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Supplementary Note 1

To understand the wider metabolic capabilities of these cold seep microbial communities,
metabolomic analysis was combined with gene-centric analysis of quality-filtered reads,
as well as genome-centric analysis of the 376 MAGs.

With respect to organotrophy, genes for the degradation of complex carbohydrates and
peptides were prevalent. In total, ~7454 potential carbohydrate-active enzymes
(CAZymes) were detected, most notably glycoside hydrolases, carbohydrate esterases,
and polysaccharide lyases!; CAZymes were numerous in bacterial lineages such as
Planctomycetes, Bacteroidetes, and Armatimonadetes (Supplementary Data 6).
Annotated peptidases were more evenly distributed across bacteria and archaea, with
the highest proportions found in genomes assigned to Patescibacteria, Dehalococcoidia,
Aerophobetes, and Atribacteria (Figure 3a and Supplementary Data 7). Consistent with
these genomic observations, metabolites associated with carbohydrate and peptide
hydrolysis were detected (e.g. glucose and sucrose) (Figure 3b). Many community
members also possess gene sets to convert hydrolysis products to pyruvate through the
Embden-Meyerhof-Parnas (185 MAGs) and Entner-Doudoroff (51 MAGs) pathways
(Figure 3b and Supplementary Data 5). Accordingly, both glucose 6-phosphate and
pyruvate were detected in the sediment metabolomes (Figure 3b). Most genomes also
encoded the potential to ferment pyruvate to formate (119 MAGS), acetate (270 MAGS),
lactate (14 MAGSs), and ethanol (94 MAGSs), as well as the potential for hydrogen
production via abundant [FeFe]-hydrogenases associated with fermentation or group 3
[NiFe]-hydrogenases? (Figure 3a, Supplementary Figure 11 and Supplementary Data
5). The ability to degrade fatty acids and other organic acids via beta-oxidation was
common to Lokiarchaeota, Chloroflexi, and Proteobacteria (Supplementary Data 8), with
associated metabolites also detected (e.g. 6-carboxyhexanoate, 10-hydroxydecanoate,

and other carboxylic acids) (Figure 3b).

The most prevalent carbon fixation pathways in these sediments are the Calvin-Benson
cycle (68 MAGSs), Wood-Ljungdahl pathway (114 MAGS), and 4-hydroxybutyrate cycle (4
MAGs) (Figure 3a and Supplementary Data 5), consistent with the abundance of



corresponding key metabolic genes (Supplementary Figure 14). The sediment microbial
communities include various putative sulfide, thiosulfate, ammonia, nitrite, carbon
monoxide, and hydrogen oxidizers (Supplementary Data 5), with provision of these
compounds potentially via biological or geological processes. Canonical genes for sulfide
oxidation (sulfide:quinone oxidoreductase and flavocytochrome c sulfide dehydrogenase)
were found in 38 MAGs from diverse lineages (e.g. Proteobacteria, Anaerolineales, and
Heimdallarchaeota) (Supplementary Figures 3-4). The oxidative bacterial-type DsrAB-
type dissimilatory sulfite reductases® were detected in four genomes from Alpha- and
Gammaproteobacteria potentially responsible for sulfide oxidation (Supplementary
Figure 5). Five MAGs from Epsilon- and Gammaproteobacteria encoded genes for the
SoxB component of the periplasmic thiosulfate-oxidizing Sox enzyme complex
(Supplementary Figure 6). Genes for ammonia oxidation to hydroxylamine (ammonia
monooxygenase) were detected in four Thaumarchaeota genomes (Supplementary
Figure 7), while those associated with further oxidation of nitrite (nitrite oxidoreductase)
were tentatively found in five MAGs affiliated to Anaerolineales, Acidobacteria,
Actinobacteria, and Planctomycetes (Supplementary Figure 8). Gene abundance
profiles suggest that these nitrogen metabolisms mainly occur in 0-20 cmbsf surface
sediments (Supplementary Figure 14). Three MAGs belonging to Actinobacteria,
Actinobacteria, and Alphaproteobacteria encoded carbon monoxide dehydrogenase
large subunit (CoxL), a marker for carbon monoxide oxidation (Supplementary Figure
9). Ten phyla (58 MAGSs) encoded group 1 and group 2 [NiFe]-hydrogenases associated
with hydrogenotrophic respiration, with certain lineages, including Deltaproteobacteria,
Planctomycetes, Dehalococcoidia, Actinobacteria, and Aerophobetes, encoding
subgroups (1a, 1b) that support hydrogenotrophic sulfate reduction and halorespiration*
5 (Supplementary Figure 10). Additionally, 197 MAGs from 35 phyla encode cofactor-
coupled group 3 [NiFe]-hydrogenases (Supplementary Figure 11) and energy-
converting group 4 [NiFe]-hydrogenases (Supplementary Figure 12), both of which are

known to be physiologically reversible?.

Metabolomics revealed organohalides as potential respiratory electron acceptors in the

sediments, e.g. dichlorotoluene and dichlorodiphenyldichloroethane (Figure 3b).



