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Supplementary Figure 1. A) Outline of the metagenomic binning strategy. B) Plot of completeness of MAGs
(CheckM). Comparisons are derived from binning from single assemblies (IDBA or MetaSpades or Megahit),
versus binning from multiple assemblies of each sample (outlined in panel A).
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Supplementary. Fig. 2. Alignment of dissimilatory DsrC cysteine motifs. Sub-section (C-terminus) of alignment
of DsrC proteins, showing two conserved cysteine residues (dark purple) that are present in dissimilatory versions
of the enzymes.



wbl clade - Sulfur-oxidizers (Alphaproteobacteria & Gammaproteobacteria)
WP 086034116.1 FAD-dependent oxidoreductase Desulfurella amilsii

WP 086034555.1 NADPH-dependent glutamate synthase Desulfurella amilsii

RLB58993.1 glutamate synthase Deltaproteobacteria bacterium
RMF71731.1 FAD-dependent oxidoreductase Acidobacteria bacterium

Acidobacterium FW104 DsrL

OFX25127.1 hypothetical protein A2V77 06045 Anaeromyxobacter sp. RBG 16 69 14

IHoIophagae bacterium FeB 10 DsrL
WP 116785663.1 FAD-dependent oxidoreductase Holophagae bacterium
AJ31128.1 Iron-sulfur-binding protein glutamate synthase subunit DsrL GItD uncultured sulfate-reducing bacterium

C.
Unbinned Acidobacteriota A6 STJ59 peg3218 DsrL
Ca. Sulfomarinibacter, MAG AM3-B, DsrL
Unbinned Acidobacteriota ThM scaffold 807 peg5 DsrL

NOZ02592.1 FAD-dependent oxidoreductase Deltaproteobacteria bacterium
HHS65189.1 FAD-dependent oxidoreductase Deltaproteobacteria bacterium
HGX69386.1 FAD-dependent oxidoreductase Acidobacteria bacterium
HGE57007.1 FAD-dependent oxidoreductase Acidobacteria bacterium

WP 105314584.1 FAD-dependent oxidoreductase Acidobacteriia bacterium SbA2
WP 165817699.1 FAD-dependent oxidoreductase Candidatus Sulfopaludibacter sp. SbA3
WP 105311852.1 FAD-dependent oxidoreductase Candidatus Sulfopaludibacter sp. SbA6
WP 105293779.1 FAD-dependent oxidoreductase Candidatus Sulfotelmatobacter sp. SbA7
Acidoflorens Acidobacteria bog 157 GCA 003166525
SPF32259.1 DsrL Candidatus Sulfotelmatobacter kueseliae
RJP18718.1 FAD-dependent oxidoreductase Candidatus Omnitrophica bacterium
0GL46692.1 hypothetical protein A2161 21820 Candidatus Schekmanbacteria bacterium RBG 13 48 7
NIO27719.1 FAD-dependent oxidoreductase Candidatus Latescibacteria bacterium
HID76534.1 FAD-dependent oxidoreductase Planctomycetaceae bacterium
PKK84342.1 hypothetical protein CVT49 04215 candidate division Zixibacteria bacterium HGW-Zixibacteria-1
CAJ31210.1 Iron-sulfur-binding protein glutamate synthase subunit DsrL GItD uncultured sulfate-reducing bacterium
CAJ31166.1 Iron-sulfur-binding protein glutamate synthase dsrL gltD uncultured sulfate-reducing bacterium
NNL22612.1 FAD-dependent oxidoreductase Ignavibacteriaceae bacterium
—E\]Aowll hypothetical protein CEE37 07485 candidate division LCP-89 bacterium B3 LCP
RJP73754.1 FAD-dependent oxidoreductase candidate division Zixibacteria bacterium
[PIX40392.1 hypothetical protein COZ57 26040 Armatimonadetes bacterium CG 4 8 14 3 um filter 66 20
NCQ29075.1 FAD-dependent oxidoreductase Armatimonadetes bacterium
CO041142.1 FAD-dependent oxidoreductase Armatimonadetes bacterium

HHS42002.1 FAD-dependent oxidoreductase Candidatus Solibacter sp.
DsrL-2 clade

Supplementary Figure 3A. Phylogenetic tree of DsrL proteins. The sequences from MAGs recovered in this study are
highlighted in blue. Other Acidobacteriota DsrL are highlighted in purple. Bootstrap values >50% are presented on

nodes as black-filled circles. The scale bar represents 20% sequence divergence.
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Supplementary Figure 3B. Alignment of DsrL proteins. A subsection of the whole DsrL alignnment is shown to highlight YRR amino acids of putative NAD(P)H-binding domain.



Parasutterella excrementihominis YIT 11859, conserved domain protein [EGG53164.1], Onr
Geobacter sp. M21, ammonia-forming cytochrome c¢ nitrite reductase subunit ¢552 [WP015836589], NrfA
{Thioalka/ivibrio paradoxus, eight-heme nitrite reductase [ADV18468.1], Onr

Bdellovibrio bacteriovorus HD100, nitrite reductase periplasmic cytochrome ¢552 [CAE80607.1], NrfA
_ESyntrophus aciditrophicus SB, cytochrome ¢552 [ABC78708.1], NrfA
Centipeda periodontii DSM 2778, nitrite reductase [EGK58947.1], NrfA

Deltaproteobacteria bacterium RBG 16 48 10, hypothetical protein A2156 01060 [OGP88052.1], c554
Planctomycetes bacterium GWB2 41 19, hypothetical protein A2069 04790 [OHB39455.1], ¢554

— Ca. Kuenenia stuttgartiensis, hypothetical cytochrome protein [CAJ75043.1], c554
Ca. Brocadia sinica, putative cytochrome protein [KXK29255.1], ¢554
Ferrimonas balearica DSM 9799, putative cytochrome ¢ [ADN75871.1], MccA
Shewanella baltica 0S185, putative cytochrome ¢ [ABS10001.1], MccA
— %

Shewanella pealeana ATCC 700345, putative cytochrome ¢ [ABV85831.1], MccA

Wolinella succinogenes, hypothetical protein WS0379 [CAE09526.1], MccA

Anaeromyxobacter dehalogenans 2CP-C, putative cytochrome ¢ [ABC82733.1], MccA

Campylobacter curvus 525.92, cytochrome ¢ family protein [EAU00307.1], MccA

| ? Methylomicrobium album BGS8, partial [ACV74400.1], Hao-Hzo
Nitrosospira multiformis ATCC 25196, aerobic hydroxylamine oxidoreductase precursor [ABB74112.1], Hao-Hzo

