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Microbial diversity and functional potential of 
sediment microbial fuel cells (SMFCs) 

Alpha Diversity

Beta Diversity

5. Community Composition

4. Diversity Metrics

SMFCs harness microbes’ ability to conduct 
external electron transfer to oxidize reduced 
compounds in the sediment

SMFCs generate electricity by assimilating and 
remediating point-source contaminants, that 
accumulate in highly reducing anoxic sediments 
(i.e. Coastal regions, beneath fish pens)

Question: How do microbes transfer electrons 
to the anode of SMFCs and how can we then 
optimize and tailor the design of SMFCs

16S rRNA: diversity and communal shifts -

to remove contaminants (i.e. H2S, Geosmin, Methyl-Isoborneol)

Metagenomic: functional potential - Anvi’o 

Figure 1. SMFC schematic of anode-cathode redox couplings (Algar et al. 2020).
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Figure 3. Shannon diversity of microbial communities sampled from Open Circuit 
biofilms, Sediments, and SMFC biofilms.
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Figure 5. Taxa barplot of the relative frequency (%) of 
1360 identified taxa colonizing Open Circuit biofilms (OC), 
SMFC biofilms (SMFC), and background sediments.
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Figure 4. PCoA ordination of Bray-Curtis distances between all samples. Microbial 
communities from Open Circuit biofilms (OC) are dark green, SMFC biofilms are blue, and 
Sediment samples are light green. Dotted lines encircle samples based on the activity of the 
fuel cell (Active or Inactive).
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2. Experimental Design
MC (sediment only)

Minima at the anode

SMFC sulfide 
inventories reduced by 
80% in SMFCs

Figure 2. Microsensor profiles of (a) porewater sulfide (tot-S2- = H2S +HS- +S2-), and (b) porewater pH, for all conditions and microcosm tanks on 
day 96 (Algar et al. 2020).   
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3. Biogeochemical Implications

All Sample Metadata

3 x

Cell 1 (Open Circuit)
Cell 2 (SMFC-1)
Cell 3 (SMFC-2)

Biofilm samples (n= 9) 
16S-MFC-C1-rep1
16S-MFC-C1-rep2
16S-MFC-C1-rep3

sample-id Cell Type Cond OnOff
MFC-C1-A1 C1 biofilm oc inactive
MFC-C1-A2 C1 biofilm oc inactive
MFC-C1-A3 C1 biofilm oc inactive
MFC-C1-MC C1 sediment sed inactive
MFC-C2-A1 C2 biofilm smfc active
MFC-C2-A2 C2 biofilm smfc active
MFC-C2-A3 C2 biofilm smfc active
MFC-C2-MC C2 sediment sed active
MFC-C3-A1 C3 biofilm smfc active
MFC-C3-A2 C3 biofilm smfc active
MFC-C3-A3 C3 biofilm smfc active
MFC-C3-MC C3 sediment sed active
MFC-CT-MC MC sediment sed inactive

