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Supplementary Materials
Flux calculations

Fluxes were calculated using Fick’s first law of diffusion: J = @ x Ds x 0[02])/z

Where, J is the flux; ¢ is the measured sediment porosity; D;is sedimentary diffusion coefficient
for solutes (m? yr'!) calculated using the R package marelac '; z is the sediment depth below the
seafloor (m); and 5[O]/dz equals the change in solute concentration gradient (mmol m™), which

were calculated from the nearby three data points.

Quantitative PCR (qPCR)

All gPCR assays were performed on a StepOnePlus real-time PCR platform (Life Technologies,
Carlsbad, CA, USA) using the QuantiTect SybrGreen PCR kit (QIAGEN). Each reaction (20 pl)
contained 1x QuantiTech SybrGreen PCR master mixture, 0.5 uM forward and reverse primer
and 1 pl DNA template. For all qPCR assays, product specificity was verified via dissociation
curves, and multiple blanks were included in each run (none of which amplified). Detection limit
was 10 gene copies per reaction. Quantification efficiency was estimated to 85-98% and all »
values were above 99%. Samples and standards were analyzed in triplicate. Results were

normalized to copy numbers per gram wet sediment (copies g™ ws) for all genes analyzed.

Standard curves for archaeal 16S rRNA and AOA amoA genes were obtained using the AOA
fosmid 54d9 2. For bacterial 16S rRNA genes, the standard used was genomic DNA obtained
from Escherichia coli. For the reminding genes, PCR amplicons were obtained using

environmental DNA as template using primers and thermal conditions identical to those used in



the PCR screening. Environmental DNA used for standard preparation was obtained from the
following locations: AOB amoA, NOB nxrB, and denitrifier narG genes from North Pond
sediment (site 4A, section 1H-1), nirS and nirK from Arctic permafrost soil (Courtesy of Dr.
Antje Gittle). Resulting amplicons were cloned using the StrataClone PCR Cloning Kit (Agilent
Technologies, USA) according to the manufacturer’s instructions. Positive clones were amplified
using the vector primers M13F/M13R, to generate linear qPCR standards. All standard DNA
concentrations were measured using Bio-analyzer (DNA 1000 chips, Agilent Technologies) and

serial diluted to 10-10° copies ul! for subsequent quantification.

Preparation of Amplicon libraries

The amplification of 16S rRNA genes was performed in duplicate reactions using the primers
UniS19F (5’-CAGCMGCCGCGGTAA-3’) and 1392R (5’-ACGGGCGGTGWGTRC-3’) for
samples from 4A, and Uni519F and 806R (5’-GACTACHVGGGTATCTAATCC-3’) for 3E.
Each reaction (25 pl) contained the following: 1x HotStar Taq® Master Mix (Qiagen, Hilden,
Germany), 1.2 uM of each primer and 2 pl template DNA. PCR thermal condition was as follows:
95 °C for 5 min in the initial denaturation and polymerase activation, followed by 25-33 cycles of
95 °C for 30 s, 58 °C for 45 s, 72 °C for 1 min, and a final elongation of 72 °C for 10 min. The
PCR cycle number at this stage was optimized individually for each sample in order to minimize
PCR bias (Table S4). The duplicate PCR products were then pooled and purified using GenElute
PCR Clean-up kit (Sigma-Aldridge). In order to add the adaptor sequences, a second-round
duplicate PCR was performed (7 cycles) under the same thermal condition with the same primers
as the first-round PCR but elongated with adapters and the forward primer containing a 12-bp
error-correcting barcode unique to each sample ®. Resulting amplicons were purified again, using
AMPure XP (Beckman Coulter) following the manufacturer’s protocol (bead-to-sample ratio
7:10) and the concentration and quality were controlled by 1% agarose gel inspection, Quantus
Fluorometer (Promega) and Bio-analyzer (DNA 1000 chips, Agilent Technologies). All purified
amplicons were pooled in a 1:1 ratio based on DNA concentration and sequenced using multiplex
GS FLX plus pyrosequencing (flow pattern A) for the samples in 4A, and using lon Torrent
Personal Genome Machine (PGM) (Life Technology, USA) for the samples in 3E.