Campylobacter concisus 13826, multiheme c-type cytochrome [EAT99005.1], Hao-Hzo

—:Desulfuromonas acetoxidans DSM 684, hypothetical protein Dace 1281 [EAT15312.1], Hao-Hzo

50% Geobacter uraniireducens Rf4, hypothetical protein Gura 1628 [ABQ25823.1], Hao-Hzo

Pelobacter propionicus DSM 2379, putative cytochrome ¢ [ABK99203.1], SO4144-relatives

Desulfococcus oleovorans Hxd3, cytochrome ¢ family protein [ABW68808.1], Otr

Magnetococcus marinus MC-1, cytochrome ¢ family protein [ABK43396.1], Otr

Chlorobium luteolum DSM 273, cytochrome ¢ family protein [ABB24059.1], Otr

Shewanella frigidimarina NCIMB 400, putative cytochrome ¢ [ABI73383], SO4144-relatives

Shewanella amazonensis SB2B, putative cytochrome ¢ [ABM01383.1], Otr

Shewanella sp. ANA-3, putative cytochrome ¢ [ABK49909.1], SO4144-relatives

Shewanella sp. MR-7, putative cytochrome ¢ [ABI41442.1], SO4144-relatives

Shewanella sp. MR-4, putative cytochrome ¢ [ABI40579.1], SO4144-relatives

Anaeromyxobacter sp. Fw109-5, cytochrome ¢ family protein [ABS26794.1], Otr
E Geobacter sulfurreducens PCA, cytochrome ¢ [AAR35577.1], Otr

Dissulfuribacter thermophilus, hypothetical protein [WP067617463.1], query

Desulfatirhabdium butyrativorans, hypothetical protein [WP051328050.1], query

Geobacter lovleyi SZ, hypothetical protein Glov 1468 [ACD95187.1], Otr

Anaeromyxobacter sp. Fw109-5, hypothetical protein [WP012098556.1], query

Deltaproteobacterium PSCGC 5451, hypothetical protein [WP051352663.1], query

MAG AM3-C octaheme tetrathionate reductase peg.1334, query

Desulfosarcina ovata, hypothetical protein [WP155325153.1], query

Shewanella sediminis HAW-EB3, hypothetical protein Ssed 2184 [ABV36793.1], Otr

Carboxydothermus hydrogenoformans Z-2901, putative cytochrome ¢ [ABB14483.1], Otr

Thermoanaerobaculum aquaticum, hypothetical protein [WP081799778.1], query

Acidobacteria bacterium 21-70-11, hypothetical protein B7Z68 10000 [0YV92682.1], query

Acidobacteria bacterium, hypothetical protein EPN53 16785 [TAM44333.1], query

Deltaproteobacteria bacterium, hypothetical protein DRH30 15090 [RLB36349.1], query

MAG AM1 octaheme tetrathionate reductase peg.699-700, query

Acidobacteria bacterium, hypothetical protein D6738 10015 [RMF72949.1], query

Acidobacteria bacterium, hypothetical protein D6718 04550 [RMG47012.1], query

Thermoanaerobaculia bacterium, hypothetical protein FOK16 11705 [KAB2960387.1], query

Blastocatellia bacterium, TPA: hypothetical protein DEA22 11635 [HBR58098.1], query

Supplementary Figure 4. Phylogenetic tree of multiheme cytochrome protein sequences. Sequences from MAGs recovered in this study are highlighted
in blue. Sequences from other Acidobacteriota are highlighted in purple. Reference sequences were retrieved from Kern et al. 2011, and from best
BLASTP hits to our MAG-derived sequences. Functional assignments are labelled at the end of each leaf label. Bootstrap values with >90% are indicated
with filled black circles on nodes. The scale bar represents 50% sequence divergence. Genbank accessions are presented in parentheses. NrfA =
respiratory cytochrome c¢ nitrite reductase, Onr = octaheme cytochrome c nitrite reductase, Hao/Hzo = octahaem hydroxylamine
oxidoreductase/hydrazine oxidoreductase, MccA = cytochrome c sulfite reductase, and Otr = octaheme tetrathionate reductase.