MetaG

MetaG

MetaG

MetaG

MetaG

(Algar et al. 2020)
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Figure 6. Heatmap of MAGs (bin) percent read recruitment normalized to each of 
the 4 microcosm tanks sampled: Open Circuit (OC), Microbial Control (MC), and 
two SMFCs.
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Chromatiales Bin_53_4
 Bin_90
Thiohalobacterales Bin_105_4
SURF−3 Bin_12_6
Ignavibacteriaceae Bin_105_3
Aureibaculum sp002352665 Bin_85_3
 Bin_96
Woeseiaceae Bin_34
 Bin_19
Thiohalobacterales Bin_12_7
 Bin_69_10
 Bin_85_7
Cocleimonas flava Bin_53_10
 Bin_69_1
 Bin_25
Thiogranum longum Bin_100_1
Sedimentisphaerales Bin_85_1
B33−G16 sp003646875 Bin_103
 Bin_38
Thermoanaerobaculales Bin_74
Desulfatiglandales Bin_56_1
Desulfatiglandales Bin_56_2
BMS3Bbin11 Bin_35
Gammaproteobacteria Bin_53_9
Sulfurovaceae Bin_42
 Bin_24_1
Gammaproteobacteria Bin_24_5
 Bin_60_7
Sulfurovaceae Bin_24_6
 Bin_85_2
Gammaproteobacteria Bin_24_4
Gammaproteobacteria Bin_60_2
SG8−38 Bin_76
Flavobacteriaceae Bin_106_2
Desulfobulbales Bin_84_1
Izemoplasmatales Bin_78_8
Bacteroidales Bin_47_2
 Bin_4
Flavobacteriaceae Bin_106_1
Xanthomonadaceae Bin_14
UBA9214 Bin_11
Izemoplasmatales Bin_78_5
Izemoplasmatales Bin_78_7
Desulfobulbales Bin_84_2
Thorarchaeaceae Bin_39_1
Anaerolineales Bin_7_2
Bacteroidales Bin_47_1
Holophagae Bin_77
 Bin_39_4
 Bin_91
Cloacimonadales Bin_70
Izemoplasmatales Bin_78_6
Bipolaricaulia Bin_32
Desulfobulbales Bin_8_1
 Bin_8_2
 Bin_78_3
SZUA−534 Bin_78_4
Cloacimonadales Bin_87_3
 Bin_39_2
Calditrichales Bin_68_1
Anaerolineales Bin_39_3
 Bin_64
Desulfobulbales Bin_8_3
 Bin_65
 Bin_37
 Bin_80
 Bin_13
 Bin_78_1
 Bin_27
Bacteroidales Bin_5
 Bin_78_2
Desulfobulbales Bin_84_3
Krumholzibacteria Bin_40_2
Aureibaculum Bin_85_5
Desulfobacterales Bin_54_6
Desulfobacterales Bin_54_4
Desulfobacteria Bin_69_15
Desulfobulbaceae Bin_3_6
 Bin_46_3
UBA9214 Bin_43
Ignavibacteriales Bin_1_3
Polyangiales Bin_67_2
Desulfatiglandales Bin_18_15
 Bin_55
Sedimenticolaceae Bin_18_7
 Bin_20
Desulfosarcinaceae Bin_18_10
Woeseiaceae Bin_93_6
Thiogranum longum Bin_105_15
Proteobacteria Bin_53_11
Anaerolineaceae Bin_18_11
Flavobacteriaceae Bin_50
Thiohalobacterales Bin_105_5
Campylobacterales Bin_92
UM−FILTER−49−7 sp003650445 Bin_1_1
Campylobacterales Bin_48_3
 Bin_97
Woeseiales Bin_93_3
Desulfobacterales Bin_18_1
Desulfobacterales Bin_54_5
Desulfuromonadales Bin_105_14
Desulfobacterales Bin_18_5
Desulfobacterales Bin_54_3