Filtering and noise removal from amplicon sequencing data
The quality filtering and clustering of reads were performed using the USEARCH and UPARSE
packages *°. Firstly, reads in each sample were quality filtered and trimmed to 220 bp using the

'-fastq_filter' command using options '-fastq trunclen 220" and '-fastq maxee 1'. Chimeric



sequences were detected and removed with the -uchime ref command using the Gold database
as reference (available from ‘http://drive5.com/uchime/gold’). A total of 780,489 sequences from
site 3E and 179,693 sequences from 4A were available for further down-stream analysis after
initial filtering.

De novo OTU clustering was performed at a cutoff of 97% nucleotide sequence similarity using
the ’-cluster otus’ command in UPARSE. Potential contaminants (i.e. OTUs detected in the drill
mud, fluorescent microsphere bag, and blank kit extractions) in the datasets were removed using
the strategy described in . Taxonomic classification of OTUs was performed using the program
CREST with the SilvaMod reference database 7, applying the Lowest Common Ancestor
algorithm. All samples were down sampled to 1,000 reads prior to diversity (richness) comparison

between samples (Fig. 4a, c).

Clustering analysis
The similarity of samples of different depths in each core were calculated in the R package Vegan
8 using the Bray-Curtis distance, based on the relative abundances of OTUs, and visualized using

the R package dendextend °.

Reconstruction of phylogenetic trees

To verify the taxonomy of the OTUs of putative AOB and NOB, OTUs from each functional
group were aligned in MAFFT !0, along with the 16S rRNA gene sequences of cultured species
and their closest relatives from the NCBI database. Maximum-likelihood phylogenetic trees were
reconstructed using RAXML !, by applying the Generalized Time-Reversible model and the
gamma approximation as the rate heterogeneity model (GTRGAMMA). Support values were

determined using 100 non-parametric bootstrap replicates (Fig. S5a, b).

Reaction-Transport modeling

The model simulations assume that the geochemical profiles, including all implicit reactive
intermediates, are near steady state. It includes the effects of compaction via an exponentially
decreasing porosity equation, and biologically induced mixing via diffusive (bioturbation) and
nonlocal (bioirrigation) transport terms, however the latter two can be disregarded in this study.
Organic matter is assumed to consist of a continuum of reactive components (the reactive
continuum model '?). Aerobic respiration (R1) was considered as the most favorable pathway of
organic matter consumption. The inhibition concentration of O for heterotrophic denitrification

(h1) was set to vary over a wide range (from 10 nM to 50 uM). Organic matter degradation



coupled to manganese oxide reduction (R3) was inhibited by denitrification. The two secondary
reactions, namely nitrification (R4) denotes the complete oxidation of NH4" to NOj3", and Mn
oxidation (Rs), was represented through bimolecular kinetics. The five reactions between the six
species are listed in the Supplementary Table S7. The C/N stoichiometry of the degraded organic
matter was assumed to be similar to previous reports from the shallow sediment (~10; Ziebis, et
al. 13). The boundary conditions at the sediment-water interface (SWI) and sediment-basement
interface (SBI) were taken from previous reports !*!4 (Table S2). The model parameters (Table
S3) were evaluated and optimized by comparing the model results to the measured profiles of

organic matter, oxygen, and nitrate.

Cell-specific reaction rates calculation

Cells-specific reaction rates were calculated for aerobic heterotrophs, nitrifiers, and denitrifiers,
by diving the estimated bulk volumetric reaction rates by the corresponding abundances of the
relevant functional genes quantified by qPCR.

