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Supplementary Text
1. Detailed phylogenomic analysis of Zodletone spring sediments and water communities.
Anoxic sediments. 
Overall sequencing overview and diversity patterns. Metagenomic sequencing of the spring sediments yielded 281 Gbp, 79.54% of which assembled into 12 Gbp contigs, with 6.8 Gbp contigs longer than 1Kbp. 1,848 genomes were binned, 683 of which passed quality control criteria, and 516 remained after dereplication (Table S1).  These MAGs represented 64 phyla or candidate phyla (53 bacterial and 11 archaeal), 127 classes, 198 orders, and 300 families (Figure 1a-b). Diversity assessment utilizing small subunit ribosomal protein S3 from assembled contigs (n=2079), as well as a complementary 16S rRNA illumina sequencing effort (n=309,074 amplicons), identified a higher number of taxa (82 phyla and 1679 species in the ribosomal protein S3 dataset, and 69 phyla and 1050 species in 16S rRNA dataset) (Figure S2). Nevertheless, the overall community composition profiles generated from all three approaches were broadly similar.
Detailed phylogenetic analysis of Zodletone sediment MAGs. The Chloroflexota (n=69), Planctomycetota (n=47), Bacteroidota (n= 43), Desulfobacterota (n= 43), Spirochaetota (n= 28 genomes), Patescibacteria (n=20 genomes), and the archaeal phylum Nanoarchaeota (n=21) were the most abundant phyla in Zodletone spring sediments, albeit representing only 52.52% of the total number of recovered genomes (Figure 1, 2C). A notable absence, or extreme paucity, of genomes belonging to the Proteobacteria (6 genomes) and Firmicutes (12 genomes), the most successful taxa within current biomes 1, as well as the oxygen-generating oxycayanobacteria (0 genomes) were observed (Figure 1, 2C). Within the Chloroflexota, 38/69 genomes belonged to 3 novel orders, 5 novel families, and multiple LRD orders (Thermoflexales, 4572-78, and UBA2777) and families (E44-bin32, Fen-1058, J111, RBG-13-53-26, RBG-16-64-43, UBA11579, UBA11858, UBA2029, UBA2162, UBA3940, UBA4811, UBA4823, UBA5620, UBA5760, and UBA6092) (Figure S3a). Within the Planctomycetota, 17/47 genomes belonged to 2 novel orders, 8 novel families, and multiple LRD orders (FEN-1346, SZUA-567, and UBA8890) and families (Fen-1342, SM23-30, UBA1845, UTPLA1, and UBA8108, Figure S3b). Within the Bacteroidota, 27/43 genomes belonged to 1 novel family, and multiple LRD families (FEN-979, GCA-2748055, NBLH01, UBA10428, UBA12170, UBA5072, UBA6680, and SZUA-365, Figure S3c). Within the Spirochaetota, 19/28 genomes belonged to one novel class, 2 novel orders, and 9 novel families, as well as multiple LRD families (ARS1246, Marispirochaetaceae, and RPPD01, Figure S3d). Within the Desulfobacterota (Figure S3e), 35/43 genomes belonging to 3 novel classes, 10 novel orders, and 7 novel families were identified, as well as multiple LRD families (B25-G16, BuS5, HGW-15, MLS-D, NaphS2, UBA2210, and UBA3084). Only 6/43 genomes belonged to the well-described families Desulfovibrionaceae, Geopsychrobacteraceae, Smithellaceae, and Syntrophaceae. Finally, an extremely diverse community of Patescibacteria (13 different orders, 3 of which belonging to LRD orders, and 14 different families, including 6 novel and 2 LRD families), and Nanoarchaeota (2 orders including the LRD order CG07-land), and 15 different families, including 5 novel and 10 LRD families) were identified in the spring sediments (Figure S3F). A similar pattern of high proportion of novel and LRD families was identified throughout all other lineages (Figure 1a). Therefore, in addition to expanding the number of novel lineages (classes, orders, and families), and greatly enriching available genomes in rare, poorly represented taxa, our results highlight the uniqueness and distinction of the microbial community thriving in Zodletone spring sediments, compared to all previously studied habitats on the current earth. 
Hypoxic waters. 
Overall sequencing overview and diversity patterns. Metagenomic sequencing of the oxygen-exposed overlaying water column community yielded 323 Gbp, 80.07% of which assembled into 3.6 Gbp contigs with 3.1 Gbp contigs >1K. 883 genomes were binned, with only 114 remaining after dereplication. Of these, 62 belonged to shared families with the sediment community, and 52 were water specific.
Detailed phylogenetic analysis of Zodletone water MAGs. Water-specific genomes (n=52) mostly belonged to well-characterized microbial lineages, e.g. class Alphaproteobacteria (5 genomes belonging to Rhodobacteraceae and Rhodospirillaceae, and 3 belonging to the uncultured lineages NBLK01 and Rs-D84), Gammaproteobacteria (9 genomes belonging to the lineages Thiomicrospiraceae, Halothiobacillaceae, Acidithiobacillaceae, Burkholderiaceae, Chromatiaceae, and Methylothermaceae, and 1 belonging to the uncultured lineage UBA9339), phylum Camplylobacterota (8 genomes, belonging to the families Sulfurimonadaceae, Sulfurovaceae, and Sulfurospirillaceae), Firmicutes/Firmicutes_A (4 genomes, and 6 genomes belonging to the Bacilli, and Clostridia classes, respectively), and well described families in the phyla Bacteroidota (Flavobacteriaceae, Prolixibacteraceae, Paludibacteraceae, Marinilabiliaceae, Tannerellaceae, Marinifilaceae, Balneolaceae), Desulfobacterota (Families Geopsychrobacteraceae, Desulfuromonadaceae,), and Spriochaetota (Sphaerochaetaceae, Treponemataceae, Spirochaetaceae_B). Collectively, this demonstrates a pattern where the intrusion of oxygen is associated with a negative impact on novel and LRD lineages that are prevalent in the sediment, and the propagation of communities associated with well-characterized lineages within the bacterial tree of life.
2. Reductive sulfur processes in Zodletone spring sediment communities. A total of 149 genomes (28.9 % of all genomes), belonging to 32 phyla, 51 classes, 69 orders, and 97 families were involved in at least one reductive sulfur process (Figure 3, Table S3). By comparison, only 21 sediment genomes (4.06% of all genomes) encoded at least one sulfur oxidation pathway (Figure 3, Table S3). The reductive sulfur-community in the spring exhibited two unique traits: First, a majority of genomes encoding such capacities belonged to novel (47 genomes) or LRD (66 genomes) lineages (Figure 3), and second: sulfite-, polysulfide-, thiosulfate-, and tetrathionate reduction appears to be more prevalent than sulfate-reduction capacities in the sediment genomes. 
Sulfate reduction. Sulfate-reduction capacity was observed in only 18 sediment genomes (Figure 3, 4a, Table S3), but exhibited a unique community composition, when compared to well-studied marine and terrestrial habitats 2-5. Sulfate-reduction capacities were observed in the Zixibacteria (3 genomes belonging to class MSB-5A5), Acidobacteriota (2 genomes belonging to family UBA6911, equivalent to Acidobacteria group 18), Myxococcota (2 genomes belonging to the order Polyangiales), Bacteroidota (uncultured families UBA10428 and UBA5072 within Bacteroidales), Planctomycetota (1 genome belonging to a novel family within class Phycisphaerae), candidate phylum OLB16 (1 genome), as well as rare and novel lineages within the Desulfobacterota (5 genomes belonging to family HGW-15 within Desulfatiglandales, 1 genome belonging to Order C00003060 within Desulfobacterota). Only 1 genome belonging to the canonical sulfate reducing family Desulfovibrionaceae was identified. Organization of the sulfate reduction genes differed between different phyla, with Myxococcota, Zixibacteria, OLB16, and Acidobacteriota genomes encoding all genes for sulfate activation and reduction, dissimilatory sulfite reduction, as well as energy conservation on one locus, while Desulfobacterota genomes encoded genes for sulfate activation and reduction as well as energy conservation on one locus with genes for dissimilatory sulfite reduction on another, as previously observed in cultured Desulfobacterota 6-8.
Sulfite-reduction. Sulfite (but not sulfate) reduction via the DsrAB+DsrC+DsrKMJOP system was identified in only 8 genomes belonging to 7 families within the phyla Planctomycetes (1 genome belonging to the uncultured family UBA11386 within the Pirellulales), Chloroflexota (2 genomes belonging to the uncultured family EnvOPS12 within Anaerolineales and the uncultured Family UBA5629 within Dehalococcoidia), Spirochaetota (1 genome belonging to the uncultured class UBA4802), and Desulfobacterota (2 genomes belonging to family HGW-15 within Desulfatiglandales, and 2 genomes belonging to one novel family and the uncultured family UBA2210 within Syntrophales) (Figure 3, 4a, Table S3). Gene organization of the dsr locus in the above 9 genomes differed between different phyla, with Chloroflexota, and Spirochaetota genomes encoding all genes for dissimilatory sulfite reduction (dsrABC plus dsrKMJOP) on one locus, while Planctomycetota and Desulfobacterota genomes showed a split dsr locus with dsrABC on one locus and dsrMKJOP on another. 