Thorarchaeaceae Bin_6_3
Dehalococcoidia Bin_3_11
Desulfobulbales Bin_69_11
Desulfobulbaceae Bin_10
Woeseiaceae Bin_18_14
 Bin_79
Polyangiales Bin_40_8
Desulfobacterales Bin_36_1
Desulfatiglandaceae Bin_66_6
Woeseiales Bin_93_1
UBA11574 Bin_18_3
Desulfobacterales Bin_36_3
Gammaproteobacteria Bin_12_5
Bradymonadales Bin_49
Desulfobulbus mediterraneus Bin_95
Desulfosarcinaceae Bin_41_3
Desulfobacterales Bin_69_14
Campylobacterales Bin_48_2
Flavobacteriales Bin_66_4
Arenicellales Bin_28_2
 Bin_98_8
Arenicellales Bin_60_5
Desulfatiglandaceae Bin_66_1
Chromatiales Bin_93_4
 Bin_61
Woeseiales Bin_93_9
Woeseiaceae Bin_54_2
Desulfobacterales Bin_18_4
Woeseiales Bin_93_7
Anaerolineaceae Bin_105_9
Geoalkalibacteraceae Bin_28_3
 Bin_60_4
Thiohalobacterales Bin_12_3
Desulfobulbaceae Bin_53_5
Flavobacteriaceae Bin_0
Woeseiales Bin_93_8
Woeseiaceae Bin_98_9
Thiohalobacterales Bin_105_8
Dehalococcoidia Bin_3_4
Thiogranum longum Bin_40_9
Desulfobacterales Bin_36_4
Desulfobacterales Bin_54_1
Desulfatiglandaceae Bin_66_7
Gammaproteobacteria Bin_53_6
Flavobacteriales Bin_66_2
Polyangiales Bin_67_4
Anaerolineales Bin_31
Polyangiales Bin_67_3
Thermoanaerobaculales Bin_67_1
 Bin_93_10
Campylobacterales Bin_48_1
Flavobacteriales Bin_66_8
Ignavibacteriales Bin_1_2
Flavobacteriales Bin_66_5
SG8−38 Bin_40_3
SZUA−229 Bin_105_11
Gammaproteobacteria Bin_28_7
 Bin_46_4
Thiohalobacterales Bin_105_13
Thiohalobacterales Bin_53_3
Woeseiaceae Bin_46_2
Woeseiales Bin_93_5
Sedimenticolaceae Bin_46_7
Woeseiaceae Bin_12_2
Desulfatiglandaceae Bin_12_1
SZUA−229 Bin_28_6
Sulfurovaceae Bin_105_6
GCA−2748055 Bin_40_6
 Bin_33_3
 Bin_6_4
Sulfurovum sp004377245 Bin_98_2
 Bin_69_8
Woeseiales Bin_93_2
 Bin_99_3
SZUA−229 Bin_12_4
Cocleimonas flava Bin_12_8
Arenicellales Bin_28_4
Anaerolineales Bin_46_1
Desulfatiglandaceae Bin_59
Desulfobulbaceae Bin_16_4
Woeseiaceae Bin_3_8
AB−539−J10 Bin_105_16
Woeseiaceae Bin_98_4
AB−539−J10 Bin_41_4
Woeseiaceae Bin_53_1
Woeseiaceae Bin_105_7
SG8−38 Bin_3_5
E44−bin32 Bin_33_2
Desulfobacterales Bin_18_12
Woeseiales Bin_98_5
Acidimicrobiales Bin_33_1
Sedimenticolaceae Bin_46_6
Desulfatiglandales Bin_18_2
 Bin_58_4
 Bin_58_5
 Bin_69_12
 Bin_62
SG8−38 Bin_48_4
 Bin_69_7
Anaerolineae Bin_16_1
SG8−38 Bin_57
Desulfobacterales Bin_58_1
Polyangiales Bin_40_10
 Bin_46_5
Syntrophobacteria Bin_85_9
 Bin_85_10
Woeseiales Bin_98_1
 Bin_75
 Bin_94
E26−bin7 Bin_3_3
Woeseiaceae Bin_3_7
Ilumatobacteraceae Bin_30
 Bin_82
 Bin_15