Sulfur-oxidizing bacteria

Other Desulfobacterota (primarily)
WP 068988758.1 sulfurtransferase TusA family protein Kangiella sediminilitoris
OFV82344.1 hypothetical protein A2W26 10285 Acidobacteria bacterium RBG 16 64 8
RMHB80456.1 sulfurtransferase TusA family protein Acidobacteria bacterium
_{ [TDI39778‘1 sulfurtransferase TusA family protein Acidobacteria bacterium
TDI29866.1 sulfurtransferase TusA family protein Acidobacteria bacterium
I HGX69285.1 sulfurtransferase TusA family protein Acidobacteria bacterium
TDI13234.1 sulfurtransferase TusA family protein Acidobacteria bacterium
L*_iﬁ?lw.l hypothetical protein AUG09 03855 Acidobacteria bacterium 13 1 20CM 2 68 7
PYQO09894.1 hypothetical protein DMHO0 12240 Acidobacteria bacterium
’ WP 126378606.1 sulfurtransferase TusA family protein Desulfovibrio ferrophilus
WP 049676746.1 sulfurtransferase TusA family protein Desulfocarbo indianensis
WP 013258579.1 sulfurtransferase TusA family protein Desulfarculus baarsii
WP 028321838.1 sulfurtransferase TusA family protein Desulfatiglans anilini
WP 006423195.1 sulfurtransferase TusA family protein delta proteobacterium NaphS2
WP 007290715.1 sulfurtransferase TusA family protein delta proteobacterium MLMS-1 (sulfide oxidation with arsenate reduction)
WP 013164582.1 sulfurtransferase TusA family protein Desulfurivibrio alkaliphilus (elemental sulfur-reduction & -disproportionation, sulfur oxidation with nitrate reduction)
WP 068515351.1 sulfurtransferase TusA family protein Caldimicrobium thiodismutans (disproportionation of sulfur, thiosulfate and sulfite)
Ca. Sulfomarinibacter kjeldsenii, MAG AM3-C
Ca. Sulfomarinibacter, MAG AM2
Ca. Sulfomarinibacter, MAG AM1
Ca. Sulfomarinibacter, MAG AM3-B
WP 022665023.1 sulfurtransferase TusA family protein Desulfospira joergensenii (elemental sulfur reduction)
WP 084067818.1 sulfurtransferase TusA family protein Desulfobacterium vacuolatum
WP 155306903.1 sulfurtransferase TusA family protein Desulfosarcina widdelii (elemental sulfur reduction)
WP 054697085.1 sulfurtransferase TusA family protein Desulfosarcina cetonica (elemental sulfur reduction)
WP 045214690.1 sulfurtransferase TusA family protein Desulfonatronovibrio magnus (thiosulfate-/sulfite-reduction and -disproportionation)
WP 028574670.1 sulfurtransferase TusA family protein Desulfonatronovibrio hydrogenovorans  (thiosulfate disproportionation)
WP 008871187.1 sulfurtransferase TusA family protein Desulfonatronospira thiodismutans (thiosulfate-/sulfite-reduction and -disproportionation)
WP 045218304.1 sulfurtransferase TusA family protein Desulfonatronum thioautotrophicum (thiosulfate-/sulfite-disproportionation)
WP 008871192.1 sulfurtransferase TusA family protein Desulfonatronospira thiodismutans
WP 168719494.1 sulfurtransferase TusA family protein Thermosulfurimonas marina
WP 068669736.1 sulfurtransferase TusA family protein Thermosulfurimonas dismutans
WP 013907250.1 sulfurtransferase TusA family protein Thermodesulfatator indicus
WP 068542682.1 sulfurtransferase TusA family protein Thermodesulfatator autotrophicus
WP 022852789.1 sulfurtransferase TusA family protein Thermodesulfatator atlanticus
WP 166032671.1 sulfurtransferase TusA family protein Thermosulfuriphilus ammonigenes
WP 067615219.1 sulfurtransferase TusA family protein Dissulfuribacter thermophilus
WP 163297538.1 sulfurtransferase TusA family protein Dissulfurirhabdus thermomarina
WP 084457090.1 sulfurtransferase TusA family protein Desulfobulbus mediterraneus
WP 028580098.1 sulfurtransferase TusA family protein Desulfobulbus japonicus
WP 028317509.1 sulfurtransferase TusA family protein Desulfobulbus elongatus
WP 015725936.1 sulfurtransferase TusA family protein Desulfobulbus propionicus
WP 015403351.1 sulfurtransferase TusA family protein Desulfocapsa sulfexigens
WP 073611593.1 sulfurtransferase TusA family protein Desulfopila aestuarii
WP 136796110.1 sulfurtransferase TusA family protein Desulfopila sp. IMCC35004
WP 163335929.1 sulfurtransferase TusA family protein Desulfopila sp. IMCC35008
WP 136809147.1 sulfurtransferase TusA family protein Desulfopila sp. IMCC35005
WP 017866082.1 sulfurtransferase TusA family protein Desulfobulbus oralis
WP 073376245.1 sulfurtransferase TusA family protein Desulfofustis glycolicus
WP 136870623.1 sulfurtransferase TusA family protein Desulforhopalus sp. IMCC35007
WP 136813578.1 sulfurtransferase TusA family protein Desulfopila sp. IMCC35006
WP 092225853.1 sulfurtransferase TusA family protein Desulforhopalus singaporensis

(thiosulfate-/sulfite-reduction and -disproportionation)

B.

1. Ca. Sulfomarinibacter MAG A1

2. Ca. Sulfomarinibacter MAG AM2

3. Ca. Sulfomarinibacter MAG AM3-B

4. Ca. Sulfomarinibacter MAG AM3-C

5. WP_084067818.1_sulfurtransferase_TusA_family_protein_Desulfobacterium_vacuolatum

6. WP_022665023.1_sulfurtransferase_TusA_family_protein_Desulfospira_joergenseni

7. WP_045218304.1_sulfurtransferase_TusA_family_protein_Desulfonatronum_thioautotrophicum
8. WP_008871192.1_sulfurtransferase_TusA_family_protein_Desulfonatronospira_thiodismutans
9. WP_045214690.1_sulfurtransferase_TusA_family_protein_Desulfonatronovibrio_magnus

10. WP_028574670.1_sulfurtransferase_TusA_family_protein_Desulfonatronovibrio_hydrogenovorans
11. WP_155306903.1_sulfurtransferase_TusA_famiy_protein_Desulfosarcina_widdeli

12. WP_054697085.1_sulfurtransferase_TusA_famiy_protein_Desulfosarcina_cetonica

13. WP_068515351.1_sulfurtransferase_TusA_famiy_protein_Caldimicrobium_thiodismutans
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Supplementary Figure 5. A) Phylogenetic tree of TusA proteins. The sequences from MAGs recovered in this study are
highlighted in blue. The orange branch indicates TusA proteins from anaerobic organisms known to reduce or dispro-
portionate sulfur cycle intermediates and that had TusA related to the Aciobacteriota TusA. Descriptions of sulfur me-
tabolisms related to reduction or disproportionation of sulfur cycle intermediates are presented in parenthesis for TusA
related to TusA from MAGs recovered in this study. Bootstrap values >50% are presented on nodes as black-filled

circles. The scale bar represents 20% sequence divergence. B) Alignment of TusA proteins from marine Acidobacteriota
showing Cys-Pro-X-Pro sulfane sulfur-binding domains.
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Escherichia coli K-12_Formate dehydrogenase O2 repressed_[PDB: 1KQG]

Wolinella succinogenes DSM 1740_Formate dehydrogenase_[NP_907333]

Escherichia coli K-12_Formate dehydrogenase -H_[NP_418503]

Actinobacillus actinomycetemcomitans_Periplasmic Nitrate reductase_[GenBank: AAL55891]
Pseudomonas stutzeri_Periplasmic Nitrate reductase_[ABA42173]

Ralstonia eutropha H16_Periplasmic Nitrate reductase_[EMBL: CAA50507]
MAG-AM4_peg_90

Assimilatory nitrate reductases

=/Nsenite oxidases

— _+—0Q Pyrogallol hydroxytransferases

Escherichia coli K-12_Membrane bound DMSO reductase_[swissprot: P18775]
4{{Haemophilus influenzae_Membrane bound DMSO reductase_[swissprot: P45004]
Actinobacillus succinogenes_Membrane bound DMSO reductase_[ZP_00732527]

