouped by borehole location (i.e., all Hole
U1363B samples versus all Hole U1363G samples)
and borehole depth (i.e., surface core [1H] versus
deep cores [3H, 7X, and 8X]); comparisons were also
performed using pairs of squeeze cake samples, a
squeeze cake sample versus raw sediment sample
from the same core section, and the interstitial water
sample versus extraction control pair (Table T4). Sig-
nificant differences in microbial community struc-
ture were observed between borehole locations when
compared using the unweighted version of UniFrac.
At both locations, surface samples had significantly
different microbial community structure than their
respective deep sediment samples. In pair-wise com-
parisons, individual squeeze cake sediment samples
from both locations and at a range of depths did not
significantly differ in microbial community structure
by either the weighted or unweighted UniFrac mea-
sure). Similar comparisons revealed no significant
differences between the squeeze cake sample and the
raw sediment sample collected from the same core.
Finally, microbial community structure in the sedi-
ment interstitial water sample was significantly dif-
ferent than the extraction control using the
weighted version of UniFrac but not using the un-
weighted algorithm.

The surface sediment samples analyzed from Hole
U1363B were collected from the 0.00–0.10 m (Sam-
ple 1363B1H1_SC) and 1.30–1.40 m (Sample
1363B1H1_RS) sections. Despite the small clone li-
brary size, five different phylogenetic groups were
shared between the two samples (Table T2). Candi-
4
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date bacterial phylum BHI80-139 was the most
abundant group detected in the Sample
1363B1H1_SC squeeze cake (5 of 22 clones), where it
was most closely related to gene clones recovered
from other samples described here and in marine
sediment worldwide (e.g., Reed et al., 2002; Inagaki
et al., 2006; Hoshino et al., 2011) (Fig. F4A). Candi-
date bacterial phylum JS1 formed the most abundant
group detected in the surface raw sediment Sample
1363B1H1_RS (7 of 19 clones), where it was also
most closely related to environmental gene clones
recovered from other samples described here and in
marine sediment worldwide (e.g., Li et al., 1999;
Newberry et al., 2004; Briggs et al., 2011) (Fig. F4B).
Uncultivated lineages within the bacterial phylum
Chloroflexi were detected in surface sediment sam-
ples in relatively high abundance (Table T2); specifi-
cally, the vadinBA26 lineage was the most common
group detected. Similar to the other groups men-
tioned above, highly related gene clones were de-
tected in other samples described herein, as well as
in marine sediment worldwide (e.g., Takeuchi et al.,
2009; Durbin and Teske, 2011) (Fig. F5). Other less
abundant clone groups recovered from Hole U1363B
surface sediment include members of both the ar-
chaeal Miscellaneous Crenarchaeotal Group (MCG)
and bacterial phyla Planctomycetes and Proteobacte-
ria (Table T2; Fig. F6).

Sediment samples analyzed from Hole U1363B origi-
nated from deeper (and older) horizons that were 8–
12 m above the sediment/basement interface and
consisted of interstitial water collected from the
45.25–45.45 m section (Sample 1363B7X2_IW) and a
sediment squeeze cake collected from the 48.80–
49.00 m section (Sample 1363B8X1_SC). Candidate
bacterial phylum BHI80-139 was the only group
shared between the two samples (two clones from
each library), where it formed two distinct lineages
(Fig. F4A). The most abundant gene clone group
identified from the interstitial water sample (11 of 23
clones) was highly related to the overwhelmingly
dominant Firmicutes gene clone detected within the
extraction control (21 of 22 clones), indicating that
this group of sequences likely results from contami-
nation; this is probably a reflection of the low
amount of biomass obtained from this interstitial
pore sample. Another abundant clone group from
interstitial water (4 of 23 clones) was phylogeneti-
cally affiliated with the Salinimicrobium lineage of
the phylum Bacteroidetes (Fig. F7A) and closely re-
lated to cultivated groups recovered from marine
sediment (e.g., Ying et al., 2007) and terrestrial saline
soil (e.g., Lim et al., 2008). These isolates are both
aerobic and anaerobic heterotrophs. Another abun-
dant group in interstitial water (4 of 23 clones) was
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phylogenetically related to the Trichocomaceae lin-
eage of eukaryotic Fungi (Fig. F7B) and closely re-
lated to a fungus isolated from a saltern in China
(GenBank acc. no. AY173080). The most abundant
gene clone group identified from the deep squeeze
cake sample from Hole U1363B (4 of 19 clones) was
phylogenetically affiliated with archaeal lineage
MCG-2, which is an uncultivated group of Archaea
closely related to gene clones recovered from marine
sediment (e.g., Colwell et al., 2005) (Fig. F6). An-
other abundant gene clone group recovered from the
squeeze cake sample was related to the vadin26 lin-
eage of Chloroflexi described above (Fig. F5). Other
less abundant clone groups recovered from Hole
U1363B deep sediment include members of the bac-
terial phyla Chloroflexi and Planctomycetes, and
candidate phyla BRC1, JS1, and OPB41 (Table T2;
Figs. F4B, F5, F8A, F8B).