 Bin_89
 Bin_6_2
Dehalococcoidia Bin_3_2
UBA11574 Bin_41_1
Dehalococcoidia Bin_3_10
 Bin_6_1
BM002 Bin_23
BMS3Bbin11 Bin_3_9
UBA11574 Bin_3_12
Bacteroidales Bin_69_3
Dehalococcoidia Bin_3_1
UBA5603 Bin_3_14
Gammaproteobacteria Bin_53_2
 Bin_83
 Bin_22
 Bin_85_11
 Bin_45
 Bin_69_6
Woeseiaceae Bin_99_1
Desulfosarcinaceae Bin_41_2
Flavobacteriales Bin_66_3
Gammaproteobacteria Bin_73_2
 Bin_33_4
 Bin_40_5
Woeseiaceae Bin_40_4
SZUA−229 Bin_16_3
Sedimenticolaceae Bin_40_7
UBA11574 Bin_16_2
Acidimicrobiia Bin_29_1
 Bin_33_5
Desulfobulbaceae Bin_29_3
 Bin_58_3
 Bin_104
Bacteroidales Bin_69_2
 Bin_88_2
UBA12077 Bin_16_5
 Bin_29_2
 Bin_63
S5133MH16 Bin_1_4
Gammaproteobacteria Bin_88_1
 Bin_2
Desulfobacterales Bin_18_9
Desulfobacterales Bin_18_6
Woeseiaceae Bin_18_8
Thermoanaerobaculales Bin_40_1
Desulfatiglandales Bin_58_2
Bacteroidia Bin_69_5
 Bin_99_2
Anaerolineales Bin_7_1
SZUA−36 Bin_51
 Bin_68_2
Anaerolineae Bin_73_4
 Bin_81
 Bin_73_3
 Bin_7_3
 Bin_73_1
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Spirochaetia Bin_72
Bacteroidales Bin_87_1
Anaerolineaceae Bin_26
 Bin_87_2
Woeseiaceae Bin_52
SG8−38 Bin_44
AB−539−J10 Bin_71
Gammaproteobacteria Bin_102
 Bin_86
 Bin_85_6
 Bin_6_5
Chromatiales Bin_53_8
Desulfocapsaceae Bin_85_8
Gammaproteobacteria Bin_60_6
Woeseiales Bin_93_11
Thiohalobacterales Bin_28_5
Maribacter sp000153165 Bin_28_8
Woeseiales Bin_98_6
Desulfobacterales Bin_18_13
Desulfobacterales Bin_36_2
Xanthomonadales Bin_105_1
 Bin_9
SZUA−229 Bin_21
Methyloligellaceae Bin_3_13
Desulfosarcinaceae Bin_36_5
Woeseiaceae Bin_24_2
Desulfobacterales Bin_69_13
Gammaproteobacteria Bin_53_7
 Bin_69_4
Calditrichaceae Bin_105_12
 Bin_85_4
Ignavibacteriaceae Bin_100_2
E44−bin32 Bin_105_10
 Bin_69_9
Woeseiales Bin_98_7
Gammaproteobacteria Bin_28_1
Desulfobulbus mediterraneus Bin_101
Gammaproteobacteria Bin_60_3
Gammaproteobacteria Bin_24_7
Thiogranum longum Bin_60_1
Gammaproteobacteria Bin_24_3
Gammaproteobacteria Bin_98_3
SZUA−229 Bin_17
Desulfosarcinaceae Bin_105_2
Chromatiales Bin_53_4
 Bin_90
Thiohalobacterales Bin_105_4
SURF−3 Bin_12_6
Ignavibacteriaceae Bin_105_3
Aureibaculum sp002352665 Bin_85_3
 Bin_96
Woeseiaceae Bin_34
 Bin_19
Thiohalobacterales Bin_12_7
 Bin_69_10
 Bin_85_7
Cocleimonas flava Bin_53_10
 Bin_69_1
 Bin_25
Thiogranum longum Bin_100_1
Sedimentisphaerales Bin_85_1
B33−G16 sp003646875 Bin_103
 Bin_38
Thermoanaerobaculales Bin_74
Desulfatiglandales Bin_56_1
Desulfatiglandales Bin_56_2