Accordingly, reductive dehalogenases were encoded in 54 MAGs from 13 phyla, including
lineages such as Chloroflexi, Lokiarchaeota, Bathyarchaeota, and Proteobacteria
(Supplementary Figure 13). Organisms encoding these enzymes may conserve energy
by coupling oxidation of Hz and other electron donors to the reduction of organochloride
compounds like the ones detected in the sediments. Full gene sets for dissimilatory
reduction of sulfate to sulfide (sat, aprAB and dsrAB) were found in 12 genomes from
Deltaproteobacteria and Zixibacteria (Supplementary Figure 5). Thirty bacterial
members of these sediment communities are predicted to use nitrate or nitrite as electron
acceptors, though none encoded all of the genes necessary for complete denitrification
or dissimilatory nitrate reduction to ammonia (Supplementary Data 5). Terminal
oxidases were also detected, but in line with oxygen only permeating the upper
centimeters of marine sediments, these genes were mainly found in lineages such as
Proteobacteria and Thaumarchaeota that dominated the upper sediment layers
(Supplementary Figure 14).



Supplementary Table 1 Extractable organic matter compositions of four sediment

subsamples.

Depth (cmbsf) | 53-60 | 208-213 | 227-232 | 310-315
TOC (%) 0.25 0.35 0.36 0.56
EOM (mglkg rock) | 104 361 177 168
SAT | 475 52.1 35.0 24.6

ARO | 10.0 1.8 13.9 125

% of EOM

Wi © POL | 425 26.5 17.9 36.4
ASP | 0.0 96 33.2 26.4

5"°C-Sat (%o) ND 315 ND ND
5"C-Aro (%o) ND 206 ND ND

Abbreviations: TOC, total organic carbon; EOM, extractable organic matter; SAT,
saturated hydrocarbons; ARO, aromatic hydrocarbons; POL, polars; ASP, asphaltenes;

wt%, weight percentage; ND, not determined.
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Supplementary Figure 1 Extractable organic matter from subsampled sediments and
sulfate concentrations from porewater. GC-FID chromatograms showing unresolved
complex mixture (UCM) humps for four different depths including (a) 53-60 cmbsf, (b)
208-213 cmbstf, (c) 227-232 cmbsf, and (d) 310-315 cmbsf; (e) porewater concentrations
of sulfate along depths. For (a)-(d), y-axis: detector response; x-axis: retention time
(minutes). Additional parameters for the extractable organic matter of these samples are
provided in Supplementary Table 1.
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Supplementary Figure 2 Phylogenetic placement of 376 reconstructed metagenome-
assembled genomes. A maximume-likelihood phylogenomic tree was built based on
concatenated amino acid sequences of 43 conserved single-copy genes using RAXML
with the PROTGAMMALG model. The scale bar represents 1 amino acid substitution per
sequence position. Numbers in parentheses show total MAGs recovered. Phyla with only
one detected MAG are not labelled. Ten MAGs corresponded to unclassified phylum-
level lineages (green branches; unlabelled). The full tree file with references is available
in Supplementary Data 4.



Bootstrap values
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WP 099249215.1 - Tropicibacter phthalicicus

Co bin143 01943 - Alphaproteobacteria
82 bin25 01335 - Alphaprotecbacteria

WP 024845882.1 - Paracoccus pantotrophus
WP 083417016.1 - Pseudovibrio denitrificans
WP 093254545.1 - Rubrimonas cliftonensis

WP 080507821.1 - Rhodopseudomonas palustris

0.08 WP 020085437.1 - Hyphomicrobium zavarzinii

WP 086090117.1 - Pseudorhodoplanes sinuspersici
Co bin167 00793 - Alphaproteobacteria

51 bin11 00545 - Alphaproteobacteria
WP 095492182.1 - Mesorhizobium temperatum
WP 041410009.1 - Sinorhizobium fredii
WP 083635983.1 - Rhizobium gallicum
WP 037390270.1 - Sinorhizobium americanum
WP 035596718.1 - Hyphomonas polymorpha

WP 141701454.1 - Methyloceanibacter marginalis
WP 072346907.1 - Devosia enhydra
WP 046865316.1 - Microvirga massiliensis
WP 084165068.1 - Skermanella stibiiresistens
WP 041782148.1 - Starkeya novella
WP 057851656.1 - Bradyrhizobium valentinum

WP 039157288.1 - Bradyrhizobium japonicum

WP 020698260.1 - Reyranella massiliensis
WP 096357664.1 - Variibacter gotjawalensis