Squeeze cake sediment samples analyzed from Hole
U1363G were collected from the 2.76–2.87 m section
near the surface (Sample 1363G1H2_SC) and from a
deeper horizon ~10 m above the sediment/basement
interface within the 17.40–17.50 m section (Sample
1363G3H1_SC). Similar to the samples described
above, candidate bacterial phyla BHI80-139 and JS1
and lineages within the phylum Chloroflexi (i.e., Na-
poli-4B-65, Sh765B-AG-111, and vadinBA26) were
shared between these samples, and all groups were
phylogenetically related to gene clones that have
previously been identified from marine sediment
(e.g., Li et al., 1999; Reed et al., 2002; Newberry et
al., 2004; Inagaki et al., 2006; Takeuchi et al., 2009;
Briggs et al., 2011; Durbin and Teske, 2011; Hoshino
et al., 2011). Candidate bacterial phylum JS1 formed
the most abundant group detected (3 of 17 clones) in
the near-surface squeeze cake sample from Hole
U1363G (Fig. F4B), whereas the most abundant
groups detected in the deeper squeeze cake sample
were candidate bacterial phyla BHI80-139 and
OPB41 (4 of 18 clones) (Table T2). Other less abun-
dant clone groups recovered from Hole U1363G
near-surface and deep sediment include members of
both the MCG and bacterial phyla Chloroflexi,
Planctomycetes, and Proteobacteria and candidate
phylum TA06 (Figs. F5, F6, F8C).

OTUs generated using similarity cut-off values of
97% and 99% were used to generate gene clone clus-
ters, which were used to also compare overlap be-
tween microbial communities (Figs. F9, F10, F11).
Squeeze cakes and raw sediment shared an OTU clus-
ter within the candidate phylum JS1 and multiple
clusters within the candidate phylum BHI80-139 in
most comparisons performed, indicating the poten-
tial widespread distribution of these groups within
Grizzly Bare sediment. The single interstitial water
5
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sample from Hole U1363B shared one OTU cluster in
common with the extraction control, which is re-
lated to the Tumebacillus lineage of Firmicutes. How-
ever, a majority of OTUs observed in the interstitial
water sample were not found in the extraction con-
trol (Fig. F11C, F11D). In most comparisons, a ma-
jority of observed OTUs were unique to individual
samples (Figs. F9, F10, F11).