This calculation was made under the following two critical assumptions: 1) the functional gene
abundance represents the quantity of intact cells; and 2) all cells are equally active and differences
in kinetics due to variation in substrate availability at different depths are negligible. While it is
difficult to validate these assumptions, we note that the oxic nature of the environment makes it
unlikely that extracellular DNA will persist over longer periods of time. We also note that the
narrow range of substrate concentration and extremely low diversity of microbial communities,
e.g. one Nitrosopumilales OTU detected in most of the deeper horizons at 4A, legitimate
comparable metabolic kinetics between nitrifying cells, as also justified by Jergensen and
Marshall 3.

The abundance of nitrifiers, for each depth, was taken as the sum of AOA and AOB amoA gene
copies. The number of narG gene copies represented denitrifier abundances. While this gene is
also involved in the first step in the DNRA process, the lack of any apparent DNRA utilizes in
the community profile and the unsuccessful detection of the diagnostic gene nrf4, catalyzing the
second step lead us to argue that our assumption is reasonable. Aerobic heterotrophs were
represented by the total cell abundances (archaeal + bacterial 16S rRNA gene copies) and
subtracting the putative autotrophic nitrifiers (AOA, AOB, and NOB). Although this might still
overestimate the abundance of heterotrophic cells, the bias inflicted by this assumption is likely
to be less than one order of magnitude. It is also worth noting that the bulk oxygen respiration
rates reported here only account for the part consumed by aerobic organic matter degradation i.e.

it does not include the oxygen consumption by nitrification. We also include a calculation of the



cell specific oxygen consumption, which have been corrected for potential differences in gene
copy numbers (assuming one copy for Archaea and 3 for Bacteria) and is displayed in Fig. S3.
All cell-specific rates were normalized to femtomoles of electrons (e7) transferred per cell per
day, assuming that six electrons are accepted by oxidizing a molecule of NH4* to NO,, five
electrons are donated to denitrifiers during reduction of NO3™ to N». In addition, four electrons are
accepted by reducing a molecule of O, following ref. 'S,

Cell-specific rates of nitrifiers were translated into cell-specific carbon metabolic rates (in unit of
g C (g C)! h'"), assuming that one mole carbon is fixed at the expense of 10 mole of ammonium

oxidized 718, and that each cell on average weights 14 fg.

Supporting Figures
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Fig. S1. Organic carbon content. Circles represent measured values of organic carbon in gravity core GeoB13507
from North Pond !*, while lines denote the simulated values in the sediments from site 3E (A) and 4A (B).
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Fig. S2. Simulated geochemical profiles. Showing oxygen (A, C) and nitrate (B, D) when different inhibition
concentrations of Oz were used. Circles are measured values and lines represent the simulated values with different
inhibition concentrations of O2(0.01 — 50 pM) while all other parameters were kept constant.
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Fig. S3. Cell specific reaction rates. Estimated cell specific reaction rates at site 3E (A) and 4A (B) for nitrification
(yellow and red at site 3E and 4A, respectively), bulk oxygen consumption (black) and denitrification (grey). In
addition bulk oxygen respiration estimates from the North Pacific Gyre (NPG) (Ray et al., 2012) is added (purple)
along with a power-law trend-line for this data (solid line). Further, bulk oxygen respiration estimates from the South
Pacific Gyre (SPG) (D'Hondt et al., 2015) are implemented (green circles) and the upper and lower boundary for
this dataset is highlighted (vertical dashed lines). Note that cell specific oxygen respiration values are corrected for
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multiple 16S rRNA copies per genome as opposed to that displayed in Fig. 1.
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Fig. S4. Cluster analysis of total community structure. Bray-Curtis dissimilarity distances based on the relative
abundance of each OTU at site 3E (A) and 4A (B). Different colors identify significant clustering (p = 0.05). Number
at end of branches is depth in meters below seafloor. Dashed lines represent distinct branches. Oxygen regimes are
indicated after each branch and divided into an upper and lower oxic zone, the anoxic zone, the oxic-anoxic transition