WP 006460863.1 - Thiomicrospira aerophila

WP 060742310.1 - Pseudomonas fluorescens

WP 063802320.1 - Burkholderia ubonensis
WP 017364142.1 - Methylococcus capsulatus
WP 085214211.1 - Methylomagnum ishizawai
WP 044408223.1 - Thiomicrospira microaerophila
WP 011714551.1 - Magnetococcus marinus
S2 bin56 01620 - Gammaproteobacteria
WP 029133835.1 - Sedimenticola selenatireducens
WP 041068295.1 - Thiolapillus brandeum
WP 028879735.1 - Terasakiella pusilla
WP 119334853.1 - Hydrogenophilus thermoluteclus
WP 018231203.1 - Thioalkalivibrio thiocyanodenitrificans
WP 069810832.1 - Chlorobaculum limnaeum
WP 012501274.1 - Chlorobaculum parvum
WP 059139370.1 - Chlorobium limicola
WP 011743944.1 - Chlerobium phaeobacteroides
Co bin144 00340 - Gammaprotecbacteria
WP 0363000786.1 - Methylomarinum vadi
WP 089721083.1 - Candidatus Entotheonella palauensis
82 bin56 01617 - Gammaproteobacteria
Co bin290 01913 - Deltaprotecbacteria
S2 bin58 01302 - Gammaprotecbacteria
WP 093028082.1 - Thiocapsa roseopersicina
WP 077277233.1 - Thioalkalivibrio denitrificans
WP 025283024.1 - Ectothiorhodospira haloalkaliphila
WP 054965682.1 - Thiohalorhabdus denitrificans
WP 091814561.1 - Brachymonas denitrificans
WP 039049696.1 - Comamonas thiooxydans
WP 036513089.1 - Nitrincola nitratireducens
WP 072327008.1 - Marinospirillum alkaliphilum
‘WP 011628011.1 - Alkalilimnicola ehrlichii
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_:C WP 013159549.1 - Meiothermus silvanus
WP 027876883.1 - Meiothermus cerbereus

WP 014462593.1 - Hydrogenobacter thermophilus
WP 012991503.1 - Thermocrinis albus

WP 0108800986.1 - Aquifex aeolicus

WP 007546482.1 - Sulfurihydrogenibium yellowstonense
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WP 066881116.1 - Dechloromonas denitrificans
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WP 014428229.1 - Rubrivivax gelatinosus
WP 028997627.1 - Azohydromonas australica




Supplementary Figure 3 Maximum-likelihood tree of amino acid sequences of
flavocytochrome c sulfide dehydrogenase (FCC), a marker for sulfide oxidation. The tree
shows sequences from cold seep metagenome-assembled genomes obtained in this
study (blue) alongside representative reference sequences (black). The tree was
constructed using the JTT matrix-based model, used all sites, and was bootstrapped with

50 replicates and midpoint-rooted.
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Supplementary Figure 4 Maximum-likelihood tree of amino acid sequences of the
sulfide-quinone oxidoreductase (Sqr), a marker for sulfide oxidation. The tree shows
sequences from cold seep metagenome-assembled genomes obtained in this study (blue)
alongside representative reference sequences (black). The subgroup of each reference
sequence is denoted. The tree was constructed using the JTT matrix-based model, used

all sites, and was bootstrapped with 50 replicates and midpoint-rooted.
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WP 008618014.1 - Magnetospirillum caucaseum
WP 092616443.1 - Roseospirillum parvum
WP 065972346.1 - Acidiferrobacter thiooxydans
WP 013418283.1 - Rhodomicrobium vannielii
WP 068345834.1 - Ruegeria marisrubri
S2 bin25 00835 - Alphaproteobacteria

WP 011393132.1 - Moorella thermoacetica
I WP 069808050.1 - Vulcanisaeta thermophila

T—: WP 014126352.1 - Thermoproteus tenax
WP 011761930.1 - Pyrobaculum islandicum

0.1

Supplementary Figure 5 Maximume-likelihood tree of amino acid sequences of
dissimilatory sulfite reductase A subunit (DsrA). The tree shows sequences from cold
seep metagenome-assembled genomes obtained in this study (blue) alongside
representative reference sequences (black). This enzyme is a marker for dissimilatory
sulfite reduction (top and bottom major clades; Deltaproteobacteria, Zixibacteria,
Dehalococcoidia bins) and sulfide oxidation (middle clade; Gammaproteobacteria and
Alphaproteobacteria bins). The tree was constructed using the JTT matrix-based model,

used all sites, and was bootstrapped with 50 replicates and midpoint-rooted.
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WP 029889393.1 - Polycyclovorans algicola
WP 024973999.1 - Ralstonia pickettii
WP 019560465.1 - Caldimonas manganoxidans
WP 013900703.1 - Ramlibacter tatacuinensis
WP 091531826.1 - Fontimonas thermopbhila
WP 068948425.1 - Polynucleobacter wuianus
WP 119334860.1 - Hydrogenophilus thermoluteolus
WP 079418922.1 - Thiomonas intermedia
WP 018077747.1 - Thiobacillus denitrificans
WP 045475653.1 - Serpentinomonas raichei
WP 065971769.1 - Acidiferrobacter thiooxydans
WP 064219891.1 - Acidithiobacillus ferrooxidans
WP 096365581.1 - Thiohalobacter thiocyanaticus
WP 018650180.1 - Thioalkalivibrio versutus
S2 bin56 00420 - Gammaproteobacteria
S2 bin56 01056 - Gammaproteobacteria
WP 028489660.1 - Thiothrix lacustris
WP 012824771.1 - Halothiobacillus neapolitanus
WP 076754833.1 - Ectothiorhodosinus mongolicus
WP 006745886.1 - Thioalkalivibrio paradoxus
WP 036297159.1 - Methylobacter whittenburyi
WP 017842264.1 - Methylomicrobium buryatense
WP 012562350.1 - Oligotropha carboxidovorans
WP 028179929.1 - Bradyrhizobium japonicum
WP 013641173.1 - Acidiphilium multivorum
WP 069478791.1 - Sulfurospirillum halorespirans
WP 013553334.1 - Nitratifractor salsuginis
WP 012971360.1 - Allochromatium vinosum
WP 062150026.1 - Beggiatoa leptomitoformis
WP 134082632.1 - Thiohalophilus thiocyanatoxydans
WP 090730752.1 - Neptunomonas gingdaonensis
WP 010932700.1 - Chlorobaculum tepidum