A small subset of the gene clones identified in the
samples characterized here have also been recovered
from ridge flank fluids (Cowen et al., 2003; Huber et
al., 2006b; Jungbluth et al., 2013). Environmental
gene clones phylogenetically related to the
vadinBA26 lineage of Chloroflexi and candidate bac-
terial phyla BHI80-139, OPB41, and TA06 have previ-
ously been detected from Baby Bare fluid samples
(Huber et al., 2006b) (Figs. F4A, F5, F8B, F8C). In ad-
dition, lineage MCG-1 contained gene clones phylo-
genetically related to clones detected at Baby Bare
Seamount, whereas lineages MCG-3 and MCG-8
contained clones phylogenetically related to others
recovered from Hole U1301A ridge flank fluid (Jung-
bluth et al., 2013) and Baby Bare Seamount fluid
(MCG-8; Huber et al., 2006b) (Fig. F6). Seven MCG
lineages recovered from CORK-derived crustal fluid
previously (Cowen et al., 2003; Huber et al., 2006b;
Nakagawa et al., 2006; Orcutt et al., 2011b; Jung-
bluth et al., 2013) were not recovered from Grizzly
Bare sediment in this study. Notably absent was the
abundant MCG-12 (also known as lineage 1026B52)
group detected in Hole 1026B (Cowen et al., 2003)
and Hole U1301A fluid (Jungbluth et al., 2013) and
rock chips (Orcutt et al., 2011b) (Fig. F6).
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F1. A. Site locations, Integrated Ocean Drilling Program (IODP) Expedition 327. Site U1363 is adjacent
to a large basement outcrop ~52 km south-southwest of the dashed line that denotes Ocean Drilling Program
(ODP) Leg 168 (Shipboard Scientific Party, 1997). The yellow box indicates the location of B (modified from
Expedition 327 Scientists, 2011a). B. Regional bathymetry of Expedition 327 and previous expedition sites and
basement outcrops. Thermal and chemical data suggest hydrothermal fluids recharge at Grizzly Bare outcrop
and flow north-northeast (white arrow). The yellow box indicates the location of C (modified from Expedition
327 Scientists, 2011a). C. Bathymetry around Grizzly Bare outcrop and Site U1363. Black lines indicate tracks
of reflection seismic lines around Hole U1363B collected during the 2000 ImageFlux expedition (Zühlsdorff et
al., 2005; Hutnak et al., 2006). Part of Line GeoB00-170 (red line) is shown in Figure F2A (modified from Expe-
dition 327 Scientists, 2011c).
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F2. A. Three-dimensional perspective views of basement relief around Site U1363 adjacent to Grizzly
Bare outcrop. Bathymetry based on digitization of seismic lines across work areas (data from Rosenberger et al.,
2000; Zühlsdorff et al., 2005; Hutnak et al., 2006). Relief is shown as two-way traveltime, with no conversion
to sediment thickness or depth. Part of Line GeoB00-170 (as shown in Figure F1C) is overlaid here to approx-
imate sediment thickness (modified from Expedition 327 Scientists, 2011a). B. Seismic Line GeoB00-170 across
Holes U1363A–U1363G. The sediment/basalt interface is clearly visible, but internal structure of the Grizzly
Bare edifice is less resolved. Blue boxes indicate the locations of Holes U1363G and U1363B, which are shown
in C (modified from Expedition 327 Scientists, 2011c). (Continued on next page.)
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F2 (continued). C. Lithostratigraphy of Holes U1363G (left) and U1363B (right). Core recovery: black
= recovered, white = not recovered. Red lines indicate locations of samples within the sediment column (mod-
ified from Expedition 327 Scientists, 2011c).
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F3. Rarefaction curves displaying the number of operational taxonomic units (OTUs) observed given
the sequencing effort for Grizzly Bare sediment samples, Holes U1363B and U1363G. Data clustered at either
99% or 97% similarity cut-off values.
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F4. Phylogenetic relationships of Grizzly Bare sediment gene clones related to (A) candidate bacterial
phylum BHI80-139 and (B) candidate bacterial phylum JS1. Lineage in blue text was previously recovered from
Juan de Fuca Ridge flank Baby Bare fluids (Huber et al., 2006b). Cultivated Dictyoglomaceae and Thermoan-
aerobacteraceae in A and cultivated Halanaerobiaceae in B were used as outgroups (not shown). Open circles