zone (OATZ) and the anoxic-oxic transition zone (AOTZ).
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LK056579 Benguela upwelling station GeoB12815 clone R15MA027
JX227492 Clarion-Clipperton Fracture Zone surface sediment clone SCB20
AM997379 south Atlantic surface sediment clone Ucm1551
NP sediment OTU 535
100 NP sediment OTU 913
AB974117 East China Sea sediment clone E12D080E49
269125 marine sediment clone EnvC2-23
AJ005545 Nitrosospira sp. F3 Nitrosospira
M96396 Nitrosospira briensis
AB070984 Nitrosospira multiformis
NR 074736 Nitrosospira multiformis strain ATCC 25196
AF359341 Nitrosospira sp. TCH719
NP sediment OTU 1028
AJ012106 Nitrosospira sp. Ka4
AY 123806 Nitrosospira sp. Ka3
KC477402 Nitrosospira lacus
50 EF016119 Nitrosomonas oligotropha AS1
NR 119316 Nitrosomonas marina strain Nm22
Z46981 Nitrosomonas communis
LC140590 Activated sludge enrich culture clone OTUb154
60 HQ276088 salt marsh sediment clone PI3AB84
JN884921 Hikurangi margin sediment clone NZ 78 Bac 02
EF491448 East Pacific Rise deep-sea sediment clone EP1-13
KT223254 Orca Basin slope sediment clone BR54 1 010 4650 3 Oto1 spongegarden 111.1
NP sediment OTU 1468
87 AB694050 Deep-sea sediment clone OTU002 Common Clone06
DQ513032 ridge flank fluids clone FS142-36B-02
GQ259300 Svalbard fjord sediment clone sediment surface13
100~ FN553621 ultramafic Logatchev hydrothermal field sediment clone 285-40
AB606688 Northwest Pacific ferromanganese crust clone 953Mn40u .
NP sediment OTU 185 NItrOSOOCCCUS
JF812451 Indian Ocean surface sediment clone p10-19
100 ) AM997285 south Atlantic surface sediment clone Ucm1559
NP sediment OTU 361
AB606847 Northwest Pacific ferromanganese crust clone 953Sed76u
M96395 Nitrosococcus oceanus
NR 074791 Nitrosococcus watsonii strain C-113
NR 114580 Nitrosococcus halophilus Nc4
FJ949285 coastal marine sediment clone MS-A236
_2)28643 Sulfurimonas autotrophica strain OK10
100 AB053951 Sulfuricurvum kujiense
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Figure S5a. Phylogenetic tree of Ammonia-Oxidizing Bacteria. Representative OTUs, based on partial 16S rRNA
gene sequences, recovered from North Pond are shown in bold red and isolated strains shown in bold. The tree was
reconstructed using the maximum-likelihood algorithm implemented in RAXML, by applying the Generalized Time-
Reversible model and the gamma approximation as the rate heterogeneity model (GTRGAMMA).