MAG-AM4_peg_362
MAG-AM3-B_peg_235
Archaeoglobus fulgidus DSM 4304_Polysulfide reductase_[NP_071207]
Pyrobaculum aerophilum_Polysulfide reductase_[NP_560307]
Carboxydothermus hydrogenoformans Z-2901_Polysulfide reductase_[YP_361367]
Moorella thermoacetica_Polysulfide reductase_[YP_429324]
{Halorhodospira halophila_Polysulfide reductase_[YP_001002743]
Alkalilimicola ehrlichei MLHE-1_Polysulfide reductase_[YP_741477]
Thermus thermophilus HB27_Polysulfide reductase_[YP_004130]
Prosthecochloris aestuarii DSM 271_Polysulfide reductase_[ZP_00592921]
Geobacter lovleyi SZ_Polysulfide reductase_[ZP_01593406]
Acidiphilum cryptum_Polysulfide reductase_[YP_001233491] Polysulfide/thiosulfate/selenite
Flavobacteroides bacterium ATCC 2170_Polysulfide reductase_[ZP_01106668] reductases
MAG-AM4_peg_1867
Desulfovibrio desulfuricans G20_Polysulfide reductase_[YP_387178]
MLMS-1_Polysulfide reductase_[ZP_01288441]
Wolinella succinogenes DSM 1740_Thiosulfate reductase_[NP_906934]
Thermosinus carboxydivorans Nor_Polysulfide reductase_[ZP_01667237]
Shewanella sp. ANA-3_Polysulfide reductase_[YP_871247]
4 Salmonella enterica subsp. Enterica serovar Choleraesvis str. SC-B67_Polysulfide reductase_[YP_217061]
¢ Salmonella typhimurium_Thiosulfate reductase_[NP_461008]
Wolinella succinogenes DSM 1740_Polysulfide reductase_[NP_906381]
Campylobacter curvus 525.92_Polysulfide reductase_[ZP_01375656]
Campylobacter concisus 13826_Thiosulfate reductase_[EAT99379]

Unknown function

9 ———MAG-AM3-A_peg_1080
Chloroflexus aggregans_Tetrathionate reductase_[ZP_01515602]
Dehalococcoides sp. BAV1_Tetrathionate reductase_[YP_001213733]
Archaeoglobus fulgidus DSM 4304_Tetrathionate reductase_[NP_068998]
Aeropyrum pernix K1_Tetrathionate reductase_[NP_148724]
Pyrobaculum arsenaticum DSM 13514 _Tetrathionate reductase_[YP_001152643] .
Pyrobaculum aerophilum_Tetrathionate reductase_[NP_559177] Tetrathionate
Delftia acidovorans SPH-1_Tetrathionate reductase_[YP_001565262] reductases
Comonas testoteroni KF-1_Tetrathionate reductase_[ZP_01518624]
Thermosinus carboxydivorans Norl_Tetrathionate reductase_[ZP_01665691]
Hydrogenobaculum sp. YO4AAS1_Tetrathionate reductase_[ZP_02060755]
Wolinella succinogenes DSM 1740_Tetrathionate reductase_[NP_907142]
Acidithiobacillus ferrivorans_Sulfite oxidase_[SMH65580]
Thiocapsa roseopersicina_Sulfite oxidase_[AHW76814]
Py Alkalilimicola ehrlichei MLHE-1_Arsenate reductase_[YP_743256]
MAG-AM4_peg_2793
° MLMS-1_Arsenate reductase_[ZP_01288668]
-Chrysiogenes arsenatis_Arsenate reductase_[AAU11839]
'Y ® Geobacter lovleyi SZ_Arsenate reductase_[ZP_01593421]

Alkaliphilus oremlandii OhILAS_Arsenate reductase_[ZP_01360543]

Alkaliphilus metallidigenes QYMF_Arsenate reductase_[ZP_00800578]

c Shewanella sp. ANA-3_Arsenate reductase_[AAQO01672]

-Shewanella sp. W3-18-1_Arsenate reductase_[YP_964317] Arsenate

Bacillus arseniciselenatis_Arsenate reductase_[AAU11841.2]

° Bacillus selenatireducens_Arsenate reductase_[AAQ19491] reductases
L J P Wolinella succinogenes DSM 1740_Arsenate reductase_[NP_906980]
Sulfurospirillum barnesii_Arsenate reductase_[AAU11840]
— Desulfosporosinus sp. Y5_Arsenate reductase_[ABB02056]
“@_ pesulfitobacterium hafniense Y51_Arsenate reductase_[YP_520364]
-Desulfitobacterium hafniense DCB-2_Arsenate reductase_[ZP_01372404]