On the other hand, sulfite-reduction capacity within Zodletone spring sediment solely via the Asr/Hdr system was rampant, being encountered in 104 genomes belonging to 28 phyla, 43 (8 novel and 9 LRD) classes, 56 (18 novel, and 12 LRD) orders, and 72 (31 novel and 25 LRD) families (Figure 3, 4b, Table S3), with a gene organization of the asr locus adjacent to the hdr locus in the majority of genomes. Asr-encoding lineages in the spring included the Chloroflexota (15 genomes all from uncultured lineages belonging to novel (6 genomes) and LRD (6 genomes) families EnvOPS12, UBA11858, UBA4823, UBA6092, UBA4811, Fen-1058 in addition to the families UBA1429, UBA3254, UBA5760), Desulfobacterota (14 genomes belonging to novel (3 genomes) and LRD (7 genomes) families B25-G16, HGW-15, MLS-D, UBA3084, in addition to the families Smithellaceae, UBA2185, UBA5619), Planctomycetota (11 genomes belonging to novel (2 genomes), and LRD (3 genomes) families SM23-30 and UBA1845 in addition to the family Anaerohalophaeraceae), Spirochaetota (11 genomes belonging to novel (8 genomes) families in addition to the uncultured family UBA5550), and Bacteroidota (7 genomes belonging to the LRD (5 genomes) family BA5072, in addition to the family VadinHA17). The capacity was also rampant in the yet-uncultured bacterial phyla, many of which have fairly limited distribution on the current earth, e.g. the candidate phyla CSSED10-310, FCPU426, RBG-13-66-14, SM23-31, SZUA-182, UBP14, Aureabacteria, Sumerlaeota. Interestingly, all genomes belonging to the novel phylum Krumholzibacteriota, recently described from the spring sediment 9, encoded complete anaerobic sulfite reductase systems. 
Phylogenetic analysis of dissimilatory sulfite reductase Dsr (concatenated dsrA and dsrB) (Figure 4a) showed clustering of Zodletone Desulfobacterota sequences with canonical sulfate-reducing Desulfobacterota as well as the sequences from the Firmicutes genera Moorella and Desulfotomaculum shown before to have acquired these genes through lateral gene transfer 10. In addition, sequences from Zodletone Chloroflexota, Spirochaetota, Myxococcota, Acidobacteriota, Planctomycetota, Zixibacteria, and candidate division OLB16 clustered sister to the Desulfobacterota clade with no evidence for LGT between phyla. 
Phylogenetic analysis of AsrB sequences clustered into four distinct clades (Figure 4B) governed by their organismal phylogeny; (1) Sequences from the Chloroflexota families UBA6092, UBA11858, and EnvOPS12 clustered sister to sequences from Actinobacteria genus Streptomyces, (2) sequences from the phyla Desulfobacterota, Myxococcota, Acidobacteriota, Verrucomicrobia, Fibrobacterota, Delongbacteria, UBP14, Sumerlaeota, and Actinobacteriota (class RBG-13-55-18), in addition to the Chlorobia class within Bacteroidota, the Chloroflexota orders UBA1429, Dehalococcoidales, Thermoflexales, B4G1, SBR1031, Promineofilales, novel orders ZNO10, and ZNO11, the Spirochaetota class UBA4802, and the novel family ZNF102 within Spirochaetales all clustered close to sequences from the genera Desulfocapsa, Syntrophocurvum, Syntrophomonas, and Syntrophobotulus, (3) sequences from the Firmicutes family Vallitaleaceae clustered with Acetoanaerobium, Petrocella (Firmicutes) and Fusobacterium sequences, and (4) sequences from Fermentibacteriota, the novel Spirochaetales family ZNF103, Krumholzibacteriota, candidate divisions WOR-3, KSB1 and SM23-31, Cloacimonadota, Planctomycetota, and the Bacteroidales families UBA5072 and VadinHA17 clustered close to the single Thermotogae reference sequence from Kosmotoga olearia. No evidence for LGT between phyla was deduced from the tree topology. As such, this study greatly expanded the Asr phylogeny beyond the handful of taxa from which it was previously described.
Thiosulfate disproportionation and reduction. In Zodletone sediment, the quinone-dependent membrane-bound molybdopterin-containing thiosulfate reductase PhsABC was encoded in 11 genomes belonging to 6 phyla, with Bacteroidota representing the major phsABC-encoding phylum (4 genomes) (Figure 3, S4, Table S3). Within these genomes, only two (a Chloroflexota family UBA6092 genome, and a Desulfatiglandales family HGW15 genome) also encoded a dissimilatory sulfite reductase (the Asr system) akin to the Gammaproteobacteria thiosulfate disproportionating pure culture members, where the final products of thiosulfate disproportionation are expected to be only hydrogen sulfide. On the other hand, 5 of the 11 phsABC-encoding Zodletone genomes also encoded the sulfite dehydrogenase SoeABC system, akin to Desulfobacterota and Firmicutes pure culture members, where the final products of thiosulfate disproportionation are expected to be both hydrogen sulfide and sulfate. 
In addition to the phsABC system, 14 Zodletone genomes belonging to 6 phyla (6 Desulfobacterota genomes, 2 Acidobacteriota genomes, 3 Chloroflexota genomes, 1 Bacteroidota genome, 1 Spirochaetota genome, and 1 Myxococcota genome) encoded a rhodanase-like enzyme [EC: 2.8.1.1 or EC: 2.8.1.3] for thiosulfate disproportionation, as well as enzymes for both sulfite oxidation (by means of reversal of sulfate reduction via Sat+AprAB, or the sulfite dehydrogenase SoeABC), and sulfite reduction (via the dissimilatory sulfite reductases Dsr or Asr), where the final products of thiosulfate disproportionation are expected to be both hydrogen sulfide and sulfate. It is worth noting that 113 other Zodletone sediment genomes encoded rhodanase-like enzymes but with no additional mechanisms for sulfite oxidation and/or reduction. We speculate that the function of rhodanase in these organisms could be part of a thiosulfate assimilatory pathway as recently shown in E. coli 11. 
Tetrathionate reduction. Seventy-three Zodletone sediment genomes encoded the octaheme tetrathionate reductase (OTR) enzyme. These genomes belonged to 14 phyla with major contribution from Bacteroidota (30 genomes), Chloroflexota (10 genomes), and Desulfobacterota (10 genomes) (Fig 3, S6, Table S3). In addition to Otr, 68 Zodletone genomes encoded the Ttr enzyme system. These genomes belonged to 14 phyla with major contribution from Chloroflexota (22 genomes) and Desulfobacterota (20 genomes). As shown previously in Salmonella typhimurium 12, in presence of means for thiosulfate disproportionation/reduction and sulfite reduction, the thiosulfate produced as a result of tetrathionate reduction could be further reduced to sulfide. Out of the 105 sediment genomes encoding the Otr and/or Ttr enzymes, only 12 genomes also encoded thiosulfate and sulfite reduction enzymes. These genomes belonged to the phyla Acidobacteriota (2 genomes in the family UBA6911), Chloroflexota (3 Anaerolineales genomes), Desulfobacterota (4 in the orders Syntrophales, Desulfatiglandales, and C00003060, and 1 belonging to a novel class), Myxococcota (1 genome in a novel family), and Spirochaetota (1 genome).
Sulfur (polysulfide) reduction. Twenty Zodletone sediment genomes encoded psrABC genes (Figure 3, S6, Table S3). These genomes belonged to the phyla Bacteroidota (8 genomes belonging to the uncultured Bacteroidales families FEN-979, UBA10428, UBA3824, UBA5072, and UBA6680, and 1 Chlorobia genome), Campylobacterota (2 genomes), Acidobacterota (2 belonging to the order Aminicenantales, and 2 belonging to the family UBA6911), Chloroflexota (2 genomes belonging to the order Dehalococcoidales), Desulfobacterota (2 genomes belonging to the novel class ZNC02), and 1 Myxococcota genome (belonging to the novel family ZNF055). In addition, representatives of the cytoplasmic sulfurhydrogenase I (HydABCD system) and/or II (ShyABCD system) were identified in 119 Zodletone sediment genomes (Figure 3, Table S3). However, as described above, direct involvement of these enzymes in an ETS-associated respiration is not yet clear.
Substrates supporting sulfidogenic capacities at Zodletone spring. Within lineages mediating reductive sulfur processes in Zodletone sediments (n=98), a wide range of substrates supporting sulfidogenesis were identified (Table S2, Figure 3). These included hexoses (26-87% of sulfidogenic lineages), pentoses (30-41% of sulfidogenic lineages), amino acids and peptides (39% of lineages), short chain fatty acids, e.g. lactate, propionate, butyrate, and acetate (22-73% of lineages), long chain fatty acids (29% of lineages), aromatic hydrocarbons (3% of lineages), and short chain alkanes (6% of lineages). Autotrophic capacities with hydrogen as the electron donor were identified in 28% of sulfidogenic lineages. Of note, the sulfate-reducing lineages also encoded D-lactate oxidation capacity, as well as hydrogen oxidation capacities, similar to canonical sulfate reducers 13,14.