NR 074700 Candidatus Nitrospira defluvii
NR 029287 Nitrospira moscoviensis NSP M-1
NP sediment OTU 1332
LN885086 Nitrospira inopinata 16S rRNA
NR 114396 Nitrospira japonica
JN868871 Taihu Lake water clone JC04
FJ800547 Lake Baikal clone CL43 Lb
HM485589 Nitrospira calida
HM485590 Geothermal spring Nitrospira enrichment culture clone Ns4a
HM445357 Microbial mat from lava tube wall clone
JN886873 Southwest Indian Ridge carbonate sediment clone C-B37
83) NP sediment OTU 633
. 4 Southwest Indian Ridge carbonate sediment clone C-B11
EU491460 unsedimented oceanic crust clone POX4b3H11
AF317764 Nullarbor cave clone wb1 FO7 H H
NP sediment OTU 112 Nitrospira
?lJXZZ?BZS Pacific ocean sediment clone SAB46
FJ205367 East Lau Spreading Centre marine sediment clone
EU084879 Candidatus Nitrospira bockiana
NP sediment OTU 257
FJ205229 East Lau Spreading centre hydrothemal vent clone A12F
AM997344 South Atlantic ocean surface sediment clone Ucm15565
JQ287208 East Pacific Rise clone 9M41 072
73 NP sediment OTU 2071
94 JX227624 Pacific Ocean sediment SCB152
NP sediment OTU 1480
HQ686082 Nitrospira sp. Ecomares 2.1
JQ073799 Nitrospira marina SDT3S19
KC706459 Candidatus Nitrospira salsa
— EU055608 Nitrospira sp. Aa01
NP sediment OTU 386
LC081045 ferromanganese nodule inside part clone 51B1-039
FJ746296 South Pacific Gyre SPG12 sediment clone SPG12 60 70 B42
JX227720 Clarion-Clipperton Fracture Zone sediment clone SCB248
NP sediment OTU 2083
NP sediment OTU 698
AM997673 South Atlantic Ocean surface sediment clone Ucp1528
NP sediment OTU 2051
AM997468 South Atlantic deep-sea surface sediment clone Ulrdd 3
NP sediment OTU 2194
86° AM997699 South Atlantic deep-sea surface sediment clone Ucs1531 H H
EF646130 Namibian upwelling system seawater clone N67e 171 N ItI’OSpI na
HQ674408 Northeast subarctic Pacific Ocean clone F9P262000 S FO6
KF227778 Southern California Bight seawater clone SPOT 10 4 885m 2 G 4 742.8
NP sediment OTU 591
84) AB827118 West Pacific abyssal plain sediment clone OGAP AB16 38cm 78
NP sediment OTU 650
DQ513028 Juan de Fuca ridge flank crustal fluids clone FS142-27B-02
100) L35504 Nitrospina gracilis
AM110965 Nitrospina sp. 3005
JX645704 Nitrospina watsonii strain 347
KC706458 Nitrospina sp. enrichment culture clone Cb12

: EU491176 Loihi Seamount seafloor lavas clone P9X2b7B09
99 NP sediment OTU 895
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Figure S5b. Phylogenetic tree of Nitrite-Oxidizing Bacteria. Representative OTUs, Based on partial 16S rRNA
gene sequences, recovered from North Pond are shown in bold red and isolated strains shown in bold. The tree was
reconstructed using the maximum-likelihood algorithm implemented in RAXML, by applying the Generalized Time-
Reversible model and the gamma approximation as the rate heterogeneity model (GTRGAMMA).
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Fig. S6. Porewater ammonium profiles. Data from the two drill sites are from Ref. (19).

Supporting Tables

Table S1. Fluxes of oxygen and nitrate

; Oxygen flux Nitrate flux
Site tsl’igi(rrri::: OATZ* AOTZ® (mmol m? yr'!) (mmol m? yr')
(meter) depth depth Influx® Influx®  consumed  consumed efflux efflux
meter (seawater ) (basement) (OATZ) (AOTZ) (seawater) (basement)
3E 43.3 21-25 28-33 1.0 0.09 nad 0.04 0.047 0.011
4A 94.7 26-30 54-58 0.2 0.07 0.008 0.02 0.031 0.010

% OATZ: Oxic-Anoxic Transition Zone.

b AOTZ: Anoxic -Oxic Transition Zone.

¢: data from Orcutt et al. (2013).

d: not available (low spatial resolution of oxygen measurement).