Supplementary Figure 6. Phylogenetic tree of complex iron—sulfur molybdoenzyme (CISM) family proteins. The
sequences from the MAGs recovered in this study are highlighted in blue. Reference sequences were obtained
from Duval et. al. 2008, as well as selected additional sequences. Bootstrap values >90% are presented on nodes
as black-filled circles. The scale bar represents 50% sequence divergence.
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Supplementary Figure 7. A) Schematic of gene organisation and synteny of extracellular cytochrome-rich genomic loci
among Acidobacteria MAGs (AM1, AM3-C and AM4) and Thermoanaerobaculum aquaticum (T. aq.). B) Schematic of
gene organisation of genomic loci encoding OmcS-like proteins in MAG AMA4. Shaded blue lines indicate degree of se-
quence similarity as determined by tblastx within EasyFig (Sullivan et al., 2011). Subcellular location predictions and
number of heme-binding sites (CXXCH) are indicated in parentheses. SEC-peptides for Sec secretion systems were
searched in proteins with ‘unknown’ location predictions using PRED-TAT (Bagos et al., 2011).
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: Ralstonia_solanacearum_TAT-dependent_nitrous-oxide_reductase_[AXW69264]
Thauera_humireducens_TAT-dependent_nitrous-oxide_reductase_[AMO37672]
Pseudomonas_stutzeri_nitrous-oxide_reductase_[OCX58369] Type | NosZ
Neisseria_mucosa_TAT-dependent_nitrous-oxide_reductase_[AVR78235]
Azospirillum_sp._TSH100_TAT-dependent_nitrous-oxide_reductase_[QCG90436]
Mesorhizobium_sp._M1E.F.Ca.ET.045.02.1.1_TAT-dependent_nitrous-oxide_reductase_[AZO23606]
Dechloromonas_sp._HYN0024_Sec-dependent_nitrous-oxide_reductase_[AXS81443]
—+ ‘[—-Gemmatirosa_kalamazoonesis_Nitrous»oxide_reductase,_Sec-dependent_[AHGQZSGS]
Antarcticibacterium_sp._PAMC_28998_Sec-dependent_nitrous-oxide_reductase_[QED37342]
T—+_:FlalvobacteriumfcolumnareﬁSec-dependentﬁnitrous-oxidefreductasei[AM021296]
Chitinophaga_sp._XS-30_Sec-dependent_nitrous-oxide_reductase_[QEH42288]
Luteitalea_pratensis_Sec-dependent_nitrous-oxide_reductase_[WP_110174615]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[PZN85515]
Puniceicoccales_bacterium_CK1056_Sec-dependent_nitrous-oxide_reductase_[WP_163961741]
Puniceicoccaceae_bacterium_5H_nitrous-oxide_reductase_[KAF0093242]
Opitutus_sp_Sec-dependent_nitrous-oxide_reductase_[WP_107834991]
Opitutus_terrae_Sec-dependent_nitrous-oxide_reductase_[WP_012374624]
Opitutaceae_bacterium_TSB47_Sec-dependent_nitrous-oxide_reductase_[WP_068770083]
Nibricoccus_aquaticus_Sec-dependent_nitrous-oxide_reductase_[WP_096054784]
Opitutaceae_bacterium_TAV5_Sec-dependent_nitrous-oxide_reductase_[WP_009507623]
unclassified_Opitutaceae_1_MULTISPECIES:_Sec-dependent_nitrous-oxide_reductase_[WP_064499173]
Geminisphaera_colitermitum_Sec-dependent_nitrous-oxide_reductase_[WP_052362323]
bacterium_BMS3Bbin04_nitrous-oxide_reductase_precursor_[GBE30572]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[RLE28104]
MAG AM3-B peg69
MAG AM3-C peg1027
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[RMG44704]
Candidatus_Chrysopegis_kryptomonas_Sec-dependent_nitrous-oxide_reductase_[WP_092350345]
andidatus_Kryptobacter_tengchongensis_nitrous_oxide_reductase_apoprotein_[CUU07937]
Candidatus_Thermokryptus_mobilis_Sec-dependent_nitrous-oxide_reductase,_partial_[WP_140944880] Type I I NOSZ
andidatus_Kryptonium_thompsoni_nitrous_oxide_reductase_apoprotein_[CUS94877]
Bacteroidetes_bacterium_Sec-dependent_nitrous-oxide_reductase_[HCA82085]
Ignavibacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[HEL92900]
bacterium_Sec-dependent_nitrous-oxide_reductase_[HEU30725]
candidate_division_KSB1_bacterium_Sec-dependent_nitrous-oxide_reductase_[RIK66063]
candidate_division_KSB1_bacterium_Sec-dependent_nitrous-oxide_reductase_[KAA0230795]
lastocatellia_bacterium_Sec-dependent_nitrous-oxide_reductase_[HDU09081]
Blastocatellia_bacterium_nitrous-oxide_reductase [PWT95742]
uncultured_bacterium_nitrous_oxide_reductase,_partial_[AFB35558]
uncultured_bacterium_nitrous_oxide_reductase,_partial_[AFB35557]
Acidobacteria_bacterium_OLB17_nitrous-oxide_reductase_[KXK07378]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[R1J95688]
uncultured_bacterium_nitrous_oxide_reductase,_partial_[ASF90328]
ncultured_bacterium_nitrous_oxide_reductase,_partial_[ASF90305]
uncultured_bacterium_nitrous_oxide_reductase,_partial_[ASF90308]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[RP128403]
cidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[RPJ60883]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase,_partial_[RPJ84023]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[KAA0254981]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[HBL27222]
Acidobacteria_bacterium_RIFCSPLOWO2_12_FULL_67_14b_nitrous-oxide_reductase,_partial_[OFW45939]
Acidobacteria_bacterium_Sec-dependent_nitrous-oxide_reductase_[RPJ69256]
Anaeromyxobacter_sp_Sec-dependent_nitrous-oxide_reductase_[WP_011984568]
Anaeromyxobacter_sp_Sec-dependent_nitrous-oxide_reductase_[WP_059437837]
Anaeromyxobacter_dehalogenans_Sec-dependent_nitrous-oxide_reductase_[WP_011421454]
Anaeromyxobacter_sp_Sec-dependent_nitrous-oxide_reductase_[WP_012525512]

B

Supplementary Figure 8. Phylogenetic tree of nitrous oxide reductases (NosZ). Sequences from MAGs recovered
in this study are highlighted in blue. The NosZ from MAG AM1 was omitted due to short sequence length, al-
though it was most similar to the NosZ from AM3-B and AM3-C (>90% amino acid identity from 190 amino acids).
Sequences from other Acidobacteriota are highlighted in purple. Clade of ‘type | NosZ’ = blue, and clade of ‘type Il
NosZ’ = red. Reference sequences were retrieved from the top 50 best BLASTP hits to the NosZ from MAG AM3-C
were included. Genbank accessions are presented in parentheses. Black circles on nodes represent bootstraps
values >90%. The scale bar represents 20% sequence divergence.
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‘Dehalococcoidales cluster’

Desulfitobacterium_sp._KBC1_prdA_AB194706_AB194706_NCBI_Accession
Dethiobacter_alkaliphilus_AHT_1_DealDRAFT_0257_DealDRAFT_0257_JGI_locus_tag

Heliobacterium_modesticaldum_lcel_HeliMode_pceA_171696369_NCBI_Gene_ID
Sulfurospirillum_halorespirans_PCE-M2_AY013367_AY013367_NCBI_Accession
Sulfurospirillum_multivorans_AF022812_AF022812_NCBI_Accession