3. Transcriptomic analysis. Transcriptional expression of genes involved in S-species reduction/disproportionation was analyzed, and the identity of the active sulfur-reducing community in the spring sediment was examined (Figure S7). All S-species reduction/ disproportionation genes discussed above were identified in the metatranscriptomic dataset, and transcripts belonging to 51 different phyla were identified. Analysis of the spring sediment revealed the transcription of both the Dsr and Asr systems for sulfite reduction with contributions from Chloroflexota, Planctomycetota, Desulfobacterota, Bacteroidota, Fermentibacterota, Acidobacteriota, CSSED10-310, Actinobacteriota, Spirochaetota, WOR-3, and Fibrobacterota (Asr), and Desulfobacterota, Acidobacteriota, Zixibacteria, and Myxococcota (Dsr). Sulfate reduction genes (Sat, AprAB, and QmoABC) were also transcribed with major contribution from Desulfobacterota, Myxococcota, Zixibacteria, and Acidobacteriota. Total transcription levels of the Asr system were 4-times higher than the Dsr system, consistent with the higher number of Zodletone sediment genomes encoding the Asr system compared to the Dsr system. Transcription of the thiosulfate disproportionating rhodanese-like enzyme [EC: 2.8.1.1 or EC: 2.8.1.3] was detected in the phyla Desulfobacterota, Actinobacteriota, Firmicutes_A, Chloroflexota, Fibrobacterota, Planctomycetota, Spirochaetota, Bacteroidota, Halobacteriota, and Acidobacteriota, while the transcription of the thiosulfate reductase phsABC was detected in the phyla Actinobacteriota and Bacteroidota. Transcription of the tetrathionate reduction genes ttrABC was detected in the phyla Desulfobacterota, Actinobacteriota, Bacteroidota, Chloroflexota, Acidobacteriota, and Spirochaetota, while the octaheme tetrathionate reductase otr transcription was detected in Desulfobacterota, Bacteroidota, Myxococcota, UBP7_A, and Chloroflexota. Finally, the transcription of psrABC for polysulfide reduction was detected majorly in the phyla Bacteroidota, Desulfobacterota, and Campylobacterota, while transcription of the cytoplasmic sulfurhydrogenases I and II (hyd/shy systems) was identified in the phyla Actinobacteriota, Chloroflexota, Planctomycetota, Myxococcota, Acidobacteriota, Bacteroidota, and Desulfobacterota.
[bookmark: OLE_LINK1]4. Oxidative sulfur processes dominate Zodletone water community.
In contrast to sediment communities, reductive sulfur-processes were identified in only 25 (21.92%) water genomes, as opposed to 149 (29%) sediment genomes (Figure 3, Table S3). Dissimilatory sulfate reduction to sulfide capacity was completely absent in water genomes. The capacity for dissimilatory sulfite reduction via the Dsr system was absent, and the Asr system was only encoded in 7 water genomes. Thiosulfate reduction/disproportionation capacity to sulfide and sulfate (PhsABC + SoeABC, and/or Rhodanase + Dsr/Asr + SoeABC/SorAB) was encoded in only four genomes, all of which also encoded the capacity for tetrathionate reduction (via Otr and/or ttrABC). Finally, respiratory polysulfide reduction (via PsrABC) was encoded in 19 genomes. In all cases, the reductive sulfur community in water was a subset of the sediment community. 
In contrast, oxidative sulfur processes dominated the water community, with pathways encoding sulfide, sulfur, thiosulfate, tetrathionate, and/or sulfite oxidation to sulfate present in 59/114 genomes (51.8% of all water genomes) belonging to 13 phyla, 16 classes, 25 orders, and 43 families. The oxidative sulfur community in the water belonged to mostly well-characterized lineages (Table S3, Figure 3). Only 8 and 10 genomes involved in oxidative sulfur processes belonged to novel, and LDR families, respectively. 
A complete SOX system, putatively mediating oxidation of a wide range of reduced sulfur-species to sulfate was encoded in genomes belonging to well-characterized families within the Proteobacteria (11 genomes total belonging to families Acidithiobacillaceae, Burkholderiaceae, Halothiobacillaceae, Rhodobacteraceae, and Thiomicrospiraceae) and Campylobacterota (3 genomes in the family Sulfurimonadaceae).
Sulfide oxidation to sulfur and sulfite. Thirty nine water genomes encoded the sulfide dehydrogenase fccAB [EC: 1.8.2.3] and/or the sulfide:quinone oxidoreductase Sqr [EC: 1.8.5.4] both known to oxidize sulfide to sulfur/ polysulfide. These genomes belonged to the phyla Bacteroidota (14 genomes in the well characterized families Chlorobiaceae, Prolixibacteraceae, and Paludibacteracaeae, as well as the uncultured families NBLH01, UBA1556, DTU049, and F082 in the order Bacteriodales), Proteobacteria (13 genomes in the families Acidithiobacillaceae, Burkholderiaceae, Chromatiaceae, Halothiobacillaceae, Methylothermaceae, Rhodobacteraceae, Thiomicrospiraceae), Campylobacterota (8 genomes in the families Sulfurimonadaceae, Sulfurospirillaceae, Sulfurovaceae), in addition to three genomes in the families Anaerolineaceae, Geopsychrobacteraceae, and UBA2242 within the phyla Chloroflexota, Desulfobacterota, and Marinisomatota, respectively, and one genome belonging to a novel Thermodesulfovibrionales family (Nitrospirota). Only two of the above thirty-nine genomes (one Proteobacteria genome and one Nitrospirota genome) encoded the capacity to further oxidize the sulfur/polysulfide to sulfite via the reversal of the Dsr system (encompassing the full Dsr system dsrAB+dsrC+dsrMKJOP, in addition to the genes dsrEFH, tusA, and rhdA).
Sulfite oxidation to sulfate: A total of twenty-six water genomes encoded the capacity for sulfite oxidation to sulfate via the reversal of AprAB+QmoABC system (1 Bacteroidales genome), the sulfite dehydrogenase (quinone) SoeABC [EC: 1.8.5.6] (22 genomes belonging to the order Bacteroidales, and the families Acidithiobacillaceae, Burkholderiaceae, Chromatiaceae, Dethiosulfatibacteraceae, Halothiobacillaceae, Methylothermaceae, Rhodobacteraceae, Thiomicrospiraceae within Proteobacteria, the families Sulfurimonadaceae, Sulfurospirillaceae, Sulfurovaceae within Campylobacterota, the Syntrophales family UBA3084, and a novel Thermodesulfovibrionales family (Nitrospirota)), or the sulfite dehydrogenase (cytochrome) SorAB [EC: 1.8.2.1] (3 genomes total within the families Chromatiaceae, Halothiobacillaceae (Proteobacteria), and UBA12059 (Spirochaetota)).
Thiosulfate oxidation to tetrathionate, and complete thiosulfate oxidation to sulfate via tetrathionate: Eight water genomes encoded thiosulfate to tetrathionate oxidation capacities via either the thiosulfate dehydrogenase tsdA [EC: 1.8.2.2] (7 genomes belonging to the families Sulfurimonadaceae within Campylobacterota, and Rhodobacteraceae, Burkholderiaceae, Halothiobacillaceae, Thiomicrospiraceae within Proteobacteria), or the thiosulfate dehydrogenase (quinone) doxAD [EC: 1.8.5.2] (1 Flavobacteriaceae genome). Two of these 8 genomes (1 Rhodobacteraceae, and 1 Halothiobacillaceae genomes) also encoded tetrathionate hydrolase (tetH) 15 that is known to cleave tetrathionate to thiosulfate, sulfur, and sulfate. Simultaneous identification of the SOX system and both forms of sulfide dehydrogenase (fccAB and Sqr) imply that these two genomes encode the capacity for complete thiosulfate oxidation to sulfate.
Tetrathionate oxidation: In addition to the above two genomes, ten other water genomes encoded tetrathionate hydrolase, but with no other means of thiosulfate and sulfide oxidation capacities. Surprisingly, TetH (without other means of thiosulfate or sulfide oxidation) was also encoded in 100 sediment genomes, belonging to 26 phyla, 37 classes, 49 orders, and 66 families (including 23 novel families). Only nine of these genomes (belonging to 9 families including 4 novel ones) showed tetH transcriptional levels above 1. However, the exact function of tetrathionate hydrolase in these organisms is not entirely clear, as the subsequent steps of oxidation could not be identified.
5. Additional metabolic capacities in Zodletone spring sediments.
In addition to reductive sulfur processes, strict fermentative capacities were highly prevalent in sediment genomes (Table S2), being identified in 100 of the 291 lineages studied. On the other hand, a dearth of aerobic (only 38 lineages), nitrate (only 65 lineages encoded dissimilatory nitrite reduction to ammonium, with 2 of which also encoding the suite of genes for denitrification), Fe3+ respiration (8 lineages), or chemolithotrophic nitrifying (only 1 lineage encoded the combination of ammonia monooxygenase and hydroxylamine dehydrogenase), and photosynthetic capacities were identified (Figure 1a, Table S2). Strict fermentative lineages mediate the degradation a wide range of substrates, e.g. sugars (89 of the 100 fermentative lineages), amino acids (85 of the 100 fermentative lineages), short chain fatty acids (37 of the 100 fermentative lineages), complex carbohydrates (36 of the 100 fermentative lineages), long chain fatty acid oxidation (2 lineages), and short chain alkanes (1 lineage) (Table S2), producing a wide range of fermentative end products including lactate, formate, acetate, ethanol, succinate, and hydrogen. Primary productivity in the spring sediments appears to be mostly mediated via hydrogen utilization coupled to either sulfur-cycle intermediates (SCI) reduction (27 lineages, Table S2), or to CO2 fixation by hydrogenotrophic methanogens and acetogens using the Wood-Ljungdahl pathway (8 lineages Table S2).
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Supplementary Figures:
Figure S1. Zodletone spring source sediments and overlaid water.
[image: ]