BMS3Bbin11 Bin_35
Gammaproteobacteria Bin_53_9
Sulfurovaceae Bin_42
 Bin_24_1
Gammaproteobacteria Bin_24_5
 Bin_60_7
Sulfurovaceae Bin_24_6
 Bin_85_2
Gammaproteobacteria Bin_24_4
Gammaproteobacteria Bin_60_2
SG8−38 Bin_76
Flavobacteriaceae Bin_106_2
Desulfobulbales Bin_84_1
Izemoplasmatales Bin_78_8
Bacteroidales Bin_47_2
 Bin_4
Flavobacteriaceae Bin_106_1
Xanthomonadaceae Bin_14
UBA9214 Bin_11
Izemoplasmatales Bin_78_5
Izemoplasmatales Bin_78_7
Desulfobulbales Bin_84_2
Thorarchaeaceae Bin_39_1
Anaerolineales Bin_7_2
Bacteroidales Bin_47_1
Holophagae Bin_77
 Bin_39_4
 Bin_91
Cloacimonadales Bin_70
Izemoplasmatales Bin_78_6
Bipolaricaulia Bin_32
Desulfobulbales Bin_8_1
 Bin_8_2
 Bin_78_3
SZUA−534 Bin_78_4
Cloacimonadales Bin_87_3
 Bin_39_2
Calditrichales Bin_68_1
Anaerolineales Bin_39_3
 Bin_64
Desulfobulbales Bin_8_3
 Bin_65
 Bin_37
 Bin_80
 Bin_13
 Bin_78_1
 Bin_27
Bacteroidales Bin_5
 Bin_78_2
Desulfobulbales Bin_84_3
Krumholzibacteria Bin_40_2
Aureibaculum Bin_85_5
Desulfobacterales Bin_54_6
Desulfobacterales Bin_54_4
Desulfobacteria Bin_69_15
Desulfobulbaceae Bin_3_6
 Bin_46_3
UBA9214 Bin_43
Ignavibacteriales Bin_1_3
Polyangiales Bin_67_2
Desulfatiglandales Bin_18_15
 Bin_55
Sedimenticolaceae Bin_18_7
 Bin_20
Desulfosarcinaceae Bin_18_10
Woeseiaceae Bin_93_6
Thiogranum longum Bin_105_15
Proteobacteria Bin_53_11
Anaerolineaceae Bin_18_11
Flavobacteriaceae Bin_50
Thiohalobacterales Bin_105_5
Campylobacterales Bin_92
UM−FILTER−49−7 sp003650445 Bin_1_1
Campylobacterales Bin_48_3
 Bin_97
Woeseiales Bin_93_3
Desulfobacterales Bin_18_1
Desulfobacterales Bin_54_5
Desulfuromonadales Bin_105_14
Desulfobacterales Bin_18_5
Desulfobacterales Bin_54_3
Thorarchaeaceae Bin_6_3
Dehalococcoidia Bin_3_11
Desulfobulbales Bin_69_11
Desulfobulbaceae Bin_10
Woeseiaceae Bin_18_14
 Bin_79
Polyangiales Bin_40_8
Desulfobacterales Bin_36_1
Desulfatiglandaceae Bin_66_6
Woeseiales Bin_93_1
UBA11574 Bin_18_3
Desulfobacterales Bin_36_3
Gammaproteobacteria Bin_12_5
Bradymonadales Bin_49
Desulfobulbus mediterraneus Bin_95
Desulfosarcinaceae Bin_41_3
Desulfobacterales Bin_69_14
Campylobacterales Bin_48_2
Flavobacteriales Bin_66_4
Arenicellales Bin_28_2
 Bin_98_8
Arenicellales Bin_60_5
Desulfatiglandaceae Bin_66_1
Chromatiales Bin_93_4
 Bin_61
Woeseiales Bin_93_9
Woeseiaceae Bin_54_2
Desulfobacterales Bin_18_4
Woeseiales Bin_93_7
Anaerolineaceae Bin_105_9
Geoalkalibacteraceae Bin_28_3
 Bin_60_4
Thiohalobacterales Bin_12_3