O S2 bin22 00600 - Gammaproteobacteria
WP 074201233.1 - Sulfurivirga caldicuralii
S6 bin19 00823 - Gammaproteobacteria
S6 bin19 00682 - Gammaproteobacteria

$6 bin20 00968 - Gammaproteobacteria

WP 076400645.1 - Insolitispirillum peregrinum

WP 069189482.1 - Candidatus Terasakiella magnetica

WP 027284263.1 - Rubritepida flocculans

WP 055728613.1 - Bosea thiooxidans

WP 013214743.1 - Hyphomicrobium denitrificans

WP 091971983.1 - Methylobacterium gossipiicola

WP 096354179.1 - Variibacter gotjawalensis

WP 092785690.1 - Rhodospira trueperi

WP 040449241.1 - Hoeflea phototrophica

WP 008194011.1 - Labrenzia alexandrii

WP 093362251.1 - Tropicimonas isoalkanivorans

WP 089386714.1 - Paracoccus sediminis

WP 093254549.1 - Rubrimonas cliftonensis

WP 021097921.1 - Rubellimicrobium thermophilum

S2 bin6 00627 - Epsilonproteobacteria
_{ L WP 021286687.1 - Sulfurimonas hongkongensis
WP 096999995.1 - Persephonella hydrogeniphila
g WP 011228666.1 - Thermus thermophilus

T WP 018466183.1 - Meiothermus timidus
WP 079654435.1 - Thermocrinis minervae
WP 010881174.1 - Aquifex aeolicus

0.1

Bootstrap values
1

— 0.08

Supplementary Figure 6 Maximum-likelihood tree of amino acid sequences of the
thiosulfohydrolase (SoxB), a marker for thiosulfate oxidation. The tree shows sequences
from cold seep metagenome-assembled genomes obtained in this study (blue) alongside
representative reference sequences (black). The subgroup of each reference sequence
is denoted. The tree was constructed using the JTT matrix-based model, used all sites,
and was bootstrapped with 50 replicates and midpoint-rooted.
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WP 090828443.1 - Nitrosovibrio tenuis
Bootstrap values
1 WP 074703664.1 - Nitrosospira multiformis

WP 004179617.1 - Nitrosospira lacus

WP 025042266.1 - Nitrosospira multiformis
WP 036574070.1 - Nitrosomonas cryotolerans
WP 090322876.1 - Nitrosomonas oligotropha

WP 062557705.1 - Nitrosomonas ureae

WP 090697473.1 - Nitrosomonas aestuarii
WP 090672707.1 - Nitrosomonas nitrosa
WP 046851395.1 - Nitrosomonas communis
WP 074929558.1 - Nitrosomonas eutropha
——®

WP 041357108.1 - Nitrosomonas europaea
WP 090415883.1 - Nitrosomonas halophila
WP 090285250.1 - Nitrosomonas mobilis
WP 090900649.1 - Candidatus Nitrospira nitrificans
WP 062484767.1 - Candidatus Nitrospira inopinata
L ¢ WP 090742150.1 - Candidatus Nitrospira nitrosa

WP 096527389.1 - Candidatus Nitrosoglobus terrae
WP 013031750.1 - Nitrosococcus halophilus
I J WP 013219693.1 - Nitrosococcus watsonii
WP 011330982.1 - Nitrosococcus oceani

Co bin156 00606 - Thaumarchaeota

86 bin27 00777 - Thaumarchaeota

WP 075055648.1 - Nitrososphaera viennensis

WP 103287501.1 - Candidatus Nitrosocaldus islandicus
WP 048115108.1 - Candidatus Nitrosopumilus adriaticus
WP 008296640.1 - Candidatus Nitrosopumilus salaria

WP 086907103.1 - Candidatus Nitrosomarinus catalina

WP 048104634.1 - Candidatus Nitrosopelagicus brevis

S4 bin26 02921 - Methanomicrobia (probable contamination)

WP 048187072.1 - Candidatus Nitrosotenuis cloacae
WP 042683557.1 - Candidatus Nitrosotenuis chungbukensis
WP 100183317.1 - Candidatus Nitrosotenuis aquarius

WP 007402980.1 - Candidatus Nitrosoarchaeum limnia

WP 048110034.1 - Nitrosarchaeum koreense

Co bin283 01645 - Thaumarchaeota

S7 bin12 01361 - Thaumarchaeota

0.1

Supplementary Figure 7 Maximume-likelihood tree of amino acid sequences of ammonia
monooxygenase A subunit (AmoA), a marker for ammonia oxidation during aerobic
nitrification. The tree shows sequences from cold seep metagenome-assembled
genomes obtained in this study (blue) alongside representative reference sequences
(black). The tree was constructed using the JTT matrix-based model, used all sites, and

was bootstrapped with 50 replicates and midpoint-rooted.
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WP 053381686.1 - Nitrospira moscoviensis
WP 121988769.1 - Nitrospira lenta
WP 062483509.1 - Candidatus Nitrospira inopinata