Table S2. Chemical reactions and associated rate expressions

Name ID Reaction Rate expression Rate Unit
Organic matter R (CH20)(NH4")1/10 + O2 -> HCO3” CTOC €02 mmolC
degradation ! +H" + 1/10 NH4* €02 +hi 1(dry sediment)y
Heterotrophic 2 (CH20)(NHs)110 + NO3™ > 2/5 CTOC + C02+CNO3 mmolC
denitrification z Nz + CO2+ 1/10 NH4" + 7/5 H20 (€02 + h1) = (CNO3 + h2) 1(dry sediment)y
Manganese R (CH20)(NH4")y10 + 2 MnO; -> CTOC » CO2 + CNO3 » CMnO2 mmolC
oxide reduction : 1/10 NH4" + CO2+ 2 Mn** + 3H:0 (€02 + h1) * (CNO3 + h2) * (CMn02 + h3) 1(dry sediment)y
M N
Nitrification R4 NH;"+ 202 ->NOs + H' + H,O k3Co2 Cnmas HT
24 , _ M
Mn oxidation Rs 2 Mn”" + O2 + 2 H20 -> 2 MnO:> KiCop Cans?” w

+4 H.0

y




Table S3. Species and boundary conditions (BC) used in reaction-transport models

Name Symbol ~ BC SWI Type BS SWTI? SBI® Reaction Terms
(Unit) Value Values R
3E 4A 3E 4A

Total organic CH,O Flux (mol m2 yr'!)  0.0025 0.0021 - - -R;-R>-R;

carbon

Manganese ~ MnO» Flux (mol m2yr')  2E-5 2E-5 - - -R;

oxide

Oxygen (0)3 Concentration 250 250 80 190 -qR;-2*R4—Rs

M

Ammonium  NH4" glongentration 0.01 0.01 0.01 0.01 1/10*q(R;+R>+R;3)-
(uM) Ry

Nitrate NOs Concentration 21 21 28 23 -4/5*q*R>+Ry
(uM)

Manganese ~ Mn?* Concentration 0.01 0.01 0.01 0.01 2*qR3-2*Rs
(M)

q=(1-0)/¢ , ¢ = porosity
aSWI: sediment-water interface
’SBI: sediment-basement interface

Table S4. Reaction-transport parameter values

Name Symbol  Unit 3E 4A
Solid burial velocity at sediment w cm ky-1 0.94 2.00
surface

TOC apparent order of reaction c - 0.15 0.1
Initial distribution of TOC o yr! 3000 200
reactivities

Ra rate constant ks uM ! yr! 15 1.5
Rs rate constant ks uM ! yr! 20 20
Bioturbation coefficient Dvyo cm yr! 0 0
Biomixing half depth Zmix cm 7 7
Biomixing attenuation L cm 0.1 0.1
R1 0 inhibition concentration h UM 0.5 0.5
R>NOs situation concentration h2 UM 50 300
RsMn* situation concentration H; mM 30 30
Bioirrigation coeffcient o yr! 0 0
Porosity at sediment surface o - 0.70 0.75
Porosity at great depth P - 0.64 0.62