Desulfobulbaceae Bin_53_5
Flavobacteriaceae Bin_0
Woeseiales Bin_93_8
Woeseiaceae Bin_98_9
Thiohalobacterales Bin_105_8
Dehalococcoidia Bin_3_4
Thiogranum longum Bin_40_9
Desulfobacterales Bin_36_4
Desulfobacterales Bin_54_1
Desulfatiglandaceae Bin_66_7
Gammaproteobacteria Bin_53_6
Flavobacteriales Bin_66_2
Polyangiales Bin_67_4
Anaerolineales Bin_31
Polyangiales Bin_67_3
Thermoanaerobaculales Bin_67_1
 Bin_93_10
Campylobacterales Bin_48_1
Flavobacteriales Bin_66_8
Ignavibacteriales Bin_1_2
Flavobacteriales Bin_66_5
SG8−38 Bin_40_3
SZUA−229 Bin_105_11
Gammaproteobacteria Bin_28_7
 Bin_46_4
Thiohalobacterales Bin_105_13
Thiohalobacterales Bin_53_3
Woeseiaceae Bin_46_2
Woeseiales Bin_93_5
Sedimenticolaceae Bin_46_7
Woeseiaceae Bin_12_2
Desulfatiglandaceae Bin_12_1
SZUA−229 Bin_28_6
Sulfurovaceae Bin_105_6
GCA−2748055 Bin_40_6
 Bin_33_3
 Bin_6_4
Sulfurovum sp004377245 Bin_98_2
 Bin_69_8
Woeseiales Bin_93_2
 Bin_99_3
SZUA−229 Bin_12_4
Cocleimonas flava Bin_12_8
Arenicellales Bin_28_4
Anaerolineales Bin_46_1
Desulfatiglandaceae Bin_59
Desulfobulbaceae Bin_16_4
Woeseiaceae Bin_3_8
AB−539−J10 Bin_105_16
Woeseiaceae Bin_98_4
AB−539−J10 Bin_41_4
Woeseiaceae Bin_53_1
Woeseiaceae Bin_105_7
SG8−38 Bin_3_5
E44−bin32 Bin_33_2
Desulfobacterales Bin_18_12
Woeseiales Bin_98_5
Acidimicrobiales Bin_33_1
Sedimenticolaceae Bin_46_6
Desulfatiglandales Bin_18_2
 Bin_58_4
 Bin_58_5
 Bin_69_12
 Bin_62
SG8−38 Bin_48_4
 Bin_69_7
Anaerolineae Bin_16_1
SG8−38 Bin_57
Desulfobacterales Bin_58_1
Polyangiales Bin_40_10
 Bin_46_5
Syntrophobacteria Bin_85_9
 Bin_85_10
Woeseiales Bin_98_1
 Bin_75
 Bin_94
E26−bin7 Bin_3_3
Woeseiaceae Bin_3_7
Ilumatobacteraceae Bin_30
 Bin_82
 Bin_15
 Bin_89
 Bin_6_2
Dehalococcoidia Bin_3_2
UBA11574 Bin_41_1
Dehalococcoidia Bin_3_10
 Bin_6_1
BM002 Bin_23
BMS3Bbin11 Bin_3_9
UBA11574 Bin_3_12
Bacteroidales Bin_69_3
Dehalococcoidia Bin_3_1
UBA5603 Bin_3_14
Gammaproteobacteria Bin_53_2
 Bin_83
 Bin_22
 Bin_85_11
 Bin_45
 Bin_69_6
Woeseiaceae Bin_99_1
Desulfosarcinaceae Bin_41_2
Flavobacteriales Bin_66_3
Gammaproteobacteria Bin_73_2
 Bin_33_4
 Bin_40_5
Woeseiaceae Bin_40_4
SZUA−229 Bin_16_3
Sedimenticolaceae Bin_40_7
UBA11574 Bin_16_2
Acidimicrobiia Bin_29_1
 Bin_33_5
Desulfobulbaceae Bin_29_3
 Bin_58_3
 Bin_104
Bacteroidales Bin_69_2
 Bin_88_2
UBA12077 Bin_16_5
 Bin_29_2
 Bin_63
S5133MH16 Bin_1_4
Gammaproteobacteria Bin_88_1
 Bin_2
Desulfobacterales Bin_18_9
Desulfobacterales Bin_18_6
Woeseiaceae Bin_18_8