Figure S2. Zodletone spring phylum-level community composition based on ribosomal protein S3 (RP-S3), binned genomes (MAGs), as well as the gene for 16S rRNA for both the sediment and the water samples. 



Figure S3. Family-level delineation for orders with 20 or more genomes. The maximum likelihood trees were constructed in FastTree 16 based on the concatenated alignments of 120-, and 122- single copy genes, respectively, obtained from Gtdb-TK 17. Bootstrap support values are shown as bubbles for nodes with >70% support. Families are color-coded. To the right of the trees, tracks are shown for cultured status at the family level (cultured versus uncultured), and abundance in Gtdb based on the number of available genomes (abundant with more than 5 genomes, rare with 5 genomes or less, and novel with no genomes in Gtdb).
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Figure S4. Phylogenetic affiliation and contig organization of thiosulfate reductase cytochrome b subunit PhsC from Zodletone spring genomes. Alignments were created in Mafft 18 and maximum likelihood trees were constructed in RAxML 19. Bootstrap support values are shown as bubbles for nodes with >50% support. Branches and branch labels are color coded by phylum for Zodletone sequences. Branch labels depict classification to family level followed by the NCBI genome accession number. Reference sequences are shown in black with the Uniprot accession numbers.
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Figure S5.  Phylogenetic affiliation and contig organization of octaheme tetrathionate reductase (Otr) from Zodletone spring genomes. Alignments were created in Mafft 18 and maximum likelihood trees were constructed in RAxML 19. Bootstrap support values are shown as bubbles for nodes with >50% support. Branches and branch labels are color coded by phylum for Zodletone sequences. Branch labels depict classification to family level followed by the NCBI genome accession number. Reference sequences are shown in black with the Uniprot accession numbers.
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Figure S6. Phylogenetic affiliation and contig organization of polysulfide reductase subunit gamma PsrC from Zodletone spring genomes. Alignments were created in Mafft 18 and maximum likelihood trees were constructed in RAxML 19. Bootstrap support values are shown as bubbles for nodes with >50% support. Branches and branch labels are color coded by phylum for Zodletone sequences. Branch labels depict classification to family level followed by the NCBI genome accession number. Reference sequences are shown in black with the Uniprot accession numbers.
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Figure S7. Phylum-level distribution for transcribed sulfur cycling genes in Zodletone spring sediment. RNA-seq reads were pseudo-aligned to the S-cycling genes predicted in Zodletone genomes to detect exact matches using Kallisto 20. The transcripts per million are shown on the Y-axis for the gene/ group of genes depicted at the top of the figure. 
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Supplementary tables:
Table S1: List of all genomes analyzed in this study with their NCBI Assembly accession numbers, taxonomic classification, sequencing statistics, and general genomic features.
Table S2: Substrates potentially supporting growth, predicted fermentation end products, and energy conservation pathways predicted from genomic analysis.
Table S3: S-cycling genes predicted in Zodletone genomes. Genes are shown in the table header and actual gene names are shown in the corresponding cells.