Bootstrap values
1

WP 080886776.1 - Nitrospira japonica
WP 080885591.1 - Nitrospira japonica

WP 090742022.1 - Candidatus Nitrospira nitrosa

WP 090897821.1 - Candidatus Nitrospira nitrificans
WP 013249767.1 - Nitrospira defluvii

SPS06751.1 - Candidatus Nitrotoga fabula
RFC30723.1 - Candidatus Nitrotoga sp. MKT
WP 070066136.1 - Candidatus Brocadia sapporoensis
WP 007220240.1 - Candidatus Jettenia caeni

WP 099324707.1 - Candidatus Kuenenia stuttgartiensis

Co bin304 012089 - Planctomycetes

L— 024 S1 bin15 01414 - Actinobacteria
Co bin211 01299 - Acidobacteria

OFW31486.1 - A3G76 10140 Acidobacteria bacterium RIFCSPLOWO2 12 FULL 65 11
S1 bin7 00355 - Acidobacteria

9 OFV98959.1 - Acidobacteria bacterium RIFCSPLOWO2 02 FULL 60 20

— WP 042250442.1 - Nitrospina gracilis

WP 093030556.1 - Thiocapsa roseopersicina
WP 120798507.1 - Thiocapsa rosea

S$1 bin5 01612 - Anaerolineales

WP 083856810.1 - Nitrolancea hollandica
WP 005004540.1 - Nitrococcus mobilis

WP 004998773.1 - Nitrococcus mobilis

WP 041358063.1 - Nitrobacter hamburgensis
WP 011315305.1 - Nitrobacter winogradskyi
WP 011314088.1 - Nitrobacter winogradskyi
WP 079447848.1 - Nitrobacter vulgaris

0.1

Supplementary Figure 8 Maximum-likelihood tree of amino acid sequences of the nitrite
oxidoreductase A subunit (NxrA), a marker for nitrite oxidation during aerobic nitrification.
The tree shows sequences from cold seep metagenome-assembled genomes obtained
in this study (blue) alongside representative reference sequences (black). The subgroup
of each reference sequence is denoted. The tree was constructed using the JTT matrix-
based model, used all sites, and was bootstrapped with 50 replicates and midpoint-rooted.

15



WP 074952468.1 - Alicyclobacillus macrosporangiidus
WP 066197428.1 - Hydrogenibacillus schlegelii
WP 100668643.1 - Kyrpidia spormannii
WP 004434061.1 - Bacillus methanolicus
WP 093227568.1 - Thermoflavimicrobium dichotomicum
WP 108022607.1 - Melghirimyces profundicolus
WP 019121972.1 - Brevibacillus massiliensis
WP 081503161.1 - Sulfobacillus thermosulfidooxidans
WP 088571377.1 - Thermoflexus hugenholtzii
WP 006903629.1 - Thermaerobacter subterraneus
WP 027877434.1 - Meiothermus cerbereus
WP 052889641.1 - Thermogemmatispora carboxidivorans
WP 007909428.1 - Ktedonobacter racemifer
C WP 110271952.1 - Acidianus brierleyi
WP 063492735.1 - Sulfolobus solfataricus

WP 012873228.1 - Sphaerobacter thermophilus

WP 012642423.1 - Thermomicrobium roseum
WP 014068209.1 - Rhodothermus marinus
WP 072714649.1 - Rhodothermus profundi
WP 013767647.1 - Haliscomenobacter hydrossis

WP 014221308.1 - Niastella koreensis
WP 081147516.1 - Niastella vici

WP 053169259.1 - Limnohabitans planktonicus

WP 066094013.1 - Hydrogenophaga crassostreae
WP 110386662.1 - Paraburkholderia silvatlantica
WP 067562346.1 - Halofilum ochraceum

WP 014491996.1 - Bradyrhizobium japonicum
WP 106722526.1 - Mesorhizobium soli
WP 013913730.1 - Oligotropha carboxidovorans
WP 012177884.1 - Dinoroseobacter shibae
WP 101069031.1 - Roseovarius salinarum
WP 097806368.1 - Pelagimonas varians
WP 058261520.1 - Thalassobius gelatinovorus
WP 049803668.1 - Pseudonocardia dioxanivorans
S1 bin15 01194 - Actinobacteria
S1 bin4 00517 - Actinobacteria
WP 012827153.1 - Haliangium ochraceum

%% Co bin143 00701 - Alphaproteobacteria

Bootstrap values
1

— 042 0

WP 028067433.1 - Solirubrobacter soli

WP 033364885.1 - Dactylosporangium aurantiacum

WP 066891278.1 - Streptomyces thermoautotrophicus

WP 012934497.1 - Conexibacter woesei

WP 003892166.1 - Mycobacterium smegmatis
WP 092321909.1 - Cryobacterium psychrotolerans