Porosity attenuation coefficient a0 cm’! 0.0003 0.0012




Table S5. Primers and thermal conditions

Target genes Primers Sequence (5’- 3°) PCR conditions gPCR  Ref.
Bacterial SSU Bac341f CCTACGGGWGGCWGCA 95°C for 15 min, 40x (95°C for 15 " 19
TRNA gene Uni518r ATTACCGCGGCTGCTGG s, 58°C for 30 s, 72°C for 30 s)
Archaeal SSU Uni515F CAGCMGCCGCGGTAA 95°C for 15 min, 40x (95°C for 15 " 20
rRNA gene Arc908r CCCGCCAATTCCTTTAAGTT s, 60°C for 30 s, 72°C for 45 s)
Bacteroial AmoAT1F GGGGTTTCTACTGGTGGT 95°C for 15 min, 45x (94°C for 15 n 21
amoA AmoA2R CCCCTCKGSAAAGCCTTCTTC s, 55°C for 45 s, 72°C for 60 s)
Archaeal CrenamoA23f  ATGGTCTGGCTWAGACG 95°C for 15 min, 40x (95°C for 30 n 2
amoA CrenamoA616r GCCATCCATCTGTATGTCCA s, 50°C for 45 s, 72°C for 45 s)
Nitrite oxidizer nxrB169f TACATGTGGTGGAACA 95°C for 15 min, 45x (95°C for 15 n 3
nxrB nxrB638r CGGTTCTGGTCRATCA s, 56.2°C for 40 s, 72°C for 90 s)
Denitrifier nirS nirS_cd3aF GTSAACGTSAAGGARACSGG 95°C for 15 min, 45x (95°C for 15 " 2
nirS R3cd GASTTCGGRTGSGTCTTGA s, 51°C for 30 s, 72°C for 45 s)
Denitrifier nirk nirK FlaCu ATCATGGTSCTGCCGCG 95°C for 15 min, 45x (95°C for 30
nirk_R3Cu GCCTCGATCAGRTTGTGGTT s, 56°C for 45 s, 72°C for 45's, + i
80°C for 20 s)
Nitrate-reducer narG1960F TAYGTSGGSCARGARAA 95°C for 5 min, 8% (94°C for 30 s,
narG narG2650R TTYTCRTACCABGTBGC 59°C (-0.5°C/cycle) for 30 s, 72°C
for 45 s), 32 x(94°C for 30 s, 55°C + s
for 30 s, 72°C for 45 s), 72°C for 10
min
Nitrate-reducer napA V67_F TAYTTYYTNHSNAARATHATG  95°C for 5 min, 40x (94°C for 45 s,
napA TAYGG 50°C for 45 s, 72°C for 60 s), 72°C 26
napA V67 R DATNGGRTGCATYTCNGCCAT  for 10 min. .
RTT
Denitrifier 95 for 5 min, 1x (94°C for 20 s,
nosZ nosZ-F CGYTGTTCMTCGACAGCCAG 65°C for 30 s, 72°C for 40 s), 2
(94°C for 20 s, 62°C for 30 s, 72°C
for 40 s), 3% (94°C for 20 s, 59°C 27
for 30 s, 72°C for 40 s), 5x (94°C .
nosZ-R CATGTGCAGNGCRTGGCAGAA 4.9 s, 57°C for 30 s, 72°C for 40
s), 24x (94°C for 20 s, 55°C for 30
s, 72°C for 40 s), 72 for 10 min.
Sulfate reducer DSRp2060F CAACATCGTYCAYACCCAGGG  95°C for 15 min, 35% (95°C for 35 28
dsrB DSR4R GTGTAGCAGTTACCGCA s, 54°C for 35 s, 72°C for 30 s, - 2
75°C for 10 s)
Anammox hzsA hzsA 526F TAYTTTGAAGGDGACTGG 96°C for 15 min, 40x ( 96°C for 30 30
hzsA 1857R AAABGGYGAATCATARTGGC s, 55°C for 30s, 72°C for 30 s) )
DNRA (nr14) nrfAF2aw CARTGYCAYGTBGARTA 95°C for 15 min, 35 x (95°C for 30 .
nrfAR1 TWNGGCATRTGRCARTC s, 53°C for 30 s, 72°C for 40 s) ]
Nitrogen nifHfw GGHAARGGHGGHATHGGNAA  94°C for 15 min, 40 x (94°C for 30
fixation (nifH) RTC s, 55°C for 30 s, 72°C for 1 min) 2
nifHrv GGCATNGCRAANCCVCCRCAN )

AC




Table 6a. Percentages of various functional groups in the amplicon library from site 3E