4572-55	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	AABM5-125-24	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.490742806156592	0.0	0.369759073386095	Acidobacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	32.0	18.0	1.377506651537046	33.0	0.0	1.364920322946252	Actinobacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	48.0	16.0	10.74849592825715	80.0	3.0	8.934289030286416	Aenigmarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	29.0	5.0	0.120907647893653	1.0	0.0	0.0402419180814519	Aerophobota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	Altarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	14.0	3.0	0.0662729086048098	3.0	0.0	0.0388810802719343	Armatimonadota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.0080820620249768	0.0	0.0	0.00758181065302718	Asgardarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	23.0	6.0	0.0307118356949119	1.0	0.0	0.013608378095177	Aureabacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	5.0	3.0	0.0	0.0	B130-G9	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	5.0	2.0	0.0	0.0	B64-G9	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	3.0	0.0	Bacteroidota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	121.0	43.0	14.55191431721124	298.0	29.0	12.87197043482656	Bdellovibrionota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.206577505358407	3.0	0.0	0.351873776461005	Bipolaricaulota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	1.0	0.0329748130619054	0.0	0.0	0.01185872948294	BMS3Abin14	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	1.0	1.0	Caldatribacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	8.0	1.0	0.11508856323567	1.0	0.0	0.114893592203566	Calditrichota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	8.0	3.0	0.818227959408652	2.0	1.0	0.831860712418034	Campylobacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	2.0	0.201728268143421	82.0	8.0	6.313704219958034	CG03	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.0	0.0	Chloroflexota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	357.0	69.0	11.52243418776894	64.0	1.0	11.06847152641288	Chrysiogenetota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	Cloacimonadota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	8.0	4.0	0.823077196623638	10.0	1.0	0.855772576785273	CSSED10-310	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	6.0	0.0	Cyanobacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	0.131899252247621	5.0	5.65700277416507	Delongbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	1.0	11.0	3.0	Dependentiae	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	9.0	2.0	0.328455000695057	2.0	0.0	0.237563400461518	Desulfobacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	136.0	43.0	3.593608058785688	89.0	7.0	3.341828849372749	Desulfobacterota_B	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	3.0	Eisenbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	7.0	3.0	0.0	0.0	Elusimicrobiota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	9.0	3.0	0.318433243784086	1.0	0.0	0.202376022815418	Eremiobacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	1.0	FCPU426	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.124140472703644	0.0	0.0	0.0867048090064134	FEN-1099	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	Fermentibacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	3.0	3.0	0.926527590543341	2.0	1.0	0.673809121112621	Fibrobacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	20.0	8.0	1.346471533361136	7.0	0.0	0.848968387737685	Firmicutes	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	19.0	4.0	20.14955047571017	76.0	4.0	9.934116009479204	Firmicutes_A	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	41.0	8.0	89.0	6.0	Firmicutes_B	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	10.0	1.0	Firmicutes_C	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	1.0	Firmicutes_D	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	0.0	Firmicutes_E	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	0.0	Firmicutes_G	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	0.0	Fusobacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.00193969488599443	5.0	1.0	0.0701803498908413	Gemmatimonadota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	1.0	0.155498873360554	5.0	0.0	0.169327104584274	Goldbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	0.0	1.0	1.0	Halobacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	46.0	10.0	1.623201337096342	24.0	1.0	1.26013581161339	Hydrogenedentota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	1.0	0.0093751919489731	0.0	0.0	0.00991467546934324	Hydrothermarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	Iainarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	13.0	5.0	0.0769412304777792	0.0	0.0	0.0340209452379425	Krumholzibacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	11.0	5.0	1.0	0.0	KSB1	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	28.0	11.0	1.0	0.0	Latescibacterota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	1.0	0.0992477216667152	0.0	0.0	0.101285214108389	Margulisbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	6.0	2.0	0.0921355070847356	0.0	0.0	0.102840457319266	Marinisomatota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	7.0	1.0	1.203903959240545	10.0	2.0	0.517312773018085	McInerneybacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	1.0	Methanobacteriota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	9.0	1.0	9.0	0.0	Micrarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	12.0	3.0	0.0213366437459388	1.0	0.0	0.0192461347346075	Moduliflexota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	16.0	0.628461143062196	3.0	0.523339340460235	Muirbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	1.0	Myxococcota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	32.0	13.0	2.084525437482018	10.0	5.0	2.412182220070798	Nanoarchaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	193.0	21.0	3.873247404849874	43.0	1.0	3.103682232707153	Nitrospirota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	11.0	0.0	0.000969847442997217	2.0	1.0	0.00641537824486915	OLB16	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	1.0	0.0	0.0	Omnitrophota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	54.0	17.0	6.0	1.0	Patescibacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	143.0	20.0	1.439253605407869	57.0	2.0	1.371335701191122	Planctomycetota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	132.0	48.0	1.908336485337524	15.0	2.0	1.36006018791226	Proteobacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	56.0	6.0	7.631729528945097	247.0	18.0	15.21883244004051	PWEA01	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	10.0	0.0	QMZS01	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	1.0	0.0	0.0	RBG-13-66-14	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	Riflebacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	2.0	Schekmanbacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	3.0	0.0058190846579833	0.0	0.0013608378095177	SM23-31	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	20.0	6.0	0.0	0.0	Spirochaetota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	88.0	28.0	6.312413723987886	70.0	8.0	5.456181994560536	Sumerlaeota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	6.0	4.0	0.0740316881487876	0.0	0.0	0.0491845665439968	Synergistota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	1.0	0.277699651178203	1.0	0.0	0.336321344352231	SZUA-182	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	TA06_A	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	0.0685358859718033	0.0	0.0587104312106208	Tectomicrobia	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	5.0	0.00161641240499536	2.0	0.00194405401359671	Thermoplasmatota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	69.0	9.0	0.124787037665642	3.0	0.0	0.0771789443397895	Thermoproteota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	70.0	5.0	0.341063017454021	40.0	0.0	0.267113021468188	Thermotogota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	2.0	0.100864134071711	2.0	0.0	0.107117376149179	UBA10199	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	6.0	1.0	0.0	0.0	UBA6262	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	2.0	UBP13	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.0	0.0	UBP14	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	2.0	2.0	0.0	0.0	UBP6	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	0.0	0.0	1.0	1.0	UBP7_A	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	4.0	1.0	0.0	0.0	Verrucomicrobiota	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	29.0	11.0	2.288193400511434	16.0	4.0	1.855988366780782	Verrucomicrobiota_A	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	8.0	3.0	0.0	0.0	WOR-3	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	12.0	8.0	1.0	0.0	Zixibacteria	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	8.0	3.0	0.0122847342779647	0.0	0.0	0.0128307564897383	Others	RP-S3	MAGs	16S rRNA	RP-S3	MAGs	16S rRNA	Sediment	Water	1.5087593388226	1.32390078325939	
Percentage of total
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Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGHU000000000)