0.1

Supplementary Figure 9 Maximum-likelihood tree of amino acid sequences of carbon
monoxide dehydrogenase large subunit (CoxL), a marker for aerobic carbon monoxide
oxidation. The tree shows sequences from cold seep metagenome-assembled genomes
obtained in this study (blue) alongside representative reference sequences (black). The
tree was constructed using the JTT matrix-based model, used all sites, and was

bootstrapped with 50 replicates and midpoint-rooted.
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Supplementary Figure 10 Maximume-likelihood tree of amino acid sequences of group 1
and 2 [NiFe]-hydrogenase large subunits, a marker for hydrogen oxidation during
respiratory processes. The tree shows sequences from cold seep metagenome-
assembled genomes obtained in this study (blue) alongside representative reference
sequences (black). The subgroup of each reference sequence is denoted according to
the HydDB classification scheme. The tree was constructed using the JTT matrix-based

model, used all sites, and was bootstrapped with 50 replicates and midpoint-rooted.
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Supplementary Figure 11 Neighbour-joining tree of amino acid sequences of the group
3 [NiFe]-hydrogenase large subunit, a marker for bidirectional hydrogen metabolism
during various processes. The tree shows sequences from cold seep metagenome-
assembled genomes obtained in this study (blue) alongside representative reference
sequences (black). The subgroup of each reference sequence is denoted according to
the HydDB classification scheme. The tree was constructed using the Poisson model with
gaps treated with pairwise deletion, was bootstrapped with 50 replicates, and was
midpoint-rooted. To enable neighbour-joining, 54 incomplete sequences of the original

298 hits were excluded from this analysis.
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WP 006361427.1 - Slackia exigua - 48
WP 015760641.1 - Eggerthella lenta - 4e
WP 006235754.1 - Collinsella aerofaciens - 4e
WP 0070709131 - Dialister invisus - 48
P 1 i intestinalis - 4
WP 015536221.1 - Eubacterium cylindroides - de
WP 022790212.1 - Streptococcus pleomorphus - 4e
WP 027871880.1 - Eubacterium cellulosolvens - 4
WP 026892028.1 - Clostridium aerotolerans - 4
WP 028241974.1 - Pseudobutyrivibrio ruminis - 4a
WP 011448732.1 - Methanospirilum hungatel - 4e
WP 0123769201 - Opitutus terrae - de
WP 013403527.1 - Caldicellulosirupter hydrathermalis - 4e
WP 003868941.1 - Thermoanaerobacter ethanalicus - 4e
WP 011024634.1 - Caldanaerobacter subterransus - 4e
WP 0217585331 - Desulfovibrio gigas - 4e
WP 013174844 .1 - Syntrophothermus lipocalidus - 4e
WP 010938594.1 - Dehalococeoides mecartyi - 4
WP 015738579.1 - Ammonifex degensi - 48
WP 011305188.1 - Mathanosarcina barkeri - 4e
WP 013460816.1 - Sulfuricurvum kujiense - 4e
WP 0136383411 - Desulfurobacterium thermolithotrophum - e
WP 007474009.1 - Caminibacter mediatianticus - de
WP 012663581.1 - Nautilia profundicola - 42
WP 004029221.1 - Methanobaclerium formicicum - 4i
WP 012856759.1 - Methanobrevibacter ruminantium - 4i
WP 010870540.1 - Mathanocaldococcus jannaschii - 4i
WP 0110188331 - Methanopyrus kandleri - ah
WP 012193964.1 - Methanococous maripaludis - 4h
WP 015902767.1 - Nautilia profundicola - 4c
WP 025344446.1 - Sulfurospirillum multivorans - 4c
WP 005028008.1 - Bilophila wadsworthia - 4c
WP 0109395661 - Desulfovibrio vulgaris - 4c
WP 011344721.1 - Carboxydothermus hydrogenoformans - 4¢
WP 011389179.1 - Rhodospirillum rubrum - 4c
WP 0114749021 - Rhodopseudomonas palustris - 4¢
WP 02B1DBEDB. 1 - Famimonas futtsuznsis - 4c