indicate nodes with bootstrap support between 50% and 80%, whereas solid circles indicate bootstrap support
>80%, from 1000 replicates. Gene clones recovered in this study are highlighted in bold; the fractional abun-
dance of identical clones recovered from the sample is listed in parentheses. Scale bars correspond to 0.1 sub-
stitutions per nucleotide position. (Continued on next page.)
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F4 (continued).
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F5. Phylogenetic relationships of Grizzly Bare sediment small subunit ribosomal RNA gene clones re-
lated to the bacterial phylum Chloroflexi. Lineage in blue text was previously recovered from Juan de Fuca
Ridge flank Baby Bare fluids (Huber et al., 2006b). Cultivated Actinobacteria were used as an outgroup. See
Figure F4 for symbol definitions and other information.
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S.P. Jungbluth et al. Data report: microbial diversity in sediment
Figure F6. Phylogenetic relationships of Grizzly Bare sediment small subunit ribosomal RNA gene clones re-
lated to the Miscellaneous Crenarchaeotal Group. Group names are consistent with the previous naming
scheme outline (Kubo et al., 2012). Blue outlines and text indicate lineages previously recovered from the Juan
de Fuca Ridge flank basement environment (Cowen et al., 2003; Huber et al., 2006b, Nakagawa et al., 2006;
Orcutt et al., 2011b; Jungbluth et al., 2013). Cultivated Crenarchaeota were used as an outgroup. See Figure F4
for symbol definitions and other information.
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Figure F7. Phylogenetic relationships of Grizzly Bare sediment small subunit ribosomal RNA gene clones re-
lated to (A) the Salinimicrobium lineage within the bacterial phylum Bacteroidetes and (B) the Trichocomaceae
lineage of eukaryotic Fungi. Cultivated members of the Bacteroidetes in A and Fungi in B were used as outgoups
(data not shown). Scale bars correspond to (A) 0.1 and (B) 0.01 substitutions per nucleotide position. See Figure
F4 for symbol definitions and other information.
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U1363B-7X-2-IW05 (4 of 23)
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Figure F8. Phylogenetic relationships of Grizzly Bare sediment small subunit ribosomal RNA gene clones re-
lated to the candidate bacterial phyla (A) BRC1, (B) OPB41, and (C) TA06. Lineages in blue text are related to
candidate bacterial phyla OPB41 and TA06 and were previously recovered from Juan de Fuca Ridge flank Baby
Bare fluids (Huber et al., 2006b). Cultivated Thermus and Deinococcus in A, a variety of cultivated Bacteria in B,
and cultivated Caldithrix in C were used as outgoups (data not shown). See Figure F4 for symbol definitions and
other information. (Continued on next page.)
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Figure F8 (continued).
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Figure F9. Microbial community relatedness between Hole U1363B sediment or fluid-derived small subunit ri-
bosomal RNA (SSU rRNA) gene clones from each individual sample collected clustered in to operational taxo-
nomic units (OTUs) at (A) 99% or (B) 97% similarity cut-off values. Hole U1363G sediment-derived SSU rRNA
gene clones from both samples clustered in to OTUs at (C) 99% or (D) 97%.
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Figure F10. Microbial community relatedness between Hole U1363B and U1363G shallow sediment–derived
small subunit ribosomal RNA (SSU rRNA) gene clones from each individual sample collected clustered into op-
erational taxonomic units (OTUs) at (A) 99% or (B) 97% similarity cut-off values. Hole U1363B and U1363G
deep sediment–derived SSU rRNA gene clones from each individual sample clustered in to OTUs at (C) 99% or
(D) 97% similarity cut-off values.
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Figure F11. Microbial community relatedness between Hole U1363B and U1363G squeeze cake–derived small
subunit ribosomal RNA (SSU rRNA) gene clones from each individual sample clustered in to operational taxo-
nomic units (OTUs) at (A) 99% or (B) 97% similarity cut-off values. Hole U1363B interstitial water and ex-
traction control–derived SSU rRNA gene clones from both samples clustered in to OTUs at (C) 99% or (D) 97%
similarity cut-off values.