Thermoanaerobaculales Bin_40_1
Desulfatiglandales Bin_58_2
Bacteroidia Bin_69_5
 Bin_99_2
Anaerolineales Bin_7_1
SZUA−36 Bin_51
 Bin_68_2
Anaerolineae Bin_73_4
 Bin_81
 Bin_73_3
 Bin_7_3
 Bin_73_1
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Spirochaetia Bin_72
Bacteroidales Bin_87_1
Anaerolineaceae Bin_26
 Bin_87_2
Woeseiaceae Bin_52
SG8−38 Bin_44
AB−539−J10 Bin_71
Gammaproteobacteria Bin_102
 Bin_86
 Bin_85_6
 Bin_6_5
Chromatiales Bin_53_8
Desulfocapsaceae Bin_85_8
Gammaproteobacteria Bin_60_6
Woeseiales Bin_93_11
Thiohalobacterales Bin_28_5
Maribacter sp000153165 Bin_28_8
Woeseiales Bin_98_6
Desulfobacterales Bin_18_13
Desulfobacterales Bin_36_2
Xanthomonadales Bin_105_1
 Bin_9
SZUA−229 Bin_21
Methyloligellaceae Bin_3_13
Desulfosarcinaceae Bin_36_5
Woeseiaceae Bin_24_2
Desulfobacterales Bin_69_13
Gammaproteobacteria Bin_53_7
 Bin_69_4
Calditrichaceae Bin_105_12
 Bin_85_4
Ignavibacteriaceae Bin_100_2
E44−bin32 Bin_105_10
 Bin_69_9
Woeseiales Bin_98_7
Gammaproteobacteria Bin_28_1
Desulfobulbus mediterraneus Bin_101
Gammaproteobacteria Bin_60_3
Gammaproteobacteria Bin_24_7
Thiogranum longum Bin_60_1
Gammaproteobacteria Bin_24_3
Gammaproteobacteria Bin_98_3
SZUA−229 Bin_17
Desulfosarcinaceae Bin_105_2
Chromatiales Bin_53_4
 Bin_90
Thiohalobacterales Bin_105_4
SURF−3 Bin_12_6
Ignavibacteriaceae Bin_105_3
Aureibaculum sp002352665 Bin_85_3
 Bin_96
Woeseiaceae Bin_34
 Bin_19
Thiohalobacterales Bin_12_7
 Bin_69_10
 Bin_85_7
Cocleimonas flava Bin_53_10
 Bin_69_1
 Bin_25
Thiogranum longum Bin_100_1
Sedimentisphaerales Bin_85_1
B33−G16 sp003646875 Bin_103
 Bin_38
Thermoanaerobaculales Bin_74
Desulfatiglandales Bin_56_1
Desulfatiglandales Bin_56_2
BMS3Bbin11 Bin_35
Gammaproteobacteria Bin_53_9
Sulfurovaceae Bin_42
 Bin_24_1
Gammaproteobacteria Bin_24_5
 Bin_60_7
Sulfurovaceae Bin_24_6
 Bin_85_2
Gammaproteobacteria Bin_24_4
Gammaproteobacteria Bin_60_2
SG8−38 Bin_76
Flavobacteriaceae Bin_106_2
Desulfobulbales Bin_84_1
Izemoplasmatales Bin_78_8
Bacteroidales Bin_47_2
 Bin_4
Flavobacteriaceae Bin_106_1
Xanthomonadaceae Bin_14
UBA9214 Bin_11
Izemoplasmatales Bin_78_5
Izemoplasmatales Bin_78_7
Desulfobulbales Bin_84_2
Thorarchaeaceae Bin_39_1
Anaerolineales Bin_7_2
Bacteroidales Bin_47_1
Holophagae Bin_77
 Bin_39_4
 Bin_91
Cloacimonadales Bin_70
Izemoplasmatales Bin_78_6
Bipolaricaulia Bin_32
Desulfobulbales Bin_8_1
 Bin_8_2
 Bin_78_3
SZUA−534 Bin_78_4
Cloacimonadales Bin_87_3
 Bin_39_2
Calditrichales Bin_68_1