Ammonia oxidizers Nitrite oxidizers Denitrifiers
Depth Nitroso Nitrosomonas  Nitrosococcus — Nitrospira Nitrospina Arcobacter Woeseiaceae ~ Pseudomonas Aeromonas
pumilales
1H-1 21.2% 0.3% 2.5% 2.4% 4.8% -- 7.8% -- --
2H-1 11.2% 0.1% - 0.2% 8.8% -- 0.8% -- 0.04%
2H-2 11.1% 0.1% 0.6% 1.0% 5.4% 0.2% 2.2% 0.1% --
2H-4 7.5% 0.2% 0.1% - 6.2% 1.2% 1.9% 0.2% 0.14%
2H-6 6.6% 0.2% - 0.1% -- 0.8% 1.1% 0.3% --
3H-3 2.4% 0.3% - 0.1% 2.5% 0.2% 2.1% 1.4% --
3H-6 5.9% 0.5% 0.1% 0.4% 2.5% 0.1% -- 1.1% 0.04%
4H-2 8.9% 0.2% 0.4% 1.9% 3.3% 0.2% 2.4% 0.1% --
4H-3 6.0% 0.1% 0.2% 0.5% 1.1% -- 2.1% 0.3% 0.05%
4H-4 4.9% -- - - -- -- -- 0.2% --
4H-5 0.4% 0.2% - - -- 0.4% -- 0.1% 0.01%
4H-6 2.5% 0.1% - - 1.7% - -- 0.1% 0.27%
4H-7 2.4% 0.1% - - 0.1% 0.1% 0.2% 0.3% --
SH-2 1.0% 0.1% - - 1.7% 1.1% -- 0.1% --
SH-4 1.5% 0.1% - 0.2% 0.7% 0.8% -- 1.1% --
SH-6 2.6% 0.4% - - 1.4% 0.1% -- 0.5% --
6H-2 2.2% 0.1% - - 0.7% 0.1% -- 0.1% --
6H-5 1.0% 0.3% - - 0.3% 0.5% 0.1% -- --
6H-6 0.9% 0.1% -- -- 0.4% 0.6% 0.2% 1.4% --
Table S6b. Percentages of various functional groups in the amplicon library from site 4A
Ammonia oxidizers Nitrite oxidizers Denitrifiers
Depth Nitroso Nitrosomonas Nitrosococcus Nitrospira Nitrospina Arcobacter ~ Woeseiacea  Pseudomonas Aeromonas
pumilales
1H-1 67.9% 0.1% 1.8% 0.8% 1.9% -- 4.7% -- --
1H-2 50.7% -- 0.1% 0.1% 3.1% -- 1.7% 0.3% --
1H-3 32.0% 0.6% -- -- 2.7% -- 0.9% 0.6% --
2H-2 41.7% -- -- 0.1% 1.4% -- 2.3% 0.8% --
2H-6 -- -- -- -- -- -- -- -- --
3H-3 20.8% -- -- -- 2.0% -- -- 3.3% --
3H-6 23.0% -- -- -- - -- -- -- --
4H-2 13.9% -- -- -- - -- -- 5.4% --
4H-4 4.0% -- -- -- 4.2% -- 3.0% 0.02% --
4H-6 53.2% -- 0.9% 1.1% 1.0% -- 4.0% 0.3% --
SH-3 7.0% -- -- -- -- -- -- 3.6% --
SH-5 -- -- -- -- 1.3% -- -- -- 1.2%
SH-6 -- -- -- -- 0.02% -- -- 2.4% --
6H-3 7.6% -- -- -- -- -- -- 1.6% --
6H-6 15.6% -- -- -- 1.4% -- -- 3.0% --
7H-2 33.3% -- -- -- 0.6% -- -- 0.8% --
7H-6 8.5% -- -- -- 1.6% -- -- 0.7% --
8H-3 3.2% -- -- -- 1.8% -- -- 0.2% 0.2%
8H-6 6.9% -- -- -- - -- -- 2.9% 0.1%
9H-3 1.0% -- -- -- - -- -- 8.9% --
9H-5 0.1% -- -- -- - -- -- 1.9% --
10H-3 39.1% -- -- -- - -- -- 0.9% --
10H-5 -- -- -- -- -- -- -- 3.9% --
11H-2 -- -- -- -- 0.01% -- -- 18.2% --
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