Ferroglobus_placidus_DSM_10642_Ferp_2321_8779861_NCBI_Gene_ID
Jannaschia_sp._CCS1_Jann_1968_3934419_NCBI_Gene_ID
Ruegeria_pomeroyi_DSS-3_SP01738_3192799_NCBI_Gene_ID
Dehalobacter_CF_cfrA_ACT3-rdh01_AFV05253_NCBI_Accession
ehalobacter DCA_dcrA_ACT3-rdh02_AFV02209_NCBI_Accession
Desulfitobacterium_sp._PCE1_AY013361_AY013361_NCBI_Accession
Dehalobacter_CF_ACT3-rdh17_AFV06381_NCBI_Accession
Dehalobacter_CF_ACT3-rdh18_AFV06387_NCBI_Accession
Vibrio_sp._RC586_VOA_003314_262401591_NCBI_Gene_ID
Shewanella_sediminis_HAW-EB3_Ssed1729_5610108_NCBI_Gene_ID
Shewanella_sediminis_ HAW-EB3_Ssed2100_5612296_NCBI_Gene_ID
Geobacter_lovleyi_SZ_Glov_2872_6366908_NCBI_Gene_ID
Desulfitobacterium_hafniense_PCP-1_cprA_AY349165_AY349165_NCBI_Accession
Dehalobacter_MS_MS_rdhA1_D328-MS_FJ010192_NCBI_Accession
Dehalobacter_ WL_WL_rdhA2_D333-WLm_FJ010190_NCBI_Accession
Dehalobacter_WL_WL_rdhA3_D334-WLm_FJ010191_NCBI_Accession
Desulfitobacterium_sp._CR1_CR1_tceA_145860191_NCBI_Gene_ID
Desulfitobacterium_sp._PCE-S_AY216592_AY216592_NCBI_Accession
Dehalobacter_restrictus_PER-K23_pceA_AJ439607_AJ439607_NCBI_Accession
esulfitobacterium_hafniense_Y51_Dhaf_pceA_89332194_NCBI_Gene_ID
Dehalogenimonas_GP_JP09_RS07410_NCBI_Accession
4@TB48865.lireductiveidehalogenasefDehalogenimonasialkenigignens
'APV44777.1_reductive_dehalogenase_Dehalogenimonas_formicexedens
Dehalococcoides_mccartyi CBDB1_cbdbA187_3623477_NCBI_Gene_ID
Dehalococcoides_mccartyi_8658274VS_WP_012882585_NCBI_Accession
ehalococcoides_mccartyi_CG1_X792_07225_WP_041331455_NCBI_Accession
Moorella_glycerini_4Fe-4S_dicluster_domain-containing_protein_WP_054936053_NCBI_Accession
AKG54203.1_reductive_dehalogenase_Dehalogenimonas_sp._WBC-2
Dehalococcoides_mccartyi DCMB5_RdhA_dcmb_1428_AGG07017_NCBI_Accession
Dehalococcoides_mccartyi_strain_11a5_RdhA_Dm1la5_1395_AMU87221_NCBI_Accession
Dehalococcoides_mccartyi_IBARAKI_RdhA_IBK_1409_BAS32441_NCBI_Accession
Dehalococcoides_mccartyi_IBARAKI_reductive_dehalogenase_BAS32441_NCBI_Accession
Acidobacterium_capsulatum_ACP_0433_ACP_0433_JGI_locus_tag
Desulfitobacterium_hafniense_DCB-2_Dhaf_2620_7259622_NCBI_Gene_ID
Dehalobacter_DCA_ACT3-rdh09_AFV02160_NCBI_Accession
Dehalobacter_restrictus_PER-K23_AJ539533_AJ539533_NCBI_Accession
Photobacterium_profundum_3TCK_P3TCK_04761_90409568_NCBI_Gene_ID
Candidate_division_KSB1_bacterium_hypothetical_protein_RKY80442_NCBI_Accession
Candidatus_Aminicenantes_bacterium_reductive_dehalogenase_RLE04018_NCBI_Accession
Candidatus_Aminicenantes_bacterium_reductive_dehalogenase_HDP95779_NCBI_Accession
Bacteroidetes_bacterium_hypothetical_protein_HCC70646_NCBI_Accession
Bacteroides_sp._reductive_dehalogenase_HEC45137_NCBI_Accession
acteroidetes_bacterium_hypothetical_protein_RLD71959_NCBI_Accession
acteroidetes_bacterium_hypothetical_protein_RLD95287_NCBI_Accession
Chloroflexi_bacterium_reductive_dehalogenase_KAA3648439_NCBI_Accession
Chloroflexi_bacterium_reductive_dehalogenase_KAA3663748_NCBI_Accession
Chloroflexi_bacterium_4Fe-4S_dicluster_domain-containing_protein_HDX76150N_NCBI_Accession
MAG_AM3-C_peg1850_reductive_dehalogenase_homolog
anaerobic_bacterium_MO-CFX2_4Fe-4S_dicluster_domain-containing_protein_WP_119066533_NCBI_Accession
delta_proteobacterium_NaphS2_NPH_5634_301058510_NCBI_Gene_ID
Thermotogales_bacterium_mesG1.Ag.4.2_ThebaDRAFT_2271_NZ_AEDC01000006
Clostridium_difficile_630_CD1958_115249003_NCBI_Gene_ID
‘Clostridium_difficile_R20291_CD196_1838_260211391_NCBI_Gene_ID
Anaeromyxobacter_dehalogenans_K_AnaeK_0343_6786351_NCBI_Gene_ID
Anaeromyxobacter_dehalogenans_2CP-1_A2cpl_0355_A2cpl_0355_JGI_locus_tag
Anaeromyxobacter_dehalogenans_2CP-C_Adeh_0331_3886159_NCBI_Gene_ID
rAnaeromyxobacter_dehalogenans_ZCP-C_Adeh_0329_3886157_NCBI_Gene_ID
naeromyxobacter_dehalogenans_2CP-1_A2cpl_0353_A2cpl_0353_JGI_locus_tag
Anaeromyxobacter_dehalogenans_K_AnaeK_0341_6786349_NCBI_Gene_ID
Dehalobacter_CF_ACT3-rdh03_AFV06361_NCBI_Accession
Desulfitobacterium_chlororespirans_AF204275_AF204275_NCBI_Accession
Desulfobacula_toluolica_Tol2_CCK78267_NCBI_Accession
Dehalococcoidia_bacterium_DEH-C11_putative_RdhA_PRJINA303082
Flavonifractor_plautii_ ATCC_29863_EHM55262_NCBI_Accession
Lachnospiraceae_bacterium_7_1_58FAA_EHO28107_NCBI_Accession
Candidatus_Entotheonella_sp_TSY1_ETW95891_NCBI_Accession
Burkholderiales_bacterium_JOSHI_001_EHR72035_NCBI_Accession
Nitratireductor_pacificus_pht-3B_EKF18105_NCBI_Accession
Comamonas_sp_7D-2_BhbA2_WP_015586001_NCBI_Accession
Maritalea_myrionectae_WP_027834035_NCBI_Accession
Sulfitobacter_sp_NB-77_WP_025055861_NCBI_Accession
Pseudovibrio_sp_FO-BEG1_YP_005083500_NCBI_Accession
'seudovibrio_sp_JE062_EEA92265_NCBI_Accession