WP 026783288 1 - Pleomorphomonas koreensis - 4c
WP 018606884.1 - Uliginosibacterium gangwonense - 4¢
WP 028535106.1 - Paludibacterium yongneupense - 4¢
WP 015284192.1 - Methanoregula formicica - 4g
WP 015789864, 1 - Halorhabdus utahensis - 4g
Go bin71 00381 - Dehalococcoidia
WP 012415297.1 - Elusimicrobium minutum - 4g
WP 011737331,1 - Pelobacter propionicus - 4g
5 bin24 01123 - Anaerolineales
WP 013560568, 1 - Anaerolinea thermophila - 4g
WP 011012581.1 - Pyrocoocus furiosus - 4d
WP 012572555.1 - Thermacoceus onnurineus - 4d
WP 008200527.1 - Anaerobaculum hydrogeniformans - 4d
WP 014163350.1 - Thermavirga lienii - 4d
WP 013048648 1 - Amincbacterium colombiense - 4d
WP 009164181.1 - Pyramidobacter piscolens - 4d
WP 0040384431 - Methanofollis liminatans - 4d
WP 011449544.1 - Methanospirilum hungalei - 4d
Co bin181 00188 - Thermoplasmata
Co bin184 DO28S - Atribacteria
S5 bing 00211 - Thermoplasmata
WP 008083483.1 - Aciduliprofundum boonei - 4d
Co bin215 00226 - Dehalococcoidia
Ca bin231 01060 - Dehalococcoidia
Ca bin16 00420 - Dehalococcoidia
Co bin12 00724 - Dehalococcoidia
S4 bin6 00030 - Dehalococeoidia
Co bin16 00985 - Dehalocaccoidia
Co bin166 DD206 - Planctomycetes
WP D12745069.1 - Kosmotoga olearia - 4]
WP 047754705.1 - Kosmotoga pacifica - 4]
S4 bin5 00102 - Candidatus Aerophobetes
S5 bin2 00164 - Candidatus Aerophobetes
6 bin3 00337 - Candidatus Aerophobetes
Ca bin206 00689 - Candidatus Aerophobetes
52 bin55 00274 - Candidatus Asrophobetes
Co bind3 01224 - Planctomycetes
T S binz2 00356 - UBP14
$2 bin57 00BSE - Candidate Division UBP3
§7 bin26 00732 - Bacteroidetes
WP 0579524221 - Salinivirga cyanobacteriivorans - 4j
Co bin1 01926 - Armatimonadetes
S5 bin10 02673 - Armatimonadetes
Co bin269 00218 - Armatimenadetes.
WP 011388069.1 - Rnadespirillum rubrum - 4b
WP 028842781.1 - Thermodesulfavibrio islandicus - 4b
WP 020505780.1 - Lamprocystis purpurea - 4b
WP 028450152.1 - Chitinibacter tainanensis - 40
WP 1 - Ther -4b
WP 014767907.1 - Desulfurococcus fermentans - 45
WP 014737671.1 - Thermogladius cellulolyticus - 4b
WP 011839350.1 - Staphylothermus marinus - 4b
WP 012571983.1 - Thermococous onnurineus - 4b
WP DD4068373.1 - Thermococeus litaralis - 4b
WP 012572531.1 - Thermococcus onnurineus - 45
WP 010868581 1 - Pyrococcus abyssi - 4b
WP 012571234.1 - Thermococeus onnurineus - 4b
WP 005582638.1 - Clostridium ultunense - 4f
WP 028986298, 1 - Thermicanus aegyptius - 41
WP 0063232201 - Anoxybacillus flavithermus - 41
WP 018133527 1 - Alicyclobacillus pohliae - 4f
WP 014785396.1 - Desulfitobactarium dehalogenans - 4
WP 0279383721 - Anaeroarcus burkinensis - 4f
WP 011751858.1 - Thermofilum pendens - 4a
WP 014558423.1 - Fervidicoccus fontis - 4a
WP 011139635.1 - Wolinella succinogenes - 4a
WP 014770116.1 - Sulfurospirillum bamesil - 4a
WP 0210917871 - Campylobacter concisus - 4a
WP 013134545.1 - Arcobacter nitrafigilis - 4a
WP 007473606.1 - Caminibacter mediatlanticus - 4a
WP 015051661.1 - Thermacetogenium phasum - 4a
WP 013876883.1 - Geobacillus thermoglucosidasius - 4a
WP 022587809.1 - Caldanaerobacter subtarraneus - 4a
WP 026773400.1 - Moorella thermoacetica - 4a
WP 006234108.1 - Gollinsella aerofaciens - 4a
WP 0227390221 - -4a
WP 011474870.1 - Rhodopseudomonas palustris - 4a
WP 026010114.1 - Azospirillum halopraeferens - 4a
WP 014638275.1 - Escherichia coli - 4a
WP 015370028.1 - Enterobacter aerogenes - 43
WP 012907207.1 - Citrobacter rodentium - 4a
WP 0051623051 - Yersinia enterocolitica - 4a
WP 014641051.1 - Escherichia coli - 4a
WP 006232936.1 - Photobacterium profundum - 4a
WP 0177813371 - Aeromanas hydrophila - 4a