Anaerolineales Bin_39_3
 Bin_64
Desulfobulbales Bin_8_3
 Bin_65
 Bin_37
 Bin_80
 Bin_13
 Bin_78_1
 Bin_27
Bacteroidales Bin_5
 Bin_78_2
Desulfobulbales Bin_84_3
Krumholzibacteria Bin_40_2
Aureibaculum Bin_85_5
Desulfobacterales Bin_54_6
Desulfobacterales Bin_54_4
Desulfobacteria Bin_69_15
Desulfobulbaceae Bin_3_6
 Bin_46_3
UBA9214 Bin_43
Ignavibacteriales Bin_1_3
Polyangiales Bin_67_2
Desulfatiglandales Bin_18_15
 Bin_55
Sedimenticolaceae Bin_18_7
 Bin_20
Desulfosarcinaceae Bin_18_10
Woeseiaceae Bin_93_6
Thiogranum longum Bin_105_15
Proteobacteria Bin_53_11
Anaerolineaceae Bin_18_11
Flavobacteriaceae Bin_50
Thiohalobacterales Bin_105_5
Campylobacterales Bin_92
UM−FILTER−49−7 sp003650445 Bin_1_1
Campylobacterales Bin_48_3
 Bin_97
Woeseiales Bin_93_3
Desulfobacterales Bin_18_1
Desulfobacterales Bin_54_5
Desulfuromonadales Bin_105_14
Desulfobacterales Bin_18_5
Desulfobacterales Bin_54_3
Thorarchaeaceae Bin_6_3
Dehalococcoidia Bin_3_11
Desulfobulbales Bin_69_11
Desulfobulbaceae Bin_10
Woeseiaceae Bin_18_14
 Bin_79
Polyangiales Bin_40_8
Desulfobacterales Bin_36_1
Desulfatiglandaceae Bin_66_6
Woeseiales Bin_93_1
UBA11574 Bin_18_3
Desulfobacterales Bin_36_3
Gammaproteobacteria Bin_12_5
Bradymonadales Bin_49
Desulfobulbus mediterraneus Bin_95
Desulfosarcinaceae Bin_41_3
Desulfobacterales Bin_69_14
Campylobacterales Bin_48_2
Flavobacteriales Bin_66_4
Arenicellales Bin_28_2
 Bin_98_8
Arenicellales Bin_60_5
Desulfatiglandaceae Bin_66_1
Chromatiales Bin_93_4
 Bin_61
Woeseiales Bin_93_9
Woeseiaceae Bin_54_2
Desulfobacterales Bin_18_4
Woeseiales Bin_93_7
Anaerolineaceae Bin_105_9
Geoalkalibacteraceae Bin_28_3
 Bin_60_4
Thiohalobacterales Bin_12_3
Desulfobulbaceae Bin_53_5
Flavobacteriaceae Bin_0
Woeseiales Bin_93_8
Woeseiaceae Bin_98_9
Thiohalobacterales Bin_105_8
Dehalococcoidia Bin_3_4
Thiogranum longum Bin_40_9
Desulfobacterales Bin_36_4
Desulfobacterales Bin_54_1
Desulfatiglandaceae Bin_66_7
Gammaproteobacteria Bin_53_6
Flavobacteriales Bin_66_2
Polyangiales Bin_67_4
Anaerolineales Bin_31
Polyangiales Bin_67_3
Thermoanaerobaculales Bin_67_1
 Bin_93_10
Campylobacterales Bin_48_1
Flavobacteriales Bin_66_8
Ignavibacteriales Bin_1_2
Flavobacteriales Bin_66_5
SG8−38 Bin_40_3
SZUA−229 Bin_105_11
Gammaproteobacteria Bin_28_7
 Bin_46_4
Thiohalobacterales Bin_105_13
Thiohalobacterales Bin_53_3
Woeseiaceae Bin_46_2
Woeseiales Bin_93_5
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6. Findings and What’s Next?