Supplementary Figure 9. Phylogenetic tree of reductive dehalogenase homolog A (RdhA) proteins. The sequence
from the MAG recovered in this study are highlighted in blue. Reference sequences were obtained from Hug et. al.
2013, and the top 10 best BLASTP hits to the RdhA from MAG AM3-C were also included. The RdhA sequence of
MAG AM1 was not included due to the truncated protein sequence, although it was most similar to the RdhA
from MAG AM3-C (>87% amino acid identity from 120 amino acids). Black circles on nodes represent bootstraps

values >90%. The scale bar represents 50% sequence divergence.
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Bacillus subtilis_Cellulase_[P07983]

— Gammaproteobacteria bacterium_glycoside hydrolase family 5 protein_[RYY77209]
- Gammaproteobacteria bacterium_glycoside hydrolase family 5 protein_[RYY01242]
Cellvibrio japonicus Uedal07_cellulase, putative, cel5C_[ACE83249]
Cellvibrio japonicus_cellulase family glycosylhydrolase_[WP_148209070]
unclassified Cellvibrio_ MULTISPECIES: cellulase family glycosylhydrolase_[WP_007639596]
Cellvibrio mixtus_cellulase A_[AAB61461]
Cellvibrio mixtus_cellulase family glycosylhydrolase_[WP_094985097]
ellvibrio sp. PSBB023_cellulase family glycosylhydrolase_[WP_078044892]
ncultured bacterium_cellulase_[AFJ05146]
uncultured bacterium_Chain A, Cellulase_[4HTY_A]

Cellvibrio sp. KY-GH-1_cellulase family glycosylhydrolase [WP_151033142]

Cellvibrio sp. 79_glycoside hydrolase_[PUA27524]

Cellvibrio mixtus_cellulase family glycosylhydrolase_[WP_039915742]

Cellvibrio sp. YR554_cellulase family glycosylhydrolase [WP_133680197]

Cellvibrio sp. YR554_aryl-phospho-beta-D-glucosidase BgIC (GHfamily) [TDR86173]

Cellvibrio sp. pealriver_cellulase family glycosylhydrolase_[WP_082191579]
uncultured bacterium_cellulase_[ABA02176]
Cellvibrio sp. OA-2007_glycoside hydrolase family 5 protein_[WP_084618439]

Cellvibrio sp._glycoside hydrolase_[HCS62799]
bacterium enrichment culture clone CelA24_cellulase_[ACR23659]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_018275050]
hermoflexibacter ruber_glycoside hydrolase family 5 protein_[WP_091549280]
Rhodothermus marinus_cellulase family glycosylhydrolase_[WP_012842546]
synthetic construct_glycoside hydrolase family 5, partial_[API185491]
hodothermus marinus_cellulase family glycosylhydrolase_[WP_014065767]
Rhodothermus marinus_cellulase family glycosylhydrolase [WP_161539997]
Melioribacter roseus_glycoside hydrolase family 5 protein_[WP_014855184]
Pedobacter nanyangensis_cellulase family glycosylhydrolase_[WP_113663375]
Pedobacter ureilyticus_cellulase family glycosylhydrolase_[WP_138730787]
Pararcticibacter tournemirensis_cellulase family glycosylhydrolase_[WP_141816832]
— Rufibacter ruber_cellulase family glycosylhydrolase_[WP_066831552]
Mucilaginibacter sp. HME9299_cellulase family glycosylhydrolase [WP_157542130]

Acidobacteria bacterium RBG_13_68_16_hypothetical protein A2Y78_04885, partial_[OFV82276]

Holophagae bacterium_cellulase family glycosylhydrolase [WP_116786035]

MAG_AM3-A_peg250_Cellulase_A

MAG_AM3-B_peg1313_Cellulase_A

AG_AM3-C_peg2253 Cellulase_A

Rubrivivax sp._glycoside hydrolase family 5 protein_[RZL38614]

Rubrivivax sp._glycoside hydrolase family 5 protein_[RZJ13262]

Alteromonadaceae bacterium Bs31_cellulase family glycosylhydrolase_[WP_085155694]
Cellvibrionaceae bacterium Bs12_cellulase family glycosylhydrolase_[WP_045856086]
Alteromonadales bacterium BS08_cellulase family glycosylhydrolase_[WP_075187171]

Alteromonadaceae bacterium 2052S.S.stab0a.01_cellulase family glycosylhydrolase [WP_121467234]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_015818240]

Teredinibacter turnerae_cellulase family glycosylhydrolase_[WP_028875775]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_019601399]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_018013410]
Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_019603693]
eredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_018275050]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_018414665]

Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_028885045]
Teredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_045827282]
eredinibacter turnerae_glycoside hydrolase family 5 protein_[WP_028881550]

Supplementary Figure 10. Phylogenetic tree of cellulase A-like proteins. Sequences from MAGs recovered in this
study are highlighted in blue. Sequences from other Acidobacteria are highlighted in purple. Sequences from
genera or species known to perform cellulose degradation are highlighted in green. Reference sequences were re-
trieved from the top 50 best BLASTP hits to the cellulase A from MAG AM3-C. Genbank accessions are presented

in parentheses. The tree was rooted with the cellulase A of Bacillus subtilis. Black circles on nodes represent boot-
straps values >90%. The scale bar represents 20% sequence divergence.
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Acidobacteria bacterium_hydrogenase 2 large subunit_[PYQ31807]
Candidatus Sulfopaludibacter sp Sba3_nickel-dependent hydrogenase large subunit_[WP 105500178]
Bryobacterales bacterium_hydrogenase 2 large subunit_[HBY63964]
Candidatus Solibacter usitatus_nickel-dependent hydrogenase large subunit_[WP 011688559]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[KAA0256067]
Acidobacteria bacterium RBG 13 68 16_hydrogenase 2 large subunit_[OFV79693]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[TAM49191]
Acidobacteria bacterium 21-70-11_hydrogenase 2 large subunit_[OYV98280]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[RMF73357]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[RMG54683]
Thermoanaerobaculia bacterium_nickel-dependent hydrogenase large subunit_[KAB2962020] Type—lc
Acidobacteria bacterium_hydrogenase 2 large subunit_[RLE20357]