A0A2K8UB64 Candidatus Thiodictyon syntrophicum



L0GZ32 Thioflavicoccus mobilis 8321



A0A2X4UKD0 Leminorella richardii



A0A347UGW8 Rhodobacteraceae bacterium BAR1



W0E0A0 Marichromatium purpuratum 984



WP_010880649.1 formate dehydrogenase subunit gamma Aquifex aeolicus



A0A6C0RCR7 Draconibacterium sp. M1



Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)



Bacteroidota_Bacteroidia_Bacteroidales_FEN-979 (JAFGNY000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA1556 (JAFGWF000000000)



A0A075WRL6 Thermodesulfobacterium commune DSM 2178



L0H309 Thioflavicoccus mobilis 8321



A0A159Z462 Defluviimonas alba



A0A6I6E8D7 Thermochromatium tepidum ATCC 43061



X5E6B8 Draconibacterium orientale
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Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)



A0A6N1VDA6 Oricola sp. MEBiC13590
A0A0C5UYZ0 Gynuella sunshinyii YC6258



A0A1D9MBZ0 Rhodobacter sp. LPB0142



Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGWH000000000)



A0A6I6E603 Thermochromatium tepidum ATCC 43061



A0A0N9NKR6 Confluentimicrobium sp. EMB200-NS6



Bacteroidota_Bacteroidia_Bacteroidales_UBA3824 (JAFGGD000000000)
Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)



A0A2K8UAC3 Candidatus Thiodictyon syntrophicum



A0A1Y1CNY7 Labilibaculum antarcticum
L0GNQ2 Pseudomonas stutzeri RCH2



A0A5P1V1A2 Thermodesulfobacterium sp. TA1



W0DZI9 Marichromatium purpuratum 984



A0A0S2HYL0 Salinivirga cyanobacteriivorans
Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGDZ000000000)



A0A1I5DMG1 Paracoccus pantotrophus
A0A1V0PQI1 Rhodovulum sp. P5



Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)



A0A0N9ZMG4 Celeribacter marinus



A0A4D6P5W4 Salmonella enterica subsp. enterica serovar Bareilly str. CFSAN000189



Bacteroidota_Bacteroidia_Bacteroidales_Marinifilaceae (JAFGYE000000000)



A0A0S3QS18 Thermosulfidibacter takaii
Desulfobacterota_Desulfomonilia_A_ZNO17_ZNF033 (JAFGNJ000000000)



A0A291G9I5 Celeribacter ethanolicus



A0A1P8UZ96 Pelagibaca abyssi



Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)



Bacteroidota



Bacteroidota



Proteobacteria



Proteobacteria



Desulfobacterota
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Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGHU000000000)

A0A2K8UB64 Candidatus Thiodictyon syntrophicum

L0GZ32 Thioflavicoccus mobilis 8321

A0A2X4UKD0 Leminorella richardii

A0A347UGW8 Rhodobacteraceae bacterium BAR1

W0E0A0 Marichromatium purpuratum 984

WP_010880649.1 formate dehydrogenase subunit gamma Aquifex aeolicus

A0A6C0RCR7 Draconibacterium sp. M1

Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)

Bacteroidota_Bacteroidia_Bacteroidales_FEN-979 (JAFGNY000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA1556 (JAFGWF000000000)

A0A075WRL6 Thermodesulfobacterium commune DSM 2178

L0H309 Thioflavicoccus mobilis 8321

A0A159Z462 Defluviimonas alba

A0A6I6E8D7 Thermochromatium tepidum ATCC 43061

X5E6B8 Draconibacterium orientale

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)

A0A6N1VDA6 Oricola sp. MEBiC13590

A0A0C5UYZ0 Gynuella sunshinyii YC6258

A0A1D9MBZ0 Rhodobacter sp. LPB0142

Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGWH000000000)

A0A6I6E603 Thermochromatium tepidum ATCC 43061

A0A0N9NKR6 Confluentimicrobium sp. EMB200-NS6

Bacteroidota_Bacteroidia_Bacteroidales_UBA3824 (JAFGGD000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

A0A2K8UAC3 Candidatus Thiodictyon syntrophicum

A0A1Y1CNY7 Labilibaculum antarcticum

L0GNQ2 Pseudomonas stutzeri RCH2

A0A5P1V1A2 Thermodesulfobacterium sp. TA1

W0DZI9 Marichromatium purpuratum 984

A0A0S2HYL0 Salinivirga cyanobacteriivorans

Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGDZ000000000)

A0A1I5DMG1 Paracoccus pantotrophus

A0A1V0PQI1 Rhodovulum sp. P5

Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)

A0A0N9ZMG4 Celeribacter marinus

A0A4D6P5W4 Salmonella enterica subsp. enterica serovar Bareilly str. CFSAN000189

Bacteroidota_Bacteroidia_Bacteroidales_Marinifilaceae (JAFGYE000000000)

A0A0S3QS18 Thermosulfidibacter takaii

Desulfobacterota_Desulfomonilia_A_ZNO17_ZNF033 (JAFGNJ000000000)

A0A291G9I5 Celeribacter ethanolicus

A0A1P8UZ96 Pelagibaca abyssi

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

Bacteroidota

Bacteroidota

Proteobacteria

Proteobacteria

Desulfobacterota
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Acidobacteriota_B3B38_Novel_ZNO05_Novel_ZNF012 (JAFGBY000000000)



Gammaproteobacteria_Burkholderiales_Burkholderiaceae (JAFGXB000000000)



ABC78708.1 cytochrome c552 Syntrophus aciditrophicus SB



A0A179D3L4 Thermosulfurimonas dismutans



Spirochaetota_UBA4802_UBA4802_UBA5550 (JAFGCV000000000)



A0A0L8VBK7 Sunxiuqinia dokdonensis



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGGY000000000)



Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGKO000000000)



Gammaproteobacteria_Burkholderiales_Burkholderiaceae (JAFGXB000000000)