OTUs: 99% similarity

4 1

U1363B-7X-2-IW Extraction Control

1

OTUs: 97% similarity

3 0

U1363B-7X-2-IW Extraction Control

2

OTUs: 99% similarity

12

U1363B-1H-1-SC

0

7

U1363B-8X-1-SC

3

4

U1363G-1H-2-SC

2

8

U1363G-3H-1-SC

0 1

0

0

00

1

2

OTUs: 97% similarity

7

U1363B-1H-1-SC

1

4

U1363B-8X-1-SC

2

2

U1363G-1H-2-SC
2

4

U1363G-3H-1-SC

0 1

0

0

11

2

2

A B

C D
Proc. IODP | Volume 327 23
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Table T1. Analyzed samples, Holes U1363B and U1363G.

Basement depths of 57.0 and 17.0 mbsf were used for Holes U1363B and U1363G, respectively (Expedition 327 Scientists, 2011b). Total DNA
recovered from control was 5.2 ng. Most of Core 327-U1363G-3H is flow-in (Expedition 327 Scientists, 2011b).

Core, section
interval (cm)

IODP sample 
identifier

Absolute depth 
(mbsf)

Distance from 
basement (m) Sample type

Total DNA 
recovered 

(ng) Clone prefix

327-U1363B-
1H-1, 0–10 CAKE2410281 0.00–0.10 17.00–16.90 Squeeze cake 153.3 1363B1H1_SC
1H-1, 130–140 OTHR2409681 1.30–1.40 15.70–15.60 Sediment 359.8 1363B1H1_RS
7X-2, 125–145 LIQ2412791 45.25–45.45 11.75–11.55 Interstitial pore water 8.9 1363B7X2_IW
8X-1, 130–150 CAKE2414001 48.80–49.00 8.20–8.00 Squeeze cake 128.3 1363B8X1_SC

327-U1363G-
1H-2, 126–136 CAKE2425971 2.76–2.86 14.24–14.14 Squeeze cake 46.6 1363G1H2_SC
3H-1, 140–150 CAKE2428901 17.40–17.50 <1 Squeeze cake 295.6 1363G3H1_SC
Proc. IODP | Volume 327 24
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 sediment samples, Holes U1363B and

Representative clones

363B1H1_SC02, 1363B1H1_RS13, 1363G1H2_SC01
363B1H1_SC13, 1363B8X1_SC01, 1363G1H2_SC03
363B1H1_SC12, 1363G1H2_SC12
363B1H1_SC16
363B1H1_RS08, 1363G1H2_SC15

363B7X2_IW20

363B7X2_IW13
363B1H1_SC01, 1363B1H1_SC05, 1363B1H1_SC08, 
1363B1H1_SC14, 1363B1H1_RS01, 1363B1H1_RS18, 
1363B7X2_IW18, 1363B8X1_SC03, 1363B8X1_SC12, 
1363G1H2_SC06, 1363G1H2_SC17, 1363G3H1_SC06, 
1363G3H1_SC14, 1363G3H1_SC17
363B8X1_SC06

363G1H2_SC02
363B1H1_SC15
363B1H1_SC10
363B1H1_RS12
363B1H1_SC17, 1363B8X1_SC14
363B8X1_SC17, 1363G1H2_SC11, 1363G1H2_SC13, 
1363G3H1_SC15
363B8X1_SC13, 1363G3H1_SC04
363B1H1_SC20, 1363B1H1_RS02, 1363B8X1_SC11, 
1363G1H2_SC04, 1363G1H2_SC09, 1363G3H1_SC12
363B1H1_SC09, 1363B1H1_SC19, 1363B1H1_SC21, 
1363B1H1_RS06, 1363B1H1_RS17, 1363B8X1_SC02, 
1363B8X1_SC09, 1363B8X1_SC18, 1363G1H2_SC08, 
1363G3H1_SC11

363B7X2_IW07, 
ontrolExtract09-17
363B1H1_SC06, 1363B1H1_SC22, 1363B1H1_RS09, 
1363B1H1_RS19, 1363B8X1_SC15, 1363G1H2_SC10, 
1363G1H2_SC14, 1363G3H1_SC01, 1363G3H1_SC03
363B8X1_SC05, 1363G3H1_SC09

363B1H1_SC03
363G3H1_SC13
Table T2. Abundance and identity of small subunit ribosomal RNA gene clones recovered from Grizzly Bare
U1363G. (Continued on next page.)

Phylogenetic affiliation
1363B1H1_SC

(n = 22)
1363B1H1_RS

(n = 19)
1363B7X2_IW

(n = 23)
1363B8X1_SC

(n = 19)
1363G1H2_SC

(n = 17)
1363G3H1_SC

(n = 18)

Extraction 
control
(n = 22)

Archaea
Crenarchaeota

Miscellaneous Crenarchaeotal 
Group (Fig. F6)
MCG-1 1 1 0 0 1 0 0 1
MCG-2 1 0 0 4 2 0 0 1
MCG-3 1 0 0 0 2 0 0 1
MCG-8 1 0 0 0 0 0 0 1
MCG-17 0 1 0 0 1 0 0 1

Bacteria
Actinobacteria

Propionibacterium 0 0 2 0 0 0 0 1
Bacteroidetes

Salinimicrobium (Fig. F7) 0 0 4 0 0 0 0 1
Candidate phylum BHI80-139 

(Fig. F4)
5 3 2 2 2 4 0 1

Candidate phylum BRC1
(Fig. F8)