Acidobacteria bacterium_hydrogenase 2 large subunit_[RLE24187]
MAG-AM2 peg 1083

MAG-AM3-C peg 2955

uncultured bacterium_niFe uptake hydrogenase large subunit partial_[ALI97471]
uncultured bacterium_niFe uptake hydrogenase large subunit partial_[ALI97472] Wadden Sea
uncultured bacterium_niFe uptake hydrogenase large subunit partial_[ALI97473]
ncultured bacterium_niFe uptake hydrogenase large subunit partial_[ALI97511]

uncultured bacterium_niFe uptake hydrogenase large subunit partial_[ALI97499]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[RMF71931]

Thermoanaerobaculum aquaticum_nickel-dependent hydrogenase large subunit_[WP 038047549]
Puniceicoccales bacterium CK1056_nickel-dependent hydrogenase large subunit_[WP 163967365]
Opitutus sp GAS368_nickel-dependent hydrogenase large subunit_[WP 091059232]
Thermoanaerobaculia bacterium_nickel-dependent hydrogenase large subunit_[KAB2960354]
Acidobacteria bacterium_nickel-dependent hydrogenase large subunit_[TAK17443]
Ignavibacteria bacterium_nickel-dependent hydrogenase large subunit_[RMD50653]
Ignavibacteria bacterium_nickel-dependent hydrogenase large subunit_[NCS88960]
Euryarchaeota archaeon_nickel-dependent hydrogenase large subunit_[RMG32054]
Caldithrix abyssi_nickel-dependent hydrogenase large subunit_[WP 150109313]
Caldithrix abyssi DSM 13497_hydrogenase large subunit_[APF19047] Type—ld
MAG-AM4 peg 2448
Caldithrix abyssi_nickel-dependent hydrogenase large subunit_[HED10589]
Calditrichaeota bacterium_nickel-dependent hydrogenase large subunit_[KAA3614054]
Calditrichaeota bacterium_nickel-dependent hydrogenase large subunit_[KAA3662459]
Acidobacteria bacterium_hydrogenase 1 large subunit_[PYQ44057]
Blastocatellia bacterium_hydrogenase 1 large subunit_ [HBR57013]
Gemmatimonadetes bacterium_nickel-dependent hydrogenase large subunit_[RMH68224]
Occallatibacter savannae_nickel-dependent hydrogenase large subunit_[WP 109488634]
Candidatus Sulfotelmatomonas gaucii_nickel-dependent hydrogenase large subunit_[WP 105487790]
Acidobacteria bacterium AB60_nickel-dependent hydrogenase large subunit_[WP 150164855]

sediment clones
(Dyksma et al., 2018)

Supplementary Figure 11. Phylogenetic tree of [NiFe]-hydrogenase large subunit proteins. The sequences from
the MAGs recovered in this study are highlighted in dark blue. Sequences from other Acidobacteriota are high-
lighted in purple. Sequences from PCR-derived amplicons from tidal flat sediments (Dyksma et al., 2018) are high-
lighted in light blue. Reference sequences were derived from best BLASTP hits from NCBI-nr database. Hydroge-

nase ‘types’ were determined using HydDB (Sgndergaard et al., 2016). Black circles on nodes represent boot-
straps values >90%. The scale bar represents 20% sequence divergence.
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Supplementary Figure 12. Comparisons of COG classifications of proteins representing unique ortholog groups
(OGs) from marine versus terrestrial dsr-harbouring Acidobacteriota. OGs unigque to each group of genomes were
determined using OrthoFinder (Emms and Kelly 2019). Proteins were compared from the six MAGs recovered in
this study, versus proteins from the seven MAGs recovered by Hausmann et al., 2018. Letters in parenthesis rep-
resent standard COG codes. Protein sequences were classified to COG categories using eggNOG mapper.
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Supplementary Figure 13. Microbial community composition of Smeerenburgfjorden sediments. Rela-
tive abundance of 16S rRNA ASVs is derived from amplicon sequencing of the 16S rRNA gene. Taxa that
are less abundant than 1% or are unclassified are shown in grey. Depth is shown in centimeters below
seafloor (cmbsf) for A) Station J, B) Station GK, and C) Station GN.
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Supplementary Figure 14. Phylogenetic tree of 16S rRNA gene sequences. Red leaves are from all acidobacterial amplicon-derived sequences retrieved
in this study from Smeerenbergfjorden, Svalbard. The red dot denotes the most abundant ASV in the dataset. The orange leaf represents the 16S rRNA
sequence recovered from an acidobacterial metagenome-assembled genome (this study). Blue leaves represent sequences derived from marine environ-
ments and present in the SILVA database v138. The blue leaves were selected as the closest relatives of the query sequences. Green leaves represent cul-
tivated Acidobacteria. SD = ‘sub-division’ as per SILVA database (v138). The tree was built as a consensus of three maximum-likelihood methods (see Ma-
terials and Methods). The scale bar represents 10% sequence divergence.
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Supplementary Figure 15. Sankey diagram of marine Acidobacteriota 16S rRNA gene sequences and
their major taxonomic classifications. The SILVA database (v138 NR) was the source of the marine Aci-
dobacteriota 16S rRNA gene sequences (n=771). Numbers refer to the percentage of all marine sedi-
ment-derived Acidobacteriota sequences.
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Supplementary Figure 16. Community compositions of dsrB-harboring microorganisms in Svalbard sediments.
A) Compositions determined from dsrB-gene (DNA) amplicon sequencing. B) Compositions determined from
dsrB-transcript (cDNA) amplicon sequencing. Groups that are less abundant than 1% are grouped as ‘Others’.



A) Svalbard, Station J, 2017 - Sva-34 probe

B) Svalbard, Station J, 2017 - HolAc probe

C) Portugal tidal flat - Sva-34 probe

D) Portugal tidal flat - HolAc probe

E) Sweden fjord - Sva-34 probe

Supplementary Figure 17. CARD-FISH images of Acidobacteriota from marine sediments. Sediment locations and
probes used are listed above panels A-E. Panels with blue cells are DAPI stained, panels with green cells are CARD-
FISH hybridised cells from corresponding fields of view. White scale bars represent 10 pm.