Desulfobacterota_Syntrophia_Syntrophales_Smithellaceae (JAFGLS000000000)



A0A0K8QSU1 Bacteroidales bacterium 6E



Chloroflexota_Anaerolineae_Anaerolineales_UBA11858 (JAFGHT000000000)



Krumholzibacteriota_Krumholzibacteria_Novel_ZNO23_Novel_ZNF047 (JAFGBK000000000)



D5X662 Thiomonas intermedia strain K12



A0A074JUH9 Thioclava indica



Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGRX000000000)



Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGKO000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGAF000000000)



A0A0E9LV17 Geofilum rubicundum JCM 15548



Bacteroidota_Bacteroidia_Bacteroidales_UBA10428 (JAFGVA000000000)



Chloroflexota_Anaerolineae_Anaerolineales_UBA4823 (JAFGJM000000000)



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)



Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGDX000000000)



Planctomycetota_Phycisphaerae_UBA1845_UTPLA1 (JAFGQA000000000)



Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGTY000000000)



Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGMV000000000)



Bacteroidota_Ignavibacteria_SJA28_B1AR (JAFGII000000000)



Bacteroidota_Bacteroidia_Bacteroidales_NBLH01 (JAFGNL000000000)



A0A0S7C6A7 Lentimicrobium saccharophilum



Marinifilaceae



KSB1_UBA2214_UBA2214_Zgenome0027 (JAFGKD000000000)



Bacteroidota_Chlorobia_Chlorobiales_Chlorobiaceae (JAFGER000000000)



Gammaproteobacteria_Halothiobacillales_Halothiobacillaceae (JAFGHT000000000)



W9DWN5 Methanolobus tindarius DSM 2278



Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGTB000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA3824 (JAFGVI000000000)



X5DAG1 Draconibacterium orientale



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGXU000000000)



A0A0S2I1E4 Salinivirga cyanobacteriivorans



I0AIJ7 Ignavibacterium album strain DSM 19864



Bacteroidota



Desulfobacterota_Syntrophia_Syntrophales_Smithellaceae (JAFGKC000000000)



Bacteroidota_Bacteroidia_Bacteroidales_GCA2748055 (JAFGOZ000000000)



Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGRA000000000)



D5X5Y2 Thiomonas intermedia strain K12



Shewanella
Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGSI000000000)



Bacteroidota_Bacteroidia_Bacteroidales_NBLH01 (JAFGWC000000000)



D5E980 Methanohalophilus mahii strain ATCC 35705



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGVJ000000000)



Rhodovulum/ Thiohalocapsa



Bacteroidota_Ignavibacteria_Ignavibacteriales_Novel_ZNF018 (JAFGID000000000)



Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGLK000000000)



Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGKZ000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGHU000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Marinilabiliaceae (JAFGBR000000000)



A0A2H5X6R4 bacterium HR16



Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGWR000000000)



KSB1_UBA2214_UBA2214_UBA2214 (JAFGSU000000000)



Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGMV000000000)



Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGYB000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGAF000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA6680 (JAFGXI000000000)



Chloroflexota_Anaerolineae_SBR1031_UBA2029 (JAFGJA000000000)



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)



A0A0S7BUI2 Lentimicrobium saccharophilum



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGXJ000000000)



B3EG84 Chlorobium limicola strain DSM 245



A4SE66 Chlorobium phaeovibrioides strain DSM 265



H2CE66 Leptonema illini DSM 21528



B3QW40 Chloroherpeton thalassium strain ATCC 35110



Halobacteriota_Methanosarcinia_Methanosarcinales_Methanosarcinaceae (JAFGCK000000000)



Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGXS000000000)



Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGDZ000000000) 



Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGWK000000000)



Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGDK000000000)



A0A5C5ZDX6 Planctomycetes bacterium CA13



A0A6I6K1X0 Prolixibacteraceae bacterium WC007



Bacteroidota_Bacteroidia_Bacteroidales_GCA-2748055 (JAFGOH000000000)



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGEV000000000)



Spirochaetota_UBA4802_UBA4802_UBA5550 (JAFGJX000000000)



A0A160T6Y2 Candidatus Promineofilum breve



H1XW90 Caldithrix abyssi DSM 13497



KSB1_UBA2214_UBA2214_Zgenome0027 (JAFGKJ000000000)



Chloroflexota_Anaerolineae_SBR1031_UBA3940 (JAFGNO000000000)



Bacteroidota_Chlorobia_Chlorobiales_Chlorobiaceae (JAFGMZ000000000)_



A0A1M5AAS4 Mariniphaga anaerophila



Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGCG000000000)



Desulfobacterota_Syntrophia_Syntrophales_MLSD (JAFGTS000000000)



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)



Desulfobacterota_Desulfobacteria_Desulfatiglandales_HGW15 (JAFGCF000000000)



W0E470 Marichromatium purpuratum 984



A0A238DQI5 Thiomonas sp. X19



A0A1H3WA61 Desulfuromusa kysingii



A0A1M6A2P4 Tangfeifania diversioriginum



Bacteroidota_Bacteroidia_Bacteroidales_GCA-2748055 (JAFGWU000000000)



Desulfovibrio



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)



Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)



Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGWT000000000)



A0A3D8PBQ6 Paracoccus thiocyanatus



Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGTV000000000)



Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGDK000000000)



Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)



Eisenbacteria_ZNC04_ZNO19_ZNF037 (JAFGGD000000000)



Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGSY000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)



Bacteroidota



Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGWH000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)



Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGXY000000000)



A0A1B1G1M6 Flammeovirga sp. MY04



Bacteroidota_Bacteroidia_Bacteroidales_UBA1556 (JAFGWF000000000)



A0A286RFN6 Thermogutta terrifontis



A0A095CRS6 Rhodovulum sp. NI22



Bacteroidota



Bacteroidota/
Bacteroidales



Bacteroidota/
Bacteroidales



Chloroflexota
Anaerolineae



Halobacteriota



Calditrichota



Planctomycetota



Spirochaetota



Myxococcota



KSB1



Chloroflexota
Anaerolineae



Desulfobacterota/
Desulfuromonadia



Desulfobacterota/
Syntrophia



Proteobacteria
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Acidobacteriota_B3B38_Novel_ZNO05_Novel_ZNF012 (JAFGBY000000000)

Gammaproteobacteria_Burkholderiales_Burkholderiaceae (JAFGXB000000000)

ABC78708.1 cytochrome c552 Syntrophus aciditrophicus SB

A0A179D3L4 Thermosulfurimonas dismutans

Spirochaetota_UBA4802_UBA4802_UBA5550 (JAFGCV000000000)

A0A0L8VBK7 Sunxiuqinia dokdonensis

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGGY000000000)

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGKO000000000)

Gammaproteobacteria_Burkholderiales_Burkholderiaceae (JAFGXB000000000)

Desulfobacterota_Syntrophia_Syntrophales_Smithellaceae (JAFGLS000000000)

A0A0K8QSU1 Bacteroidales bacterium 6E

Chloroflexota_Anaerolineae_Anaerolineales_UBA11858 (JAFGHT000000000)

Krumholzibacteriota_Krumholzibacteria_Novel_ZNO23_Novel_ZNF047 (JAFGBK000000000)

D5X662 Thiomonas intermedia strain K12

A0A074JUH9 Thioclava indica

Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGRX000000000)

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGKO000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGAF000000000)