0 0 0 1 0 0 0 1

Chloroflexi (Fig. F5)
Anaerolineaceae 0 0 0 0 1 0 0 1
Caldilineaceae 1 0 0 0 0 0 0 1
FS117-23B-02 1 0 0 0 0 0 0 1
GIF9 0 1 0 0 0 0 0 1
MSB-5B2 1 0 0 1 0 0 0 1
Napoli-4B-65 0 0 0 1 2 1 0 1

S085 0 0 0 1 0 1 0 1
Sh765B-AG-111 1 2 0 1 2 1 0 1

vadinBA26 3 3 0 3 1 1 0 1

Firmicutes
Tumebacillus 0 0 11 0 0 0 21 1

C
Candidate phylum JS1 (Fig. F4) 3 7 0 1 3 2 0 1

Candidate phylum OPB41
(Fig. F8)

0 0 0 2 0 4 0 1

Planctomycetes
Brocadiaceae 1 0 0 0 0 0 0 1
CCM11a 0 0 0 0 0 1 0 1
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se release 111. However, in some cases manual phylogenetic assignment was required because the SILVA taxonomy was
 gene clone derived from the group.

0 1 0 0 0 1363B8X1_SC04
0 0 0 0 0 1363B1H1_SC07

0 0 0 0 0 1363B1H1_RS07

0 0 0 0 0 1363B1H1_SC04
0 0 0 1 0 1363G3H1_SC08
0 0 0 1 0 1363G3H1_SC05
0 0 0 1 0 1363G3H1_SC18

0 0 0 0 1 ControlExtract09-13
4 0 0 0 0 1363B7X2_IW05

B7X2_IW
 = 23)

1363B8X1_SC
(n = 19)

1363G1H2_SC
(n = 17)

1363G3H1_SC
(n = 18)

Extraction 
control
(n = 22) Representative clones
Phylogenetic affiliations were determined using SILVA SSU databa
inconsistent. In these instances, lineages were named after the first

MSBL9 0 0
Pla3 lineage 1 0

Proteobacteria
Alphaproteobacteria

Rhodobium 0 1
Deltaproteobacteria

Desulfarculaceae 1 0
Nitrospinaceae 0 0
SEEP-SRB1 0 0

Candidate phylum TA06
(Fig. F8)

0 0

Eukaryotes
Fungi

Dothideomycetidae 0 0
Trichocomaceae (Fig. F7) 0 0

Phylogenetic affiliation
1363B1H1_SC

(n = 22)
1363B1H1_RS

(n = 19)
1363

(n

Table T2 (continued).
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Table T3. Microbial richness and evenness in Grizzly Bare sediment samples, Holes U1363B and U1363G.

OTU = operational taxonomic unit.

Table T4. Summary of microbial community structure comparisons, Hole U1363B and U1363G.

Measure
Similarity 

cutoff 1363B1H1_SC 1363B1H1_RS 1363B7X2_IW 1363B8X1_SC 1363G1H2_SC 1363G3H1_SC
Extraction 

control 

Number of sequenced 
clones

21 19 23 17 14 17 21

Observed OTUs 99% 18 10 5 13 11 12 2
97% 15 9 5 13 11 10 2

Estimated OTUs (Chao1)
99% 78 14 5 41 18 24 2
97% 33 12 5 41 18 15 2

Simpson’s evenness index
99% 0.02 0.14 0.27 0.05 0.03 0.06 0.90
97% 0.04 0.15 0.27 0.05 0.03 0.08 0.90

Shannon diversity index
99% 4.26 2.53 1.45 3.47 3.29 3.15 0.31
97% 3.39 2.33 1.45 3.47 3.29 2.66 0.31

Significance of UniFrac 
metric (corrected p-value)

Comparison Weighted Unweighted

1363B × 1363G 0.14 ≤0.01

Surface × deep ≤0.01 ≤0.01

1363B1H1_SC × 1363B8X1_SC 1.00 1.00
1363B1H1_SC × 1363G1H2_SC 1.00 1.00
1363B1H1_SC × 1363G3H1_SC 0.96 0.06
1363B8X1_SC × 1363G1H2_SC 1.00 1.00
1363B8X1_SC × 1363G3H1_SC 0.66 0.60
1363G1H2_SC × 1363G3H1_SC 0.06 0.06

1363B1H1_SC × 1363B1H1_RS 0.87 0.80

1363B7X2_IW × extraction control 0.02 <0.01
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