Bootstrap values
1

0.06
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Supplementary Figure 12 Maximum-likelihood tree of amino acid sequences of the
group 4 [NiFe]-hydrogenase large subunit, a marker primarily for hydrogen production
during fermentative and respiratory processes. The tree shows sequences from cold seep
metagenome-assembled genomes obtained in this study (blue) alongside representative
reference sequences (black). The subgroup of each reference sequence is denoted
according to the HydDB classification scheme. The tree was constructed using the JTT
matrix-based model, used all sites, and was bootstrapped with 50 replicates and

midpoint-rooted.
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Co bin141 01857 - Candidate Division WOR-3
Boatstrap valles 52 bin26 01886 - Candidate Division WOR-3
S8 bin1B 02574 -
Co bind 00488 - Bipolaricasiota
82 bind 01239 -

Co bind1 00284 - Candidatus Heimdallarchascta
RLIGS481.1 - Candidatus Heimdallarchaeota archaeon
52 binS0 00127 - Candidatus Bathyarchasota
‘88 bin31 02140 - Candidatus Bathyarchaeota
TETS8937.1 - Candidatus Bathyarchasota archagon
RLEST087 1 - Candidatus Verstraetearchaeota archaeon
TXT62052.1 - Candidatus Loklarchasata archasan
WP 0OD598722.1 - Candsdatus Atribacts bacterium
Co binz41 00847 - Candidatus Lokiarchagata
Co bin248 00508 - Candidatus Lokiarchaeota
Co bin77 00380 - Candidatus Lokiarchasota
SB bind1 01522 - Candidatus Lokiarchaeota
55 bin2g 00096 - Candiatus Lokiarchasola
'Y Cobin183 01116 - Candidatus Lokiarchaeota
7 84 bin14 00262 - Canditatus Lokiarchasota
Go bin157 00115 - Thorarchaeola
$5 bin18 02478 - Therarchaeota
TXTS7507 1 - Candidalus Thorarchaota archiaeon
OLST6461.1 - Candigatus Helmdalarchasota archaeon
Co bin105 01655 - Candidatus Helmdalarchaeota
Co binzi7 02237 - Candidatus Heandallarchasota
©o bin120 00867 - Candidatus Heimdallarchaeota
$2 bin51 01654 - Candidatus Heimdaliarchagcta

Co binB0 01107 - Candidatus Aminicenanles
Y $ 56 bin 00813 - Deitaprotecbacteria

[—%3 e 52bin52 00771 - Cansidatus Aminicenantes
$2 bin50 01687 - Candidatus Bathyarchaeata

WP 014792040, 1 - Desulfitobacterium dehalogenans.

0.08

- D
2 binG0 03770 - Defaprotecbacteria
Co bin148 01450 -

52 binB1 02994 -

$3bin7 03851 - Deltaproteobacteria
b 56 bin15 01245 - Deltaprotecbacteria
Co bin240 DD05T - Dehalosocooidia
7 bin39 00714 - Dehalococcaidia
53 bin10 00625 - Dehalococcoidia
54 bin24 00960 - Dehalococcoidia
Co bin200 00121 - Dy
Cobin200 00318 - Dehalococcoidia
Co bin200 01032 - Dehalococsaidia
Co binB3 00237 - Dehalococcaidia
[— Cobinf78 02204 - Deltaprotacbaciaria

52 bin24 00594 - D
88 binT 00251 - Deltaprotecbacteria

WP 012085780.1 - Ferroglobus placidus

Cobin254 00161 - Anaerolineales.

52 bin38 00043 - Anaerolinesles

‘WP 0B5786105.1 - Ruegeria litorea

WP 027250711.1 - Leisingera squimarina

82 bin8 00050 Ll

52 binf 01503 - Candidatus Bathyarchasota

82 minB DO0BO - Candidatus Bathyarchaeota

52 binf 00850 - Candidatus Bathyarchasota

1 S8 bin11 01320
52 bin3@ 01316 - Candidatus Aminicanantes
WP 073269371.1 - Alkalibacter saccharofermentans

B N

WP 014800274 1 - Desulfomonile tiedjei
WP 0786645621 - Desuffovibrio bizertensis
§— VWP 083478034.1 - Sulfurospirllum halorespirans
T WP 025344665 1 - Sulfurospirilum multivorans

WP 011828137.1 - Dehalocaccaides mecartyi
WP 077874836.1 - Dehalococcaides mecartyi

& WP 078987034.1 - meeartyi
T 1 mecanyi
WP (13218938 1 - Dehalogenimanas lykanthroporepeliens
WP 0132175611 - Dehalogenimonas ykanthroporepeliens

Co bin24 00953 - Firmicutes

WP 014792037.1 - Desulfitobacterium denalogenans

WP 025205280.1 - Dehalobacter restricius
De

&p. CF
WP 014188102 1 - Desuifosporosinus. orientis
WP 0204920851 - Dehalobacter sp. FTH1
VP 025206297 1 - restrictus
restrictus
VIP 018214244 1 -
WP 0114606411 - Desulfitobacterium hatniense
WP 012470909, 1 - Geobacter loviey!
WP 082210818 1 - Desulfaluna spongliphiia
WP 012144103.1 - Shewanella sediminis

£ s2
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Supplementary Figure 13 Maximum-likelihood tree of amino acid sequences of the
reductive dehalogenase A subunit (RdhA), a marker for reductive dehalogenation. The

tree shows sequences from cold seep metagenome-assembled genomes obtained in this
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study (blue) alongside representative reference sequences (black). The subgroup of each
reference sequence is denoted. The tree was constructed using the JTT matrix-based

model, used all sites, and was bootstrapped with 50 replicates and midpoint-rooted.
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Supplementary Figure 14 Depth-differentiated metabolic capacity based on normalized
short-read counts of genes encoding the catalytic subunits of key metabolic enzymes in
unassembled quality-filtered reads. Genes are marked by different colors. Details on the

annotation of the enzymes are presented in Supplementary Data 5.
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Supplementary Figure 15 Maximume-likelihood tree of amino acid sequences of catalytic
subunits of canonical fumarate-adding enzymes, which are markers for anaerobic
hydrocarbon degradation. The tree shows sequences from cold seep metagenome-
assembled genomes obtained in this study (blue) alongside representative reference
sequences (black). Different clades correspond to alkylsuccinate synthases (AssA),
benzylsuccinate synthases (BssA), naphthylmethylsuccinate synthases (NmsA), and
hydroxybenzylsuccinate synthases (HbsA). The tree was constructed using the JTT
matrix-based model, used all sites, and was bootstrapped with 50 replicates and

midpoint-rooted.
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