A0A0E9LV17 Geofilum rubicundum JCM 15548

Bacteroidota_Bacteroidia_Bacteroidales_UBA10428 (JAFGVA000000000)

Chloroflexota_Anaerolineae_Anaerolineales_UBA4823 (JAFGJM000000000)

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)

Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGDX000000000)

Planctomycetota_Phycisphaerae_UBA1845_UTPLA1 (JAFGQA000000000)

Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGTY000000000)

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGMV000000000)

Bacteroidota_Ignavibacteria_SJA28_B1AR (JAFGII000000000)

Bacteroidota_Bacteroidia_Bacteroidales_NBLH01 (JAFGNL000000000)

A0A0S7C6A7 Lentimicrobium saccharophilum

Marinifilaceae

KSB1_UBA2214_UBA2214_Zgenome0027 (JAFGKD000000000)

Bacteroidota_Chlorobia_Chlorobiales_Chlorobiaceae (JAFGER000000000)

Gammaproteobacteria_Halothiobacillales_Halothiobacillaceae (JAFGHT000000000)

W9DWN5 Methanolobus tindarius DSM 2278

Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGTB000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA3824 (JAFGVI000000000)

X5DAG1 Draconibacterium orientale

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGXU000000000)

A0A0S2I1E4 Salinivirga cyanobacteriivorans

I0AIJ7 Ignavibacterium album strain DSM 19864

Bacteroidota

Desulfobacterota_Syntrophia_Syntrophales_Smithellaceae (JAFGKC000000000)

Bacteroidota_Bacteroidia_Bacteroidales_GCA2748055 (JAFGOZ000000000)

Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGRA000000000)

D5X5Y2 Thiomonas intermedia strain K12

Shewanella

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGSI000000000)

Bacteroidota_Bacteroidia_Bacteroidales_NBLH01 (JAFGWC000000000)

D5E980 Methanohalophilus mahii strain ATCC 35705

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGVJ000000000)

Rhodovulum/ Thiohalocapsa

Bacteroidota_Ignavibacteria_Ignavibacteriales_Novel_ZNF018 (JAFGID000000000)

Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGLK000000000)

Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGKZ000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGHU000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Marinilabiliaceae (JAFGBR000000000)

A0A2H5X6R4 bacterium HR16

Calditrichota_Calditrichia_Calditrichales_Calditrichaceae (JAFGWR000000000)

KSB1_UBA2214_UBA2214_UBA2214 (JAFGSU000000000)

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGMV000000000)

Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGYB000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGAF000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA6680 (JAFGXI000000000)

Chloroflexota_Anaerolineae_SBR1031_UBA2029 (JAFGJA000000000)

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)

A0A0S7BUI2 Lentimicrobium saccharophilum

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGXJ000000000)

B3EG84 Chlorobium limicola strain DSM 245

A4SE66 Chlorobium phaeovibrioides strain DSM 265

H2CE66 Leptonema illini DSM 21528

B3QW40 Chloroherpeton thalassium strain ATCC 35110

Halobacteriota_Methanosarcinia_Methanosarcinales_Methanosarcinaceae (JAFGCK000000000)

Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGXS000000000)

Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGDZ000000000) 

Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGWK000000000)

Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGDK000000000)

A0A5C5ZDX6 Planctomycetes bacterium CA13

A0A6I6K1X0 Prolixibacteraceae bacterium WC007

Bacteroidota_Bacteroidia_Bacteroidales_GCA-2748055 (JAFGOH000000000)

Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGEV000000000)

Spirochaetota_UBA4802_UBA4802_UBA5550 (JAFGJX000000000)

A0A160T6Y2 Candidatus Promineofilum breve

H1XW90 Caldithrix abyssi DSM 13497

KSB1_UBA2214_UBA2214_Zgenome0027 (JAFGKJ000000000)

Chloroflexota_Anaerolineae_SBR1031_UBA3940 (JAFGNO000000000)

Bacteroidota_Chlorobia_Chlorobiales_Chlorobiaceae (JAFGMZ000000000)_

A0A1M5AAS4 Mariniphaga anaerophila

Chloroflexota_Anaerolineae_Anaerolineales_EnvOPS12 (JAFGCG000000000)

Desulfobacterota_Syntrophia_Syntrophales_MLSD (JAFGTS000000000)

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGEL000000000)

Desulfobacterota_Desulfobacteria_Desulfatiglandales_HGW15 (JAFGCF000000000)

W0E470 Marichromatium purpuratum 984

A0A238DQI5 Thiomonas sp. X19

A0A1H3WA61 Desulfuromusa kysingii

A0A1M6A2P4 Tangfeifania diversioriginum

Bacteroidota_Bacteroidia_Bacteroidales_GCA-2748055 (JAFGWU000000000)

Desulfovibrio

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)

Gammaproteobacteria_Chromatiales_Chromatiaceae (JAFGTZ000000000)

Myxococcota_Polyangia_Novel_ZNO27_Novel_ZNF053 (JAFGWT000000000)

A0A3D8PBQ6 Paracoccus thiocyanatus

Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGTV000000000)

Chloroflexota_Anaerolineae_Anaerolineales_UBA11579 (JAFGDK000000000)

Desulfuromonadia_Desulfuromonadales_Geopsychrobacteraceae (JAFGVQ000000000)

Eisenbacteria_ZNC04_ZNO19_ZNF037 (JAFGGD000000000)

Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGSY000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

Bacteroidota

Bacteroidota_Bacteroidia_Bacteroidales_BBW3 (JAFGWH000000000)

Bacteroidota_Bacteroidia_Bacteroidales_UBA12170 (JAFGAK000000000)

Alphaproteobacteria_Rhodobacterales_Rhodobacteraceae (JAFGXY000000000)

A0A1B1G1M6 Flammeovirga sp. MY04

Bacteroidota_Bacteroidia_Bacteroidales_UBA1556 (JAFGWF000000000)

A0A286RFN6 Thermogutta terrifontis

A0A095CRS6 Rhodovulum sp. NI22
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Bacteroidota/

Bacteroidales

Bacteroidota/
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Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGWV000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA10428 (JAFGIP000000000)



GAP37988.1 anaerobic dimethyl sulfoxide reductase chain C Ideonella_sakaiensis 



Bacteroidota_Bacteroidia_Bacteroidales_Prolixibacteraceae (JAFGHU000000000)



A0A3G9HDP1 Hydrogenimonas sp.



Myxococcota_UBA796_UBA796_Novel_ZNF055 (JAFGLY000000000)



Acidobacteriota_Aminicenantia_Aminicenantales_Aminicenantaceae (JAFGNQ000000000)



Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGVI000000000)



Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGYB000000000)



Bacteroidota_Bacteroidia_Bacteroidales_UBA10428 (JAFGSZ000000000)



Campylobacterota_Campylobacteria_Campylobacterales_Sulfurimonadaceae (JAFGUB000000000)



A0A0A8HAI7 Campylobacter subantarcticus LMG 24374



Desulfobacterota_ZNC02_ZNO14_ZNF030 (JAFGSY000000000)



Bacteroidota_Bacteroidia_Bacteroidales_FEN979 (JAFGME000000000)



Campylobacterota_Campylobacteria_Campylobacterales_Sulfurovaceae (JAFGAI000000000)



Chloroflexota_Dehalococcoidia_Dehalococcoidales_RBG-16-60-22 (JAFGPF000000000)



Bacteroidota_Bacteroidia_Bacteroidales_F082 (JAFGXS000000000)
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